1 BONDI NG STRESS TESTI NG ARRANGEMENT AND METHOD OF DETERM NI NG STRESS
TECHNI CAL FI ELD 5100011Vari ous enbodi nents relate generally to a bonding
stress tesgbiog/dvrangenent and a net hod of determ ni ng PCT8s3011B466KESROUND

[ 0002] During touch-down and ultrasoni c bondi ng stages of w rebondi ng, high
10 stresses are applied onto a bond pa¢g so that a good joint between a
bondi ng wire and the bond pad may be achi eved. However, these high stresses
may cause pad damage, silicon cratering, and al um nium splash where the

thi ckness of HENDING SERESS THSTINGARRANGENMENRAND MEYERISOE O the
sides. These factors may result in poor bond quality. 100031Wth the trend

towards miniaturisation in th?)E?*IﬁQMINi‘NE}SS’ﬁQﬁﬁt ry, the bonding 15 wre

is getting thinner, the bond pad space is getting narrower and the bond pad
size is being shrunk. This neans that a | arger percentage of the bond pad
area is experiencing a |large stress. Further, the trend towards copper

low-K (e.g. low dielectric consiﬁaﬁ_ﬁ\g@&#m | ow- K al so poses a chal | enge
as the materials are soft and b ks’ di ng has been found to cause
cracking and del am nation in the |owK |ayers. The above nentioned 20
probl e¢hs H¥0lbe Marioneembeiiments delofe anaaibpiera handingodisss 1§ NSATREECHeEN gol d
wi re bonding as copper is harder than gold. Mechanical sinulation shows
that the saidaemsthed ohd¢tbrmnipiagd stess. nuch hi gher with copper wire than with
gold wire. 2
BACKGROUND
[0002] During touch-down and ultrasonic bonding stages of wirebonding, high
10  stresses are applied onto a bond pad so that a good joint between a bonding wire and the
bond pad may be achieved. However, these high stresses may cause pad damage, silicon
cratering, and aluminium splash where the thickness of the aluminum at the center of the
pad is squeezed to the sides. These factors may result in poor bond quality.
[0003] With the trend towards miniaturisation in the electronics industry, the bonding
15  wire is getting thinner, the bond pad space is getting narrower and the bond pad size is
being shrunk. This means that a larger percentége of the bond pad area is experiencing a
large stress. Further, the trend towards copper low-K (e.g. low dielectric constant) and
ultra low-K also poses a challenge as the materials are soft and brittle. Wirebonding has
been found to cause cracking and delamination in the low-K layers. The above mentioned
20 problems may be further worsened with copper wire bonding rather than gold wire

bonding as copper is harder than gold. Mechanical simulation shows that the stresses on

the pad are much higher with copper wire than with gold wire.



[ 0004] These failures due to high stresses can be reduced if bonding
paraneters such as the free air ball shape, touchdown force and durations
as wel | - asoubiwdsmmi ¢ energy and duration are opti m zedporis2knmedigsige of
the stress state under the bond pad. Capillary shape also plays a role in
determ ning the shape and the strength,of the bond and the 5stress induced
on the bond pad. Capillary design can al so be optim zed taking into account
the stresses induced on the bond pad. [0005] Measuring and mappi ng the

stress di fjobyput MhRseAdeks BieolaRlstRAGEs 2R bE K8l P bBAdIh S pa8meRrd fienf ai l ure
mechani sns of wirebonding will all ow easier determ nation of process

par aret et 5, Aok TN SR ABLLLRALS MRS ATRuSHON LNl LAIIGER hlpugh as

silicon cratering, alumniumsp n oW I ng can ed and
nore robust w rebonds.can .he for.ned. nventiopal nefhqds.to asyure the
Stress i S BRGRO MRS Eh s B RE PR OB irg e o0 SRS | on
for extrapol atjon _of stress fromthe measuregﬁ{legi ons t? the unnmeasured -

regi ons. $PDEIseAShIHN deigmipingHbe shapeiand ghe, seneth pt the; and the

pi ezoresi stive sensors 15 arranged in a Weatstone bridge configuration at
t he coY nesteeshiindysed opailie Hond 4)ad. Aapillppudessgmeary slsarbe eptimgiged) takingménte he same
crystall ographic direction. Wth this configuration, there is a single

out put si geakntule sttesses indasqboerdthe bondipaslt r ess conponent c.v. The stress
conponent cr,9, is a shear stress. The subscript x of the stress conponent

axy reprefoosis t MeadudmCbhd Mmappidgathet strdshadistbiitime ubid@nthehbaiid pAE afid r ess
acts upon. The subscript y of the 20stress conponent crxy represents the

directi oncdfeldith@ Shes€Sto iths fallureFinMchigthe e twirdbdRlihPIwils AIRRN &sRE tO
correlate oly to another stress conponent a,. The stress conponent az is a
determination of process parameters and improved capillary designs such that failures
10 such as silicon cratering, aluminium splash and low-K cracking can be avoided and more
robust wirebonds can be formed. Conventional methods to measure the stress distribution
under the bond pad may involve mechanical simulation for extrapolation of stress from
the measured regions to the unmeasured regions.
[0006] One conventional method is to place four n-type piezoresistive sensors
15 arranged in a Wheatstone bridge configuration at the corers of bpnd pads [1-4]. All four
sensors are aligned along the same crystallographic direction. With this configuration,
there is a single output signal which corresponds to a stress component o,. The stress
component 0y, is a shear stress. The subscript x of the stress component o;, represents the
direction normal to the surface upon which the stress acts upon. The subscript y of the
20  stress component o, represents the direction of the stress itself. Finite eleme;nt modeling
is then used to correlate oy, to another stress component o,. The stress component o; is a

normal stress. The subscript z of the stress component o; represents the surface on which

the stress acts. However, this method determines only one component of stress which is



normal stress. The subscript z of the stress conponent ai represents the
surface on which the stress acts. However, this nmethod determ nes only one
conponentwohositmess which is 3 the shear stress outsidectrhse2pamsoicdhi s

met hod does not take stress measurenent under the pad where failure usually
occurs. Further, one assunption nmade uging this nmethod is that all four
resistors have the sane resistance which is highly unlikely given current
fabrication nethods. 5[0007] Anot her conventional method incl udes -pl acing

single |ipR sHedr¥REssPARTRIth&FddRSPhik Bf‘eth%@ rab@srnc@ftalmﬂéssnﬁas@@ﬂlewzﬁ%bne
n-type sensor over the entire bond pad area . However, this method

measur es g&l{'\ghérgr thfurdfdia 28&%& @ﬁhg&o&% JsQJ lotﬁarﬁad% dsin{é‘%ﬁ{ %i‘ ghip

with resisStance c ange. I's net does no rreasure stress un e bond
pad. 10 S %8808] According to .one e a b stress testing
brrangens TRdivE e BURcrS e ae B Piehl” sPPRR s PRt udes at
| east oneﬁgond pad a sensor assenbly conpri SI ng any one of a first sensor
arrangene ricafio@dpeihRfissensor arr angenent 15 and a conbination of the first
sensor arrangenment and the second sensor arrangenent; wherein the first
sensorS ar [9Adk meHnother genyisniéenal methed includes plaging siagle Imemdype samser aseassi on of
a bondi ng area under the at | east one bond pad, and the second sensor
ar r angenethe destendfipomtipsdantkseepantine naypesmsati sver itheutrition bovk padaagga(§]. on or
an entire of the bonding area under the at | east one bond pad. 20
[ 0009] AccHbWEV, tits amsthddemeastibdbondnforceaante ot that Bohd foicaibag aStih@ss on a
relationship with resistance change. This method does not measure stress under the bond
pad.
10
SUMMARY
[0008] According to one embodiment, a bonding stress testing arrangement is
provided. The bonding stress testing arrangement includes at least one bond pad; a sensor
assembly comprising any one of a first sensor arrangement, a second sensor arrangement
15 and a combination of the first sensor arrangement and the second sensor arrangement;
whérein the first sensor arrangement is adapted to measure an average stress on a portion
of a bonding area under the at least one bond pad, and the second sensor arrangement is
adapted to determine stress distribution over a portion or an entire of the bonding area
* under the at least one bond pad.
20  [0009] According to another embodiment, a method of determining stress on a

portion of a bonding area under at least one bond pad is provided. The method includes

any one of measuring an average stress on a portion of a bonding area under the at least



portion of a bonding area under at |east one bond pad is provided. The

nmet hod i ncludes any one of neasuring an average stress on a portion of a
bondi ng aveaoundersit he at | east 4 one bond pad, and deterscningosiss ess

di stribution over a portion or an entire of the bonding area under the at

| east one bond pad. BRI EF DESCRI PTI ON gF THE DRAW NGS 5[ 0010] I n the

drawi ngs, |like reference characters generally refer to the sane parts

t hroughout the different views. The drawi ngs are not necessarily to scale,
enphasi s bixs beadl pad navdaddtgtntiging gtrpdsadismibutieon ovdrl a1pbrtwhi trgar leatiger ofinthepl es of
the invention. In the foll ow ng description, various enbodi nents of the

I nvent i onpaidEnglfes tndee thewi 1dast'ont 86 .to the follow ng draw ngs, in which:
10[ 0011] Figure 1 shows a schematic diagram of a bonding stress testing

arrangenent according to one enbodi nent. [0012] Figure 2 shows a schematic
di agram of a first sensor arrangenent of a bonding stress testing

arrangenent according @ilﬁgﬁ %Wmﬁ]oﬂ,pﬁk%ﬁkﬁi%ga shows a

t hr ee- di nensi on schema ifagram o € crysta i ons 15according to
. di . y g
one eq?o : : :
ko'B‘iG]t In the drawings, like reference characters generally refer to the same parts

throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:
10 [0011] Figure 1 shows a schematic diagram of a bonding stress testing arrangement
according to one embodiment.
[0012] Figure 2 shows a schematic diagram of a first sensor arrangement of a
bonding stress testing arrangement according to one embodiment.
[0013] Figure 3a shows a three-dimension schematic diagram of the crystal directions
15 according to one embodiment.
[0014] Figure 3b shows a schematic diagram of an arrangement of sensors of a first
sensor arrangement of a bonding stress testing arrangement according to one
embodiment.
[0015] Figure 4 shows a drawing of crystal directions according to one embodiment.
20 [0016] Figure 5 shows a schematic diagram of a second sensor arrangement of a
bonding stress testing arrangement according to one embodiment.
[0017] Figure 6 shows a schematic diagram of a second sensor arrangement of a

bonding stress testing arrangement according to one embodiment.



[ 0014] Fi gure 3b shows a schematic diagram of an arrangenent of sensors of a
first sensor arrangenent of a bonding stress testing arrangenent according
to one enfpodoieind231[ 0015] Figure 4 shows a drawi ng of cr ygtralgaeiiifegiscs ons
according to one enbodi nent. 20 [0016] Figure 5 shows a schematic di agram of
a second sensor arrangenent of a bondigg stress testing arrangenent
according to one enbodi nent. [0017]Figure 6 shows a schematic diagramof a
second sensor arrangenent of a bonding stress testing arrangenent accordi ng

to one entgAigrentrigure 1 LRI Tisehtnfutid GIRNA F S SQeRBksof aadhgmen! of asecond
sensor arrangenent of a bonding stress testing arrangenent according to one

erbod! e bond P4RLE |t LarthrlRUR Beh SHE I CatlicBlh AR, O @ second sensor
arran_genent or a On_CI stress testin arrange_man accordi ng to one
S?tr)gglggemgmmg; Og%qg:rle gheowgs § 281\@!5ma?ic Scﬁng?grrgtc;fca gelec%gé aSgI’IIS%I‘ axaraggee?n%g o? %nsor

bonding stress testing arrangement according to one embodiment.

5 [0020] Figure 9 shows a schematic diagram of a second sensor arrangement of a
bonding stress testing arrangement according to one embodiment.
[6021] Figure 10 shows a flowchart of a method of determining stress on a portion of

a bonding area under at least one bond pad according to one embodiment.

10 DETAILED DESCRIPTION
[0022] Embodiments of a bonding stress testing arrangement and a method of
determining stress will be described in detail below with reference to the accompanying
figures. It will be appreciated that the embodiments described below can be modified in
various aspects without changing the essence of the invention.

15 [0023] Figure 1 shows a schematic diagram of a bonding stress testing
arrangement 100. The bonding stress testing arrangement 100 includes at least one bond
pad 102 and a sensor assembly 104. In one embodiment, the sensor assembly 104 may
include a first sensor arrangement 106. In another embodiment, the sensor assembly 104
may include a second sensor arrangement 108. In yet another embodiment, the sensor

20 assembly 104 may include a combination of the first sensor arrangement 106 and the
second sensor arrangement 108.

[0024] For illustration purposes, Figure 1 shows that the sensor assembly 104

includes a combination of the first sensor arrangement 106 and the second sensor



bondi ng stress testing arrangenent according to one enbodi nent.

[ 0021] Figure 10 shows a flowchart of a nethod of determ ning stress on a
porti on oVO20bAK3e3Mg area under at | east one bond pad a®C®HSEieig/o0e6dne
enbodi ment. 10DETAI LED DESCRI PTI ON [ 0022] Enbodi nents of a bonding stress’
testing arrangenment and a nmethod of degerm ning stress will be described in
detail below with reference to the acconpanying figures. It wll be

appreci ated that the enbodi nents descri bed bel ow can be nodified in various
aspect s warrdigeineathE03giingné babediments eheofirst femsormareanpeent 106[A0d2B¢ keogude 1
shows a schematic diagram of a bonding stress testing arrangenent 100. The

bondi ng S§én§&5aﬁﬂ%hﬁﬂt a08 ange e NisphdQ ioACihed@meaboh@dald W2e thoa@dtead 102
and a sensor assenbly 104. In one enbodi nent, the sensor assenbly 104 may

| ncl ude ai%i)&ﬁﬁleﬁt?%ﬁﬁg@@%&@%@%ﬁgkméﬂqw RO SBEInd TR B R emdnb § 0§ ENS O

assenbly 4 may Inclu sensor arrangenent 108. In yet another

enbodi nent , the. sensor assenbl may i nclude a conbination of the
first sen§%¥L%ﬁ?ﬁﬁﬁgﬁgﬁﬁgfﬁg%gﬂgp%ﬁéegecond sensor arrangenent 108.
[ 0024] For il lustration purposes, Figure shows that the senso ssenbly
04”1 w1 ulazSh c g i PP Srmesmer e and ahigrond s ingenaneerioR 4T ne
second sensor. 6 _arrangenent 108. In one enbodinent, the first sensar
ar r angeneicludee Phwalityd sensersigsreaticdy- [a ppe aghodiment; i nmbep af gansers 96d on
t he sanme bond pad 102. In another enbodinment, the first sensor arrangenent
106 and tthe Bwstcerbos emsogensant alif§eansnthel @8nbrryothsendprspols é¢ sgvond fstrsoent bond
pads 102.

arrangement 108 may be the same. In another embodiment, the number of sensors of the

first sensor arrangement 106 and the number of sensors of the second sensor

10  arrangement 108 may be different. The plurality of sensors may be silicon-based
piezoresistive stress sensors or resistors. The first sensor arrangement 106 is adapted to
measure an average stress on a portion of a bonding area under the at least one bond pad
102. The second sensor arrangement 108 is adapted to determine stress distribution over a
portion or an entire of the bonding area under the at least one bond pad 102.

15 [0026] In one embodiment, the bonding stress testing arrangement 100 may be a
wirebonding test chip that uses the various piezoresistive stress sensors to determine the
bulk and localised stresses below the bond pad 102. The wirebonding test chip may
measure stress components under the bond pad 102 so that the stresses can be correlated
with failure mechanism of the wirebond. A complete picture of what causes the failure of

20  wirebonds may be provided. The wirebonding test chip may contain structures to allow

the real-time measurement of four components of stress (0x, 0Oy, 0z, Oxy). The stress

components Oy, 0y, 0, are normal stress. The subscript x of the stress component o;

represents the surface on which the stress acts. The subscript y of the stress component o



5[ 0025] The first sensor arrangenent 106 and the second sensor arrangenent
108 may include a plurality of sensors respectively. In one enbodi nent, the
nunber ofweensors23ef the first sensor arrangenent 106 awrdtisieeontobes of
sensors of the second sensor arrangenent 108 nay be the sanme. In another
enbodi ment, the nunber of sensors of the first sensor arrangement 106 and

t he nunber of sensors of the second sensor 10 arrangenent 108 nay be
different. The plurality of sensors nay be silicon-based piezoresistive

stress sepsRisnt@the’sEFhIR whicH R strbdsSbtsSERSQbs@Hpt 2109 HRfRkssl@tpofefdapt ed to
measure an average stress on a portion of a bonding area under the at | east

one bond pad. 1&% the WESC 60 0 PERS YresB WLRANER nseurl])tscrégs | Sme ARk el 8 et er m ne
stress di SEFTBUL I ON OVer ~a portion Oor an entire % Ne ondﬁng area under
the at | east one bond pad 102. . 15 [0026] In_one enbodi nent, the bonding
stress t e§Vir?@eS£P?sdﬂﬁéﬁ%?ﬁ %ﬁhlﬁéyﬂ%%reas f6ts- RS rRe Py CRANCR P 1t AARAlises t he
various piezoresistive stress sensors to determne the bulk and | ocalised
stresses {9mso\Whehrabiroipt y pddhel §ifess Threpanienie by mehiresgntsebe dirbitipnndytherstassir e
stress conmponents under the bond pad 102 so that the stresses can be

correlat egtinbtdn thaishime. MheTai Sompdhedth ®f BireNON b, 6,,CANPMEY ferRbsehiz e Of
what causes the failure of 20 wirebonds may be provi ded. The w rebondi ng

test chi psRY d@buAbA 'ﬁ{er\k'i?éﬁéﬁéﬁgtt&éﬁf)ﬁb%r‘é# dife o HPE oF BRIy Of T our

conponents of stress (i1fx, ay, az, e stress conmponents az, ay, az

are normg_ St u I X c ents
the surf aB el fenstR e T BT sbitbr Brlioehgft M) SHio O e Bor ol 37
conponent _a 7. represents the surface whi ch. t he.stress ts. Th
cobbor s pt e Page SrhEBL I el st hortia gy et SR E e o ¢ ne
stress acts. The subscript x of the stress conpgnent 0-,9, represents the
surface offn§i EROEHBEN tlpg&vh&&%lwﬁ% the; agping, eﬁﬂ&fé [istighutign 1p gheyargpeqy
stress. The subscript y of the stress conponent oly represents the

di r ectQ onbadew thecbosd pad 402.

