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Abstract of CNIDFIEE519 {A)

The invention providss an input meachanism assembly, a wearable slectronic device
and an electronic davice system. The slectronic devics has a housing and a rolatable
and fransiatable input mechaniasm. The housing has an aperiure and the rolatable and
franslatable inputl mechanism has a shafl positionsd at least partially within the
aperture and a manipulation structure coupled to the shafl, The manipulation structure
may be manipulated o rotationally and ransiationally move the shafl to provide
rotational and transiational input to the slectronic device., A compressible saal is
positionad in a gap behween the housing and the rotatable and transiatable input
mschanism. The comprassible ssal may resist andfor prevent passage of contaminants
into the aperture and/or cbscure one or more inlemnal components, The compressible
seal may be configured o collapses or bend when the oiatable and transiatable
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member fransiates. The inpul device has
waterproofing and/or other sealing and
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The utility mods! provides the utility model discloses an aisciron device's input
meachanism component, electron device and system. But eleciron device has casing
and the rotatable and input mechanism transiation. The casing has the hole, but
rofatable have with the input mechanism fransiation: the axde, axde location at lsast in
part is in # iz downthehole, and manipulation structure, control structure and axle
hookup. it can be controld o contrad the structure fo feasible axde rotates andior
transiational motion, thereby provides mfatory and the transiation input {o slectron
devics. But in the clearance behween the input mechanism of casing and rotatable and
franslation of compressible sealing member location. Compressible sealing member
can pravent and/or the prevent poliution thing lsls in downthsholely, andfor shislds one
or more g plurality of infernal part. Compressible sealing member can be constructed
and becoms o work as collapss when but the rofaiable and part ransiation camries out
the transiation or be crocked. Open according fo this, input device has walerproofly
andfor other seal and do not destroy the advantage of electron device's oubward
APPSATANCE.
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Abstract of CRN1083I38851 (A}

The invention provides an inlelligent cuffless blood pressure health monitoring wrist
walch basad on PPG and ECG. The inteliigent cuffiess biood pressurs health
manitoring wrist watch comprises a wrist waich hody provided with a touch condrol
display screen, wherein a waterprool SIM cover and a magnatic wirsless charging data
ransmission interface are arranged on the back of the wrist watch body, and the wist
walch body comprises an electrocardiogram detecting unit, 3 pulse wave delecting unii,
a data coding and packing unlt, a dala collection contralling and analyzing unil, an
application displaying unit, 2 main condrol center and a power supply. The intelligent
cuffless blood pressure health monioring wrist watch can be used for carving owt
health monitoring of various links, such as heart rate monitoring, step number counting
and slesp detaction, and also can track the daily activity condiions, such as the
movemant distancs, spsed, step numbser and calonie consumption of users,
praparatively record the movement data, and assist the user iy knowing the health
index, in addition, the inlslligent cuffiess blood pressurs health manitoring wrist walch is
affractive in appearance design, reasonable in design, convenient to use and sasy b
operate, thus being suilable for being widely popularized for uss.
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The ulility mode] refates {0 2 {able hat
subassembly. Table hat subassembly
includes the main part, the main partis
configurad as to receive revolves
fransferred income and injects concavs
part and maintenance characieristic Lo
portion. The table hat still includes: the SoE s
pottery part, the potiery part iz localed at '

feast iy part in the concave part, and installation arm, the arm is associated arives in
the insialiation the poltery part and with the main part mainienance characteristic
portion joint, thus will pollery part maintsnancs amrives in the main part. The problem
that this disclosed one embodiment was solved provides the table hat subassembly
that can have many difforent designs, character sum cutward appearancs. An usags
according {o this disclosed embodiment has provided the {able hat subassembiy who
has many different designs, character sum cubward appearance.
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Abstract of EP1518452 (A1)

The instrument has a refaining unit {(40) integrated to a rod (100} of 3 controt unit {11}
and placed at indernal side of a case body. The refaining unit enables the rod (o contaat
a referance unit provided at defermined slectrical polential, when the confrol unit s In
non pushed position. The refaining unit interrupts the rod from contacting the reference
unit when the control unit is in pushed position,
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(54)

Instrument électronique portable comprenant au moins un organe de commande adapté en

outre pour la transmission de signaux électriques

(57) Il estdécrit un instrument électronique portable
(1) comprenant un boitier (2) et une interface utilisateur
(11 a 15) pour la sélection de fonctions de I'instrument
électronique portable, cette interface utilisateur compre-
nant au moins un premier organe de commande (11)
monté mobile dans un orifice de montage (3a) ménagé
dans le boitier de fagon a avoir une course de translation
selon un axe d'actionnement (X-X), cet organe de com-
mande étant actionnable par pression pour étre amené
d'une position dite non enfoncée a une position dite en-
foncée et produire en réponse un signal de commande
(SEL). L'organe de commande comprend une tige (100)
électriguement conductrice quitraverse l'orifice de mon-
tage et qui comporte des premiére et seconde extrémi-
tés débouchant respectivement a l'intérieur et a I'exté-
rieur du bottier, cette tige étant adaptée pour permettre
la transmission de signaux électriques de et/ou vers
l'instrument électronique portable lorsque I'organe de
commande est amené dans ladite position enfoncée.
Cet instrument électronique comporte en outre des
moyens (3, 30, 40; 35, 40) pour amener la tige & un po-
tentiel électrique déterminé lorsque I'organe de com-
mande occupe la position non enfoncée et pour inter-
rompre la connexion de la tige au potentiel électrique
déterminé lorsque I'organe de commande occupe la po-
sition enfoncée et permettre ainsi la transmission des
signaux électriques de et/ou vers l'instrument électroni-
que portable.

Fig. 2a
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Description

DOMAINE TECHNIQUE

[0001] La présente invention concerne de maniere
générale un instrument électronique portable, notam-
ment une piéce d'horlogerie, comprenant un boitier et
une interface utilisateur pour la sélection de fonctions
de l'instrument électronique portable, cette interface uti-
lisateur comprenant au moins un premier organe de
commande monté mobile dans un orifice de montage
ménageé dans le boftier de fagon & avoir une course de
translation selon un axe d'actionnement, cet organe de
commande étant actionnable par pression pour étre
amené d'une position dite non enfoncée & une position
dite enfoncée et produire en répense un signal de com-
mande, I'organe de commande comprenant une tige
électriqguement conductrice quitraverse l'orifice de mon-
tage et qui comporte des premiére et seconde extrémi-
tés débouchant respectivement a l'intérieur et a I'exté-
rieur du botier, cette tige étant adaptée pour permettre
la transmission de signaux électriques de et/ou vers
l'instrument électronique portable lorsque I'organe de
commande est amené dans sa position enfoncée.

ARRIERE-PLAN TECHNOLOGIQUE

[0002] Des instruments électroniques répondant a la
définition générale mentionnée ci-dessus sont déja con-
nus. Les documents EP 1 109 084 A1 et EP 1 134 630
A1 décrivent par exemple de tels instruments électroni-
ques. Le document EP 1 109 084 A1 décrit en particulier
une telle solution ol un organe de commande du type
susmentionné au moins est exploité pour effectuer la
recharge d'un accumulateur électrique logé dans l'ins-
trument alors que le document EP 1 134 630 A1 décrit
une solution ol un organe de commande au moins est
exploité pour transmetire et/ou recevoir des données de
l'instrument électronique.

[0003] L'intérét de ces solutions antérieures (qui vaut
aussi pour la présente invention) réside dans |'utilisation
d'un ou plusieurs organes de commande (classique-
ment du type bouton-poussoir) pour relier électrique-
ment l'instrument électronique & une unité externe, par
exemple un ordinateur personnel. De la sorte, aucun
élément de contact spécifique n'est nécessaire pour
établir une liaison électrique entre l'instrument électro-
nique et 'unité externe, cette liaison électrique étant éta-
blie dés lors que le ou les organes de commande con-
figurés pour présenter la double fonction susmention-
née sont amenés en position enfoncée.

[0004] Une particularité des deux solutions antérieu-
res ci-dessus réside dans l'utilisation de I'élément de re-
tenue de l'organe de commande (similaire & une clavet-
te de retenue) comme élément de contact permettant
de remplir la fonction classique de I'organe de comman-
de, & savoir la commande des fonctions de l'instrument
électronique. Une autre particularité de ces solutions
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antérieures réside dans le fait que la tige de I'organe de
commande, en position non enfoncée, est flottante du
point de vue électrique. En position non enfoncée, des
charges électriques sont donc susceptibles de s'accu-
muler sur latige de I'organe de commande. Lors de l'ac-
tionnement de I'organe de commande, cette accumula-
tion de charges électriques peut alors étre reportée sur
les terminaux au contact desquels est amené l'organe
de commande et occasionner des dommages, en par-
ticulier a I'électronique de l'instrument. Ceci constitue
un probléme critique pour des solutions du type sus-
mentionné étant donné que 'organe de commande rem-
plit deux fonctions et établit une liaison directe avec des
composants sensibles de I'électronique de l'instrument,
en particulier son unité processeur et les mémoires as-
sociées.

[0005] Une solution pour remédier & ce probléme peut
consister a protéger les terminaux au contact desquels
est amené l'organe de commande au moyen de com-
posants électriques de protection permettant d'établir
un chemin pour la décharge des charges électriques ac-
cumulées. Il s'agit de composants de protection bien
connus, dits composants ESD ("electro-static dischar-
ge"). Il est toutefois souhaitable de trouver une solution
qui permette d'assurer que des charges électriques ne
puissent en premier lieu s'accumuler sur la tige de l'or-
gane de commande lorsque celui-ci est en position non
enfoncée.

RESUME DE L'INVENTION

[0006] Laprésente invention a ainsi pour objetun ins-
trument électronique dont les caractéristiques sont
énoncées dans la revendication 1.

[0007] Des modes de réalisation avantageux de la
présente invention font l'objet des revendications dé-
pendantes.

[0008] La solution proposée consiste a prévoir des
moyens pour amener la tige de I'organe de commande
a un potentiel électrique déterminé lorsque cet organe
de commande occupe la position non enfoncée et pour
interrompre la connexion de la tige de I'organe de com-
mande au potentiel électrique déterminé lorsque cet or-
gane de commande occupe la position enfoncée et per-
mettre ainsi la transmission des signaux électriques de
et/ou vers l'instrument électronique.

[0009] Selon un mode de réalisation préféré, les
moyens susmentionnés sont constitués par un élément
de retenue axiale de 'organe de commande réalisé en
un matériau électriquement conducteur. Cet élément de
retenue est amené, en position non enfoncée, au con-
tact d'un élément de référence électriqguement conduc-
teur (qui peut avantageusement étre une partie du boi-
tier de l'instrument électronique) qui est porté & un po-
tentiel électrique déterminé, le contact de I'élément de
retenue avec cet élément de référence étant interrompu
lorsque I'organe de commande est amené en position
enfoncée. Cet élément de retenue peut étre configuré
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comme une clavette de retenue traditionnelle.

[0010] Selon un autre aspect préféré, l'organe de
commande coopére avec un premier contact électrique
actionné par la premiére extrémité de la tige pour pro-
duire le signal classique de commande, cette premiére
extrémité de la tige étant isolée électriquement par une
gaine isolante pour éviter tout contact électrique direct
avec le premier contact électrique. Selon cet aspect pré-
féré, l'organe de commande coopére en outre avec une
lame de contact électrique distincte du premier contact
électrique, cette lame de contact électrique étant isolée
électriguement de la tige en position non enfoncée et
connectée électriquement a latige en position enfoncée
pour permettre la transmission de signaux électriques
de et/ou vers l'instrument électronique.

BREVE DESCRIPTION DES DESSINS

[0011] D'autres caractéristiques et avantages de la
présente invention apparaftront plus clairement a la lec-
ture de la description détaillée qui suit de divers modes
de réalisation de I'invention donnés uniquement a titre
d'exemples non limitatifs et illustrés par les dessins an-
nexés ol :

- lafigure 1 montre une vue en plan générale d'un
instrument électronique selon l'invention se présen-
tant ici avantageusement sous la forme d'une mon-
tre-bracelet comprenant une pluralité d'organes de
commande de type bouton-poussoir ;

- lafigure 2a est une vue en coupe de l'un des orga-
nes de commande de l'instrument de la figure 1 se-
lon un premier mode de réalisation, cet organe de
commande étant illustré dans sa position non
enfoncée ;

- lafigure 2b est une vue en coupe similaire a celle
de lafigure 2a ol I'organe de commande est illustré
en position enfoncée ;

- lafigure 2¢c est une vue en plan partielle de 'crgane
de commande de la figure 2a dans sa position non
enfoncée ;

- lafigure 2d est une vue en plan similaire a celle de
lafigure 2¢ ol l'organe de commande est illustré en
position enfoncée ;

- lafigure 3 est une vue de principe de la configura-
tion etdu fonctionnement de l'organe de commande
des figures 2a a 2d ol cet organe de commande
remplit, outre sa fonction traditionnelle de comman-
de, une fonction additionnelle permettant la trans-
mission de signaux électriques de et/ou vers l'ins-
trument électronique ;

- lafigure 4 est une vue en coupe similaire a celle de
la figure 3a présentant une variante de réalisation ;
et

- lesfigures 5a et 5b sont des vue en coupes similai-
res & celles des figures 2a et 2b, respectivement,
présentant encore une autre variante de réalisation.
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DESCRIPTION DES MODES DE REALISATION PRE-
FERES

[0012] L'invention procéde, comme déja mentionné,
de l'idée générale qui consiste a relier un instrument
électronique portable (par exemple une montre-brace-
let) & un dispositif électrique ou électronique externe par
I'intermédiaire d'au moins un organe de commande de
l'interface utilisateur dont est équipée l'instrument élec-
tronique portable. Par "transmission de signaux électri-
ques", on englobera notamment I'application de signaux
électriques dans l'optique d'effectuer la recharge d'un
accumulateur en énergie électrique ainsi que la com-
munication de données a destination et/ou depuis I'ins-
trument électronique portable. Le dispositif externe peut
ainsi &tre un dispositif électrique de charge pour accu-
mulateur ou un dispositif électronique de communica-
tion, par exemple un ordinateur personnel.

[0013] Dans le cadre de la présente invention, on
comprendra que le ou les organes de commande ainsi
configurés remplissent deux fonctions, a savoir leur
fonction premiere de commande pour la sélection de
fonctions de l'instrument électronique portable (sélec-
tion de modes de fonctionnement ou d'informations, mi-
se a jour de données ou de parametres de l'instrument
électronique portable, par ex. I'heure et/ou la date, etc.)
et la fonction additionnelle de moyen de transmission
de signaux électriques.

[0014] Oncomprendra encore que la transmission de
signaux électriques (par exemple pour la recharge d'un
accumulateur et/ou la communication de données) peut
étre établie dés lors que le ou les organes de commande
configurés a cet effet sont amenés en position enfon-
cée. La connexion de l'instrument électronique portable
au dispositif électrique ou électronique externe sera
donc établie grace a un adaptateur agencé pour amener
les organes de commande concernés en position en-
foncée. La description de cet adaptateur ne sera pas
abordée ici car elle ne concerne pas directement I'objet
de la présente invention. Dans la suite de la description,
il suffira de comprendre que cet adaptateur est préféra-
blement agencé pour servir de dispositif de recharge
pour accumulateur en énergie électrique et d'interface
de communication avec une unité de traitement externe,
tel un ordinateur personnel. Pour la mise en oeuvre de
la présente invention, il n'est toutefois pas nécessaire
que les organes de commande soient configurés pour
remplir ces deux fonctions.

[0015] La présente invention sera décrite en référen-
ce a une piéce d'horlogerie se présentant avantageuse-
ment sous la forme d'une montre-bracelet. L'invention
s'applique néanmoins de maniére identique a tout ins-
trument électronique portable qu'il remplisse ou non une
fonction harlogére.

[0016] Lafigure 1 montre une vue en plan d'ensemble
d'une montre-bracelet, désignée globalement par la ré-
férence numérigue 1, constituant un exemple de mise
en oeuvre de l'invention. Elle comprend notamment un
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boftier 2 délimité dans cet exemple par une partie infé-
rieure 3 formant carrure et fond, et une partie supérieure
4 formant lunette qui porte par ailleurs une glace 5. La
lunette 4 est ajustée de maniére classique sur la carrure
3, un joint étant interposé entre ces éléments pour as-
surer I'étanchéité du boitier 2.

[0017] La carrure 3 est traversée dans cet exemple
par cing organes de commande de type bouton-pous-
soir désignés respectivement par les références numé-
riques 11,12, 13, 14 et 15. Il va de soi que cet exemple
est donné & titre purement illustratif seulement et qu'il
suffit, pour mettre en oeuvre la présente invention, que
l'instrument comporte au moins un organe de comman-
de configuré comme cela sera décrit ci-aprés. Les cinq
organes de commande 11 & 15 forment ensemble une
interface utilisateur avec laquelle le porteur peut intera-
gir pour sélectionner les diverses fonctions de la mon-
tre-bracelet 1.

[0018] Les organesde commande 11a 15 sontplacés
ici latéralement sur la carrure 3 en des endroits typiques
pour une montre-bracelet, a savoir sensiblement a 2 h,
3 h,4h, 8het10hrespectivement. Il va de soi que les
organes de commande 11 & 15 pourraient étre disposés
en d'autres endroits. L'un des organes de commande
au moins pourrait ainsi étre placé sur la face avant de
la montre, par exemple & 6 h.

[0019] Dans tout ce qui suit, on s'intéressera unique-
ment & la structure de I'organe de commande 11. Dans
cet exemple, les organes de commande 12, 13, 14 et
15 présentent une configuration similaire. Plus particu-
lierement, les deux organes de commandes 11 et 13 for-
ment des terminaux d'entrée/sortie pour I'établissement
d'une communication avec au moins une unité électro-
nique logée a l'intérieur du boftier 2, alors que les orga-
nes de commande 14 et 15 sont exploités pour assurer
la recharge d'un accumulateur en énergie électrique de
l'instrument électronique portable. L'organe de com-
mande 12 n'est utilisé que comme réserve et pourrait
é&tre configuré comme un organe de commande classi-
que pour remplir uniqguement son réle de commande.
Cetorgane decommande 12 pourrait d'ailleurs &tre con-
figuré comme une tige-couronne classique pour la mise
a I'heure de la montre.

[0020] Lafigure 2a montre une vue en coupe partielle
de lafigure 1 prise au niveau de I'organe de commande
11 selon son axe d'actionnement désigné X-X. Comme
déja mentionné, les organes de commande 12, 13, 14
et 15 présentent une configuration similaire. L'organe
de commande 11 est monté mobile dans un orifice de
meontage 3a ménageé dans la carrure 3 de fagon a avoir
une course de translation selon l'axe d'actionnement
X-X. L'organe de commande 11 est actionnable par
pression, comme un poussoir classique, pour étre ame-
né d'une position dite non enfoncée, comme illustré
dans la figure 2a, a une position dite enfoncée, illustrée
dans la figure 2b.

[0021] L'organe de commande 11 se compose princi-
palement d'une tige 100, de forme allongée, réalisée en
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un matériau électriquement conducteur, avantageuse-
ment en métal. Cette tige 100 présente de préférence,
mais pas exclusivement, une forme cylindrique et tra-
verse la carrure 3 de part en part. Une premiére extré-
mité de la tige 100 débouche ainsi a l'intérieur de la ca-
vité formée par la carrure 3 alors que la seconde extré-
mité de la tige 100 débouche a I'extérieur de la carrure
3 de maniéere a pouvoir étre actionnée par un utilisateur.
L'étanchéité est assurée de maniere classique par un
ou plusieurs joints toriques 9 logés dans une ou plu-
sieurs gorges 110 ménagées sur la tige 100.

[0022] Latige 100 peut étre réalisée d'une seule pie-
ce. Cette tige pourrait toutefois étre réalisée en deux
parties, l'une en matériau conducteur ordinaire (par
exemple un acier inox ordinaire, par ex. l'acier 4C27A)
etl'autre, solidaire de la premiére, en un matériau résis-
tant a la corrosion (par exemple un acier inox performant
du type de I'acier 316L). Il serait en effet avantageux de
réaliser la partie exposée de la tige 100 dans ce dernier
matériau pour éviter toute corrosion sous l'effet de la
sueur ou des frottements, le reste de la tige pouvant étre
réalisé dans un matériau conducteur ordinaire.

[0023] Sur sa seconde extrémité, la tige 100 est ter-
minée par une téte 120 de plus grand diamétre. Dans
cet exemple, la tige 100 et la téte 120 de l'organe de
commande sont réalisées d'une piéce. Au titre d'alter-
native, il est parfaitement envisageable de réaliser ces
deux éléments séparément et de les rendre ensuite so-
lidaires I'un de l'autre ou encore de surmouler une téte
en matiére plastique sur la tige 100 conductrice. Pour
remplir la fonction désirée de transmission de signaux
électriques, on comprendra qu'il convient en tous les
cas d'assurer un accés électrique a la tige 100 depuis
I'extérieur. Le surmoulage ou le montage d'une téte
plastique sur la tige devra donc étre tel que I'extrémité
externe de la tige puisse étre contactée électriquement
depuis I'extérieur.

[0024] Lacarrure 3 est de préférence également réa-
lisée en une matiére électriguement conductrice, la tige
100 étant en conséquence isolée de cette carrure 3 par
un manchen isolant 30. Dans cet exemple préféré, cette
carrure 3 est par ailleurs portée, en fonctionnement, a
un potentiel électrique déterminé, ici le potentiel de mas-
se de l'instrument portable comme schématisé dans les
figures. L'utilité de cette connexion électrique apparaitra
plus clairement dans la suite de la présente description.
La carrure 3 pourrait alternativement étre réalisée en un
matériau non conducteur auquel cas le manchon 30
n'est plus nécessaire (un élément conducteur supplé-
mentaire porté au potentiel électrique déterminé étant
alors requis comme on le verra ci-aprés).

[0025] Lemanchon isolant 30 présente une forme gé-
nérale tubulaire avec un épaulement 31 agencé pour
venir en appui, depuis I'extérieur de la carrure 3, sur un
épaulement correspondant 3b ménagé dans I'orifice de
montage 3a. Ce manchon isolant 30 est donc introduit
dans I'orifice de montage 3a depuis I'extérieur et est pré-
férablement rendu solidaire de la carrure 3, par exemple
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par chassage, vissage ou collage. Ce manchon 30 peut
avantageusement étre réalisé en aluminium éloxé, en
matiere plastique, en matiére céramique, ou toute autre
matiere dans la mesure ol au moins la surface de con-
tact entre le manchon 30 et les parties conductrices
avoisinantes est isolée électriquement.

[0026] Un moyen de rappel élastique 6, formé dans
cet exemple d'un ressort hélicoidal, est placé entre
I'épaulement 31 du manchon isolant 30 et la téte 120 de
I'organe de commande. Lors d'une pression surl'organe
de commande, ce moyen de rappel 6 est donc compri-
mé entre I'épaulement 31 et la téte 120 comme illustré
dans la figure 2b, exercant de la sorte une force de rap-
peltendant a ramener I'organe de commande de sa po-
sition enfoncée a sa position non enfoncée. On notera
que I'épaulement 31 du manchon isolant assure égale-
ment que la t&te 120 de I'organe de commande, ici con-
ductrice, ne rentre pas en contact avec la carrure 3.
[0027] L'organe de commande comporte encore un
élément de retenue 40 adapté pour retenir axialement
la tige 100 de I'organe de commande. A cet effet, 'élé-
ment de retenue 40 est rendu solidaire de la tige 100 et
est placé du cbté intérieur de la carrure 3 afin de con-
trecarrer I'action du moyen de rappel 6 quitend a extrai-
re l'organe de commande de son logement. L'élément
de retenue 40 est avantageusement configuré comme
une clavette de retenue traditionnelle qui est introduite
dans une gorge 140 ménagée sur la tige 100. Cet élé-
ment de retenue 40 est par ailleurs réalisé en un maté-
riau électriquement conducteur.

[0028] Dans lafigure 2a, on peut voir que, en position
non enfoncée, 'élément de retenue 40 vient en appui
sur la carrure 3, en périphérie de I'orifice de montage
3a. De la sorte une liaison électrique est assurée, en
position non enfoncée, entre la tige 100 de l'organe de
commande et la carrure 3. La tige 100 de l'organe de
commande est ainsi amenée au méme potentiel électri-
que que la carrure 3. En position enfoncée, par contre,
cette liaison électrique est interrompue en raison du dé-
placement axial de I'é/ément de retenue 40 qui accom-
pagne le mouvement de la tige 100.

[0029] Comme mentionné plus haut, la carrure 3
pourrait étre réalisée en un matériau non conducteur,
par exemple en plastique, le manchon isolant 30 n'étant
plus nécessaire. Afin d'amener la tige 100 de I'organe
de commande a un potentiel électrique déterminé, il
conviendra alors de disposer, au voisinage de la tige
100, un élément de référence conducteur porté au dit
potentiel électrique déterminé et de prévoir que la tige
100 soitamenée au contact de cet élément de référence
en position nen enfoncée. La figure 4 montre une va-
riante de réalisation ou la carrure 3 n'est pas réalisée
en un matériau électriquement conducteur, rendant I'uti-
lisation du manchon isolant 30 inutile, et ou un tel élé-
ment de référence 35, par exemple un anneau métalli-
que fixé & l'intérieur de la carrure 3, est interposé entre
I'¢lément de retenue 40 et la carrure 3. Cet élément de
référence 35 pourrait par exemple faire partie intégrante

20

25

30

35

40

45

50

55

-1436-

de la lunette 4, cette derniére étant alors réalisée en un
matériau électriquement conducteur.

[0030] Dans les modes de réalisation susmentionnés,
la mise au potentiel électrique déterminé de la tige 100
est avantageusement et préférablement assurée par
I'élément de retenue 40. Pour la mise en oeuvre de l'in-
vention, il est toutefois envisageable d'assurer celte
liaison électrique par d'autres moyens. Une lame de
contact pour la mise au potentiel électrique déterminé
pourrait par exemple étre ménagée pour coopérer avec
la tige 100 de sorte qu'un contact électrique avec la tige
100 soit établi en position non-enfoncée et interrompu
en position enfoncée (par analogie a la lame de contact
portant la référence numérique 60 dans les figures 2a
et 2b et dont 'utilité est expliquée plus loin).

[0031] D'une maniére générale, on aura ainsi compris
que la structure de I'organe de commande est telle que,
en position non enfoncée, la tige 100 de l'organe de
commande est amenée & un potentiel électrique déter-
miné, rendant ainsi impossible I'accumulation de char-
ges électriques sur cette méme tige. En position enfon-
cée, par contre, cette liaison électrique est interrompue,
rendant possible la transmission de signaux électriques
par l'intermédiaire de la tige 100.

[0032] On va maintenant s'intéresser plus particulié-
rement a la configuration du dispositif de commande et
a la structure des contacts électriques proposée pour
assurer, d'une part, la fonction premiere de l'organe de
commande et, d'autre part, la fonction additionnelle de
moyen de transmission de signaux électriques.

