-1 METHOD OF MOUNTI NG THUMB WHEEL SW TCH ON PRINTED ClI RCU T BOARD AND
HANDHELD ELECTRONL.C DEVI CE | NCORPORATI NG SAME 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention Aspects of this invention relate to handheld - -
el ectronic devices and user interfaces for such devices such as a
t hunbwheel switch and to nethods of assenbling the devices. 10 Background
I nf ormati on Handhel d el ectronic devices are in w despread use. Sone utilize
as part of user interface a thunbwheel switch that can be used to scroll
through and make sel ections fromactiohs or entries presented on a’
di splay. Typically, a portion of the thunbwheel protrudes fromthe side of
the housing where it can be mani pul ated 15 easily by the thunb as the
device is hel d METHODQF MOUNTING I¥H/VBWHEEL SWITCHIONPRIWEED Swi t ch
generat es el ect ri cCEIRGUEROARDAND HANDHELD & #CTRONKI DEVICE provi ded
usually on a printed circuit PNCOARPORATINGSAME hin the housing of the
handhel d el ectronic device. Sonme factors that need to be considéered when
provi di ng 3 t hunbwheel swit Uidin ARSTHE BNVENTIONI ¢ devi ces include: ease
of use of theggdPod gel switch, the shrinking overall size of the
handhel d el ectronic vices, the accomodation of |arger displays, and the
trend toward automati cispesteofithiyinvektionrelassth hvaihell eleélroalcaliit@RhdusgdeVvi ce has a
t hunbwheel Sﬂté@ﬂaeﬁ@psucﬂgé}% onents that .are mechanically secured to a
printed circuit board an g?%cglrpsla{(}g 6"’}8@%&%@{@5‘%6‘@ °§i rcuits of the
printed circdfsemplingtoe desiony surface 25 nounting technol ogy (SMI). In this
process, ol mEkgE'& 8§ Rprinted to formcontact pads on the printed
circuit board su snra%ﬂ?‘ﬁ% conponent s, including the thunbwheel switch,
are pressed into the Jndhelddectrotiedsoes mp i widesptead adel e @ilde kshe assenbly
i s passed t hpavsthsein@N&S iAo wiB ks sol.der . whi then cools to
mechani cal | yli)and electri cal 'P’?"bconrﬁté‘g&“t“{}ﬁaéWh‘m'ﬁ‘%ﬁﬁ%éﬁf&EWMnd ot her
conponent s 3@akgselagtions ffom astonsior entiids plesental ontalisplagr Tygidally talposionbeel itsel f
I's nounted OgheahddghheQF mtfuh&ﬂn?&’tﬂ? W t.ch-which in turn is seated on
the printed circuit board so t 1at %ﬁﬁﬁ\ﬁi‘}?&f“ﬁ‘ﬁ%‘?ﬁ%&w@ﬂ@% ably from
t he pl ané. of SBHEbPE thuab 3 theayice ipbeld th theijmdm oAhe user’s hand. The

thumbwheel switch generates electrical signals that must be passed to circuits

. provided usually on a printed circuit board contained within the housing of the .
handheld electronic device. Some factors that need to be considered when providing

thumbwheel switches in handheld electronic devices include: ease of use of the

20 thumbwhecl switch, the shrinking overall size of the handheld electronic devices, the
accommodation of larger displays, and the trend toward automatic assembly.

A current handheld electronic device has a thumbwheel switch and
other components that are mechanically secured to a printed circuit board and
electrically connected to the circuits of the printed circuit board using surface

25 mounting technology (SMT). In this process, solder is screen printed to form contact
pads on the printed circuit board substrate. The components, including the
thumbwheel switch, are pressed into the solder at the appropriate locations and the
assembly is passed through an oven that melts the solder, which then cools to
mechanica]l?r and electrically connect the thumbwheel switch and other components

30 to the printed circuit board, However, the thumbwheel itself is mounted on a body of
the thumbwheel switch which in turn is seated on the printed circuit board so that the
Wwheel is offset considerably from the plane of the printed circuit board substrate.
When the printed circuit board is installed in the housing in a plane generally paralle]




When the printed circuit board is installed in the housing in a plane
~generally parallel -2 to the front surface of the housing of the handheld
el ectroni c device, the thunbwheel is positioned behind the printed circuit
board well below the front of the device where it is less confortable, to
operate. The thunbwheel switch cannot be positioned in front of the
.printed circuit board because of interference wwth the devices display, 5
‘typically a liquid crystal display (L . I'n anot her handhel d el ectronic
devi ce, the thunbwheel switch is nount€d on a separate board that allows
it to be installed in the device with the axis of rotation of the wheel at
an angle to ttQﬁFffacgsu&f the device. Wile this is ergonomcally nore
satisfactory, QLSRRG OF ths heusingof the himndheld electrinicsitvics, the thmegibivhat nor e dept h
in the 10 houspmiiondalt@hind B 9fiE eircuit b&20 Lap t isplay. This mans
that the overiﬁl L"F Wi Eth of ?he de'f/"}“fée nugtgﬂgég&gghgg@rgr&%ﬁgm%%%? di spl ay
nust ‘be made A ortablg 4o epcepte. Fhe thambwhedi ewithhcarmet bepositiaedtd y t o assenbl e

as separ at e dtoapdfitiegiinted AR Yol rQ: ire tyween, the switch and the
. bR o R TSR 0B st eps-  hat

circuits @f the rlPte circuit boar
are nore di f PG 2 figrid ervgatdiselay lCMeeded to nount the 15 switch and make

the el ectrical connecti ﬁfbﬂtcr@h@hé&@&@é&%%.ﬂg@& %ﬁ{g‘rge%gg}wg&}%vﬁ&h noves t he wheel

of the thunmbwheel , switch into a cutou |n1 Yubstrate .of the

printed circPEHeR gscperate hagrd fhet gllows jtto beriastylled inthedevich erids tHe i of €.

