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ABSTRACT

This thesis presents design of miniaturized energy harvester for watches. The
objective is to converse kinetic energy from the movement of a human to electrical
energy by using piezoelectric and desien a prototype. The goal is to make the
watches can work without using battery. The project has been conducted as in the
following steps. First, to design and create the miniaturized energy harvester for
watches. Then optimize the size of piezoelectric that will be used to produce
electrical energy. According to the design in this project, magnets were attached to
an circular slainless plate and the magnet will push another magnet on piezoelectric
result in displacement of the piezoelectric that will induce electric field. The

electrical energy were used in order to activate watches.
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unil 4 nisneaes Wudiumsinngiuasnageumiasaiimiegvesgunsaiiiiu
NeMasu aaenduiislsyavinmuesaunsaliiuiieamdsnuuuindediuuesuniing
i 5 uninsaluagasy avasunanissfiuey Yymidedukasuuamems

UFuuse
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‘i]']ﬂVllﬂﬂﬁ'Wﬂu‘UWVl 1 WaNauUIN ﬂ@uﬂﬂ%ﬂﬂqiaaﬂLLUUa‘ﬂﬂimLﬁULﬂﬂ’J‘Wﬁﬁﬂqu

Fludesinuuazodueiesiusznausiieg aviluadregunsalifufvmdany deiuly
Uwﬁwﬁnmuaxaﬁmaﬁwqwﬁuaxmmiﬁﬁaﬁmﬁumia%ﬁqqﬂmzﬁﬁmﬁ&nwa"’mu'l@Uﬁ
Farteluil

Tnslutuusn Fomsuiimguivessingmaaiiieledidnvdaran Feiltoya

fasalull

2.1 wieleddnnsa (Piezoelectric)

'
e a

TauieleBianyin (Piezoelectric material) (s finUszinvmilsiifand@finy
nafAe Weldituusing (Mechanical force) axlwusasulnii (Voltage) nagu 2.1 fiandn
UsngmsalifieleBiinyida (Piezoelectric effect) Tumanduuiileanlasuussiulnioy
viliimsiaeugushe (Deformation) Waussnadadendt digu 2.2 Umngmisaiduiiesa
\eleBidnn3a (nverse piezoelectric effect) nswWasulunn sewiandnuna uaz

wasulwih aansadudssendldlugunsaldidnnsetinsnag

(=)

()

contraction expansion

Uit 2.2 wsendlviiFeudundanuna (5]



ieleBidnvEnduasiing Polarization ss5UIA FauanFneaIn Ferroelectric
ansifeledidnvadundsnnmsdalfiduiulmig Dipoles fflegludau (Grains) sireq
Lildesluwuamadeatudaiufadeadinszuauns Poling Wel¥ Dipoles M99 Besluly

firmaifieatiu fguil 2.3 Sannusiennssuauns Poling udh ansiiisledidnyisa
vzliwanautPiiavlag wenis Poling axﬂﬁxﬁﬂﬁqmuqﬁ@‘% ( Curie Temperature, Tc )

Unpoled

(A) (B)
E‘Uﬁ 2.3 Poling of Piezoelectric ceramics [5]

aun1sNesuIBIAYINUNaeIUsINgNsel Piezoelectric (eulsmatl

BUAELAE 16

(1)

oy R e 3 5[5
(2.2)

Wwe D= ixﬂzﬂszﬁ}mﬁauﬁ (Electric Displacement)

T = ALAL (Stress)

E = guwlwi (Electric Field)

S = AMUATBA(Strain)

d = Amfivaadieledidnvia (Piezoelectric Coefficient)
£ = mnsiiladBidnuida (Dielectric Constant)

5= Fiwaﬁﬁﬁ}‘m%' (Material Compliance)

1 < a = = o o a 1Y = (Y] 4
fnvsuiisledianninazineiuiuauluihiiAsenusadu e1vsssdouluguvausiuvie
A1 g ndeduladredifudensnuuns feaunig

Open Circuit Electric Field
~ Applied Machanical Stress

g



s

4 < 1 A v w g oa ¥ w &
AT ¢ Wumnilanudunusinevasnu d Al
d d

9:8 281'80

(2.9)

dlo &€ =fAruduu (Permittivity)
€= Asivaasladnasn (Relative Permittivity)

£ o = AANUTNYIVANYTA! (Permittivity in free space ~8.854 x10-12 F/m)
druarmuanusalunisiasundsnuliiidundsuna  wselumanduiy
P a & = 3 < . Yo o
veufiglydlinyia (Piezoelectric Coupling Factor) ansnsavnlaisail

Ener Output
: J gyoutp -

Total Machanical Energy Input

Far1 K 10U astunausingmsaiveaieledidnviace wanemse (Direct Effect) wawwa
W98 (Converse Effect) visaroensedl uazaves k Wuszdesiiandosndy 1 iaue

autAuielydidnysa avfntuluiagidanmidudamawiavingy Yagieledidnn
3R slaguR 2.4 ivisinvlusssunduazannisdunsen TaeTanfinulusssuedlaun use
20 uisiniu dadandaasedlaun laaweslaflonlvmiiun (Lead zirconia titanate)
FedouFondn PZT anliniiun 1weslawun (Lead titanate zirconate) waslui3galnmiun
(Barium titanate)

gunsaiBiannsein Aldusdlevianianiielediannsa Snangodneieiu Jusu

L3 = ada s U o e = v ] <4

Usangnised nsidsundas lunsainfinistieuuseiulitanyhlviinmsidsuulasgus vie
Aawsana anunsaihunldildunsuadugeslugunsaldansileda (Ultrasonic) manisunng
o [ 2 6 (3 o & L3 a0 w q o =  w
alne wazthunldiduuengines (Actuator) Sudugunsalusznou fidiyrouniasiind 4n
weslundestegd Mddlelasdn (hydraulic valve) iudiu [5]

JUN 2.4 wiuigleBianyia (6]

¥ = @ v o v o o g w
lunseenuuugunsalifuifvandeuldiinismeasamiszznsnsedaivinla

uHuNelaBiannsAamdauiudrtundsutuaudy Tnsanudutulanuduiustussey
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n1snszInvesunutieledidnviiaduduanuniasinliuiuieledianvsaduineusaiuld

v = - =l v o oo &
uneeiiiedla lneiinguiauduselil

2.2 auey (Stress)

3
ar = =

ALY fiB ussneueniunsevinsugnrudavesiuinfnvetantu e Aouse

q

Aeuenfevianheiuilddyanwalin O (sigma) 1nes take limit 2zl

lim AP 2.6)
T AA-0 AA '
o 5 (2.7)
= 1

o o < ° Y Y= v v
Wiodngegluannzauna ussnieueniunszyhuuingasdosdiuseneluiu vuasunds
wihfuussneuenuesingNgnnseyi Aagui 2.5

LU P=GCA

L---q--- F---] I

SUit 2.5 amiduluan [7)

wssneuen = wsantely
F=p

[
[V

F
AU O =— 2.8
A (2.8)

=l 1

° 12 2 F & i = ' & & v
AviuA 19 O A I WULTINEUINABNTNNUIBNUT T30 AUAY (stress)

A fis uvihdnvesiauing
a - o W w
F Ae ussngueniinseviiiuing

q

L3 d o 0‘:" dj 1 = = a 5 4 vVas
Tunseenuuugunsalifuifeandinuduy Wewnwiuielydidnniatudilaiunse

e

lngassifuasmlniongnisldauides §ideddduseiiinanusasimdndaduusimaday

U



o a w | =& v o o o o a & ' = W < =
Ingligunsaifiafuwsiivanisdosriafmamiinduainusauivdn Safemsiuifemnud

funlsduLwaniaiiswazifaanasaluil [7]
2.3 1dunssudvian (Magnetic Lines of Force)

auuLvaNTdnwaEUsENaUMIELALLEN IR ELE LA ILWILUEN wazr uALSEn

i 1 1 A:’l’l 1% 1 I3 [ q' A 2 a -] 1w o a
LduARgwa T WduLsswiman daguil 2.6 Weduiireglusumiainagnedluauiian
Yosdunssimanluauniy 153smsidduiiarslunsvdunsaudivanluauiuudwan

E2 a 3 e o 1 nl;' = |4 14 1 -4

I Inenaduiimadluaunaiu Maugegasumiwonianets N-s veaduinliudrosdou

2 a o a 2 - = & & il a a ) 2
Wudialuisen irvauduuss Ao rddamilovenduiatlu vSnanusenausmeduuse
usiwdnaenaniife USnaullmaniues Susnaleilauinusmvanusann wy usion

) ' o = ) ' o 9 a 1%
Tnatudndn wannseltnmslumanlsufondunsasmanunufiaglddufiemduns s
wdimdnannuriaisiménusasnaninseiashaaesuiuduurandvdniidnuae sl

L. meuenwiwivanduuswdminifireenandamionadngdnle
2. mudenuviawdwdn Wuusudimdniifennanndaldriunisluuveludumnile

HWINTRILI IR
wansiimin

WA ARG

JUN 2.6 duusaivign (8]

AnautAvaiuLsIiaN
1. fifimeanantauvioigdalé
2. ildfuusausivdnuianmann Wuusa! mdnasaniu viefusueenluyilviAngs

1 3/ 1 L3

< e 4 &
wWuganimanuiaum wimanluegud (8]
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= 9 ymM o o v oo o < 5y
lunseenuuugunsalinuinewdsnuivlildddafwdliwdsnuldunigausdses

Aidifasasmundsiisediandeiiedniiergnisldeuvesianliuiuiu Faarsmsu

NOUHTBIANNUTIF Aasialuil
2.4 AULTILNTY (Stiffness)