[0033] La figure 3 montre une vue de principe de la
configuration et du fonctionnement du dispositif de com-
mande envisagé pour permettre a I'organe de comman-
de de remplir, outre sa fonction traditionnelle de com-
mande, une fonction additionnelle permettant la trans-
mission de signaux électriques de et/ou vers l'instru-
ment électronique. L'organe de commande est repré-
senté schématiquement dans cette figure et porte la ré-
férence C. Cet organe de commande C coopére classi-
quement avec un premier contact électrique SW1 pour
remplir sa fonction de commande. Un signal de com-
mande SEL est ainsi produit en réponse a ['activation
du contact électrique SW1, a savoir en réponse a une
pression sur I'organe de commande C. Un second con-
tact électrique SW2, distinct du premier contact SW1 as-
sure la liaison avec une ligne d'entrée/sortie I/O reliée
par exemple & une unité de traitement logée a l'intérieur
de l'instrument électronique portable. Ce second con-
tact électrigue SW2 remplit une fonction additionnelle
permettant d'établir une liaison électrique entre I'entrée/
sortie I/0 et l'organe de commande C, ou plus exacte-
ment la tige de cet organe de commande C. Cette pos-
sibilité est schématisée dans la figure 3 par laconnexion
de 'organe de commande C et de I'entrée/sortie /0 au
travers du contact électrique SW2. Cette liaison n'est
établie que lorsque I'organe de commande C est amené
en position enfoncée pour fermer le contact électrique
SW2. En position non enfoncée, le contact électrique
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SW2 relie, comme schématisé, I'organe de commande
C a un potentiel électrique déterminé Vger représenté
ici comme un potentiel électrique formant masse. On
aura compris que les premier et second contacts élec-
triqgues SW1 et SW2 sont indépendants mais sont néan-
moins actionnés simultanément en réponse & une pres-
sion sur l'organe de commande C.

[0034] La particularité du dispositif de commande pro-
posé réside essentiellement dans le fait que, en position
non enfoncée, la partie électriquement conductrice de
I'organe de commande C, qui sert de moyen de liaison
électrique avec l'entrée/sortie I/O (a savoir latige de I'or-
gane de commande), n'est pas laissée a ['état flottant
mais est portée a un potentiel électrique déterminé, évi-
tant de la sorte toute accumulation de charges électri-
ques sur cette partie de 'organe de commande.
[0035] En référence & nouveau aux figures 2a et 2b,
on va maintenant décrire un mode de réalisation préféré
des contacts électriques susmentionnés. Dans ces figu-
res, on peut voir que la carrure 3 définit une cavité inté-
rieure dans laquelle prend place, de maniére classique,
un module électronique 7 (représenté partiellement
dans lafigure 2a) comprenant notamment une plaquette
de circuit imprimé, ou PCB, 70 portant divers compo-
sants électriques et électroniques (non représentés)
dont une unité de traitement de données (par ex. un mi-
crocontréleur ou un microprocesseur), des moyens de
mémorisation (par ex. EEPROM, FLASH ou similaire)
etd'autres composants pour lamise en oeuvre des fonc-
tions de la montre-bracelet 1. Des composants horlo-
gers (base de temps, diviseur de fréquence, moyens
d'affichage analogique et/ou digital, etc.) sont en parti-
culier classiquement prévus dans cet exemple pour
remplir diverses fonctions horlogéres incluant notam-
ment l'affichage de I'heure. La référence 75 indique un
élément optionnel formant entretoise disposé sur laface
supérieure du PCB 70 et qui supporte notamment les
moyens d'affichage de l'instrument électronique.
[0036] Dans les figures 2a et 2b, cn a encore repré-
senté partiellement une source d'énergie électrique 8
pour alimenter notamment le module électronique 7
susmentionné. Il peut s'agir d'une pile traditionnelle ou
d'un accumulateur rechargeable (et dont la recharge
peut par exemple étre opérée par l'intermédiaire d'au
moins 'un des organes de commande, comme déja
mentionné).

[0037] Dans ce mode de réalisation, le premier con-
tact électrique SW1 de la figure 3 est réalisé classique-
ment sous la forme d'une lame de contact électrique 50
comprenant une base solidaire du module électronique
7 (cette base est ici maintenue entre le PCB 70 et I'en-
tretoise 75) et une extension flexible qui coopére avec
I'extrémité de la tige 100, cette extrémité étant isolée
électriguement de la lame de contact 50 par une gaine
isolante 150 pouvant étre réalisée dans un matériau si-
milaire a celui du manchon isolant 30. L'extension flexi-
ble de la lame de contact 50 est agencée pour étre ame-
née classiquement au contact de l'autre partie du pre-
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mier contact électrique (non représentée dans les figu-
res 2a et 2b). Dans le cas d'espéce, il s'agit d'une mé-
tallisation 62 formée sur la tranche du PCB 70 comme
illustré dans |la vue en plan partielle de la figure 2¢c. Dans
cette figure 2c, I'entretoise 75 n'a pas été représentée
afin de découvrir I'ensemble du dispositif de commande.
La figure 2d montre une vue en plan analogue a celle
de lafigure 2¢, organe de commande 11 en position en-
foncée, ol I'on peut voir I'extension flexible de la lame
de contact 50 venir au contact de la métallisation 52.
[0038] Lafonction du second contact électrique SW2
de la figure 3 est réalisée grace a I'élément de retenue
40 solidaire de la tige 100 et & une seconde lame de
contact électrique 60 disposée tangentiellement a la tige
100 au voisinage de son extrémité recouverte parla gai-
ne isolante 150. Cette lame de contact électrique 60 est
elle aussi maintenue par sa base entre le PCB 70 et
I'entretoise 75. De la sorte, en position non enfoncée
(figures 2a et 2c¢), la lame de contact électrique 60 est
en contact avec la gaine isolante 150 et, en position en-
foncée (figures 2b et 2d), la lame de contact électrique
60 est en contact avec la tige 100.

[0039] Danslesfigures2aaZ2d, onpeutconstaterque
la gaine isolante 150 remplit deux fonctions, & savoir
l'isolation électrique entre la tige 100 et le premier con-
tact électrique (quelque soit la position de l'organe de
commande) ainsi que lisolation électrique entre la tige
100 et la lame de contact électrique 60 (en position non
enfoncée uniquement). La lame de contact électrique
60 pourrait bien évidemment coopérer avec une gaine
isolante distincte de la gaine isolante 150.

[0040] On notera par ailleurs que la gain isolante 150
est terminée ici par une portion de plus grand diamétre.
Cette caractéristique n'est pas nécessaire mais permet
d'éviter tout contact électrique éventuel entre les lames
50 et 60, la portion de plus grand diamétre étant inter-
posée entre ces deux lames.

[0041] Au titre d'alternative & la solution des figures
2a a 2d, la lame de contact électrique 60 pourrait étre
remplacée par une lame de contact coopérant non pas
directement avec la tige 100 mais avec I'é/ément de re-
tenue 40. Il conviendrait par exemple de disposer une
telle lame de contact en regard de ['élément de retenue
de sorte qu'une connexion électrique avec la tige 100
soit établie, par l'intermédiaire de I'élément de retenue
40, lorsque l'organe de commande est amené dans sa
position enfoncée. Une telle variante est illustrée dans
les figures 5a et &b ou 'on peut voir que la lame de con-
tact 60 précédemment utilisée est remplacée par une
autre lame de contact 65 disposée en regard de ['élé-
ment de retenue 40.

[0042] On comprendra que diverses modifications et/
ou améliorations évidentes pour 'homme du métier peu-
vent étre apportées aux modes de réalisation décrits
dans la présente description sans sortir du cadre de I'in-
vention défini par les revendications annexées. En par-
ticulier, la présente invention n'est pas limitée unique-
ment & une utilisation dans une montre-bracelet mais
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s'applique a toute autre application dans un instrument
électronique portable.

Revendications

1.

Instrument électronique portable (1) comprenant un
boTtier (2) et une interface utilisateur (11 & 15) pour
la sélection de fonctions dudit instrument électroni-
que portable, cette interface utilisateur comprenant
au moins un premier organe de commande (11)
monté mobile dans un orifice de montage (3a) mé-
nagé dans ledit boitier de fagon & avoir une course
de translation selon un axe d'actionnement (X-X),
cet organe de commande (11) étant actionnable par
pression pour étre amené d'une position dite non
enfoncée a une position dite enfoncée et produire
en réponse un signal de commande (SEL),

ledit organe de commande (11) comprenant
une tige (100) électriquement conductrice qui tra-
verse ledit orifice de montage et qui comporte des
premiere et seconde extrémités débouchant res-
pectivement a l'intérieur et a I'extérieur dudit bofitier
(2), cette tige (100) étant adaptée pour permettre la
transmission de signaux électriques de et/ou vers
l'instrument électronique portable lorsque ledit or-
gane de commande (11) est amené dans ladite po-
sition enfoncée,

cet instrument électronique étant caractérisé
en ce qu'il comporte en outre des moyens (3, 30,
40; 35, 40) pour amener la tige (100) de l'organe de
commande (11) a un potentiel électrique déterminé
lorsque ledit organe de commande (11) occupe la-
dite position non enfoncée et pour interrompre la
connexion de la tige (100) de I'organe de comman-
de (11) au dit potentiel électrique déterminé lorsque
ledit organe de commande (11) occupe ladite posi-
tion enfoncée et permetire ainsi la transmission
desdits signaux électriques de et/ou vers l'instru-
ment électronique portable.

Instrument électronique portable selon la revendi-
cation 1, caractérisé en ce que ledit organe de
commande (11) est retenu axialement dans ledit
boftier (2) par un élément de retenue (40) solidaire
de ladite tige (100) et réalisé en un matériau élec-
triguement conducteur, cet élément de retenue (40)
étant amené, lorsque ledit organe de commande
(11) occupe ladite position non enfoncée, au con-
tact d'un élément de référence (3; 35) électrique-
ment conducteur qui est porté au dit potentiel élec-
trique déterming, le contact dudit élément de rete-
nue (40) avec ledit élément de référence (3; 35)
étant interrompu lorsque ledit organe de comman-
de (11) est amené en position enfoncée.

Instrument électronique portable selon la revendi-
cation 2, caractérisé en ce que ledit boitier (2)
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comporte une partie (3) au moins réalisée en un
matériau électriquement conducteur et dans laquel-
le est monté ledit organe de commande (11), cette
partie (3) formant ledit élément de référence porté
au dit potentiel électrique déterminé, la tige (100)
dudit organe de commande étant isolée électrique-
ment de ladite partie électriquement conductrice (3)
du boftier (2) par un manchon isolant (30) introduit
dans ledit orifice de montage (3a) de l'organe de
commande.

Instrument électronique portable selon la revendi-
cation 3, caractérisé en ce que ledit élément de
retenue (40) est disposé sur ladite tige (100) a I'in-
térieur dudit boitier (2), en ce que ledit manchon
isolant (30) comporte un épaulement (31) venant
en appui avec un épaulement correspondant (3b)
ménageé sur ledit orifice de montage (3a) a l'exté-
rieure dudit boitier (2), et en ce que ledit organe de
commande (11) comporte en outre une téte (120)
solidaire de la seconde extrémité de la tige (100) et
présentant un diamétre supérieur au diamétre de la
tige (100), un moyen de rappel élastique (6) étant
disposé entre ledit épaulement (31) du manchon
isolant (30) et ladite téte (120) de I'organe de com-
mande (11) afin de ramener ledit organe de com-
mande (11) de sa position enfoncée a sa position
non enfoncée aprés actionnement.

Instrument électronique portable selon la revendi-
cation 3 ou 4, caractérisé en ce que ledit manchon
isolant (30) est réalisé en aluminium éloxé, en ma-
tiere plastiqgue, en matiére céramique, ou toute
autre matiére comprenant une surface externe
électriquement isolante.

Instrument électronique portable selon I'une quel-
conque des revendications 2 a 5, caractérisé en
ce que ledit élément de retenue (40) est configuré
comme une clavette de retenue de poussoir.

Instrument électronique portable selon I'une quel-
conque des revendications précédentes, caracté-
risé en ce que ledit organe de commande (11) coo-
pére avec un premier contact électrique (SW1, 50,
52) actionné par la premiére extrémité de la tige
(100) pour produire ledit signal de commande
(SEL), cette premiére extrémité de la tige (100)
étant isolée électriguement par une gaine isolante
(150) pour éviter tout contact électrique direct avec
ledit premier contact électrique (SW1, 50, 52),

et en ce que ledit organe de commande (11)
coopere en outre avec une lame de contact électri-
que (60; 65) distincte dudit premier contact électri-
que (8W1, 50, 52), cette lame de contact électrique
(60; 65) étant isolée électriquement de ladite tige
(100) en position non enfoncée et connectée élec-
triquement a ladite tige (100) en position enfoncée
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pour permettre ladite transmission de signaux élec-
triques de et/ou vers l'instrument électronique (1).

Instrument électronique portable selon la revendi-
cation 7, caractérisé en ce que ladite lame de con-
tact électrique (60) est disposée tangentiellement a
ladite tige (100) au voisinage de ladite premiere ex-
trémité de la tige (100) de sorte que, en position non
enfoncée, la lame de contact électrique (60) est en
contact avec ladite gaine isolante (150) et de sorte
que, en position enfoncée, la lame de contact élec-
trigue (60) est en contact avec ladite tige (100).

Instrument électronique portable selon la revendi-
cation 7 en dépendance des revendications 2 & 6,
caractérisé en ce que ladite lame de contact élec-
trique (65) n'est pas disposée en contact direct avec
latige (100) dudit organe de commande, cette lame
de contact électrique (65) étant disposée en regard
dudit élément de retenue (40) de sorte qu'une con-
nexion électrique avec la tige (100) est établie, par
l'intermédiaire dudit élément de retenue (40), lors-
que ledit organe de commande (11) estamené dans
ladite position enfoncée.

Instrument électronique portable selon l'une quel-
conque des revendications 7 a 9, caractérisé en
ce que ladite gaine isclante (150) est réalisé en alu-
minium éloxé, en matiére plastique, en matiére cé-
ramique, ou toute autre matiere comprenant une
surface externe électriquement isolante.

Instrument électronique portable selon l'une quel-
conque des revendications précédentes, caracté-
risé en ce que ladite interface comporte en outre
des deuxieéme (13), troisiéme (14) et quatrieme (15)
organes de commande configurés de maniére simi-
laire au dit premier organe de commande (11), les-
dits premier et deuxiéme organes de commande
(11, 13) étant exploités pour échanger des données
avec ledit instrument électronique, lesdits troisieme
et quatrieme organes de commande (14, 15) étant
exploités pour assurer la recharge d'un accumula-
teur (8) dudit instrument électronique.

Dispositif de commande pour instrument électroni-
que portable, comprenant au moins un organe de
commande (11) monté mobile dans un support (3)
de fagon a avoir une course de translation selon un
axe d'actionnement (X-X), cet organe de comman-
de (11) étant actionnable par pressicn pour étre
amené d'une position dite non enfoncée a une po-
sition dite enfoncée,

ledit organe de commande (11) comprenant
une tige (100) électriguement conductrice agencée
pour permettre la transmission de signaux électri-
ques de et/ou vers l'instrument électronique porta-
blelorsque ledit organe de commande (11) est ame-
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né dans ladite position enfoncée,

ce dispositif de commande comprenant un
premier contact électrique (SW1), isolé électrique-
ment de ladite tige (100), et susceptible d'étre ac-
tionné par l'organe de commande (11) pour produi-
re en réponse un signal de commande (SEL),

ce dispositif de commande comprenant en
outre un second contact électrique (SW2) suscep-
tible d'étre actionné par l'organe de commande (11)
pour établir, en position enfoncée, une liaison élec-
trique entre ladite tige (100) et une ligne d'entrée/
sortie (I/0O) de l'instrument électronique portable for-
mant une ligne de transmission desdits signaux
électriques,

ce dispositif de commande étant caractérisé
en ce que, en position non enfoncée, ledit second
contact électrique (SW2) établit une liaison électri-
que entre ladite tige (100) et un potentiel électrique
déterminé évitant ainsi I'accumulation de charges
électriques sur ladite tige (100).
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16 September 1992 (1992-09-16)

the whole document
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ALEXANDR V [RUT; NOYIKOV IGOR A [RUI;
PETRO) 6 March 2003 (2003-03-06)
the whole document
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Patent document Publication Patent famlly Publicatien

cited In search report dats membar(s) date

US 2005177051 Al 11-08-2005 US 2005054940 Al 10-03-2005

US 4448199 A 15-05-1984 DE 3004126 Al 13-08-1981
us 4375219 A 01-03-1983

US 5289824 A 01-03-1994 US 5351695 A 04-10-1994
us 5317269 A 31-05-1994
us 5333616 A 02-08-1994

GB 2262347 A 16-06-1993 DE 4241336 Al 17-06-1993
FI 915776 A 10-06-1993
FR 2686241 Al 23-07-1993
HK 100996 A 21-06-1996
JpP 7000365 A 06-01-1995
us 5622180 A 22-04-1997

WO 03048789 A 12-06-2003 AU 2002347374 Al 17-06-2003
EP 1451595 A2 01-09-2004
GB 2388196 A 05-11-2003
JP 2005511174 T 28-04-2005
Us 2006058694 Al 16-03-2006

W0 2005032365 A 14-04-2005 DE 112004001857 T5 07-09-2006
FI 20031436 A 04-04-2005
GB 2422200 A 19-07-2006
us 2006173370 Al 03-08-2006

Us 5672107 A 30-09-1997 CA 2208932 Al 26-12-1998
EP 0890338 Al 13-01-1999
dJpP 11047445 A 23-02-1999

GB 2253706 A 16-09-1992 DE 4207926 Al 17-09-1992
us 5314389 A 24-05-1994
A 9201771 A 27-01-1993

W0 03017834 A 06-03-2003 EP 1427332 Al 16-06-2004
JP 2005500116 T 06-01-2005

Fom PCTASA/210 (pakent family annex) (Apdl 2005)
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Attorney Docket Number | P22914USC4

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

o Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)
Inventor Information:
Inventor 1
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Fletcher R. Rothkopf
Residence Information (Select One) (¢) USResidency () NonUS Residency () Active US Military Service
City | LosAltos | State/Province | CA | Country of Residencd \ us
Mailing Address of Inventor:
Address 1 One Apple Park Way, MS: 305-1PH
Address 2
City Cupertino | State/Province ‘ CA
Postal Code 95014 | Countryi us
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Jonathan Ive
Residence Information (Select One) (¢) USResidency () NonUS Residency () Active US Military Service
City | San Francisco | StatelProvince | cA | Country of Residencd | Us
Mailing Address of Inventor:
Address 1 2808 Broadway Street
Address 2
City San Francisco | State/Province CA
Postal Code 94115 | Countryi us
Inventor 3
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Julian Hoenig
Residence Information (Select One) (¢) US Residency () NonUS Residency () Active US Military Service
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Attorney Docket Number | P22914USC4

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

City | San Francisco State/Province | CA | Country of Residencd | US

Mailing Address of Inventor:

Address 1 610 Elizabeth Street

Address 2

City San Francisco | State/Province ‘ CA

Postal Code 94114 | Countryi us

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Rico Zorkendorfer

Residence Information (Select One) (¢) USResidency () NonUS Residency () Active US Military Service

City | San Francisco | State/Province | cA | Country of Residencd | us

Mailing Address of Inventor:

Address 1 3928 17th Street

Address 2

City San Francisco | State/Province CA
Postal Code ‘ 94114 | Countryi us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 62579

Email Address

Application Information:

Title of the Invention WEARABLE ELECTRONIC DEVICE

Attorney Docket Number| P22914USC4 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 26 Suggested Figure for Publication (if any) | 6

EFS Web 2.2.13
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Attorney Docket Number | P22914USC4

Application Data Sheet 37 CFR 1.76 ——
Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

i
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:

[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing

this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ® CustomerNumber | (O US Patent Practiioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 62579

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 15261912 2016-09-10
EFS Web 2.2.13
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Attorney Docket Number

P22914USC4

Application Number

Title of Invention

WEARABLE ELECTRONIC DEVICE

Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 15261914 2016-09-10

Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 15261917 2016-09-10

Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 14842617 2015-09-01

Prior Application Status | Expired
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
14842617 Claims benefit of provisional 62044974 2014-09-02

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)' the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition

Applications

EFS Web 2.2.13
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Application Data Sheet 37 CFR 1.76 | -y o TTPer
Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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Attorney Docket Number | P22914USC4

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority
to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A
in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application
(see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13
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Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117 (O  Joint Inventor

(O Person to whom the inventor is obligated to assign. (O  Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. [¥]

Organization Name Apple Inc.

Mailing Address Information For Applicant:

Address 1 One Apple Park Way

Address 2

City Cupertino State/Province CA
Country | us Postal Code 95014
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.13
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code

Phone Number

Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/ Benno M. Guggenheimer / Date (YYYY-MM-DD)| 2020-03-20

First Name | Benno M. Last Name | Guggenheimer Registration Number | 66686

Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.13
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Application Number

Title of Invention | WEARABLE ELECTRONIC DEVICE

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Attorney Docket No. P22914USC4

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Inventor(s): Fletcher R. Rothkopf et al.

App. No.: Not Yet Assigned Con. No.:  Not Yet Assigned

Filed: Herewith Art Unit: Not Yet Assigned

Title: WEARABLE ELECTRONIC Examiner: Not Yet Assigned
DEVICE

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §§ 1.97(b)(1) and 1.98 and
STATEMENT OF RELATEDNESS
UNDER M.P.E.P. § 2001.06(b)

MAIL STOP AMENDMENT
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

The Examiner is requested to consider the references noted on the enclosed Form
PTO/SB/08a during examination of the above-identified patent application. These references
are submitted for the Examiner’s consideration and are submitted pursuant to the duty of
disclosure under 37 C.F.R. § 1.56. In submitting these references, no representation is made or
implied that the references are or are not material to the examination of the application. The
Examiner is encouraged to make his or her own determination of materiality. Copies of all
foreign and non-patent literature references except those cited on the attached Form
PTO/SB/08a were previously provided to or cited by the Patent Office in parent application no.
14/842,617, filed September 1, 2015.

In satisfaction of the duty of disclosure under 37 C.F.R. § 1.56, and as required by
M.P.E.P. § 2001.06(b), the Examiner is requested to consider the following applications
commonly owned by the Assignee of the present application, which may include subject matter
similar to that of the present application:

(1) U.S. patent application no. 15/597,145, filed May 16, 2017, pending;

(2) U.S. patent application no. 15/879,223, filed January 24, 2018, pending;

(3) U.S. patent application no. 16/191,349, filed November 4, 2018, pending;

4) U.S. patent application no. 16/399,868, filed April 30, 2010, pending;

1
20319877
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Attorney Docket No. P20439USC2

(5) U.S. patent application no. 16/708,064, filed December 9, 2010, pending;
(6) U.S. patent application no. 16/750,946, filed January 23, 2020, pending; and
(7) U.S. patent application no. 16/801,450, filed February 26, 2020.

The Information Disclosure Statement submitted herewith is being filed concurrently with
the new patent application. Therefore, pursuant to 37 C.F.R. § 1.97(b)(1), no fees are due with
respect to this filing. However, should any such fees or petitions be required, please consider
this a request therefor and authorization to charge Deposit Account No. 504621 as necessary.

If the Examiner has any questions, please contact the undersigned.

Dated: March 20, 2020

Respectfully submitted,

/Benno M. Guggenheimer/

Benno M. Guggenheimer, Registration No. 66,686
Attorney for Assignee

USPTO Customer No. 62579

Brownstein Hyatt Farber Schreck, LLP
410 Seventeenth Street

Suite 2200

Denver, Colorado 80202

Phone: (303) 223-1100

Fax: (303) 223-1111

20319877
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WEARABLE ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation patent application of U.S. Patent Application No.
15/261,912, filed September 10, 2016, and titled “Wearable Electronic Device,” U.S. Patent
Application No. 15/261,914, filed September 10, 2016, and titled “Wearable Electronic Device,”
U.S. Patent Application No. 15/261,917, filed September 10, 2016, and titled “Wearable
Electronic Device,” and U.S. Patent Application No. 14/842,617, filed September 1, 2015, and
titled “Wearable Electronic Device,” which is a nonprovisional patent application of and claims
the benefit of U.S. Provisional Patent Application No. 62/044,974, filed September 2, 2014, and
titled “Wearable Electronic Device and Associated Methods of Use and Manufacture,” the

disclosures of which are hereby incorporated herein by reference in their entireties.
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FIELD

[0002] The following disclosure generally relates to an electronic device, and more specifically
to a wearable electronic device having a range of features, including touch input, force input, an
interchangeable attachment system, health monitoring functionality, wireless power charging,

wireless authentication and transaction functionality, and other features and functionality.
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BACKGROUND

[0003] Portable electronic devices have become increasingly popular, and the features and
functionality provided by portable electronic devices continue to expand to meet the needs and
expectations of many consumers. However, some traditional portable electronic devices,
particularly wearable electronic devices, may have relatively limited functionality or are only
able to perform a specialized set of functions or tasks. For example, some traditional electronic
wristwatches may be configured to perform a relatively limited set of functions, including
displaying time, date, and performing basic timing functions. The embodiments described herein
are directed to a wearable electronic device that provides a wide range of functionality, as

compared to some traditional wearable electronic devices.
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SUMMARY

[0004] The embodiments included herein are directed to a consumer product, which may include
a portable or wearable electronic device that is configured to provide an expansive feature set
integrated or incorporated into a compact form factor. In some aspects of the present disclosure,
a consumer product may integrate or combine multiple subsystems into a single device to
provide a wide range of functionality, including biometric sensing, touch-based user input, near-
field communications, and other desirable features. In some aspects, multiple subsystems are

integrated into the relatively compact space of a wrist-worn device.

[0005] Some example embodiments are directed to wearable electronic device having a housing
that includes a flat bottom portion, a top portion defining a cavity, and a curved side portion that
extends from the bottom portion to the top portion. A band may be attached to the housing and
configured to secure the wearable electronic device to a user. A display may be at least partially
disposed within the cavity and may have a viewable area. The device may also include a cover
disposed above the display and including a flat middle portion larger than the viewable area of
the display, a curved edge portion surrounding the flat middle portion and coinciding with the

curved side portion along a perimeter of the cavity to form a continuous contoured surface.

[0006] In some embodiments, the continuous contoured surface is tangent with the flat bottom
portion of the housing at a first end of the contour. The continuous contoured surface may also
be tangent with the flat middle portion of the cover at a second end of the contour. In some

embodiments, the continuous contoured surface has a constant radius.

[0007] In some embodiments, the cavity has a rectangular shape. The curved edge portion of
the housing may have four sides that surround the cavity, each side is orthogonal to two adjacent
sides. Each side may be connected to an adjacent side by a rounded corner. In some
embodiments, the rounded corners have a curvature that corresponds to a curvature of the
continuous contoured surface formed by the curved edge portion of the cover and the curved side

portion of the housing.

[0008] Some embodiments include a crown module that is positioned at least partially within an

aperture formed within the curved side portion of the housing. The crown module may include
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an outer surface configured to receive a rotary user input. The crown module may be offset with
respect to a centerline of the housing between the top portion and the flat bottom portion. The
offset may be toward the top portion of the housing. The crown module may include a dial

having a portion that is higher than an interface between the cover and the housing.

[0009] In some example embodiments, a port is formed in the curved side portion of the housing.
An acoustic module may be disposed within the housing and configured to produce an audio
output through the port. The acoustic module may include an acoustic element and an acoustic
cavity that acoustically couples the acoustic element to the port. The port may include an orifice
that is offset with respect to the acoustic cavity to prevent the direct ingress of liquid into the

acoustic module.

