;, e3eQoQ . 6, TIP/ 1 DESCRI PTION Drop Shock Measurement System and 5 10

Accel erati on nt Used in the Same TECHNI CAL FI ELD The resent

i nvention ”mmum ”m‘ﬂMOp i npact neasuring system used for I @

test on nn%lle el &f r.oni ¢ equi pnent |nclud|ng a nobi | e phone,

relates tolan acceleration sensor el enentl enpl oyed for the drop |*mspa@,*t
measuri ng system BACKGROUND ART For nobile el ectronic equi pnent i ncluding
a nobil e phone, a notebook 15 20 25 size conputer, a nobile cassette

pl ayer, conpact disc (CD) player, aDESCRIPTIQGN ; (MD) player, drop-down is
an ever-present accident when considering its intended use. Accordingly,
protecting the equipnment frominpact caused by the drop-down has now been a
growi ng need. A typical failure cones fromdistortion of a notherboard
mount ed on the equi prent dueDrop $hopk Measureprsit Sylsvethi ch sone on- boar d
conponents have shorts in the wiring, or cone off the board. Therefore, to
protect the equipnment from such acci dentandfoll owi ng steps should be taken:
i) selecting a material and a structure of electronic equipnment to be
tested; 5 i) determ ni ng AccdlerptionWenber BlsmentiUded &6 th@Banié i ) si mul ating
drop-down i npact accel eration applied to each section of the equipnent; and
then iv) getting feedback fromthe result and i nproving the design of the

i nner structure, for exanple, the position and nethod of installing a
circuit bodFPECHNI@AEFIEILR drop-down inpact acceleration during falling
greatly varies 2 between falling objects, and the acceleration applied to
an obj ect has si'Bie present imegrtionddateEto hidropinmpact arpeBanng sysaih @Ry for
caused by drop inpact greatly depends on the structure of an object. The
reasons abow drdpainep detdnstodas heblileeldaradt eqtiipmentf indholing awnobil@phéne, and
acceleration applied to a falling object. 5 DI SCLOSURE OF THE | NVENTI ON The
drop i MPactalseaslatesdo sars taccelbeation sengruelainent exhphiyedrfoh-thgpdrop impact
.accel eration sensors containing a plurality of free vibrating sections

each of whimbahasngsgsteindual draw out el ectrodes; ii) a switch section for
sel ecting 10 output of the binorph accel eration sensors obtained through
the drawout electrodes; iii) an anplifying circuit for anplifying at |east

one of voltage and current applied via the switch section fromthe binorph
accel erati CKGBOIINENARIV) a logic circuit for logically evaluating the
output fromthe anplifying circuit and controlling the switch section
accordi ng to thdareswbtleaedgetironid ¢quipmbhttineluding camabilel phonegm notebook

15  size computer, a mobile cassette player, compact disc (CD) player, and mini disc
(MD) player, drop-down is an ever-present accident when considering its
intended use. Accordingly, protecting the equipment from impact caused by the
drop-down has now been a growing need. A typical failure comes from
distortion of a motherboard mounted on the equipment due to drop-down impact,

20 by which some on-board components have shorts in the wiring, or come off the
board. Therefore, to protect the equipment from such accidents, following steps
should be taken: i) selecting a material and a structure of electronic equipment
to be tested; ii) determining a drop-down height and direction; iii) simulating
drop-down impact acceleration applied to each section of the equipment; and

25  then iv) getting feedback from the result and improving the design of the inner

structure, for example, the position and method of installing a circuit board.

However, the drop-down impact acceleration during falling greatly varies



A bi nor ph accel eration sensor elenent is formed of the free vibrating
sections having cantil ever beans. Signals generated at the free vibrating
section are fed through the draw out electrodes to the switch section. The
bi norph accel erati on sensor element is algo formed of the free 20 vibrating
section having bot h-ends-supported beans.” Si gnal s generated at the free

vi brating section are fed through the draw out electrodes to the switch
section. BRI EF DESCRI PTI ON OF THE DRAWNGS 25 Fig. 1 shows a_circuit

di agr am of hetsteep falinebjaetss and the apealeration applaeditmae ohjech hasfsignificamtd a
second enbodi nents of the present invention. Fig. 2A shows a circuit

di agr am of magatedeer Hurrtherswmreoresonangr fifsiquency causadolid idinem impacy grezly
shows a circuit diagramof an accel eration sensor of the second

. enbodi nentdepengls an the strurbweshan objeetustThe reagonk@bpwvehiane bebndbstadéng
drop inpact 5 acceleration_in a drop inpact neasuring systemof the first
and second terdadectiemotdrap-down 1m§aah@¢qggaratuon\@p@mdtt0iai allang gbjeay t he
routi ne of detecting drop inpact acceleration in a drop inpact measuring
system & the first and second ermbodi ments. 10 Fig. 5A shows a top vi ew of
an accel eration sensor elenment having a both ends-sa&gorted beam structure

in accordance with the firsPIRGLOSUTHRRIOF IHE INYENIMOMN bott om vi ew of the

accel erati on sensor el enment having a bot h-ends-supported beam structure in
accordance wit h The drpp smpaehoueasining pygtens hashbve plusality of bimerph-fpe
accel eration sensaor el enment having a 15 both-ends-supported beam structure

i n accor dankeselgration enspyss cortinigiena pluraity of freehsibyatingeseshions eashy plew
of the acceleration sensor el ement having a both-ends-supported beam
struct ure i Whighc bagaindavigueh draw-eut eleckradesi aBna svrteh septiamofas seleding/i ew
of an accel eration sensor element_having a 20 cantil ever beamstructure in
accor dafce ptpmttofethe imprehpaceelarption sensors obtained through the draw-out

electrodes; iii) an amplifying circuit for amplifying at least one of voltage and

current applied via the switch section from the bimorph acceleration sensors;

and 1v) a logic circuit for logically evaluating the output from the amplifying

circuit and controlling the switch section according to the result acquired from
15  the logical evaluation.