[0027]  In one embodiment, the bonding stress testing arrangemént 100 may further
include a data processing unit 110 adapted to collect data representing values of the
respective components of stress from the first sensor arrangement 106 and the second
sensor arrangement 108 (e.g. plurality of sensors of the first sensor arrangement 106 and
15  the second sensor arrangement 108), and to determine the stress values under the bond
pad 102 based on the collected data.
[0028] For a densely populated design, routing of the sensors can be a challenge. A
data processing unit (which may be also termed as data acquisition system) 100 may
require sufficient channels (one for each sensor) to carry out the measurements. An
20  integrated ci-rcuit design may be used such that the required calculations are computed on
the chip (e.g. including the first sensor arrangement 106 and/or the second sensor
arrangement 108) with the resulting four components of stress (04, 0y, 0;, Oxy) being

transmitted to the data processing unit 100 (e.g. computer). The transmission of the



5 acting on the surface. The four conponents of stress (ax, ay, a, a"y) my
represent a stress distribution. The w rebonding test chip may contain two
types of wensorg9smanely | arge area sensors (e.g. firstpeessasiians@ngenent
106) which allow the neasurenent of average stresses in silicon under the
bond pad 102, and m niaturized sensorsg(e.g. second sensor arrangenent 108)
which allow for the mapping of stress distribution in the area 10 bel ow the
bond pad 102. [0027]1n one enbodi nent, the bonding stress testing

ar r angenefiforddfon®yg. fonirt fipdnets Lui&txassd@;aa,proq eSypifiogh thei ¢hip 16 tiedagmh ed to
coll ect data representing values of the respective conponents of stress

fromthe Ekkégmg%ﬂ§q00ﬁk&%@gﬁﬂﬁqk“%@ngnd t he second sensor arrangenent 108
(e.g. plurality of sensofs of the first sensor arrangenent 106 and 15 the

] e bond o r?ﬁf?%ﬁndl%?h(?&? g ETQ"F 35%*8?1%%%‘%@@ O g
(o o maffSpPE el GPRGORE PO aBe Tt T CRgLiPe f’f%oé”%aﬁrsfééhﬁ”?e“””

sufficient channel (one for each sensor) arry out the negsurenments. An
20 i nt%gr%ﬁf%e’é‘ls’i‘tcmét inglidegA ni% ity eot dgwr%a%ﬁtsa%%e diqrea peGioRradg of the

cal cul ations are conputed on the chip (e.g. including the first sensor

ar r angenebendigpd Hid Dotted Hae 20@ awlicates ﬁh@boralrmgmgé ABhundgghe hprdpad E02.
resulting four conponents of stress (ax, ay, az, axy) being transmtted to
t he dat a Perodésgatn pnipossQ®nlie four sconput 24)12) areT be vy amdigwgsi 2nlmfotliene

embodiments, the number of sensors 202 may be different. In one embodiment, the
plurality of seﬁsors 202 may be silicon-based piezoresistive stress sensors or resistors.
10  The plurality of sensors 202 includes sensors of a first polarity 204 and.sensors of a
second polarity 206. In one embodiment, the number of sensors of the first polarity 204
and the number of sensors of the second polarity 206 may be the same. In another
embodiment, the number of sensors of the first polarity 204 and the number of sensors of
the second polarity 206 may be different. ‘In one embodiment, the first polarity is n-type
15  conductivity and the second polarity is p-type conductivity. In another embodiment, the
first polarity is p-type conductivity and the second polarity is n-type conductivity.
[0030] The plurality of sensors 202 is arranged such that the sensor of the first
polarity 204 is placed adjacent to the sensor of the seéond polarity 206. Each of the
plurality of sensors 202 is oriented or arranged along a different crystal direction. One
20  sensor 202 is oriented or arranged along a crystal direction of [110] as illustrated in
Figure 3a which shows a three-dimension schematic diagram 300 of the crystal
directions. Each crystal direction has a form of [abc]. The first entry ‘a’ of the crystal

direction [abc] is a component of the crystal direction along the x-axis. The second entry



8 information e.g. four conponents of stress (as, ay, az, axy) fromthe
chip to the data processing unit 100 may be wired or wreless.

[ 0029] Fi gwoes1i2gysnd 2b show a schemati c di agram of arr ogsoeati®o@dda, 220b
of the first sensor arrangenent 106 di sposed on the bond pad 102. The first
sensor 5 arrangenment 106 includes a plyrality of sensors 202 disposed on a
portion 204 of the bond pad 102. Dotted |ine 200 indicates the bonding area
201 under the bond pad 102. For illustration purposes, only four sensors

202 are showf thelerbétgludifecon n{)ab is AeonfpER& OBt Fystl ireBlisibabnOtheSengNr s 202
may be different. In one e ment, the plurality of sensors 202 may be

si | i con- beggehiRi &4QF €5 bﬂueV&yssélr&ém@mar@ OonfRabitdfe el BRedtol’ al i ty

of sensors 202 |ncludes sensors of a first polarity 204 an sensors of a

second polapi i 206 Halh OAEIBLHEH e 4P BB bRk 3603003 Of the firs:

polarity er ot sen ors 0 arity 206 may be

t he sane. enbodi.nment nber of . sensor f the first
polarity Eﬁﬁlﬁ @hH@HKQFS%FOQghQ F“?%@‘Eﬁ%@ﬂﬁ %%?&FFWVmﬁﬁéwﬁﬁy be
different. In one enbodinent, the first polarity is n-type 15conductivity
and the sEESH pBi: fei Ty Eachyiengs 202 4t eﬁ?@F AP {ReasYrp aJReHETe MROBEH®At | t he
first polarity is p-type conductivity and the second polarity is n-type
conduct i vbtrepss (@RE30%Te)- Jhafiast senponsrangementd 00 Goadapted to megrane auakraghat t he
sensor of the first polarity 204 is placed adjacent to the sensor of the
second pobtarss iyde2 (e pdrtioin 208 of the bphdipad 102ycavkredéhysbe pludity of samsore202d or
arranged along a different crystal direction. One 20 sensor 202 is oriented

or arrangbskedloanbe fespécyist @bmponcaat dfastresy mpdshfed Wsthe lpluralityaifadndofs Fdgur e 3a
whi ch shows a t hree-di nension schematic di agram 300 of the crystal

di recti onghe GAGH nfehditbdls Aefag6d bR thdentRe hRE MbOed[rédid) (BN 905&05%8 Qptry 'a'

of the crystal direction [abC] is a conponent of the crystal direction

al ong; § hegx1axh pad ﬂjﬁ THEORAs#86Y ThE sensors 202 can be placed at the center and/or

sides and/or any other location in the bond pad 102 as shown in Figures 2a and 2b. An
average bulk stress at the location where the sensors 202 are placed the bond pad 102 can
be determined.
[0032] In one embodiment, the plurality of sensors 202 may include four sensors 202
15 - two sensors of the first polarity 204a, 204b and two sensors of the second
polarity 206a, 206b. In one embodiment, the first polarity is n-type conductivity and the
second polarity is p-type conductivity. In another embodiment, the first polarity is p-type
conductivity and the second polarity is n-type conductivity. Figure 3b shows a schematic
diagram of an arrangement 302 of sensors 202 of the first sensor arrangement 106. As

20  shown in Figure 3b and with reference to Figure 3a, a first sensor of the first polarity

204a is oriented along a crystal direction of [110] (e.g. [-110]). A first sensor of the
second polarity 206a is placed adjacent to the first sensor of the first polarity 204a and is

displaced 45° from the first sensor of the first polarity 204a. The first sensor of the second



"b'" of the crystal direction [abc] is a conponent of the crystal direction
along the y-axis. The third entry 'c' of the crystal direction [abc] is a
conponentwofoiigomnystal direction along the z-axis. Eaehrsenerofel is

di spl aced 45 from the adjacent sensor 202. [0031] The plurality of sersors
202 may be used to determ ne the four fPnponent s of 5 stress (a" ay, a,
a"). Each sensor 202 is adapted to neasure a respective conponent of
stresss  (ax, ay, az, a"). The first sensor arrangenent 106 is adapted to
nMeasur e apo@Me! B s bfieed umqgra driARal et N0 4080 PfA §deend SsioPEChd GRsicover ed
by the plurali'ty of sensors 202 based on the respective conponents of
stress ne . NRAY S IS
aver aged g@%ﬁgfﬂgﬁhﬁnﬁ?ghg@ §E‘683&%%§£§%%§5%?§W5;Q§%? ?%§%§g@§b¥ﬁ€% t he
bond pad 102) o sensors 202. .The sensors. 2 C be pl,aced at .t he
center an 738?”%‘{ ‘b%gfodlﬁ@e rStaSr?i}SO(Stoﬁl}?e ﬁefi%"glts oty 28?‘?1 gnhﬁc?ﬁ%’p S5PH9T HE shown
in Figures 2a and 2b. An average bul k stress at_the Iocatign where t he
sensors 28t gplarigy 204 s oienise 3lpng focrygsal %&ﬁﬂ%%&lg}- Mt AeFgn [smfszpf theone
enbodi ment, the plurality of sensors 202 may include four sensors 202 15 -
two sehsosesond pelartyr306bis platedradiagentod the sponpld samsgr ofvdie SissiPolagitn?04btradsecond
polarity 206a, 206b. In one enbodinent, the first polarity is n-type
conduct i vist dispackdt45¢ fimet tedeq@mdasendoy of shepfirstypeanity20dl.t The tegond sensoratfher
enbodi ment, the first polarity is p-type conductivity and the second
polarity ife secdrdilfNdo6H is\oriexted fldig aecrydtal slvevsonco f{C OB MBAdhCsedica@0aan of an
arrangenent 302 of sensors 202 of the first sensor arrangenent 106. As

20shown i nodd, 2064 23Bb 3G Médstire £ BREEcInthInbAIITR 1R (08 d,] 55T y?.emwé of the
first polarity 204a is oriented along a crystal direction of f 10] (e.gq.

[-110]). Anbbdigens Eaﬁ%engqr Johg mﬁ,%ap@ds%rrw%%{égﬁrgﬁsﬁecpb@geggtaagé. aggnt to

the first sensor of t rst polarity 204a dn I'splac 45 fromthe
first,sensor. of the first ak i 43 The 11 S f egond 10
pol ar 1y ok bEfachsblt BPisnabds! 2l du Ry hinkl SRER"Risap deiEielCAT

sensor of the first polarité 204b is placed adjacent to the first sensor of

the seconghgt 3K kHeYrediBHarc bfSeadh SBsBE 20442048, 064, TR6hichs be SeERNte@l t he
second polarity 206a. The skcond sensor of the first polarity 204b is

oriented along a crystal direction of [110]. A second sensor of the 5
second pobarity 206b is placed adjacent to the second sensor of the first
polarity 204b and is displaced 45 fromthe second sensor of the first
polarity 204b. The second seng@r Rﬁxghg_qugnd polarity 206b is oriented

along a crystal direction of ) sor 204a, 204b, 206@, 206b may
measure a respective conponent of st s/ (a,, ﬁ9,, az, a"). In Re
enbodi nent, each sensor 204a, Zeﬂﬁ@ﬂﬁﬁ ,1@@@3 may have a respective

resi stance. The
wherein R(c,AT) is a resistance of the sensor measured when stress is detected and there

15 is a change in temperature, R(0,0) is an initial resistance of the sensor when there is no
stress, f(AT) is a temperature coefficient of resistance, 3(A7) is a temperature coefficient
of piezoresistance, /7is piezoresistive coefficient, and ois the stress component.
f{AT) can be represented by:

f(ar)=3a, aT"

=a,AT +a, AT’ +...

@



10 resistance of each sensor 204a, 204b, 206a, 206b may change due to
stresses detected. A change in the resistance - of each sensor 204a, 204b,
206a, 206kocan/Benepresented by: R(c ,AT)- R(0,0) R(O0pc@)sGritimodics AT)+[17
+ p(AT)]0- wherein R( a, AT) is a resistance of the sensor neasured when
stress is detected and there 15is a change in tenperature, R(0,0) is an
initial resistance of the sensor when there is no stress, f(AT) is a
tenperature coefficient of resi-stance, p(AT) is a tenperature coefficient
of Pl €20l GRLRANCS allistick! HZSAERkER! ¥ S O Nt}%@éfhmeﬁtngf SadnStehficShE eSS
conponent. f(AT) can be represented by: (AT) = T N (2) =ctl AT+a2AT2

aN |s an Nth coefficient of

. N
;ach tern$€W5$h§188#5%5@?%99§a6§#¥%ﬁ"1%ﬁ@mﬁﬁ“?s a change in tenperature.
B(AT) can be represented by:

plar)=5 p A"
= B, AT + B,AT’ +

3)

5 wherein N is an index of summation, By is an Nth coefficient of each term of the
polynomial equation, and AT is a change in temperature.

[0033] Figure 4 shows a drawing 400 of crystal directions of the sensors. With
reference to Figure 4, the change in the resistance = of each

sensor 204a, 204b, 206a,'206b can also be represented by:

+ —
AR |7y, +T, Ty, o, + Ty T Ty o, |12
R 2 2

10. +[(n11 +7t2,2 Y JG“ +(n11 +7t212+7544 ]022} m? (4)
+7, 05+ 2(7‘:11 Ty )012 Im
=Iloc

where =n,, , m,, m, are piezoresistive coefficients, o,,, ©,,, T, , ©;, are stress
components, /=cos¢ , m=sing , II is piezoresistive coefficient, and o is a stress

component.

[0034] In more detaii, the change in the resistance z%i_ of the first sensor of the first

15  polarity 204a can be represented by:

AR nt +nl, +x) T+, — T
1 —- 11 12 44 Gx+ 11 21'2 44 o.y+n;12o_z (5)

R, 2



/3(zI T) can be represented by: fi(dT)= Eig NAT N (3) = 13, AT+ AAT2 +... 5
wherein Nis an index of summation, ONis an Nth coefficient of each term
of the povonreniab2sgquati on, and AT is a change in tenpePaT($G2011J/0008] Fi gur e
4 shows a drawi ng 400 of crystal directions of the sensors. Wth reference
to Figure 4, the change in the resistgnce - of each sensor 204a, 204b,
206a, 206b can al so be represented by: AR [(nil -1-7c12+1144 )(7Cl1
-F7r12-7C44 ), 1 12 all ----- R =2-22 10+4[( Thii  nl12 -n44)0. +(Thu

7t 12+114¢herkfh 23], 492(4) atd piézoresistive lebefifdertsl (R, o) T62)4r8 Idrhal strids

components, and n indicates that nj,, nj,, 7y, are piezoresistive coefficients for a sensor

of n-type conductivity.

The change in the resistance ég— of the first sensor of the second polarity 206a can be

5  represented by:

AR, _(n$1 + b,

= . ](cx +o, Jrnho, +(mh -t e, ©)
20

wherein nf, , n}, are piezoresistive coefficients, o, , 5, , o, are normal stress

components, T, is a shear stress component, and p indicates that nj, , =f, are

piezoresistive coefficients for a sensor of p-type conductivity.

10 The change in the resistance é——}? of the second sensor of the first polarity 204b can be

represented by:

AR Ty~ T+,
: 3 — 11 12 44 o.x + 11 12 44 O.y +7z.17120.z (7)
R, 2 2

. n  n  .n : - :
wherein 7y, mj,, m,, are piezoresistive coefficients, o, , ¢,, o, are normal stress

components, and n indicates that n},, nj,, 7}, are piezoresistive coefficients for a sensor

15  of n-type conductivity.