[0010] In some embodiments, the device includes a gasket positioned between the housing and
the cover. The housing may also include a ledge formed along a perimeter of the cavity. The
gasket may be positioned along the ledge that is formed along the perimeter of the cavity. The
gasket, the cover, and the housing may be configured to cooperate to form a substantially water-

proof seal.

[0011] In some example embodiments, the device includes a biosensor module that is disposed
in an opening formed in the flat bottom portion of the housing. The biosensor module may
include a chassis positioned in the opening of the housing and defining an array of windows. An
array of light sources may be attached to the chassis and configured to emit light into the user
through the array of windows. The biosensor module may also include an optically transparent
rear cover disposed over the chassis and over the array of windows and operative to pass light
emitted from the array of light sources into the user. In some embodiments, the rear cover has a

convex outer contour.

[0012] Some example embodiments are directed to an electronic device having a housing
comprising a bottom portion defining an opening and a band attached to the housing and
configured to secure the electronic device to a user. A biosensor module may be disposed within
the opening of the housing. A rear cover may be disposed over the biosensor module and may
include an edge protruding outwardly from the bottom portion of the housing and an outer

surface having a convex curved contour. In some embodiments, the outer surface of the rear
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cover defines one or more windows that provide operational access to one or more optical
components of the biosensor module. The one or more windows may have a curvature that

matches the convex curved contour of the outer surface.

[0013] In some embodiments, the biosensor module includes an array of light sources that are
configured to emit light into a body of the user. The biosensor module may also include a
photodetector configured to receive light produced by a light source of the array of light sources
that is reflected from the body and produce a sensor signal. In some cases, the biosensor module

is removably coupled to the housing.

[0014] In some embodiments, the device also includes a processing unit configured to compute a
health metric associated with the user based on the sensor signal. The device may also include a

display disposed within the housing and configured to display the health metric.

[0015] Some example embodiments are directed to a wearable electronic device, having a
housing including a top portion, a cavity formed within the top portion, and a curved side
portion that surrounds the cavity. The device may also include a transparent cover disposed over
the cavity of the housing and may include a flat middle portion at a center of the transparent
cover, a curved outer portion that emanates from and surrounds the flat middle portion and
extends outwardly to an edge of the transparent cover, and a mask positioned relative to an
internal surface of the transparent cover. The mask may have an outer boundary located
proximate to the edge of the transparent cover and an inner boundary located within the curved

outer portion of the transparent cover.

[0016] In some embodiments, the device includes a display disposed below the transparent
cover. A perimeter portion of a viewable area of the display may be disposed below the mask.
The device may also include an antenna having a shape that corresponds to a shape of the cavity
formed within the housing. The antenna may be disposed in a groove formed in the internal
surface of the transparent cover. The groove may be formed between the outer boundary and the
inner boundary of the mask. In some embodiments, the cover is formed from a sapphire
material. The antenna may be configured to facilitate wireless communication between the

wearable electronic device and an external device.
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[0017] Some example embodiments are directed to an electronic device having a housing
including a first end, a second end opposite the first end, a first side extending between the first
and second ends, and a second side opposite to the first side and extending between the first and
second ends. The first end may define a first groove extending between the first and second
sides and may be configured to receive a first lug portion of a first band. The second end may
define a second groove extending between the first and second sides and may be configured to
receive a second lug portion of a second band. The first and second grooves may have an
inwardly curved concave shape with an undercut feature that retains the first and second lug
portions. In some embodiments, the first groove extends through a solid portion of the housing

to form a continuous interior shape.

[0018] In some embodiments, the device includes a display at least partially disposed within a
cavity of the housing. A cover may be disposed above the display and at least a portion of the
first groove is disposed below the cover. The first and second grooves may be formed at an
angle with respect to a centerline of the housing. The first and second grooves may be angled
upward toward a top of the housing and inward toward the center of the housing. The first and

second grooves may cross the centerline of the housing.

[0019] Some example embodiments are directed to a wearable electronic device including a
housing and a band attached to the housing and configured to secure the wearable electronic
device to a user. A crown may be disposed relative to the housing and configured to receive a
rotational input. An encoder may be operatively coupled to the crown and configured to produce
an encoder output that corresponds to the rotational input. A speaker module may be disposed
within the housing and configured to produce an audio output that corresponds to the encoder
output. A haptic device may be disposed within the housing and configured to produce a haptic
output that corresponds to the encoder output. In some embodiments, the haptic output is
synchronized with the audio output. The crown may be further configured to translate along an

axis and actuate a tactile switch.

[0020] In some embodiments, the device also includes a display element within the housing.
The device may be configured to display a list of items on the display element and scroll the list

of items in response to the encoder output. The device may also be configured to synchronize
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the audio and haptic outputs with the scrolling of the list of items. In some embodiments, the
crown is further configured to translate along an axis and actuate a tactile switch. The crown

may be operative to select an item of the list of items when the tactile switch is actuated.

[0021] Some example embodiments are directed to a wearable electronic device having a
housing that includes a bottom portion and an aperture formed in the bottom portion. A band
may be attached to the housing and configured to secure the wearable electronic device to a user.
A biosensor module may be disposed in the aperture of the housing. The biosensor module may
include an array of light sources configured to emit light into a body of the user, and a
photodetector configured to receive light produced by a light source of the array of light sources
that is reflected from the body and produce a sensor signal. The device may also include a
processing unit that is configured to compute a health metric associated with the user based on
the sensor signal. A display may be disposed within the housing and configured to display the
health metric.

[0022] In some embodiments, the array of light sources and the photodetector are configured to
function as multiple photoplethysmography (PPG) sensors. Each PPG sensor may be configured
to be used to compute a separate health metric. In some embodiments, a first light source of the
array of light sources includes a green LED adapted to detect blood perfusion in the body. A
second light source of the array of light sources may include an infrared LED adapted to detect
water content of the body. The health metric may include one or more of: a heart rate, a

respiration rate, a blood oxygenation level, and a blood volume estimate.

[0023] In some embodiments, the device also includes at least one pair of electrodes disposed on
an exterior surface of the housing. The at least one pair of electrodes may be configured to
produce a signal when the at least one pair of electrodes is in contact with the body. In some
case, the signal is used to compute an additional health metric that includes one or more of: a

heart function, a body fat estimate, and a body fat estimate.

[0024] Some example embodiments are directed to a wearable electronic device including a
housing and a band attached to the housing and configured to secure the wearable electronic
device to a user. The device may also include an array of light emitting diodes (LEDs) disposed

within the housing, the array of LEDs being configured to emit light. A photodetector may be
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disposed within the housing and configured to receive light produced by an LED of the array of
LEDs that is reflected from a body of the user and produce a first sensor signal in response to the
received light. The device may also include at least one pair of electrodes disposed on an
exterior surface of the wearable electronic device. The electrodes may be configured to produce
a second sensor signal when the electrodes are in contact with a respective portion of the body.
The device may also include a processing unit that is configured to compute one or more health
metrics based on the first and second sensor signals. The device may also include a display
disposed at least partially within the housing and configured to display the one or more health

metrics.

[0025] Some example embodiments are directed to a wearable electronic device including a
housing and a band attached to the housing and configured to secure the wearable electronic
device to a user. A cover may be disposed relative to the housing and a display may be attached
to a lower surface of the cover. A force sensor may be positioned between the cover and the
housing and attaching the cover to the housing. The force sensor may be configured to detect the
force of a touch on the cover. The force sensor may also form a barrier to prevent ingress of
liquid into the wearable electronic device. In some embodiments, an antenna may be disposed
relative to the cover and external from the housing. The antenna may be configured to facilitate

wireless communication with an external device.

[0026] In some example embodiments, a wearable electronic device may include a housing and a
band attached to the housing and configured to secure the wearable electronic device to a user.

A display element may be positioned within the housing and a rechargeable battery may be
disposed within the housing and operatively coupled to the display element. The device may
also include a receive coil within the housing configured to inductively couple with an external
transmit coil. A power conditioning circuit may be configured to recharge the rechargeable
battery using power received by the receive coil. The power conditioning circuit may be
configured to provide power to the display element. The device may also include a first
alignment magnet positioned within the receive coil and configured to align the device with

respect to a second alignment magnet positioned within the external transmit coil.
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[0027] Some example embodiments are directed to a wearable electronic device that includes a
housing and a band attached to the housing and configured to secure the wearable electronic
device to a user. A cover may be positioned relative to the housing and a display may be
disposed within the housing and below the cover. A force sensor may be disposed within the
housing and configured to detect a force of a touch on the cover. A touch sensor may be
disposed between the display and the cover. The touch sensor may be configured to detect a
location of the touch on the cover. In some embodiments, the force sensor is disposed along a
perimeter of the display. The device may also include a processing unit and memory disposed
within the housing. The processing unit may be configured to interpret a touch gesture on a
surface of the cover using a force output from the force sensor and a touch output from the touch

SEensor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The disclosure will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals designate like

structural elements.

[0029] FIG. 1 depicts an example wearable electronic device having a device body and band.
[0030] FIG. 2 depicts an example schematic diagram of a wearable electronic device.

[0031] FIG. 3 depicts an example functional diagram for a wearable electronic device.
[0032] FIG. 4 depicts an example wearable electronic device as part of a system of devices.
[0033] FIG. 5 depicts a system of interchangeable components for a wearable device.

[0034] FIG. 6 depicts an example wearable electronic device having a device body and band.

[0035] FIG. 7 depicts an exploded view of components of an example wearable electronic

device.

[0036] FIG. 8 depicts an example housing for a wearable electronic device.

[0037] FIG. 9 depicts an example force sensor configured to use a capacitive measurement.
[0038] FIGs. 10A-B depict plan views of example force sensors.

[0039] FIG. 11 depicts an example force sensor configured to use a resistive measurement.

[0040] FIG. 12 depicts an example pixelated force sensor configured to use a resistive

measurement.
[0041] FIGs. 13A-B depict example force sensor structures.

[0042] FIGs. 14A-C depict an example touch sensor based on mutual capacitance.
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[0043] FIGs. 15A-B depict an example touch sensor based on self capacitance.
[0044] FIG. 16 depicts an example device having biosensors.

[0045] FIG. 17 depicts an example device having wireless communications with an external

device.

[0046] FIG. 18 depicts an example electronic device and example dock of an inductive charging

system.

[0047] FIG. 19 depicts a block diagram of an example inductive charging system.

[0048] FIG. 20 depicts an example acoustic module.

[0049] FIGs. 21 A-B depict an example cover and antenna.

[0050] FIGs. 22A-B depict an example haptic module.

[0051] FIG. 23 depicts an example device having a crown module with an encoder.

[0052] FIGs. 24A-B depict an example device having a crown module with a tactile switch.
[0053] FIGs. 25A-C depict an example receiving feature for a band.

[0054] FIG. 26 depicts example elements of a display.

12
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DETAILED DESCRIPTION

[0055] Provided herein are descriptions and examples of a consumer product, which may include
a portable electronic device, a wearable electronic device, or other type of device. By way of
example and not by way of limitation, the consumer product may be an electronic device, a
mechanical device, or an electromechanical device. Specific example devices include mobile
phones, personal digital assistants, music players, timekeeping devices, health monitoring
devices, tablet computers, laptop computers, glasses (electronic or otherwise), portable storage

devices, and the like.

[0056] In one particular embodiment, the consumer product is a portable and, more specifically,
a wearable consumer product. A wearable consumer product is one that can be worn by or
otherwise secured to a user. For example, the consumer product may be a wearable electronic
device including, but not limited to, a wearable computer, a wearable watch, a wearable
communication device, a wearable media player, a wearable health monitoring device, and the
like. A wearable consumer product may be worn by a user in a variety of ways. In some
examples, the consumer product is a wrist-worn product and may include a band that can be
wrapped around a user's wrist to secure the consumer product to the user’s body. The device
may include one or more other types of attachments including, for example, an armband,

lanyard, waistband, chest strap, and the like.

[0057] Some aspects of the disclosure are directed to a wearable electronic device having
improved functionality and/or versatility as compared to some traditional wearable devices. For
example, some aspects of the disclosure are directed to a consumer product, such as a portable
electronic device, having an expansive feature set integrated or incorporated into a compact form
factor. In some aspects of the present disclosure, a consumer product may integrate or combine
multiple subsystems into a single device to provide a wide range of functionality, including
biometric sensing, touch-based user input, near-field communications, and other desirable
features. In some aspects, multiple subsystems are integrated into the relatively compact space
of a wrist-worn device. Some aspects of the following disclosure are directed to the integration
of a variety of subsystems or modules to provide functionality that may not be possible using

some traditional device platforms. In some cases, the configuration and/or functionality
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provided by the various subsystems may be configurable by the end user, the manufacturer,
and/or a vendor of the device. Example subsystems or modules of a consumer product and their

respective functions are described below with respect to FIGs. 2 and 3.

[0058] Some aspects of the disclosure are directed to a consumer product that is configured to
communicate wirelessly with any of a number of other devices, such as a mobile phone,
computer, tablet computing devices, personal media players, televisions, networked home
appliances, networked home controls, electronic systems in vehicles, and so on. Through
wireless communication with other devices, the consumer product may transmit and/or receive
various notifications, messages, or other information between devices. The wireless
communication may also facilitate the relay of alerts or other device outputs to notify the user of
an event or action. In some aspects, the consumer product may communicate wirelessly with
any of a number of electronic accessories, including headset devices, portable speaker devices,
portable microphone devices, display screens, and so on. An example communication system is

described below with respect to FIG. 4 and with respect to other examples provided herein.

[0059] In some aspects, the consumer product may include a system of interchangeable
components used to attach or secure the consumer product to the user. The system of
interchangeable components may include a set of interchangeable bands or attachment devices
that are configured to connect or attach to a receiving feature on the body of the product. The
receiving feature may be standardized within the system of interchangeable components and
allow multiple types of bands or attachment devices to be used with the same housing or body.
The system of interchangeable components may also allow for an interchange between different
bodies, which may include different types of electronic devices or other consumer products.
Each body of the different devices or products may have a similar receiving feature that is
standardized within the system of interchangeable components. An example system of
interchangeable components is described below with respect to FIG. 5 and with respect to other

examples provided herein.

[0060] Some aspects of the present disclosure are directed to a consumer product that includes a
body that includes a case or housing used to protect as well as support the internal components of

the product in their assembled position. The housing may enclose and support various
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components, including, for example, integrated circuits, subsystems, modules, and other internal
components of the device. In some aspects, the housing forms a water-resistant or water-proof
barrier and also provides structural rigidity necessary to protect internal components. The
housing may be formed as a single piece, which may enhance the structural rigidity, water
impermeability, and manufacturability of the housing. An example housing and example
internal components for a consumer product are provided below with respect to FIGs. 6-8 and

with respect to other examples provided herein.

[0061] In some aspects, the consumer product includes a force sensor that is configured to detect
and measure the magnitude of a force or pressure on a surface of the product. In some
implementations, the force sensor includes a capacitive-based sensor that is configured to
estimate the force based on a deflection or movement between capacitive plates that is caused by
and correlates to the amount of force caused by a touch. In some implementations, the force
sensor is a resistance- or charge-based sensor that is configured to estimate the force based on the
deflection of a sheet or film that is positioned relative to the touch-sensitive surface of the
product. In some implementations, the output from the force sensor is combined with the output
from a touch sensor, which may be self-capacitive or mutually capacitive, or a combination of
the two. Example force and touch sensors are described below with respect to FIGs. 9-15B and

with respect to other examples provided herein.

[0062] In some aspects, the consumer product includes one or more biosensors. The biosensors
may include optical and/or electronic biometric sensors that may be used to compute one or more
health metrics. Example health metrics include, without limitation, a heart rate, a respiration
rate, blood oxygenation level, a blood volume estimate, blood pressure, or a combination thereof.
In some embodiments, the biosensors include an electrical sensor that may be used to measure
electrocardiographic (ECG) characteristics, galvanic skin resistance, and other electrical
properties of the user’s body. An example consumer product having multiple biosensors is

described below with respect to FIG. 16 and with respect to other examples herein.

[0063] In some aspects, the consumer product is configured to perform wireless communication
with an external device. In some implementations, the wireless communication may include a

Near Field Communication (NFC) interface. The NFC interface may be used to identify the
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device and initiate a secure data connection, which may be used to authorize transactions,
purchases, or conduct other forms of e-commerce. An example consumer product having
wireless communications with an external device is described in more detail below with respect

to FIG. 17 and with respect to other examples herein.

[0064] In some aspects, the consumer product is configured to recharge an internal battery using
a wireless charging system. In some implementations, the consumer product includes one or
more receiving inductive coils that are configured to cooperate with one or more transmitting
inductive coils that are located in a charging dock or other external device. The wireless
charging system may allow the transfer of power and/or wireless communications with the
consumer product without the use of an external port or terminal connection. An example
consumer product having wireless charging capabilities is described in more detail below with

respect to FIGs. 18-19 and with respect to other examples herein.

[0065] In some aspects, the consumer product includes one or more acoustic modules that are
configured to function as a speaker and/or a microphone for the product. The speaker and/or
microphone may include features that enhance the water/liquid resistance or impermeability of
the consumer product. The consumer product may also include a haptic module or actuator that
is configured to produce a haptic output that may be perceived by the user. In some
implementations, the output of an acoustic module, such as a speaker, and the haptic module may
be used to provide feedback or an alert to the user. In some cases, an acoustic module and the
haptic module provide feedback to the user and may be coordinated with a user input, such as
user-interface selecting, user-interface scrolling, or other user input command. An example
acoustic module is described below with respect to FIG. 20 and an example haptic module is

described below with respect to FIGs. 22A-B.

[0066] In some aspects, the consumer product includes a dial or crown that is coupled to an
encoder or other rotary sensor for detecting a rotary input. In some implementations, the output
from the optical encoder is used to drive an aspect of a user interface or control other
functionality of the product. Additionally, the dial or crown may include a tactile switch that can

be actuated by pressing inward on the dial or crown. An example consumer product having a
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crown is described below with respect to FIGs. 23-24B and with respect to other examples

herein.

[0067] The description that follows includes sample devices, components, modules, systems,
methods, and apparatuses that embody various elements of the present disclosure. However, it
should be understood that various elements of the described disclosure may be combined and/or
practiced in a variety of forms in addition to those described herein. In particular, the modules
and components are described in a particular combination with respect to some examples
provided below. However other combinations are possible, which may be achieved by adding,
removing, and/or re-arranging modules to obtain a device or system having the desired

characteristics.

[0068] FIG. 1 depicts a wearable consumer product 10. For example, the consumer product 10
may be a wearable electronic device. In one example, the consumer product 10 may be a
wearable multifunctional electronic device including multiple functionalities such as time
keeping, health monitoring, sports monitoring, medical monitoring, communications, navigation,
computing operations, and/or the like. The functionalities may include but are not limited to:
keeping time; monitoring a user’s physiological signals and providing health-related information
based on those signals; communicating (in a wired or wireless fashion) with other electronic
devices or services, which may be different types of devices having different functionalities;
providing alerts to a user, which may include audio, haptic, visual and/or other sensory output,
any or all of which may be synchronized with one another; visually depicting data on a display;
gathering data form one or more sensors that may be used to initiate, control, or modify
operations of the device; determining a location of a touch on a surface of the device and/or an
amount of force exerted on the device, and using either or both as input; accepting voice input to
control one or more functions; accepting tactile input to control one or more functions; capturing
and transmiting images; and so on. These and other functions and features will be described in

more detail herein.

[0069] The wearable consumer product 10 can take a variety of forms. In one example, the
consumer product 10 may be a wrist-worn electronic device. The device may include a variety

of types of form factors including, wristbands, armbands, bracelets, jewelry, and/or the like.
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[0070] In the illustrated embodiment, the consumer product 10 includes a device body 11. The
device body 11 may include a housing that carries, encloses and supports both externally and
internally various components (including, for example. integrated circuit chips and other
circuitry) to provide computing and functional operations for the consumer product 10. The
components may be disposed on the outside of the housing, partially within the housing, through
the housing, completely inside the housing, and the like. The housing may, for example, include
a cavity for retaining components internally, holes or windows for providing access to internal
components, and various features for attaching other components. The housing may also be
configured to form a water-resistant or water-proof enclosure for the body 11. For example, the
housing may be formed from as a single unitary body and the openings in the unitary body may
be configured to cooperate with other components to form a water-resistant or water-proof

barrier.

[0071] Examples of components that may be contained in the device body 11 include processing
units, memory, display, sensors, biosensors, speakers, microphones, haptic actuators, batteries,
and so on. In some cases, the device body 11 may take on a small form factor. In cases such as
these, the components may be packaged and/or in order to provide the most functionality in the
smallest space. The components may also be configured to take up a minimal amount of space,
which may facilitate the device body 11 having a small form factor. Additionally, the integration
and assembly of the various components may be configured to enhance the reliability of the

consumer product 10.

[0072] The construction of the housing of the device body 11 may be widely varied. For
example, housing may be formed from a variety of materials including plastic, rubber, wood,
silicone, glass, ceramics, fiber composites, metal or metal alloys, (e.g., stainless steel,
aluminum), precious metals (e.g., gold, silver), or other suitable materials, or a combination of

these materials.

[0073] Also in the illustrated embodiment, the wearable electronic device includes a band 12 or
strap or other means for attaching to a user. The band 12 may, for example, be configured to
attach to the body and provide a loop for securing to the wrist of the user. The band 12 may be

integral with the housing or it may be a separate part. If integral, the band 12 may be a

18

-1515-



P22914USC4

continuation of the housing. In some cases, the integral band may be formed from the same
material as the housing. If the band 12 is separate, the band may be fixed or releasably coupled
to the housing. In both cases, the band 12 may be formed from similar or different materials as
the housing. In most cases, the band 12 is formed from a flexible material such that it can
conform to a user’s body. Furthermore, the band 12 itself may be a single integral part or it may
include attachment ends that provide an open and closed configuration. The attachment ends
may, for example, be manifested as a clasp or other similar attachment mechanism or device.
This particular configuration allows a user to open the band 12 for placement on the arm and
close the band 12 in order to secure the band and body to the arm. The band 12 may be widely
varied. By way of example, they may be formed from rubber, silicone, leather, metal, mesh,

links and/or the like.

[0074] FIG. 2 depicts an example schematic diagram of a wearable electronic device. By way of
example, device 100 of FIG. 2 may correspond to the consumer product 10 shown in FIG. 1. To
the extent that multiple functionalities, operations, and structures are disclosed as being part of,
incorporated into, or performed by device 100, it should be understood that various embodiments
may omit any or all such described functionalities, operations, and structures. Thus, different
embodiments of the device 100 may have some, none, or all of the various capabilities,

apparatuses, physical features, modes, and operating parameters discussed herein.

[0075] As shown in FIG. 2, the device 100 includes one or more processing units 102 that are
configured to access a memory 104 having instructions stored thereon. The instructions or
computer programs may be configured to perform one or more of the operations or functions
described with respect to the device 100. For example, the instructions may be configured to
control or coordinate the operation of a display 120, one or more input/output components 106,
one or more communication channels 108, one or more sensors 110, a speaker 122, a

microphone 124 and/or one or more haptic feedback devices 112.

[0076] The processing units 102 of FIG. 2 may be implemented as any electronic device capable
of processing, receiving, or transmitting data or instructions. For example, the processing units
102 may include one or more of: a microprocessor, a central processing unit (CPU), an

application-specific integrated circuit (ASIC), a digital signal processor (DSP), or combinations
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of such devices. As described herein, the term “processor” is meant to encompass a single
processor or processing unit, multiple processors, multiple processing units, or other suitably

configured computing element or elements.

[0077] The memory 104 can store electronic data that can be used by the device 100. For
example, a memory can store electrical data or content such as, for example, audio and video
files, documents and applications, device settings and user preferences, timing and control
signals or data for the various modules, data structures or databases, and so on. The memory 104
can be configured as any type of memory. By way of example only, the memory can be
implemented as random access memory, read-only memory, Flash memory, removable memory,

or other types of storage elements, or combinations of such devices.

[0078] In the schematic diagram of FIG. 2, the one or more input components 106 are
represented as a single item within the schematic diagram. However, input components 106 may
represent a number of different input components, including buttons, switches, and dials for
accepting user input, and so on. More specifically, the input components 106 may correspond to
the buttons, dials, crowns or other devices for receiving input. Generally, the input components
106 are configured to translate a user-provided input into a signal or instructions that may be
accessed using instructions executed on the processing units 102. In the present example, the
input components 106 may include the hardware configured to receive the user input (e.g.,
button, switch, crown, and encoder) which is operatively coupled to circuitry and firmware used
to generate signals or data that are able to be accessed using processor instructions. Each input
component 106 may include specialized circuitry for generating signals or data and, additionally
or alternatively, circuitry and firmware for generating signals or data may be shared between
multiple input components 106. In some cases, the input components 106 produce user-provided
feedback for application-specific input that corresponds to a prompt or user interface object
presented on display 120. For example, the crown (item 642 of FIG. 6) may be used to receive
rotational input from the user, which may be translated into an instruction to scroll a list or object
presented on the display 120. The input components 106 may also produce user input for
system-level operations. For example the input components 106 may be configured to interact

directly with hardware or firmware being executed on the device 100 for system-level
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operations, including, without limitation, power on, power off, sleep, awake, and do-not-disturb

operations.

[0079] As shown in FIG. 2, the device 100 may also include one or more acoustic elements,
including a speaker 122 and a microphone 124. The speaker 122 may include drive electronics
or circuitry and may be configured to produce an audible sound or acoustic signal in response to
a command or input. Similarly, the microphone 124 may also include drive electronics or
circuitry and is configured to receive an audible sound or acoustic signal in response to a
command or input. The speaker 122 and the microphone 124 may be acoustically coupled to
respective ports or openings in the housing that allow acoustic energy to pass, but may prevent
the ingress of liquid and other debris. As shown in FIG. 2, the speaker 122 and microphone 124
are also operatively coupled to the processing units 102, which may control the operation of the
speaker 122 and microphone 124. In some cases, the processing units 102 are configured to
operate the speaker 122 to produce an acoustic output that corresponds to an application or
system-level operation being performed on the device 100. In some cases, the speaker 122 is
operatively coupled to other modules, including, for example, input components 106, such as a
crown or button. In some implementations, the device 100 is configured to produce an audible
output that corresponds to the operation of the crown or buttons using the speaker 122. The
microphone 124 may be configured to produce an output or signal in response to an acoustic
stimulus. For example, the microphone 124 may be operatively coupled to the memory 104 and
may be configured to record audio input, including human speech, music, or other sounds. In
some cases, the microphone 124 may be configured to receive voice signals, which may be

interpreted as voice commands by the processing units 102.

[0080] The one or more communication channels 108 may include one or more wireless
interface(s) that are adapted to provide communication between the processing unit(s) 102 and
an external device. In general, the one or more communication channels 108 may be configured
to transmit and receive data and/or signals that may be interpreted by instructions executed on
the processing units 102. In some cases, the external device is part of an external communication
network that is configured to exchange data with wireless devices. Generally, the wireless
interface may include, without limitation, radio frequency, optical, acoustic, and/or magnetic

signals and may be configured to operate over a wireless interface or protocol. Example wireless
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interfaces include radio frequency cellular interfaces, fiber optic interfaces, acoustic interfaces,
Bluetooth interfaces, infrared interfaces, USB interfaces, Wi-Fi interfaces, TCP/IP interfaces,

network communications interfaces, or any conventional communication interfaces.