However, t he ratirontanine ehed W dnGhels & HE riated circuit board by
screws, thus_requirin diti ohal as’g‘gérﬁh;é%ﬁé’gmﬁ“ﬁﬁ%%‘?%%  a ribbon

a aS S
connect or i s PEANIREPTY-dt has wrortpnt dispgrantagase Birstlitrequireindre begitnisithe  Ci rCui ts
of the pridnt daohsiligrmuitherblﬁﬁtﬂcﬁﬂ@dd%eﬂiphﬁédj@%?ﬁfsgggl}stt%t&ge assenbly process
t'ed circul

and requires I tional space on the prin oargre sunmmary,
there is roonw1{ﬁ]g?gtij?r%ﬁngﬁ'é‘rhegﬁﬁ“*b?’kﬁ‘@&&r@?h&ﬂﬂﬁ@bchﬁdm%mni c devices
wi th t humbwh8edond il thakbethe dRfce BMVRNRYy Fasshidbie! .n,accordance wth
aspects of t r%ﬁ/e tion, .a handhol dyelagct rglgnl C e\%élﬁdégﬁ%g%mgcutommbmheel

swi tch mount & Pt Bi seiteitand thersiravits ofi e prjntediifonic boardrndnt | ng
t echnol ogy wadditionfiesdebIyupe bt dd'mbS Al haSu LD Olfond e L NE
substr at g5 of %Qﬁ Ry | nt gtg?;c?r cujt board. Tﬁ&s, t #e aa%é’%wé’g“é"é’mo ©assenbl y
through ¢ %e 5 chan 16111\.6 ggyajrﬁggpﬁcp‘?@- t echnol ogy, which can be nachine
i npl emented, are real OreBandheld electronic device moves the wheel of the thumbwheel ‘
switch into a cutout in the edge of the substrate of the printed circuit board so that it is
in the plane of the substrate. However, the thumbwhee! switch is secured to the
printed circuit board by screws, thus requiring additional assembly steps.

20 Futhermore, a ribbon connector is required to electrically connect the switch to the
circuits of the printed circuit board. Again, this adds steps to the assembly process
and requires additional space on the printed circuit board.

In summary, there is room for improvement in providing handheld
electronic devices with thumbwheel switches.-
25 ) SUMMARY OF THE INVENTION
In accordance with aspects of the invention, a handheld electronic

device has a thumbwheel switch mounted on a printed circuit board using surface

mounting technology with the thumbwheel in registration with a cutout in the

substrate of the printed circnit board, Thus, the advantages of assembly through the
30 use of surface mounting technology,

which can be machine implemented, are realized

while also gaining the benefits of more ergonomically satisfactory placement of the
thumbwheel. .




whil e al so gaining the, benefits of nomergonom cally satisfactory

pl-acenment of the thunbwheel. -3 More particularly, aspects of the

i nvention are directed to a handheld electronic device conprising a

housi ng having a front face and conponents supported by the housing. The

conponents conprise a user interface that itself conprises a thunbwheel

swtch and a printed circuit board having a planar substrate and 5

el ectroni ¢ conponents nounted on the planar substrate and electrically

connected by electrical traces. The |5I3énar substrate is nmounted in the

housi ng generally parallel to the front face. The substrate has an edge

cutout. The thunbwheel switch has a body and a thunbwheel, the body being

bot h mechani cal |y and MArepartiqulasly) aspestsief the invention saliredted thy himdhaldl der to t he

substrat e anaéletwonidRvie Qs iy wheel 10 seated in and

rotatable wthin the ed ep(r:ut%hﬁl{s@%ggtg%%%n%&ge%nraa;ég'gg‘?‘ﬁgtfs‘f?ga‘geﬁand t he

t hunbwheel s\ FElhovsing. The epmpopenisremprserausenintiréack teitself edmpises enbedded i n

the sol der dathbwhedrswith ahdEpliRadSe ' | eads onJy. The substrate
o oAl oo REPAE L b g

can have holes filled wth solder In h chani cal | eads

are embedded S*FHECFERHORCHT mopated orihe plansp substiatesind plectricatlyleamiectad by eads havi ng
a first fl angectfiestsRs 'I'Hép?anﬁﬂsﬁﬁé(@l!felisrﬂ(ﬁun ti.?}ﬁl@hcpoﬁgg%{égﬂﬁﬁﬁgnd flange
S

flush with apd secured to a first face o e su §’o|der. I n
addi tion, th cdioBlacen iThe gibstratechas pk erize dutoits The thurblpetieel sodtch hdwdodyocat i ng

hol es” and t hendwitlymsaReAY SodyHefil LS at. in these. | ocating

hol es. In accor&jgﬂ ce wth otyf]%r hgg%ggkiﬁlgélmggﬁwﬁvfgwm%e body of the
t humbwheel s%°Y ©lsr o fhesnbpupispedhie theredectdoal tiavdsavdth thethahbwigalst t wo
opposi t e 18i r smated 6nghd aatataié witkiadle o I i Ng,.pi ns can be l.ocated
on the bodyﬁﬁgngﬁf he hhu?r’bmheel %ﬂ%ﬁ%%ﬁ?%&&%%a%glp{%ga@@g@ﬁ ons. In
accor dance WhH $7115R Bps leads extending from the bady et ireembedde inlenbldbeel i s
seated in a pecEome bielcidard Abchuitlal el HODNOLLIAE LHIRMIREEG L ch and

ep

extends 25 gﬁﬁvo t he t,(gﬁs face about a thrckness o I€ubstrate so
that with th 52‘{”%‘%‘ 0¥ of the mechenical daads awg embedikal. (The bédyren sleat ed on a

first face ohavebemdll-shapsd Heohsdi : { S abput,.flush with a
second fiig;e &aib%@eaegl aﬁéadr ubsﬁ%ﬁdg.haﬁﬁﬁ%aﬁlggﬁd%%%g csdt?))fasc%‘evalllngl#dhel d
|

el ectronic dev A sqcpnd ffange fiysh with andseairerhib afirsvaca vttle subsudthie front face

of the housiwighsoldee printed circuit board can be nmounted in the

In addifion, the substrate of the printed circuit board can have locating
 holes and the body can have locating pins that seat in these locating holes. Tn
accordance with other aspects of the invention, the body of the thumbwheel switch
20 can extend beyond the thumbwheel in at least two opposite directions and at least two
of the locating pins can be located on the body beyond the thumbwheel in these two
opposite directions.
In accordance with additional aspects of the invention, the thumbwheel
is seated in a recess in a top face of the body of the thumbwheel switch and extends
25  above the top face about a thickness of the planar substrate so that with the body
seated on the substrate with the top face seated on a first face of the planar substrate,
the thumbwheel is about flush with 2 second face of the planar substrate, The
components of the handheld electronic device can further include a display mounted
in the front face of the housing. The printed circuit board can be mounted in the
30  housing with the planar substrate generally parallel to the front face and with the
 thumbwheel switch extending partially behind the display with the thambwheel
accessible through a side opening in the housing. In accordance with ;:ertain aspects




