Si ngl e Package Design for 3-Axis Magnetic Sensor
BACKGROXJND OF THE INVENTION 1 . Field of the

WO kons®6g9oon The present invention rel ates generalfug2s045372
met-hods of manufacturing sensor packages and the
pac keigesl ¢ restcicege Mye sigh ozt hbdied dviMagmtoit fSensoy
the present -invention relates to the design and
manuf acture of a 3- axi s sensor package in order to
mninmze the vertical height of the package on a

pri nBRCKERPTNPt OB otHy § 108  pescription of the
Rel ated Art The Earth's magnetic field intensity is

abouy Opﬁeig Qs 6 HaUBSvaRdibas a conponent parallel to
the Earth™s surface that al ways points toward magnetic
north. This field can be approxi mated with a dipole
nmodethe phesénel tnuémayen poehésenogeneralivt he magheds
of the field relative to the surface of the Earth
oehasgesat £ QPLhGr t@nsbdal patkides egndt thetpackages
sub- horizontal (i.e., "down" toward the ground) in the

pPQ&uE@&aneghéﬁhﬁé€héﬁg Suﬂéﬂehgaéépﬁi@éliy,ethe"%@ésent
toward the air) in the southern henisphere. In al .

189§§§10ﬁh§ef8£é5095akhg'5§§1§Hnaﬂé hieuERELOré of a 3-

axis sensor'package in order to minimizé thé-verticai
height of the package on a printedlcircuit board (PCB);

2; Description of the Related Art

The Earth'’s magnetié field intensity is aboﬁt 0.5 to B
0.6 gauss'and'has a componenﬁ'parallel té the Earth’s
surface(that always points toward'ﬁagnetic north. This
field can be.approximated with a dipole model - the field
always pointé north, but the angle of the field relative-
to the surface of the Earth changes from horizontal at
the equator to Sub—horizontal (i.e., “down” toward the
ground) in the northern hemisphére'and supra-horizontal
(i.e., “up” toward the air) in the southern hemisphere.
In all cases, the horizontal direction of the Earth’s
field points toward maghetic north and is used to
'determiné compass direction.

Magnetic sensors have been in use for well over
2;000 years, primarily used to‘sense“the Earth’s magnetic

field for direction finding or navigation. Today,



field points toward magnetic north and is used to
determ ne conpass direction. Magnetic sensors have
waomesiogssnouse for well over 2,000 years, primmrdiyuszsed45372
to sense ' the Earth's magnetic field for direction
mbpndtilg eenBavkgateostiTodayprbgaeli fesf8SOFf Sna&e€gation

still a primary nmeans of navigation and many ot her
aﬂaeﬁaﬁ§V8tﬁ¥9|M§Qs Reva eesulba. ”Hggeé'§e§§ﬂ§orﬁaﬂﬂ¥tlc
be found in nedical, |aboratory, and electronic

séﬂébig”ﬁggsbe“@gﬁgghlﬁuﬁéa c¥iltyaboreabily sygtems,

a var ety 0 er sys er i consufier. and
rcial ctronjc e desi gn_has ner
T RBFohe L hE® EEHRERFGa PR CRRE aHeyBOS tf Cpa atRats
functions into a single_device and the evol ution of

SYeLrEes 6?d|ﬁcY%5§?E§I9fdPﬁ¥ﬁﬁtF¥%t§@%fe Snal
devi ces and devices that incorporate nunerous
f unctPORsnr egs e hald ¢ormeralatosbenendric cedreipment
smal | as possible. The desire to incorporate
deaygnnbasggenerably ganvohveéctinel ogysohi @asieh epnpact -
devices requires the requisite 2- and 3-di nensi ona
neResouS, di@paﬁaa@pf@n@ag@ﬁél§n§@n§O§§n@D§/@évi¢étand the

sensors, to be of mninmumheight in the Z-axis (i.e.,
eP¥iuioh N6r PEERECOE of increasingly diminutive scale.
Small dévices and devices that incorporate numerous
funcﬁions require their internal components to be as
small as possible. The desire to incorporate wayfinding -
and navigation technology into such compact devices
requires the reduisite 2- and 3-dimensional sensors, for

‘example magnetic sensors and/or tilt sensérs, to be of
minimum height in the Z-axis (i.e., out of the plane of
the PCB). Mounting a vertical sensor along the Z-axis is
a challenge for the semiconductor asseﬁbly industry,
éspecially for applications that have space‘limiﬁations.
Current methods fail to mount vertical (z-axis) sensoré
for applications with limited space and cost éensitive,
high volume, standard PCB'processes?

Therefore, a need exists fqr mounting of 3-axis
sensors in a low profile manner in, for examplg, cell
phone and other consumer and commercial applicatipns.