[0081] In some implementations, the one or more communications channels 108 may include a
dedicated wireless communication channel between the device 100 and another user device, such
as a mobile phone, tablet, computer, or the like. In some cases, output, including audio sounds
or visual display elements, are transmitted directly to the other user device for output to the user.
For example, an audible alert or visual warning may be transmitted to a user’s mobile phone for
output on that device. Similarly, the one or more communications channels 108 may be
configured to receive user input provided on another user device. In one example, the user may
control one or more operations on the device 100 using a user interface on an external mobile

phone, table, computer, or the like.

[0082] Additionally, as described in more detail below with respect to FIG. 17, the
communications channels 108 may include a Near Field Communication (NFC) interface. The
NEC interface may be used to identify the device and initiate a secure data connection, which

may be used to authorize transactions, purchases, or conduct other forms of e-commerce.

[0083] As shown in FIG. 2, the device 100 also includes one or more sensors 110 represented as
a single item within the schematic diagram. However, the sensors 110 may represent a number
of different sensors, including devices and components that are configured to detect
environmental conditions and/or other aspects of the operating environment. Example sensors
110 include an ambient light sensor (ALS), proximity sensor, temperature sensor, barometric
pressure sensor, moisture sensor, and the like. Thus, the sensors 110 may also be used to
compute an ambient temperature, air pressure, and/or water ingress into the device. In some
embodiments, the sensors 110 may include one or more motion sensors for detecting movement
and acceleration of the device 100. The one or more motion sensors may include one or more of
the following: an accelerometer, a gyroscope, a tilt sensor, or other type of inertial measurement

device.

[0084] The device 100 also includes one or more biosensors 118 and may include optical and/or

clectronic biometric sensors that may be used to compute one or more health metrics. As
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described in more detail below with respect to FIG. 16, one or more of the biosensors 118 may
include a light source and a photodetector to form a photoplethysmography (PPG) sensor. The
optical (e.g., PPG) sensor or sensors may be used to compute various health metrics including,
without limitation, a heart rate, a respiration rate, blood oxygenation level, a blood volume
estimate, blood pressure, or a combination thereof. One or more of the biosensors 118 may also
be configured to perform an electrical measurement using one or more electrodes. The electrical
sensor(s) may be used to measure electrocardiographic (ECG) characteristics, galvanic skin
resistance, and other electrical properties of the user’s body. Additionally or alternatively, one or
more of the biosensors 118 may be configured to measure body temperature, exposure to UV

radiation, and other health-related information.

[0085] The device 100 may also include one or more haptic devices 112. The haptic device 112
may include one or more of a variety of haptic technologies such as, but not necessarily limited
to, rotational haptic devices, linear actuators, piezoelectric devices, vibration elements, and so
on. In general, the haptic device 112 may be configured to provide punctuated and distinct
feedback to a user of the device. More particularly, the haptic device 112 may be adapted to
produce a knock or tap sensation and/or a vibration sensation. As shown in FIG. 2, the haptic
device 112 may be operatively coupled to the processing unit 102 and memory 104. In some
embodiments, the haptic device 112 may be directly controlled by the processing unit 102. In
some embodiments, the haptic device 112 may be controlled, at least in part, by the operation of
an input component 106, including, for example, a button, dial, crown, or the like. The operation
of the haptic device 112 may also be paired or linked to the operation of one or more other

output devices, including, for example, the display 120 or the speaker 122.

[0086] As shown in FIG. 2, the device 100 may include a battery 114 that is used to store and
provide power to the other components of the device 100. The battery 114 may be a
rechargeable power supply that is configured to provide power to the device 100 while it is being
worn by the user. The device 100 may also be configured to recharge the battery 114 using a
wireless charging system. Accordingly, in some cases, the device may include a wireless power
module 116 that may be configured to receive power from an external device or dock. The
wireless power module 116 may be configured to deliver power to components of the device,

including the battery 114. The wireless power module 116 and an external charging station or
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dock may also be configured to transmit data between the device and a base or host device. In
some cases, the wireless power module 116 may interface with the wireless charging station or
dock to provide an authentication routine that is able to identify specific hardware, firmware, or
software on the device in order to facilitate device maintenance or product updates. A more
detailed description of an example wireless charging station is provided below with respect to

FIGs. 18-19.

[0087] The device 100 may include a variety of other components, including for example, a
camera or camera modules. The camera may be configured to capture an image of a scene or
subject located within a field of view of the camera. The image may be stored in a digital file in
accordance with any one of a number of digital formats. In some embodiments, the device 100
includes a camera, which includes an image sensor formed from a charge-coupled device (CCD)
and/or a complementary metal-oxide—semiconductor (CMOS) device. The camera may also
include one or more optical components disposed relative to the image sensor, including, for

example, a lens, an filter, a shutter, and so on.

[0088] FIG. 3 depicts functional elements of the device 100, in accordance with some
embodiments. In particular, FIG. 3 depicts the inputs that may be received and outputs that may
be produced on an example device 100. By way of example, the device 100 may correspond to
the devices shown in FIGs. 1 and 2. As shown in FIG. 3, the device 100 may include a force
input 302 that may be produced using a force sensor that is configured to detect and measure the
magnitude of a force of a touch on a surface of the device. The force input 302 may include a
non-binary output that is generated in response to a touch. For example, the force input 302 may
include a range of values or analog value that corresponds to the amount of force exerted on a
surface of the device. Additionally or alternatively, the force input 302 may include binary (e.g.,
on, off) output in response to the force of a touch. The force input 302 may be used to control
various aspects of the device. For example, the force input 302 may be used to control an aspect,
such as a cursor or item selection on a user interface presented on the display of the device. The
force input 302 may also be used to control the audio output 308, haptic output 312, and other
functionality of the device. The force input 302 may also be used to distinguish between
different types of input from the user. For example, a light touch from the user may be

interpreted as a scroll command and used to index or scroll through a list of items on the display.
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A harder touch from the user may be interpreted as a selection or confirmation of an item on the
display. In some embodiments, the force input 302 is used to distinguish an intentional touch

from the user from an incidental or accidental touch that may be ignored.

[0089] As shown in FIG. 3, the device 100 may also include a touch input 306 that may be
produced using a touch sensor that is configured to detect and measure the location of a touch on
a surface of the device. In some implementations, the touch sensor is a capacitive-based touch
sensor that is disposed relative to the display or display stack of the device. The touch sensor
may be a separate non-integrated sensor relative to the force sensor. In alternative embodiments,
the touch sensor may also be physically and/or logically integrated with the force sensor to
produce a combined output. The touch input 306 may be used to control various aspects of the
device. For example, the touch input 306 may be used to control an aspect of the user interface
presented on the display of the device. The touch input 306 may also be used to control the

audio output 308, haptic output 312, and other functionality of the device.

[0090] In some cases, the logical integration of the force input 302 and the touch input 306
enhances the versatility or adaptability of device 100 by enabling a more sophisticated user
interface than is currently available on some traditional wearable devices. In particular, the force
input 302 and the touch input 306 may be combined to interpret a wider range of gestures and
input commands than may be possible using, for example, only a touch input. For example, the
force input 302 may provide a magnitude of a force of a touch, which may be used to distinguish
between two touch input commands that have a similar location or gesture path. An improved
touch interface using both force input 302 and touch input 306 may be particularly advantageous
when interpreting touch commands on a relatively small area surface, such as a display screen or

cover glass of a wearable electronic device.

[0091] As shown in FIG. 3, the device 100 may also include a button/dial input 310 that may be
produced using an input device that is configured to receive input from the user. As described
previously, the device 100 may include one or more buttons disposed on or near an external
surface of the housing and are configured to receive input from a user. The device may also

include a dial or crown that is configured to accept rotational input from the user. As described
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in more detail below with respect to FIGs. 24A-B, the dial or crown may also include a push

feature that is adapted to accept input from the user.

[0092] The device 100 may also accept audio input 314 using a microphone or other acoustic
sensing device. The audio input 314 may be adapted to accept input from the user, including
voice commands and other audio signal input. The audio input 314 may also be adapted to
detect and measure ambient audio conditions that may be used to adjust the volume of the audio
output 308 or operation of the haptic output 312. The audio input 314 may also be used to record
an audio stream or voice message in accordance with an audio recording application or software

program.

[0093] As shown in FIG. 3, the device 100 may include a display output 304 in accordance with
some embodiments. The display output 304 includes visual or graphical output that may be
produced using the display element of the device. In some embodiments, the display output 304
includes a graphical user interface produced using an operating system or software application
executed on one or more processing units of the device. In one example, the display output 304
includes a graphical depiction that resembles a watch face or other timekeeping device. In other
examples, the display output 304 includes a graphical interface for an e-mail, text messaging, or
other communication-oriented program. The display output 304 may also present visual
information that corresponds to one of the other functional aspects of the device 100. For
example, the display output 304 may include information that corresponds to the biosensor input

320, sensor input 318, force input 302, touch input 306, and others.

[0094] As shown in FIG. 3 the device 100 may include an audio output 308 that may be
produced with a speaker or acoustic module. The audio output 308 may include sounds or audio
signals that are associated with the operation of the device. For example, the audio output 308
may correspond to the operation of an input device to provide audio feedback to the user. For
example the audio output 308 may correspond to an input received in the form of a force input
302, touch input 306, and/or button/dial input 310. In some cases, the audio output 308 may also
include a portion of an auditory alert that may be produced alone or combined with a haptic

output 312 and/or display output 304 of the device 100.
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[0095] The device 100 may also include a sensor input 318 produced using one or more sensors
that may be configured to monitor and detect various environmental conditions. For example,
the sensor input 318 may include signals or data produced using an ambient light sensor,
proximity sensor, temperature sensor, barometric pressure sensor, or other sensor for monitoring
environmental conditions surrounding or near the device. In general, the sensor input 318 may
be used to adapt the functionality of the device 100 to conform to the one or more environmental
conditions. For example, the brightness of the display output 304, the volume of the audio
output 308, and/or the operation of the input to the device 100 may be based on the sensor input

318.

[0096] In some embodiments, the sensor input 318 includes input produced by one or more
motion sensors. The motion sensors may include one or more of the following: an
accelerometer, a gyroscope, a tilt sensor, or other type of inertial measurement device. A sensor
input 318 produced using one or more motion sensors may be used to monitor and detect
changes in motion of the device 100. Changes in linear and angular motion may be used to
determine or estimate an orientation of the device relative to a known location or fixed datum.
The sensor input 318 produced from the one or more motion sensors may also be used to track
the movement of the user. The movement of the user may be used to facilitate navigation or
map-guided functionality of the device. Additionally, input related to the gross movement of the
user can be used as a pedometer or activity meter, which may be stored and tracked over time to
determine health metrics or other health-related information. Additionally, in some
embodiments, sensor input 318 from the one or more motion sensors may be used to identify
motion gestures. For example, the motion sensors can be used to detect an arm raise or the

position of a user’s body (within a predetermined confidence level of certainty).

[0097] The device 100 may also include a biosensor input 320 produced using one or more
biosensors or biosensor modules that are configured to monitor physiological and/or health
conditions of a user. As discussed above with respect to FIG. 2, the device may include one or
more optical sensors for measuring heart rate, blood pressure, oxygen saturation, or a
combination thereof. The device may also include one or more sensors having electrical contacts
that are disposed to contact the user’s body. The sensors may be configured to measure

electrocardiographic (ECG) characteristics, galvanic skin resistance, and other electrical
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properties of the user’s body. Additionally or alternatively, sensors may be configured to
measure body temperature, exposure to UV radiation, and other health related information. The
biosensor input 320 may be combined with other aspects of the device to provide heath-
monitoring functionality. For example, the biosensor input 320 may be used to compute data
that is presented using the display output 304. The operation of the biosensor input 320 may also
be controlled using the force input 302, touch input 306, or other user input 310 to provide an

interactive health monitoring function or application.

[0098] As shown in FIG. 3, the device may include a haptic output 312 that may be produced
using one or more haptic devices that are configured to provide haptic feedback to the user. In
particular, the haptic output 312 may be produced using one or more electromechanical
subassemblies that are configured to induce motion or vibration in the device, which may be
perceived or sensed by the user. In some cases, the haptic actuator or device is tuned to operate
based on a resonance or near resonance with respect to the device, which may enhance haptic
output. In some cases, the haptic actuator or device is configured to operate based on a
resonance or near resonance with respect to some components of the device, such as the band or

clasp of the device.

[0099] In some embodiments, the haptic output 312 may correspond to the operation of one or
more other modules or subsystems. For example, the haptic output 312 may include a vibration
or haptic feedback that corresponds to an audio alert or visual alert or signal produced by the
acoustic module or display, respectively. Additionally or alternatively, the haptic output 312
may be operated in conjunction with an input from the user. The haptic output 312 may include
haptic or force feedback that confirms that the user input was or is being received. By way of
example, a haptic output 312 may include a click or vibration when the crown of the device is
turned or a button is depressed. The haptic output 312 may also be coordinated with other
functionality of the device including, for example, message transmission operations, power
management operations, force sensor operations, biosensor operations, to provide a notification,

to provide an alert, and others.

[0100] As shown in FIG. 3, the device 100 may also include communications input/output (I/O)

316, which may facilitate communication with an external device or system. The
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communications I/O 316 may be produced using one or more wireless interfaces, including radio
frequency cellular interfaces, fiber optic interfaces, acoustic interfaces, Bluetooth interfaces,
Near Field Communication interfaces, infrared interfaces, USB interfaces, Wi-Fi interfaces,
TCP/IP interfaces, network communications interfaces, or any conventional communication
interfaces. In some cases, the communications I/O 316 may include signals and data received
from an external device that has been paired or is otherwise in electronic communication with
the device 100. The external data included in the communications I/O 316 may include, for
example, message data associated with an electronic communication, notification data associated
with an event, and/or data related to audio or visual content. The communications I/O 316 may
also include an authorization or identification of external devices in communication with the
device 100 or users associated with one or more external devices. Similarly, the communications
1/0 316 may be used to output various forms of data or signals to one or more devices or systems
that are external to the device 100. For example, the communications I/O 316 may include data

or computations that are produced using the biosensor input 320 and/or the sensor input 318.

[0101] FIG. 4 depicts an example wearable electronic device 100 as part of a system of devices.
By way of example, the wearable electronic device 100 of FIG. 4 may correspond to the devices
shown in any of the previous figures. Generally, the wearable electronic device 100 may
communicate wirelessly with any of a number of other devices, such as mobile phone 420,
computer 430, tablet computing devices, personal media players, televisions, networked home
appliances, networked home controls, electronic systems in vehicles, and so on. Additionally,
the wearable electronic device 100 may communicate wirelessly with any of a number of
electronic accessories, including headset devices, portable speaker devices, portable microphone
devices, display screens, and so on. Communication may be through a wired or wireless

connection, including any technology mentioned herein.

[0102] In some embodiments the wearable electronic device 100 may accept a variety of bands,
straps, or other retention mechanisms (collectively, “bands”). These bands may be removably
connected to the electronic device by a feature formed into the band or band assembly that is
accepted in a recess or other aperture within the device and locks thereto. An example band

interface is described in more detail below with respect to FIGs. 25A-C.
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[0103] In general, a user may change combinations of bands and electronic devices, thereby
permitting mixing and matching of the two categories. It should be appreciated that devices
having other forms and/or functions may include similar recesses and may releasably mate with a
lug and/or band incorporating a lug. In this fashion, a system of bands and devices may be
envisioned, each of which is compatible with another. A single band may be used to connect to
devices, as one further example; in such embodiments the band may include electrical
interconnections that permit the two devices to transmit signals to one another and thereby

interact with one another.

[0104] Insofar as the electronic device 100 may connect either physically or through a data
communication link with other computing devices, the combination of devices and bands may be
thought of as an ecosystem having multiple parts that interact with one another, may intelligently
communicate with one another, may share functionality and/or may substitute for one another in
terms of operations, output, input and the like. Examples of devices existing in such an

ecosystem follow, but are illustrative rather that limiting.

[0105] As one example, a number of electronic devices 100, 420, 430 may each have identical or
similar attachment structures that permit them to share a band or connector. A user may thus
change the interconnected band and device(s) with respect to one another, permitting a number
of different physical connections between different ecosystem components. In some
embodiments, a band that serves to retain an electronic device only may be swapped for bands
having additional functionalities, such as transmitting data between devices connected to the
band, adding functionality to a connected device that the device lacks, providing additional
power to a connected device, and so on. Further, different bands may look different, so that the
appearance of the electronic device(s) in combination with a band(s) may change by changing

the band(s) and/or device(s) with respect to one another.

[0106] As another example, electronic devices 100, 420, 430 may communicate with one another
as part of the overall ecosystem. Data may be passed from one device 420 to another 100. This
may be useful if the user 410 is wearing one electronic device 100 but is not near another device
430 that wishes to notify the user or interact with the user in some fashion. Continuing the

example, the computer 430 may transmit a reminder or message to the wearable device 100 to
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gain the user’s attention. As another example, the computer 430 (or any other electronic device
in the ecosystem) may transmit a state of an application or even the device itself to the wearable
device 100. Thus, for example, if an application operating on the computer needs the user’s

attention, it may be gained through an alert issued by the wearable device.

[0107] Data communication between devices in an ecosystem may also permit the devices to
share functionality. As one non-limiting example, electronic devices may share sensor data with
one another to permit one device access to data it normally would not have, from a sensor it does
not physically incorporate. Thus, any given device 100, 420, 430 may draw on the abilities of
other devices in the ecosystem to provide an enhanced and relatively seamless experience for a

user 410.

[0108] FIG. 5 depicts a system 500 of interchangeable components for a wearable device. By
way of example, one or more of the devices of FIG. 5 may correspond to the devices shown in
any of the previous figures. FIG. 5 depicts a system 500 including a variety of interchangeable
components, including multiple device bodies 515, 525, 535 that are configured to connect via a
standard interface to any one of a number of different bands 551a-b, 552a-b, 553a-b, 554a-b, and
555a-b. In addition, each of the three devices may be configured to connect via a standard
interface to another type of non-band component, such as a lug 556a-b, non-band component, or

other device.

[0109] As shown in FIG. 5, the system 500 may include a body or device that is adapted to
attach to one or more bands, straps, or other similar component that may be used to attach the
device to the body of a user. In some embodiments, the device may be interchangeable or
interchanged to provide a different set of functions or features. In some embodiments, the bands
or attachment components may be interchangeable or interchanged to provide desired

functionality or features.

[0110] In the example depicted in FIG. 5, each of the devices includes at least one receiving
feature 504 that is configured to interconnect with a corresponding feature 502 that is attached to
or integrally formed with the end of each of the bands or other mating parts. In some
embodiments, receiving feature 504 includes a channel or groove that is formed in one end of the

device body. The mating feature 502 of a respective band or component may be configured to

31

-1528-



P22914USC4

slidably engage with the receiving feature 504 of a respective device body to attach the band or
component. An example receiving feature is described in more detail below with respect to
FIGs. 25A-C. In some embodiments, the receiving feature 504 and the mating feature 502 are
standardized in the system 500 and, thus, any of the bands (551a-b, 552a-b, 553a-b, 554a-b, and
555a-b) can be interchangeably used with any of the device bodies 515, 525, 535.

[0111] With respect to FIG. 5, each of the bands may be formed from a different material or
using a different construction. In the present example, bands 551a-b may be formed from a
textile material that may be constructed from a pattern of thread or fiber material. The textile
material may include a variety of materials, including natural fibers, synthetic fibers, metallic
fibers, and so on. The bands 552a-b may be formed from a woven material and may be
constructed from an array of warp fibers or threads interwoven with one or more weft fibers or
threads. Similarly, the warp and weft fibers may include a variety of materials, including natural
fibers, synthetic fibers, metallic fibers, and so on. The bands 553a-b may be formed from leather
material 553a-b. In one example, the bands 553a-b are formed from a sheet or strip of cowhide;
however, the bands 553a-b may also be formed from one of any number of types of animal hide.
The leather material 553a-b may also include a synthetic leather material, such as vinyl or
plastic. The bands 554a-b may be formed from a metallic mesh or link construction. For
example the bands 554a-b may be formed from a Milanese mesh or other similar type of

construction. The bands 555a-b may be formed from a silicone or other elastomer material.

[0112] In some cases, the band is a composite construction including various materials, which
may be selected based on the end use or application. In some embodiments, a first band strap, or
a first portion of the first band strap, may be made up of a first material and a second band strap,
or a second portion of the second band strap, may be made from a second, different material.
The band may also be made up of a plurality of links and, as such, the band may be resizable by,
for example, adding or removing links. Example bands and band constructions are provided

below in Section 12.

[0113] In the system 500, an interchangeable band may allow for individual customization of the
device or to better adapt the device for a range of uses or applications. In some instances, the

type of band that is selected and installed can facilitate a particular user activity. For example,
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band 551a-b may be formed from a textile material and include a durable clasp that may be
particularly well suited for exercise or outdoor activities. Alternatively, as discussed above the
band 554a-b may be formed from a metallic material and include a thin or low-profile clasp that

may be well suited for more formal or fashion-focused activities.

[0114] In some embodiments, the band may be coupled to a separate component having the
mating feature 502. The band may be coupled using pins, holes, adhesives, screws, and so on.
In yet other embodiments, the band may be co-molded or overmolded with at least a portion of
the component having the mating feature 502. In some embodiments, the band is coupled to the
component via a pin that allows the straps to rotate with respect to the component. The pin may

be formed integrally with or disposed in a loop formed in the end of the band.

[0115] In the example system 500, each of the bands is shown as having a generic band clasp.
However, the type of band clasp that is used may vary between embodiments. On example band
clasp may include a first band strap having a buckle or tang assembly which is configured to
interface with a second band strap having a series of apertures or holes formed with the strap.
Additionally or alternatively, the bands may include a magnetic clasp having one or more
magnetic elements on a first band strap that is configured to mate to one or more magnetic or

ferromagnetic elements on a second band strap.

[0116] As shown in FIG. 5, the system may include multiple device bodies 515, 525, 535 that
may vary in size, shape, and composition. The device body 515, 525, 535 may include one or
more of the embodiments described herein and may include, but is not limited to a wearable
computer, a wearable watch, a wearable communication device, a wearable media player, a
wearable health monitoring device, and/or the like. In particular, the device body may
correspond to the device body described with respect to device body 610 of device 100 (shown

in FIG. 6).
1. Example Wearable Electronic Device

[0117] FIG. 6 depicts an example wearable electronic device, which may include various aspects
of the device(s) described above. In some embodiments, multiple modules or subsystems are

physically and operationally integrated together to provide particular functionality or device
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features. In particular, the interaction between the subsystems, or the subsystems themselves,
may be configurable by the user, manufacturer, or vendor to adapt the device to produce certain
functionality. Some example combinations and interactions between the various modules and
subsystems are expressly provided in the present description. However, the combinations and
interactions provided herein are merely illustrative in nature and are not intended to be limiting

on the scope of the disclosure.

[0118] FIG. 6 depicts an example configuration of a wearable electronic device 100. In
particular, FIG. 6 depicts an electronic wearable device 100 including a device body 610 that
may be configured to be attached to the wrist of a user using a band assembly 620. This
configuration may also be referred to herein as a wearable device, a device, an electronic
wristwatch, or an electronic watch. While these terms may be used with respect to certain
embodiments, the functionality provided by the example electronic wearable device 100 may be
substantially greater than or vary with respect to many traditional electronic watches or

timekeeping devices.

[0119] In the present example, the exterior surface of the device body 610 is defined, in part, by
the exterior surface of the housing 601 and the exterior surface of the cover 609. In the example
depicted in FIG. 6, the device body 610 is substantially rectangular with round or curved side
portions. The outer surfaces of the cover 609 and the housing 601 coincide at a joint interface
and cooperate to form a continuous contoured surface. The continuous contoured surface may
have a constant radius and may be tangent to a flat middle portion of the cover 609 and/or a flat
bottom portion of the housing 601. In some embodiments, the cover 609 has substantially the
same shape as a flat bottom portion and at least a portion of the curved side portions of the
housing 601. A more complete description of the geometry of the cover 609 and the housing 601

is provided below with respect to FIGs. 7 and 8.

[0120] In the example of FIG. 6, the device 100 includes a display (item 120 of FIG. 2) that is
disposed at least partially within an opening or cavity defined within a top portion of the housing
601 of the device body 610. The display may be formed from a liquid crystal display (LCD),
organic light emitting diode (OLED) display, organic electroluminescence (OEL) display, or

other type of display device. The display may be used to present visual information to the user
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and may be operated in accordance with one or more display modes or the software applications
being executed on the device 100. By way of example, the display may be configured to present
the current time and date similar to a traditional watch or timepiece. The display may also
present a variety of other visual information that may correspond to or be produced using one of
the other modules in the device 100. For example, the display may be configured to display one
of a variety of notification messages, which may be generated based on data received from the
one or more sensors, the wireless communication system, or other subsystem of the device 100.
The display may also be configured to present visual information or data that is based on the
output of one or more sensor outputs. The display may also provide status or information related
to a wireless charging process or battery power. The display may also present visual output or
information related to media being produced using a speaker or acoustic module of the device
100. Accordingly, a variety of other types of visual output or information may be presented

using the display.

[0121] In the current example, the display includes or is integrated with a cover 609 that helps to
protect the display from physical impact or scratches. In the field of wearable devices, the cover
609 may also be referred to generically as a crystal or cover glass, regardless of the material that
is used to form the cover 609. In some cases, the cover 609 is formed from a sheet or block of
sapphire material. Sapphire may provide superior optical and surface hardness properties as
compared to other materials. In some cases, the sapphire material has a hardness of
approximately 9 on the Mohs scale. In alternative embodiments, the cover 609 is formed from a
glass, polycarbonate, or other optically transparent material. The cover 609 may also be coated
with one or more optical or mechanical enhancing materials or surface treatments. For example,
interior and/or exterior surfaces of the cover 609 may be coated with an anti-reflective (AR),
oleophobic or other coating to enhance the visible or functional properties of the display.
Additionally, in some cases, the cover 609 may be configured to cooperate with an antenna used
to facilitate wireless communication with an external device. FIGs. 21A-B, described in more
detail below, provide one example embodiment of a cover configured to cooperate with an

antenna.

[0122] In the example depicted in FIG. 6, the cover 609 is formed from a transparent material

and, when assembled has an external surface and an internal surface. The cover 609 is disposed
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above the display and encloses a cavity or opening formed in the top portion of the housing 601.
In some embodiments, the external surface of the cover 609 cooperates with the external surface
of the housing to form a substantially continuous external peripheral surface of the electronic
device. As shown in FIG. 6, the external surface of the cover 609 has a flat middle portion at the
center of the cover, which extends outwardly. The cover 609 also includes a curved edge portion
that emanates from and surrounds the flat middle portion and extends outwardly to an edge at the
side of the cover 609. In some embodiments, the cover 609 also includes an opaque mask
disposed relative to the internal surface of the transparent cover. The opaque mask may
correspond to or otherwise define the viewable area of the display 120. The mask may have an
outer boundary that is located proximate the edge of the side of the cover 609 and has an inner

boundary located within the curved edge portion of the cover 609.

[0123] As shown in FIG. 6, the cover 609 is disposed relative to a top portion of the housing
601. The housing 601 includes a top portion defining an opening, which is surrounded by a
curved side portion. In the present example, the curved edge portion of the cover 609 coincides
with the curved side portion of the housing 601 to form a continuous external surface of the
electronic device 100. In some instances, the cover 609 may have a contour that follows or
otherwise corresponds to a similar contour of the housing 601 to form a substantially continuous
surface at the interface between the two components. As shown in FIG. 6, the cover 609

protrudes above the housing 601.