AuLdinsavesiaginlanineruamsalunisnumunisidegunislausanseh
FanmlaushnaureusuaunenILAIEn nanfoianiinedausauauannniiels la
AsAsEAm it muaiion 1y Sasiidauudundanndy
Taguazag nmelausuauunflurisiindrianisdauuudaaiu (proportion  limit)
onsNALTBIUSLAUADAAATEAT BN Tugdavesnnudamyu (modulus of elasticity) 34
uwnumednydnun £ Tugdavesmuianguasdaivaauudunswesiandauluauuss
\aug sz Aensintsdauaznsideu vhinillugdavesnubanguainuuy Aelugda
N394 (modulus in tension) Tugdan138A (modulus in compression) wazlugdanisideu
(modulus in shear) ~ melausuaussmNLTNTavasianinEunindailugdd (Young's
modulus) Salugaaiunuduiusssmiussnuiazaansoalurslindianisdauuy

AndIU A9EUNT
ELl=2) 1O A8 (2.9)

Falunsideillatinnsesnuuulaseadivesgunsalifiuiendsnuunnine Jstlade
w o o = = W a | i a
wannaasArlsidluniseenuuufienuudusivesiaguseiinisimauudunss evae

TumsTinneimlassaiefimnsauiian [9]
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3.1 WuAA
nndildnanluiviuluuminfestussuunshouvesunfinmildlutiogsu Tned
e o s d dl o v = o 2 o was
szuuuuameIlindslninuuamesifievinldurinvinuld warssuudaludsld
) Y < 4 o g w a ° vao o o
wasrunalunstuirdouiavinliuninihauldding1aluuni
lavagerfeunngnisaiiieledidnnialunsiudendsn deiuiesndudowily

e o

Hanuduiuiagiieledidnnia Weliifeledidnniadiouseiulifesnsn {3363

o

Lﬁan'L'é’fL'iLma%ﬁlﬂusxwmﬁm5’m‘lluﬁﬁﬁmmmm;‘u1§fmmmsm%‘auﬁ'wamwé ARuinan
vulsiwasuasvuuiuieledidnnse Inealsmoivsanuduieledidnvsauseanamians
Ut 3.1 lelstnesmyussviliudindnioilslanesuasiladieledidnnindmiufuinssesy
nszdnvaswiuisledidnvialasiinaaduuuiiieleddnnsa valiuduielesdnnsa
afraussiulninesnyt FauduwmAntewulunseenuuuunasinfdang s ueunsn

AMSUUIRN

Magnetic

— e\ BOLT

~__Rotor

Magnetic

JU7 3.1 lassaaumvdsiidandsaumuuuiin
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3.2 N159BALUUANLUY

Tun1seenuuusiunuugide Tiassyanaaostunniioinssimauinveauru iy
TdidnviafivanzautunisoonuuiiaeiseasBonded
3.2.1 gunsaln1smaaad

Tunsnaaesiy Fuduannisldaiuuomefanfuusiuezeiannaradnunulans
2nauitliauga wediesensinvnagmsmunuiielidulunuiiFesnsudenaivue
wesdsannsamuaumuuazyulunsuldinululasnoulnsaaoilnofousivin
n3INsEUen vwm 2x1 daduns Livuukuezaidnwaiadin 4 71 lngudaziilissesvinaiu
90° wazlwdndmuduusiulanzaunuiaaaiaumuieledidnyia lnsfauindnliivaieves

wiulany fegu 3.2

UHuE=ATRR —

—— wlindn

o urudibintidioa

)
UHIMEaN

] (
JUM 3.2 gunsainnavnaes

Tnggunsainsveaesildimseiiisivasdeondaieluil
1. Mawdlwianidutfennuisuue YenannisinasiuasudwlvanuuLHYaLASAN

@

| ' aa | e a a <
2. szazyinssewingazasaniustulaveiy 2 fadwns (Wanannnisnaassldsunlas
szuzvitezaianiulane) inszdmelndiuunnirtudvdnszaaiu Sauddndutudeaiu
I
ARy
3. Aenwdniifvansvedlans vonainn1svnaasldsunassuvtasaimdnuudaulany
Taglunmsiesieidunuy avldlanvanauaaafaiesagrauferlun1simseyt Weean

1 = a | - 8% 17 o/ 10 [ o E% 1 = a o o
weieledidannsailsiaung wazlunisiasieidnsdudaludsndudaddinudisledidannsa
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3
=

o & ! € 1 7 Eg ] o s
NFUN 3.2 zwiungunsainegtulsenoungaILran il

. WHUDLASAN
] =3

o Wwidn

. Lulany

< lulaspeulnsaaes
- [

« ARUNDLIDT

. NADIINND
3.2.1.1 wnuadzATan (Acrylic sheet)

pgneina LUt Wukuesa3dnuug awinnine 5 wufiwes 11 5 lwuRluns
a v 1 v v - Y v
w1 0.3 wwudiwes unulanganauildaunalunismaasatniu ineasegavaaeald

a ¢ w ¢ G —e W & 2 A o =
?Lﬂ'ﬁqwﬁﬂﬂﬂLL'UUIFI?\Taiqqmaﬁaﬂﬂ'ﬁmLﬂULﬂU‘WﬂN']UH “Uﬂﬂiaﬂ‘lﬂm&'ﬁﬂﬂgﬂm 3.3

= | aa
3U% 3.3 unuezAIEn

3.2.1.2 walwdn (Magnet)

Tduiidnnsanszuen vum 2x1 faduns ey 3.4 werhlUAnwiuezaianiniia

a a

wilidnnsanszuen vuim 2x1 fadwes Buuukuazasdnnaiadn 4 6 Tnsudaz@adl

€

yoyineiy 90° Willsvezviianngaguenans 2 wuiues Asgun 3.5 Tagldusdindnnsizly
sosnsnagliinusanseyiwuududanuiiieledidnnsa wnzieleddnnsadusiineg
a o o a v wi e &g o = ) v o v v o« a a

v Feilanuudeusades daiudesndusemanmaenisldussdudatusuneledidnvse

= ' & & o P o oA a a
Faiwmdnilumadenviiamvaniiedaoiansldnuvewrduieledidnnse
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lHI I A 1 - e dﬂ !
JUN 3.4 wividn JUN 3.5 WwuerAsdRTIAAWEN

3.2.1.3 urulaune (Stainless steel)
v g w L ) & tw
lflansaumuaaatialaedaliiiiniuen wazanunheminiulvivegivnimeass

AeguR 3.6 uaztwiwminuAniivarsvesdulavesazud 3.7

a

U 3.6 unulave JUN 3.7 unulave Aidausingn
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3.2.1.4 lulaspaulnsataas

d 1 1 =
Iuﬂﬁ‘lﬂﬂa@\iL‘WE]MEJC"IE)ﬂ’]'if’lmﬁ’lLLﬁ%ﬂ'ﬁﬂ’JUﬂ'&Jﬂ'}']m%’JLLBSﬂ']‘i‘W:L‘J‘wUEN

weweslidulumuiivionns §3duidenld ET-Easy168 STAMP faguil 3.8

3UT 3.8 ET-Easy168 STAMP [10]

3
o

Inglulaspaulnsameimtinnauianime

1. \denld MCU mszna AVRS a3 ATMEGA168 ves ATMEL 1¢91u RUN manudl 16.00 MHz
2. MiuAITNAN FLASH 16 KBYTE, SRAM 1 KBYTE, EEPROM 512 BYTE
3. 31 GPIO 1497 22 BIT 1T DIGITAL $1u7u 14 BIT, waz A TO D awia 10 BIT §1u3u 8

BIT
4. POWER SUPPLY sialdiay 5vDC Taeldléviaiu 5VDC 990 PORT USB waganumasing

5VDC MmMuuon wiow LED POWER LansdnIug

5. §17995 EXTERNAL RESET wuy RC RESET way SW RESET

6. tanteldanuansdauy PIN HEADER S3esna 2.5¢ mm. 1 28 PIN 5282919 600 MIL
$eranis ihludeuseynaldeu uazdenaaosuu PROJECT BOARD

79WaUese 2 X 5 CM. awavasauszauwitiuled 28 PIN

8428 USB MINI warled USB BRIGE was FDTI Lua$ FT232R uuuasn

94768 AVR ISP wuv IDE 10 PIN dwfusisldanu DOWNLOAD Ty McU Tuuedn Tunsd
T4l fioan1s DOWNLOAD wrume PORT USB



16

3.2.1.5 @fvuaIne3 (Stepping Motor)

v oA v ¢ W = A a
Tunsneaesifidedenldadivueines ET-MINI SMCC-547 faguit 3.9 iiialfinaay

wluglumsvaaes inmgadluameiannsamunasalunisvyuldoduueu

U 3.9 aufivuewes ET-MINI SMCC-547 [11]

Jugn Aonnaneaansves STEPPING MOTOR lasilasastuld TR BC547 4 ¢ wiew LED
LARAANUENSYIN Wagsa STEPPING MOTOR wuisidnuuuy 4 ua niouidunausnsiia
nemMsvyu e 6 PIN sauagsaiile

3.2.1.6 nAasInla (Camcorder)
Tunsveasuiemseesnisnsedadntusasldiesasdalunisinseusn1inszan 3

Aauleldndeditlediie JVC u GZ-MSIOE fegui 3.10 Tneldmssaninlulvunssuen 3

By e

ALazoEn 48 Nlaldsm 128 Alalnraiuln

5U 3.10 ndasifile JVC fu GZ-MS9O0E
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3.2.1.7 299sn1saldlunnmaass

B ﬂyJ ¥ 1 at ‘J ke y
lumsneaesildnsseisasdsgud 3.11 ngldlulasreulnsaaesdniuauaivue
< P ) o y
WO 4 Wa WeuAuNIvuTa et uldnwens