Such needs should be filled by applications that are cost




the PCB) . Mounting a vertical sensor along the Z-axis
is a challenge for the sem conductor assenbly
woiehusB99, especially for applications that haee/spesm45372
limtations. Current methods fail to nount vertica
SERsAXiYE, sbigbr yoflomeapphidc abkddy widhpthbiet €d spamen
and cost sensitive, high volune, standard PCB
PpBoceseeblylhebekgses.a need exists for mounting of
3-axis sensors in a low profile manner in, for
exanpl e, cell phone and ot her consumer and commerci a
applications. Such needs should be filled by
applications that are costsensitive, high volune, and
easi |y adaptable to common PCB assenbly
processes. SUWARY OF THE | NVENTION I n one aspect of
the invention, a sensor package is provided conprising
an X-axi s sensor circuit conponent, a Y-axis sensor
circuit conponent, or alternatively a conbined
X/'Y-axis sensor circuit conponent, and a Z-axi S sensor
circuit conponent, each nounted to a top surface of a
rigid substrate, or alternatively to a printed circuit
board (PCB) . The substrate has preferred di nensions
of 3 Mmby 3 mMmmwi th sixteen input/output (I/C» pads
The pads may be arranged in varlety of



designs, including a | eadless chip carrier (LCC

design and a ball grid array (BGA) design. Either the
wX200a/0689%axi s, or the X/ Y-axis, sensors are noRPOT/@82008045372

the top surface of the substrate. To mnimze the

hei bl B Raska9fmENrIdiannel is provided in the
top surface of the substrate in order to accommodate

thef%iggé?é% 5%? [9) 'E% (yHVen i c a@%ﬂsd¥i é%ﬁgdg S
o a h|%£ t He ?

correspondi i cknéss o -axli s sensor.” Al

thre ensors. have input/qut put I/(?")rid:tpadst faor
PHOBRETE iSRERF Cdiie & g ¥0% r?ee”ss:?&st LM ds 2
on the X- and Y-axis and X/ Y-axis sensors are arranged
Yiis SIS P HHCEdh SHTRAREn s alifeadidtedie @ and
cooperate with the corresponding I1/0O pads | ocated on
-cantisi rtesh Xi-faatle cfensnyr substuidt eompingmtar @nd a Heaxis
formof solder-filled vias . On the Z-axis sensor

| sarsrponratcuitthe drddrmeads, areelaowrteaangead d rtaan samtace
al ong one edge ofthe sensor and cooperate with I/0O

ofPads-iqfi d hansithsitat er soldamdiivead Was graeiiey at
a top edge of the channel. Once the sensors have al

dionqergshieo Sacoktag3e rﬁn? klyesss M%&I %iméen input/oﬁ_tput |
'(I/O) péds.' The pads may be arranged in variety of
'desiéns, including a leadless chip carrier (LCC)‘design
and a ball grid array (BGA) designﬁ Either the X- and Y-
axis, or the X/Y-axis, seﬁsors are mounted to the top
surface of the sﬁbstrate. To-miniﬁize.the height of the
'paékage, a'channellis~pr§vided in the topxsurface of.tﬁe
substrate in.order'to accommodate the Z-aﬁis sénsor
component. The chénnel has a width corresponding to é
thickness of the Z-axis sensor.

| All three sénsors have input/output_(I/O) péds for
conductively connecting.to the substrate. The I/O padé
.on the X- and Y-axis and X/Y-axis sensors7are‘arranged bn
a side of the éensor that-faces the substrate, and
cooperate with the cqfrésponding I/0 pads located on the_
top surface of tﬁe substrate, whichlafe in‘the form of'A:
solder-filled vias. On the Z-axis sensof.cdmponept, the

I/0 pads are all arranged in an array along one edge of



In a second aspect of the invention, a nethod for
mounting a Z-axis sensor circuit conponent is

weeovihekoe The Z-axi s sensor circuit conponentP¢EBSzDI/045372
of its I/O pads arranged in a vertical array al ong one

of the sensor. The for d al.an

S B A S A il SR R e

pl aced_on the pads . -The net hod conp ses uttln
S%}%%efljo]ﬁdoﬁ%\sfl]g‘?%a%%s‘??a‘? h%é%?la‘?ﬁﬁetr he, %?&an%l
- width corresponding to the thi ckness of the Z-axis
Oreqstie afrnoHe prav e okl dpReigMeT e R 5he sdpskrate,
~will not extend past the top surface of the substrate
thelrpadckagdabs t drecapsalalt &4 axi Af sensoncapPutanion hethe

formati on of the channel, vias are created at a top

oede£l DFhéhgh€hannghe -pa_dﬂleé@e vigsiese tien fidlmd. with
sol der. The Z-axis sensor is positioned in such a way

t hat 1 t 5 CABCHRASHESed e FRGRE ] fvdhel oh | Na thEL o dXE Sx
and then |nserted into the channel with the bunped

mgéﬁ‘gélﬁ z%' £‘9a>9{‘ s°'<5’£f { {Enoﬁ&?éﬁé aﬁ%e;zlopng&é(d.