A bimorph acceleration sensor element is formed of the free vibrating
sections having cantilever beams. Signals generated at the free vibrating
section are fed through the draw-out electrodes to the switch section.

The bimorph acceleration sensor element is also formed of the free

20 vibrating section having both-ends-supported beams. Signals generated at the
free vibrating section are fed through the draw-out electrodes to the switch

section.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 shows a circuit diagram of a drop impact measuring system in
accordance with a first and a second embodiments of the present invention.

Fig. 2A shows a circuit diagram of an acceleration sensor of the first



Fig. 6B shows a bottom view of the accel eration sensor elenent having a
cantil ever beam structure in accordance with the second enbodi nent. Fig. 6C
shows a perspective view of the accel eration sensor el enment having a

cantil ever beam structure in accordance wth the second enbodi nent. 25 Fig.
7A shows a top view of an accel eration sensor el enent having a cantil ever
beam structure in accordance with the first enbodinent. Fig. 7B shows a
bottom vi ew of the accel eration sensor elenment having a 4 cantilever beam
structure i¢mbedispentance with the first enbodinent. Fig. 7C shows a
perspective view of the accel eration sensor el enment having a cantilever
beam structure ifiga@Eoshiewiza cireuit diagrim of amnterglaration sengor ef\thésoeomdl t op
vi ew of anot her acceleration sensor elenent having a 5 cantil ever beam
structure i¢mbediretfhce with the first enbodinent. Fig. 8B shows a bottom
view of the acceleration sensor elenment having a cantil ever beam structure
in accordance wilfig. this fiflew chabdllnstiratingi the SOt dateptingpdonp wpactew
of the acceleration sensor_element having a cantilever beam structure in
accor dafce adceleratienfin sa dnepoitnpeet maTBEST ySBEm FOR thaRAYstNEnUse@mdTHE
| NVENTI ON FI RST_EXEMPLARY EMBCDI MENT Fig. 1 shows a circuit diagramof a
drop i npactembedinrémtg. systemin 15 accordance with a first enbodi nent of
the present invention. Acceleration sensors 101, 102, and 103 are connected
to switches 106,Figo7 immgotivy, flowsphanti ilbisjrating the rogtinehehdgtectiog drap

al so connected to ground 109. By closing one of switches 106 through 108,
an out put sigpaat gceelerafien én aadropl wnpaqtoneauring sygtem phthr §nstimad seconsd
into anplifying circuit 104 to be 20 anplified. Anplifying circuit 104
outputs a s@@h@@@%ﬁsch corresponds to acceleration, via termnal 110.
Logic circuit 105 eval uates whether or not the signal from anplifying
circui t10104 st aylSignPihews piandeesr of areaceelpratins|sensemelemeat having 8 boshrc e
occurs or not, accordingly outputs |ogically evaluated result. Logic
circuit 10%5nflsraymmortad bearwticburs insggeordancephithe Sirghembedsnent.d be 25
cl osed, according to_the |ogical evaluation, thereby controlling sw.tches
106 through | 08.Fig: §B shoavs & betigm smvspbihe Aecelanation seaser elementchavdngd on
sensor el enent, 5 which js the maj or conponent of accel eration_sensors
101 t hr oughPotEndsrgpposied: bragw shrustisigwaccardancearith he fissembedinesrtnent
havi ng a bot h-e\rllJ’d,ssup ogt ed beam s_trucéure. Fig. SAis atqQp view, Fig. 5B
is a bottomvie ,lgFi%f shews @ gidgj yew phtihe ggeplerationseensor elomenpdiaving a
view. Each of free vibrating 5 sections, 545 through 547 shown in_Figs. 5A
througﬂ55D Mb-%d&rmﬁt@@t qadn gpraicture in accordance with the first embodiment.

Fig. 5D shows a perspective view of the acceleration sensor element
having a both-ends-supported beam structure in accordance with the first
embodiment.

Fig. 6A shows a top view of an acceleration sensor element having a

20  cantilever beam structure in accordance with the second embodiment.

Fig. 6B shows a bottom view of the acceleration sensor element having a
cantilever beam structure in accordance with the second embodiment.

Fig. 6C shows a perspective view of the acceleration sensor element
having a cantilever beam structure in accordance with the second embodiment.

25 Fig. 7A shows a top view of an acceleration sensor element having a
cantilever beam structure in accordance with the first embodiment.

Fig. 7B shows a bottom view of the acceleration sensor element having a



in which distortion and vibration occurs when an inpactive force is
applied. Free vibrating sections 545, 546, and 547 have main el ectrodes
501, 502, and ;503 on each upper surface thereof; and have main el ectrodes
520, 521, and 522 on each | ower surface thereof, respectively. Draw out

el ectrodes 504 and 505 10 are connected th main el ectrode 501; draw- out

el ectrodes 506 and 507 are connected with nmain el ectrode 502; and draw out
el ectrodes 508 and 509 are ,connected with main el ectrode 503 to establish
el ectrical coovideven basan stmpexst invaxicordamrceeviththa firsgembodiment. 545 t hr ough
547 generate electric charges according to distortion in shape due to their
bi mor ph struct urlig. Thehewscar perspactivearvgew geh the taedeloratier seuppre eleguertace
of free vibrating sections 545, 546, and 547 is carried to main el ectrodes
501, 502, amvisgd canddpeer hasah pirushare iradeerdaymerwish the fidstaembadineé¢mict r odes
504 and 505; 506 and 507; 508 and 509, respectively. On the other hand, The
el ectric char ge ljgn8Ashowsomtamview ofnother haesdexsitiony semsor bleaméntghadngiaons
545, 546, and 547 is carried to main el ectrodes 20 ,520, 521, and 522,