31J1n 3.11 N%sﬁl‘iﬂumimam
wnasbuendsfias lﬁ”ﬁ(’mmmﬂmnumm;ﬁmnlmuu Tieyanaldirla19lse 1 lgw1ia1UNI1T A

T

]‘1‘ ’ °d1 /(&:o’ ?/'u':y’ a]‘yw ]J ) éi,‘ N o Y AR Y o /‘g:(dd "'O’II]J?l‘j)
NNTU A MINTU NNV INY LHAALLUQAIUUD N l,lﬂojﬂO\]ONO\]ﬂ\llﬂHJO\]IOﬂ?f]J NNAIINUNITU LU LY
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3.3 lassadsgunsalinuifeandsanu

Ve \«Ly

NAIDINNISNAFBITLATIERIvUIAYeshE UL aleBldnnSaund 3 s ldsanuuy

U
3

Tassadredmivgunsaliiuifsindenu Tngdiasigiainnaneqiadoddl Iinsizvinag
Waruwasmnunwesudulave Ainseinisidasuslasmugnivesudulany Sinsei
sggeinssyniausulavgiulaneaanan Ainsendnuauveadivanuulanginan duvs
wimdnuuusilavs waslisesimdaivdnfivnsay warvaaesnisiisznaeuds
autimaluih Saildel] Ainszsiuseiuliin (Voltage) nseualih (Current) fdalwiin
(Power) uwazAlvasfnzaniliiidsliihgign (Optimal load) Fsanunsnoenuuy
Tassaialddad lnalnssafitldvssnaudendenndniito tosfunissuniues
aunaivinnsizlumsesnuuudAseluimanlunmsadgunsalifuiiemdsany daudu
ulihedeihiaugalumsnssduifeledidnniauiuuninman wasessesieesninns

defliaunatuukuieleBidnysa ¥aiul.5 Jaduns feguil 3.12

§ aa L |
UKUB=RIAR - - UHIMAn

wiukeleBidnsn -
Ll

1em. o lawermman

JU 3.12 laseadrsgunsaliiuifeandsu
124 L3 = u [l 1 ] s - o =
lnelassairsvesgunsalifuifsandwiuauingediudivivuiinifieanuuull
1 ﬁi o s o/ 1 v dy
dszneuiidfyndng 3 dau dell

- kg leBidnyie
1 ) k2 14 d 1
» wiulanenldunuasdoliauna

« NADIUEN



3.3.1 wHueleSEnvisa

v :J s 4 2 1 = =y 1 Ql/ dy
Tunsafregunsalifuifemdsnuil Touduielediinvsa Ju T220-Ad-203X &aio
INUTEN PIEZO SYSTEMS, INC. aifieledianniatifinuaudfnunisiei 3.1 wazduuie
N9 0.64 LBUAAT 8717 3.18 WwuRAWAT U7 0.051 wufiwns Augunl 3.13 Saduvunad

4 2/ o 1 = & d‘ s |
Wugaunueenuuul) uwazddnmiigaswnuviasnana ﬁiﬁ‘LUﬂ’]‘iﬁ)@ﬂLLUU’lﬂﬂﬂ’N‘]

Indusosrdsiiviiantueluesnurioman

d 1 A = =
JUN 3.13 unuLiglediannin

A1590 3.1 aumuRvesuiuiisleBiinv3agu T220-A4-203X

Piezoelectric ~ Deflection (mm) Voltage (V) Current (UA/Hz)  Power (mW)
T220-Ad-
+ 0.38 16 3 9
203X

[ = d 1
3.3.2 wiulangildunuasdenliauna

2 ¢ = 9 S [ o w % v i
Tunsafgunaniifiuifisandsauil agniinarunluumitdesaindeliaauna
Fun TaeideladsliashndeliaunalugiuuuniegTuindaguil 3.14 3.16 Taefidanun
v o o a ] @ = o o » T 1%
aeiliaugalugduuud 2 fanundesiuinfiagn Jadwnadgunsalifiuifoand

v _oay < & o - o a
lngnsdenliaugauuud 2 du anauauiaaaialnefvunnsadl 2 lwufiuns wun 0.2

ladumslnefnuivannsnszuen wun 2x1 faduns 1w 5 6 digui 3.17
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v 1 A
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3.17 wHulanensaranay
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3.3.3 Nasawnan

1 A o ¥ = - -
Wundesiviranniudn auianing 4.5 [ wURLIAT 817 4.5 LUURLLAT G 2.5 \wunLuag

) =

o - v @& A oA A ) o a &
AITUN 3.18 Wiﬁ!Na'ﬂLa@ﬂi”m‘lﬂaﬂﬂaLWEW]5\]3{]@\1ﬂUNaVILﬂﬂ"\]'}ﬂﬁU'IuLLﬂJLWaﬂ

U

R S AN NANE S

31]17; 3.18 Nasuuan
& o s
3.4 9IS ULNYINAGIIU

- w ° v w < ) [y
Tunnsadsgunsaifivineandam Sndudesfhsesiiundanuienundsanulildiv

uiindeile Tnslun1sideliuniing Bfe SWATCH fu PPK103 eguil 3.17 Tnsuniinifuil

aaslddundiglunssuansy  1.55 Laad wawdueledidnvse dulvndsaulvdndu
L o =t 2/ dl a & o £ | v
nszuaaduifededadldasiiufmdnuieoviliasudundnulniinssuanss 1.55

ol o d o ' o a a‘ @ i as
Tadlag9siundsnudssun 3.18 wasihludedumniiniuargunsalifuineandsulass
=i
3U% 3.19

U 3.17 wnifim Ve SWATCH fu PPK103
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" +2T0 +16V
-+ 7 4 input
I L ¢
PEZO ] (¢ +> L vin SENSE
— /}’
2 6
N < /™ — Vi Vout2 { *1.37T0 +15V
j/ MAXIM Output
/ Capacitor —— 3 MAX 663 7 230k0
/ Vset Voutl —
2 DN GND —E
SH N 1MQ

L]

=

o o w
UM 3.18 2sasiiuneIndanu

= a = Y] 5 & o o a
JUN 3.19 WIAUNEINENU, QUASBINULNBINEIULAZ IR

TagaesiiunemdsuazUsznaumediuniigg il

a P a f . b
« 1s5BansELANATULUUUSAY (Bridge Rectifier)

+ 2995A9ANTEAUMTISUY (Voltage Regulator)
P a ¥ .
3.4.1 24955389NTZUAANAAUILUUUSAS (Bridge Rectifier)

4 1 2 1 Ve 9/ = d =Y & % "
nAnaIuTeu fATeerldeesiSenssuafuniuluuuiag (Bridge Rectifier)
d &/ 1 =l =3 =Y al s v -]
fouvasnszualvihdileanusuiieledidnvsaiidunssuaadulindunseuansawaziluiiy

@ Ao o« él’ &
wasnuntAulsEy Inereesiussnouse

. gaviilalon BATA6 (Schottky Diode BAT46) 473U 4 67
- shfiudszguilndidninslan (Electrolyte Capacitor) §1uau 1 i
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3.4.1.1 venilalon BATA6
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sU#t 3.21 fufiulsyguilndidnleslas (Electrolyte Capacitor)



3.4.2 24ITAAITLAULSIAU (Voltage Regulator)

MAWINENUSIS BN sEUAANARULUUUIAY (Bridge Rectifier) axl@lnfinnszuanss
unmililunmeassifeddln 155 Taadiledaslivia Snfudisesaeseiu
U336 (Voltage Regulator) Tngaz 14led MAX663 anmmilidenldinseduleditunssua
tosuazannsouuaseussiuagiugag 2 Taad S 16.5 Taadt faguil 3.22 uas mnusumu
8n 2 Tnefidoufudussiuliinld 1.6 Taadifeviliuniniduaunsavhenls fag

3.23

£
3
¥

3Ui 3.22 188 MAX 663 [12]

8
+2V 70 +16V >
INPUT

<03v=0N Sleny 1a3c0m

> 1.4Y = OFF

PIN 3,7 =NCE.

Vin

SENSE

Your2

MAX663
MAX666
Vser

‘L

R1 +R2

IVour! =1.30 "V

+1.3T0 +15¢
OUTPUT

R2

3UM 3.23 iimamsnsrnsefuusesu (Voltage Regulator) [13]



26

< Y] i v & G & | o
awvgmiaenld IC MAX663 ns1e 11 IC Mrtlwsganldudlwifed 12 lulasuend way
urwiteleBidnvialinszuaseaufiaduend winlu Sninawanisie loddianunsosud

usadulel faut 2 Taadl s 16.5 Laad@eegludaaiuluiiteleBidnyiaaunsalingsenldwon

et Ve = 1.3% Voo (3.1)
1

naunsh 3.1 Welilduseiu 1.6 Thasmudainisasle AMUATUNIY
R1=1MQ R;,= 230 KQ nglifi R, uazlen 5 w30 SHON asnge



=
unn 4

N1INAADY Las NANITNAADY

&

Tuunil aznandenisveanuazuanIsaaes lneulseendly 2 nsnaaeansi

« MAAATIRENMINIzdaduiteulusnsg idsuly

- MAATERENTRn1alvih

a o W oA ' = =
4.1 nsBATziinmsnszannudauludisgiuasuly

Wunsvereaiiodinszimuunavesiduiieledidnniaieaisiuuuuvasgunsal

] @ o 1 L &
Wundsulaediturousieg Aealuil

= = s s i 1 i :‘
4.1.1 F/NMIVARRIvaIMsiaTzinisnszaniutauludisgiaeuly

1 & e W

v ol =& w ' = 1 =
lumsnaasusiazldiniesnisduuiulanglasivanswiulanediu indnfnagud
' P o < a0 aa_a "W 3 a0 aa da N v
wliiveliemeimulnefiuiuesnidnfnagiunewasiasiuiuerasanifnulivinidily
Lagiuiuezasdndatuamluameidgnaiuaulaglilasreulnsameslmuseniusi 2
Hz denslinyu 360° lWnduiliueiu  desunifnlasad swesgunsaliiuifemdsnudi
wannsiigatunsuyuvessdeilianna  (Unbalance  Wheel) Tuunfing Ssvyusne
2 v & o o a a o & v oa a < &