[0124] In some instances, the cover 609 is disposed relative to a touch sensor (item 702 of FIG.
7). In some embodiments, the touch sensor may be integrated with the display or other element
of the device 100. The touch sensor may be formed from one or more capacitive sensor
electrodes or nodes that are configured to detect the presence and/or location of an object or the
user’s finger that is touching or nearly touching the surface of the display. In some cases, the
touch sensor includes an array of sensing nodes formed in accordance with a mutual capacitance

sensing scheme.

[0125] In one example, the touch sensor may include an array of mutual capacitance touch nodes
that can be formed by a two-layer electrode structure separated by a dielectric material. One

layer of electrodes may comprise a plurality of drive lines and another layer of electrodes may
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comprise a plurality of sense lines, and where the drive lines and the sense lines cross, mutual
capacitive sense nodes are formed (also referred to as coupling capacitance). In some
implementations, the drive lines and sense lines may cross over each other in different planes
separated from one another by a dielectric. Alternatively, in other embodiments the drive lines
and sense lines can be formed substantially on a single layer. An example touch sensor and

touch-sensing node are described in more detail below with respect to FIGs. 14A-C and 15A-B.

[0126] Alternatively or additionally, the touch sensor may include one or more self-capacitive
nodes or electrodes that are configured to detect a discharge of electrical current or charge when
an object, such as a user’s finger, contacts or nearly contacts a surface of the housing 601 or
other surface of the device 100. Other types of electronically sensing nodes, including resistive,

inductive, or the like, may also be integrated into a surface of the device 100.

[0127] In some embodiments, the device 100 may also include a force sensor (item 705 of FIG.
7). The force sensor may be disposed relative to the display 120 or integrated with other
elements of the device 100. In some cases, the force sensor includes one or more force sensing
structures or force-sensing nodes for detecting and measuring the magnitude of a force or
pressure due to a touch on a surface of the device 100. The force sensor may be formed from or
implement one or more types of sensor configurations. For example, capacitive and/or strain
based sensor configurations may be used alone or in combination to detect and measure the
magnitude of a force or pressure due to a touch. As described in more detail below, a capacitive
force sensor may be configured to detect the magnitude of a touch based on the displacement of
a surface or element on the device. Additionally or alternatively, a strain-based force sensor may
be configured to detect the magnitude of a touch based on the deflection. Example force sensor

and force-sensing modules are described in more detail below with respect to FIGs. 9-12.

[0128] As shown in FIG. 6, the device 100 also includes device body 610 including a housing
601 that upon which may be mounted or integrated with various components of the device 100.
The housing 601 serves to surround at a peripheral region as well as support the internal
components of the product in their assembled position. In some embodiments, the housing 601
may enclose and support internally various components (including for example integrated circuit

chips and other circuitry) to provide computing and functional operations for the device 100.
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The housing 601 may also help define the shape or form of the device. That is, the contour of
the housing 601 may embody the outward physical appearance of the device. As such, it may
include various ornamental and mechanical features that improve the aesthetical appearance and
tactile feel of the device. For example, the housing 601 may include a contoured surface that
includes rectilinear contours, curvilinear contours, or combinations thereof. The housing 601
may also include various surface features, including textures, patterns, decorative elements, and

SO on.

[0129] In the present example, the housing 601 is formed from a single piece, which may also be
referred to as single-body, unitary, or uni-body design or construction. By utilizing a single-
body construction, the structural integrity of the device may be improved as compared to a multi-
piece construction. For example, a single body may be more easily sealed from contaminants as
compared to a multi-piece enclosure. Additionally, a single-body enclosure may be more rigid
due, in part, to the absence of joints or seams. The rigidity of the housing 601 may be further
enhanced by increasing the material thickness in areas where mechanical stress may be greatest,
while also maintaining or thinning other areas where mechanical stress may be lower or reduced.
Variations in the thickness of the housing 601 may be possible by machining or casting the
housing 601 as a single piece. Additionally, a single-body housing 601 may include one or more
features for mounting or integrating the internal components of the device 100, which may

facilitate manufacturing and/or assembly of the device 100.

[0130] An example housing 601 is described in more detail below with respect to FIG. 8. The
housing 601 may be formed from a variety of materials, including, without limitation plastic,
glass, ceramics, fiber composites, metal (e.g., stainless steel, aluminum, magnesium), other
suitable materials, or a combination of these materials. Further, the housing 601 may include a
surface treatment or coating, which may be formed from a variety of materials, including,
without limitation aluminum, steel, gold, silver and other metals, metal alloys, ceramics, wood,

plastics, glasses, and the like.

[0131] As discussed above, the display, the touch sensor, and force sensor may be disposed
within the housing 601. In this example, one or more buttons 644 and a crown 642 used to

receive user input may also be disposed within or relative to the housing 601. Other types of
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user input, including for example, one or more dials, slides, or similar user input devices or
mechanisms may also be disposed within or relative to the housing 601. As described in more
detail with respect to FIGs. 7 and 8, the housing 601 may include various features for attaching
and mounting the subassemblies and modules of the device 100. In particular, the housing 601
may have one or more openings for receiving the cover 609, the display, the force sensor, or
other components. The housing 601 may also include one or more holes or openings for
receiving the button 644 and crown 642 that are located around the perimeter of the device 100.
In some embodiments, the housing 601 also includes internal features, such as bosses and

threaded portions, that can be used to attach modules or components within the housing 601.

[0132] The device 100 may also include an ambient light sensor (ALS) that is configured to
detect and measure changes in ambient lighting conditions. The ALS may include a photodiode
and one or more optical elements or lenses for collecting light. An ALS may be located on an
external facing surface that is less likely to be blocked when the device is worn or in use. The
ALS may be used to adjust settings, including screen brightness and other visual output

depending on the overall lighting conditions.

[0133] The housing 601 may also include one or more motion-sensing elements or devices for
detecting motion of the device 100. For example, the device 100 may include one or more
accelerometers that are configured to sense acceleration or changes in motion. Additionally or
alternatively, the device 100 may include one or more gyroscopic sensors that are configured to
detect changes in direction. In some cases, the one or more gyroscopic sensors may include a
spinning mass that can be used to detect changes in angular velocity. Multiple motion-sensing
elements may be used to detect motion along multiple directions or axes. The motion sensors
may also be used to identify motion gestures. For example, the motion sensors can be used to
detect an arm raise or the position of a user’s body (within a predetermined confidence level of
certainty). The one or more motion-sensing elements may be used to determine an orientation of
the device relative to a known or fixed datum. For example, the device may include a compass
and/or global positioning system (GPS) that can be used to identify an absolute position. The
one or more motion sensing elements may then measure deviation or movement with respect to
the absolute position to track movement of the device or the user wearing the device. In some

implementations, the one or more motion-sensing elements are used to detect gross movement of
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the device or user. The gross movement may be used as a pedometer or activity meter, which
may be tracked over time and used to calculate a health metric or other health-related

information.

[0134] Described in more detail with respect to FIG. 8, the housing 601 may also include one or
more openings or orifices coupled to an acoustic module or speaker 122, which may include a
speaker and/or a microphone subassembly. Although the housing 601 may include one or more
openings or orifices, the housing 601 may still be substantially waterproof/water resistant and
may be substantially impermeable to liquids. For example, the opening or orifice in the housing
or enclosure may include a membrane or mesh that is substantially impermeable to liquid
ingress. Additionally or alternatively, the geometry of the opening or orifice and other internal
features of the housing 601 may be configured to reduce or impede the ingress of liquid or
moisture into the device 100. In one example, the opening is formed from one or more orifices
that are offset with respect to an internal acoustic chamber or cavity, which may prevent a direct

path from the outside of the housing 601 into the acoustic module.

[0135] As shown in FIG. 6, the device 100 includes a device body 610 that may be attached to a
user’s wrist using a band 620. In the present example, the band 620 include a first band strap
621 attached to a first receiving feature 623 and a second band strap 622 attached to a second
receiving feature 624. In some embodiments, the first and second band straps 621, 622 include a
lug feature that is configured to attach to the first and second receiving features 623, 624,
respectively. As shown in FIG. 6, the free ends of the band straps 621, 622 are connected with a
clasp 625.

[0136] The band straps 621, 622 are formed from a flexible or compliant material that may be
specially configured for a particular application. The band straps 621, 622 may be formed from
a variety of materials, including, for example, leather, woven textiles, or metallic mesh materials.
The material and construction of the band straps 621, 622 may depend on the application. For
example, the band straps 621, 622 may be formed from a woven textile material configured for
exposure to impact and moisture typically associated with outdoor activities. In another

example, the band straps 621, 622 may be formed from a metallic mesh material that may be
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configured to have a fine finish and construction that may be more appropriate for professional

or social activities.

[0137] Similarly, the clasp 625 of the band 620 may be configured for a particular application or
to work with a particular style of band. For example, if the band straps 621, 622 are formed from
a metallic mesh material, the clasp 625 may include a magnetic clasp mechanism. In the present
example, the device 100 is configured to be attached to the wrist of a user. However, in
alternative embodiments, the device may be configured to be attached to the arm, leg or other

body part of the user.

[0138] The housing 601 includes one or more features for attaching the band straps 621, 622. In
the present example, the housing 601 includes a first receiving feature 623 and a second
receiving feature 624 for attaching the first band strap 621 and the second band strap 622,
respectively. In this example, the band straps 621, 622 include a lug portion that is adapted to
mechanically engage with the receiving features 623, 624. A more detailed description of the
receiving features and lugs is provided below with respect to FIGs. 25A-C. As shown in FIG. 6,
the first 623 and second receiving features 624 may be integrally formed into the housing 601.
In alternative embodiments, the receiving features may be formed from separate parts and may
be attached to the housing 601 during manufacturing. In some embodiments, the receiving
features 623, 624 may be configured to release the band straps 621, 622 from the device body
610 (e.g., the housing 601). For example, one or both of the receiving features 623, 624 may
include a button or slide, which may be actuated by the user to release a corresponding band
strap 621 and 622. One advantage of a releasable lug is that the user can swap between a variety
of bands that may be specially configured for a particular use scenario. For example, some
bands may be specially configured for sport or athletic activities and other bands may be

configured for more formal or professional activities.

[0139] The device 100 may also include a rear cover 608 located on the rear-facing surface of
the housing 601 of the device body 610. The rear cover 608 may improve the strength and/or
scratch resistance of the surface of the device 100. For example, in some embodiments, the rear
cover 608 may be formed from a sapphire sheet, zirconia, or alumina material having superior

scratch resistance and surface finish qualities. In some cases, the sapphire material has a
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hardness greater than 6 on the Mohs scale. In some cases, the sapphire material has a hardness
of approximately 9 on the Mohs scale. Due to the superior strength of the sapphire material, a
cover glass formed from a sapphire sheet may be very thin. For example, the thickness of a
sapphire cover sheet may be less 300 microns thick. In some cases, the thickness of a sapphire
cover sheet may be less than 100 microns thick. In some cases, the thickness of a sapphire cover
sheet may be less than 50 microns thick. In some embodiments, the rear cover 608 is contoured

in shape. For example, the rear cover 608 may have a convex curved surface.

[0140] FIG. 7 depicts an example exploded view of various modules and subassemblies of the
device 100. As shown in FIG. 7, multiple components are configured to be disposed within
and/or attached to the housing 601. The exploded view provided in FIG. 7 depicts one example
arrangement of the components of the device 100. However, in other embodiments,
arrangement, placement, and/or grouping of the subassemblies and the components of the

subassemblies may vary.

[0141] In the present example, a main cavity of the housing 601 houses an electronics
subassembly 720 and the battery 114 of the device. The electronics subassembly 720 includes
one or more electrical circuit assemblies for coupling the various electrical components of the
device 100 to each other and to power supplied by the battery 114. The electronics subassembly
720 may also include structural elements or components that provide structural rigidity for the
electronics subassembly 720 and/or structural mounting or support for other components
disposed within the housing 601. As shown in FIG. 7, within the cavity of the housing 601, the
speaker 122, the crown module 642, and the battery 114 are all disposed above the electronics
subassembly 720. In the present embodiment the top surface of the speaker 122, the crown
module 642, and the battery 114 have a substantially similar height. In some embodiments, the
speaker 122, the crown module 642, and the battery 114, when assembled in the housing 601,
define an area for the display 120 within the cavity. Thus, as shown in FIG. 7, the display 120
may overlay the speaker 122, the crown module 642, and the battery 114, which overlay the

electronics subassembly 720.

[0142] As shown in FIG. 7, the cover 609 is configured to fit within a corresponding recess

formed within the housing 601. In particular, the cover 609 includes a vertical portion having a
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height that corresponds to the depth of the recess formed within the housing 601. In this
example, the device 100 includes a force sensor 705 disposed between the housing 601 and a
cover subassembly 704. As described in more detail below with respect to FIGs. 9 and 10A-B,
the force sensor 705 may be configured to detect a force placed on a surface of the cover 609 by
detecting a relative deflection between the cover 609 (or cover subassembly 704) and the
housing 601. In the present example, the force sensor 705 also forms a gasket or seal between
the cover subassembly 704 and the housing 601. In some implementations, the seal is a water-
proof or water-resistant seal that helps to prevent water or liquid ingress into the internal cavity
of the housing 601. The force sensor 705 may also be used to join the cover subassembly 704 to

the housing 601 using an adhesive or film.

[0143] In some embodiments, the cover subassembly 704 includes the cover 609 which is
disposed above the touch sensor 702 and display 120. In the present example, the touch sensor
702 and the display 120 are attached to each other by an optically clear adhesive layer (OCA).
Similarly, an OCA layer is used to attach the touch sensor 702 to the cover 609. Other adhesives
or bonding techniques may be used to attach the display 120 and the touch sensor 702 to the
cover 609. In some embodiments, the touch sensor 702 is integrated into the display 120 and the

display 120 (and integrated touch sensor 702) are attached to the cover 609.

[0144] As shown in FIG. 7, the speaker 122 is also disposed within the cavity of the housing
601. The speaker 122 is adapted to mechanically and acoustically interface with a port formed in
the side of the housing 601. In some embodiments, the port is configured to prevent a direct path
for water or liquid into an acoustic chamber or cavity of the speaker 122. In some embodiments,
the device 100 also includes a microphone that is similarly coupled to another port formed in the
side of the housing 601. A more detailed description of the speaker 122 and microphone is

provided below with respect to the acoustic module of FIG. 20.

[0145] In the present example, the haptic device 112 is also disposed within the cavity of the
housing 601 proximate to the speaker 122. In some embodiments, the haptic device 112 is
rigidly mounted to a portion of the housing 601. A rigid mounting between the housing 601 and
the haptic device 112 may facilitate the transmission of vibrations or other energy produced by

the haptic device 112 to the user. In the present example, the haptic device 112 includes a
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moving mass that is configured to oscillate or translate in a direction that is substantially parallel
with a rear face of the housing 601. In some implementations, this orientation facilitates the
perception of a haptic output produced by the haptic device 112 by a user wearing the device
100. While this configuration is provided as one example, in other implementations, the haptic
device 112 may be placed in a different orientation or may be configured to produce a haptic

response using a rotating mass or other type of moving mass.

[0146] As shown in FIG. 7, the device also includes an antenna subassembly 722. In this
example, a portion of the antenna subassembly 722 is disposed within the housing 601 and a
portion of the antenna subassembly 722 is disposed within the cover assembly. In some
implementations, a portion of the antenna subassembly 722 is disposed relative to a feature
formed within the cover 609. An example embodiment is described in more detail below with

respect to FIGs. 21A-B.

[0147] In the example depicted in FIG. 7, the device 100 also includes a crown module 642
which is disposed in an aperture or hole in the housing 601. When installed, a portion of the
crown module 642 is located outside of the housing 601 and a portion of the crown module 642
is disposed within the housing 601. The crown module 642 may be configured to mechanically
and/or electrically cooperate with the electronics subassembly 720. A more detailed description
of an example crown module is provided below with respect to FIGs. 23 and 24A-B. The
housing 601 also includes a button 644, which is disposed in an opening of the housing 601 and
may be configured to mechanically and/or electrically cooperate with the electronics

subassembly 720.

[0148] In the example depicted in FIG. 7, a biosensor module 710 is disposed in an opening
formed in the rear surface of the housing 601. In some embodiments, the biosensor module 710
includes the rear cover 608 and may also include a chassis or plate that facilitates attachment of
the biosensor module 710 to the housing 601. The chassis or plate or the cover sheet 608 may
also include features or elements that facilitate a watertight seal between the biosensor module
710 and the housing 601. For example, the rear cover 608 may include a shelf or flange that may
be used to form a seal between the biosensor module 710 and the housing 601. As described in

more detail below with respect to FIG. 16, the biosensor module 710 may include one or more
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light sources, one or more photodetectors, and one or more electrodes or conductive elements

that are configured to detect and measure a physiological condition or property of the user.

[0149] In some embodiments, the rear cover 608 has an edge that protrudes outwardly from the
back surface of the housing 601. The rear cover 608 may also have a convex curved area located
between the edges of the rear cover 608. The convex curved area of the rear cover 608 may
include one or more windows or apertures that provide operational access to one or more internal
components located within the housing 601. In some embodiments, the windows have a

curvature that matches the curvature of the convex curved area of the rear cover.
2. Example Housing

[0150] As described above, a wearable electronic device may include a device body that includes
a housing or enclosure shell. As previously described, the housing may function as a chassis that
physically integrates the various components of the device. The housing may also form a
protective shell or housing for the components and function as a barrier against moisture or
debris. In the present examples, the housing is formed as a uni-body, unitary, or single body or
component. A single-body construction may be advantageous by providing mounting features
directly into the housing, which may reduce space, reduce part count, and increase structural
rigidity as compared to some alternative configurations. Additionally, a single-body
construction may improve the housing’s ability to prevent the ingress of moisture or debris by

reducing or eliminating seams or joints between external components.

[0151] FIG. 8 depicts an example housing 601 in accordance with some embodiments. In the
present example, the housing 601 is formed as a single body or component. As shown in FIG. 8§,
the housing 601 is formed as a single part or body. The housing 601 may be formed, for
example, by machining or shaping a solid or cast blank having the approximate shape of the
housing 601. In some implementations, the housing 601 may be configured to provide structural

integrity for potentially delicate internal components and also withstand a reasonable impact.

[0152] In the present embodiment, the housing 601 is formed as a uni-body, unitary, or single-
body construction having a flat bottom portion 801 and a top portion including flange 812. The

top portion defines an internal cavity 805, which is surrounded by four sides 802a-d that are
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integrally formed with the bottom portion 801. The internal cavity 805 can also be described as
being defined by the top portion, the four sides 802a-d and the bottom portion 801. In this
example, the internal cavity 805 has a rectangular (square) shape, although the specific shape
may vary with different implementations. In the present example, the four sides 802a-d define a
curved side portion of the housing 601 that extends from the bottom portion 801 to the top
portion of the housing 601. Each side 802a-d is orthogonal to an adjacent side and each side
802a-d is connected to an adjacent side by a rounded corner. For example, side 802a is
orthogonal to two adjacent sides 802b and 802d and is connected to those sides by respective
rounded corners. The shape or contour of the rounded corners may correspond to the curvature
of the curved portion of the housing 601. Specifically, the curvature of the rounded corners may
match or correspond to the curvature of the continuous external surface formed by the housing

601 and the cover 609, as described above with respect to FIG. 6.

[0153] The sides 802a-d may vary in thickness in order to provide the structural rigidity for the
device. In general, areas of high stress may have an increased material thickness as compared to
areas of low stress, which may have a reduced material thickness. In particular, portions of the
sides 802a-d near the bottom portion 801 may have an increased thickness as compared to
portions of the sides 802a-d located further away from the bottom portion 801. This

configuration may improve the structural rigidity and overall stiffness of the housing 601.

[0154] As shown in FIG. 8, one or more mounting features may be formed directly into the
housing 601, which may reduce the number of parts and also enhance the structural integrity of
the device. As shown in FIG. 8, receiving features 623, 624 may be formed as channels or
openings that are configured to receive an end of a band (e.g., a lug) having a mating feature. As
described above with respect to FIG. 5, the receiving features 623, 624 may be standardized and
configured to work with a system of interchangeable components. Forming the receiving
features 623, 624 directly into the housing 601 may reduce parts and also facilitate structural

rigidity of the device.

[0155] In the example depicted in FIG. 8, the housing 601 can be described as having two ends
(a first end and a second end opposite the first end), and a first side and a second side opposite

the first side, the sides being continuous with the ends. In this example, the first and second ends
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and the first and second sides having an outwardly curved three-dimensional shape. In this
example, the receiving feature 623 is formed from a first groove situated in the first end.
Similarly, the receiving feature 624 is formed from a second groove situated in the second end.
In the present example the grooves have openings at the interface of the first and second sides
and first and second ends. As shown in FIG. 8 the groove also has an inwardly curved concave
three-dimensional shape with an undercut feature. For example, the middle portion of the groove
of receiving features 623, 624 may have a width that is greater than the opening of the receiving
features 623, 624. In some embodiments, the upper portion of the housing overhangs the lower
portion of the housing at the groove opening. In the example depicted in FIG. 8, the groove is

cut into a solid portion of the housing such that the groove forms a continuous interior shape.

[0156] The geometry of the receiving features may be located with respect to other features or
components of the device. In the example depicted in FIG. 8, at least a portion of the groove of
the receiving features 623, 624 may be disposed underneath the cover (item 609 of FIGs. 6-7).
With respect to FIG. 6, the groove of the receiving features 623, 624 is located underneath the
opening for the cover, which is defined by the sealing ledge 810 and flange 812 formed in the
upper portion of the housing 601. In some embodiments, the length of the groove extends
further than the width of the opening configured to receive the cover (and thus the cover, when
assembled). In some embodiments, the grooves are formed at an angle relative to the centerline
of the housing. In some cases, the angle is approximately 5 degrees. In some embodiments, the
groove is located underneath the centerline of the housing 601. In some embodiments, the
groove is angled upward toward the top of the housing 601 and inward toward the center of the
housing 601. The groove 601 may angle upward and cross the centerline of the housing. In

some cases, the groove crosses the vertical centerline of the housing 601.

[0157] In the present embodiment, the housing 601 also includes an aperture 821 formed into the
side 802c of the housing 601 for attaching a crown or crown module (item 642 of FIGs. 6-7). In
some embodiments, the aperture 821 for the crown is offset upwardly from the centerline of the
housing 601. In some embodiments, the aperture 821 for the crown is positioned such that an
upper portion of a crown (when installed) is higher than the interface of cover 609 and housing

601. With respect to FIG. 6, the interface may correspond to the upper edge of the flange 812.
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[0158] The housing 601 also includes an opening 822 formed into the side 802¢ of the housing
601 for attaching the button (item 644 of FIGs. 6-7). In some embodiments, the aperture 821 for
the crown and the opening 822 for the button are disposed with the length defined by a flat part
of the cover. In some embodiments, the aperture 821 for the crown is disposed above the
centerline of the housing 601 and the opening 822 for the button is disposed below the centerline
of the housing 601. In some embodiments, the aperture 821 for the crown and the opening 822
for the button are disposed on a curved surface of the housing 601. The housing 601 may also
include various other internal features, including threaded features and bosses, for attaching other

internal components of the device.

[0159] In some cases, the housing 601 may be formed as a single-piece or integral enclosure
shell to enhance the structural rigidity and/or liquid-sealing properties of the device. As
described above with respect to FIGs. 6 and 7, the housing 601 may be integrated with a cover
(e.g., crystal) and other external components to provide a substantially sealed housing. In the
present embodiment, the housing 601, includes a sealing ledge 810 formed around the perimeter
of the main cavity 805 formed within the housing 601. In some embodiments, the sealing ledge
810 (and thus the cover when installed) is located in the center of the housing 601. The sealing
ledge 810 may be defined by a substantially flat portion 811 that is adapted to form a seal
between the housing 601 and another component (e.g., the force sensor 705 or cover 609 of
FIGs. 6-7). The sealing ledge 810 may be formed at a depth that is substantially similar or

corresponds to the thickness of the mating cover.

[0160] As shown in FIG. 8, the sealing ledge 810 may also include flange 812 that protrudes
from the flat portion and forms a continuous surface with the side walls 802a-d. In some cases,
the flange 812 is configured to cooperate with the cover (item 609 of FIGs. 6-7) to form a
substantially continuous surface. In some implementations, the sides 802a-d and the cover or
crystal are configured to cooperate or mechanically interface to improve the strength and the

water sealing properties of the device.

[0161] As also shown in FIG. 8, an opening or aperture 8§15 may be formed in the bottom portion
801 of the housing 601. In some embodiments, the opening or aperture 815 is located at the

center of the housing 601. As described above with respect to FIG. 7, the aperture 8§15 may be
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used to integrate a sensor array or other module used to collect measurements that may be used
to compute a health metric or other health-related information. The present embodiment may be
advantageous by integrating multiple components in a single opening 815, which may facilitate a
water-proof or water-resistant property of the device. Additionally, by integrating a sensor array
into a module that attaches via the opening 815, same housing 601 may be used with a variety of
sensing configurations or arrays. For example, the number or sensors or components may be
increased or decreased without modifying the housing 601. This may allow for flexibility in the

product development and may facilitate upgrades as new sensing configurations are available.

[0162] As previously discussed above with respect to FIGs. 6-7, the housing 601 may also be
configured to serve as a protective housing for one or more acoustic elements, such as a
microphone or speaker. Additionally, in some embodiments, the housing 601 may also be
configured to inhibit the ingress of foreign particulate or moisture. In particular, the housing 601
may include a speaker port having orifices 831, 832 that are configured to transmit acoustic
signals but also prevent the ingress of liquid or other foreign particulate. In the present example,
the speaker port includes orifices 831, 832 that are offset with respect to an acoustic chamber or
cavity to prevent the direct ingress of liquid into the speaker subassembly or acoustic module. In
the present example, a shielding or umbrella portion of the housing, which is substantially free of
openings, is formed between the orifices 831, 832, which helps to prevent the direct ingress of
liquid. Similarly, the housing 601 includes a microphone port having orifices 833, 834 that are
offset from a corresponding acoustic chamber or cavity to prevent the direct ingress of liquid into

the microphone subassembly or acoustic module.

[0163] In the example depicted in FIG. 8, the orifices 831, 832 of the speaker port are located on
one side of the aperture 821 for the crown and the orifices 833, 834 for the microphone are
located on the other side of the aperture 821. Both the orifices 831, 832 of the speaker port and

the orifices 833, 834 for the microphone are located on a curved portion of the housing 601.
3. Example Force Sensor and Touch Sensor

[0164] As discussed previously, a wearable electronic device may include one or more sensors
for detecting the location and force of a touch. For the purposes of the following description of

the force sensor and touch sensor, the described device 100 is one example of that shown and
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discussed above with respect to FIGs. 2-7. However, certain features of the device 100 including
the external surface geometry, may be simplified or vary with respect to aspects of the device

100 discussed above.

[0165] In some embodiments, a force sensor and a touch sensor may be disposed relative to the
display of a wearable electronic device for to form a touch-sensitive surface. The following
description is provided with respect to individual force and touch sensors that may be used to
determine the force and location of a touch, respectively. However, in some embodiments, a
single integrated sensor may be used to detect both the force and location of a touch on the

device.