act MA Vi as
oEhopoarsk e flow C% %ﬁ&%&@@gﬁ%@é MERC RN
pagg arranged in a vertical array along one ‘edge of the
sensor. The I/0 pads are formed along the edge of the Z-
axis sénsor and bumps of solder are placed on the pads.
The method comprisea cntting a channel out of a rigid
substraﬁe;.the channel having-a width corresponding to
the thickness of the Z-axis sensor and a depth long
enoughiso the Z-axis sensor will not extend past the top
surface of the substrate furtner than the X- and Y-axis
sensors. During the formaﬁion.of the channel, vias are
created at a top edgé of the channel. These vias are
then filled with solder. The Zaaxis sensor is positignea
in such a way that it can measufe the magnetic field in
‘the Z-axis, and then'inserted into the channel with the
bnmped pads resting on the surface of the substrate so
" they make contact Qith the solder filled vias. Then, a
standard.re-flow process can belused to create a

conductive connection between the Z-axis sensor and the

rigid substrate. The package is then encapsulated and



rigid substrate. The package is then encapsul at ed
andt he overall height of the package is less than 1.2
wormoeBiesdr DESCRI PTI ON OF THE DRAW NGS Fi gur e PCITAIS2005/045372
schemati c di agram of a sensor package conpri sing an :
thenaveradds brel gty odxithes pashageand 4 eZaxithanedser mm.
attached to a rigid substrate. Figure 2 is a schematic
di agram of a sensor package denonstrating the '
configuration of the 1/0O pads on the substrate that
align with the 1/0 pads on each of 3 sensors. Figure 3
is a schematic diagram of a sensor package
denmonstrating the configuration of 3 sensors and the
alignnent of the I/O pads on the Z-axis sensor. Figure
4A is a top view schematic di agramthe sensor package
shown in Figure 3 denonstrating the configuration of
the /O pads. Figure 4B is a side view schematic
di agram of the sensor package shown in Figure 3
denonstrating the channel cut in the substrate. Figure
4C is a side view schematic di agram of the sensor
package shown in Figure 3 denonstrating the
configuration of the sensors on the substrate.



Figure 4D is a side view schematic diagramof the

sensor package shown in Figure 3 dempnstrating the
woenwapswbat i on of the package. Figure 5 is a ®Chasai0s045372

di agram of an alternate enbodi ment of the sensor

pack@§6E§h@WﬁCﬁﬁPEEQur@F3Tﬂsnﬂm$WEuGSng t he

configuration of the 1/0O pads on thesubstrate that

al i gFigitre ﬂhesléCbﬁaé&a@ﬂceaQEgQEmZo$683§éﬁsorFE§Hk§ge
-6 is a schematic diagramof the board sensor package

c&h@WﬂshﬁngﬁUkea§i§e§Eﬁ§bEatang EQ@SCQQBESHraEHSn 0f,_2
‘sensors and the alignment of the i1/0 pads on axi s

'a§§§3%%nsgrgHE%EZﬁeHSt8 BoBl&ES ﬁ%ggg§E|C di agram of

t he sensor .package shown in Gre enDnstratlng t he
ure_7/B i1s a si

f _the .1/ d
v ot SEhE a1 2Pagr AR F L En g o8Ral: OpaBkaEREEhoMACKATS
6 denngﬁtratln t he channel cut in the

d&ﬂ?ﬂ?ﬁ%ﬁémﬁ. PeCoRILgURaELAR QfelNSchéfuPRES dPAGERM
of the sensor package shown in Figure 6 denonstrating
SPﬁétééﬁﬁlehﬁétﬁéhgafw%hb §bﬁs§/@ padshensesshraf e3

sensors.

Figure 3 is a_échematic diagram of a sensor package
deﬁonstrating the configuration of 3 sensors and the
alignmént of the I/0 pads on the Z-axis sensor.

Figure 4A is a‘top viewvschematic diagram the SensOr
package shown in Figure 3 demonstrating Ehe configuratign
gf the I/O pads.

Figure 4B is a side view schematic diagram of the
sensor package shown in Figure 3 demonstrating the
chaﬁnel cut in the substrare;

Figure 4C is a side view schematic diagram of the
sensor package shown in Figure 3 demonstrating the
_configurationvof the sensors on.the substrate.

Figure 4D is a aide view schematic diagram of the
'sénsor package shown in Figure 3 demonstrating the

‘encapsulation of tﬁe package.