r espect ibvel gantdever hgam structure iscaqcordanpe-with the dest enbsdBzent, and 524; 525
and 526; 527 and 528, respectively. The electric charges carried to main

el ectrodes 520 tHigo88rsiBms abettoppuiaw of tie pedelgratipnt senisposlementrhaxing @
mai n el ectrodes 501 through 503. Drawout electrodes 523 through 528 are
ext ended t ccandevrat hesym strustiprsoint ancerdvncetwith e fi3atagmbpdineént. si de surf aces
of 25 the supporters, and are exposed at the bottom of the each supporter.
The def or mat i on 1. & &shpmisr at pengpectiva view saf5the pecelardion sepserslement
oppositely polarized electric charges: one is drawn out by draw- out

el ect r odes hawngauantilevrybaay stiug angordancapypich the firafcembpdiment.

vi brating sections 545 through 547; the other is drawn out by draw out

el ectrd®es 523 through 528 exposed at the bottom of supporters 541 through
544. The reason why draw out el ectrodes 504 through 509 and 523 through 5
528 are formed as BERF MGDE FOR CARBYING Q@&@E@WWSM is as
foll ows: such a structure can avoid cancellation of the drawn out electric
charge due to stress distribution in free vibrating sections 545 through
547. in the_structure above, for exanple, each w dth of draw out el ectrodes
504 and 505FIRSHAXEME{ARY EMBOR Tfifth of that of main el ectrode
501. 10 Free vibrating sections 545, 546, and 547 have |l engths of L3, L2,
and L1, respecti¥igy shows jancixppitrdipgram efha drepginpactamgagyripg system in
shortest. Free vibrating sections 545 thrqugh 547 are electricall )

separ atléd eafeardancer with g fipet embadiment of thgi pregealiareriionc cAreslenation
sensors 101 through 103 shown in Fig. 1. Acceleration sensor_elenment 201 is
the one t hesedgass d91snign asd; Hodiage. copmnecked fghswrches QG 49bwasdt 108,

el ectrodes 523 and,524 shown_in gigs. 5A _throygh 5D is connected to ground
205 of Fi g.YeSReCtEyely neSeasnes 1RAtarowsthe 108 3P AP Gemetcied 0 geund.408nd Bos
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B R N e R
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out L | IR 1o 1SS SR0RER 1% ST Do O s e
e et oty 8L TGRS TR BUROUR Fo R
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respectively, ang a ter YSnwindicates the | D numbey: =1.in

accel eration segglg? %Ehlfblgg?m gﬁ?]‘{vﬁgeisfl&ct%eo&ﬁq %‘bce£e§8?ﬁ°8r?egﬁq\§; element, ;
accel eration sensor 102 containing free vibrating section 546; and S = 3 in
accel eration sensor 103 containing free vibrating section 547. Simlarly, a
|l etter "N' represents the total nunber of acceleration sensors: N = 3 in

t he acceleﬂation sensors shown in Figs. 5A through 5D.




15 Al though the expl anati on above introduces the structure in which i)
generating current by noving the electric charge obtained from one of

draw out el ectrodes 504 and 505; ii) converting the current into voltage by
feedi ng through resistor 202; and then iié) anplifying the voltage, it is
not limted thereto: the structure in whith current is directly anplified
Is al so acceptable. 20 Accel eration sensor el enent 201 generally bears
capaci tance - working .the capacitance with resistor 202 inevitably fornms a
filter thatwhighsisoflfe mayerbenrapsnentueinaicelsratinasensons 1Qhshroughal @3.gdhigsat ed
in accel eration sensor_el enent 201 are decreased in | ow frequency band. In
this case, ‘dhethroughabld shawpfan facesjoration sepeor eleraentehalying Hve betdvendsi on
below. 25 Fc =1/ (2(err) x Rx Cs) ......... . %g;pression. 1), where, GCs
repr esent s Supeciadabrean structerd. erligi 8A 18 enworviewe Fig 5B 1a bpttoapyiese dtig.

resi stance of resistor 202. 8 Fig. 3is a flowchart illustrating the
routine of #edsur sidlg viewp anddig. 5ﬁ she peirsnagtivestiewn Eackiof. frae vibrating
first step 300, an acceleration sensor_including the free vibrating section
wi th thé hisgetions Sdadhprugh §4'askownan Fige HA throvghfdehas edumerphistrusthnect ed
fromfree yibratin%usections 545 through 547 of 5 different |engths shown
in Figs. 5An whichdigprtier eadevibratianeouty wigh racimphatiyef fozee ¥ lapalipdg
section 545 can,%royide t he highest sensibility and the | owest resonance
frequency, ¥rggtvibzatingseetagrss 54p, 346, and Bdp e, maip edeciypdesh2l, 18, tamdough
108, only one switch associated with the acceleration sensor selected in
step 300 i PQ3 ov each wwper syrinen thereps and have mpineleetrodasnadl), 521, end 522
nonent, since "S" retains the value of 1, only switch 106 of Fig. 1.is

cl osed. | n @t epcladover parfaee phersah nesrectpiedy. nsDraw-oxt edecivalesHh and fltét
caused by the drop-down is neasured. Anplifying circuit 104 anplifies

si gnal 90 r crheaeariestest wath seginoeleciyodey &id; siragw-awt electmdesiBOf andh SO aned