The change in the resistance % of the second sensor_of the_second-polarity-206b-can-be -

represented by:

AR, (#f+n?
LA - ®
40



whereTh ,5 7ca , al2(322 , 44 are piezoresistive coefficients,a33 are
stress iini2u, conponents, / = cosO0, nrsin0 5 17 is piezoresistive

coef fici aNDO208N392811 s a stress conmponent. [0034]1 n nor ePd@S&2011/000468 change
in the resistance - of the first sensor of the first 15polarity 204a can be
represented by: AR rcin, +rcin2 + 'TELsItin2 -Tc4n4+Tr. a R QR2y12 z +((5)
12 wherein mni , mn2 7t44 are piezoresistive coefficients, az , ay , az
are normal stress conmponents, and n indicates that mni , 1-42, rc4"4 are

pi ezoresi ghinth GALT FAICT RO SieddPésistive CEbRBcidts, ol YPE, CANAURS inétrhl- stress

components, t, is a shear stress component, and p indicates that =}, , =}, are

Xy
piezoresistive coefficients for a sensor of p-type conductivity.
A stress distribution beneath the bond pad 102 may be obtained from the four
5 components of stress (0x, Oy, 0, Oxy) Which can be determined based on the above
equations (5) to (8).
[06035] In one embodiment, four stress sensors 202 arranged in a specific
configuration are needed to determine the four stress components (0x, 0y, 0, 0Oxy) by
using the above equations (5) to (8). In short, the four stress components (o, oy; Oz Oxy)
10  can be determined by using the above-mentioned four sensors 204a, 204b, 206a, 206b
togethef. One embodiment of the configuration of the four sensofs 204a, 204b, 206a,
206b is arranging the first sensor of the first polarity 204a, the first sensor of the second

polarity 206a, the second sensor of the first polarity 204b, and the second sensor of the

second polarity 206b along the respective crystal directions of [i 10], [010], [110] and
15  [100]. This configuration is chosen based on theory expressed by the above equation (4).

In theory, 1 and m are respectively the direction cosine and sine for the orientation of the

ith sensor (i= 1, 2, 3, 4). Both cos 45° and sin 45° are equal to V2 /2, and cos 0° is equal

to 1. Thus, the four orientations [i 10], [010], [110] and [100] are used. Nevertheless, in
other embodiments, it is possible to use other orientations of the first sensor of the first
20  polarity 204a, the first sensor of the second polarity 206a, the second sensor of the first
polarity 204b, the second sensor of the second polarity 206b for measuring the four

components of stress (0x, Oy, 05, Oxy).



The change in the resistance - of the first sensor of the second polarity
206a can be 5represented by: R2 ( = 70;1 +742(5. + a )+742az + (741 -7Cl1)2
Yrxy Y 2 WwaQo{ihBo23nherein, itll1l)2 are piezoresistive coethischentosoiesiz , ay
, az are normal stress conmponents, Txy is a shear stress conponent, and p
indicates that it, 701)2 are piezoresigtive coefficients for a sensor of
p-type conductivity. 10 The change in the resistance - of the second sensor
of the first polarity 204b can be represented by: AD 1-1113 = 2111 '1244
R302 [0036]  Figure 5 shows a schematic diagram of a second sensor arrangement 500
according to an embodiment. The second sensor arrangement 500 may correspond to the
second sensor arrangement 108 described above. The second sensor arrangement 500
includes a plurality of sensors 502a, 502b, 502c, 502d (e.g. the first sensor 502a, the
5 second sensor 502b, the third sensor 502¢ and the fourth sensor 502d). For illustration
purpose, only four sensors are shown in Figure 5. In other embodiments, the numbér of
sensors may be different. The plurality of sensors 502a, 502b, 502c, 502d includes
sensors of a first polarity 502a, 502b and sensors of a second polarity 502¢, 502d. Instead
of placing the first sensor 502a, the second sensor 502b, the third sensor 502c, and the
10  fourth sensor 502d on a same bond pad, the first sensor 502a, the second sensor 502b, the
third sensor 502c, and the fourth sensor 502d are separated onto different bond pads
504a, 504b, 504c, 504d respectively. The first sensor 502a, the second sensor 502b, the
third sensor 502c, and the fourth sensor 502d are disposed on a first bond pad 504a, a
second bond pad 504b, a third bond pad 504c, and a fourth bond pad 504d respectively.
15  Such an arrangement can help to save space taken up by the first sensor 502a, the second
sehsor 502b, the third sensor 502c, the fourth sensor 502d on the respective first bond pad
504a, second bond pad 504b, third bond pad 504c, and fourth bond pad 504d.
[0037] The first sensor 502a, the second sensor 502b, the third sensor 502c, and the

fourth sensor 502d are oriented along a different crystal direction. The first sensor 502a is

20  oriented along a crystal direction of [i 10]. Thé second sensor 502b is oriented along a
crystal direction of [110]. The third sensor 502c¢ is oriented along a crystal direction of
[010]. The fourth sensor 502d is oriented along a crystal direction of [100]. As can be

seen from Figure 5, the orthogonal sensors are of the same polarity. The first sensor 502a



"nnj_ ""nl | "12 '44 20- +7rn yl2 wherein mni , 7tin2 , min4
pi ezoresi stive coefficients, az , ay , az are nornmal stress conponen
n i ndi catwe havsiini , TC2, Tc4nd are piezoresistive ceeffsicecianvecs
sénsor 15of n-type conductivity. AR The change in the resistance -
s=nd_sensor _of _t he_second- pol ari ty-206f5 can-be represented by:

13 wherein, 1-c32 are piezoresistive coefficients, ax , ay , az are
stress conmponents, -czy is a shear stress conponent, and p indicates
ic, it2 andthy etondsesbi 62iC aef dritopgenl Sarfdothe ahsé REor 602 ahd/ e fourth
conductivity.

10

15

20

sensor 502d are orthogonal. In one embodiment, the first sensor 502a and the second
sensor 502b may be of the first polarity, and the third sensor 502¢ and the fourth sensor
502d may be of the second polarity. In one embodiment, the first polarity is n-type
conductivity, and the second polarity is p-type conductivity. In another embodiment, the
first polarity is p-type conductivity, and the second polarity is n-type conductivity.

[0038] The first sensor 502a, the second sensor 502b, the third sensor 502c¢, and the
fourth sensor 502d are disposed on the same location of the respective first bond pad
504a, second bond pad 504b, third bond pad 504c, and fourth .bond pad 504d. For
illustration purposes, Figure 5 shows that the sensors 502a, 502b, 502c, 502d are
disposed in the centre of the respective first bond pad 504a, second bond pad 504b, third
bond pad 504c, and fourth bond pad 504d. In other embodiments, the sensors 502a, 502b,
502c, 502d may be disposed at the sides and/or any other location of the respective bond
pad 504. Dotted line 506 indicates the bonding area 507 under the bond pad 504.

[0039] The first sensor 502a, the second sensor 502b, the third sensor 502¢, and the
fourth sensor 502d are adapted to measure a respective component of stress (0y, 0y, 05,
Oxy). The respective component of stress (0x, 0y, 0, 0xy) may be measured by the first
sensor 502a, the second sensor 502b, the third sensor 502c, and the fourth sensor 502d
during or after wirebonding. It is assumed that the wirebonding carried out at the first
bond pad 504a, the second bond pad 504b, the third bond pad 504c, and the fourth bond
pad 504d is identical. The second sensor arrangement 500 may determine stress under the
locations of the pluralityvof sensors 502a, 502b, 502c, 502d on the respective first bond

pad 504a, second bond pad 504b, third bond pad 504c, and fourth bond pad 504d based

are
ts, and
or a

of the

nor na
t hat



A stress distribution beneath the bond pad 102 may be obtained fromthe
four 5conponents of stress (ax, ay, az, o-xy) which can be determ ned based
on t he absveosgusatsions (5) to (8). 100351l n one enbodi mpatrsGhourosiss ess
sensors 202 arranged in a specific configuration are needed to determ ne
the four stress conponents (a", ay, 0z axy) by using the above equations
(5 to (8). In short, the four stress conponents (az, ay, az, axy) 10 can
be determ ned by using the above-nentioned four sensors 204a, 204b, 206a,

206b t ogebmete. reépretiendvasionemt oOktrdsheneaqunéd By that plovaliSf oft afsorO 502a$ SOOI S
204a, 204b, 206a, 206b is arranging the first sensor of the first polarity

204a, theshicr $628 GRS WurRbmpbRentesondsPEL o, by o;y%aa mdaﬁzeae@gleﬂ (égn@er of
the first polarity 204b, and the second s€nsor second polarity

206b al ongaﬁmma@ B e Vhrsf LSbALoA LEShAQ gpfSO%l}]tﬂ]rd s£01s021 14k 20

15[ 100] S con gurationis c osén ase gory expressed

shove sauat bl A0SRt A BHE RIS PBALI. oo
cos 43 an§104scl Qnd4 ?ou%lebo?l lljagcli SBEd)\é%rll %e daepegmlcn% 191 (;nse eem %1ment by increasing
the number of first sensors 502a, second sensors 502b, third sensors 502c, and fourth
sensors 502d on the respective first bond pad 504a, second bond pad 504b, third bond
pad 504c, and fourth bond pad 504d, the second sensor arrangement 500 may provide
mapping of the stress distribution under the bond pads 504a, 504b, 504c, 504d during
10  wirebonding. The second sensor arrangement 500 may provide a high spatial resolution
of the stress distribution mapping.
[0040] Figure 6a and 6b show schematic diagrams of a second sensor arrangement
600. The second sensor arrangement 600 may correspond to the second sensor
arrangement 108 described above. The second sensor arrangement 600 includes a
15  plurality of arrays 602 of sensors 604. For illustration purposes, only one array 602 of
sensors 604 is shown in Figure 6. Each array 602 of sensors 604 is disposed on a
respective bond pad 606 such that each array 602 of sensors 604 covers a portion of or an
entire area of the respective bond pad 606. Dotted line 608 indicates the bonding area 609
under the bond pad 606. In one embodiment, as shown in Figure 6a, each array 602 of
20  sensors 604 covers the entire bonding area 609 under the respective bond pad 606. In
other words, each array 602 of sensors 604 covers the area indicated by the dotted line

608 on the respective bond pad 606. In another embodiment, as shown in Figure 6b, each

array 602 of sensors 604 covers the entire area 610 of the respective bond pad 606. The



to 1. Thus, the four orientations [110], [010], [110] and [100] are used.
Nevert hel ess, in other enbodinents, it is possible to use other

ori ent at iwoonf13vize first sensor of the first 20 pol aripCy/sg@dajoodlee first
sensor of the second poldrity 206a, the second sensor of the first polarity
204b, the second sensor of the second pplarity 206b for measuring the four
conponents of stress (az, ay, az, axy). 14 [0036]Figure 5 shows a
schemati c di agram of a second sensor arrangenment 500 according to an

enbodi mentnatird REcaSAOVTAhS RBSRTivabsrlNha 0B lindheles MY erftidé b&swsked 809 [ty second
sensor arrangenent 108 descri bed above. The second sensor. arrangenent 500

i ncl udes ﬁlepa{r%l;{]gld%éa%dol;y gx%rlﬁ)%& 1i519%6%) é‘?ﬁ@etaﬁ&z&utsﬁg)% ftird boﬁchgg H]egst

sensor 502a, second sensor 502 I rd sensor 502c an e fourth

sensor 50%&% . %F%rglh%%a;[ 5%%%%’62%{( ROSSs 1! 4. QUL ¢ eegﬁt%iargge%alﬁp(&g@gin[] .

Fi gure 5. odi ment’s; the nunber of "sensors The

plurality of sensors 5 502h, 502c,. 502d includes sensqors of a first

pol arity SEGE%FPVS%’?B‘? 8?\8%@%%?‘5“6?3 ROSUIOBIRINFEPEFISE 3‘“@6&6’{“"36‘%&%4%& ead of
pl acing the first sensor 502a, the second sensor 502b, the third sensor
502c, andcatdeciass bgnesd Dehendingwodagy a same bond pad, the first sensor
502a, the second sensor 502b, the third sensor 502c, and the fourth sensor
502d are §Wda} at diheqiuralityi df famapné02hefrenpasi60bndmdesshrys 662 4€ serbo h04
respectively. The first sensor 502a, the second sensor 502b, the third
sensor 503fa fisngdolakiey dnduartakis 6@NsfuenswbP6Ddasfa @raplosdaditprinant iembbdiaeag pad
504a, a second bond pad 504b, a third bond pad 504c, and a fourth bond pad

504d r espgftfirvigiotarit} BSuEfpeaBn@ickiitg QR e eashdRIfity & cBR@LEvitRKEN up by
the first sensor 502a, the second sensor 502b, the tﬁ??ﬁﬁsensor 502c, the

fourth sensfer20AddMent ke ﬁ@ﬁmﬁty\r@pi}ipe%nmﬂd%p%ﬂd BRAReondSRoRMy Rend pad
504b, third bond pad 504c, and fourth bond pad 504d. [0037] The first sensor

502a, 16 h etyi)g Cc%ﬂ&'uc%ﬁ/ﬂ§.oﬁac§10£%y 6&6 of mng&s 0439 rqriéer‘gg ’aloql@da hnﬁrent crystal

direction. The sensors 604 of each array 602 have the same polatity and are oriented

along a same crystal direction.

[0042] The sensors 604 of the array 602 shown in Figure 6 have the same second

polarity (e.g. p-type conductivity) and are oriented along a same crystal direction of
15 [100]. The illustrated array 602 of sensors 604 may be termed as the first array 602 of

sensors 604 of the second sensor arrangement 600. In order to obtain the measurements

required, three other bond pads 606 with sensors 604 oriented along the three other

orientations [i 10], [010], [110] are required. Figure 7 shows a schematic diagram of
twenty locations 702 under the bond pad 606 for a complete mapping 700 of the stress
20  distribution. To obtain the complete mapping 700 of the stress distribution, the second
sensor arrangement 600 may require four different bond pad structures 606 (one for each

of the four orientations) and four wirebonds (one on each bond pad 606).



fourth sensor 502d are oriented along a different crystal direction. The
first sensor 502a is 20oriented along a crystal direction of [110]. The
second sewean1ipB2131i s oriented along_ a crystal directi @orsG20tihodiss The
third sensor 502c is oriented along a crystal direction of [010]. The
fourth sensor 502d is oriented along ggcrystal direction of [100]. As can
be seen fromFigure 5 the orthogonal sensors are of the sane polarity. The
first sensor 502a 15 and the second sensor 502b are orthogonal, -and the

third Senﬁmﬁ3E020flﬁfHﬂoﬁe,hﬁe fuhd &ﬁ@ﬁﬁhﬁé@&ﬁj 660 a9 litdeanRtond dtra§502
enbodi nent, the first sensor 502a and the second sensor 502b may be of the

first pol gf id¥ors 304, § Bifird dHd, @e&ssggso?%m Qﬁkﬂatfgﬁ—rﬂ 4y B0BENSREorsRRe may be
of the second polarity. In one enbodinment, the first polarity is n-type 5
conduct i vigt nd ihe c 0 ity - 0 ARV t her
e e SE-RFERIRBEIE B L BT IR
ol ari i.S n- e nducti vity. e st. senso , secon

g ensor éo%,tgl‘f‘iwée?%ﬁ%ﬁc&?@ﬁ%gr&é@?& ?he ﬂlﬂrﬂf A% ‘ffﬁe%sé’Fﬁs%)rA' %@gﬁp%ﬁeg °8i sposed

on the same |ocation of the respective first bond pad 504a, second bond pad
504b, % hi g seeEtabomiopads 6984 The sensars i Pfhe serond armay 602 1may havgstheat i on
pur poses, Figure 5 shows that the sensors 502a, 502b, 502c, 502d are

di sposed same fisst pelatitye(ed: nttype cerjyetivity end imayt behomentgshalos 4 sams eeysted bond
pad 504b, third bond pad 504c, and fourth bond pad 504d. In other

enbodi nent s, the nsors 502a, b, .502c, 502 be di sposed at the

o os. anafgietiayt SIRGY TheARRPENOB Of e RS 3TRY I8 TG EARE 857 SBoPted 1 i ne
506 indicates the bonding area 507 under the bond pad 504. 15 [0039] The
first senBYRNUL#; Pityre waderiyitybanomaybopricntetbalong p geme fostal dustionhd t he
fourth sensor 502d are adapted to neasure a respective conponent of stress
(a', a), HHO] abhe)senspineb6Qdesintefourth armayplanty bivesthe eamge fizst polity €ez8- naxy) may
be neasured by the first sensor 502a, the second sensor 502b, the third
sensot0 508pe cambictihity)fand ntaly bs eniexted 5l0Rgla dameé crgstalrdisktien offili@pbondi ng. It is
assunmed that the wirebonding carried out at the first 20 bond pad 504a, the

second bod4ppd T4 arrineo 6ff eflsdpo 604 Raach Safithunibee of §sédro604.IDdpeAdingad 504d
is identical. The second sensor arrangenent 500 may determ ne stress under

the | ocat ,9pg enfird 2262 Plorahd 6ohd3fad $666LESthe BAdinS AR 609 Beder tiROAIPAd t he
respective first bond pad 504a, second bond pad 504b, third bond pad 504c,

and fourt @069 AR RAGEr 2P46hsBASRH of each array 602 may vary. As an example, each array

602 has twenty sensors 604 to determine the stress distribution over the bonding area 609
15  under the bond pad 606 as shown in Figure 6a, and each array 602 has forty nine sensors

604 to determine the stress distribution under the entire bond pad area 610 as shown in

Figure 6b.

[0045] Each array 602 of sensors 604 is adapted to measure a respective component

of stress (0, Oy, 02, Oxy). The second sensor arrangement 600 is adapted to determine
20  stress distribution under the area of the bond péd 606 covered by the plurality of arrays

602 of sensors 604 based on the respective components of stress measured by the

plurality of arrays 602 of sensors 604.