[0166] In one embodiment, an output from a force sensor may be combined with a touch sensor
to provide both location and force of a single touch or of multiple touches on the surface of a
device. In an alternative embodiment, a hybrid or integrated force and touch sensor may be used
to sense both touch force and location of a single touch or of multiple touches. In either
embodiment, by sensing both the force and location of a touch, multiple types of user input may
be generated and interpreted. In one example, a first touch may be correlated with a first force
and a first touch location or gesture. Based on the magnitude of the force, the first touch may be
interpreted as a first type of input or command. A second touch may be sensed as having a
second, different force and a similar location or gesture as the first touch. Based in part on the
magnitude of the second force, the second touch may be interpreted as a second type of input or
command. Thus, a force sensor (alone or in combination with another touch sensor) may be used

to produce different responses or outputs depending on the force of the touch.

[0167] The one or more force sensors may be formed from or may be implemented as one or
more types of sensor configurations. For example, capacitive and/or strain based sensor
configurations may be used alone or in combination to detect and measure the magnitude of a
touch. As described in more detail below, a capacitive force sensor may be configured to detect
the magnitude of a touch based on the displacement of a surface or element on the device.
Additionally or alternatively, a strain-based force sensor may be configured to detect the

magnitude of a touch based on a deflection of the surface, such as the cover glass.
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[0168] By way of example, the force sensor may include a capacitive force sensor, which may be
formed from one or more capacitive plates or conductive electrodes that are separated by a
compressible element or other compliant member. As a force is applied to a surface of the
device, the compressible element may deflect resulting in a predictable change in the capacitance
between the plates or electrodes. In some implementations, a capacitive force sensor may be
formed from transparent materials and disposed over the display. In other implementations, a
capacitive force sensor may be formed from non-transparent materials and disposed beneath or

around the perimeter of a display.

[0169] FIG. 9 depicts a detail cross-sectional view of a portion of a force sensor 900 that may be
arranged around the perimeter of a display 120. As shown in FIG. 9, a force-sensing structure
901 of the force sensor 900 may be disposed beneath the cover 609 and along the side of an edge
or the perimeter of the display 120. In this example, the force sensor 900 is configured to detect
and measure the force of a touch on the surface 911 of the cover 609. In the present
embodiment, a first capacitive plate 902 is fixed with respect to the cover 609. A second, lower
capacitive plate 904 is fixed with respect to the housing 601 and may be disposed on a shelf or
mounting surface located along the perimeter of the device. The first capacitive plate 902 and

the second capacitive plate 904 are separated by a compressible element 906.

[0170] In the configuration depicted in FIG. 9, a touch on the surface 911 of the device may
cause a force to be transmitted through the cover 609 of the device and to the force sensor 900.
In some cases, the force causes the compressible element 906 to compress, thereby bringing the
first capacitive plate 902 and the second capacitive plate 904 closer together. The change in
distance between the first and second capacitive plates 902, 904 may result in a change of
capacitance, which may be detected and measured. For example, in some cases, a force-sensing
circuit may measure this change in capacitance and output a signal that corresponds to the
measurement. A processor, integrated circuit or other electronic element may correlate the
circuit output to an estimate of the force of the touch. Although the term "plate” may be used to
describe certain elements, such as the capacitive plates or conductive electrodes, it should be
appreciated that the elements need not be rigid but may instead be flexible (as in the case of a

trace or flex).
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[0171] FIG. 10A depicts an example configuration of the force sensor 1000 having four
individual force-sensing structures 1001a-d arranged around the perimeter of a display in a
device. For the sake of clarity, the crystal, display, and other elements of the device are omitted
from the depiction of FIG. 10A. Each of the force-sensing structures 1001a-d may be formed
from a pair of capacitive plates separated by a compressible element. Additionally, each force-
sensing structure 1001a-d may be separated by a small gap at or near the corners of the opening
in the housing 601. In the example depicted in FIG. 10A, the four individual force-sensing
structures 1001a-d may each be operatively coupled to force-sensing circuitry that is configured
to detect a change in the capacitance of each force-sensing structure 1001a-d. Using the example
arrangement depicted in FIG. 10A, the approximate location of the touch may be determined by
comparing the relative change in capacitance of each force-sensing structure 1001a-d. For
example, a change in capacitance of structure 1001b that is larger as compared to a change in
capacitance of structure 1001d may indicate that the touch is closer to structure 1001b. In some
embodiments, the degree of the difference in the change in capacitance may be used to provide a

more accurate location estimate.

[0172] While the configuration shown in FIG. 10A depicts the force-sensing structures as
individual elements separated by a small gap, in some embodiments, the force-sensing structure
may be formed as a single continuous piece. FIG. 10B depicts a force sensor 1050 formed as a
single force-sensing structure 1051 formed as a continuous part along the perimeter of the
display. Similar to the example described above, the force-sensing structure 1051 may be
operatively coupled to force sensing circuitry that is configured to detect a change in the
capacitance of one or more capacitive elements of the force-sensing structure 1051. While the
force-sensing structure 1051 is formed as a continuous structure, there may be multiple sensing
elements (e.g., capacitive plates) that are disposed within the structure at different locations, and
which may be configured to detect deflection or compression of the structure over a portion of
entire area of the force-sensing structure 1051. In some embodiments, the force-sensing
structure 1051 may also function as a seal or gasket to prevent ingress of moisture or other
foreign contaminants into the main cavity of the housing. Additionally, the force-sensing
structure 1051 may be integrated with one or more sealing or adhesive layers that also function

as a barrier for foreign contaminants.
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[0173] As mentioned previously, the force sensor may additionally or alternatively include a
strain-based sensing configuration. The strain-based sensing configuration may include, for
example, a charge-based or resistive sensor configuration. FIG. 11 depicts a cross-sectional view
of a device having an example force sensor 1100 that uses one or more force-sensitive films to
detect and measure the force of a touch on a surface 1111 of the cover 609. In this example, the
force sensitive film 1102 and 1104 are formed from a transparent material and are disposed
relative to a viewable portion of the display 120. As shown in FIG. 11, the force sensor 1100
includes a first force-sensitive film 1102 and a second force-sensitive film 1104 that are
separated by one or more intermediate layers 1106. The force-sensitive films 1102, 1104 may be
configured to produce different electrical outputs in response to a strain or deflection of the cover
609. In some cases, the intermediate layer 1106 is compressible to allow the first force-sensitive
film 1102 to deflect with respect to the second force-sensitive film 1104. In other cases, the
intermediate layer 1106 may not be compressible and the first force-sensitive film 1102 deflects
in a predictable manner with respect to the second force-sensitive film 1104. While FIG. 11
depicts an example force sensor 1100 having two force-sensitive films, alternative embodiments
may include only a single force-sensitive film or, alternatively, include more than two force-

sensitive films.

[0174] In general, a transparent force-sensitive film may include a compliant material that
exhibits an electrical property that is variable in response to deformation or deflection of the
film. The transparent force-sensitive film may be formed from a piezoelectric, piezo-resistive,
resistive, or other strain-sensitive materials. Transparent resistive films can be formed by
coating a substrate with a transparent conductive material. Potential transparent conductive
materials include, for example, polyethyleneioxythiophene (PEDOT), indium tin oxide (ITO),
carbon nanotubes, graphene, silver nanowire, other metallic nanowires, and the like. Potential
substrate materials include, for example, glass or transparent polymers like polyethylene
terephthalate (PET) or cyclo-olefin polymer (COP). Typically, when a piezo-resistive or
resistive film is strained, the resistance of the film changes as a function of the strain. The
resistance can be measured with an electrical circuit. In this way, a transparent piezo-resistive or

resistive film can be used in a similar fashion as a strain gauge.
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[0175] If transparency is not required, then other film materials may be used, including, for
example, Constantan and Karma alloys for the conductive film and a polyimide may be used as a
substrate. Nontransparent applications include force sensing on track pads or the back of display
elements. In general, transparent and non-transparent force-sensitive films may be referred to

herein as "force-sensitive films" or simply "films."

[0176] In some embodiments, the force-sensitive film is patterned into an array of lines, pixels,
or other geometric elements herein referred to as film elements. The regions of the force-
sensitive film or the film elements may also be connected to sense circuitry using electrically
conductive traces or electrodes. FIG. 12 depicts a cross-sectional view a device having a strain-
based force sensor 1200 formed from one or more strain pixel elements 1202 and 1204 separated
by intermediate layer 1206. Each of the pixel elements 1202, 1204 may be separated by a gap
1210. In the present example, each pixel element 1202, 1204 may exhibit a measurable change
in an electrical property in response to a force being applied to the device. By way of example,
as a force is applied to a surface 1211 on the cover 609, one or more of the pixel elements 1202,
1204 is deflected or deformed. Sense circuitry, which is in electrical communication with the
one or more pixel elements 1202, 1204, may be configured to detect and measure the change in
the electrical property of the film due to the deflection. Based on the measured electrical
property of the pixel elements 1202, 1204, an estimated amount of force can be computed. In
some cases, the estimated force may represent the magnitude of a touch on the surface 1211 of
the device, and be used as an input to a graphical user interface or other element of the device.
Additionally, in some embodiments, the relative strain of the individual pixel elements may be
compared to estimate a location of the touch. While FIG. 12 depicts an example force sensor
1200 having two layers of pixel elements, alternative embodiments may include only a single

layer of pixel elements or, alternatively, include more than two layers of pixel elements.

[0177] The pixel elements 1202, 1204 may be specifically configured to detect strain along one
or more directions. In some cases, each pixel element 1202, 1204 includes an array of traces
generally oriented along one direction. This configuration may be referred to as a piezo-resistive
or resistive strain gauge configuration. In general, in this configuration the force-sensitive-film
is a material whose resistance changes in response to strain. The change in resistance may be due

to a change in the geometry resulting from the applied strain. For example, an increase in length
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combined with decrease in cross-sectional area may occur in accordance with Poisson's effect.
The change in resistance may also be due to a change in the inherent resistivity of the material
due to the applied strain. For example, the applied strain may make it easier or harder for
electrons to transition through the material. The overall effect is for the total resistance to

change with strain due to the applied force.

[0178] Further, in a piezo-resistive or resistive strain gauge configuration, each pixel may be
formed from a pattern of the force-sensitive-film, aligned to respond to strain along a particular
axis. For example, if strain along an x-axis is to be measured, the pixel should have a majority of
its trace length aligned with the x-axis. By way of example, FIG. 13A depicts a pixel element
1302 having traces that are generally oriented along the x-axis and may be configured to produce
a strain response that is substantially isolated to strain in the x-direction. Similarly, FIG. 13B
depicts a pixel element 1304 having traces that are generally oriented along the y-axis and may
be configured to produce a strain response that is substantially isolated to strain in the y-

direction.

[0179] In some embodiments, the force-sensitive film may be formed from a solid sheet of
material and is in electrical communication with a pattern of electrodes disposed on one or more
surfaces of the force-sensitive film. The electrodes may be used, for example, to electrically
connect a region of the solid sheet of material to sense circuitry. This configuration may be
referred to as a piezo-strain configuration. In this configuration, the force-sensitive film may
generate a charge when strained. The force-sensitive film may also generate different amounts
of charge depending on the degree of the strain. In some cases, the overall total charge is a

superposition of the charge generated due to strain along various axes.

[0180] As mentioned previously, a force sensor may be combined with a touch sensor that is
configured to detect and measure the location of a touch on the surface of the device. FIG. 14A
depicts a simplified schematic representation of an example mutual capacitance touch sensor. As
shown in FIG. 14A, a touch sensor 1430 may be formed by an array of nodes 1402 formed at the
intersection of an array of drive lines 1404 and sense lines 1406. In this example, stray
capacitance Cgyray may be present at each node 1402 (although FIG. 14A depicts only one Cqgay
for one column for purposes of simplifying the figure). In the example of FIG. 14A, AC stimuli

55

-1552-



P22914USC4

Viim 1414, Vim 1415 and Vgim 1417 can be at different frequencies and phases. Each
stimulation signal on a row can cause a charge Qsig=CsigXVim to be injected into the columns
through the mutual capacitance present at the affected nodes 1402. A change in the injected
charge (Qsig sense) can be detected when a finger, palm or other object is present at one or more of
the affected nodes 1402. Vim signals 1414, 1415 and 1417 can include one or more bursts of
sine waves. Note that although FIG. 14A illustrates rows 1404 and columns 1406 as being
substantially perpendicular, they need not be aligned, as described above. Each column 1406

may be operatively coupled to a receive channel of a charge-monitoring circuit.

[0181] FIG. 14B depicts a side view of an exemplary node in a steady-state (no touch) condition
according to examples of the disclosure. In FIG. 14B, electric field lines 1408 between a column

1406 and a row 1404 separated by dielectric 1410 is shown at node 1402.

[0182] FIG. 14C depicts a side view of an exemplary pixel in a dynamic (touch) condition. An
object such as finger 1412 can be placed near node 1402. Finger 1412 can be a low-impedance
object at signal frequencies, and can have an AC capacitance Cgnger from the column trace 1406
to the body. The body can have a self-capacitance to ground Cioqy of about 200 pF, where Cpogy
can be much larger than Cgpeer. If finger 1412 blocks some electric field lines 1408 between row
and column electrodes (those fringing fields that exit the dielectric 1410 and pass through the air
above the row electrode), those electric field lines can be shunted to ground through the
capacitance path inherent in the finger and the body, and as a result, the steady state signal
capacitance Cg, can be reduced by DCg,. In other words, the combined body and finger
capacitance can act to reduce Cs;g by an amount DCy;, (which can also be referred to herein as
Ciig sense). and can act as a shunt or dynamic return path to ground, blocking some of the electric
field lines as resulting in a reduced net signal capacitance. The signal capacitance at the pixel
becomes Cg,-DCgy, where DCg, represents the dynamic (touch) component. Note that Cg;e-DCy;q
may always be nonzero due to the inability of a finger, palm or other object to block all electric
fields, especially those electric fields that remain entirely within the dielectric material. In
addition, it should be understood that as finger 1412 is pushed harder or more completely onto
the touch sensor, finger 1412 can tend to flatten, blocking more and more of the electric fields
lines 1408, and thus DCj;, may be variable and representative of how completely finger 1412 is

pushing down on the panel (i.e., a range from “no-touch” to “full-touch”).
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[0183] Additionally or alternatively, the touch sensor may be formed from an array of self-
capacitive pixels or electrodes. FIG. 15A depicts an example touch sensor circuit corresponding
to a self-capacitance touch pixel electrode and sensing circuit. Touch sensor circuit 1509 can
have a touch pixel electrode 1502 with an inherent self-capacitance to ground associated with it,
and also an additional self-capacitance to ground that can be formed when an object, such as
finger 1512, is in proximity to or touching the touch pixel electrode 1502. The total self-
capacitance to ground of touch pixel electrode 1502 can be illustrated as capacitance 1504.
Touch pixel electrode 1502 can be coupled to sensing circuit 1514. Sensing circuit 1514 can
include an operational amplifier 1508, feedback resistor 1516, feedback capacitor 1510 and an
input voltage source 1506, although other configurations can be employed. For example,
feedback resistor 1516 can be replaced by a switch capacitor resistor. Touch pixel electrode
1502 can be coupled to the inverting input of operational amplifier 1508. An AC input voltage
source 1506 can be coupled to the non-inverting input of operational amplifier 1508. Touch
sensor circuit 1509 can be configured to sense changes in the total self-capacitance 1504 of touch
pixel electrode 1502 induced by finger 1512 either touching or in proximity to the touch sensor
panel. Output 1520 can be used by a processor to determine a presence of a proximity or touch
event, or the output can be inputted into a discreet logic network to determine the presence of a

touch or proximity event.

[0184] FIG. 15B depicts an example self-capacitance touch sensor 1530. Touch sensor 1530 can
include a plurality of touch pixel electrodes 1502 disposed on a surface and coupled to sense
channels in a touch controller, can be driven by stimulation signals from the sense channels
through drive/sense interface 1525, and can be sensed by the sense channels through the
drive/sense interface 1525 as well. After touch controller has determined an amount of touch
detected at each touch pixel electrode 1502, the pattern of touch pixels in the touch screen panel
at which touch occurred can be thought of as an “image” of touch (e.g., a pattern of fingers
touching the touch screen). The arrangement of the touch pixel electrodes 1502 in FIG. 15B is
provided as one example; however, the arrangement and/or the geometry of the touch pixel

electrodes may vary depending on the embodiment.

[0185] As previously mentioned, a force sensor may be implemented alone or in combination

with another type of touch sensor to sense both touch force and touch location, which may
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enable more sophisticated user touch input than using touch location alone. For example, a user
may manipulate a computer-generated object on a display using a first type of interaction using a
relatively light touch force at a given touch location. The user may also interact with the object
using a second type of interaction by using a relatively heavy or sharper touch force at the given
location. As one specific example, a user may manipulate or move a computer-generated object,
such as a window, using a relatively light touch force. Additionally or alternatively, the user
may also select or invoke a command associated with the window using a relatively heavy or
sharper touch force. In some cases, multiple types of interactions may be associated with

multiple amounts of touch force.

[0186] Additionally, it may be advantageous for the user to be able to provide an analog input
using a varying amount of force. A variable, non-binary input may be useful for selecting within
arange of input values. The amount of force may, in some cases, be used to accelerate a
scrolling operation, a zooming operation, or other graphical user interface operation. It may also
be advantageous to use the touch force in a multi-touch sensing environment. In one example,
the force of a touch may be used to interpret a complex user input performed using multiple
touches, each touch having a different magnitude or degree of force. As a specific but non-
limiting example, touch and force may be used in a multi-touch application that allows the user
to play a varying tone or simple musical instrument using the surface of the device. In such a
housing, the force of each touch may be used to interpret a user's interaction with the buttons or
keys of a virtual instrument. Similarly, the force of multiple touches can be used to interpret a
user's multiple touches in a game application that may accept multiple non-binary inputs at

different locations.
4. Sensor or Biosensor Module

[0187] As described above with respect to FIG. 2, a wearable electronic device may include one
or more sensors that can be used to calculate a health metric or other health-related information.
For the purposes of the following description of the biosensor module, the described device 100
is one example of that shown and discussed above with respect to FIGs. 2-7. However, certain
features of the device 100 including the external surface geometry, may be simplified or vary

with respect to aspects of the device 100 discussed above.
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[0188] In some embodiments, a wearable electronic device may function as a wearable health
assistant that provides health-related information (whether real-time or not) to the user,
authorized third parties, and/or an associated monitoring device. The wearable health assistant
may be configured to provide health-related information or data such as, but not limited to, heart
rate data, blood pressure data, temperature data, blood oxygen saturation level data, diet/nutrition
information, medical reminders, health-related tips or information, or other health-related data.
The associated monitoring device may be, for example, a tablet computing device, phone,

personal digital assistant, computer, and the like.

[0189] In accordance with some embodiments, the electronic device can be configured in the
form of a wearable electronic device that is configured or configurable to provide a wide range
of functionality. As described above with respect to FIG. 2, the wearable electronic device 100
may include a processing units 102 coupled with or in communication with a memory 104, one
or more communications channels 108, output devices such as a display 120 and speaker 122,
one or more input components 106, and other modules or components. An example wearable
electronic device 100 may be configured to provide or calculate information regarding time,
health information, biostatistics, and/or status to externally connected or communicating devices
and/or software executing on such devices. The device 100 may also be configured to send and

receive messages, video, operating commands, and other communications.

[0190] With reference to FIG. 16, an example device 100 may include various sensors for
measuring and collecting data that may be used to calculate a health metric or other health-
related information. As one example, the wearable communication device can include an array
of light sources 1611-1613 and a detector 1614 that are configured to function as an optical
sensor or sensors. In one example, an optical sensor or sensors may implemented as a pairing of
one or more light sources 1611-1613 and the detector 1614. In one example implementation, the
detector 1614 is configured to collect light and convert the collected light into an electrical
sensor signal that corresponds to the amount of light incident on a surface of the detector 1614.
In one embodiment, the detector may be a photodetector, such as a photodiode. In other
embodiments, the detector 1614 may include a phototube, photosensor, or other light-sensitive

device.
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[0191] In some cases, the one or more optical sensors may operate as a photoplethysmography
(PPG) sensor or sensors. In some instances, a PPG sensor is configured to measure light and
produce a sensor signal that can be used to estimate changes in the volume of a part of a user's
body. In general, as light from the one or more light sources passes through the user's skin and
into the underlying tissue, some light is reflected, some is scattered, and some light is absorbed,
depending on what the light encounters. The light that is received by the detector 1614 may be
used to generate a sensor signal, which may be used to estimate or compute a health metric or

other physiological phenomena.

[0192] The light sources may operate at the same light wavelength range, or the light sources can
operate at different light wavelength ranges. As one example, with two light sources, one light
source may transmit light in the visible wavelength range while the other light source can emit
light in the infrared wavelength range. In some cases, a modulation pattern or sequence may be
used to turn the light sources on and off and sample or sense the reflected light. With reference
to FIG. 16, the first light source 1611 may include, for example, a green LED, which may be
adapted for detecting blood perfusion in the body of the wearer. The second light source 1612
may include, for example, an infrared LED, which may be adapted to detect changes in water
content or other properties of the body. The third 1613 light source may be a similar type or

different types of LED element, depending on the sensing configuration.

[0193] The optical (e.g., PPG) sensor or sensors may be used to compute various health metrics,
including, without limitation, a heart rate, a respiration rate, blood oxygenation level, a blood
volume estimate, blood pressure, or a combination thereof. In some instances, blood may absorb
light more than surrounding tissue, so less reflected light will be sensed by the detector of the
PPG sensor when more blood is present. The user's blood volume increases and decreases with
each heartbeat. Thus, in some cases, a PPG sensor may be configured to detect changes in blood
volume based on the reflected light, and one or more physiological parameters of the user may
be determined by analyzing the reflected light. Example physiological parameters include, but
are not limited to, heart rate, respiration rate, blood hydration, oxygen saturation, blood pressure,

perfusion, and others.
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[0194] While FIG. 16 depicts one example embodiment, the number of light sources and/or
detectors may vary in different embodiments. For example, another embodiment may use more
than one detector. Another embodiment may also use fewer or more light sources than are
depicted in the example of FIG. 16. In particular, in the example depicted in FIG. 16, the
detector 1614 is shared between multiple light sources 1611-1613. In one alternative
embodiment, two detectors may be paired with two corresponding light sources to form two
optical sensors. The two sensors (light source/detector pairs) may be operated in tandem and
used to improve the reliability of the sensing operation. For example, output of the two detectors
may be used to detect a pulse wave of fluid (e.g., blood) as it passes beneath the respective
detectors. Having two sensor readings taken at different locations along the pulse wave may
allow the device to compensate for noise created by, for example, movement of the user, stray

light, and other effects.

[0195] In some implementation, one or more of the light sources 1611-1613 and the detector
1614 may also be used for optical data transfer with a base or other device. For example, the
detector 1614 may be configured to detect light produced by an external mating device, which
may be interpreted or translated into a digital signal. Similarly, one or more of the light sources
1611-1613 may be configured to transmit light that may be interpreted or translated into a digital

signal by an external device.

[0196] Returning to FIG. 16, the device 100 may also include one or more electrodes to measure
electrical properties of the user’s body. In this example, a first electrode 1601 and second
electrode 1602 are disposed on the rear face of the device 100. The first 1601 and second 1602
electrodes may be configured to make contact with the skin of the user’s wrist when the device is
being worn. As shown in FIG. 16, a third electrode 1603 and fourth electrode 1604 may be
disposed along a periphery of the device body 610. In the configuration of FIG. 16, the third
1603 and fourth 1604 electrodes are configured to come into contact with the skin of the user’s
other hand (that is not wearing the device 100). For example, the third 1603 and fourth 1604
electrodes may be contacted when the user pinches the device 100 between two digits (e.g., a

forefinger and thumb).
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[0197] FIG. 16 depicts one example arrangement of electrodes. However, in other embodiments,
one or more of the electrodes may be placed in locations that are different than the configuration
of FIG. 16. For example, one or more electrodes may be placed on a top surface or other surface
of the device 100. Additionally, fewer electrodes or more electrodes may be used to contact the

user’s skin, depending on the configuration.

[0198] Using the electrodes of the device, various electrical measurements may be taken, which
may be used to compute a health metric or other health-related information. By way of example,
the electrodes may be used to detect electrical activity of the user’s body. In some cases, the
electrodes may be configured to detect electrical activity produced by the heart of the user to
measure heart function or produce an electrocardiograph (ECG). As another example, the
electrodes of the device may be used to detect and measure conductance of the body. In some
cases, the measured conductance may be used to compute a galvanic skin response (GSR), which
may be indicative of the user’s emotional state or other physiological condition. By way of
further example, the electrodes may also be configured to measure other health characteristics,

including, for example, a body fat estimate, body or blood hydration, and blood pressure.

[0199] In some embodiments, the optical sensors and electrodes discussed above with respect to
FIG. 16 may be operatively coupled to sensing circuitry and the processing units 102 to define a
health monitoring system. In this capacity, the processing units 102 may be any suitable type of
processing device. In one embodiment, the processing units 102 include a digital signal
processor. The processing units 102 may receive signals from the optical sensor(s) and/or
electrodes and process the signals to correlate the signal values with a physiological parameter of
the user. As one example, the processing units 102 can apply one or more demodulation
operations to the signals received from the optical sensor. Additionally, the processing units 102
may control the modulation (i.e., turning on and off) of the light sources according to a given
modulation pattern or sequence. The processing units 102 may also be used to calculate one or

more biometrics or other heath related information.

[0200] In some implementations, the wearable electronic device may also receive sensor data or
output from an external device. For example, an external mobile device having a global

positioning system (GPS) may relay location information to the wearable device, which may be
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used to calibrate an activity metric, such as a pedometer or distance calculator. Similarly, sensor
output of the wearable electronic device may be transmitted to an external device to compute
health-related information. For example, output from an accelerometer in the wearable
electronic device may be used determine a body position or gesture, which may be relayed to an

external device and used to compute health-related information, such as activity level.

[0201] In some embodiments, some or all of the biosensors may be integrated into a module that
is separate from and attached to the housing 601 of the device 100. As described above with
respect to FIG. 6, in some embodiments, the biosensors are disposed relative to or attached to a
rear cover 608 that is formed from an optically transparent material and is configured to be
positioned with the opening of the housing 601. In some embodiments, the rear cover 608 is
disposed completely within the area of the cover so that the two components completely overlap
when viewed from above. In some embodiments, the rear cover 608 has an edge that protrudes
outwardly from the back surface of the housing 601. In some embodiments, an edge of the rear
cover 608 extends past a flat portion of the back surface of the housing 601. The rear cover 608
may also have a convex, curved outer contour. The rear cover 608 may have a convex shape that
is located within the center and surrounded by the edges of the rear cover 608. The convex
curved area of the rear cover 608 may include one or more windows or apertures that provide
operational access to one or more internal components located within the housing. For example,
the rear cover 608 may include an array of windows, each window including an aperture or
opening for a respective light source 1611-1613 and/or the detector 1614. In some embodiments,
the windows have a curvature that matches the curvature of the convex curved area of the rear
cover 608. In some embodiments, rear cover 608 includes a chamfered edge and a curved
bottom surface, the windows being disposed within the curved surface. In some embodiments,
two openings of the rear cover 608 are located along a first axis (e.g., an x-axis) and two

openings are located along a second axis (e.g., a y-axis) that is transverse to the first axis.
5. Example Wireless Communications with External Devices

[0202] A wearable electronic device may include a functionality for performing wireless
communications with an external device. For the purposes of the following description, the

described device 100 is one example of that shown and discussed above with respect to FIGs.
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2-7. However, certain features of the device 100, including the external surface geometry, may

be simplified or vary with respect to aspects of the device 100 discussed above.