t hen out puts the neasured,result@éi.e., I npact accel eration) through
termnal 1190n8gsted Witbrmypin ele¢irede p03pand | dygncouy plagitodes %@@é%@sare
whet her the output, signal fron1anp|ifying circuit %gf stays within a
threshol d dionmgetedypithnaparr elesadace08cdar establ .electrical  connections,

respectively. Free vibrating sections 545 through 547 generate electric charges
according to distortion in shape due to their bimorph structures. The electric
15 charge generated on each upper surface of free vibrating sections 545, 546, and
547 is carried to main electrodes 501, 502, and 503, respectively, and further
carried to draw-out electrodes 504 and 505; 506 and 507; 508 and 509,
respectively. On the other hand, The electric charge generated on each lower
surface of free vibrating sections 545, 546, and 547 is carried to main electrodes
20 520, 521, and 522, respectively, and further carried to draw-out electrodes 523
gand 524; 525 and 526; 527 and 528, respectively. The electric charges carried to
main electrodes 520 through 522 are opposite in polarity to those carried to
main electrodes 501 through 503. Draw-out electrodes 523 through 528 are
extended to the bottom of supporters 541 through 544, via the side surfaces of

25 the supporters, and are exposed at the bottom of the each supporter.
The deformation of free vibrating sections 545 through 547 creates

oppositely polarized electric charges: one is drawn out by draw-out electrodes



20 In step 306, if the inpact acceleration stays within the threshold, the
acceleration is displayed in step 312. A display for show ng the inpact
acceleration is not shown in Fig. 1. On the other hand, if the inpact

accel erati on exceeds the threshold, the %ocedure goes to step 307. In step
307, the value currently stored in Sis conpared with the val ue stored
in N If the conparison finds that the value of S equals to that of N -

whi ch neans that each of the output signals generated fromfree vibrating
secti ons 54504 thraughobg9 dgposstomn the uppgs .susface mfdieh vilraving senpionkyd4iy
circuit 104 exceeds the threshold, the procedure goes to step 311, where an
error indi cétroughi®tsHberotbar tis drdivapoat by Glramheubeleetrodas db23 thrsughai2&ot
reach N, the procedure goes to step 310 5 where the value of S (that

i ndi cat es aexmossdnat therbettpm of syppartads 5#Aghrowgh 844.s i ncrenented by 1 in
step 310, and then the procedure goes back to step 301. According to the
updat ed S, next Bbearasan Why dmwoutiedectrodest 24 thraswebp509 Bndah2s theoustop

i npact neasurenment is resuned fromstep 302. Fig. 4 is another flow chart

i || ustraing28 are foymeadnes apankeffte¢ viprdting sectiompaed throughe547 iscas followswn
in Fig. 1. According to the flow chart shown in Fig. 3, if the result of

t he drop i ngzakt a sbawtineesn avbida¢anedllationtof pheoltawncentdelettric chargehbledtof S
representing a sensor nunber, the value of Sis incremented by 1 in step
310, and t hetmesshdistiibptionpa dreershratingreectidns 545 threught545%t epn3be stxeture
other hand, in the flow chart of Fig. 4, even if the first result of the 15
measur enent akgvee frexample m@bhmddh@g dsawtaws elengradesifOdiand 80 iadgtesminadout
signals to find a proper sensor nunber, and then the drop inpact

neasur enent leps thaw gpedifth efthatof main ededredsd@ensor corresponding to the
sensor nunber. In step 400, Sinitially takes on 1, and the drop inpact
test bdd ns at sKege vibuatinggectiong M%@ymoepdéﬁlh&\@ilﬁgg&&@ﬂﬁa& 2mnd L1,
anplifies the output signal of 20 acceleration sensor 101 that has been
entered t hrssgpctavaly.candos. which L3 is the longest, and L1 is the shortest. Free

vibrating sections 545 through 547 are electrically separated each other.
Fig. 2A shows the circuit diagram of acceleration sensors 101 through 103
shown in Fig. 1. Acceleration sensor element 201 is the one the same as shown
15 in Figs. 5A through 5D. One of draw-out electrodes 523 and 524 shown in Figs.
5A through 5D is connected to ground 205 of Fig. 2A. On the other hand, one of
draw-out electrodes 504 and 505 shown in Figs. 5A through 5D is connected to
resistor 202 of Fig. 2A. The electric charge obtained from draw-out electrode
504 or 505 is converted through resistor 202 into current. Besides, feeding the
20 current through resistor 202 allows resistor 202 to generate voltage. In the
case that resistor 202 is required to have large resistance value more than 1 MQ,
employing field-effect transistor (FET) 203 allows the circuit to have lower
impedance. The source of FET 203 is connected, through terminal 206, to the
positive side of a power-supplying unit; the gate is connected to the acceleration
25 sensor element 201 and resistor 202; and the drain is connected to resistor 204.
The other terminal of resistor 204 is connected to ground 205. The potential of

the drain is taken out through terminal 207. Forming the circuit like this



In step 403, logic circuit 105 eval uates whether the output signal from
anplifying circuit 104 stays within a threshold or not, and whether
resonance occurs or not. In step 404, if the logic circuit eval uates that
the inmpact acceleration stays 25 within threshol d, the acceleration is

di spl ayed in step 408. A display for show ng the inpact acceleration is not
showmn in Fig. 1. On the other hand, if the inpact accel eration exceeds the
t hreshol d, | ogic 10 circuit 105 selects a proper sensor numnber according
to the out prlovs tarmingl 2870 haye loyven owpiut impadancest ep 406. In step 407, a
switch corresponding to the sensor nunber selected above is closed to
resune the drop Theaeeelerssion spnser slespempghowndndfigs. PAghreugh Skhaksarkas and
di spl ayed. An accel eration sensor for detecting drop inpact is required to
have di ff erfsee vipratingsgctiervhdh anddddquliachsignaliohtained fenmithebwy sections/e
various frequencies, not only one. In_the acceleration sensor elenent shown
in Figs. SAstsmaagly mocessgdpasshawnindiig 3A." represents the resonance
frequency; "L" represents the Jength of the free vibrating section; "t"