16 on the respective conponents of stress neasured by the plurality of
sensors 502a, 502b, 502c, 502d. The four conponents of stress (ax, ay, az,
axy) at awbaoalizgsd region (e.g. the sane |ocation of tperficreti/sewsor
502a, second sensor 502b, third sensor 502c, fourth sensor 502d on the
respective first bond pad 504a, secondigoond pad 504b, third bond pad 5
504c, and fourth bond pad 504d) can be determ ned. |In one enbodi nent, by

i ncreasi ng the nunber of first sensors 502a, second sensors 502b, third
sensors 5f0d6] andiguaeBishowenshematidddgnm sthesccarpeaiir\agrahgentint Badhpad
504a, second bond pad 504b, third bond pad 504c, and fourth bond pad 504d,

the secon&caﬁd@afso@aﬁﬁ;ggﬁeﬁnﬁoomg B edPbRY kél the'RBUINEnr drRBe&hemR 98
di stribution under the bond pads %04a, 504b, 504c, 504d during 10

Wi r ebondi , r ' (oA ' ati al
resolutioﬂa%? %ﬁ%ﬁggggggéﬁgg?%? Jﬁ?@ﬁgﬁﬁg%?ﬁg%mﬁg%igf@¥gﬁféﬁé%hgﬁ§§§b show
schemati c_di agra second sensor _arrangene 600. Th ecqond sensor
2t angerePt Bo0S AR oo I BEAEHP FEORRorL bR GOUE Al PP Smsaln doR B 0

descri bed_above. The second sensor arrangenent. 600 j ncl udes .15 plurality
of ar raysFigdr dfEach ey oal sapsas 80 a%%%&t?éghl%ﬁ went %}lﬁt{j itetisy ¢ ay 602
of sensors 604 is shown in Figure 6. Each array 602 of sensors 604 is

di sposed The sensers 364 of vachigsenp Hrdhagethessante nokatty ast#ve grientpd along efsamensor s
604 covers a portion of or an entire area of the respective bond pad 606.
Dot t ed | i erest8D8ir¢atidncEhe plurdlity lobgciupy 882 ed s6@OruBRHecomprisedh graoipp £02 @6. | n
one enbodi nent, as shown in Figure 6a, each array 602 of 20 sensors 604

covers t henedit 804 ob o ikt pglasitye andogiBups B oftshsorsejdanftal seeordqputarppdn@i6. | n
ot her words, each array 602 of sensors 604 covers the area indicated by the

dotted |i gRb&fiMet) thBrst PSRAGL isViLtypendndativhPand ki sRehdBslafidRA-RBL , as
shown in Figure 6b, each array 602 of sensors 604 covers the entire area

610 ofjt h&r@gﬁgﬁ%gﬂ ggmwex%&diﬁ@@r H Birst bO1GR i F-tfeCnilQively drdthe

respective 6 1ncludes the entire bonding area 609 (e.g. the area

i ndi cat ed h t.ted |i and the area outside the entire bonding
ar ea 609.“:¥?%%§F%§1%§c eépﬁg%%%%% of sensors 604 to cover the entire area

C10,of  PRgRERSGLL S, SNGRo00, A0 L OLE! 318, R0 SR GRS
i— gggé}. ;’hg l.. lfiraglll igEoXJpOSfOZaorfrsggs%rs(S 024 I?Js t g Qz;sn?é xslurgl())é oif r;glligsd8%% oai"rsrezr?%% %)42 of
Each series 806 of sensors 804 has the same number of sensors 804. Each series 806 of
15  sensors 804 is disposed on a respective first bond pad 808a, second bond pad 808b, third
bond pad 808c, fourth bond pad 808d, and fifth bond pad 808e. Each series 806 of
sensors 804 is disposed on a different portion of the respective first bond pad 808a,
second bond pad 808b, third bond pad 808c, fourth bond pad 808d, and fifth bond pad
808e. Each series 806 of sensors 804 may be arranged in a row or in a column on the
20  respective first bond pad 808a, second bond pad 808b, third bond pad 808c, fourth bond

pad 808d, and fifth bond pad 808e. Dotted line 810 on each of the first bond pad 808a,

second bond pad 808b, third bond pad 808c, fourth bond pad 808d, and fifth bond pad



of a first polarity and arrays 602 of sensors 604 of a second polarity. In
one enbodinent, the first polarity is n-type conductivity, and the second
pol arity we pttppssiconductivity. In another enbodi nent, pchschinavowsl arity
is p-type conductivity, and the second polarity is n- 10 type conductivity.
Each array 602 of sensors 604 is oriemygd along a different crystal
direction. The sensors 604 of each array 602 have the sane polarity and are
oriented along a sane crystal direction. 100421The sensors 604 of the array

602 showngoge midizuice tfe Bbadgtdie SB2NELdSEHR THstHdndphd B0¢ tIE sePorid/Bhd pad
conductivity) and are oriented along a sane crystal direction of 15 [100].

The i | 1 uspgy ek @ird ﬁ%}nctﬁ%% 8 SRORRIE bBRE pAPY0RACalEhE R BSnd P ddseSt array

602 of sensors 604 o e second sensor arrangenent 600. In order to obtain
t he rreasur(ﬁﬂgts equi r e ther | r 4
oriented 5 onB t h]fahet rlr“épeg%% hg%&g?rigegjrqg aSP ?‘8&3’1 ?ig%g‘] §9$8)%-51Q1 ??II]%]% °§¥Sgaq
required. .Figure o} a sch tLc diagr of twenty |locations 702 under
e bond” HaEFBOt LTl Bitar et SORRbBF R FODRGRYE I S SSerapomraY [Tout i o
To obtain the conpl ete mappi ng 700 of the stress distribution, the second
sensor? ar PARfAPBALCEHY)- ke sFaig 02 of segers §04 shavanin Righie 8 predudes fiye seficss 606
(one for each of the four orientations) and four w rebonds (one on each
bond pad 80®) 806k §0603A6], BA6e ef spneqrs Bl Esele ofitie Siesi sentes BOpaniyrensars 86H0 may
i nclude a second array 602 of sensors 604, a third array 602 of sensors 604
and a f outliehseasrrdaserio 306 of esrsars 308D thedhsp cardad &D6c oif fstresossn§04h diredfopattis 606
(not shown). The second array 602 of sensors 604,
series 806d of sensors 804, and the fifth series 806e of sensors 804 has five sensors 804.
In other embodiments, the number of series 806 of sensors 804 and the number of sensors
10 804 for each series 806 may be different. Each of the first series 806a of sensors 804, the
second series 806b of sensors 804, the third series 806¢ of sensors 804, the fourth series
806d of sensors 804, and the fifth series 806¢ of sensors 804 is disposed on a different
portion of the respective first bond pad 808a, second bond pad 808b, third bond pad 808c,
fourth bond pad 808d, and fifth bond pad 808e. A first series 806a of sensors 804 is
15  disposed near a left edge 814 of the first bond pad 808a. A second series 806b of sensors
804 is disposed in the middle of the left half 816 of the second bond pad 808b. A third
_series 806c¢ of sensors 804 is disposed in the centre of the third bond pad 808c. A fourth
series 806d of sensors 804 is disposed in the middle of the right half 818 of the fourth
bond pad 808d. A fifth series 806¢ of sensors 804 is disposed near a right edge 820 of the
20 fifth bond pad 808e. In other words, the position of each of the first series 806a of sensors

804, the second series 806b of sensors 804, the third series 806¢c of sensors 804, the

fourth series 806d of sensors 804, and the fifth series 806¢ of sensors 804 is offset from



the third array 602 of sensors 604 and the fourth array 602 of sensors 604
are di sposed on 5 the respective bond pads 606. The sensors 604 of the
second arweyofi@@orsay have the sane first polarity (e.g. POTISGRE1/000168
conductivity) and may be oriented along a sanme crystal direction of [110].
The sensors 604 of the third array 602,ay have the same second polarity
(e.g. p-type conductivity) and nay be oriented al ong a sane crystal
direction of [010]. The sensors 604 of the fourth array 602 nay have the

same firspndPsloter bY therefpective Akt VORI FaANBD8E ! de¥dridybond Ped §88b, BErdBdndpagd al ong
a sanme crystal direction of [110]. [0044] Each array 602 of sensors 604 has

a sane nug@&r h%%ﬂ& @86@%‘ &ﬁﬂ@g&{ dQ@SEhe entire area 610 of the bond
pad 606 or on t& bon ?ng arge 609 unggk t he bond pad 606, the nunber of

sensors 6 602 var each ra 2 has
twenty se 047 6812’ ?b grr?ﬁpﬁ(gat he™ orngég gsér i t’j’tlyo {20 ¢ )r’at[l?\eg%)ggdl ng

area 609 15 under the ad 606, as own in ure 6 and e array
602 has f &Y "r’i’n’aﬁée‘%“éﬁgﬁ&?a GeAYS “6‘8?8 é?“%@Fs%%rsé%gQrsgqoétoﬁe’&ﬁ&ia@ﬂgunder
the entire bond pad area 610 as shown in Figure 6b. [0045] Each array 602 of
sensor 6 t ax, ay,
§ %%eétggggﬁé HidnQ cg'f‘i‘égt{gﬁ) ehé%fpgg%ée\é&l& teg&&ngg{rjleﬁt QP hal y

sens I'sS a ap term ne” 20
stress dlstrlbutlon under the area of the bond pad 606 covered by the
pl ural i tyfigthepincRMe aGRup80Seneasss 804 ohagedlalong b leystad dipetion\ws [Coopanent s

of stress neasured by the plurality of arrays 602 of sensors 604. 19
group 802 of sensors 804 oriented along a crystal direction of [010], and a group 802 of
sensors 804 oriented along a crystal direction of [110] (not shown). In one embodiment,
the group 802 of sensors 804 oriented along the crystal direction of [110] and the group

10 802 of sensors 804 oriented along the crystal direction of [110] may be of the first
polarity (e.g. n-type conductivity). The group 802 of sensors 804 oriented along the
crystal direction of [010] may be of the second polarity (e.g. p-type conductivity). Each
of these groups 802 of sensors 804 has the same number of series 806 of sensors 804 (e.g.
five series 806 of sensors 804). Each series 806 of sensors 804 of each group 802 has the

15 same number of sensors 804 (e.g. five sensors 804). Since each series 806 of sensors 804
of each grdup 802 is disposed on a respective bond pad 808, the second sensor
arrangement 800 may include fifteen more bond pads 808.

[0050] In one embodiment, considering that the second sensor arrangement 800 has
four groups 802 of sensors 804 and each group 802 of sensors 804 has five series 806 of

20  sensors 804, the second sensor arrangement 800 may require twenty bond pad structures
808 (5 positions x 4 orientations) and twenty wirebonds (one on each pad 808) for a

complete mapping of the bond pad area e.g. as shown in Figure 7.



[ 0046] Fi gure 8 shows a schematic di agram of a second sensor arrangenent

800. The second sensor arrangenent 800 may correspond to the second sensor
ar rangenemoO 200813¢34cri bed above. The second sensor arr aRGE$Er01180068 ncl udes
a plurality of groups 802 of sensors 804. For illustration purposes, only
one group 802 of sensors 804 is shown g 5 Figure 8. Each group 802 of
sensors 804 is oriented along a different crystal direction. The sensors
804 of each group 802 have the same polarity and are oriented al ong a sane
crystal d[00&2} i orTheTdverepponralgi fingt edriegr8Dop of8@Asodd 884 neosirl &Diks BIGPrafses
groups 802 of sensors 804 of a first polarity and groups 802 of sensors 804

of a secogmhsHeIzal, thitd séritsB06c BMRAHrEBOL, foliriesdrics 806d06H sehdoky8045 and FitRe
conductivity and the second polarity is p-type 10conductivity. |In another

embodi Menteriel RB6E iof SEnsBR! §04 b edch %015?’@ ﬁ@ﬂv’&s‘é& ol the %me E,Bﬂio%e&fomé
polarity Is n-type conduct|V|ty Each group 802 of nsors 804

i ncl udes u

sensors 8 38%9Lg{ﬁﬁ%Oaagaﬁ%%%éﬁgggigéFﬁéﬁﬁgﬁg’%$6$8§Z§ Rm% §W Series
806 of sen ensars Each 06 of
15 serbor BGIpd @i ER soad pof SUET dBgit: Msdvriears BURTsaroBoRd oEeBnd bond
pad 808b, third bond pad 808c, fourth bond pad 808d, and fifth bond pad
808e. EacEo¥RS0Rds @@eowﬁ ngaha defs eésf-‘481%06rh§p®%amtﬁnﬁl§t bend pakeBR8andhei on of
the respective first bond pad 808a, second bond pad 808b, third bond pad
808c, f ousachndenigs 88¢b sOBdsora Bt of gach ghomB0Basidigpsed irthe middleiobthede of

sensors 804 may be arranged in a row or in a columm on the 20 respective
first bonbalpath 80Ba respenivadedvad thopdpadBBb, Théihind sooexd8(vadf 8@Bors §0dwift h bond
pad 808d, and fifth bond pad 808e. Dotted |ine 810 on each of the first
bond pad &RBaroupesRnddipadd padie 36k oftthd FespdativisithpdboBdBsad 80seLTHdfobARd pad

808d, and fifth bond pad 20

10  series 806d of sensors 804 of each group 802 is disposed in the middle of the right half
818 of the respective fourth bond pad 808d. The fifth series 806e of sensors 804 of each
group 802 is disposed near a right edge 820 of the respective fifth bond pad 808e. The
corresponding first series 806a of sensors 804, second series 806b of sensors 804, third
series 806¢ of sensors 804, fourth series 806d of sensors 804, and fifth series 806e of

15  sensors 804 of each group 802 can measure a respective component of stress (0, 0y, 05,
Oxy) under the same portion of the bonding area 812 under the respective first bond pad
808a, second bond pad 808b, third bond pad 808c, fourth bond pad 808d, and fifth bond
pad 808e. As such, the stress components (0y, 0y, 0,, 0xy) under a portion of the bonding
area 812 of the first bond pad 808a, the second bond pad 808b, the third bond pad 808c,

20  the fourth bond pad 808d, and the fifth bond pad 808e covered by the corresponding first
series 806a of sensors 804, second series 806b of sensors 804, third series 806¢ of sensors

- 804, fourth series 806d of sensors 804, and fifth series 806e of each group 802 can be

determined. A stress distribution under a portion of the bonding area 812 of the first bond



808e indicates the bonding area 812 under the first bond pad 808a, the
second bond pad 808b, the third bond pad 808c, the fourth bond pad 808d,
and t he fwotbipigmsipad 808e. [0048] The group 802 of seREDSS2BOANGIHWN | n
Figure 8 is oriented along a crystal direction of [100]. The sensors 804 of
the group 802 have the sanme second polgyity (e.g. 5 p-type conductivity).
The group 802 of sensors 804 shown in Figure 8 includes five series 806a,
806b, 806c, 806d, 806e of sensors 804. Each of the first series 806a of

sensors 8p4d 808&&&%@%@ boRd p&S 8GO theGhird BOSDPSA &34, tht Rsurihiond pa@Bo®E 806¢
of sensors 804, the fourth series 806d of sensors 804, and the fifth series

806e of sghs@E tf@l%%n@ Sd §08‘é%aﬁﬁ@§8l§lﬁmﬁ% I n other enbodi nents, the nunber

of series 806 o sens rs 804 and nunber of sensors 10 804 for each

series 80 b ffer Each f nsgls 804,

t he seconﬂmggfl egiagfbgﬁ)ugf sé)rfléc‘%nrsgrsg&ﬁ ?%agketd guerfg?légs?)g‘%g% S sensor S

804, the fopurth series 806d_of sens§ ? 04, ang 4he gifth.serles 806e of
sensors 8BYUSTESS dfs Josbul Ton Eadh #1oHP &0 0%(??’95106% Ot M@y defTmER IFREFVE st bond
pad 808a, second bond pad 808b, third bond pad 808c, fourth bond pad 808d,
and fi¥t hcayapriepel Sse (OxA0t,| fafxkBRdesdhaansa obone bpad pad 80% based opsthgi sposed
near a left edge 814 of the first bond pad 808a. A second series 806b of
sensors 84péctivelcepperedt dhsttebe (o @dbs taf) mdrsuredby ehell ¢f Bd Grsyfseri¢gse806econd
bond pad 808b. A third series 806c of sensors 804 is disposed in the centre
of the thof senban@0pathe 368md sbriés08GdbhofSeenscas 8840 6He diirds ensoBB6B6fsdnsordi sposed
in the mddle of the right half 818 of the fourth bond pad 808d. A fifth
series 80864, ®c HARE QErFesBVEd bF scitksd 894,hnA &Y fifth kériHs 1806€IgEseBads 804 bh@e 20
fifth bond pad 808e. In other words, the position of each of the first

series 80@1%u9f80§ RdQ" §re§£’é&twé @m%ﬁ%@@l% eh b?&e%@tbbd'ﬁfd 0&@ %904, Sth8Qéoondi €
third serres 806c¢c of sensors 4, the fourth serles 806d of sensors 804,

e ﬁgisapfe‘é‘ﬁéd\r}’aﬁﬁo?gﬁh d"%%f’g‘g;g@i"séhggg‘hﬁf 3’58%8%35%‘@ r‘ﬁ’“%@’g%he; o
808 808 O] T

oennct 1 uhodl NR8eRaR SASE: alligermid' by te PR"§uuBRd 4§ e‘?er’f#ee O dthien e d
al LﬁSQS{'ﬁS@? R o tﬁ%ﬁmfﬁw&%%[ecﬁ%fg by BB 5  ePoups 802 BE Sensors sty

arrangenment 800 may further |nclude a group 802 of sensors 804 oriented

al ong a ch3ssd ap thi fesractivheampqnentyof Staesg rnlf@EPrS‘bby e nlwpligref ssows SO2 okt ed
along a crystal direction of [010], and a group 802 of sensors 804 oriented
al ong a csepseraBO4i rection of [110] (not shown). In one enbodinent, the
group 802 of sensors 804 oriented along the crystal direction of [110] and
t he gtHup[00%58] 80Figire 8 shows &s@dOrhate diggtaedofad oond feescr apsigemedt 9@ fThen of
[110] may be of the first polarity (e.g. n-type conductivity). The group
802 of sefnsohd sédér afringbinest FI0omay thitespoyd taatheBet @t defsor Qkrahfebidnt mag be of
the second polarity (e.g. p-type conductivity). Each of these groups 802 of

sensors 8Q4cHESI 430 SR eUHIRBEsoP hrrff2emest HOGnQhdSaiahBydPded R 902 of 1 Ve
series 806 of sensors 804). Each series 806 of sensors 854 of each group