[0203] In some embodiments, the wireless communications are performed in accordance with a
Near Field Communications (NFC) protocol. The communication may include an identification
protocol and a secured data connection that can be used to identify the user, authorize activity,

perform transactions, or conduct other aspects of electronic commerce.

[0204] FIG. 17 depicts an example system 1700 including a device 100 that is located proximate
to a station 1710. The station 1710 may include a variety of devices, including, without
limitation, a payment kiosk, a vending machine, a security access point, a terminal device, or
other similar device. In some cases, the station 1710 is incorporated into a larger system or
device. For example, the station 1710 may be incorporated into a security gate of a building or a

payment center for a vending system.

[0205] As shown in FIG. 17, the device 100 is a wearable electronic device that may be placed
proximate to the station 1710. In this example, a second device 1720 is carried by a user, and
may also be placed proximate to the station 1710. In some embodiments, the device 100 and/or
the second device 1720 includes a radio-frequency identification (RFID) system that is
configured to enable one-way or two-way radio-frequency (RF) communications with the station
1710. The one- or two-way communication may include an identification of the device 100 and
the station 1710 to initiate a secured data connection between the two devices. The secured data
connection may be used to authorize a transaction between the user and an entity that is

associated with the station 1710.

[0206] In some embodiments, the user may initiate a communication with the station 1710 by
placing the device 100 near an active region on the station 1710. In some implementations, the
station 1710 is configured to automatically detect the presence of the device 100 and initiate an
identification process or routine. The RFID system of the device may include a unique identifier
or signature that may be used to authenticate the identity of the user. As previously mentioned,
the identification process or routine may be used to establish a secure data connection between
the device 100 and the station 1710. The secure data connection may be used to authorize a

purchase or download of data to or from the device 100. In some cases, the secure data
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connection may be used to authorize the transfer of funds from a credit card or financial
institution in exchange for a product that is associated with the station 1710. Other transactions
or forms of electronic commerce may also be performed using the wireless communication

between the device 100 and the station 1710.
6. Example Wireless Power System

[0207] As discussed above, a wearable electronic device may include an internal battery that is

rechargeable using an external power source. For the purposes of the following description, the
described device 100 is one example of that shown and discussed above with respect to FIGs. 2-
7. However, certain features of the device 100, including the external surface geometry, may be

simplified or vary with respect to aspects of the device 100 discussed above.

[0208] One challenge associated with small devices is that it may be difficult to incorporate an
electrical port for coupling the device to an external power source. Because wearable electronic
devices have limited space for an external connector, it may be advantageous to electrically
couple to a device without a cable or external connector. In at least some embodiments, the
wearable electronic device described herein may be configured to operate as a receiver in a

wireless power transfer system.

[0209] A wireless power transfer system, one example of which is an inductive power transfer
system, typically includes a power-transmitting structure to transmit power and a power-
receiving structure to receive power. In some examples, a power-receiving electronic device
includes or otherwise incorporates an inductive power-receiving element configured to receive
wireless power and/or charge one or more internal batteries. Similarly, a charging device may
include or otherwise incorporate an indicative power-transmitting element configured to
wirelessly transmit power to the power-receiving electronic device. The charging device may be
configured as a base or dock on which the power-receiving electronic device rests or to which it
physically connects in some embodiments. In other embodiments, the charging device may be

proximate the electronic device but not necessarily touching or physically coupled.

[0210] In many examples, the battery-powered electronic device may be positioned on an

external surface of the power-transmitting device, otherwise referred to as a dock. In these
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systems, an electromagnetic coil within the dock (e.g., transmit coil) may produce a time-varying
electromagnetic flux to induce a current within an electromagnetic coil within the electronic
device (e.g., receive coil). In many examples, the transmit coil may transmit power at a selected
frequency or band of frequencies. In one example the transmit frequency is substantially fixed,
although this is not required. For example, the transmit frequency may be adjusted to improve
inductive power transfer efficiency for particular operational conditions. More particularly, a
high transmit frequency may be selected if more power is required by the electronic device and a
low transmit frequency may be selected if less power is required by the electronic device. In
other examples, a transmit coil may produce a static electromagnetic field and may physically
move, shift, or otherwise change its position to produce a spatially-varying electromagnetic flux

to induce a current within the receive coil.

[0211] The electronic device may use the received current to replenish the charge of a
rechargeable battery or to provide power to operating components associated with the electronic
device. Thus, when the electronic device is positioned on the dock, the dock may wirelessly
transmit power at a particular frequency via the transmit coil to the receive coil of the electronic

device.

[0212] A transmit coil and receive coil may be disposed respectively within housings of the dock
and electronic device so as to align along a mutual axis when the electronic device is placed on
the dock. If misaligned, the power transfer efficiency between the transmit coil and the receive
coil may decrease as misalignment increases. Accordingly, in many examples, the wireless
power transfer system may include one or more alignment assistance features to effect alignment

of the transmit and receive coils along the mutual axis.

[0213] FIG. 18 depicts a front perspective view of an example wireless power transfer system
1800 in an unmated configuration. The illustrated embodiment shows an inductive power
transmitter dock 1802 that is configured to couple to and wirelessly transmit power to an
inductive power receiver accessory, in this case device 100. The wireless power transfer system
1800 may include one or more alignment assistance features to effect alignment of the device
100 with the dock 1802 along a mutual axis. For example, the housings of the dock 1802 and the

device 100 may assist with alignment. In one implementation, a portion of the housing of the
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device 100 may engage and/or interlock with a portion of the housing of the dock 1802 in order
to effect the desired alignment. In some embodiments, a bottom portion of the device 100 may
be substantially convex and a top surface of the dock 1802 may be substantially concave. In
other examples, the interfacing surfaces of the dock 1802 and the device 100 may be
substantially flat, or may include one or more additional housing features to assist with effecting

mutual alignment.

[0214] In some embodiments, one or more actuators in the dock 1802 and/or device 100 can be
used to align the transmitter and receiver devices. In yet another example, alignment assistance
features, such as protrusions and corresponding indentations in the housings of the transmitter
and receiver devices, may be used to align the transmitter and receiver devices. The design or
configuration of the interface surfaces, one or more alignment assistance mechanisms, and one or

more alignment features can be used individually or in various combinations thereof.

[0215] Alignment assistance can also be provided with one or more magnetic field sources. For
example, a permanent magnet within the dock 1802 may attract a permanent magnet within the
device 100. In another example, a permanent magnet within the device 100 may be attracted by
a magnetic field produced by the dock 1802. In further examples, multiple alignment assistance
features may cooperate to effect alignment of the transmit and receive coils. Power transfer
efficiency may also decrease if the power consumption of the electronic device changes (e.g., the
electronic device transitions from a trickle charge mode to constant current charge mode) during

wireless power transfer.

[0216] As discussed previously with respect to FIG. 2, the device 100 may include a processor
coupled with or in communication with a memory, one or more communication interfaces,
output devices such as displays and speakers, and one or more input devices such as buttons,
dials, microphones, or touch-based interfaces. The communication interface(s) can provide
electronic communications between the communications device and any external communication
network, device or platform, such as, but not limited to, wireless interfaces, Bluetooth interfaces,
Near Field Communication interfaces, infrared interfaces, USB interfaces, Wi-Fi interfaces,
TCP/IP interfaces, network communications interfaces, or any conventional communication

interfaces. The device 100 may provide information regarding time, health, statuses or
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externally connected or communicating devices and/or software executing on such devices,
messages, video, operating commands, and so forth (and may receive any of the foregoing from

an external device), in addition to communications.

[0217] In the example depicted in FIG. 18, the dock 1802 may be connected to an external power
source, such as an alternating current power outlet, by power cord 1808. In other embodiments,
the dock 1802 may be battery operated. In still further examples, the dock 1802 may include a
power cord 1808 in addition to an internal or external battery. Similarly, although the
embodiment is shown with the power cord 1808 coupled to the housing of the dock 1802, the
power cord 1808 may be connected by any suitable means. For example, the power cord 1808
may be removable and may include a connector that is sized to fit within an aperture or

receptacle opened within the housing of the dock 1802.

[0218] Although the device 100 is shown in FIG. 18 as larger than the dock 1802, the depicted
scale may not be representative of all embodiments. For example, in some embodiments the
dock 1802 may be larger than the device 100. In still further embodiments the two may be
substantially the same size and shape. In other embodiments, the dock 1802 and device 100 may

take separate shapes.

[0219] FIG. 19 depicts a simplified block diagram of relevant aspects of the device 100 and dock
1802. It may be appreciated that certain components of both the dock 1802 and device 100 are
omitted from the figure for clarity. Likewise, the positions of the elements that are shown are
meant to be illustrative rather than necessarily portraying a particular size, shape, scale, position,
orientation, or relation to one another, although some embodiments may have elements with one

or more of such factors as illustrated.

[0220] As described previously with respect to FIG. 2, the device 100 may include one or more
electronic components located within the housing 601. For clarity, some of the components and
modules described or depicted in various embodiments are omitted from the depiction of FIG.
19. As shown in FIG. 19, the device 100 may include an internal battery 114 that may be used to
provide power to the various internal components of the device 100. As described previously,

the internal battery 114 may be rechargeable by an external power supply. In the present
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example, the internal battery 114 is operably connected to a receive coil 1869 via power

conditioning circuit 1810.

[0221] In the present example, the device 100 includes a receive coil 1869 having one or more
windings for inductively coupling with a transmit coil 1832 of the dock 1802. The receive coil
1869 may receive power wirelessly from the dock 1802 and may pass the received power to a
battery 114 within the device 100 via power conditioning circuit 1810. The power conditioning
circuit 1810 may be configured to convert the alternating current received by the receive coil
1869 into direct current power for use by other components of the device. In one example, the
processing units 102 may direct the power, via one or more routing circuits, to perform or

coordinate one or more functions of the device 100 typically powered by the battery 114.

[0222] As shown in FIG. 19, the dock 1802 includes a transmit coil 1832 having one or more
windings. The transmit coil 1832 may transmit power to the device 100 via electromagnetic
induction or magnetic resonance. In many embodiments, the transmit coil 1832 may be shielded
with a shield element that may be disposed or formed around portions of the transmit coil 1832.
Similarly, the receive coil 1869 may also include a shield element that may be disposed or

formed around a portion of the receive coil 1869.

[0223] As shown in FIG. 19, the dock 1802 also includes a processor 1834 that may be used to
control the operation of or coordinate one or more functions of the dock 1802. In some
embodiments, the dock 1802 may also include one or more sensors 1836 to determine whether
the device 100 is present and ready to receive transmitted power from the dock 1802. For
example, the dock 1802 may include an optical sensor, such as an infrared proximity sensor.
When the device 100 is placed on the dock 1802, the infrared proximity sensor may produce a
signal that the processor 1834 uses to determine the presence of the device 100. The processor
1834 may, optionally, use another method or structure to verify the presence of the electronic
device via sensor 1836. Examples of different sensors that may be suitable to detect or verify the
presence of device 100 may include a mass sensor, a mechanical interlock, switch, button or the
like, a Hall effect sensor, or other electronic sensor. Continuing the example, after the optical
sensor reports that the device 100 may be present, the processor 1834 may activate a

communication channel to attempt to communicate with the device 100.
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[0224] As illustrated in FIG. 19, a bottom surface of the housing of the device 100 may partially
contact a top surface of the dock housing. In some implementations, the interfacing surfaces of
the device 100 and the dock 1802 may be formed with complementary geometries. For example,
as depicted in FIG. 19, the bottom surface of the device 100 is convex and the top surface of the
dock 1802 is concave, following the same curvature as the bottom surface of the device 100. In
this manner, the complementary geometries may facilitate alignment of the electronic device and

dock for efficient wireless power transfer.

[0225] In some embodiments, the dock 1802 and device 100 may include other alignment
assistance features. For example the device 100 may include an alignment magnet 1838 which is
positioned and oriented to attract a corresponding alignment magnet 1840 within the dock 1802.
In some cases, when the device 100 is positioned proximate the dock 1802, the alignment
magnets 1838, 1840 may be mutually attracted, thereby affecting alignment of the portable
electronic device 100 and the dock 1802 along a mutual axis. In other examples, the dock 1802
may include a ferromagnetic material in place of the alignment magnet 1840. In these examples,
the alignment magnet 1838 may be attracted to the ferromagnetic material. In still further cases,
the receive coil 1869 or transmit coil 1832 may produce a static magnetic field that either attracts

or repels either or both of the alignment magnets 1838, 1840.

[0226] As shown in FIG. 19, the alignment magnets 1838, 1840 may be positioned within a
respective coil 1869, 1832. When the alignment magnets 1838, 1840 are drawn together, the
coils 1869, 1832 may be placed into alignment. Additionally, the complementary geometries of
the device 100 and the dock 1802 may further facilitate alignment when the alignment magnets

1838, 1840 are drawn together.
7. Example Acoustic Module

[0227] As described above, the device may include one or more devices for transmitting and
receiving acoustic energy. For the purposes of the following description of the acoustic module,
the described device 100 is one example of that shown and discussed above with respect to FIGs.
2-7. However, certain features of the device 100, including the external surface geometry, may
be simplified or vary with respect to aspects of the device 100 discussed above. As previously

discussed, in some embodiments, the device may include a speaker for transmitting acoustic
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energy and/or a microphone for receiving acoustic energy. For the purposes of the following
description, a speaker device and a microphone are referred to generically as an acoustic module,
which may be configured to transmit and/or receive acoustic energy depending on the particular

implementation.

[0228] FIG. 20 depicts a simplified schematic cross-sectional view of a first embodiment of a
device having an acoustic module 2006. The representation depicted in FIG. 20 is not drawn to
scale and may omit some elements for clarity. The acoustic module 2006 may represent either a
portion of a speaker and/or microphone device described above with respect to the electronic

device 100 of FIG. 2.

[0229] As shown in FIG. 20, an acoustic port 2020 may be formed in the housing 601 of the
electronic device. In the present example, the acoustic port 2020 includes first and second
orifices 2031, 2032 that are formed in the housing 601 and acoustically couple the acoustic
cavity 2011 of the acoustic module 2006 to the external environment (external to the electronic
device). In the present embodiment, the first and second orifices 2031, 2032 are offset with
respect to the opening of the acoustic cavity 2011. This configuration may help reduce the direct
ingress of liquid 2001 into acoustic cavity 2011 of the acoustic module 2006 Also, as shown in
FIG. 20 a shield 2021 or umbrella structure that is formed between the orifices 2031, 2032
blocks the direct ingress of liquid 2001 into the acoustic cavity 2011. As shown in FIG. 20, the
acoustic module 2006 also includes a screen element 2015 disposed at one end of the acoustic
cavity 2011, which may also prevent the ingress of liquid or other foreign debris into the acoustic
cavity 2011. The acoustic module 2006 also includes a seal 2016 disposed between the housing
601 and the connector element 2012 of the module, which may also be configured to prevent the

ingress of water into the device and/or module.

[0230] In the present example depicted in FIG. 20, the acoustic module 2006 may correspond to
the speaker 122 described with respect to some embodiments. As shown in FIG. 20, the acoustic
module 2006 includes various components for producing and transmitting sound, including a
diaphragm 2010, a voice coil 2009, a center magnet 2008, and side magnets/coils 2007. These
components may cooperate to form a speaker acoustic element. In one implementation, the

diaphragm 2010 is configured to produce sound waves or an acoustic signal in response to a
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stimulus signal in the center magnet 2008. For example, a modulated stimulus signal in the
center magnet 2008 causes movement of the voice coil 2009, which is coupled to the diaphragm
2010. Movement of the diaphragm 2010 creates the sound waves, which propagate through the
acoustic cavity 2011 of acoustic module 2006 and eventually out the acoustic port 2020 to a
region external to the device. In some cases, the acoustic cavity 2011 functions as an acoustical
resonator having a shape and size that is configured to amplify and/or dampen sound waves

produced by movement of the diaphragm 2010.

[0231] As shown in FIG. 20, the acoustic module 2006 also includes a yoke 2014, support 2013,
connector element 2012, and a cavity wall 2017. These elements provide the physical support of
the speaker elements. Additionally, the connector element 2012 and the cavity wall 2017
together form at least part of the acoustic cavity 2011. The specific structural configuration of
FIG. 20 is not intended to be limiting. For example, in alternative embodiments, the acoustic

cavity may be formed from additional components or may be formed from a single component.

[0232] The acoustic module 2006 depicted in FIG. 20 is provided as one example of a type of
speaker acoustic module. In other alternative implementations, the acoustic module may include
different acoustic elements for producing and transmitting sound, including, for example, a
vibrating membrane, piezoelectric transducer, vibrating ribbon, or the like. Additionally, in
other alternative implementations, the acoustic module may be a microphone acoustic module
having one or more elements for converting acoustic energy into an electrical impulse. For
example, the acoustic module may alternatively include a piezoelectric microphone acoustic

element for producing a charge in response to acoustic energy or sound.

[0233] As previously mentioned, because the acoustic port 2020 connects the acoustic module
2006 to the external environment, there is a possibility that liquid may accumulate or infiltrate
the interior of the module. In some cases, the screen element 2015 or other protective features
may not prevent all liquid from entering the acoustic cavity 2011 of the module. For example, if
the device is subjected to a liquid under pressure or a directed stream of liquid, some liquid
ingress may occur. Additionally, naturally occurring moisture in the air may condense and
accumulate over time resulting in the presence of liquid within the module. Thus, in some

implementations, the acoustic module 2006 may include one or more elements configured to
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expel water or liquid that accumulates in, for example, the acoustic cavity 2011 of the module.
The liquid expulsion process may include modifying the charge on a portion of the wall of the
acoustic cavity 2011 to change the surface energy of the wall and/or producing an acoustic pulse
using the diaphragm 2010 to help expel liquid from the acoustic cavity 2011. In some
embodiments, the screen 2015 may also have hydrophilic or hydrophobic properties that may

facilitate removal of liquid held within the acoustic cavity 2011.
8. Example Antenna and Cover

[0234] As previously described, a wearable electronic device may be configured to communicate
wirelessly with various external devices and communication networks. For the purposes of the
following description, the described device 100 is one example of that shown and discussed
above with respect to FIGs. 2-7. However, certain features of the device 100, including the
external surface geometry, may be simplified or vary with respect to aspects of the device 100

discussed above.

[0235] In some embodiments, as previously discussed with respect to FIG. 2, the device may
include one or more communication channels that are configured to transmit and receive data
and/or signals over a wireless communications network or interface. Example wireless
interfaces include radio frequency cellular interfaces, Bluetooth interfaces, Wi-Fi interfaces, or

any other known communication interface.

[0236] In some implementations an antenna may be disposed with respect to the cover (e.g.,
crystal) of a device to facilitate wireless communications with an external device or
communication network. In some cases, it may be advantageous to integrate an antenna into the
cover to improve the transmission and reception of wireless signals from the device. In
particular, the cover of the device may have dielectric properties that facilitate the transmission
of radio frequency signals while also protecting the antenna from physical damage or
interference. Additionally, if the antenna is integrated into a perimeter portion of the cover, the
visual appearance or clarity of the cover may be minimized. Furthermore, the embodiments
described below with respect to FIGs. 21A-B may be used to integrate an antenna external to the

housing, without increasing the thickness of the device body.
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[0237] FIG. 21A depicts a perspective exploded view of a cover 2100 and an antenna assembly
2130. The cover 2100 depicted in FIG. 21A is viewed from an inner surface 2124 that is
configured to attach to or interface with the opening of the housing (described above with respect
to FIG. 1). As shown in FIG. 21A, a groove 2128 may be formed within the inner surface 2124.
In this example, the groove 2128 is formed around the periphery of the cover 2100. As
mentioned previously, this may be advantageous in minimizing the visual impact of having the

antenna assembly 2130 located within the cover 2100.

[0238] As shown in FIG. 21A the antenna assembly 2130 includes an antenna ring 2134 and a
terminal 2140 which may interface with an electrical connector 2150. In the present
embodiment, the groove 2128 formed in the surface of the cover 2100 may be configured to
accept the antenna ring 2134. In particular, the groove 2128 may receive the entire antenna ring
2134 without a portion of the antenna ring 2134 protruding past the inner surface 2124, when the
antenna ring 2134 is installed. In some cases, the groove 2128 is formed to be a clearance or
near clearance fit with the diameter of the antenna ring 2134. Thus, in some cases, the antenna
ring 2134 may substantially fill the groove 2128 when the ring is installed. In some cases, the
groove 2128 may be configured to retain the antenna ring 2134 due to a slight interference fit or
due to a feature formed within either the cover 2100 and/or the antenna assembly 2130. In the
present embodiment, the antenna assembly 2130 may be installed in the cover 2100 and then
connected to other electronics via the terminal 2140 and the connector 2150, which may protrude

into an opening in the case or housing.

[0239] FIG. 21B depicts a cross-sectional view of the cover and antenna at the connection point.
In particular, FIG. 21B depicts a detail cross-sectional view of the cover 2100 installed within
the housing 601 at a region near the terminal 2140. In this example, the cover 2100 is attached
to a shelf of the housing 601 via a compressible element 2122. The compressible element 2122
may provide a seal against water or other contaminates and also provide compliance between the
cover 2100 and the housing 601. The compressible element 2122 may be formed from a nitrile

or silicone rubber and may also include an adhesive or other bonding agent.

[0240] As shown in FIG. 21B, the antenna ring 2134 is disposed entirely within the groove 2128.

In this case, the antenna ring 2134 does not protrude past the inner surface 2124. The antenna
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ring 2134 is electrically connected to the terminal 2140, which protrudes into an opening in the
housing 601. As shown in FIG. 21B, the terminal 2140 includes conductive pads 2142 for
electrically connecting to the antenna ring 2134. In this example, spring clips 2152 are
configured to mechanically and electrically connect to the conductive pads 2142 on the terminal
2140. One advantage to the configuration depicted in FIG. 21B is that the antenna assembly
2130 may be installed in the cover 2100 before the cover 2100 is installed in the housing 601.
The terminal 2140 and connector 2150 facilitate a blind connection that may assist electrical
connection as the cover 2100 is installed. Additionally, the configuration depicted in FIG. 21B
may allow for some movement between the cover 2100 and the housing 601 without disturbing

the electrical connection with the antenna ring 2134.
9. Example Haptic Module

[0241] As described above, the device may include one or more haptic modules for providing
haptic feedback to the user. The embodiments described herein may relate to or take the form of
durable and thin haptic feedback elements suitable to provide a perceivable single pulse haptic
feedback. In general, a haptic device may be configured to produce a mechanical movement or
vibration that may be transmitted through the housing and/or other component of the device. In
some cases, the movement or vibration may be transmitted to the skin of the user and perceived
as a stimulus or haptic feedback by the user. In some implementations, the haptic feedback may
be coupled to one or more device outputs to alert the user of an event or activity. For example, a
haptic output may be produced in combination with an audio output produced by the speaker,

and/or a visual output produced using the display.

[0242] The space constraints associated with a small wrist-worn device may present unique
challenges to integrating a haptic mechanism into wearable electronics. In particular, a haptic
mechanism may use a moving mass used to create the movement or vibration of the haptic
output. The larger the mass that is moved, the easier it may be to create a perceivable stimulus
using the haptic mechanism. However, a large moving mass and the supporting mechanism may
be difficult to integrate into the compact space of, for example, the housing of a wearable

electronic wristwatch.
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[0243] Thus, the haptic module implemented in some embodiments may be configured to
maximize the mechanical energy that is produced in a very compact form factor. FIGs. 22A-B
depict one example haptic mechanism that may be particularly well suited for use in a wearable
electronic device. While the embodiment described with respect to FIGs. 22A-B is provided as

one example, the haptic module is not limited to this particular configuration.

[0244] FIG. 22A depicts a three-quarters perspective view of a haptic device 112, with a top,
front and left sidewall of the housing 2220 removed to expose internal components. FIG. 22B
depicts a cross-sectional perspective view of the haptic device 112 cut in half to expose the
internal components. In this example, a coil 2200 is used to induce movement of a frame 2260,
which houses a central magnet array 2210. As shown in FIGs. 22A-B, the movement of the
frame 2260 is guided by a shaft 2250 that is fixed with respect to a housing 2220.

[0245] In the present example, the coil 2200 may be energized by transmitting a current (e.g.,
from the battery) along a length of a wire that forms the coil 2200. A direction of the current
along the wire of the coil 2200 determines a direction of a magnetic field that emanates from the
coil 2200. In turn, the direction of the magnetic field determines a direction of movement of the
frame 2260 housing the central magnet array 2210. One or more springs may bias the frame
2260 towards the middle region of the travel. In this example, the frame 2260 and central
magnet array 2210, through operation of the coil 2200, function as a moving mass, which
generates a tap or vibration. The output of the haptic device 112, created by the moving mass of
the frame 2260 and central magnet array 2210, may be perceived as a haptic feedback or

stimulus to the user wearing the device.

[0246] For example, when the coil 2200 is energized, the coil 2200 may generate a magnetic
field. The opposing polarities of the magnets in the magnet array 2210 generates a radial
magnetic field that interacts with the magnetic field of the coil 2200. The Lorentz force resulting
from the interaction of the magnetic fields causes the frame 2260 to move along the shaft 2250 in
a first direction. Reversing current flow through the coil 2200 reverses the Lorentz force. As a
result, the magnetic field or force on the central magnet array 2210 is also reversed and the frame
2260 may move in a second direction. Thus, frame 2260 may move in both directions along the

shaft 2250, depending on the direction of current flow through the coil 2200.
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[0247] As shown in FIG. 22A, the coil 2200 encircles the central magnet array 2210, which is
disposed near the center of the frame 2260. As previously described, the coil 2200 may be
energized by transmitting a current along the length of the wire forming the coil 2200, and the
direction of the current flow determines the direction of the magnetic flux emanating from the
coil 2200 in response to the current. Passing an alternating current through the coil 2200 may
cause the central magnet array 2210 (and frame 2260) to move back and forth along a shaft 2250.
In order to prevent the central magnet array 2210 from being attracted to the shaft 2250, which
could increase friction between the two and thereby increase the force necessary to move the
central magnet array 2210 and frame 2260, the shaft 2250 may be formed from a non-ferrous

material such as tungsten, titanium, stainless steel, or the like.

[0248] As depicted in FIGs. 22A-B, the coil 2200 is positioned within a frame 2260 that holds
the central magnet array 2210, but is not affixed to the coil 2200. Rather, an air gap separates the
coil 2200 from the central magnet array 2210 and the frame 2260 is free to move with respect to
the coil 2200, which is generally stationary. Further, the frame 2260 generally moves with the
central magnet array 2210. As illustrated in FIGs. 22A-B, the frame 2260 may have an aperture
formed therein of sufficient size to contain the coil 2200. Even when the frame and central
magnet array are maximally displaced within the housing 2220 (e.g., to one end or the other of
the shaft 2250), the coil 2200 does not contact any portion of the frame 2260. It should be
appreciated that the coil 2200 remains stationary in the housing 2220 while the frame 2260 and
central magnet array 2210 move, although in other embodiments the coil 2200 may move instead
of, or in addition to, the frame and/or central magnet array. However, by keeping the coil 2200
stationary, it may be easier to provide interconnections for the coil, such as between the coil and

the flex, and therefore reduce the complexity of manufacture.