Figure 5 is a schematic diagram of an alternate
embodiment of the sensor package shown in Figure 3

demonstrating the configuration of the I/0 pads on the



Figure 7D is a side view schematic diagram of the

sensor package shown in Figure 6 denonstrating the
woeneapsoat i on of the package. Figure 8 is a PCT/US2005/045372

cross-sectional view of the sensor package shown in

 =EPERR, (PEY Sl Mok EnE T/ 0N AR Bochh 861 Zm o

a Ieadless chip carrier (LCC) I/0O substrate
S§e ﬁgﬁgtratlng the configuration of a channel . Figure
10 is.a schematic diagramof a ball grid array (B&) -
1/0 §&9§Fﬁa@el§eﬁoﬁ§Pﬁﬂﬁﬁﬁ§ fhagganf Pduithei bratdasensor
channel .DETAI LED DESCRI PTI ON OF THE DRAW NGS

. PREKALE] ﬁ@ow@ Engdigure, 5t Hemenssriakhingt theedonfiéguration
construction of a three-axis sensor package of the

‘oifnZesensorgenadakhy déspgnehedoliy thheIyef paescennunber-

10. The three-axis sensor includes a rigid.substrate

- ak2swskhsart op surface 14 to which sensor circuit

- conponents (i,e., sensors) 20, 30, and 40 are nounted.

Th s»eoulkd,a r Y, u tQeca, _
R - e oag e e N e
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conflguratlon of the I/0 pads. ' |

Flgure'7B is a.s1de view schematic diagram ofAthej
-sensbr package shown in Figure 6 demonstrétingvthe
channel cut in the substrate.

Figure 7C is a side ?iew schematic diagram of the
sensor package éhown in Figure 6 démonstrating the
configuration of the sensors on the.subst£ate.

Figure 7D is a side view schematic diagraﬁ of the
sensor package shown in Figure 6 demonstrating the
encapsﬁlation.of the package.. |

Figure 8 is a cross-sectional view of ﬁhe sénsor.
package.shown in Figure.6 demonstrating the confiéuration
.of sélder—filledtvias.

Figure 9 is a schematic diagram of a leadless chip
carrier (LCC) I/0 substrate demonstrating the
Confiéuration of a channel. |

‘Figure 10 is a schematic diagram of'é ball grid

array (BGA) I/O substrate demonstrating the configuration



pads may be arranged in a variety of designs,
including a | eadless chip carrier (LCC) design, shown
woizooeFicgpep e 9 , and a ball grid array (BGA) deBC@MS2005/045372
shown in Figure 10. An X-axis sensor circuit conmponent
ofPQ icha58R3i tive to magnetic forces along the X-axis,
and a Y-axis sensor circuit conponent 30 is sensitive
to magnetic forces along the Y-axis . Both sensors 20
and 30 are nounted to the substrate 12 using a
standard flip chip re-flow sensor attach process.
Cenerally, sensors can al so be nounted to a substrate
usi ng ot her standard chi p-on-board techni ques
i ncluding wire bonding and tape automated bondi ng
(TAB) . The X - and Y-axis sensors have input/out put
(/0O pads, not shown, that conductively connect to
corresponding I/ O pads 60, 62 |ocated on the substrate
12, and which are in the formof solder-filled vias,
as best shown in Figure2 . The sensor package al so
contains a Z-axis sensor circuit conponent 40 which is
sensitive to magnetic forces along the Z-axis. The
Z-axis sensor is located in a channel 50 formed on the
top surface 14 of the



substrate 12. The width of the channel 50 corresponds

to the thickness of the Z-axis sensor 40, and the
walepblesdd t he channel is of such di mensi on so pP¢EUS1008045372

Z-axis sensor 40 will not extend vertically further

Shows T H?%mﬁéé@?%ﬁé“ fg"enﬁt @ﬁi’x‘ﬁ"s&ii«eﬁsifnigs’ *

furt has |/ 0O ds 66 |n udln sm
arrzfr‘?gge?f Wgat\Pe qx)“

the sensor. As best seen |n Fl gure 3, the ad 66
C QAN st wlcamhlisanaeid SIresT é@ﬁ%ﬁﬂ%g?
sol der-filled vias 64 created during the formation of
invien e resnes@ Ly dws ignissiadaty the rEferssiqrenumkgred
vias 64 extend conpletely through the substrate 12, as
-1GBhowhe rtHdepnaexi® .salddr ties Isetesora soladet dmhepsra&& 12
touching the vias 64, a standard re-fl ow process can

- wibéh usethy Gumie-d Nel ZAXiE e nsls A0 e g s
wth the X- and.Y-axis sensors . Wth reference to

F'egureﬁser?_e,a’m bo, ofre 4l SENSY diged! | Meekensors

secure y mounted to the substrate the package i's

Ifr]hccapasll%ea eadclv%élg’Da&‘Encapsu atl on | s G_Q% &Sr&ﬁsct

ure

board ({PCB). The substrate has preferred dlmenslons of 3
mm‘by 3“mm with siXeeen input/output (I/O) pads. The»
-pads_may be arranged in a variety of_déSigns, including-a
leadless chip carrier (LCC) design, shown in Figure 9,
and a ball grid array (BGA) design, shown in Figure 10.
An X-axis sensor circuit component 20vis sensitive to
magnetic forces along'theix—axis, and a Y;axis seasor.
circuit component 30 is sensitive to magnetic forces
along the Y-axis.