802 has thg %%gomﬁagﬁﬁaiaﬁ{ygbo%g%@ goéf%r Ql?usqanéﬂ SERSRYiy 0 Gdries Si NCE

each series of sensors each group 8 sposed on a

respect I \rig?ij o a3 9§9 agsyr]lee b%%&%é‘é’ 966 I SHowd E%}g n%@bO?%P s%grsidbgll igjde

fifteen

20 disposed in the centre of a corresponding bond pad 906 of the plurality of bond pads 906.
[0054] The plurality of series 902 of sensors 904 comprises series 902 of sensors 904
of a first polarity and series 902 of sensors 904 of a second polarity. In one embodiment,

the first polarity is n-type conductivity and the second polarity is p-type conductivity. In



[ 0050] I n one enbodi nent, considering that the second sensor arrangenent 800
has four groups 802 of sensors 804 and each group 802 of sensors 804 has
five seriwe 2806303120 sensors 804, the second sensor ar pamrger®Eniooded
may-require-twenty bond-pad structures 808 (5 positions x 4 orientations)
and twenty w rebonds (one on each pad 8) for a conplete mapping of the
bond pad area e.g. as shown in Figure 7. 22 [0051] The corresponding first
series 806a of sensors 804, second series 806b of sensors 804, third series

806¢c of sgmsiRdrenibddimdndUhd firss f6lady i8PRhetfondtutiy and e, secnd poldrithisser i es
806e of sensors 804 of each group 802 Is disposed on the sane portion of

the res pegﬁrpla,\é%n&&c'ﬁ%hy.bﬁm RAds 90831 sGRERNDLRNHeRRE AABLa difr&d PR pad
808c, fourth bond 5" pad 808d, and fifth bond pad 808e.” That iIs, the first

o1 e 806 0bn 002 3o 80haolr SRRNALND AOZ o oThSRIRAY NN BcRh cdoe

814 of the respective Tirst a he seco I'es

sensors 804 of each grqup 802 is .di spo i.n the mddle of the |eft half
376" of "t hEoREesRE e dRsrhr GAEh BE SR Sear e tps das ook Beruer of
sensors 804 of each group 802 is disposed in the centre of the respective
third bonsnsed 98H8c. The fourth 10 series 806d of sensors 804 of each group
802 is disposed in the mddle of the right half 818 of the respective
fourth bol®5phd gkl bomhpad 946t ihclydesi aegrog 83 @fb@érﬁs@n@l@@maof?l(ga@ho‘group
802 is disposed near a right edge 820 of the respective fifth bond pad
808e. TheFaoillussgamdpurgodes,r sily shiet dond Gégmerdts $¢ 05 F19b39Mc Gl find twadi es
806b of sensors 804, third series 806c of sensors 804, fourth series 806d
of sensor segBddt 9 Wadthtistdond bond &gn2a6e1 0bf the Hoirdbuitlaesm &9 104) agasHowariaup 802
can neasure a respective conponent of stress (a., a), Oz, o0-Xxy) under the

sane port grok. tﬂh%hé‘@ﬂ%i nYabLBofd 2ephaRs 9108 peswerdob vie di d;;os‘séd keind pad
808a, second bond pad 808b, third bond pad 808c, fourth bond pad 808d, and

fifth;bon s R , ohgunder a
por 1 h o PRo R bokn 8, T bonl e TR 08 P B AR s 808 PO
pad 808b, t he%t'%cg\lésrélgvg Q%anﬂgg 61')8?9,[%?2 dlzsooéela%tfa g{fféﬁgnt]gl%ls? B# %e%ggg%é)g(g}g%t he

fifth bonﬁm%a e ctovere he "correspon g Séeries f
sensors 804, second.series 806b .sensor s,804 ir i.es 80 of,
Sensor s sberd i bn TEEPPEEng dan 93¢ ioEHEsEd baaitted e P E EE e 08GEe o
each group 802 can be determ ned., A stress distribution under a Bortion of
t he bondi E@ldaﬁéglegtf?l@p, S HD, PilPg hagyhg same number of bond segments 910a, 910b,

910c. Each bond pad 906 has a larger size than each bond segment 910a, 910b, 910c.

15 [0056] The sensors 904 of the series 902 have the same second polarity (e.g. p-type
conductivity) and are oriented along a same crystal direction of [100]. The series 902 of
sensors 904 has five sensors 904. In other embodiments, the series 902 of sensors 904
may have different number of sensors 904. The series 902 of sensors 904 is disposed in
the centre of the bond pad 906. The group 908 of bond segments 910a, 910b, 910c is

20  disposed on the bond pad 906. The group 908 of bond segments 910a, 910b, 910c as
shown in Figure 9 has three bond segments 910a, 910b, 910c. In other embodiments, the
group 908 of bond segments 910 may have different number of bond segments 910. The

first bond segment 910a, the second bond segment 910b, and the third bond segment



23 pad 808a, the second bond pad 808b, the third bond pad 808c, the fourth
bond pad 808d, and the fifth bond pad 808e can be determ ned. [0052] Each
group 802Avofwosensnns 804 is adapted to nmeasure a respectrcrsceonpongst of
stress (ax, a), az, axy). Each group 802 of sensors 804 nay determrie a
respective 5 conponent of stress (ax,,qfy, az, axy) under the area of one
bond pad 808 based on the respective conponent of stress (ax, ay, az, axy)
measured by each of the first series 806a of sensors 804, the second series

806!3 of S9D($&Je§pe8%ly hhe 4 B&I{dﬁhdgszﬁézi R &Qﬁﬁe@ﬁt_ aS@iElféfbﬁSre%M,ofttﬁ@b&ﬂ aih
series 806d of sensors 804, and the fifth series 806e of sensors 804 of the

group 802 re ¢ i : I ad
B85t he Roeond T RO, par Bt Hs e hitP (O St Sk Sp IR ong
pad 808d, ,and,the, fifth n d 808e. The second, SepRso rra t 800 is
aapted 1 SPNEIL See e RE AP Bond iienr DI R SPOELe R AR BB o 503
covered by the plurality. of groups 8 of sensors. 804 based on_.th

respectiv O%QPP&OE}‘Pgn&ge & eétgpgé’gs‘%é?ﬁ%%bs thys fi3Rosed ap e tS‘F‘?@ff%‘ﬁE@St%Z of
sensors 804. 15[0$g§JFi ure 9 shows a schematic diagram of a second sensor
ar 1 angBe hendgmen &l Oge ot cars v samenidifoi dismoedayhe omiesbeirdme  he
second sensor arrangenent 108 descri bed above. The second sensor

ar r angenepad 900 Tihnckniete®)20f sensors 904yis tfus skegposssl 190k eshirs ofi derssc@@bondd a
plurality of bond pads 906. For illustration purposes, only one series 902
of sensor segdibht ANGb. Ghe thinhisbndaedgA&E 9168c shbisposedacthe bond pad YW2suoh tieasor s
904 is 20 disposed in the centre of a correspondi ng bond pad 906 of the
pluralityright &uped18astsh®@Mrd bEHASEEmEMED WUk &li%ﬁe)ﬂ With §61ghe 8d Q0L 6f Gensor s
904 conprises series 902 of sensors 904 of a first polarity and series 902

of sensor §o 20 d¥062 TRE QA 989 loR 5drs¥rs J0R 1OBRs AIEROLLMRNLe 1ekhiRdldrind thRQ! ari ty
is n-type conductivity and the second polarity is p-type conductivity. In

s n-typ i he_Second pol art ty" nd .
ont? popafi gefEYor, nlfnconichds B ol bl ot B AR GRR Tl eKich B 1

second po

iented al di f.f t t i tion. ,Th 904 h
Ser o5 o0B RATLE pRALE RER TS KRR Gt o b om SISO TE SPBaroo0f B8
direction. Each serjes 902 of sensors 904 gas.the s% nunber of 5sensors
904. [ 005BPEHNGd 0B FeR %ﬁo?ﬁﬁtﬂﬁﬁ@?e&“&? RdingAieast lhond segnents 910a,

910b, 910c. ] )
[0057] To obtain the respective components of stress (0x, 0y, 0z 0Oxy), the second

sensor arrangement 900 may require three other bond pads 906 each having a series 902

15  of sensors 904 oriented along different crystal direction (e.g. [i 10], [010], [110]) and a
group 908 of bond segments 910. That is, four‘ different bond pad structures 906 (4
orientations) and twenty wirebonds (one wirebond for each of five positions on each pad
906 assuming that there are five bond segments 910 for each group 908) may be provided

for a complete mapping of the bond pad area e.g. as shown in Figure 7.

20  [0058] Therefore, the second sensor arrangement 900 may include a series of 902 of

sensors 904 oriented along a crystal direction of [i 10], a series of 902 of sensors 904
oriented along a crystal direction of [010], and a series of 902 of sensors 904 oriented

along a crystal direction of [110]. In one embodiment, the series of 902 of sensors 904



For illustration purposes, only three bond segnents 910a, 910b, 910c (the
first bond segnent 910a, the second bond segnent 910b, the third bond
segnent 9t0@)riae2zshown in Figure 9. Each group 908 of kpomgcaegmesnis 910a,
910b, 910c is disposed on a 10 correspondi ng bond pad 906. The bond
segnents 910a, 910b, 910c of each gr oup 908 respectively have a bondi ng
area 912 disposed at a different region of the correspondi ng bond pad 906.
The bonding area 912 is indicated by dotted line 913. Each group 908 of
bond segnents 910a, 910b, 910c has the sanme nunmber of bond segnents 910a,
910b, 910erierEetslongthe cpysthl doectivaof §1 | Gragd thesieries o2 daeisorsd osisytisdnt
910a, 910b, 910c. 15 [0056] The sensors 904 of the series 902 have the
sane secoaldng deasrydtyl directipn ¢f-[tl YPemgyobdoftthe Girst pplasityd(eay. a-tyyed @ntledivithbng a
sanme crystal direction of [100]. The series 902 of sensors 904 has five

sensors 99fe sdrits Q962 o€ BdHR6Hs B tovientch Along the ery@Pditdctis® BS [U18] 8¢ bewyf have
di fferent nunber of sensors 904. The series 902 of sensors 904 1s disposed

in the ceptr : a G r : Oa,
o100, oson Eodid pABIHARG RATeoihauthAdl PU S0 0o MRt RROOBIS 8L

segnents 910a 1 . i . J ts
910a, 10%"‘,"“‘9‘1‘6‘%‘?& :%ﬁs%‘t%?%g r96§-r%%§?%‘éﬁ?8,5 of E%S%rgg E%%g‘ii@"g?d @3&%@2@8%% s 910
may have different nunper band segnents 910. The first bond segnent
Orha, 1 hecbEBIR T, AL Bt aRe. D085 aStHE TR Eb 00 SR 3% o
respectively have a bonding area 912 di sposed at a_gjfferent regi gn of the
bond pad 98" &EowsodB igf kpwslisegrgentsyH Of disgesedopy dilgisahtbond Radss T8Esposed
on bond pad 906 such that a |eft edge 914 of the first bond segnent 910a is
al i gned wkartesporidiig bandgegoam 940 of pachigsenp YBds digposedian thesamegegorpobthesensor s
904 is thus disposed on the right end of the first 5 bond segnent 910a. The
second boredpstgerborid 2UGIW6i s di sposed in the centre of the bond pad 906. The
series 902 of sensors 904 is thus disposed in the centre of the second bond
segmrend 9fi00s9] Th&Eachidribs 90D @f SR04 94 Bdapted tdinsqanged respedthe doapdngad 906
such that a right edge 918 of the third bond segnent 910c is aligned with a

right edggr §2Qs @4,, td)eo PeNy. PRAsRBRd sdiier 8@irgemeRORMOfs [BREQNS d9fning t hus
di sposed on the left end of the third 10 bond segnent 910c. In other words,

the bond pads 4 -u@s%&&%@ aRADFNEL RSl SRS VErell BG thEFREM YL sREI NY

areas 912 are o from one another such that the Sensors 904 are

posi tione i | j LV i 2.
[0057] To_ 3% 8f wetl STL Ragfebh S BpellB SEIRTERL AT FANUIALEDS BOF
second sensor. arégggg t. 900 A require three other bond pads 906 each

having a B0 ofSENOEY 904 oriented al ong different crysta

direction (e.g. [110 010 11 ang a
15 [0&)60]g [In one]3 embo im]eflt, Lhe p Jrgllity ogbond pads may include different groups of

bond pads. Each group of bond pads may have a bonding area disposed at a different
region of the bond pads. Each group of bond pads may have the same number of bond
pads. The plurality of series of sensors may have series of sensors of a first polarity and
series of sensors of a second polarity. The plurality of series 902 of sensors 904 of the

20  second sensor arrangement 900 may include different groups of series 902 of sensors .

904. Each group of series 902 of sensors 904 may be oriented along a different crystal
direction. The sensors 904 of each group may have the same polarity and may be oriented

along a same crystal direction. Each group of sensors 904 may have the same number of



group 908 of bond segnents 910. That is, four different bond pad structures
906 (4 orientations) and twenty w rebonds (one w rebond for each of five
posi ti onswonogastespad 906 assunming that there are five lpomdcaegmenis 910
for each group 908) may be provided for a conplete mappi ng of the bond pad
area e.g. as shown in Figure 7. 20[00 Therefore, the second sensor
arrangenment 900 may include a series of 902 of sensors 904 oriented along a
crystal direction of [110], a series of 902 of sensors 904 oriented al ong a

crystal didgrR6D020f &nsb8 Y0}, andndciiscriRs DB oPenSNRL 9GS ma g RERY the Side ARt ed
along a crystal direction of [110]. In one enbodi nent, the series of 902 of

sensors O 200l kR 2ALRCT SEROLAB0NOD 2Rtk eRlatsaleondbaner vs o

eries sensors 904 oriente ong the

crystal directio opgtre[séL.]‘H'le rrg%r&)gseeg c}cr a;[erIel g&é@gg&%a%rﬁe{ %d&%%FQO dgtiehéglgr yst al

. compon
conduct i w?yr)’. e serres o Sensors orren ong

direction of [01Q] may be of the_.second polarit . 0., p-type

Conduct | vt DsEuoE opigbe as of Tecan B0 908 ekt e e RURHES st
sensors 904. Each series 902 of sensors 904 is disposed in the centre of a
cor r esponéf srgsess A4 pagd 9pahe rerRecte epBPUERIS Of stess argatehby derlwaltyiofc! ude
three other groups 908 of bond segnents 910 di sposed on different bond
pads. Thegwoops eksosms PYf.bond segnent 910 of each group 908 is di sposed on
the sane region of the respective bond pad 906. 10[ 0059] Each series 902 of
sensors 9(06lF adipetbedding stresasesting arrargsment dcvardmgntp oadnis eatbodinteascafiox, ay,
az, a"). The second sensor arrangenent 900 is adapted to determ ne stress

di stri but pRRideNORIreBdAding e chip WiltesthRAdePRIn&Sfe G Slelbe Ritedshad @b tiapl i ty of
series 902 of sensors 904 based on the respective conponents of stress

measured By otB& RdHb@dnluhdef th% 86 EFaddDRingfiheze eﬁmeg% avirlel 94k himene

enbodi nent, the plurality of bond pads may include different groups of bond

pads. ﬁf&&&%ﬁ 0 i8NG R2YSH B BAR R:RBdhNGnhGh MviRasest dls Bt

differen

chip is that the stresses measured by it cannot be measured using any other conventional
methods. The bonding stress testing arrangement according to various embodiments
carries out four calibration experiments to determine six piezoresistive coefficients, and
requires temperature calibration. The bonding stress testing arrangement according to
15  various embodiments uses p-type sensors which are known to hgve lower sensitivity and
larger variation together with n-type sensors.
[0062] Bonding accuracy and uniformity is important for accurate stress
measurement. Slight misalignments of 1 to 2 microns due to wirebonding misalignment
would not affect accuracy of stress measurement greatly. It may result in the
20  measurement value obtained encompassing a larger circular area than the ones e.g. shown
in Figure 7 and/or overlapping adjacent circles. Using the bonding stress testing
arrangement according to various embodiments, the minimum width of sensors which

can be fabricated is 0.3 to 0.4 microns. As a result, using an aspect ratio of 10:1, the



regi on of the bond pads.
of bond pads.

of a firswopolasbisy and series of sensors of a second pelasichyL/odnes

plurality of series 902 of sensors 904 of the 20 second sensor arrangenent

900 may include different groups of 5€$§65 902 of sensors 904. Each group
r

of series 902 of sensors 904 may be o
The sensors 904 of each group nay have the sane polarity and nay
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Each group of bond pads may have the sanme nunber
The plurality of series of sensors nay have series of sensors

The

rea of the bond pad 906 covered by the plurality of
groups 5of sensors 904 based on the respective conponents of stress
neasur ed HP63he FlighrallOtshows aglenighario}009eofst metiygsof deberpnning strpssnest Ag
stress testing arrangenent according to various enbodi nents can provi de a
wi r ebahdi pgtivesf adivngdingiarén widet et lgast ont bond psdirkt 1008, avevesage seseesaand to

portion of a bonding area under the at least one bond pad is measured. At 1004, stress
distribution over a portion or an entire of the bonding area under the at least one bond pad
is determined. In one embodiment, an average stress on a portion of a bonding area under
the at least one bond pad can be measured without determining stress distribution over a
portion or an entire of the bonding area under the at least one bond pad. In another
embodiment, stress distribution over a portion or an entire of the bonding area under the
at least one bond pad can be determined without measuring an average stress on a portion
of a bonding area under the at least one bond pad.