[0249] As shown in FIGs. 22A-B, the central magnet array 2210 may be formed from at least
two magnets 2211, 2212 of opposing polarities. A center interface 2270 may be formed from a
ferrous or non-ferrous material, depending on the embodiment. A ferrous material for the center
interface 2270 may enhance the overall magnetic field generated by the central magnet array
2210, while a non-ferrous material may provide at least a portion of a return path for magnetic
flux and thus assist in localizing the flux within the housing 2220. In some embodiments, the

magnets 2211, 2212 are formed from neodymium while the frame is tungsten. This combination
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may provide a strong magnetic field and a dense mass, thereby yielding a high weight per

volume structure that may be used as the moving part of the haptic device 112.
10. Example Crown Module

[0250] As described above, the device may include a crown that may be used to accept user
input to the device. For the purposes of the following description, the described device 100 is
one example of that shown and discussed above with respect to FIGs. 2-7. However, certain
features of the device 100, including the external surface geometry, may be simplified or vary

with respect to aspects of the device 100 discussed above.

[0251] In some embodiments, a crown may be used to accept rotary input from the user, which
may be used to control aspects of the device. The crown may be knurled or otherwise textured to
improve grip with the user’s finger and/or thumb. In some embodiments, a crown may be turned
by the user to scroll a display or select from a range of values. In other embodiments, the crown
may be rotated to move a cursor or other type of selection mechanism from a first displayed
location to a second displayed location in order to select an icon or move the selection
mechanism between various icons that are output on the display. In a time keeping application,
the crown may also be used to adjust the position of watch hands or index digits displayed on the
display of the device. The crown may also be used to control the volume of a speaker, the

brightness of the display screen, or control other hardware settings.

[0252] In some embodiments, the crown may also be configured to accept linear, as well as
rotary, input. For example, the crown may be configured to translate along an axis when pressed
or pulled by the user. In some cases, the linear actuation may be used as additional user input.
The actuation may provide a binary output (actuated/not actuated) or may also provide a non-
binary output that corresponds to the amount of translation along the axis of motion. In some
instances, the linear input to the crown may be combined with the rotary input to control an

aspect of the device.

[0253] The embodiments described herein may be used for at least a portion of the crown
module integrated into a wearable electronic device. The embodiments are provided as examples

and may not include all of the components or elements used in a particular implementation.
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Additionally, the crown module is not intended to be limited to the specific examples described

below and may vary in some aspects depending on the implementation.

[0254] In some embodiments, an optical encoder may be used to detect the rotational motion of
the crown. More specifically, the example provided below with respect to FIG. 23 may use an
optical encoder to detect rotational movement, rotational direction and/or rotational speed of a
component of the electronic device. Once the rotational movement, rotational direction and/or
rotational speed have been determined, this information may be used to output or change

information and images that are presented on a display or user interface of the electronic device.

[0255] Integrating an optical encoder into the space constraints of a typical wearable electronic
device may be particularly challenging. Specifically, some traditional encoder configurations
may be too large or delicate for use in a portable electronic device. The optical encoder
described below may provide certain advantages over some traditional encoder configurations

and may be particularly well suited for use with a crown module of a wearable electronic device.

[0256] As shown in the example embodiment of FIG. 23, the optical encoder of the present
disclosure includes a light source 2370, a photodiode array 2380, and a shaft 2360. However,
unlike typical optical encoders, the optical encoder of the present disclosure utilizes an encoding
pattern disposed directly on the shaft 2360. For example, the encoding pattern includes a
number of light and dark markings or stripes that are axially disposed along the shaft 2360. Each
stripe or combination of stripes on the shaft 2360 may be used to identify a position of the shaft
2360. For example, as light is emitted from the light source 2370 and reflected off of the shaft
2360 into the photodiode array 2380, a position, rotation, rotation direction and rotation speed of
the shaft 2360 may be determined. Once the rotation direction and speed are determined, this
information may be used to output or change information or images that are presented on the

display or user interface of the electronic device.

[0257] In other embodiments, the shape or form of the shaft of the encoder may be used to
determine a position, rotation, rotation direction and rotation speed of the shaft. For example,
the shaft may be fluted or have a number of channels that cause the light to be reflected in a
number of different directions. Accordingly, a diffractive pattern may be used to determine the

rotation, rotation direction and rotation speed of the shaft.
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[0258] FIG. 23 illustrates a simplified depiction of the device 100 and crown module 642 in
accordance with some embodiments. As shown in FIG. 23, the crown module 642 may be
integrated with the housing 601 of the device 100 and may be formed from a dial 2340 disposed
at the end of a shaft 2360. In the present embodiment, the crown module 642 also forms part of
the optical encoder. As discussed above, the crown module 642 includes an optical encoder that
includes a shaft 2360, a light source 2370, and a photodiode array 2380. Although a photodiode
array is specifically mentioned, embodiments disclosed herein may use various types of sensors
that are arranged in various configurations for detecting the movement described herein. For
example, the movement of the shaft 2360 may be detected by an image sensor, a light sensor
such as a CMOS light sensor or imager, a photovoltaic cell or system, photo resistive component,

a laser scanner and the like.

[0259] The optical encoder may produce an encoder output that is used to determine positional
data of the crown module 642. In particular, the optical encoder may produce an output that is
used to detect that movement of the dial 2340 including the direction of the movement, speed of
the movement and so on. The movement may be rotational movement, translational movement,
angular movement, and so on. The optical encoder may also be used to detect the degree of the
change of rotation of the dial 2340 and/or the angle of rotation of the dial 2340 as well as the
speed and the direction of the rotation of the dial 2340.

[0260] The signals or output of the optical encoder may be used to control various aspects of
other components or modules of the device. For example, continuing with the time keeping
application example discussed above, the dial 2340 may be rotated in a clockwise manner in
order to advance the displayed time forward. In one implementation, the optical encoder may be
used to detect the rotational movement of the dial 2340, the direction of the movement, and the
speed at which the dial 2340 is being rotated. Using the output from the optical encoder, the
displayed hands of a time keeping application may rotate or otherwise move in accordance with

the user-provided rotational input.

[0261] Referring back to FIG. 23, the crown module 642 may be formed from dial 2340 that is
coupled to the shaft 2360. In some cases, the shaft 2360 and dial 2340 may be formed as a single
piece. As the shaft 2360 is coupled to, or is otherwise a part of the dial 2340, as the dial 2340
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rotates or moves in a particular direction and at a particular speed, the shaft 2360 also rotates or

moves in the same direction and with the same speed.

[0262] As shown in FIG. 23, the shaft 2360 of the optical encoder includes an encoding pattern
2365. As discussed above, the encoding pattern 2365 may be used to determine positional
information about the shaft 2360 including rotational movement, angular displacement and
movement speed. As shown in FIG. 23, the encoding pattern 2365 may include a plurality of
light and dark stripes.

[0263] Although light stripes and dark stripes are specifically mentioned and shown, the
encoding pattern 2365 may consist of various types of stripes having various shades or colors
that provide surface contrasts. For example, the encoding pattern 2365 may include a stripe or
marking that has a high reflective surface and another stripe that has a low reflective surface
regardless of the color or shading of the stripes or markings. In another embodiment, a first
stripe of the encoding pattern 2365 may cause specular reflection while a second stripe of the
encoding pattern 2365 may cause diffuse reflection. When the reflected light is received by the
photodiode array 2380, a determination may be made as to the position and movement of the
shaft such as described below. In embodiments where a holographic or diffractive pattern is
used, the light from the light source 2370 may diffract from the shaft 2360. Based on the
diffracted light, the photodiode array 2380 may determine the position, movement and direction

of movement of the shaft 2360.

[0264] In some embodiments, the stripes of the encoding pattern 2365 extend axially along the
shaft 2360. The stripes may extend along the entire length of the shaft 2360 or partially along a
length of the shaft 2360. In addition, the encoding pattern 2365 may also be disposed around the
entire circumference of the shaft 2360. In other embodiments, the encoding pattern 2365 may
include a radial component. In yet other embodiments, the encoding pattern 2365 may have both

a radial component and an axial component.

[0265] In some embodiments, the crown module may also include a tactile switch for accepting
translational input from the user. FIGs. 24A-B depict another example of a crown module 642a

having a tactile switch assembly 2410. As shown in FIG. 24A, the tactile switch assembly 2410
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may include a dial 2448 (or button), a coupling 2418, a shear plate 2456, and a tactile switch
2414.

[0266] In the embodiment depicted in FIGs. 24 A-B, the dial 2448 is translatable and/or rotatable
relative to the housing. The ability of the dial 2448 to translate and rotate relative to the housing
allows a user to provide a rotational force and/or translating force to the tactile switch assembly.
In particular, the dial 2448 of the present example may be operably coupled to or form part of an

optical encoder, in accordance with the example described above with respect to FIG. 23.

[0267] In the present example, the dial 2448 includes an outer surface 2432 that is configured to
receive a rotary or rotational user input and a stem 2450 that extends from an interior surface

2434 of the dial 2448. The stem 2450 may define a coupling aperture that extends longitudinally
along a length or a portion of a length of the stem 2450. In the depicted example, the stem 2450

may be hollow or partially hollow.

[0268] In the example depicted in FIGs. 24A-B, the coupling 2418 may be a linkage, such as a
shaft, that couples the dial 2448 to the tactile switch 2414. The coupling 2418 may be integrally
formed with the dial 2448 or may be a separate component operably connected thereto. For
example, the stem 2450 of the dial 2448 may form the coupling member that is integrally formed
with the dial 2448. The coupling 2418 may be made of a conductive material, such as one or
more metals or metal alloys. Due to the conductive characteristics, the coupling 2418 may
further act to electrically couple the dial 2448 to the tactile switch 2414 and shear plate 2456. In
the example depicted in FIGs. 24A-B, the shear plate 2456 is positioned between the coupling
2418 and the tactile switch 2414. In some embodiments, the shear plate 2456 may prevent or
reduce shearing forces from the coupling from being transmitted to the tactile switch. The shear

plate 2456 also allows transfer of linear force input from the dial 2448 to the switch 2414.

[0269] The configuration depicted in FIGs. 24A-B may be used to accept both rotational and
translational input from the user. For example, if a user provides a rotational force to the dial
2448, the coupling 2418 and dial 2448 may rotate in the direction of the force. The coupling
2418 may be attached to or integrated with one or more sensors that are configured to detect
rotational movement. For example the coupling 2418 may be integrated with an optical encoder,

similar to the example described above with respect to FIG. 23. Additionally, if a user provides

82

-1579-



P22914USC4

a translational force to the dial 2448, the force may be transmitted through the dial 2448 and
coupling 2418 to actuate the switch 2414. In some cases, the switch 2414 includes a metal dome
switch that is configured to provide a tactile feedback when actuated. In some cases, the
actuation of a dome switch may be perceived by the user as a click or release as the switch 2414
is actuated. Once the force has been removed from the dial 2448, the dome switch resiliently
returns to its original position, providing a biasing force against the coupling 2418 to return both
the dial 2448 and the coupling 2418 to their original positions. In some embodiments, the tactile
switch 2414 may include a separate biasing element, such as a spring, that exerts a force (either
directly or indirectly via the shear plate) against the coupling. FIG. 24A depicts the tactile
switch assembly 2410 when there is no force applied (un-actuated). FIG. 24B depicts the tactile
switch assembly 2410 when there is a translational force applied to the dial 2448 (actuated).

11.  Example Band Attachment Mechanism

[0270] For the purposes of the following description, the described device 100 is one example of
that shown and discussed above with respect to FIGs. 2-7. However, certain features of the
device 100, including the external surface geometry, may be simplified or vary with respect to

aspects of the device 100 discussed above.

[0271] As described above, a wearable electronic device may include a band that is attached to a
device body having one or more receiving features. In particular, the housing may include or
form a receiving feature that facilitates an interchange or replacement of different bands that are
used to secure the device to the wrist of the user. By replacing or interchanging bands the device
may be adapted for multiple uses ranging from sporting activities to professional or social

activities.

[0272] In some embodiments, the receiving features are configured to be operated without the
use of special tools or fixtures. For example, the bands may be interchanged by hand or with the
help of a simple tool, such as a pointed object. Additionally or alternatively, a tool or other
component, such as a component of the device to which the attachment system is coupled, may
be configured to actuate a button or other component of the attachment system to secure and/or
release the band from the device. In one embodiment, the lug portion of a band may be

configured to be inserted into an opening or channel portion of the receiving feature. Once the
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lug of the band has been inserted into the opening, the lug may slide within the opening of the
device until the band is secured or otherwise coupled to the device. The coupling between the
band and the receiving feature may provide a secure attachment of the band to the housing or
device body. Just as the band is configured to slide into the channel of the receiving feature, the
Iug may also slide out of the channel of the receiving feature allowing the band to be detached

from the device body.

[0273] In one embodiment, the receiving feature includes a locking mechanism, which may be
integrated with portions of either the band or the receiving feature. In one example, as the band
is inserted into a receiving feature of the device, the locking mechanism interfaces with a portion
of the receiving feature to lock or otherwise secure the band within the receiving feature. The
locking mechanism may also be configured to interface with a releasing mechanism associated
with the receiving feature. For example, a releasing mechanism may be configured to disengage
or release the locking mechanism. In some implementations. actuation of the releasing
mechanism causes the locking mechanism to be released and allows the band to be removed by

sliding within the receiving feature.

[0274] FIG. 25A depicts a receiving feature and band assembly as viewed from the bottom of the
device body. As shown in FIG. 25A, a receiving feature 623a includes an opening or channel
2501 that is formed into the body or housing of the device. The channel 2501 is configured to
receive the lug 2510 attached to an end of the band strap 621a. The receiving feature 623a may
also include a locking mechanism 2530 that is configured to maintain the band strap 621a within
the channel 2501 once it has been installed. As discussed above, the locking mechanism 2530
may be releasable by the user, which may facilitate band replacement. In this example, the
locking mechanism 2530 includes a spring-loaded retaining mechanism that engages the lug
2510 to retain the lug 2510 in the channel 2501 and maintain the attachment of the band strap
621a to the device. As shown in FIG. 25A, the locking mechanism 2530 also includes a button
located on the bottom of the housing that may be depressed by the user to release the locking
mechanism and allow the lug 2510 and the band strap 621a to be removed from the channel
2501. In the present example, the button of the locking mechanism 2530 is located on a curved
portion of the case or housing. In some embodiments, the button of the locking mechanism 2530

is located along the centerline of the case or housing.
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[0275] In some embodiments, the opening or channel 2501 of the receiving feature 623a includes
a port or connector for receiving a mating electrical component. In some embodiments, the
connector or port is covered by a label or sticker so that the inside surface of the opening or
channel 2501 appears continuous. The connector or port may be located along the vertical

centerline of the case or housing.

[0276] FIG. 25B depicts an example exploded view of the receiving feature 623a and the lug
2510 of the band strap 621a. As shown in FIG. 25B, the band strap 621a may be formed from a
separate part and attached to lug 2510 via a pivot or other type of joint. In other embodiments,
the band strap 621a may have an end feature that is integrally formed as part of the band strap
621a. As also shown in FIG. 25B, the lug 2510 may be attached to the receiving feature 623a by
aligning the axis of the lug 2510 with the axis of the channel 2501 and then sliding the lug 2510
into the channel 2501.

[0277] FIG. 25C depicts an example assembly sequence of the lug 2510 being inserted into the
channel 2501 of the receiving feature 623a. As shown in FIG. 25C, the lug 2510 may be
positioned along the side of the receiving feature 623a having the lug 2510 approximately
aligned with the channel 2501 of the receiving feature 623a. The lug 2510 (and band strap 621a)
may then be inserted into the channel 2501 of the receiving feature 623a by sliding the lug 2510
along the length of the channel 2501. Once the Iug 2510 is approximately centered in the
channel 2501 of the receiving feature 623a, the locking mechanism 2530 or other securing
feature may engage, thereby retaining the Iug 2510 (and band strap 621a) within the channel
2501. As previously discussed, the lug 2510 (and band strap 621a) may be removed from the
receiving feature 623a by depressing the button of the locking mechanism 2530, which may

disengage the lock and allow movement of the lug 2510 within the channel 2501.

[0278] The example described above is provided with respect to one example embodiment. The
geometry of the end of the band strap and/or the geometry of the channel may vary depending on
the implementation. Additionally, the engagement mechanism may vary depending on the
design of the band strap and the device body. The geometry or layout of the features may vary
and remain within the scope of the present disclosure. Additionally, while the examples

provided above are described with respect to attaching a band strap to a device body, the
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receiving feature (623a) may be used to attach a variety of other parts to the device body. For
example a lanyard, cable, or other accessory may be attached to the device body using the

receiving feature and other similar features.
12.  Example Bands

[0279] As described above, a wearable electronic device may include a band that is used to
secure the device to the wrist of a user. In some embodiments, the band may be formed from
two band straps that are attached to the housing of the device body. The band straps may be
secured around the wrist of a user by a clasp or latching mechanism. As also described above,
the device may be configured to facilitate replacement of the band. This feature may allow the
use of a variety of types of bands, which may adapt the device for multiple uses ranging from

sporting activities to professional or social activities.

[0280] In some cases, the band may be formed from a woven textile material. In one example,
the band is formed from a woven material that includes one or more strands or threads formed
from a natural or synthetic material. The woven material may be formed, for example, from a
plurality of warp threads that are woven around one or more weft threads. More specifically, the
woven material may include a plurality of warp threads disposed along the length of the band,
and at least one weft thread positioned perpendicular to, and coupled to, woven or interlaced
between the plurality of warp threads. In some cases, the plurality of warp threads may run the
entire length of the woven portion of the band strap. Additionally, in some cases, the at least one
weft thread may include a single thread that may be continuously woven between the plurality of
warp threads or, alternatively, may include a plurality of threads that may be woven between the
plurality of warp threads. A weft thread that is woven between a plurality of warp threads may
form consecutive cross-layers with respect to the plurality warp threads in order to form the

band.

[0281] In some cases, one or more of the strands or threads may be a metallic or conductive
material. This may improve the strength of the band and may also facilitate coupling with
magnetic elements, such as a metallic clasp. In some cases, other elements may be woven into
the band, including, for example, product identifying elements, decorative elements, or

functional components.
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[0282] In other embodiments, the band may be formed from a metallic mesh material. In one
example, the metallic mesh is formed from an array of links that are interlocked to form a sheet
of fabric. Some or all of the links in the mesh may be formed from a ferromagnetic material,
which may facilitate magnetic engagement with a magnetic clasp. In some cases, each link of
the mesh is formed from a section of metallic filament that is bent or formed into a closed shape.
Each closed shape may be interlocked with one or more adjacent links to form a portion of the
sheet or fabric. In some cases, a metallic filament is formed around a series of rods or pins that
are disposed at a regular spacing within the mesh. In some cases, one or more strands or
filaments that may be formed from a ferromagnetic material are woven or integrated with the

links of the mesh.

[0283] In other examples, the band may be formed from a sheet of material. For example, the
band may be formed from a synthetic leather, leather, or other animal hide. Additionally or
alternatively, the band may be formed from a polymer material, an elastomer material, or other

type of plastic or synthetic. In some cases, the band is formed from a silicone sheet material.

[0284] The clasp that is used to attach the free ends of the band straps may vary depending on
the material that is used and the construction of the band. For example, as mentioned above, a
metallic mesh material may use a metallic clasp to join the ends of the band. Additionally, a
leather band may be integrated with magnetic and/or ferromagnetic components and may include
a magnetic clasp. In some embodiments, the free ends of the band straps are secured using a
buckle or tang on a first band strap that is configured to interface with a hole or aperture in a

second band strap. A variety of other clasp configurations may also be used.
13. Example Display

[0285] For the purposes of the following description, the described device 100 is one example of
that shown and discussed above with respect to FIGs. 2-7. However, certain features of the
device 100, including the external surface geometry, may be simplified or vary with respect to
aspects of the device 100 discussed above. As described above, the device includes a display
disposed within the housing or enclosure. The device may be formed from a liquid crystal
display (LCD), organic light emitting diode (OLED) display, organic electroluminescence (OEL)

display, or other type of display device. The display may be used to present visual information
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to the user, including, for example, a graphical user interface, notifications, health statistics, and
the like. In some cases, the display may be configured to present the current time and date

similar to a traditional watch or timepiece.

[0286] In some embodiments, the display is formed from an organic light emitting diode
(OLED) display element. An active region of the display may include an array of light-emitting
display pixels 2604 such as array 2602, shown in FIG. 26. Pixels 2604 may be arranged in rows
and columns in array 2602 and may be controlled using a pattern of control lines. Each pixel
may include a light-emitting element such as organic light-emitting diode 2612 and associated
control circuitry 2610. Control circuitry 2610 may be coupled to the data lines 2606 and gate
lines 2608 so that control signals may be received from driver circuitry, which may be
implemented as an integrated circuit. Although described as an OLED display, certain

embodiments may implement other display technology, such as LCD displays and the like.

[0287] To the extent that multiple functionalities, operations, and structures are disclosed as
being part of, incorporated into, or performed by device 100, it should be understood that various
embodiments may omit any or all such described functionalities, operations, and structures.
Thus, different embodiments of the device 100 may have some, none, or all of the various

capabilities, apparatuses, physical features, modes, and operating parameters discussed herein

[0288] Although the disclosure above is described in terms of various exemplary embodiments
and implementations, it should be understood that the various features, aspects and functionality
described in one or more of the individual embodiments are not limited in their applicability to
the particular embodiment with which they are described, but instead can be applied, alone or in
various combinations, to one or more of the other embodiments of the invention, whether or not
such embodiments are described and whether or not such features are presented as being a part of
a described embodiment. Thus, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments but instead defined by the claims

herein presented.
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CLAIMS
We claim:
1. A wearable electronic device, comprising:
a housing comprising:
a flat bottom portion;
a top portion defining a cavity; and
a curved side portion that extends from the bottom portion to the top portion;
a band attached to the housing and configured to secure the wearable electronic device to
a user;
a display at least partially disposed within the cavity and having a viewable area; and
a cover disposed above the display and comprising:
a flat middle portion larger than the viewable area of the display; and
a curved edge portion surrounding the flat middle portion and coinciding with the

curved side portion along a perimeter of the cavity to form a continuous contoured surface.

2. The wearable electronic device of claim 1, wherein:

the continuous contoured surface is tangent with the flat bottom portion of the housing at
a first end of the contour; and

the continuous contoured surface is tangent with the flat middle portion of the cover at a

second end of the contour.

3. The wearable electronic device of claim 2, wherein the continuous contoured surface has

a constant radius.

4. The wearable electronic device of claim 1, wherein
the cavity has a rectangular shape;
the curved edge portion of the housing has four sides that surround the cavity;
each side is orthogonal to two adjacent sides; and

each side is connected to an adjacent side by a rounded corner.

5. The wearable electronic device of claim 4, wherein:
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the rounded corners have a curvature that corresponds to a curvature of the continuous
contoured surface formed by the curved edge portion of the cover and the curved side portion of

the housing.

6. The wearable electronic device of claim 1, further comprising:
a crown module positioned at least partially within an aperture formed within the curved
side portion of the housing; wherein:

the crown module comprises an outer surface configured to receive a rotary user input.

7. The wearable electronic device of claim 6, wherein:

the crown module is offset with respect to a centerline of the housing between the top
portion and the flat bottom portion; and

the offset is toward the top portion of the housing; and

the crown module includes a dial having a portion that is higher than an interface

between the cover and the housing.

8. The wearable electronic device of claim 1, further comprising:
a port formed in the curved side portion of the housing;
an acoustic module disposed within the housing and configured to produce an audio
output through the port, the acoustic module comprising:
an acoustic element; and
an acoustic cavity that acoustically couples the acoustic element to the port;
wherein:
the port includes an orifice that is offset with respect to the acoustic cavity

to prevent the direct ingress of liquid into the acoustic module.

9. The wearable electronic device of claim 1, further comprising:
a gasket positioned between the housing and the cover; and
a ledge formed along a perimeter of the cavity, wherein:
the gasket is positioned along the ledge that is formed along the perimeter of the

cavity; and
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the gasket, the cover, and the housing are configured to cooperate to form a

substantially water-proof seal.

10.  The wearable electronic device of claim 1, further comprising:
a biosensor module disposed in an opening formed in the flat bottom portion of the
housing, the biosensor module comprising:
a chassis positioned in the opening of the housing and defining an array of
windows;
an array of light sources attached to the chassis and configured to emit light into
the user through the array of windows; and
an optically transparent rear cover disposed over the chassis and over the array of

windows and operative to pass light emitted from the array of light sources into the user.

11. The wearable electronic device of claim 10, wherein the rear cover has a convex outer
contour.
12. An electronic device, comprising:

a housing comprising a bottom portion defining an opening;
a band attached to the housing and configured to secure the electronic device to a user;
a biosensor module disposed within the opening;
a rear cover disposed over the biosensor module and comprising
an edge protruding outwardly from the bottom portion of the housing; and

an outer surface having a convex curved contour.

13. The electronic device of claim 12, wherein:

the outer surface of the rear cover defines one or more windows that provide operational
access to one or more optical components of the biosensor module; and

the one or more windows have a curvature that matches the convex curved contour of the

outer surface.
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14. The electronic device of claim 12, wherein the biosensor module comprises:
an array of light sources configured to emit light into a body of the user; and
a photodetector configured to receive light produced by a light source of the array of light

sources that is reflected from the body and produce a sensor signal.

15. The electronic device of claim 14, further comprising:
a processing unit configured to compute a health metric associated with the user based
on the sensor signal; and

a display disposed within the housing and configured to display the health metric

16. The electronic device of claim 12, wherein the biosensor module is removably coupled to
the housing.
17. A wearable electronic device, comprising:

a housing comprising:
a top portion;
a cavity formed within the top portion; and
a curved side portion that surrounds the cavity; and
a transparent cover disposed over the cavity of the housing and comprising:
a flat middle portion at a center of the transparent cover;
a curved outer portion that emanates from and surrounds the flat middle portion
and extends outwardly to an edge of the transparent cover; and
a mask positioned relative to an internal surface of the transparent cover, wherein
the mask has an outer boundary located proximate to the edge of the transparent cover and an

inner boundary located within the curved outer portion of the transparent cover.
18.  The wearable electronic device of claim 17, further comprising:
a display disposed below the transparent cover, wherein a perimeter portion of a viewable

area of the display is disposed below the mask.

19.  The wearable electronic device of claim 17, wherein the device further comprises:
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an antenna having a shape that corresponds to a shape of the cavity formed within the
housing, wherein:
the antenna is disposed in a groove formed in the internal surface of the
transparent cover; and

the groove is formed between the outer boundary and the inner boundary of the

mask.
20. The wearable electronic device of claim 19, wherein:
the cover is formed from a sapphire material; and

the antenna is configured to facilitate wireless communication between the wearable

electronic device and an external device.
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ABSTRACT

A consumer product that is a portable and, in some cases, a wearable electronic device. The
wearable electronic device may have functionalities including: keeping time; monitoring a
user’s physiological signals and providing health-related information based on those signals;
communicating with other electronic devices or services; visually depicting data on a display;
gather data form one or more sensors that may be used to initiate, control, or modify operations
of the device; determine a location of a touch on a surface of the device and/or an amount of

force exerted on the device, and use either or both as input.
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