30 housing wth the planar substrate generally parallel to the front face
and with the thunbwheel switch extending partially behind the display with
the thunbwheel accessible through a side opening in the housing. In
accordance with certain aspects -4 of the invention, the housing has two
parts joined along a parting |line generally in a plane substantially
parallel to the front face and the side opening is at the parting line. The
i nvention al so enbraces a net hod of as_sqe_nbl ing a thunbwheel sw tch having
a body and a thunbwheel and el ectronic conponents on a printed 5 circuit
board for a handhel d el ectronic device where the printed circuit board has
a substrate yudlh el gct@i gal.traces and an edge cutout and wherein the

t hunbwheel bolé113 4 B dPsing hasive pagstipedalons anating liscighmertlicinaon at | east
sone of whi chplanesulsian arallé @G frdr i§ORELS &Sy .yihg sol der
paste to spots on themgtlgstrate to f&cﬁ%%gsgﬁghégﬁgﬁﬁélg' | east the
circuit | eads engage sel*d¥ERipndisaembragesia methed ofassephling @ thumbwhe! i ncl udes

posi ti oni ng thngfboﬂMd&WMh@ﬁlan§M@c}rﬁch gﬁq’?pcoh?}% ‘F‘J agl%tsﬂ [gni ¢

conponent s on,: suhst r at ith at | east e ngagi ng sol der
pads to ?5 or %‘%ﬂ%&@sﬂﬁ} V“&??m clictepnie favice vdietowkecusinted eixtuittboard histe  edge
cutout. The |sebatisteavith elesical rsds hifdl dnlaBod Wyl i Liaboard essentially by:
heati ng t he aaﬁiiﬁ%% to nelt the sol %eﬁ’tﬁg‘g‘g“g‘ﬁ{?ﬁ‘mﬁ%“‘f‘ﬁgwﬂeéﬁ’&gym th
sol der, and sol I di PRBoteRls fave londs therspn ot dpastsoms of vetittemé cigtity secur e and

el ectrical cdendecThetnithodbomRiEe ahpls 'gomr%ggﬁgQ)%ts%yl%és{ﬂ?s@riﬁﬁéoﬁorrponents to
th dsp '

the printed ¢jy;Cul rd, I n. accordance ects o Hlenti on,
t he .body of t%hlg&thﬁ%sﬁg%%@f leastfbp eeuitdepdyengagel selected eleptysiahtscendhe he substr at e

can have 10posiatiodiohuesyabiioningtié bty of e uiAbbLA Wufdh 588 ofiides engagi ng
n accor

the | ocating i ' he positjoning holes. | ancé Wth anot her
aspect . of th%ﬁ%@#\@?%‘%‘?s'{bﬁ%aﬁwqﬂ&mpmiba@@agmmdda‘paMss in the
front face offormre aeniblyand whietht HueOWAGE beated i ﬁl@%jsgt@@&oﬁxﬁéllﬁ%s%r%ove the

ickness, of the planar substrate: us, with the

front face a bR b S B >

t hunbwheel svmg&td{ccﬁ po%{’ NS HAGuEbpard fssegtialiybycheatingthe assdvddy @ meltithe t he  f r ont

face of the Isedy padsanddetahe aads adh sél&&&n@%olfdﬁﬁin%#&@%ﬁfde%
t he pla

. s, the
t hunbwhegk i g, second facé nar “substrate. In

h th
accordance W teﬁﬁgg%ﬁyo%’%uge? a"f\éqe&‘?ﬁ cennectthethranbwhee switdnandsheralectséni¢ he | eads on

the body of emPIENINbWERinted eiruitiboRE ST RBSAAN Fill o &gs&h%iﬁ&kﬁéngomthﬁh- )
Nnalrng recesses I n I C

o o L) o ot K hsmmis
posi ti oned wpesitionivg holeciuaiit dwlpolisistiy s ANE BehdthPmt DSaBo LST:
the positioniqg holes. In accordance with another aspect of the invention, the
20 thumbwheel is seated in a recess in the front face of the body of the thumbwheel
switch and extends above the front face about the thickness of the planar substrate.
Thus, with the thumbwheel switch positioned on the brinted circuit board with the
front fgce of the body seated on a first face of the planar substrate, the thumbwheel is
about flush with a second face of the planar substrate, In accordance with.yet other |

© 25 aspects of the invention, some of the leads on the body of the thumbwheel switch are
mechanical and project from the body. In this instance, the substrate has
corresponding recesses in which solder paste is applied and the body of the
thumbwheel switch is positioned with the mechanical leads extending into the solder
paste in the corresponding recesses.
30

In accordance with another aspect of the invention, the thumbwhee!
switch and electronic components are positioned on the substrate by a machine.




paste in the corresponding recesses. 30 In accordance wi th another aspect
of the invention, the thunbwheel switch and el ectronic conponents are
positioned on the substrate by a machine. -5 BRI EF DESCRI PTI ON OF THE
DRAW NGS A full understanding of the invention can be gained fromthe
follow ng description of the preferred enbodi nents when read in
conjunction with the acconpanying drawings in which: 5 Figure | is an

i sometric view of a thunbwheel switch in accordance with aspects of the.
invention. Figure 2 is a fragnentary i-Sonmetric view of the underside of a
printed circuit board on which the thunbwheel switch of Figure 1 is
mounted. Figure 3 is an isonetric view of the other side of the printed

circuit board. 10 Figur N OFaiHERRAWINGE Vi ew t hrough a
handhel d el ectronic dexnG Aling.the print circuit board with
the thunbwheel switch. Fi ﬁ‘?"lés&&%g ’P‘é"g‘ﬁﬁé‘tcﬁ‘?%ﬂﬂ o the frllopiag dhel d

el ectronic ddgcaRtionpfie qubgmwmmmmoﬁmm accordance with

aspects of t hgop E dRPines lPTI ON OF THE PREFERRED EMBODI MENTS 15
Figure | |IIustrat és Chr switch | in accordance with aspects of

the inven®ion. The thlﬁ‘rwwiee#nlmmmmdfashumbhﬁ&hﬁmﬁﬁﬂ%@ir&h&%

potentlorrete@sfe((gmhcqmm and other electronic conponents as is well
known. The body 3 has a recess 5 in atop face 7 in which a thunbwheel 9