Both sensors 20 and 30_are mounted to the substrate
12 using a standard flip ehip re—flow sensor attach
process. Generally, sehsors can also be mountedtfo a
.substrate using other standard chip—on-board‘techniques
including wiretbonding and tape automated bonding (TAB).
The X- and Y-axis sensors have input/oatput (I/O) pads,
not shown, thatteonductively connecﬁ ro COrresponding 176
pads’ 60, 62 located on the substrate_l2,'and which are in

the form of soldeerilled vias, as best shown in Figure

10



process where a panel of devices are covered or
filledwith encap material, cured, and sawed into
woioiossal devi ces. This process i s standar dpCH/uShms/045372
cust om packagi ng art. After encapsul ation, the overal
2 height of the package is less than 1.2 nm Figures 5-7
show an alternate enbodi nent of the invention where a

combifne d Y46 ISRNS W1 < cititla i3OI Rx 1 B2 drisdis ed
i nstead of separate X- and Y-axis sensors. The

cicroc!ﬂ%dé*ecidogppa S‘tié%? ESTPUY el didd o Siidale 112

y3|ng'l P XI's sensor 140 is inserted
into the c nel_ 150 in the swpbstrate &&% i.n t S ;
?‘?fh‘?ﬁ?eraqﬁ’%ggﬁ iZb"ea}flfb‘ovéFhﬁ t'h Fespect to % axlll%;% 1
sensor 40. As shown frogmthe fiqures, .the 1/ ads 166
a (ﬁh%que?%pfrorfflﬁfi &ﬂnﬁ(}fﬁ &aR %M%i Cseoljtf“l(;ro-tjf itI(P?égd vi as
164. Referring to Figures 9 and 10, alternate designs
Jéggg  to

syltnatee séhsorThRok oy’ thghFhpgnelardd i9QTERTRATEL
Figure 9 shows the configuration of a channel 50" for

thdeciakiassensorthor?-tatisad sl (p card itdre (deph of

12'. The LCC has I/0O pads 80 along its outside’
tIRerémmiesl foy spnnes idigndros porPGD  theer Xehearkt akiaxi s

sensors are located in a single ‘
sensor 40 will not extend vertically further than the top
éuffaces of the X- and Y-axis sensofs, as shown in
Figureé 4C and 4D. The Z-axis sensor 40 further has I/O
pads 66 including séldef bumps 68 arranged in a verfical
array along only one edge of the senéor.' As best seen in
Figure 3, the pads 66 conductivelyAcommunicate with
corresponding‘solder—filled vias 64 created during the
_fbrmation of'tﬁe channel 50 in the substrate 12. The
solder-£filled vias 64 exteﬁd-completely through the
substrate 12, as shoWn in Figure 8. With the sensor
solder bumps 68 touchingvthebvias 64, a standard re—fiow
‘procéss can be used to make thelZ—axis sénsor 40
‘connection along with the X—;and Y-axis sensors.

With reference to'Figures 3 and 4, once the sensors

have all been secufely mounted to the substrate, the
package is encapsulated with an‘encapsulation layer 70,

as best shown in Figure 4D. Encapsulation is a batch

process where a panel of devices are covered or filled

T 11



package (not shown) that |lays on the top surface of

the substrate, with each sensor having I/ O pads for
wa@endoeddvel y connecting with correspondi ng |/EDDH§BMﬁm63n

the top surface of the substrate (not shovvn)

w1Ltcl:1C eq{:“ ?na{l;:] a or rcqfi%)c{]d'aﬂﬂi Isl th al
surface 0 e substrate ‘are in the forn1o m
fllled VI s, thatextend to .a bott n1s f ace
RIS S5l SOritiet” %aﬁu d% on the

bottom surface (not shown The vias then ca t, the
PaEtag iga Lt whifdh9h qrtﬁarg%lrﬂtd&n't 9 m%@ gtﬁlaalt
the outside perimeter. A conductive connection can
- off nére e akagm|issHeabsyitiian He 4 /M pads 80 | ocated on
t he outside perinmeter of the substrate. The LCC pads
ar e Hisfurexfosedsmw tdre ittt codfadoreatt af tHigure
10 illustrates a channel 50'' for a Z-axis sensor on a
imaddt i dvdraya (d¥afided "X /v -Bhel BGehas IdiQqads in
the formof. balls of solder 90 placed on the top