AT 2-4 Hz st sianmsidpaiutiuidndslunsdinisanuiivewawesiieldly

=§ U 2 as & L3 1 aa o L%
nMvaaes  waziledelvbinuueweiuazlulasaoulnsaians wiueyaianazmyuvinli
wiwdintadeatunneetufesiliuiulansiinnisnsednudnsal993nsensmle udn
WldAessilulusunsu Nano Plus Metrology for MEMS ¢asudl 4.1 iefasevisses
nszdnvakulaneuanuiaaadialifnieds image processing dsldnasanudunsawnis
nsvinuazidudeyaunlusunay Microsoft Excel #sanunsauansiiogninsmnisnszdaild
9 nlUsunu Nano plus 1# feguil 4.2 dmaiilsunuSeuiisufunaiildanlsunsu ANSYS

Fadulusunsudnsieilassadrsvesseuy [14]



<} FFT image analysis for MEMS microactuators _ . T f"\ﬂ
File Help
| & &G
§ Frames to analyze File path = D:\My documerts
i (Yamahata)FFT_image_enalysis_GUidistrib\FFT_standalonelvideosisample_video_2.
i First frame | 1 | oo :
| Number of frames = 32, Size =800 * 460; Frame rate = 1.0000 fps
| x1 =150; y1 =230; x2 =800, y2=260
| Last frame 32 Image wickh = 300 pm; Pattern period = 9 pm
l . First frame =1 Last frame = 32
H - £
Light intensity (white = 255) o Displacement [pm]
4
0 £ %
150 & 3
ot & ®
- .
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S % &
o -

;a;‘d'?i 4.1 e en15lelusunsy Nano Plus Metrology for MEMS

Sample Graph from Nano+
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Tifunenesuarlulasreulnsataes uiuasa3anasvuidlusindntaienfunneiufiay
vilfuuiieledidnvidaiansnsedmiadundsnulniihnssua AC Susnuasinsiulnan
TneldrmuiumunasdsuaanusumuluSeslesiiaaudumudud 2 Tovy
84 5 wneleviu e Taussiulnih (Voltage) deniasenadlaalay uaziiasizimnsyualn

o e dl 2/ 1 L ﬂ‘j e A
wazidalwih flaanaanusmimuiug figuil 4.15

Microcontroller

Aceryvlie

= as a ¢ wa
JUN 4.15 Fmsvaaemsinseimnaaaudanialni
4.2.2 T1908d8ANMMARBINTIATIwHIMAANTRNE LW

1. wWasuulasmue Wumsiinsginsdsuuanadavesruiieledidnm
3A IﬂmmﬂﬁauuﬂaaqmﬁﬂLaﬁauﬁﬂﬁLﬁaisa&é‘ﬂw‘%ﬂﬂmman 2, 2.5, 2.7 wuduns tagly
szgghavhfufieisuiisufunsmeasuiuintinasenndostuniel

2. wWasuuwlasszesing iJunsinssinisidoundassyeyiaseninausuiiolss

dnviefuazaianiniinadeuseiulniiagials Tnesiesdoussosisladssey 1, 1.5, 2
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Hadluns wsrzansreeinesersvaskuisladdnviaduorasanlnatuninnindeavinly
wiwdngaiula

4.2.3 WANIVIAARIVEINTUATIZINIAMENTRNIGIWRA

4.2.3.1 a 4A21U8

- L3 4 = - =
INNNANITNARBINTIATIERNMSIURsuLUanEavauieleBiannia wavlnanis

=l

< ! k' o T = ! 1 o @ 8/ © ot
Wasua s umulezhuTsuifiguseninaussiuliihiuanudumleuadisgy

4.16 WUIHANNEINUINAAEAAADITUNITNAADILINTINAIILILAY

a5 T - == Condition
A ks — N Sample 3-5 time
| 35 1 2 — Frequency 1.9 Hz
@ Gap: 1 mm
g 3
| 225
%, 5 =| ength 2cm
=
| L1.5)4 Length 2.5cm
¥ Length 2.7cm
0.5
@ ==ty T T T o T T T _Resistor {QQ)
i © TP MO ¢ ¥ Glisoaeimaioomd, O JO Jlan @
=g A o |} PSR | 2ot i g S B
9 = e O S s DRI ITEN (6= (o o &
SN 00 Oy M~ 00 W O

JUT 4.16 nemlSeuiisuszriiussiulnihfuanumunilunisvessaudsuainuen

N3UN 4.16 asaunsamnszualniildaingasvesleviu Ao V= IR Jsausathuniase

1 o = =i a I 2/ b4 a GJ ﬂl
wiAnszualwiuagihuniuisuifieuivaaudezlinadeguin 4.17 Sasduluaung

= | 2

YaslovuAnnsewaun wseiuluinfasilienoy
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| Condition
14 Ty Sample 3-5 time
Frequency 1.9 Hz
12 - 4 / !

Gap:1mm '

==| ength 2cm |

Current (pA)
(03]

****** S —Length 2.5cm

A — e o o] ooty 2.7 Erry
5 e g AL -
0 ‘ T T T T T T T T T T Resistor (Q)

67.5 _
100
1494 _
981 |
4960
20000 _
32570
55000 |
180100 |

297900 |
472200
747000 |
982000 _
2082000
5000000 _

al ! ) o <
JUT 4.17 niBsudisuseninsnszualiihfuaudunulunisweas sddeurinuen

& 1

< a ¢ 1 [ ) ¥ a
Lll@ﬁ'lll']iﬂ'lLﬂ?'l%ﬂ?l’]ﬂWLLSQQUIwﬁWﬂUﬂT&‘JLLHIWﬁWLLﬁ')‘iN d1U190ILATIEUNIAN

]
=)

MESALE aangas  P=Iv uaranunsaieuifiouarmasinihfuanusuniuldfy
4.18 uazwuin firnnen 2 lwuituns sgldfadsliingean Ussanm 2.9 lulasiad flaanw
817 2.5 Wwuins axldidalwigeanegi Ussanm 55 lulasind uwagiinnuen 2.7
wufiuns wldiddnihgsgeegivsvana 9 lulasind Fsazvivindonusnuewududie

lodanysaAiutuasi s & wHI AT usay
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10 ndition
9 Sample 3-5 time
3 Frequency 1.9
7 e
= Gap:1mm
26
=
g > 1 =|_ength 2cm
0(2 q |
3 ===Length 2.5cm
2
j o ==| ength 2.7cm
O T S S L E NN\ 7V AT FT =1 T 1T g % Resistor (Q)
n o < i M e e, R Cw SOy BT O = (5 B >
s 25 BT RS © R o8 o
0 = T S N B o N~ N K & & o
(9] o LN (o] O~ < [e0] cO o

= I~ o B o8 Y v af
JU 4.18 nsmlidFeuiisuseninmasiwihiuanudunulunisveassdfsuriuen

4.2.3.2. Wasuulasszezing

PNMSAaeLNeUasuwUasreeesevnaukuieladidnvsatuezasan laenis

WasuAnmiumukaziiTeudieussuindussiuliauaadunulduasgud

1 L4 o

U A 2 - %) 1
4.19 ENUMNTTELIINaRe Y ksl azdiA N



42

3.5 Condition
Sample 3-5 time
3 Frequency 1.9
Hz
2.5
- Length 2.5 cm
=
s 2 -
& ==Gap 1 mm
815 7—
g —'Gap 1.5 mm
1 =
==Gap 2 mm
0.5
|
0 R . AL T T T 1 TSI T T 1 1T 1T T 1 RESiStor (Q)
e S < O B By O ro t@daNo o © ©
ol T Oy Oy 3O B D | WV EATT O @ O
ol st §2), pCt K A\ Tall il & & @
&N N0 N~ o 0 00 O

=i - i | a ) v = '
JUN 4.19 nomFeuifisuseninaussiulwihiuanusundlunismesesdoussoeving

NNFUT 4.19 azanansomnszualniilaeingnsvedleviu fe V= IR Swaunsodunimse
wiAnszualwiuagianieudfsuivarmusuaslinanegui - 4.20 Fazduldaung

a1 t5

Yadlavidfannseuauin ussulniifasdentioy
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16 7 Condition

&7 | N Sample 3-5 time
| Frequency 1.9 Hz

12 J( —— Length 2.5 cm

===Gap 1 mm

=Gap 1.5 mm

Current (pA)

1
==@Gap 2 mm

Resistor (Q)

T 1 3T T TA7 R8T Tol=FT 1 1
WYY Tame|lem— -0 (P . lo—L=—m O
\OH,:rO\O\OU\O\—'O\NOOOO