is rotatably nounted gmmmmmwmmbhmmua&mdt hurbwheel

switch | hasc,ewgbmd‘;,mlp,j] 1 0 20 fromthe. body 3. This
i ncludes in the exerrpl ar§'/ t%&%%hgéll w@?/ﬂ‘{@c sEPyRdi t | eads 1lc that are

best seen in Figure 2 mmmemhmﬁ&eathe&saﬁdﬁth& piRteddiBSiCoagEChani cal
| eads i nagude the net g hahi cal |eads 11ng.
The L-shaped nechani calgm{a ngzg %@a@%ﬁﬁ&e&%@éﬁ@ﬁég Yejronics i rst f1 ange
13 that is s Higorperatingdhapsia Vdmuoadwmmamuﬁbm&vﬂz‘éhthat i's
per pendi cul ar to the f.* th th top surface 7 of
the body 3. |n addltlon vvo Ioca?ﬁ "Eﬂ‘ﬁbﬂ%gd&a‘i"@% WSmthe top face 7
of the body 1“°°FPfEﬂU56&‘g¢ﬂ31mb§'hqﬂmmpm:mcmmspdc@smarm&ﬂmpn whi ch the

H ISV UL |

t hunbwheel 9 is mounpedcRitgaR 9 in two opposite

dlrect|0r11§ that is, { [ J
Figure 1 Illustrates a thumbwheel sw1tch 1 in accordance with aspects

of the invention. The thumbwheel switch 1 has a body 3 containing a potentiometer
(not shown) and other electronic components as is well known. The body 3 has a

recess 5 in a top face 7 in which a thumbwheel 9 is rotatably mounted and connected
to the potentiomcter. The thumbwheel switch 1 has a plurality of leads 11 projecting

20  from the body 3. This includes in the exemplary thumbwheel switch six circuit leads
1ic that are best seen in Figure 2 and several mechanical leads 11m. These
mechanical leads include the metal posts 11m; and two L-shaped .mechamcal leads
11m,. The L-shaped mechanical leads Lm; are angle members having a first flange
13 that is secured to the body 3 and 2 second flange 15 that i is perpendlcular to the

25 ﬂangc 13 and is flush with the top surface 7 of the body 3. In addition, two locating
pins 17 project from the top face 7 of the body 3. The body 3 is T-shaped with the
crossbar 19 on which the thumbwheel 9 is mounted extending beyond the
thumbwheel 9 in two opposite directions, that is, the crossbar 19 is longer than the
diameter of the thumbwheel: The two metal posts 11m; are positioned on the

30 crossbar 19 on opposite sides of the thumbwheel 9 as are the two locating pins 17.
While the exemplary thumbwheel switch 1 has six circuit leads 11c, two metal post |
mechanical Ieads 11my, two L-§haped mechanical leads 11m, and two locating pins




di anmeter of the thunbwheel; The two netal posts 11nl am positioned on the
30 crossbar 19 on opposite _sides of the thunbwheel 9 as Wthe two | ocating
pins 17. \Wile the, exenplary thunbwheel switch | has six circuit |eads |
l e, two nmetal post nechanical |eads 11nl, two L-shaped nechanical | eads
11n? and two locating pins -6 17, other nunbers of any or O these leads | |
coul d be provided on the body 3 and could be |ocated differently, The
positioning of the nmetal posts 11ml and |ocating pins 17 near the outer
extremities of the crossbar 19 on eithét side of the thunbwheel 9,
however, provides good stability for the thunbwheel switch 1.-5 In
accordance m“gh ddit%ggal aspects of the invention, the thunbwheel swtch
| is nount ed 'GPt BrDRIESS apy prcall thesp lsadlsdt 12:0uld be prgviGddion(tisa botip8 endrount i ng

technol ogy) icouldbemshel diteedt. The ftRAfly of e S R8s SRS g ehigur es 2-4, the

printed circuit _board 21 constitutes a“planar whi ch are
mount ed, agaiPfS < Pefy thegpker extremifisn of theérossbad pweitter ddengfdreaininshwdBe] The

el ectroni c conpaRest oaées%gdstggaitsfﬁﬁg%{és%%@tpggw%%or m an el ectronic

circuit b% el ectrical traces 27. ar substrate 23 is
formed in”layers wit h I peeordance withiadditional mpes oPihe hmativa, dakumtwgtaieen | ayers

and el ectri caﬁvitéhl'ihféﬁﬁadmﬁfl_]; %DMI es shown in Figure 2) as
i s known. O’”g}é ope el ectrica rﬁl%r‘%?é“ﬁ 1SS lgﬁlgﬂﬁir{suﬁ{;mnﬁng or clarity. -
The substrat '2‘3?%éf%mei‘ﬁméﬁ@'é"MW%lAimmmnheﬁgdmIMﬁ&ipﬁﬁuﬂar. In 15

accordance WeicduitddR821 Sofituted § plaf- SHs| fhunbuheel switch 1 and
el ectronic g&&oone ts 25 am_mI;unte SE‘%Q{‘%I%‘%%P‘%% mgﬁ‘ﬁ%‘{’?@f'b“% usi ng SMr
to forma prPhted™eber efslectppia composensssy. yThe slectBaicompents 85 ke scr eened ont o

t he substlfat intéGnhetddes Form 28 bld@fonRaseu; Lilela 000 g | der pads 35 can be
forned for thﬁm{rrﬁ hani cal |eads I 1 ui%e%%g%o ersaz ag@cgtgmg just be on

the surface 8 SRR &1 is dermed jdlayepwiduthe cledsjcat tree 2y samdvdeiredpad 351. Ot her
sol der pads bawedHsyRABNE AlkctH&BY $1 I mL_¢ extend through
o Tua ol bl SRS ot Sp i Rgn &

addi ti on hol esisy whi:cF may extend all t 0 rate 23

(see Figure 3" - elostaisal meedTds shownrFigyre 8 Grelarityng sol der paste

onto the - substrate 23hédubsthe B9t &L ' i humhwheel switch |
. gL Bk Ib?ﬁlﬁt is gﬁﬁﬁfytcHgtB%ru Elé

and the glkec ic_conponents are theén positione trate with
their | eg%s %&%ﬁg‘}?ﬁ@’&ggg’e?tﬁﬁt%“%“%ﬂpwplwagvmum elpantaic35. The

t humbwheel  sodnipohents 35%rPOSIkddVRRAE hat : ith the top face 7
of the body é%m@gtt%ng Igléfi rst .f acrfar 39&5§Uaf§#§%§%)g§m%£o%&png gning t he

| ocati ng pi n$ Qe 2ol AT mipldes pwsts iggrdencd dnto theidubitramt 23 18 forinhat t he

solder pads 35. Additional solder pads 35 can be formed for the mechanical leads 11.
These solder pads 35 can just be on the surface of the substrate, as indicated by the