c&%é@é}& of 3¢ hies S&gbfd rﬁ{secééa St taghing d ot hgyand s

Yaxi s sensors . Th - and Y-axi s sensors are | ocated
in Pag qhgb Jl t
»S‘J%rpusr asz'e %ﬁ? he su r%)énsséﬁ%ﬁma% lﬂ’g%ed;beﬁ% %
su nca ast'E'Ielalteéj u51ng I/0 pads 160. A Z-axis sensor ‘140 is

insertea into the channelel50 in the substrate 1121in.the
same manner as described above with respect to Z-axis
sensor 40. As shown from the figures,-the I/0 pads 166
of the sensor 140 communieate with solder-filled vias
l64.

' Referring to Figures'9 and 10,.a1tereate designs'for
the sensor'peckages 10" and 10'' are illuetrated. Figure
9 shows the configuration of a channel 50' for the Z—éxis
sensor on a leadless chip carfier (LCC) 12'. ‘The LCC has
.I/O pads 80 along its duteide perimeter forlconneeting to
‘a PCB. The X~ and Y-axis sensors are located‘in'a sinéle
Apackege (noﬁ shown) that 1ays-on the top Surface of the
substfate, with each sensor having I/O pads for
conductively connectiﬁg‘with eorresponding I/0 pads on
the tep surfaceief the substrate (netvsh0wn).. On alLCCA:
design, the corresponding I/0 pads on the.tep su:facezof

the substrate are in the form of solder filled vias that

12



the finished configuration. A nmethod for nounting a

Z-axi s sensor circuit conponent is also provided. As
walewenedserl above, the Zaxi s sensor circuit conpoOnEsi005/045372

has all of its I/0O pads arranged in a vertical array

al ong one e of the senso Thes ads_are sol der .
BTG a1 D T GHIESTE (e P Ly e I HobFo

conprises cutting a channel out of ari substrate
CRLIFE FHER i RIL PFEB,OR H rfal%ﬁg %rPgC
- corresponding to the thlckness of the Z-axis sensor
shown h. dePhér Vg Erugtrnions hetRpmetalemeats nivhightin
~extend past the top surface of thesubstrate further
tihancoinea ot - tlaedr A0 apads shsa sthduri g ddepdoimettéon A

-of the channel, vias are created at a top edge of the

céh@ndel ve Té@s@ecywcsn ad&n ttreen fhé | @sk a1 felsad deith Thee
Z-axis sensor is positioned into the channel in the

12005448t §g | ToSaicda aofr%éoott@tdé o EAThIBAS W the
magnetic field in the Z- aX|s I's then inserted into

h I
Bl By Reg o LS 4 e e

sol der fllled Vi as. 4So|der paste is applied to hold
COME PARE T pl ace, and a standard re- flow process can

then be used to .
Flgure 10 1llustrates a channel 50" for a Z-axis

seﬁsor on a ball grid array (BGA) 12". The BGA has I/0
pads in the fprm-of>balls of solder 90 placed on the top
surface of the’subsﬁrate for attaching to the X- and Y-
axis senébrsh The X- and Y-axis sensors'are located inva
single package (not shown) that 1ay$ on the top surface
of the substrate.. The BGA pads 90 are encapsulated on
‘the finished configuration. |
A method for mounting a Z;axis sensdr circuit
Componént is -also pravided. As described above, the Z-
axis sensor circuit component has all of its 1/0 pads
arranged in a vertical array alang one edge of the
‘sensor. These pads are solder bumped along the edge of
the Z-axis sensor. Thé method comprises cutting a
" channel but.of a rigid substrate, or alternatively a PCB,
the channel having a width corresponding to the thickness
of the Z-axis sensor and a depth long enough so the Z-

axis sensor will not extend past the top surface of the
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create a conductive connection between the Z-axis

sensor and the rigid substrate. The package is .
woenwmapeswbat ed and the overall hei ght of the pachaseons®45372

less than 1.2 mm For all the enbodi nents di scussed

s&b@t&atbhéuktﬁbﬂadﬁaﬁnth@exseaﬁﬁrYchkﬁﬁiEeﬁ@ﬁﬁgnenbﬁring
are preferably nounted onto the substrate using a

chet iodmsel 86l ed LHAM-hARNGE0UG; GANSES! LAGAOLMLECS top
bondi ng, flip chip, solder bunping, stu unpi ng,

duct i andflexi ble_interconnect.bondin

L e S TaREEn g EoaBr e FBEHnT AL twlgh
Al r.nat , the.X-axis sensor circuit _conponent can