=t o 8L W | DN S Ol ey

N, pO T’ LEY ACON\N, @l i b, DY 00 ©

o = i Y v = |
JUT 4.20 nvliUSeuiisusgninnssualih fuanusumulunismese wasussegving

- a L3 ! o/ % v = = [ !
Woaansadaszviniausnulifinunszualifiuda3e awnsadmsigvivne

mdalwilel 91ngas  P=IV uazanunsawTeudivuamdsliihiumanuduniulddagui

! A - - o a 2 3 A 1
4.21 uagwudn Aisesving 1 dadiuns azdmasinihgege Ussana 5.5 lulasing Nszasiing

a o o w a & - [} a = =l
1.5 faduns awdmdsiwihgsgaussana 3.6 lulasing uaziszoyving 2 dafiuns 9uidl

o as

maalvihzgegn Ussanm 1.4 lulas¥ad Sasviuiidessesianniumasinihazdesas



6 o ~ Condition
Sample 3-5 time
5 A
| Frequency 1.9
|
i Hz
=% Length 2.5
i ength 2.5 cm
s
g3 - =Gap 1 mm
: |
| & 5 1 | m—Gap 1.5 mm
i
f =Gap 2 mm
1 —
\
i [
0 o ' ] T T I T T =3 Resistor (Q) ‘
N oOf 5 = O TS(3WhoMNO MO0 D O ‘
~ S o 0 O e O et a-amo © O \
o — = 1O IO e Sl VY R s Y (o o
= T © o o N R &8 A O
N 0 n ® oo &~ & 0 o O
{ 7|\~ o S K2

3UN 4.21 nymliSsuiisusswinmasiwiniuanusuniulumsmeaesligussayig
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INNINAABINITIATIENIIAT wsanulwin aszualwi Ardelwin aalvaedi
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Tneiidoulalunmsnaaesdail
1. dusregn 3-5 s
2. yaLmesAINE 1.9 Hz
3. MHusluiolodidnnia
4. Wulwndndaieatiu

91057 4.2 azannsamaadavossuiieledidnamiald srwuiivnisesnuuy
q‘un'ﬁﬁﬂgﬁmﬁmwé’wuﬁguﬁwﬁaﬁdL‘fﬁ"aulwé'nq 2 pd74 g

1.idalnihgegn

2.0

Tnoiidedengedaifieledidnvielimilowfieledidnmisfinimen 2.5 wufiuas
el dslnfinnuasilidenfivarsvosduiieledidnviamsiziosidadosnny
WSauss uandonliszarviassninusuiisledidnusatuudulangainanay Tiviatu 1
fladiuas Weannisvaaesil ANe1 2.5 wuiwnsuazszezid 1 Sadlns lﬁmaaqﬂﬁ’aﬁ

Ausarulaiindidinssiunlddududnade ms (oot mean square) luaan 15
Uil Baurluiieladidnvsalioneenun 2.5 cn NwHudgledlanvsatulHueATEN
wanafrlsiinefu 1 mm mnuduuayldvaasssrfuasedufemaaisldnadeguil 10
ntausssu i AlEu A s nssudlniuay i szdulddhananseiasiei
mlmanivilindsluihasan (optimal load) e 297.9 Alalesiu (kQ) Taguswiuluials
8.63 Taaf  (Vp-p) uazldussiulwinadeddeans (ms) wihdu 1.28 Taad (V) e
nszualuiih wiiu 4.3 lalaswenuds (pA) wagldmddlnit winiu 5.5 lulasias (W)

soanlFaeniluldasetuuiin fe SWATCH fu PPK103 Feguil 4.22

By

4

sUf 4.22 unitn Bve SWATCH fu PPK103
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d IJ 1 i s, a N‘I o dl U
lneiuniing B SWATCH fu PPK103 finauanUfimialwingedl vinanuiusesiulvii
1.55 V nsgualwitn 120 nA uaz Mdslnin 186 nw Zedadnldwdsnulviilunisviaum
nnuagzilathllSsuiisuiunanisaassvesgunsaiifiuiisandeuiiadreiu wuii
€ = Y o v & v o o = [y -
gunsallAuNemdsnuiasduindsnulihniemefisgldiuunding
' v v o ¢ 2 o @ 4 v & oW o W
doungvaaetladigunsalifuinenduunasrstuluseduisesifiundsaunas
& @ w

wiim Fadudasud 4.23

U

o < a L3 = @ -
JUT 4.23 2asiiuiieandsay, aunsalifuifioandasunazundng

Ihhgunsalifuifisandanulufnduusuudisefuiniundinuiaziniinngde e
vaaevingunsaliiufandenuiuannsoiliuniiniendliniell foiannsavili
wRnwhuldadarinisieuiiuive wiluSeswesdaniailunisyiauuaziaid
uimagFuviinutiu Tufurwesiaifiulsey (Capacitive) Taglumsiedl 4.4 Huwans
naaetgUnsallfiuiomdsnuiunisiiustesineaudl 0.9 Hz uazarania 1.2 wasdedunil
3o 4.32 Alawnseetalug ﬁa’l«a’fm%aLmvﬁamxmmummmunmﬁu TneaziUasuntas
fifvyszqiienaaouyszans amlunisviey ?NL&JE]@]’JLﬂUUi”"\]iJﬂ’]ﬁJ’]ﬂfﬂ“‘WﬂMU']Wﬂ‘?
mmulﬂmu‘uumanmwmmuﬂivaﬂaaaLL'iqmulWﬁwmﬁw (Discharging Time) wt1ani

mwm%%wmmu (Start time) RsuIUNNFAAUUSEINTATOY mlmmmmwmﬂussazma

Palaasaiteldiinsevinely
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J = = L3 A o 1 1
A5 4.4 nedeulsivsnmuesgUnsalifuifsandeunuvuindedau

Capacitor(uF) Start time(s) Discharging Time(s) Distance(m)
a7 27 10 36
100 58 21 64
200 180 45 216
300 518 70 622

400 1623 131 1948
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5.1 d@3unan1vnaeg

nsafegunsalifuifsamdanundsurundodmivuiing aansafiasiude
wisuliluanngilifnan fudaussiulnild 19 Tad (Vp-p) warluannieiiilvan
gunsalfuiemdsnuifidausulwile 8.63 Tad (Vp-p) wsssiulniliadeigaans 1o
1.28 1ad (Vrms) Awramnszualwinla 4.3 lalasweuuds (UA) uazlsmaslni whdu
5.5 lulps¥adt (LW) Sirsiilandliiaslningaan (optimal load) e 297.9 Alalaiy
(kQ)

Taounfmailddudussndandsouliidlunisiauiulaeilegldus sl
0g1 1.55 V nszualniin 120 nA wazidslnih 186 nw SaileriZeuiiisutunanisnaaesii
Wiwuh maflundsnumingunsalifufemdnuitadstuaansmi luvilhuninhauld

239 FssunlanaasuilUlgiuuRnAnuIuainvineuleass sudileanu ity

5.2 Usywiniwuwazisudla

v & = 7 ' - [y ool d U =
1. mslddaquanudulassasindesiotestudunsasimanialany fdgmi

2 e el

wianiludanihlwihlad dstundsnulaialaanuiuieledidnninenasluaiiundes
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5.3 UaLauanUazuINISIUNISAUATINAILA

laganlunsinureaniniiuluegiudvesiiiuusyy (Capacitive) dslunis

]
1 =

IHauatedsadenlidnivusyaiidenfimnzaniunisldaunnniian fefesiinsidesiely

]
a a = as

wioNaulanusnldauldediefivss@niamuiniign waswasaudildamisauily
Uszgnaldusslonifugunsaiiifeadesiuinansuyydvieasdussuuiadetieneduda

(Body Area Network)
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AMARUIN N

TUsunsuaanuuunazlusunsuniugu

i n Y

s

L2 d =l %) i 2 v o
Tusunsu ANSYS AlditewSsuiivutunanisnaaesiils Taeddeldsrananns
ponuuuMsSsuisunsiasunlasninuning Inseenuuuliiduisuawsuiaaadaiauuy
cantilever Tfinnund19 0.3, 0.4, 0.5 Wwumwms Inelaneaiue 1.5 Wwuiuns nul 0.1

a a | 2 e a w I ' o -l Y Y &5
Hadns lngldusslinvane 0.02 s wdmanisnsedalaedeulanlusunsusass LU

TAaninInszdnvasuiulansaLauaaaia YuIAnINe 0.3 WURIAS 8717 2 lWURLIAS WU

0.1 dadums

IStainless Steel dimension

tsi=100e-6 | Stainless Steellayer thickness
wsi=0.3e-2 ! Stainless Steellayer width

(si=2e-2 I Stainless Steel layer length
element_size=500e-6 | Define element size for meshing
/PREP7

/COM, - Stainless Steel layer material properties (material 1)

I Finite element analysis of piezoelectric actuator with PMN-PT single crystals for
nanopositioning

I Current Applied Physics

ET,1,S0OLID45 I Element type
MP,DENS,1,8000 I Density

MP,NUXY,1,0.29 ! Poisson's ratio
MP,EX,1,200e9 I'Young's modulus
Modeling

BLOCK,0,1si,0,wsi,0,tsi I Stainless Steel layer
'Meshing

ESIZE, element_size ! Element size for meshing

VSEL,s,loc,z,0,tsi
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TYPE;1
MAT,1
VMESH,all
Finish
/SOLU

I'Static analysis

nsel,s,loc,x,lsi ISelect nodes at the free end
nsel,r,loc,y,wsi/2 IReselect nodes at the middle
nsel,r,loc,z,tsi IReselect nodes at the top

fall,fz,-2e-2 'Apply displacement at selected nodes
nsel,s,loc,x,0 ISelect nodes at left end of cantilever
d,all,ux,,,,,uy,uz IClamp left end of cantilever

nsel,all

solve

finish

raunsndIanssEBENINTEAlA AagUil n.1

&'I o Qs 1 v ~ a4 =
E‘U‘VI n.1 N15918a99N19NTEIRUIUHLlaNEE 2 WwuAluns N9 0.3 wuRluns

Lar9zaU5091A0IANUATEALS AIFUN N.2



53

= ° v | a Y a
EU‘W n.2 ﬂ']‘iﬁ]']aaﬁﬂj'ulLﬂUGUQQLLNUIaW?JUf]'J 2 LWURLLAT 1319 0.3 LYURLUAT