20  solder pad 35;. Other solder pads for mechanical leads such as the leads 1 1my can
extend through addition holes 37 which may extend all the way through the substrate
23 (see Figure 3). The solder pads 35 are formed by screening solder paste onto the
substrate 23 at the desired locations. The thumbwheel switch 1 and the electronic
components are then positioned on the substrate with their leads 11 embedded in tﬁe

25 comesponding solder pads 35. The thumbwheel switch 1 is positioned on the

' substrate 23 with the top face 7 of the body 3 abutting a first face 39 of the substrate
by aligning the locating pins 17 with locating holes 38 in the substrate so that the
thumbwheel 9 registers with the edge cutout 31. The thickness of the thumbwheel 9
is such that the top surface 41 of the thumbwhesl 9 is about flush with the second face

30 43 of the substrate 23. With the thumbwhgc] switch 1 so positioned, the metal pﬁsts
11m,; engage the holes 37 in the substrate. These holes 37 can have solder paste in
them or not. In the latter case, the holes 37 can be dimensioned so that the metal posts




t hunbwheel 9 registers with the edge cutout 31. 'Me thickness of the

t hunbwheel 9 is such that the taop surface 41 of the thunbwheel 9 is about

flush with the second face 30 43 of the substrate 23. Wth the thunbwheel

switch | so positioned, the netal posts - 11nl engage the holes 37 in the

substrate. These holes 37 can have solder paste in themor not. In the

| atter case, the holes 37 can be dinensioned so that the netal posts -7

Im are press fit to aid in nechanical g¢onnection of the thunbwheel swtch

1 to the substrate 23. The flanges 15 6n the nechani cal |eads 11n2 becone

enbedded in the solder paste of solder pads 35.. The |ocating pins 17

engage Iocatiq&%holes 8 in the substrate to properly register the

t hunmbwheel a‘i”ﬁ&"s%fg‘g‘émém Beghanigal connegtionofithe tmmbiwhdehevitchanbtheel switch

1 and el ect r ahbstrate QBPTHRER, e substr .23 utilizing
Pt s on e R e b o iRt e

SMI. I n accordgnce Wléh thrs &rocedure, SO d onto the
substrate 23 SPECHRARPLRileRadsdT. Thederathiy pitsid chgugy lodating holed w8 i enbwheel

switch 1 and stifserate beeysbest®) st R egﬁﬁgﬁ{tﬁ%wgggggﬁaﬁgtioned on the
$

substratewith at least the circuit " the sol der pads 35
to formtHe 10 pri nt edsdnangioned, thotirmbukesbavitcl 1 3@ clddnenit botngpsbiaels body i s

posi tioned i mreth@ntsa oAk suldRRE b3 BESARAE W he t-[i,p wheel] 9 seated in
t he edge cut \(%fti%??)l in the planar su ?strdtiéﬂ%&a‘ﬁﬁvg L{Hljgﬂoic fng of the

t humbwheel s Rejte S aeTeapdents BaisebstueRdiodminsthe &fder pade3sS Thetlly3 car ri ed out

by machi ne swtihe ambyhet] swiRAli-and L en . secured,to the
printed ci rcgi?t oard.essent | zfln_l y_t%/. Heca%#ﬁgﬂegﬁtg ALLERPOPUOPRAOn, helt the
15 sol der pad® SSHUaf ¥idiat letshibe cismitdeatly 116 enprging|titerolderTjines 3Hloder thes t hen
sol i difidl byrinted ol bod isgerhBe BANHE apd.electrical |y connect
t he thunbv\,heﬁl slrW' t&gé\ I ,@nd the el eg‘%ﬁa%gﬁ‘%ﬁ{%%@dnﬁnﬂ% substrate
23. The ci r cOrFyed Aneve Fith thethyrbwheekfseated ialthef adge ¢ritam 3bin thd wlatar | cal | y
connect i ng t dbstrdnei2d) Vi@ ositiviih &ﬂeﬁﬁﬂbﬂe@%ﬂd' ' ompanent s_25 t hrough
the electrical.t ;egc 27 i ncolr%or ated int eiﬁgg?drea?céagﬁﬁc‘ﬁwﬁm al so

provi de at | &a8¢ "’(5&@ fACESSLAVF Bemaching seahias by a rabbie (Therizededli aedhers uppor t can be
provi ded- by batoded thi thgprinted cifeGsYatdRtenti 8ATS: Ll n.be.gither. or both of
the post g¢ 1% ggl(g 5he ang.lre rrerrbe[ﬁé1 1 .h%&qp?%%a ‘1}?{/?’36&0%6 MScat i ng pins
coul d be Useth &5 P4 A rIq Bt e leads bk itk salder.c Bepssoldyr is hen pajidifiediby t 0 press fi t
into the hol eslifiBointechdnoall § s6a6k bl Qeciia | Lrewit board
assenbly 33 “\{ggpecngoorrpl et edﬁi s _install edui?%n};%ﬁgl%ﬂé%}sh?%a&ﬂg& Iaé{‘ghandhel d

el ectroni c device Ay QUPHTHRSS ffhepubstrate;23 Thn dirdsit lede ] ke perform the

dual function of electrically connecting the thumbwheel switch 1 and electronic
components 25 through the electrical traces 27 incorporated in the substrate 23 and

20 also provide at least some mechanical support. Purther mechanical support can be
provided by including the mechanical leads, which can be either or both of the posts
11, and the angle members 11m,. Additionally, the locating pins could be used as

additional mechanical leads by sizing them to press fit into the holes 38 in the
substrate 23.