-Sggﬁgfrse$k¥czﬁgﬁ§soﬁePﬁ8rfF?SPOFéEéOFSQ &gEBUEPPVEhannel
.conﬂection to a Y-axis sensor circuit conponent, and °

1ppEhe) BBt akrelpr 8ReRaBl YaKDEAL EBAENLE €AR Beadsurate

- using a nethod sel ected fromthe group consi sting of

- mappethendiagd inj phehZpaxssl deftblspthen shsdrbedpingo

- conductive epoxy, and flexible interconnectbonding,
thegchanmpe witbmahedbbmopdingadIAB:stieghshqties. s@sface:
,such, the X-axis sensor circuit conponent can be
ofotHuCtulet YaeoN8ECtREy t RakBecInBXtE SEASOFnE! §6VhLy

conmponent -. In still other enbodinents, sensor‘C|rCU|t'
filled vias. Solder paste is applied to hold the pads in
l'place, énd a étandard re—flow proCess can then be ﬁsed'to
-Creéte‘a conductive connection between the Z—aﬁis sensor
and the rigid.substrate. The packaée is encapsulated and
the overall height of the package is less than 1.2 mm.
For all thé embodiments diScuésed.above[ the I/0
'péds on the sensor'circuit components arenpreferably.‘
mounted onto the substrate using a method-selected from
the group consisting of wire bonding, flip chip, solder
bumping, stud bumping, conductive epoxy, and flexible
.interconnect bonding, e.g., tape automated bondihg (TAB) ,
techniques. Alternately, the X-axis sensor circﬁit |
.compbnent cén comprise i/Q pads on the first face for
conductive conhection to a Y-axis sensor circuit
component, and the I/O bads are_preferably mounted onto |
the substrate uéing a method selectéd‘frOm the,groub
consisting of wiré bonding, flip chip, séidér bumping,

stud bumping, condﬁctive epoxy, and flexible interconnect
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conmponents are solid state sensors, while in other

enbodi nents the sensor circuit conponents are nagnetic
waemnsos®09 I n still other enbodi nents, the sensPCT/US2005/045372

circuit components are tilt sensors. In still other

odi nent s, one or re of ?ﬁe NS0 rc
bQg erft <7 cart HFD (ﬁs}ﬂ (r,% e%‘léerrcp Tgques-
mag netic or t||t sensors and the one or nore o her

Asseﬁ‘rs@? cire ut Ta@cﬁwﬁcﬁ%'eﬁﬂrs T W £ TR orCa
different ~kind, for exanple, a solid state chip that

caaugirine e @pm@queﬁlt@mm astige . sanPast iqirBrider

" enbodinments, the one or nore sensor conponents can be

capyoremid. of sensor, for exanple, magnetic or tilt
-sensors, and the one or nore other sensor circuit

conpanest 51 Caitiher abEDindehtsd ateeradip, cidmiiter or- not
it 1s an actual sensor, provided it conprises a sensor

c&thd Sl £ £ ORONESH 5 & rg@éé@%eerﬁs%es t hati 16an Drentigie

support for the sensor circuit conponent. In certain

erBIDOAROL Send NEerfe AXI 53 SAROT Sl e & URONE S
con i Vel y ctonnecte su ate by a Ih
S%%I(Sg%ﬁ:j fromltuﬂlr ‘%{}’?ﬁl;ﬁp 3%1845“ r%‘rgf%\ég rseenbsoonrd it
components are tllt sensors. In still cher_embodiments,
one or more of the sensor circuit eemponents can be one
kind of senso:,.for_example, magnetic or tilt sensors,
and the one orsmore.other sensor circuit componehts can
be a sensor of a different kind, for:example, a solid
state chip that can provide a vertical support edge. 1In
still other embodiments, the one or more sensor
components cen be any kind of sensor, for example,
magﬁetic or tilt sensors, and the one or more other
sensor circuit COmpohents can be any solid state chip,
whether or not it is an actual sensor, provided it.
_comprises a sensor circuit compenent interface edge that =
‘can provide support for the sensor circuit component.

| In certain embodiments, the zZ-axis sensor circuit
component is conduetively coﬁnected to the sqbstrate by a ‘
method selected from the group'eopsisting of wire
bonding, fllp chip, solder bumping, stud bumping,

conductive epoxy, and flexible 1nterconnect bondlng,
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conductive epoxy, and flexible interconnect
bondi ng, e. g., tape automated bondi ng (TAB),

wo e@anssyoes. Wil e certain features and enbodi PENUS200$/045372
t he present invention have been described in detail