1AAMINISNSEINUDILKUIANTALAULAAARS YUIANTIN 0.0 IURLLAS 817 2 Ufluns Wi

0.1 Hadlums

IStainless Steel dimension

tsi=100e-6 I Stainless Steel layer thickness
wsi=0.4e-2 ! Stainless Steel layer width
lsi=2e-2 I Stainless Steel layer length
element_size=500e-6 I Define element size for meshing

| 4 @ e, .
/PREP7

/COM,--mmmmmm e Stainless Steel layer material properties (material 1)

I Finite element analysis of piezoelectric actuator with PMN-PT single crystals for
nanopositioning

I Current Applied Physics

ET,1,50LID45 I Element type
MP DENS,1,8000 I Density
MP,NUXY,1,0.29 I Poisson's ratio
MP,EX,1,200e9 !'Young's modulus
IModeling

BLOCK,0,1si,0,wsi,0,tsi I Stainless Steel layer



'Meshing

ESIZE, element_size

VSEL,s,loc,z,0,tsi
TYPE,1

MAT,1
VMESH, all
Finish

/SOLU

! Static analysis
nsel,s,loc,x,lsi
nsel,r,loc,y,wsi/2
nsel,r,loc,z,tsi
f,all,fz,-2e-2
nsel,s,loc,x,0
d,all,ux,,,,,uy,uz
nsel,all

solve

finish

I Element size for meshing

ISelect nodes at the free end

IReselect nodes at the middle
'Reselect nodes at the top

IApply displacement at selected nodes
ISelect nodes at left end of cantilever

IClamp left end of cantilever

WAWSAIIRRITEHENINTEIALA AIFUN n.3

JUN 1.3 msdranamsnsednvesurulansen 2 lwudluns n19 0.4 lwudiuns
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o = ¥ s P
LAYILANLITOIIRDIAIUATLA LA WQEU‘VI n.4

3UH n.4 M3dnapsnnuisenvaaHulaness 2 Wwuiwns N 0.4 [wuRimg

1AAMIN1SNSEInURILH L avTaALAULaaaRa YUIANTIE 0.5 WURLAT 817 2 IURLUAS AU

0.1 Jaawuns

IStainless Steel dimension

tsi=100e-6 I Stainless Steel layer thickness
wsi=0.5e-2 I Stainless Steel layer width
lsi=2e-2 | Stainless Steel layer lencth
element_size=500e-6 | Define element size for meshing
/PREPY

/COM, == Stainless Steel layer material properties (material 1)

| Finite element analysis of piezoelectric actuator with PMN-P1 single cryslals (or
nanopositioning

! Current Applied Physics

ET,1,50LID45 ! Element type

MP,DENS,1,8000 I Density

MP,NUXY,1,0.29 I Poisson's ratio



MP,EX,1,200e9
'Modeling
BLOCK,0,1si,0,wsi,0,tsi

IMeshing

ESIZE, element size
VSEL,s,loc,z,0,tsi
THPEA

MAT,1
VMESH,all
Finish

/SOLU

| Static analysis
nsel,s,loc,x,si
nsel,r,loc,y,wsi/2
nsel,r,loc,z,tsi
fall,fz,-2e-2
nsel,s,loc,x,0
d,all,ux,,,,,uy,uz
nsel,all

solve

finish

I'Young's modulus

I Stainless Steel layer

| Element size for meshing

ISelect nodes at the free end
IReselect nodes at the middle
IReselect nodes at the top

IApply displacement at selected nodes
ISelect nodes at left end of cantilever

IClamp left end of cantilever

WAMNINTIADITLEEMINTLINLA AIgUR N.5
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A o s ] e
EU‘VI N.5 M3NEDINTNTEINVOIMKUTAVEETY 2 L wURLINS

LAZATANNTDNIRRIAIINATEALS FI3UN N6

5U# n.6 nsdnassruAuvesEulansen 2 wuiues 0 0.5 wuRies

lAnin1snszanveaEulavvawauaaaia auIAnT9 0.5 WURLLAT 8717 1 WURLWAS YU
0.1 Hadwuns

IStainless Steel dimension
tsi=100e-6 | Stainless Steel layer thickness

wsi=0.5e-2 I Stainless Steel layer width



(si=le-2

element_size=500e-6

I Stainless Steel layer length

! Define element size for meshing

| Finite element analysis of piezoelectric actuator with PMN-PT single crystals for

nanopositioning

! Current Applied Physics

ET,1,50LID45
MP,DENS, 1,8000
MP,NUXY,1,0.29
MP,EX,1,200e9
IModeling
BLOCK,0,lsi,0,wsi,0,tsi

IMeshing

ESIZE, element_size
VSEL,s,loc,z,0,tsi
T¥PE]

MAT, 1
VMESH,all

Finish

/SOLU

I Static analysis
nsel,s,loc,x,lsi
nsel,r,loc,y,wsi/2
nsel,r,loc,z,tsi
fall,fz,-2e-2
nsel,s,loc,x,0
d,all,ux,,,,,uy,uz
nsel,all

solve

finish

Stainless Steel layer material properties (material 1)

I Element type
! Density
! Poisson's ratio

I 'Young's modulus

| Stainless Steel layer

I Element size for meshing

ISelect nodes at the free end
IReselect nodes at the middle
IReselect nodes at the top

IApply displacement at selected nodes
ISelect nodes at left end of cantilever

IClamp left end of cantilever
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LazavanansndnaaseATEald dagui n.8

JUT n.8 MmsdassauiAuvasiulanzes 1 wudues nie 0.5 wuduns

S1e]



60

Tammnisnsednvasuiulansaunuaaaia 2uINI9 0.5 [WURIAT 819 1.5 UL wun

0.1 Haauns

IStainless Steel dimension

tsi=100e-6 I Stainless Steel layer thickness
wsi=0.5e-2 I Stainless Steel layer width
lsi=1.5e-2 I Stainless Steel layer length
element_size=500e-6 I Define element size for meshing
/PREPT

/COM e Stainless Steel layer material properties (material 1)

I Finite element analysis of piezoelectric actuator with PMN-PT single crystals for
nanopositioning

I Current Applied Physics

ET,1,S0LID45 I Element type
MP,DENS,1,8000 I Density

MP,NUXY,1,0.29 ! Poisson's ratio
MP,EX,1,200e9 I'Young's modulus
'Modeling

BLOCK,0,lsi,0,wsi,0 tsi I Stainless Steel layer
IMeshing

ESIZE, element_size I Element size for meshing

VSEL,s,loc,z,0,tsi

TYPE]L

MAT,1

VMESH,all

Finish

/SOLU

| Static analysis

nsel,s,loc,x,lsi ISelect nodes at the free end
nsel,r,loc,y,wsi/2 IReselect nodes at the middle

nsel,r,loc,z,tsi IReselect nodes at the top



fall,fz,-2e-2 Apply displacement at selected nodes
nsel,s,loc,x,0 ISelect nodes at left end of cantilever
d,all,ux,,,,,uy,uz IClamp left end of cantilever

nsel,all

solve

finish

waMIsndNABITEEEMINTEIALA AIFUT n.9

JUN n.9 nsdaesnisnssdnveduiulanzend 1.5 lwufng nd1s 0.5 lwuRlung

vansndnaeInnAule fgun n.10

JUT .10 Msdiaesmnuiurekulanyen 1.5 wuiwns i1 0.5 wuiiins
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n.2 TUswnsy Arduino

TWsunsu Arduino Wulusunsy ldlunsauausewesildlunsnaass Tngluns
1 2 v a ¢ v v oA i P=
vaaes wuseaniliu 2 meass laud msdasizinmsnszdaiudoulusegiudeuly uas

mylnseigaaiivalnih Sluudasnsmeasddldaimunuuamessiueenlugail

n.2.1 lAarIuAuuBmasluntmassinsinzinansedniuouludie i
=
waeuly

lasiamdueinesgnemunulnglulasnoulnsaeslimyusoninungs 2 Hz danisTi

viyu 360° lundudunu Teganunsaiouldn 18l

int motorPinl = §;
int motorPin2 = 9;

int motorPin3 = 10;

int motorPingd = 11;

int delayTime = 30;

int a=12; //a= Loop Number ;Loop Number have 30 degree/Loop
void setup() {
pinMode(motorPinl, OUTPUT);
pinMode(motorPin2, OUTPUT);
pinMode(motorPin3, QUTPUT);
pinMode(motorPind, OUTPUT);
}

void loop() {

//forword

for(int i=0;i<=(a-1);i++)

{

digitalWrite(motorPin1, LOW);
digitalWrite(motorPin2, LOW);
digitalWrite(motorPin3, HIGH);
digitalWrite(motorPind, LOW);
delay(delayTime);
digitalWrite(motorPin1, LOW);
digitalWrite(motorPin2, LOW);



digitalWrite(motorPin3, LOW);
digitalWrite(motorPing, HIGH);
delay(delayTime);
digitalWrite(motorPin1, HIGH);
digitalWrite(motorPin2, LOW);
digitalWrite(motorPin3, LOW);
digitalWrite(motorPind, LOW);
delay(delayTime);
digitalWrite(motorPin1, LOW);
digitalWrite(motorPin2, HIGH);
digitalWrite(motorPin3, LOW);
digitalWrite(motorPind, LOW);
delay(delayTime);