25 The printed circuit board assembly 33 when completed is installed in

the housing 45 of a handheld electronic device 47 as shown in Figures 4 and 5. The
housing 45 has a base part 45b and a cover paxt 45¢ which are joined along a parting
line 49. The handheld electronic device 47 has a user interface 51 that includes a
keyboard 53, a display 55 such as a liquid crystal display (1.CD), the thumbwheel

' 30 switch 1 and an escape button 57. The keyboard 53 and LCD 55 are mounted in the
front face 59 of the cover 45¢ and protrude into the cavity 61 formed by the two
alves of 45b and 45c of the housing 45. When the printed circuit board assembly 33



housi ng 45 has a base part 45b and a cover part 45c which are joined al ong
a parting line 49. The handhel d el ectronic device 47 has a user interface
51 that includes a keyboard 53, a display 55 such as a |liquid crystal

di splay (LCD), the thunbwheel 30 switch 1 and an escape button 57. The
keyboard 53 and LCD 55 are nounted in the front face 59 of the cover 45c
and protrude into the cavity 61 formed by the two halves of 45b and 45c of
t he housi ng 45. Wien the printed ci rcu_igg board assenbly 33 -8 is installed
in the housing cavity 61, with the planar substrate 23 generally parall el
to the front face 59 of the housing 45, the thunbwheel 9 protrudes through
an openi ng .o the. housjng at the parting line 49. The escape button 57
similarly pr g‘% P‘Lﬂ gdin ?ﬁﬁ%&ﬁgﬁwyéb&?ﬂﬁb"ﬂ?‘aﬁubﬁff?@%?ae!qfﬂ@maﬂd t9.

Er gononi cal .| yhetfrunt fabaSthoftiediondng 45, fhe BRSbWh [ e side of
t he housi ng %?1%%{]“ n. t he vg?tigcal gxtent %‘ﬁggﬁgﬁ&’%%@d@& \I/l\g'ger, as the

t hunbwheel i & HbURPYENE A theparinglioe A% Thexscape butien 7 similerbemotrudes  pr ot r ude
above the sedm&hfaaemnﬂigﬁgfatmbparﬁﬂg]%@; ﬁrggh& : $he ﬂv}ﬁgqufésere with the
the front

LCD 55 ang c nitlg)oe osi.thonegl&f_orward toward th ace of the
housi ng so t K&t VeElgRilp an (g side ok thhapsing 43 withip the versieat exsent afibe eci at ed from

the above, tRED s Plooktera teRudtiWieatd Abunld g %q:]ﬁ&\{l to be
er gonom cal | ¥Otl oc;aant egtgon the side of the ho@s?ﬁr?sat%gm%?y e %ﬁdgﬁsghel d

el ectroni c dévifce 3t theacrend fage 43ghtimsubstratg, isddes fiot berfsferwidhi thwnt | y mount ed
on the subst LEDS5ahd tancbepoiifsnedfodw i WbarPMR kS| f'%%lgh | pecific
enbodi nent s @fcafﬁ hee Ig‘?(\é_%gfl on, have been a(rzlescri tg%b?ﬂo oé%%tg%%qet?iit wll be
appreci ated by l?'IO YU in the art that various modifications and
alternatildes to thosem:aﬁbéip‘preﬁmédh@mfiﬁ‘é/ﬁo%)ﬁ{itAs&c:[siogm%ingénﬁw&ogvver al |

5

t eachi ngs of 4t b IS sure. Accordj ngly, t’h(_a particul ar arrangenents
di scl osed ar Eahteﬁrhle%glr??vhfegbg% © FEIngTt the sideef hshoysingidbiofitheas to t he

scope of t hehandiaddiloamonishiovite 47djagend e WICYESS, addlt bilbehicilli§3fufieg’ the clains
appended and equi valents thereof. -9 What Is alnmed is: 1. A

handhel d e o8 %ﬁ'ﬁ’%‘gﬁcgfl’,gi‘ & Pt frPet hogrd using M ng having a front face: and
conponents supported Whilelpecifio¢boBmeRsS thsinRaiior v bh dbdligghifce
conpri si pg aydBUFNRIES l\pp?ﬁ‘éﬂaEeﬁ tl1ay those skilled in the art that various modifications and
alternatives to those details may be developed in light of the overail teachings of the
.disclosure, Accordingly, the particular arrangements disclosed are meant to be
i]lustrative only and not limiting as to the scope of the invention which is to be given
. the full breadth of the claims appended and any and all equivalents thereof,




havi ng a body and a thunbwheel rotatably nmounted on the body; and a printed
circuit board having a planar substrate and electronic conponents nounted
‘'on the planar substrate and electrically connected by electrical traces,

t he planar substrate being nounted in the housing generally parallel to
the front face and having an edge cutout, the thunbwheel swi tch having a
body and a thunbwheel, the body being both nechanically and electrically
connected essentially by solder to the substrate and the electrical traces
with the thunbwheel seated in and rotatable with in the edge cutout. 2.
The-handhel d el ectronic device of Claiml wherein the substrate has sol der
pads and the thunbwheel switch has | eads extending fromthe body that are
enbedded i n Watis OlhiRédipads. 3. The handhel d el ectronic device of Claim?2
wherei n. sone of the Teads are nechanical |leads only. 4. The handhel d

el ectronic device of & ai nd bandhdd elegironisdevieadomprisings has holes filled with

sol der .in which at |east sOomRg hg‘,n,% RGN gl | eads are enbedded. 5: The
handhel d el ectroni ¢ device of ' alm E V\ﬁlerel %ﬁt he body extends beyond the

t hunbwheel in at |east twFoBPpRSsistsurpditedhytthedvysingebmptisihgast two of the

mechani cal |eads are | ocated og,he; 'ﬁ?* . ’t,gﬁ el in the two
opposite di rgcti ons. 6. The handhellélge egtg]rgéﬁ%a ew%@lé%nq‘%\&%ﬁhy of Clains 3

to 5 wher ei n"2{15 tdyIndiathumbyvheel rotatably sguntecthoncthé leadlly; dndads having a first

flange secured to a sidewall 9??}%“%‘%@@%‘?@‘%@%?%&?#%&@”gf?df;usﬁh\g th

and secured to-a first face of e SO
handhel d el eSS SRic ComRaRFRE mapnted A the plaapsuhrstrae and eléctrigsdly sommectedty subst r at e

has | ocat i ngelbsdicabtraes] tHe BRinRAHY, ; ' jns & i.athe locating
hol es. -10 8? Thﬁ@?fndhelrﬁd el ecsﬁgﬁflég&gﬁt%%n%%@%%ﬁaﬁ&%ﬂﬁ t he body

ext ends beyoffdh% HRRANIREBE a1 ¢ilza cutpus e thewkwhegswisch kavitigadody ads and at
| east two of a thtfiBwhef; eeibddy Ridkbof echAFANE tha¥bclR1R3MNeREYONd the

. thumbwh eel_ ! stetnrt}sll);[ t%ol%gﬁg %l{etsgbsu'gtle rz.zlr?dctgn!:, ggc?ﬁcal traces with the thumbwheel
| seated in and rotatable with in the edge cutout. |

2. The handheld electronic device of Claim 1 wherein the
substrate has solder pads and the thumbwheel switch has leads extending from the
body that are embedded in the solder pads. '

3. The handheld electronic device of Claim 2 wherein some of the
Ieads are mechanical leads only.

4, The handheld electronic device of Claim 3 wherein the
substrate has holes filled with solder in which at least some of the mechanical leads
are embedded.