represets the thigoabitom teranimgl 204 ps fadetet thecorrasponding one of switehesahdoy

t he expression below Fr a x T/ L2 ............... (Expression 2). That
is, the restdwangk 10Bequency "fr" varies inversely with the square of 15 the
|l ength of the free vibrating section. The accel eration sensor el ement shown
in Figs. 5A thrddgithspembedimenrt, I3 amhers bt thyayeba8 arg asgiensgy tofthe
different |lengths, thereby _ offering various resonance frequencies. The
accel er at i oifcelenatipn spnsarhhaymgires yimagiag ssations 5dg khamahss4 T aesnestiyglyt or
various resonance freguencies. 20 Enploying such structured accel eratjon
sensor ele o ftter of opndigpiest thee ABunmPpesy St end danaegigmiionesansor i Mact
accel eration, even in the case that a . . L

10  containing free vibrating section 545; S = 2 in acceleration sensor 102 containing
free vibrating section 546; and S = 3 in acceleration sensor 103 containing free
vibrating section 547. Similarly, a letter “N” represents the total number of
acceleration sensors: N = 3 in the acceleration sensors shown in Figs. 5A
through 5D.

15 Although the explanation above introduces the structure in which i)
generating current by moving the electric charge obtained from one of draw-out
electrodes 504 and 505; i1) converting the current into voltage by feeding
through resistor 202; and then iii) amplifying the voltage, it is not limited
thereto: the structure in which current is directly amplified is also acceptable.

20 Acceleration sensor element 201 generally bears capacitance — working
the capacitance with resistor 202 inevitably forms a filter that cuts off low band
frequencies. Therefore, the signals generated in acceleration sensor element
201 are decreased in low frequency band. In this case, the low-band cut-off
frequency, “F¢” is given by the expression below.

25 Fc=1/@2rxRxCs) ........... (Expression. 1),

where, Cs represents capacitance of acceleration sensor element 201;

R represents resistance of resistor 202.



resonance frequency at the drop down of an object is unpredictable in
advance. Accordingly, it will contribute to easy structural design of the
housi ng. Each of Figs. 7A through 7C, and Figs. 8A through 8D shows an 25
accel eration sensor element having a can}__z%l ever beam structure. Fig. 7Ais
atop view, Fig. 7Bis a side view, and g. 7Cis a perspective view The
structure in which supporter 744 hol ds each one end of free vibrating 11
sections 741 through 743 forns into a cantilever beam Free vibrating
sections 741, 74Pig. 8rda7iaw ichart Whistraging theormgingoaf measuring dra 3mpact e
upper surfaces thereof, and nmain el ectrodes 721, 722, and 723 on the | ower
surf aces t héreeefrcutteshenimefyg. tr adnothe diretisternie¥072an arpderatioh EeBsor
which are formed on the 5 bottom of supporter 744, are electrically

connect ed winchdingrthelfees vibtating zectign avithilie tdghestezopsihilitiehyd thadhwest
Figs. 8A through 8D shows another acceleration sensor elenent having the
cantil ever tesenance frequency i splecded ifeom fregpvibrating Beefiorss4% throvght &4t of ew,
and Fig. 8C is a perspective view._The structure in which supporter 843 10
hol ds edch differenid lemgthseshownr in i Figss &t i thingug 151N dicgelgrataomsseinsen 1
cantil ever beam Free vibrating section 841 has nain el ectrode 801 on the
upper sur f ageludivgdrde vibnatingisactaore Stbsda BRyidmthenbigheak sersibildy endnidreeof .
Simlarly, free vibrating section 842 has main el ectrode 802 on the upper
surface t helomgst regonanes freaneney; thiat B22S ofakeren bwer surface thereof.
Draw-out el ectrodes 803 and 15 804 are electrically connected with main

el ectrodes 801 akustepB0l; aspag swidthes W%vhlz@ughelQégtonbd@nwmthﬁS@ma@d
formed on the_ bottom of supporter 843, runs across side 844 of the
supporter awithr e egelprationsepserogelegtrd in stew 308 tx clased.c shesehby seysor
Simlarly, draw out el ectrode 824, which is alsg formed on the bottom of
suppor t1&  gamitchingsis perfymeadae Al the Bopernt sincs ‘S’ getans the viakee 061, only
supporter and reaches_main el ectrode 822 to have electric connections. Wen
conpar i sonssvaiteh dBf 6f Bég-vlelsitlesed- accel eration sensor el ement formed into a
cantil ever beam structure shown in Figs. 7A through 7C and Figs. 8A through
8C, and the accelnestapi39a, thndenp dovendest Begimed into a both endssupported
beam structure shown in Figs. 5A through 5D, the cantilever beam 25
structure gener aesstepup03,0 drppeimpaels caysed ahputhe droprign 1 aeeasurad.
charge than é{lpi bot h .ends-supported heam structure does, provided they have
sane di mensfBdifyinggizqat 204 amnlifiap signalsizamiaceelgrafonsensor 104generated
necessary for 12 t he, accel er tiﬁn sensor el enent having the bhoth,

ends- sUpor k% dthse S5PR nignpagty apﬁg& en A0uiE ghhes mneastivede Fesull (&w e dmBget
using the cantjl ever heam structure. ElLimnating_the anplifying circuit can
provi de a IWJ@GQIOH}&HOP &@EmH@&sl&PiSh?@W% lgesi des, the parallel