}

//Backword

delay(100)

n.2.2 lanAruguuainasluntsmaaein1sinszivmamautamslnia
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= I3 v w @ v
nefianUnamaignmunulaelulasaeulvsaeeslivyuseniunga 2 Hz dnnsli

vy 360° Wnduidunu lnsanunsadeulfn lawail

int motorPin3 = 10;
int motorPind = 11;

int delayTime = 12;

int a=12; //a= Loop Number ;Loop Number have 30 degree/L.oop

void setup() {
pinMode(motorPinl, QUTPUT);
pinMode(motorPin2, OUTPUT);
pinMode(motorPin3, OUTPUT);
pinMode(motorPind, OUTPUT);
}

void loop() {

//forword



for(int i=0;i<=(a-1);i++)

{

digitalWrite(motorPin1, LOW);
digitalWrite(motorPin2, LOW);
digitalWrite(motorPin3, HIGH);
digitalWrite(motorPind, LOW);
delay(delayTime);
digitalWrite(motorPin1, LOW);
digitalWrite(motorPin2, LOW);
digitalWrite(motorPin3, LOW);
digitalWrite(motorPin4, HIGH);
delay(delayTime);
digitalWrite(motorPin1, HIGH);
digitalWrite(motorPin2, LOW);
digitalWrite(motorPin3, LOW);
digitalWrite(motorPind, LOW);
delay(delayTime);
digitalWrite(motorPin1, LOW);
digitalWrite(motorPin2, HIGH);
digitalWrite(motorPin3, LOW);
digitalWrite(motorPind, LOW);
delay(delayTime);

}
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~ PIEZO SYSTEMS, INC.
&5 Tower Ciifce Park
Waburn, MA G180]
Tod (781) 9334850 » Fax (761} 9334743

Material Safety Data Sheet (MSDS) PSI-5A4E Piezoceramic Material

Company Name: Piezo Systems, Inc.
Address: 65 Tower Office Park

Woburn, Massachusetfs 01801 USA
information Telephone Number. (781) 933-4850
Emergency Telephone Number: (781) 933-4743 (ask for Safety Director)

it 4

Chemical Family:  Ceramic Materials
Formula: Propristary

Physical Data:
Form: Solld Ceramic Material
Appearance Yeliow - White
Odor: None
Solubiiity in Water: Insoiuble

Components:
Material Percent % CAS #
Lead Oxide 60-70 1306-60-0
Zirconium Oxide  20-25 1314-23-4
Titanium Oxide 10-15 13463-67-7
Lanthanum Oxide 2-4 1312.81-8

H cti

mmwﬁnsﬁabﬁﬁy: This product is normally stable
Incompatibility. None
Polymenzation: This product dogs not normally polymerize significantly

Fire & Explosion Data:
Flash Point: None; solid material
Fire & Explosion Hazards: None, nonflammabile

Health Hazard information:

The primary route of entry is either by inhalation or ingestion. This material can be in the
form of & powder or solid. Hf inhaled or ingested the foxicology of lead predominates. This includes
the potential for damage 1o the kidneys, biood forming organs as well as the reproductive system
and the nervous system. Ingestion can cause vomiting, diarrhea, nausea and abdominal pain
Inhalation may cause irritation of the nose and throat, cough, dyspnea, chest pains, fever and chills.

PIEZO SYSTEMS. INC. 392006 MSDSPSISAE  Page-t
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Material Safety Data Sheet (MSDS) PSI-5A4E Piezoceramic Material

Acute lead poisoning can lead to a condition called acute encephalopathy, which may rapidly devel-
op into sefzures, coma and eventually death.

Exposure Limits:
Material Name. QSHA PEL (mg/m3) ACGIH TLV (mg/m3)
Lead 0.05 0.05
Zirconium 5.0 50
Titanium 15.0 {respirable dust) 10.0
Lanthanum 15.0 {respirable dust) 10.0
First Ald Instructions:

Ingestion: If conscious, Induce vomiting.

Inhalation: Remove to fresh air and if breathing is difficult give oxygen.
Skin Contact: Wash A

Eye Contact: Flush with plenty of water for 15 minutes,

In all cases seek appropriate medical advice & freatment.

Persong i ation:

Respiratory Protection: Selection of a suitable respirator will depend on the properties of the conta-
minant(s) and their actuai or expected air concentration(s) versus applicable limits. Consult ANSI
Standard 288.2 for decision logic to select appropriate NIOSHMSHA approved respirators. If respi-
rators are needed to meet applicable limits a respiratory protection program in accordance with
OSHA Standard 28 CFR 1810.134 is mandatory. This includes monitoring, selection, medical
approval, training, fit testing, inspection, maintenance, storage, eic.

Glaves: Gioves should be used when the possibility of skin contact exists. The suitability of a par-
ticular glove and glove material should be determined as part of an overall glove personal protection
program. Considerations should include chemical breakthrough time, permeation rate; abrasion, cut
and puncture resistance; and duration of contact, efc. Recommended glove material: Latex.

Other personal protection practices: Appropriate eye protection such as safely glasses should be
used where the possibility of eye contact exists. Protective outer clothing should be used where the
possibility of body contact exists. Contaminated work clothing should not be aliowed out of the
workplace. Smoking or the consumption of food or beverages should be prohibited where the mate-
rial is handled or stored. After handling this material wash hands thoroughly before leaving the work
area.

Additional Engineering Controls: Local exhaust ventilation is recommended where an airbome dust
or powder is generated. Work practices and training may be required depending on the exposure
level. Many of these points are discussed in the OSHA Respiratory Protection Standard {29 CFR
1910.134). the OSHA Hazard Communication Standard (28 CFR 1910.1200} and the OSHA Lead
Standard (28 CFR §10.1025).

PIEZO SYSTEMS, INC 3002006 MSDS/PSISALE  Page?
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Material Safety Data Sheet (MSDS) PSI-5A4E Piezoceramic Material

.

Contaminated items: Empty product containers, contaminated clothing and cleaning materi-
als, efc. should be considered hazardous until decontaminated or properly disposed of. Dispose of
waste in accordance with federal, state and local requlations. Typically defined as a hazardous
waste by EPA,

Storage Information:
Store in tightly closed containers. Label with name of contents and hazard wamings.

Regulatory Information:
This material is listed on EPA's TSCA inventory. Lead is requlated under EPA's SARA
Regulations.

PIEZO SYSTEMS. ING . 392008 MSOSPSI-SALE | Paged
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AVR ¢ Ardiino | Pin AVRISP | P
PRI | Digitaril | MOSI 00 | svee
< GND

o000
Ooo0

ETTCO.LTD

&

WWWETT.COTH

72



73

aiemslirvvedalulnsneulnsninedsu ET-EASY168 STAMP ETT

wihivesnduarnlunsifnuuuy “Arduino Project”

-

+5V(+vin) Dundwhifdussfuusdunne  +SVDC vinnruuendie Doy
I uuefs

WCC(HHV) durumsiswlngpdufuidileulditu svee wor MCu imaﬂﬂﬁu
usRAn 2 unke Aanfufe erfuuseiu +5V(sVin) anen 28 seueda usr 4nen
+VUSB(+5V) a1 USB wssusie Tnei Diode Jesfunisfieunfuseuriuliuds
+AREF ({husf miufudtpnrniussdudouis (Analog Reference) Wfuaeas Analog Input
lunsdifeansiursdud i sanniuuen

RESET# s diyay it RESET 203 CPU e adl Logic ™

Digitalf0..13] whay 4O wists Digital wisee s mafassiefude g it Logic TTL (5v) siren
Anaiogf0..7}i T Input wut Analog 870 input wt Analog 0+ 5Y

wihreerRygralunisldnukuy “AVR Micro Controlier”

+5v(+Vin) usdividiieaiuussfinse SSYDC sanmeuendie ke s
I e

SVCC(s5V) s wirlgaFesfundtenlidy «voe see Moy Fuamilaciu
w2 ussd Fagiuie a0fuusedu +SVEAVin) 990wy 28 tesneds uer <anen
SVUSB(#5V) 4 1nd2 USB vecuade Taudl Diode Nesfumfeunduse useiil i
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luntilide snns fusaiul wBssonneuen
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PDI0..7) uw VO wiin Digial whnsa Beudeusefusua it Logic TTL V) sines
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lalen BAT 46 \Julaleauszinnuvenilalon InsflseaziBensne ]

BAT46

w083 {27 5)
-
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ro@e. 350 (3.8)
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{
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I3
L Y

-

Vishay Semiconductors
formerly General Semiconducior

Schottky Diode

(o M, 15079 (2.0)

Cathode
Mark

Lt i mches
et (i)

Features

« Far general purpose applications

+ This diode features very low turr-on voltage and
fast switching. This device is protected by a PN
function guard fing agains! excessive voltage. such
as electrostatic discharpes

+ This diode is also avallable inthe SOD-123 case

with type designation BAT46W and in the
MiniMELF case with type designations LL46.