5. The handheld electronic device of Claim 4 wherein the body
extends beyond the thumbwheel in at least two opposite directions and at least two of
the mechanical leads are focated on the body beyond the thumbwheel in the two
opposite directions.

6.  The handheld clectronic device of any of Claims 3 to 5 wherein
the body has some L-shaped mechanical leads having a first flange secured to a
sidewall of the body and a second flange flush with and secured to a first face of the
substrate with the solder.

7. - Thehandheld electronic device of any of Claims 2 to 6 wherein

the substrate has locating holes and the body has locating pins that seat in the locating
holes. ' '




9. The handhel d el ectronic device of any preceding claim wherein the

t hunbwheel is seated in a recess in a top face of the body and extends
above the top face about a thickness of the planar substrate so that with
the body seated on the planar substrate with the top face seated on a
first face of the planar substrate, the thunbwheel is about flush with a
second face of the planar substrate. 10. The handhel d el ectronic device of
Claim9 wherein the user interface further conprise a display nounted in
the front face of the housing, the prithted circuit board being nmounted in

t he housing with the planar substrate generally parallel to the front face
and with the thunbwheel switch extending partially behind the display with:

the thunbwheel accessi®le Thriondikldzleieitc RIRBoNUait7 Wheeiltetblg. 11. The
10 wherein the housing has two parts

handhel d el e [ ' f . Clai )
- j oined al ong%g{cg%rbtg*’oﬂgmeﬁlﬁlg%é@ﬁ%F%ﬁ?ti“ﬁ" opagitdrectiopsand gt st wp of paral 1 el to
the front fadkelassting pies ¢ Beatabmnheipdy beydhd b eupdwhéet thd 68 oppesite A Met hod of
assenbl i ng adgrggﬁgpymeel switch having a body and a thunbwheel and

el ectroni c conponents on a printed circuit board for a handheld electronic
device, the printed ci%cui Thdimﬁmﬁldfewﬁ@ﬂc&v&ﬂbﬁé@g}eﬁediﬁgtdﬂaiﬁ! ectri cal

traces and a Yt out .ne t hunbwheel body and el ectroni c conponents
havi ng IeadEVhtg glﬁlé%" ngl?wl?eglé%?ea W@%qﬁwiaéwté@@fge,beyqndp@a%, t he met hod

- conpri-sing: appeflienep Sl dbout apliiciinessiodhe pRh& s@irkd So MuRANES goay 0 T or m sol der
pads, that f circuit | eads engage_sel ected el ectrical
traces; posi ?‘?ageg}oﬁg%ﬁ%‘aénsggsﬁ%fw@ﬁéetf’%%ﬁﬁﬁﬁfﬁ‘g?“%ﬂﬁs?féwoﬁh?ﬂ%@ el ectronic
conponent s oRutskge, shedbumbathechis dbbutdlush @Alp4 scchiR fade’of e plahAAGKH@AIagi Ng sol der

pads to form an assenhhy Wi t he t hupbwheel seated in the edge cutout;
and securing the Ieaggb't o%@%@’?‘ﬂt"’ G qetice offaimP wheseintheapary py:

heating t he ie@abfugthargompist atlisplapmbatesd ip @ FroatEeevT thethimsidgeads Wi th sol der,
and sol idifyj bRus : ool.ing to nmechanically secure and
el ectricall ybconnect %ag&%%\%ﬁ%gfn @V\ﬁcfuéﬂgﬁ’ﬁgﬂlﬂwzm@?/%ﬁ“ﬁ@ﬁ%f%rrponent s to
the subst r apealicl® therfrent fase rolovitd thelhainbvica] sMieh Sitthding atBasy BehRi Ng of the
body of the %,ﬂﬁ SVl nd t t her onents, on the substrate is
per %lor med byﬂ%%%ChI ngl.e Qﬂec?acoessﬁ?ctgroug%as?&r%ergng in the housing, k
11.  The handheld electronic device of Claim 10 wherein the
housing has two parts joined along a parting line generally in a plane substantially
paraliel to the front face and the side opening is at the parting line.

12. A method of assembling a thumbwheel switch having a body
and a thumbwheel and electronic components on a printed cizcuit board for a
handheld electronic device, the ptinted circuit board having a substrate with electrical
traces and an edge cutout, the thumbwheel body and electronic components having
leads thereon at least some of which are circuit leads, the method comprising:
applying solder paste to spots on the substrate to form solder
pads, that for at least the circuit leads engage selected electrical traces;
positioning the body of the thumbwheel switch and the
electronic components on the substrate with at least the circuit leads engaging solder
pads to form an assembly and with the thumbwheel seated in the edge cutout; and
' securing the leads to the printe& circuit board essentially by:

heating the assembly to melt the solder pads and wet the
leads with solder; and




14. The method C aim 13 wherein the body of the thunbwheel sw tch has

| ocating pins and the substrate has | ocating holes, and wherein positioning
conprises engaging the locating pins in the |ocating holes. 15. The.nmethod
of Claim 14 wherein the locating pins are sized to be press fit in the

| ocating holes. 16. The method of C aim 12 wherein the thunbwheel is
nmounted on a top face of the thunbwheel body and extends above the top
face about the thickness of the substrate, the thunbwheel sw tch being
positioned on the printed circuit boang with the top face of the body
seated on a first face of the substrate so that the thunbwheel is about
flush wth a second face of the substrate. 17. The nethod of C aim 16

wherein the top face of 'the tmdmm %‘)‘Q}’?ﬁ@h‘%{f’ﬁw&%ﬁw%%m' ch the

t hunbwheel is e 18. The met hdd o t he | eads
are nechani @&ﬁe‘?‘aﬁﬁyyw fedhuartwheel siiteltrad theeiectomid domporienesivdheel  swi t ch
and the subsubsah®; has correspondl ng recesses in which solder paste is
applied, the body of t t hunbwheel switch being positioned with the
mechani cal | eads extendi ngm‘?ﬂlﬁhwc‘%@lléewhmmthdlmsmomnmphﬁhdﬁyngf recesses.