[0064] In one embodiment, measuring an average stress on a portion of a bonding
area under the at least one bond pad may include evaluating measurements of a plurality

of sensors disposed on a portion of the bond pad. The plurality of sensors may include

. sensors of a first polarity and sensors of a second polarity. Measuring an average stress

on a portion of a bonding area under the at least one bond pad may further include

evaluating the measurements of the plurality of sensors arranged such that the sensor of a

first polarity is placed adjacent to the sensor of a second polarity. Measuring an average

stress on a portion of a bonding area under the at least one bond pad may further include
evaluating the measurement of each of the plurality of sensors arranged along a different

crystal direction. Measuring an average stress on a portion of a bonding area under the at



the stress distribution under the bond pad. Using these structures, the
average stress at the 10 center and the sides of the bond pad can be

det er mi newlo 20ne3pwiin advantage of this test chip is thatcrlse26tiresses
measured by it cannot be neasured using any other conventional nethods. The
bondi ng stress testing arrangenent accgyding to various enbodi nents carries
out four calibration experinents to determ ne six piezoresistive
coefficients, and requires tenperature calibration. The bonding stress -

testing alLgngRmBhhd Pad Qh&Y MektteP iﬁéu&@%bﬂﬂ@tir%”ﬁ@%@é%ﬁ%e&eﬂﬁ ®F dielsERSorsensors
whi ch are known to have | ower sensitivity and | arger variation together

Wih 0 Y BEeRaRNE . SORHRRANM 09) AACMEAL AN UIRLOLILL YL L BolROE RN fOr

accurate str Su sali gnfrent's o crons due to

wi r ebondi i sal i gnnment . woul d not fect accuracy of. stress asur,ement
greatly. F&% afeé'sﬂ'ir@”rithet 3% Ihsa e%‘ﬂtm?ya%ﬁé‘eﬁﬁ?%‘ eﬁvﬂ%%g"gsi ng a
| arger circular area than the ones e.q.. shown in Figure 7 and/or

over | appi Fgasasmaed o carh senser displaced 4%&% kg Adjacent sensor Faeh Sepsar MRKgenent
according to various enbodi nents, the m nimumw dth of sensors which can be
f abri cht ethepsir®a Bespect{ye£ompenaph of stress.gMeasyuing an awiragy sgssagypepertionof @ of

10: 1, the 28 length of the sensors ranges between 3 to 4 mcrons. Hence,

t he stresbeasliag areapadarrtbelatoleast oae Botdopall my fothes (uehrde . maAburingaaivarees | n

i npl antation technol ogy, the sensors may be further mniaturized.

100631Fi gstkeds dde hievporéioh bowehand pidosvepdd By e tphaalit9fof detsefsiBanddéh gikr ess on

a
respective components of stress measured by the plurality of sensors.
[0065] In one embodiment, determining stress distribution over a portion or an entire
10  of the bonding area under the at least one bond pad may include evaluating measurement
of each of a plurality of sensors disposed on a respective bond pad and arranged along a
different crystal direction. The plurality of sensors may include sensors of a first polarity
and sensors of a second polarity. Determining stress distribution over a portion or an
entire of the bonding area under the at least one bond pad may further include evaluating
15  the measurement of each sensor disposed on the same location of the respective bond
pad. Each sensor may measure a respective component of stress. Determining stress
distribution over a portion or an entire of the bonding area under the at least one bond pad
may further include determining stress under the location of the plurality of sensors on
the respective bond pads based on the respective components of stress measured by the
20 . plurality of sensors.
[0066] In one embodiment, determining stress distribution over a portion or an entire

of the bonding area under the at least one bond pad may include evaluating measurements

of each of a plurality of arrays of sensors disposed on a respective bond pad such that



5 portion of a bonding area under at |east one bond pad. At 1002, an
average stress on a portion of a bonding area under the at | east one bond
pad i s newewnad3oBt 1004, stress distribution over a porCireG2er/emeentire
of the bonding area under the at |east one bond pad is determ ned. In one
enbodi ment, an average stress on a por 6on of a bonding area under the at

| east one bond pad can be neasured w thout determ ning stress distribution
over a 10 portion or an entire of the bonding area under the at |east one

bond pad. cld SeLenSIOQ0VEE Qtepon%nr &8 &l Shefrk B d?r{hé’Yé“sgeét‘ivg%rohéi Paq.0r an
d I bond p be

entire of the bonding area under the at |east one d can

det er m ne i £.hout - measuring a yer ress. on rtion. of a.bondi ng
area unde%a%%mgfo TA O %Bgardtﬁﬁggt%g%(?gélﬂgIaﬁeaourlll‘eigret% i grée}ﬂ/? ,boﬁ% gél}ri ng an
average stress on a portiop of a bondi 15 area under .the at |east one
bond pad H§ PRICHY R HEP4F GhETIG TBRG BeBNEAREYLPL SETSTTS e iyt BYISEnr o

di sposed on a portion of the bond pad. The plurality of sensors nmay include
sensors ofrraysiqfsensopirseegndnolprde Jaderanigng stress disHibubion QY§riaportieidli ng an
average stress on a portion of a bonding area under the at |east one bond
pad ma§ f entinef therhndihg asseaindar thagt lenst omehond parbmay fusther ineludk gvaliiting of
sensors arranged such that the sensor of a 20 first polarity is placed

adj acent tle mbBusaRoy ofodach aray ofidensotsadrianged Meag ardiffereamncrastalr digeetisti.r ess on
a portion of a bonding area under the at |east one bond pad may further

i ncl ude evak Yaisoftdoft &R RAS UHBTRAe BE s&RE Hobkit) ARl Pleldrainkdd/ alohg a8ARRS S
arranged along a different crystal direction. Measuring an average stress

on a port icfg@taptur@ctm.n@bag afh R YOHEHs hiE iftludeZd sdiR@ahmB& S PQRAChrPach HBY
further include evaluating the measurenent of one sensor arranged along a
crystal d'aﬁgftoggs@ns%g%%i‘agkﬁeaﬂfv‘eaﬁu&%ﬁé‘@ c&iég&?reg{; of tsEr@%Z rﬁ%?er@]ixgg%ts{r% of a

bondi ng areéea under east on ond pa urt eval uati ng

t he sur,enent. of each sensor dj.spl d 45 from t,he,adjacent sensor,. Each
Sons or8 rag SETiad by € P RGPt A MBS Bbs FIRRYL o1 age
stress on a portion of a, bonding area under. the at |east qn on d may
further iHI‘l‘D’u’g'étLﬁ"e engFIIDE Siges Q{SF"&%‘EO‘M&Q?T {hﬁears%)rc’? itg‘h eflgt 3 bond

pad covered by the plurality of sensors based on the respective conponents
of st ressconeadinede piuraliy of iy of sgnsers basedses e rgspetint compenents i GHESFent |
determning stress distribution over a portion or an entire 10 of the
bondi ng amzasunetley the plurality o€ agayseieersorsd pad nmay i ncl ude eval uating

measur enent of each of a plurality of sensors disposed on a respective bond
pad and aj0t#fped Ialoaagmbodinfehe detetminingst@bs distribatidncover 7 pertiph wr ah iehtyreof
sensors may include sensors of a first polarity and sensors of a second
pol arisy. oDetebnding Bftashid@she ailedst drtlBond Pad¥AYy irthjiRrekhlaMing méRBuRhichtse Of
the bonding area under the at |east one bond pad may further include

eval uati ngr lpntdrea 1y eMBRiup®lof GatsBrsSaRRgsd Mbapashetit driRalShifRtbocat i on
of the respective bond pad.” Each sensor nmay neasure a respective conponent
of stress 1gpi Sndthd § RO QURLS Gt RAL. Bhe@nisfiR Shitdsr e of
t he bondiEﬁagéggﬂhﬁég%mﬁigsgtm#%%%%bone ggn pg rray0 u??hern?n%ludg

det erm ni tress _under..the |locati f the pluralli f _sensprs on the
respect | vaRBTESE Bud icr Gl oo BBt etept BP0 o e

e el S e o RS SRR o ST 19,507

20  different portion of a respective bond pad. Determining stress distribution over a portion
or an entire of the bonding area under the at least one bond pad may further include
evaluating the measurements of the corresponding series of sensors of each group

disposed on the same portion of the respective bond pad. The plurality of groups of



of the bonding area under the at |east one bond pad may include eval uating
measurenents of each of a plurality of arrays of sensors disposed on a
respect i weohkondizpmsd such that 30 each array of sensorspcoseneiiao@esti on of
or an entire area of the respective bond pad. Each array of sensors may
cover the entire bonding area under tgglrespective bond pad. The plurality
of arrays of sensors may include arra of sensors of a first polarity and
arrays of sensors of a second polarity. Determ ning stress distribution
over a po e one
bond pad %réﬁ{; urt Mh:;’dr?cé}%gﬁse%eg nﬁ%ﬁi(ﬁgy? eq)rcr)ggarg%rag(rﬁlrg? Sw)? Sggsgkseg?%ay of
SEnsors at I’Can ed‘ﬁ ea glllgf regsnéls li)é (Enacl)ve(le I’eﬁ} Inonan en?reso?ﬂ'ls OndIOf each
array may SHRVE PPRE lT|5“’I agﬁ AHCRPY arrﬁﬁ’g & aqrong a sane crysn?al ‘
direction. Eac seps | ude sane nu r of sensors. Each
array of R tF& ty e etr B radr I?aé‘s‘B%"c e EEhan R E T e SureTRadity i ng
stress 10 dlstrlbutlon over ortion or an entire of the bonding area
under t heeggh grewp of émor@cﬁmn alppg a fdifferpatr crysial| diggstiere tde emionyok eachs s

di stribution under the area of the bond pad covered by the plurality of

ar r aysS of gempsuayshbagbe sane polerityemydanty be acangsd nbmigsa sinestrysalsdirestionr ed by
the plurality of arrays of sensors. [0067]1n one enbodi nent, determ ning
stress di EadH frotip oNsedw@s niayhavé ihersame nambendf sefesldt sefisois)enderstisagesasfea
under the at | east one bond pad may include eval uati ng nmeasurenents of each

of a plur gdnsbré By BERURBS sahe SARDEF 5f kISR of sélisbisah®nncasurshal
di rection. Each group of sensors may include a plurality of series of

SEensors. &hivk @bﬂﬁ? rehf S’tss'iregé PlefrRHiAL ALY &EerBul &ePB pBiioRdr GREAEE Of the
bondi ng are under %e at | east one bond pad may f urtheP I ncl ude eval uati ng

the measupepRnfshiple G285 *&Bﬁ& dﬂaé’%t ‘?Jafggre%s%ﬁil ﬁdéﬁ@ Gy fgﬁl&i) %t&fnﬁﬁﬁ t

portion OP a respecti ve ess di Ion O

a
portl an entlre of ,th bond der t ne bon

£ 00t naress ditmon it Pe At it g @ﬁpaed?@%vegedr‘w BBy L HHIPY Ser es
of sensors of each gr up di sposed on the sanme por n of the respectlve
bond pad. sepﬁ%rsgpiﬁdm 9%?6@%&%@%%*@% S%%%%aé“fﬁ‘égy theIHraBtY fH SIS of
sensors of a first polarity and groups of sensors of a second polarity.
Det er mi ni AfSed8qrdéss distribution over a portion or an entire of the bonding
area under the at |east one bond pad may further include evaluating the
measur eneffi0é8hbf dnohe gmbogimeht, detasuinmgatressgdbutionmyena gotibr oean extirgst a
direction. The sensors of each 5 group may have the sane polarity and may
be arr angefithabondjngareanmade tysdt ddasdoredond pad meg ofelgk euguaingsesasaesmenmy have
t he sanme nunmber of series of sensors, and each series of sensors may have

the sage afwdaﬁrofafplaen@wf%en&amewommswse@ﬁmaercsmfmyf arm)ass;mdalgmaectl ve
conponent of stress. Eetern1n|ng stress distribution over portlon or an

entire of pigr DRRFAIRG 0BHER PREEEadn Bondlpali GRS ineiNGe RRShpRFhoHB e dihrdtdIer

i ncl ude deternlnlng

Each group of bond segments may have a bonding area disposed at a different region of
the corresponding bond pad. Each group of bond segments may have the same number of
bond segments. The plurality of series of sensors may include series of sensors of a first
20  polarity and series of sensors of a second polarity. Determining stress distribution over a
portion or an entire of the bonding area under the at least one bond pad may further
include evaluating the measurements of each series of sensors arranged along a different

crystal direction. The sensors of each series may have the same polarity and may be



10 stress distribution under the area of the bond pad covered by the
plurality of groups of sensors based on the respective conponents of stress
measur ed WO 20h@3pd3ar al ity of groups of sensors. [0068] | RCHSES2¢evoicsENT |
determ ning stress distribution over a portion or an entire of the bonding
area under the at |east one bond pad nmgy include eval uating measurements 15
of each of a plurality of series of sensors disposed in the centre of a
correspondi ng bond pad of a plurality of bond pads. Each bond pad nay

incl ude aa@irped Mngd@ndmseGRal irecEas NEhOsRIeofofDRAGS BRIYERIVE tB)akave a
bondi ng area di sposed at a different region of the correspondi ng bond pad.

Fach_ 9T OUfyaberdIch-SRIFRI SriBRYE AR P 1RANR: BYIBELiR Lo Q&M §faﬁregl 5. The

plurality of series of sensors may Inc series of sensors o 20

pol arity aad, 265l Le e aRfrbaRGS oQdr ahal <§n291d?r{°§’4%§£' b@%ﬁlﬁ eP&J 53

di stributron overs a portion or an ng ar ea un the at

| east one hond furt de eval.uatin nmeas nts f each
series of? @8‘?%8’?“2[’%?%%‘?& Vlzﬁﬁdmi ‘ﬁ"gfeé’f“mg %?eﬁgihétl" AIRR e ef) N aﬁ?é’?sensor s
of each serles may have the same polarity and may be 32 arranged along a
same c?ysthgl beg rﬁf& F@Wrectawhwlw&t.‘/o@f §F§W§d}fsseﬁﬁys fhated ohdhes sespeqtiyRber of
sensors. Each series of sensors nay neasure a respective conponent of
stress. Detmapanenisiod sisess awgswledshy tho plurdity of ssries opssnsdron or an entire of the
bondi ng area under the at | east one bond pad may further include :

det er m ni {068} r eds otle shibobinmiangmMmenscéng bevaagastafks ob at pretildonfl a paddiagver ed
by the plurality of series of sensors based on the respective conponents of
stress neagstadertie bhRatl dhedontl pa@imSehd efried oGEHS O figst sEAAOP Arhnpeaieat.

enbodi ment, neasuring an average stress on a portion of a bonding area

under t heD@Ierrhﬁ@@t stREE AR PRV TRk & 4 &Hir®BE thRYboAdihk hida HEBSHAE
arrangenent . Determ ning Stress diStribution over a portion or an entire of

t he bondi gn ut by a
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nmeasur ement s sensor_arr.an nd t he seco
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[0070] The method may further include providing a data processing unit to collect

data representing values of the respective components of stress from the plurality of
15 sensors and to determine the stress values under the bond pad baged on the collected data.
[0071] All the features of the above described bonding stress arrangement are
applicable for the method, and all the features of the above described method are
applicable for the bonding stress arrangement.
[0072] While embodiments of the invention have been particularly shown and
20  described with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the appended claims.