arrangenent of free vi ting sectiq 5 741 thrpugh 743 allows . th ol e
ot racture of t ndmieh Svhlogfs GBibrI0B xalHetenov hEhes c@latpaé@a%ﬂm%l
provi ding a dowysi zed drop. i npact asuri.n tem Enploying the structure
oxpl ai ned | HIBHIPE ClcubRSHMR ek & BUPEROIAT Brto @ i hEthercesopanig
systemt hat easiil)%Pmaasures an i npact accel eration of even nore than 1000G

havi ng gr eatCY& P289%ns in resonance frequency. At 10 the same tinme, the

structyre of the enbodipenit, al So provides an accel eratj on sensor .e nt
capabl &%f det edt? AP h@%c{f cHPRack ?‘&Qfeﬁﬁp]\?HﬁtBX% W‘ébﬂhﬁﬁ"cgﬁf‘?s@&i@n €es.
SECOND EXEI\/PLAEY EI\/BCDI gE 15, Fi 9.y 1 ghzo sho Ci rcu'bt di agram of tthe
drop i mpact2SFRIEEAHPAGISs PERI S ippRteRedfiu htOTRREN{Or EPgVIRe thRoHEPAC
circuit di a{gcrpa%g{i t he accfcral er at'tFon ensor of the second enbodi nent. Figs.
3 and 4 ar P ﬂ'ér“%go‘if Qe 1 ilgrgls‘the routine of detecting drop inpact
accel eration in o hend! 94 MRAG i BESHINT UBLEMS hBaSRe M RRE R
procedure goes to step 307. In step 307, the value currently stored in S is
25  compared with the value stored in N.

If the comparison finds that the value of S equals to that of N — which

means that each of the output signals generated from free vibrating sections 545



20 accel eration sensor elenment having a structure of cantil ever beam of the
second enbodinent. Fig. 6Ais a top view, Fig. 6Bis a bottomview, and
Fig. 6Cis a perspective view. Each one end of free vibrating sections 641
t hrough 644 are supportably fixed by suppprter 645. Free vibrating sections
641, 642, 643, and 644 have 25 main el ecttodes 601) 602, 603, and 604 on

t he upper surfaces thereof; and have nmain el ectrodes 620, 621, 622, and 623
on the | ower surfaces thereof, respectively Min electrodes 601, 602, 603,
and 604 ar etbép@ghr&fl&aashqm@nr%gﬁeﬁg thrgugh 6 Hicaamplifyisigecitewtid 94605eed06,
607, and 608, respectively. Simlarly, main electrodes 620, 621, 622, and
623 are el ederthreshaldcidernzeeedungi gdes de aterolitl, sihere aodazonylicagion isghewnand
627, respectively. Draw out el ectrodes 624 through 627 are exposed fromthe
bot t om of s@pﬁ@ﬁé’@pl‘ﬂ%. Free vibrating 5 sections 641, 642, 643, and 644
are of the sane |ength, which are represented by L4, L5, L6, and L7,
respectively. UsPadghernther bandr 3 dpespolsegachl Nibhe procedire goe tpsstep310

t hrough 6C, the acceleration sensor is forned, as shown in Fig. 2B. That

i s, accd erwhpenthecyalye of Sotthat indicates of spnser ngmberdis ypdatedi nd'hesdsiDis
641; main el ectrodes 601 and 10 620; and draw out el ectrodes 605 and 624.

Of four accEcemaensd BedsHt stareAdft andiban the mogeduwazess bagkh testerglli s
used for sensor _elenment 220; any one of the rest three_is to be enpl oyed
for sensor Afwiding tothe tmcka&eétfﬁf nexkaeqederasiopzensoy Hiapledod in stencehhddded
to ground 225. On the other hand, draw out_ el ectrodes 605 through 608,

whi ch are ethecdiopdmnagt mpasuzemgnt is resupmadafrom step 392t hen connected to
resistor 222. Resistors 222 and 224, FEJ223, terninals_ 226 and 227 shown in
Fig. 2B act the dHfe4ds anothex dew ohprtaHystrasing therppging of megsnsingodropnd

207 shown in Fig. 2A respectively, therefore the explanation of the_.
cormponéd#t s wmcg ipithe cgéuﬁmM%n Eig: 1. sAegending o the Spwrcharbshewnda Fis.

serves as acceleration nsor 101 shown in Fig. 1. 20 Al though acceleration
sensors. 1025afdhe tesult of Mg dren IMpachmeasHEeERheRtalnathab 8iRe 31%19?6@@}?
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mini aturi zi wgsﬁeﬁe?’{z@ %@éﬁ%ﬁlé&lﬁdﬁr%ﬁw&t@%ﬂ%ﬁ?% isrterunedngt s dhtcal