19 The met hat il iérsudh #OSRim: blifoiB e {ui}&mel%%ﬁﬁmgﬂ%{q switch has

| ocati ng pins a@d t he substrate has cat1 ng ﬁ‘g i ncl udes
engagi ng t he "T5ERE- ng pins in the |locating holes. 20. The nethod of O aim 12

wherei'n some of the | qads @hemethRER M om t he body
of the thunbv\h%%#agwétph and. wherei n ﬁa’kekﬁg?@d& g@m@gp «ispondl ng

recesses in WH atng Ping ARdthe subatzaishag fasating diokes, embehereid fostibnind pr i nt ed

circuit. boar dompﬁsefrhigygxﬁglﬂprobaﬁinggmsﬁltﬂéioﬂﬁuﬂgag[%{]cwt board having a pl anar
substrate with el ectrgg orrponents nount ereon and havi ng an edge
ect

cutout therein, said ¢ s/hetigitedoctimgpins awadited tg onnect ed by
el ectrical tlbapm fieif thedoda Meel swi tch having a body and a t hunbwheel,
sai d body being both h@ll cally and electrically connected essentially
by sol der to said sub§gE at eheqprihodof Clpima (12 wherkio sle thunshydieg] isvhemesdn sai d

thunbuheel i on s epifed of the achbivadeR baity afid Wk Bod@ind rop2ddenai iyt -
thickness of the substrate, the thumbwheel switch being positioned on the printed
circuit board with the top face of the body seated on a first face of the substrate so that
the thumbwheet is about flush with a second face of the substrate.

17.  The method of Claim 16 wherein the top face of the
thumbwheel body has a recess in which the thumbwheel is seated.

18.  The method of Claim 12 wherein some of the leads are
mechanical feads that project from the body of the thumbwheel switch and the
substrate has corresponding recesses in which solder paste is applied, the body of the
thumbwheel switch being positioned with the mechanical feads extending into the
solder in the corresponding recesses.

19.  The method of Claim 18 wherein the body of the thumbwheel
switch hgs locating pins and the substrate has locating holes, and locating includes
engaging the locking pins in the locating holes.

20.  The method of Claim 12 wherein some of the leads are
mechamcal leads and project from the body of the thambwheel switch, and wherein

the substrate has corresponding recesses in which the mechanical leads are positioned.




22. The printed circuit board. assenbly of Claim 21 wherein the substrate
has sol der pads and the thunbwheel switch has | eads extending fromthe

body that are enbedded in the solder pads. 23. The printed circuit board
assenbly of Caim 22 wherein sone of the |eads are nechanical |eads only.
24. The printed circuit board assenbly of C aim 23 wherein said substrate

has hol esafill ed Aptihied Rl E6E JgSONMe of the mechani cal
| eads are enbedde(fY\bZS TL f P{)z{n}?e e@ﬁlgﬁ?lltnsﬂ ard assenbl y of Claim24

wherein the bod¥ pélmeémwtb@wrmmea planarisnbhetedte withadedironst comgonogposi t e
di rections angoded @fon ae hgém% &Héﬁt' tﬁéﬂeui gaﬁsd@ch%nic%grgﬁ the

body beyond the umwheel in t opp05| I rections e printed
circuit boar a&‘ﬂ%{@a b’fcoef‘%t?ﬁ%selﬁﬁélﬁﬂﬂﬁacpﬁemﬁody has some L-shaped

mechani cal | eads tlhﬁ:\xﬁvﬂﬁ:eﬁsxf/i'tdhsﬁavid Bsu ﬁﬂaﬁﬁlﬁmﬁeﬁlsﬁa%h& b@ifn tHagn body
and a second_f angg at}l_rand secured t a,([) first face of F
substrate w t% H’é’“B‘?‘it ey l&hﬁ”ﬁ?&l“ﬂs"é@§@%§¢@ﬂ Caim

22 wherein trseidsammmcmmefmmm dginhipl iRl &vdatel 6n Badlyotkable vitid k1@ pi ns
that seat i ”eﬁ?@ '%ﬁ tatl ng holes. 28. The printed circuit board assenbly of
C aim 27 where e body extends beyond the thunbwheel in at |east two

opposi te directi ofife pifle@tirhfPSdard. H‘Qeﬂi)lyl miaﬁﬁ%'xﬂ%renﬁltﬁésﬂsﬁatle(iﬁ?t ed on

or | nt o HIgH B %ﬂép U] i ke dras RGBS o ARl 5

seat ed embmidecéue&e soldenpidsp face of the body and extends above the top face
about a thickness of the planar substrate so that with the body seated on
the planar substrate with the top face seated on a first face of the

pl anar substr at e THeidd PR Iard SssBRBHL of EHER 24 &ﬁ&é’m%ﬁ&%‘? thd R O the

pl anar substflate
are mechanical leads only.

24. The printed circuit board assembly of Claim 23 wherein said substrate has
holes filled with solder in which at least some of the mechanical leads are embedded.

25. The printed circuit board assembly of Claim 24 wherein the body extends
beyond the thumbwheel in at least two opposite directions and at least two of the
mechanical leads are located on the body beyond the thumbwheel in the wo opposite
directions.

26. The printed circuit board assembly of Claim 23 wherein the body has some
L-shaped mechanical leads having a first flange secured to a sidewall of the body and a
second flange flush with and secured to a first face of the substrate with the solder.

27. The printed circuit board assembly of Claim 22 wherein the substrate has
locating holes and the body has locating pins that seat in the locating holes.

28. The printed circuit board assembly of Claim 27 wherein the body extends
beyond the thumbwheel in at least two opposite directions and at least two of the locating
pins are located on the body beyond the thumbwheel in the two opposite directions.

- 29, The printed circuit board assembly of Claim 21 wherein the thumbwheel is
_ seated in a recess in a top face of the body and extends above the top face about a thickness
of the planar substrate so that with the body seated on the planar substrate with the top face

seated on a first face of the planar substrate, the thumbwheel is about flush with a second
face of the planar substrate.