The scope of the invention is thus indicated by the appended claims and all changes



15sensors and to determine the stress val ues under the bond pad based on
the collected data. [0071] Al the features of the above described bondi ng
stress arwangumsmsliare applicable for the nmethod, and alPCTSG01080168 es of
t he above descri bed nethod are applicable for the bonding stress
arrangenent. [0072] Wil e enbodi nents aofy the invention have been
particularly shown and 20 described with reference to specific

enbodi ments, it should be understood by those skilled in the art that

vari ous civhichesnmenwithihnthamikadigadnd nange bfedqudderichaifahe clairhd atet thebefmet i ng
fromthe spirit and scope of the invention as defined by the appended

clai 6. Thende®Rhedmbrigdl nvention is thus indicated by the appended cl ai ns
and all changes 33 which conme within the meaning and range of equival ency
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2011/ 139231PCT/ S&2011/ 000168 34 CLAI Mxzgphat is clainmed is: 51. A bonding
stress testing arrangenent, conprising: at |east one bond pad,; a
sensor assenbly conprising any one of a first sensor arrangenent, a second
sensor ar cauagMs®nt and a conbination of the first sensor arrangenent and

t he second sensor arrangenent; 10wherein the first sensor arrangenent is
adapted to neasure an average stress on a portion of a bonding area under
the at | east one bond pad, and the second sensor arrangenent is adapted to
determ nemhg%ﬁiﬂie&hr:i bution over a portion or an entire of the bonding
area under the at |east one bond pad. 152. The bondi ng stress testing
arrangenent of claim1, wherein the sensor assenbly conprises a
conbi nati on of the first sensor arrangenent and the second sensor
arranggenent, V\g%(r?ei n the first sensor arrangenent and the second sensor

arrangemeht  ar € W9PdBESEERS 475linR ATALTRCBL RMP¥Sr on different bond pads. 20

at least one bond pad;

a sensor assembly comprising any one of a first sensor arrangement, a second
sensor arrangement and a combination of the first sensor arrangement and the second
Sensor arrangement,

10 wherein the first sensor arrangement is adapted to measure an average stress on a
portion of a bonding area under the at least one bond pad, and the second sensor
arrangement is adapted to determine stress distribution over a portion or an entire of the

bonding area under the at least one bond pad.

15 2. The bonding stress testing arrangement of claim 1,
wherein the sensor assembly comprises a combination of the first sensor
arrangement and the second sensor arrangement, wherein the first sensor arrangement -
and the second sensor arrangement are disposed on the same bond pad or on different
bond pads.
20
3. The bonding stress testing arrangement of claims 1 or 2,
wherein the first sensor arrangement comprises a plurality of sensors disposed on

a portion of the bond pad.



3. The bondi ng stress testing arrangenent of clainms 1 or 2, wherein
the first sensor arrangenent conprises a plurality of sensors disposed on a
portion olotoe/Bend pad. 35 The bondi ng stress testingparsanganmeiss of

claim 3, wherein the plurality of sensors conprises sensors of a
first polarity and sensors of a secondyspolarity. 5 5. The bonding stress
testing arrangenent of claim 4, wherein the plurality of sensors are

arranged such that the sensor of a first polarity is placed adjacent to the
sensor of a second polarity. 10 6. The bonding stress testing arrangenent of
any one of clainms 3 to 5, wherein each of the plurality of sensors is

oriented al oNngTRe g@,{dﬁ%rémgs te§tihlatlangini @€ bf Qfim ¥ The bonding stress testing
arrangenent of claim6, 15wherein one sensor is oriented along a crystal

direction of [LfQLin fe mﬁitg%ggéxgﬁgzégﬁigeé &3Ldr09r Q&%flg%ﬁ%%ﬁen%@ s 6

or 7, wherein each sensor | fromthe a ent” sensor.

of a second polarity.

5
5. The bonding stress testing arrangement of claim 4,
wherein the plurality of sensors are arranged such that the sensor of a first polarity
is placed adjacent to the sensor of a second polarity.
10 6. The bonding stress testing arrangement of any one of claims 3 to 5,
wherein each of the plurality of sensors is oriented along a different crystal
direction.
7. The bonding stress testing arrangement of claim 6,
15 wherein one sensor is oriented along a crystal direction of [110].
8. The bonding stress testing arrangement of claims 6 or 7,
wherein each sensor is displaced 45° from the adjacent sensor.
20 9.  Thebonding stress testing arrangement of any one of claims 3 to 8,

wherein each sensor is adapted to measure a respective component of stress.

10. The bonding stress testing arrangement of claim 9,



20 9. The bonding stress testing arrangenent of any one of clains 3 to 8,
wherei n each sensor is adapted to neasure a respective conponent of stress.
10. The bowdizog/sbress testing arrangenent of claim9, P61/SG2011/0061@68€i n t he
first sensor arrangenent is adapted to neasure an average stress under’the
portion of the bond pad covered by theglurality of sensors based on the
respective conponents of stress neasured by the plurality of sensors.

511. The bondi ng stress testing arrangenent of any one of clains 1 to 10,

wherein the Seﬁ'ﬁéldmsﬁhlésﬁxfst Sérsan @R ARRnefONPLdpRE @ Mkasud) i Vverthgs eeeor s,
each sensor being di sposed on a respective bond pad and being oriented

al ong a dhxfxcfe?rtﬁ"@?Joﬁfo}is&a{he%(fnﬁcﬂddo&vexjegll?y '{}{}e 1‘8%@9 3¢ s&isBFsS%sE@%h' tRg
arrangenent of claim1 wherein the plurality of Sensors comprises

SEnsors O{es cE’v% &5 f&eﬁfs otf¥tr@s'§‘%e%%?ﬂ%fﬁ%ﬁhgﬂr@alﬁ%g%qlﬁg" arity. 13. The

bondi ng s ng arrangemnen 15wherei n each
sensor is dlsposed on the sane |l ocation of the respective bond pad. 14. The
bondi ng stress testing arrangenent of any one of clains 11 to 13, wherein

each sensor is_adapted to neasure a respective c?nponent of stress.
2015. The bbndi F@e%qr&dg@sstrte%%tﬁtwg agppggRfBheianyone of ghamsyto 1

wherein the second sensor arrangement comprises a plurality of sensors, each
sensor being disposed on a respective bond pad and being oriented along a different

crystal direction.

10 12.  The bonding stress testing arrangement of claim 11,
wherein the plurality of sensors comprises sensors of a first polarity and sensors

of a second polarity.

13.  The bonding stress testing arrangement of claims 11 or 12,

15 wherein each sensor is disposed on the same location of the respective bond pad.

14.  The bonding stress testing arrangement of any one of claims 11 to 13,

wherein each sensor is adapted to measure a respective component of stress.

20 15.  The bonding stress testing arrangement of claim 14,
wherein the second sensor arrangement is adapted to determine stress under the
location of the plurality of sensors on the respective bond pads based on the respective

components of stress measured by the plurality of sensors.



wherein the second sensor arrangenent is adapted to determ ne stress under
the location of the plurality of sensors on the respective bond pads based
on the respeotiinseseonponents of stress neasured by the plwsakitiypoods
sensors. 37 16. The bonding stress testing arrangenent of any one of
clains 1 to 10, wherein the second sengor arrangenent conprises a plurality
of arrays of sensors, each array of sensors being disposed on a
respective bond pad such that each array of 5sensors covers a portion of or
an entire area of the respective bond pad. 17. The bonding stress testing
arrangenment of claim 16, wherein each array of sensors covers the

entire bopgli NOTRY KkhdiHpdGfesd B ink %?rﬁﬁgéﬁe\ﬁ?opéﬂ%ﬁbng%@claﬁ&s & 10The bondi ng
stress testing arrangenent of clains 16 or mhereln the plurality

of arrays of s I and
arrays of sens‘gfr}%&g? hégeg;g{é%n% OraEP{ g%m%féxﬁgﬁ%h% ‘?fora r?gg s ¥%§lss {‘éé% in
arrangenent, of any. one o ach rra of se sors is

6t 18, wh
ori ented SBERY iR ?m%ﬁgfg?ss% O § BEpcgie b ﬁépﬂféu% hgmag

testiqg arrangenment of claim19,
sensors covers a portion of or an entire area of the respective bond pad.

17.  The bonding stress testing arrangement of claim 16,

wherein each array of sensors covers the entire bonding area under the respective

bond pad.
10
18.  The bonding stress testing arrangement of claims 16 or 17,
wherein the plurality of arrays of sensors comprises arrays of sensors of a first
polarity and arrays of sensors of a second polarity.
15 19.  The bonding stress testing arrangement of any one of claims 16 to 18,

wherein each array of sensors is oriented along a different crystal direction.

20.  The bonding stress testing arrangement of claim 19,
wherein the sensors of each array have the same polarity and are oriented along a

20  same crystal direction.

21.  The bonding stress testing arrangement of any one of claims 16 to 20,

wherein each array of sensors comprises a same number of sensors.



wherein the sensors of each array have the sanme polarity and are oriented
al ong a 20sane crystal direction. 21. The bonding stress testing

ar rangenmewd 20fyamsione of clains 16 to 20, wherein eachparsagonfosensor s
conpri ses a same nunber of sensors. 38 22.The bonding stress testing
arrangement of any one of clainms 16 tojg2l, wherein each array of sensors is
adapted to neasure a respective conponent of stress. 5 23. The bondi ng
stress testing arrangenent of claim22, wherein the second sensor
arrangenent is adapted to determ ne stress distribution under the area of

t he bond pad covered by the plurality of arrays of sensors based on the

ti t t j f f
respec 'V%Cg@?é}ﬁiehtdgx %ft S tE&?l aggﬁ%se'llr{e‘ﬁgopéﬁg e o?!:lld{n?s![f%}g 22 arrays o

sensors. ing stfess Testing arrangenen hy one of clains

1 to 10, mhereiH the s&cond ensor.arraggggent congriseﬁ.a ﬁluralkt of
groups of sensorg; "e&E a&?%ﬁgs%%F°’sse‘ﬁ§8?P 5 WGA0FS AATRE AP SREPR"H ™ er ent
crystal direction. 1525. The bondi ng stress testing arrangenent of claim 24,
wherei n e#tS-gr oup of sensors conprises a plurality of series of sensors,
wherein each series of sensors is disposed on a different portion of a
respective bond pad.

23.  The bonding stress testing arrangement of claim 22,
wherein the second sensor arrangement is adapted to determine stress distribution
under the area of the bond pad covered by the plurality of arrays of sensors based on the

respective components of stress measured by the plurality of arrays of sensors.

10
24, The bonding stress testing arrangement of any one of claims 1 to 10,
wherein the second sensor arrangement comprises a plurality of groups of sensors,
each group of sensors being oriented along a different crystal direction.
15 25. The bonding stress testing arrangement of claim 24,
wherein each group of sensors comprises a plurality of series of sensors, wherein
each series of sensors is disposed on a different portion of a respective bond pad.
26.  The bonding stress testing arrangement of claim 25,
20 | wherein the corresponding series of sensors of each group is disposed on the same

portion of the respective bond pad.

27.  The bonding stress testing arrangement of claims any one of 24 to 26,



26. The bonding stress testing arrangenent of claim 25, 20wherein the
correspondi ng series of sensors of each group is disposed on the sane
portion olotoe/mespecti ve bond pad. 27. The bondi ng str ess/sGa6t1/00@168
arrangenent of clains any one of 24 to 26, WD 2011/139231PCT/ SG011/000168
39 wherein the plurality of grougs of sensors conprises groups of
sensors of a first polarity and groups of sensors of a second polarity. 28.
The bondi ng stress testing arrangenent of any one of clainms 24 to 27,
Swherein each gh&u e phRARPLE ghonp®bf SHsOd BhPRASesAzrifsl FTs8RorL 61 S Fiddt
direction. 29. The bonding Stress testing arrangenent of claim 28,

wherein t ae sane polarity and are oriented
along a s e g?ggggwgg?ﬁ%@?ﬁgéfygﬁgg%&ﬂ%ﬂg'bonding stress testing
arrangenment of any one of clains 25 to 29, wherein each group of sensors
has the same nunber of series of sensors, and each series of sensors has

t he same punber. of sensors. :
ES. Jl’"he bond?ng stress testing arrangement of any one of claims 24 to 27,

5 wherein each group of sensors is oriented along a different crystal direction.

29.  The bonding stress testing arrangement of claim 28,
wherein the sensors of each group have the same polarity and are oriented along a

same crystal direction.

10
30. The bonding stress testing arrangement of any one of claims 25 to 29,
wherein each group of sensors has the same number of series of sensors, and each
series of sensors has the same number of sensors.
15 31.  The bonding stress testing arrangement of any one of claims 24 to 30,
wherein each group of sensors is adapted to measure a respective component of
stress.
32.  The bonding stress testing arrangement of claim 31,
20 wherein the second sensor arrangement is adapted to determine stress distribution

under the area of the bond pad covered by the plurality of groups of sensors based on the

respective components of stress measured by the plurality of groups of sensors.



1531. The bondi ng stress testing arrangenent of any one of clains 24 to 30,
wherei n each group of sensors is adapted to neasure a respective conponent
of stresswo3Bitfibesbondi ng stress testing arrangenent of pchraicaidbpoid®wher ei n
t he second sensor arrangenment is adapted to determ ne stress distribution
under the area of the bond pad covered,py the plurality of groups of
sensors based on the respective conponents of stress neasured by the
plurality of groups of sensors. 40 33. The bonding stress testing

arrangemess. of TROWorfiRy essietingBrrhndethehPof any one ofBRIA Ntoihe second sensor
arrangenment conprises a plurality of series of sensors, each series of

sensor's. di SPOsflrtfh il SechRIL o0l eALRESAOANIINANG AAGl o Acflog al 1Y

of bond pads. stressS testing ar aim 33,

wherein each bond .pad copprises roup.of bond se {s erein each
oroup of - BoAdBgaRt e IPaeER i teBeg car Spbnlie I o PR RS on o
t he corregponding bond pad. 35. The bonding stress testing arrangenent of
cl aim 34, Pn each group of bond segnents has the same nunber of bond
segneq%s. 36. The bondi ng stress testing arrangenent of any one of clains
33 to 85,

34.  The bonding stress testing arrangement of claim 33,
wherein each bond pad comprises a group of bond segments, wherein each group

of bond segments has a bonding area disposed at a different region of the corresponding

bond pad.
10
35.  The bonding stress testing arrangement of claim 34,
wherein each group of bond segments has the same number of bond segments.
36.  The bonding stress testing arrangement of any one of claims 33 to 35,
15 wherein the plurality of series of sensors comprises series of sensors of a first
polarity and series of sensors of a second polarity.
37.  The bonding stress testing arrangement of any one of claims 33 to 36,
wherein each series of sensors is oriented along a different crystal direction.
20

38.  The bonding stress testing arrangement of claim 37,

wherein the sensors of each series have the same polarity and are oriented along a

same crystal direction.



15wherein the plurality of series of sensors conprises series of sensors of
a first polarity and series of sensors of a second polarity. 37. The

bondi ng swoessi/t3esti ng arrangenent of any one of cl ai msp83/sGrodfporeher ei n
each series of sensors is oriented along a different crystal direction. 20
38. The bonding stress testing arrangggent of claim 37, wherein the
sensors of each series have the sane polarity and are oriented along a sane
crystal direction. 41 39.The bonding stress testing arrangenent of any one
of clainms 33 to 38, wherein each series of sensors has the same nunber of
sensors. 5 40. The bondi ng stress testing arrangenent of any one of clains

33 to 39, syherghdydi sﬁ%£st€§t §ofa?1y%‘il@8§°€19uﬁs033r¥€%§ure a respective
conponent of stress. The n Ing stress testing arrangeirent of claim
40,

wherein each series of sensors has the same number of sensors.

5 40. The bonding stress testing arrangement of any one of claims 33 to 39,
wherein each series of sensors is adapted to measure a respective component of

stress.

41.  The bonding stress testing arrangement of claim 40,
10 wherein the second sensor arrangement is adapted to determine stress distribution
under the area of the bond pad covered by the plurality of series of sensors based on the

respective components of stress measured by the plurality of series of sensors.

42.  The bonding stress testing arrangement of any one of claims 2 to 41,
15 further comprising a data processing unit adapted to collect data representing
values of the respective components of stress from the plurality of sensors and to

determine the stress values under the bond pad based on the collected data.

43.  The bondihg stress testing arrangement of any one of claims 2 to 42,
20 wherein the sensors comprise silicon-based piezoresistive stress sensors or
resistors.

44, The bonding stress testing arrangement of any one of claims 3 to 43,



10wherein the second sensor arrangenent is adapted to determ ne stress

di stribution under the area of the bond pad covered by the plurality of
seri es ofweensonssbased on the respective conponents of petrselsiimeassir ed by
the plurality of series of sensors. 42. The bonding stress testing
arrangenment of any one of clains 2 to 41, 15further conprising a data
processing unit adapted to collect data representing val ues of the
respective conponents of stress fromthe plurality of sensors and to
determ ne the @h&g@ghyﬁhmgghg@dgﬁmhagng@gc@ﬁﬁc@aged on the collected data.
43. The bonding stress testing arrangenent of any one of claims 2 to 42,
20wherein the sensors conprise silicon-based piezoresistive stress sensors
or resistors. 44. The bonding stress testing arrangenent of any one of

cl ai ms 3 ? 432]%5 dln tr%g Wegtgl frxjan [xr%e%{)lfaa to%e%?%{nllssfﬁ)ﬂ type
conductivity {réd n arrangenent of any one of

clains 3 to 44, mher in th econd larity conprises type conducti vit
5 wherein the secong poslar(l:ty com; IQISCS p-type con CthSlty P-1yp Y.

5
46. A method of determining stress on a portion of a bonding area under at least one
bond pad, the method comprising any one of:
measuring an average stress on a portion of a bonding area under the at least one
bond pad, and
10 determining stress distribution over a portion or an entire of the bonding area

under the at least one bond pad.

47. The method of claim 46,
wherein measuring an average stress on a portion of a bonding area under the at
15 = least one bond pad comprises evaluating measurements of a plurality of sensors disposed

on a portion of the bond pad.