strength seens .to Qe an effective way., According to a ior-art

accel orat oﬁns@r?sBa’eél {in Wy ,Xh%ﬁtrﬁfah&' 5 VBNt dhe itk rosplteatothont
has | owered el ectric capaci,ty.and thereb 14 degr.aded durabjlity of noise
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the simlar %ffe t _can be obtained by the structure having free vibrating
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15 characteristics. 16 CLAIMS 1. A drop inpact neasuring system
conprising: a) a plurality of binorph-type acceler ation sensors containing
a 5 plurality of free vibrating sections each of which has individual
draw out el ectrodes; b) a switch section Bor sel ecting output of the
plurality of binorph accel eration sensor $Ybt ai ned t hrough t he draw out
el ectrodes; c) an anplifying circuit for anplifying at | east one of voltage
and 10 current applied via the switch section fromthe bi norph acceleration
sensors; andreiit d0bogsilectsia pupperf sengosghwmbpey agoerding itngtheheutput pagnél ofn
the anplifying circuit and controlling the switch section according to
resul t acquampliffingeinchit 1Qkhincstepel@8l uati on. 15 2. A bi norph-type
accel erati on sensor elenent, which is used for a binorph-type accel eration
sensor, conpri silgstep 47plauswitch gorespendingitbrtheisegsernuines selectetyabove
cantil ever beam structure; and ii) drawout electrodes for draw ng out a
si gnal geneisales¢dita resramerthe drpp impasigtesbet i ons. 20 3. The bi nor ph-type
accel eration sensor elenent of claim2, wherein the plurality of the free
vi brati ¥y sect i omsstap 08t thit dfarr wnpadténmassuzediand displeyed.i cal |y
i ndependent. 25 4. The binorph-type accel eration sensor elenent of claim 2,
wherei n the pl urdhjacgelsratipe genser fphrdetecting dwop omepanteisofequiratt ite dhave
|l ength and are electrically connected in parallel.

differently ranged resonance frequencies, that is, desirably to have various

frequencies, not only one.
In the acceleration sensor element shown in Figs. 5A through 5D, suppose

10 that “fr” represents the resonance frequency; “L” represents the length of the
free vibrating section; “t” represents the thickness; and “o” represents a
constant, “fr” is given by the expression below:

FreaxT/L% .vviennene. (Expression 2).
That is, the resonance frequency “fr” varies inversely with the square of

15  the length of the free vibrating section. The acceleration sensor element shown
in Figs. 5A through 5D has free vibrating sections 545 through 547 of different
lengths, thereby offering various resonance frequencies. The acceleration
sensor element shown in Figs. 5A through 5D is thus ready for various
resonance frequencies.

20 Employing such structured acceleration sensor element for a drop impact
measuring system can easily detect impact acceleration, even in the case that a
resonance frequency at the drop down of an object is unpredictable in advance.
Accordingly, it will contribute to easy structural design of the housing.

Each of Figs. 7A through 7C, and Figs. 8A through 8D shows an

25  acceleration sensor element having a cantilever beam structure.

Fig. 7A is a top view, Fig. 7B is a side view, and Fig. 7C is a perspective

view. The structure in which supporter 744 holds each one end of free vibrating



17 5. A binorph-type accel eration sensor elenent, which is used for a

bi mor ph-type accel erati on sensor, conprising i) a plurality of free

vi brating sections having a bot h-ends-supported beam structure; and ii)
drawout 5 el ectrodes for drawing out a signal generated in the free

vi brating sections. 6. The bi norph-type accel erati on sensor el enent of
claim5, wherein the plurality of the free vibrating sections are of
different lengths and are electrically independent. 10_7. The bi norph-type
accel er at i osections dildéheongh 743 famas ints a candtlever hapanp| Hreg vibyaBng shetignsee

vi brating sections are of identical length and are electrically connected
in paral [ el 741, 742, and 743 have main electrodes 701, 702, and 703 on the upper surfaces

. Ayl . Af . AS. AS. AS. AS. AS. ASn. AS. ASn. Af . AS. AS. AS. A(99. Af. Ay_!-16¢cst Ykz
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ca] ca] ca] callesppetayed] cArasiond edentredesa] 2] 7éa) ea}ic%afi;aﬂ@ai*ﬁ?cfawa ©x the ca]
ca] ca] ca] ca] ca! $$&),, P/ 02. 3i 333(4s445"555, 6x666707778¢c8889S9} xsni d_Z% cal ca
] ca] ca] da] chqtéemcef] supoateraf 44 arg eleririgadly] eamestedapath amainaglesiredss ]Zéa] ca
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] ca] ca] ca] ca] ca] ca].ca] ca] c%a] ca] cal.cal BBC>CxCC i
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al\ 1" 4° d3f gagypgrthaieantilavieribegm structure. ~ Fig. 8Ais a top view, Fig. 8B is a bottom

j Xk[ kkkl R I'TI mvm xsni d_Z]] ca] ca] ca] ca] ca] cal.ca] ca] ca] ca] ca] ca] ca] ca] c&(ﬂ cajc
a] ca] ca] ca] ¥ape apéaﬁlgaff@?a}ﬁaap%répeaq%}f@aq-cilaeaf@apwﬁmﬁnhwh: FOPOKIHEHE | 1
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vibrating section 842 has main electrode 802 on the upper surface thereof, and

main electrode 822 on the lower surface thereof. Draw-out electrodes 803 and
15 804 are electrically connected with main electrodes 801 and 802, respectively.

Draw-out electrode 823, which is formed on the bottom of supporter 843, runs

across side 844 of the supporter and reaches main electrode 821 to have electric

connections. Similarly, draw-out electrode 824, which is also formed on the

bottom of supporter 843, runs across the side opposite to side 844 of the
20 supporter and reaches main electrode 822 to have electric connections.

When comparisons are made between the acceleration sensor element
formed into a cantilever beam structure shown in Figs. 7A through 7C and Figs.
8A through 8C; and the acceleration sensor element formed into a both ends-
supported beam structure shown in Figs. 5A through 5D, the cantilever beam

25 structure generates four to five times more amount of output electrical charge
than the both ends-supported beam structure does, provided they have same

dimensions. Therefore, amplifying circuit 104 of Fig. 1, which is necessary for
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Figs. 5A through 5D, can be eliminated by using the cantilever beam structure.
Eliminating the amplifying circuit can provide a low-cost drop impact
measuring system. Besides, the parallel arrangement of free vibrating sections
5 741 through 743 allows the whole structure of the acceleration sensor element to
be compact, accordingly providing a downsized drop impact measuring system.
Employing the structure explained in the first embodiment can provide
the drop impact measuring system that easily measures an impact acceleration
of even more than 1000G having great variations in resonance frequency. At
10 the same time, the structure of the embodiment also provides an acceleration

sensor element capable of detecting impact acceleration of various resonance

frequencies.