- herein, it is to be understood that the invention
€ .€ho0fFRss @81 tama bash ioncHNG g ANd  SRTRRAESSFts wi thin
the scope and spirit of the follow ng clainms. CLAI M5
Ve alhdilm clkrteA s diesdrunssc lkage eobmeriimsntg: of ithei d
substrate, the rigid substrate having a top surface, .

prid¥ertofd midrtdes ineidl g Aasvaiheld ian détaxils heersaor,
| ocated on the top surface of the rigid substrate for

1tSenRsitg Rl S dddd 4 rRltonthean n¥@HtS .ort R&ICEmpéisses all
sensor including input/output pads; a Y-axis sensor

nd RRAEE ;YL I d %?1'%‘{{5 s r%f W18 1 Qih%h%lg&&}é ate for

sensi ng magnetic a Yaxis, e Y-axis.

- __sensor-dncludi i nput / gut.put pads; a Z-axis sensor

- SHg éaé iq:ﬁlet %eorlg‘r%{ﬁﬁl@_cﬂr?]t"}?é top surface of the rigid
substrate for sensing magpetic field along a Z-axis,
the Z-axis sensor .incl udi IMﬁput/output '

We claim:
1. A sensor package cbmprising:

| a figid substrateh the rigid substrate having a top
-surféce; the top surface including a,channei; |

an X-axis sensor located on the topbsurface of the
rigid substfate for sensing magnetic field along an X-
axis, the x—axié sensor including input/output pads; '

a Y-axis senéorvlocated on the top surface Qf the
rigid substrate for sensing magnetic field. along a Y-
axis, the Y-axis sensor including input/output pads;

a.Z—axis sensor located in the ﬁhannel in the top
surface of the rigid subétrate for sensing hagnétic field
along a Z—axis, the Z—éxis sensor including inpﬁt/ou#put
.pads} and | |

’éorresponding input/output pads located on the top
surface of tﬁe ’rigid sgbstrate . for cdnductively
Conneéting to '?espective input/éutput 'pads on‘ eééh

sensor.
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pads ; and correspondi ng i nput /output pads |ocated on
the top surface of the rigid substrate for

woconslesstiovel y connecting to respective i nput/ @OTpus2005/045372
pads on each sensor.2 . The sensor package of claim1l

o further g%}%&iﬂie%ﬂ?g%?ngﬁp&'a% op kayehear awed ddigg - an

packageI I 0 e package |nclud|ng t he
encapsul ati o ayer__bei t T
en§€§§ iaﬁég?a 8YSF EF]UM glt%h &Efﬁégﬁ; npu %iﬁ%ﬁ£6¥ the
~ pads on the Z-axis sensor are arranged ver I
Pagkegf aGiang &diGe eé“fcatpr?éﬂé"‘é:r@&q%ry 2‘?1%“&6 .%ee?csa than
~connect with the correspondi ng i nput/output pads on
1 Qhemrlg!d_substrate 4 . The sensor package of claim3
~, Wherein the input/output pads on the Z-axis sensor
are conductively connected to the rigid substrate by
sol'der bunps. 5 . The sensor package of claim4

3 Whergien t Benksput [eadipuge pads onclagmri di d sihesternat e the:
conprise solder filled vias |ocated at a top edge of

in ] /AR pfis The e88sgrapagkagaselr G nmdramipeiin a
- he channel o _ -
vertical array along one edge of the ‘sensor and

conductively connect with the corresponding input/output

pads on the rigid substrate.

4, The sensor package of claim 3, wherein the
input/output pads on the 7-axis sensor are conductively

connected to the rigid substrate by solder bumps.

‘5. The sensor package of <claim 4 wherein ‘the
input/output pads on the rigid substrate comprise solder

filled vias located at a top edge of the channel.

6. The sensor package of claim 1 wherein the channel
‘has a width, and the width corresponds to a thickness of

‘the Z-axis sensor.

7. The . sensor package of .claim 1 wherein the
input/output pads on the rigid substrate are arranged on

an outer perimeter in a leadless chip carrier design.
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has a width, and the wdth corresponds to a thickness
of the Z-axis sensor. 7 . The sensor package of claim
wa 2wee6N t he i nput /output pads on the rigi dPCT/US2005/045372
substrate are arranged on an outer perinmeter in a
| eadl ess chip carrier design.8. The sensor package of
claim1l wherein the input/output pads on the rigid
substrate are arranged in a grid in the center of the
8.t op Ther f asensbrt hepachageat @fi n glbam gki d vhrergin  the
design. 9. The sensor package of claim 1 viherein the .
inpuy /bushed redds | snathei ntied Cisuhsdtdrdiearalre arranged in-

~a grid in the center of the top .surface of the substrate

-in a ball grid array.design.

9. The sensor package of claim 1 wherein the rigid

substrate is a printed circuit board.
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