48. The method of claim 47,
wherein the plurality of sensors comprises sensors of a first polarity and sensors

20  of a second polarity.

49, The method of claim 48,



46. A nethod of determining stress on a portion of a bonding area under at
| east one bond pad, the nethod conprising any one of: measuring an

aver age swpessl/Bm3a portion of a bonding area under thePaT/SIGeadt0o@dge bond
pad, and l10determ ning stress distribution over a portion or an entire of
t he bonding area under the at |east ong bond pad. 47. The nmethod of claim
46, wherei n measuring an average stress on a portion of a bonding
area under the at 15 | east one bond pad conprises eval uati ng neasurenents
of a pluralitywhéremanssusnglas pasae shiesstorpd poition offa Hondingandh pealdr thé&t The

met hod of claim 47, _ wherein the plurality of sensors conprises
Sensors Ofeaqt dnlesondRsaldafulthdtr @Mtbrized @dlSatiAQChe McAQGOMENtY OF Ad hMraldP of The
nmet hod of claim48, 43 wherei n nmeasuri ng an average stress on a

por tion of.,g,bandidd S@E}F@aﬂﬂgg&ltsﬁp@f ﬁmi ;F@%y%ﬁabémja%ﬁ tb ltﬁetée%r%@gpr i ses

eval uating the neasurenents o e plurality of sensors arranged such that
t he sensor ogn ggﬁét polarity is placed adjacent to the sensor of a second
pol arity. 0 et hod of any one of clainms 47 to 49, wherein-
measurj ng an average stress on a portion of a bonding area under the at

| east -one bond pad further conprises evaluating the nmeasurenent of each of

the plurality of sensors arran%ed.along a different crystal direction.
50. The method of any one of claims 47 fo 49,

wherein measuring an average stress on a portion of a bonding area under the at
least one bond pad further comprises evaluating the measurement of each of the plurality
of sensors arranged along a different crystal direction.
10
51. The method of claim 50, further comprising:
wherein measuring an average stress on a portion of a bonding area under the at
least one bond pad further comprises evaluating the measurement of one sensor arranged
along a crystal direction of [110].
15
52.  The method of claims 50 or 51, further comprising:
wherein measuring an average stress on a portion of a bonding area under the at
least one bond pad further comprises evaluating the measurement of each sensor
displaced 45° from the adjacent sensor.
20
53.  The method of any one of claims 47 to 52,

wherein each sensor measures a respective component of stress.



51. The nethod of claimb50, further conprising: wher ei n measuring an
average stress on a portion of a bonding area under the at | east one bond
pad furt heo200mapizses eval uati ng the neasurenent of onepsessasiians@nged
along a crystal direction of [110]. 52. The nethod of clains 50 or 51,
further conpri sing: wher ei n nmeasyyi ng an average stress on a portion
of a bonding area under the at |east one bond pad further conprises

eval uati ng the nmeasurenent of each sensor displaced 45 fromthe adjacent
sensor. 5§ Thendmédaedopdlaignys,one of clains 47 to 52, wherein each sensor
measures a respective conponent of stress. 44 54. The nethod of claim 53,

wher ei n ”Easur\kﬂé}%iﬂrha@a\éﬁ"i fn %&fg%ssn@& éh PBb&ioR"df AfboRdigRaNhdef &R aunder
ond pa er

the at |east one urt conpri ses neasuring an average stress

under the rtion of .t on red b i f..se S based
on the r cepert Bihdiad flinetR0ihReS SO b claf BV e R GEUARE S ™
sensors. 55.. The nethod . of a one of clains 46 to 54 wher ei n

ot or i i FGSPH EaLoTe S BRI ob Seieos BTG TR STRaEeRE Of HE“Bondi ng
area under the at | east one bond pad conprises eval uati ng neasurenent of
each of amswupdibyshe phuradity efes8¥¥s di sposed on a respective bond pad and
arranged along a different crystal direction.

55. The method of any one of claims 46 to 54,
wherein determining stress distribution over a portion or an entire of the bonding
area under the at least one bond pad comprises evaluating measurement of each of a
10  plurality of sensors disposed on a respective bond pad and arranged along a different

crystal direction.

56. The method of claim 55,
wherein the plurality of sensors comprises sensors of a first polarity and sensors

15 of asecond polarity.

57. The method of claims 55 or 56,
wherein determining stress distribution over a portion or an entire of the bonding
area under the at least one bond pad further comprises evaluating the measurement of

20  each sensor disposed on the same location of the respective bond pad.

58.  The method of any one of claims 55 to 57,

wherein each sensor measures a respective component of stress.



56. The nethod of cl ai m 55, wherein the plurality of sensors
conpri ses sensors of a first polarity and sensors 150f a second polarity.
57. The mwohod/wb23el ai 8 55 or 56, wher ei n det ePQTRGREI1BVIIES S

di stribution over a portion or an entire of the bonding area under the at

| east one bond pad further conprises e¥@luating t he neasurenent of 20 each
sensor di sposed on the sane |ocation of the respective bond pad. 58. The
nmet hod of any one of clainms 55 to 57, wherein each sensor neasures a
respective conponent of stress. 45 59..The nethod of claimb58,

wherein determ ning stress distribution over a portion or an entire of the

bondi ng akga UpREHhBE oftlainsdst One bond pad further conprises determ ning
stress under the 5location of the plurality of sensors on the respective

bond pads b . i va. . . th
orurality of SORaePLMebERg Skt B ERTRORENLS, Hrid) bERERE LR B D ¢

det er M i g, S e Tl 2L 1900 U8 RARBOL e ey Lsfunion2ON N0

5 location of the plurality of sensors on the respective bond pads based on the respective

components of stress measured by the plurality of sensors.

60. The method of any one of claims 46 to 54,
wherein determining stress distribution over a portion or an entire of the bonding
10  area under the at least one bond pad comprises evaluating measurements of each of a
plurality of arrays of sensors disposed on a respective bond pad such that each array of

sensors covers a portion of or an entire area of the respective bond pad.

61. The method of claim 60,
15 wherein each array of sensors covers the entire bonding area under the respective

bond pad.
62. The method of claims 60 or 61,
wherein the plurality of arrays of sensors comprises arrays of sensors of a first

20  polarity and arrays of sensors of a second polarity.

63.  The method of any one of claims 60 to 62,



10 area under the at | east one bond pad conprises eval uati ng neasurenents
of each of a plurality of arrays of sensors di sposed on a respective bond
pad such wbabvieseisiarray of sensors covers a portion of por/Sagnoanbece area
of the respective bond pad. 61. The nethod of claim 60, 15wherein each
array of sensors covers the entire bong ng area under the respective bond
pad. 62. The nethod of clains 60 or 61, wherein the plurality of
arrays of sensors conprises arrays of sensors of a first 20 polarity and

arrays of sens@hérefdf deferfiing etrgd® dRtribuyion G3er alpwtioebhadenire afthemodadiaf cl ai ns
60 to 62, 46 wherein determ ning stress distribution over a portion

or an ent hlg uRfieriie aLRALI J18 RHEPal @Qﬂ{ertcgﬁxp%esle%ﬁﬁﬁtnﬁ%‘ﬁlet}ﬁ’éﬂu&ﬁﬁmfs Wrt her
Conprl ses eval uati ng t he measur énents of each arr ay Ol sensors arr anged

along a dhafcfn%%g%fé?ern@& %axgg,eﬁ%f*o %%ffesrex?t vyt difEdfeRd of clai m 63,

wherein the sensors have he’’sane polarity and are arranged
al ong a sane crystal direction. 65. The nethod of any one of clains 60 to
64, 1Owherein each array of sensors conprises a same nunber of sensors.

5 64. The method of claim 63,
wherein the sensors of each array have the same polarity and are arranged along a

same crystal direction.

65. The method of any one of claims 60 to 64,

10 wherein each array of sensors comprises a same number of sensors.

66.  The method of any one of claims 60 to 65,

wherein each array of sensors measures a respective component of stress.

15 67. The method of claim 66,
wherein determining stress distribution over a portion or an entire of the bonding
area under the at least one bond pad further comprises determining stress distribution
under the area of the bond pad covered by the plurality of arrays of sensors based on the
respective components of stress measured by the plurality of arrays of sensors.
20

68.  The method of any one of claims 46 to 54,



66. The nethod of any one of clains 60 to 65, wherein each array of sensors
nmeasures a respective conponent of stress. 15 67. The nethod of claim 66,
wherei n AWOePHVI3PI3g stress distribution over a portion ®CT&G2e{000168 of t he
bondi ng area under the at | east one bond pad further conprises determnirng
stress distribution under the area of 47he bond pad covered by the plurality
of arrays of sensors based on the respective conponents of stress neasured
by the plurality of arrays of sensors. 20 68. The net hod of any one of
clains 46 to S#whereh/determiningtesse idistribation wieri aygpraon esan ditis¢ of thatboodingver a
portion or an entire of the bonding area under the at |east one bond pad
conpr i sesarey ahdét the Gt TRaSoHChaNd! Fadodongizbs eFalwatinh Uhakireie®t offeacdsf af
sensors arranged along a different crystal direction. 5 69. The net hod of

cl ai m 68, %Nﬁ‘a‘ﬁ%fbﬁgr%}fsfbfgé&k!ﬁ Dlan SN Sa GORRAE G§SaliRbisRl i ty of series of
sensors. 70. The nethod of claim69, " whérein determ ning stress
distribution over a portion or an entire of the bonding 10 area under the
at | east one bond pad further conprises evaluating the nmeasurenents of each
series_of _sensqars disposed op,a different portion of a respective bond pad.
71. The nfthod %ﬁnlﬁﬂﬁﬁfgﬁFl&ﬁerein determ ning stress distribution over a

portion or an entire of the honding ) ] )
wherein each group of sensors Comprises a plurality of series of sensors.

70. The method of claim 69,
wherein determining stress distribution over a portion or an entire of the bonding
10  area under the at least one bond pad further comprises evaluating the measurements of

each series of sensors disposed on a different portion of a respective bond pad.

71. The method of claim 70,
wherein determining stress distribution over a portion or an entire of the bonding
15  area under the at least one bond pad further comprises evaluating the measurements of
the corresponding series of sensors of each group disposed on the same portion of the

respective bond pad.

72.  The method of claims any one of 69 to 71,
20 wherein the plurality of groups of sensors comprises groups of sensors of a first

polarity and groups of sensors of a second polarity.

73.  The method of any one of claims 69 to 72,



15 area under the at | east one bond pad further conprises evaluating the
measurenents of the correspondi ng series of sensors of each group di sposed
on the sawe portymm of the respective bond pad. 72. The poetsioach1mboies ai s
any one of 69 to 71, 20wherein the plurality of groups of sensors conprises
groups of sensors of a first polarity gnd groups of sensors of a second
polarity. 73. The nmethod of any one of clains 69 to 72, WO

2011/ 139231PCT/ SG2011/ 000168 48 wherein determ ning stress

di stribution owhére q¥idrinliffg Stfesadisaibutio® o0dr 4 fetiboodamentia¢ efithddadading he at
| east one bond pad further conprises evaluating the nmeasurenents of each

group of SeNYAEG RE %@Mﬁ%n@l%ﬁg pad Pk rc@ﬁbn%sye%lﬁlatnfﬁ the GhdaSiremertd -ofhe
met hod of claim 73, wherein the sensors .of each group have the sane

polarity ge[lﬂﬁg&%roq{sg&gge aﬁ%‘?ﬁg% S R ?l{ é’r?rﬁtﬁi' dl%l_?gg&tl on. 75. The bondi ng

stress tes rangemen one o al ns to 74, 10wherein each
group of sensors has the sanme nunber of series of sensors, and each series
of sensors has the same nunber of sensors.

5 74 The method of claim 73,
wherein the sensors of each group have the same polarity and are arranged along a

same crystal direction.

75.  The bonding stress testing arrangement of any one of claims 70 to 74,
10 wherein each group of sensors has the same number of series of sensors, and each

series of sensors has the same number of sensors.

76. The method of any one of claims 69 to 75,
wherein each group of sensors measures a respective component of stress.
15
77. The method of claim 76,
wherein determining stress distribution over a portion or an entire of the bonding
area under the at least one bond pad further comprises determining stress distribution
under the area of the bond pad covered by the plurality of groups of sensors based on the

20  respective components of stress measured by the plurality of groups of sensors.

78.  The method of any one of claims 46 to 54,



76. The nethod of any one of clains 69 to 75, wherein each group of sensors
nmeasures a respective conponent of stress. 15 77. The nethod of claim 76,
wher ei n debenniBbsg stress distribution over a portion ecrasentonses of the
bondi ng area under the at | east one bond pad further conprises determning
stress distribution under the area of e bond pad covered by the plurality
of groups of sensors based on the 20 respective conponents of stress
nmeasured by the plurality of groups of sensors. 78. The method of any one

of clainms 46 t@hédin deﬂé}minin%1 strodb Afs@ibutidR L& Purfien 6 L &RirélbSihkitoHEingn over
a portion or an entire of the bonding area under the at | east one bond pad

conpri Sesm%X%hHﬂi th0Qt §t56i{e915'8°da doéongﬁ}%l?s &al “Bé d;%)ﬁeﬁ’t% of @héE s Qf
sensors disposed 1nt e centre espon a plurality
of bond p 79, The thod f i.m mhereln C

conpri sesP %raél% i Sex?esbonS Y greﬂ Seg I?A/rt\léer té?ntree%& C%rrreg omﬁ Eond gdegﬁgnt S has
a bondingﬁﬁgﬁa se at a dlfferent regi on of the correspondlng bond

pad. 80 ¢l aim 79, wherein each group of bond segnents has

t he sane nunber of bond segnents. 81. The method of any one of clains 78 to
80, :

79. The method of claim 78,
wherein each bond pad comprises a group of bond segments, wherein each group

of bond segments has a bonding area disposed at a different region of the corresponding

bond pad.
10
80. The method of claim 79,
wherein each group of bond segments has the same number of bond segments.
81. The method of any one of claims 78 to 80,
15 wherein the plurality of series of sensors comprises series of sensors of a first

polarity and series of sensors of a second polarity.

82. The method of any one of claims 78 to 81,
wherein determining stress distribution over a portion or an entire of the bonding
20  area under the at least one bond pad further comprises evaluating the measurements of

each series of sensors arranged along a different crystal direction.

83. The method of claim 82,



15wherein the plurality of series of sensors conprises series of sensors of
a first polarity and series of sensors of a second polarity. 82. The nethod
of any onwoebigizedsns 78 to 81, wher ei n det er m nipag/S&L6BHH0168

di stribution over a portion or an entire of the bonding 20 area under the
at | east one bond pad further conpriseg eval uating the neasurenents of each
series of sensors arranged along a different crystal direction. 83. The

met hod of claim82, 50 - wherein the sensors of each series have the
sane polarity afiéedthe sl @EdachlseNEs kv AEBamk Yolagity sHdr£€ hiriged 8tbng Ahe

met hod of any one of clains 78 to 83, 5wherein each series of sensors has
the same gbglafdiReRSPrs. 85. The nmethod of any one of clainms 78 to 84,
wherein each séries of sensors neasures a respective conponent of stress.
10 86. The nmet hod of claim 85, wherein determining stress distribution
over a portion or an entire of the bonding area under the at |east one bond
pad furthg% co ris$$ d ternin%n .st;gsszﬂistribution under the area of the
bond pad &bver &b BGHPALT #Y a9 P&"B? B{%s of sensors based on the

respective conponents of stress neasured by the plurality of series of
sensory. 15 wherein each series of sensors has the samé number of sensors.

85. The method of any one of claims 78 to 84,

wherein each series of sensors measures a respective component of stress.

10 86. The method of claim 85,
wherein determining stress distribution over a portion or an entire of the bonding
area under the at least one bond pad further comprises determining stress distribution
under the area of the bond pad covered by the plurality of series of sensors based on the

respective components of stress measured by the plurality of series of sensors.

15
87.  The method of any one of claims 47 to 86, further comprising:
providing a data processing unit to collect data representing values of the
respective components of stress from the plurality of sensors and to determine the stress
values under the bond pad based on the collected data.
20

88.  The method of any one of claims 46 to 87,
wherein measuring an average stress on a portion of a bonding area under the at

least one bond pad is carried out by a first sensor arrangement.



87. The nethod of any one of clains 47 to 86, further conprising:

providing a data processing unit to collect data representing val ues of the
respecti weoonpnsnt s of stress fromthe plurality of segssGandols®
determ ne the stress val ues under the bond pad based on the collected data.
20 88. The nmethod of any one of clainssid6 to 87, wherei n measuring an
average stress on a portion of a bonding area under the at | east one bond
pad is carried out by a first sensor arrangenent. 51 89. The nethod of any
one of clainms 55 to 88, wherein determ ning stress distribution over
a portion or an entire of the bonding area under the at |east one bond pad

is carrleggoutTgym@mgagpaquﬁgnﬁgmnag5aﬂg§nent 90. The nmet hod of cl ai m 89,
further conprising: evaluating the nmeasurenents of the first sensor

arrangement angdytbg (&?&Qﬂqng SRRO WisRit BB SVEY pHisP8s aflee bP e IRABNRONd pad
or on different bond pads.

area under the at least one bond pad is carried out by a second sensor arrangement.

90.  The method of claim 89, further comprising:
evaluating the measurements of the first sensor arrangement and the second sensor

arrangement disposed on the same bond pad or on different bond pads.