SECOND EXEMPLARY EMBODIMENT

15 Fig. 1 also shows a circuit diagram of the drop impact measuring system
of the second embodiment. Fig. 2B shows a circuit diagram of the acceleration
sensor of the second embodiment. Figs. 3 and 4 are flow charts illustrating the
routine of detecting drop impact acceleration in the drop impact measuring
system of the second embodiment. Each of Figs. 6A through 6C shows an

20 acceleration sensor element having a structure of cantilever beam of the second
embodiment.

Fig. 6Ais a top view, Fig. 6B is a bottom view, and Fig. 6C is a perspective
view. Each one end of free vibrating sections 641 through 644 are supportably
fixed by supporter 645. Free vibrating sections 641, 642, 643, and 644 have

25 main electrodes 601, 602, 603, and 604 on the upper surfaces thereof; and have
main electrodes 620, 621, 622, and 623 on the lower surfaces thereof,

respectively. Main electrodes 601, 602, 603, and 604 are electrically connected
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L4, L5, L6, and L7, respectively.

Using the acceleration sensor element shown in Figs. 6A through 6C, the
acceleration sensor is formed, as shown in Fig. 2B. That is, acceleration sensor
element 220 is formed of free vibrating section 641; main electrodes 601 and

10 620; and draw-out electrodes 605 and 624. Of four acceleration sensor
elements shown in Figs. 6A through 6C, one is used for sensor element 220; any
one of the rest three is to be employed for sensor element 221. Draw-out
electrodes 624 through 627 are connected to ground 225. On the other hand,
draw-out electrodes 605 through 608, which are electrically connected in

15 parallel, and then connected to resistor 222. Resistors 222 and 224, FET223,
terminals 226 and 227 shown in Fig. 2B act the same as resistors 202 and 204,
FET203, terminals 206 and 207 shown in Fig. 2A, respectively, therefore the
explanation of the components above will be omitted. Such structured
acceleration sensor serves as acceleration sensor 101 shown in Fig. 1.

20 Although acceleration sensors 102 and 103 are formed in the same
manner with sensor 101, each acceleration sensor element used for these three
sensors has differently ranged resonance frequency. That is, the acceleration
sensor can offer various resonance frequencies.

To measure greater drop impact acceleration, miniaturizing the

25  acceleration sensor element and increasing mechanical strength seems to be an

effective way. According to a prior-art acceleration sensor element, however,

miniaturization of a sensor element has lowered electric capacity and thereby
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degraded durability of noise characteristics of the sensor element itself.
Whereas the sensor element introduced in the second embodiment, by virtue of
the structure in which the free vibrating sections of same resonance frequencies
are electrically connected in parallel, has no decrease in electric capacity if the
5  sensor element itself is miniaturized. Therefore, the structure described in the
second embodiment can provide a high-noise-durability acceleration sensor
element and a drop impact measuring system using the sensor element.
A prior-art acceleration sensor element, as described above, lowers
electric capacity as it is downsized. As a result, the “Fc¢”’ given by the
10  Expression 1, which represents low-band cut-off frequency, takes on a large
value. Whereas the acceleration sensor element of the second embodiment has
no decrease in electric capacity, thereby keeping the low-band cut-off frequency
“Fc” from getting high.
Although the acceleration sensor of the second embodiment is formed of
15 the acceleration sensor element having the shape illustrated in Figs. 6A through
6C, it is not limited thereto: the similar effect can be obtained by the structure
having free vibrating sections 741, 742, and 743 (Figs. 7A through 7C) of same
lengths, i.e., LL10 = L9 = L8; the structure having free vibrating sections 841 and
842 (Figs. 8A through 8C) of same lengths, i.e., L11 = L12; or the structure
20  having free vibrating sections 545, 546, and 547 (Figs. 5A through 5D) of same

lengths, 1.e., L3 = L2 = L1.

INDUSTRIAL APPLICABILITY
The drop impact measuring system and the acceleration sensor element
25 employed for the system of the present invention can cope well with wide ranged
resonance frequencies and great impact acceleration. Besides, the acceleration

sensor element can be miniaturized and improved in durability of noise
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5 plurality of free vibrating sections each of which has individual draw-out
electrodes;
b) a switch section for selecting output of the plurality of bimorph
acceleration sensors obtained through the draw-out electrodes;
c) an amplifying circuit for amplifying at least one of voltage and
10 current applied via the switch section from the bimorph acceleration sensors;
and
d) a logic circuit for logically evaluating the output from the
amplifying circuit and controlling the switch section according to result acquired
from the logical evaluation.
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2. A bimorph-type acceleration sensor element, which is used for a
bimorph-type acceleration sensor, comprising i) a plurality of free vibrating
sections having a cantilever beam structure; and ii) draw-out electrodes for
drawing out a signal generated in the free vibrating sections.
20
3. The bimorph-type acceleration sensor element of claim 2, wherein the

plurality of the free vibrating sections are of different lengths and are

electrically independent.

25 4. The bimorph-type acceleration sensor element of claim 2, wherein the
plurality of the free vibrating sections are of identical length and are electrically

connected in parallel.
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5 electrodes for drawing out a signal generated in the free vibrating sections.

6. The bimorph-type acceleration sensor element of claim 5, wherein the
plurality of the free vibrating sections are of different lengths and are
electrically independent.

10

7. The bimorph-type acceleration sensor element of claim 5, wherein the

plurality of the free vibrating sections are of identical length and are electrically

connected in parallel.