Mechanical Data
Case: DO-35 Glase Case
Weight: apprex 0.13g

Packaging

Codes/Options:

D7/10K per 13" rael {(52mm tape), 20K box
. f DBAOK per Amma tape i52mm tape), 20Mbox
Maximum Ratings & Thermal Characteristics s c wme: s s wse gecses

Parameles Symbol Valus Unit
Repatitve Peak Reverse Volaoe Veg 19 v
Farward Contmuous Current st Taw = 25°0C i 5y A
Repetitve Poak Forwand Cunent -
bty < 15 0 05, Tane = 25°C it o o,
Surge Forward Curtert 81, < 10ms. Taep = 25°C ¥on Fi- N mA
Power Digsipation' ot Tgop = B5°C P 150" mw
Tharmal Resistance Junbon to Ambeent Al Raa 03" Cimw
Junction Temperature 1 125 €
Ambrert Operating Temperature Fange Tow 6510 +125 b 9
Storage Terrperature Range Ts ~55 to +150 >
Electrical Characteristics .« v tromis e
Parameter Symbol Test Condition Min Typ Max | Unit
Reverse Broakdown Yoltage Vera i« 100pA {pulsed) 100 o o v
Vis15¢ - o i3]
VR 15V Tj=80C o e L
Ve = 10V - = 08
Leakage Cueret . Yae 10U Tj= 60°C - o 75
Pulse Test tp « 300us. & < 2% e Vi = 50V - s 2 WA
Vits 5OV T = 60°C - . 15
Vo= T8V e o i
B Vo= 789 1= 60°C e - 20
Focwand Yoltage Ve sﬁ:ngii:: g | = gg v
Pulse Test fp« W0us. &« 2% ' I = 250mA . . $
Vr=0V §= 1z o 0 e
Capactance Cot | s 1V - A w § 8 F o |
Mobe: (1 Walo provites e 3 3 dELor of L Ko CasE e KR b AT IEMpettE
Dotienent Nurme 88193 e YNy com.

by
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MAXIM

Dual Mode™ 5V/.
Micropower Voltage Regulators

S ——— ¥ TN

The MAX6E3/664/686 CMOS voitage regulators have
& maximum quisscant current of 12,4, They can be
used sither aa 5 volt, fixed output ragulators with no
additional componants, or can be adjusted from 1.3V
to 18V using two external resistors. Fixad or adjustable
aperalion is sutomatically selected via the Vepr Input.
The MAXE6X series, ideally suited for battery powared
systems, has an input voltags range of ¢ 10 16,59, an
oulpul current capabiiity of 40mA, and can operate
with low input-outpul differsntinls. Other features
Include currant fimiting and low power shut down,

The MAXBE3 positive regulator and MAXE64 negative
regulstor are both pin and elactrically compatible
with the ICL7663 and ICL7664 and can glug-in
replace these devices, improving performance and
eliminating the neod for axternal resistors In 5V
applications. The MAX666 has a positive output end
includes on-chip low-battery detection circuitry

| & Applications

Handheld Instruments
LCD Display Systems
Pagers

Remote Data Acquisition and Telemetry
Radio Controtind Devices
Long-ilie Battery Powered Systams

Pin Configuration

Top View

Foatures

# Dusl Mode Operation: Fixad +5V or Adjusiable
from +1.3¥ lo +16V

# Low Power CMOB; 124A Max Quisscent Cutrent
# A0mA Output Current, with Current Limlting

¢ Pin-Compaiible Upgrade of ICL 7883
and ICLT684

# +2V 10 +18.5V Operating Range
¢ Low Battery Detoctor (MAX666)
# No Oulput Over-Shool on Power Up

Ordering Informatlon
FART TEMP. RANGE PIN-PACKAGE
JMDBRICD Gl TG Dwe
MAXGEICPA  D'Clo+10U | 9 Lead Pasc DP
WAXOEICSA  ('Cio +70'C B Lead Senall Oullivg
WAXBEIEPA  A0'C1o+85°C B Load Paste DIF

MAXGSIESA  0'C o +85°C 8 Lead Srmall Outlnn

MAXGEIMA  SFCY - 1% BlLead CEROP

MAXBEACD DCRTC  Dics
MAXGGACPA  (FClo«10°C  8lead Fastc DIP
MAXBEACSA ~ °Clos?0C ALead Small Quiling
MAXBRAERA  ACHBEC  Blead Pastc DI
YAXDRSESA  A0°C1o4B5°C  filLead Small Onting
MAXBSAAA -SSP +125C  BlaadCEROP

MAXBAEDD C+0rC Dicea
G a2C | [Blewd Prawic P
MAXBEEEEA Ol +TrC BLsad Small Ouna

MAXGREEPS  -a0'C o 4850 B Lead Paste DIP
MAXBIBESA G0 kﬂ5‘(‘3lfﬂd %ﬂ}!il Outlira
MAXBEBIAA  65CI+125C B Laad CEACP
. TY Gl Operating Clroult
1
e m
—— Ll §
W ? Ao ot ’
L. §
L] |
MAXIM Maxim Integrated Products 1

For free samples & the latest fiterature: hitp:/www.maxim-ic.com, or phone 1-800-998-8800

G9OXVIN/POOINVIN/EOOXYIN
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MAX663/MAX664/MAX666

Dual Mode 5V/Programmable
Micropower Voltage Regulators

ABSOLUTE MAXIMUM RATINGS
MAXSES and MAXGSE ALL DEVICES
inpul Supply Votage ..o L . Y Pewal Dsglipatar:
Termengl Vohuge Sasbe U {Deele BSmPA 0 above »30%C5 ., .. S2imw
Pins 1356, MANSES — Pir 7 Senpll Oullios Decate B *C above SICH . | 450mW
e MAXEOE - Fin2, ..., ...  GND 03V Vi #13V TERGP [Dernte Bm *C abave #5000 . EReW
MAYBES — Pie P coo GND O3V 10 Vg, 0 O3V Oparsting T paestios Fangs
MAXKE Py veios GING DIV 0 2 %3V MAKESRC ... ..ol o TCWAN0
Outgeut Source Curreet MAXGOXE ... ... s AU -G
MAXBERH66 — Pin 2 (Vo 1o Mou) coveen cevnon .. SOMA MAXEEXM ... . -840 1o 129%C
MAKERD - PIR 3 (Vg pd .. L L. 25 Slorege Teraesture ... B0 0 U300
Orput Sink Carmet Fin 7 cvie van w20mA Lesd Tawperitucs (Soidering 10 sconds) . G
MAXESL
Input Suoply Vollage ..o, - 8V
Terrnira Vaollage
Pirg 13587 . e 0.3 t0 GND #0.39
BINZ o v g Wy O WY gy Y
Outpun Sins Curront, /Pirg 7] v & T

Simesi abuw 1hose agied Uree “Arsoivle Moimum Salings U0y Cdhid Pornang™: damige
Cmtibiies f i Caaon & togem oe ny Gt pon lioes, waome Ih0ee POILAYed o (he cpet
anio!

BE PR AT T Ot 1o seeliencdinl e cat oy st Dhewsim ek aly

ELECTRICAL CHARACTERISTICS, MAX563 AND MAX666

D™ B0 Vg = +8W T = 2570 uniags ohierivhies dotedt §

19 10 dovih Trese HC tiess anngs coly and luntocnal
afioral sevtors of 1he speiizalioss & nol wphisd. Expoe.os bo

PARAMETER SYMBOL CONDITIONS MM TYR MAX
Over Temyperaturs (L4 248 168
b g on Over Turpenaiure «E. W4 22
Ko Lo Vi = ~1B6V
A g Ty = 4255C 3 2
pG¥rent a Dver Tawpeeature (T3 %
Dvet Temperature [L M) 20
Vigs ~ GND
Dutput Voltage Vi Over Temaerature (C, €1 475 50 5.5 Y
\ Owes Tergersture N 3 [ ¢ oB07 0| WS
Lin Regularan g Ny LRV LAY 406 044 wy
MAKBES 1A < by, 20mA 34 70
Loaa Argu ation Waps'Mrgr | MAXBBE S0uA 2 fp, 0. 2 Sk 18 L0 (H
MANBEE 1 1y 1o v Mk 1L 70
s Yo » oy B AN A 127 13 v
Retoranim Tampoo, b Chver Toepesature } LI Apmit
Wy | AREINGI THI g1 Gl 10 Vigps = Ypuu for 45V Out \
flied 60 ar Adjustable Gt 1 Yea Vigr i+ Vi, o1 Aufjutabiv Ol 1 i
i Ovsr Terpersivre i8 B} DA 10 A
Vg 199 Cueranl at Ohusy Twztwmamj 22
o 0 ' Yy Wl Outpat OF 14
Shutduwn Inpul Voltage Ve V-t LO - Ottt O a3 v
Shutdomn Ingut Surrent - ; 2 amn o A
FENSE Int Thrashols Vo1~ Vapssg | Corrert Lima Thiesnols D& ¥
| BENSE ingit Ranistanca [ E M
} ¥
| Input-Oulae Saturation i ‘:"“ i _223 dour~ s ! %.%—’ ?gg b
| Resistanca, MAYEES - Yo a0 (O ey o
i / Vi ™ 10V Loy T BmA =0 4
| Outpeit Coireet, Vo Y £ Vg ¥ IBEY
| Nuggr 01 MAXEES] o Vi =¥y = “18¥ “ mh
. Ty - $28°C 14 !
Wi gr | o Currend R Ouet Tempenviure 10 L} ail uhi
O Tormperatore (M) - 100

SMNAKIN
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ELECTRICAL CHARACTERISTICS, MAX663 AND MAX666 (continued)

Dual Mode 5V/Programmable
Micropower Voltage Regulators

Wiy = B, Vg ™ 8V T, 7 o260 uiniens cthanwise nowd.}

PARAMETER SYMBOL CONDITIONS NN TR MAK
LB bnpur Trresnnd ™ WAXSSE 121 128 197 v
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ELECTRICAL CHARACTERISTICS, MAX664
Py * B Viyyg = =6V, T, = 125°C. unboss cibevwiss nated )

PARAMETER | STMBOL | CONDITIONS MIN YR MAX UNITS
: Te =20 “18.
T Wolkage Vi poivie A Y e N8 v
i - o md'l‘;'.:.___'fmu o -, !
X Ta - s8%C L] k]
Crmscant Corrart s d‘wr Terpatikinn (G} :s wh
| = L Dor Teapetn BM | L)
! Vgpe = GND
Catpul Veltags i Vgt Qe Tenparalure (C, E} 475 59 -525 v
] e TRmpRIunITe (M} A 44 B
Lire Asguiation P Mg Wy | RV S Y s < 1Y Ny S Vg 003 X Ll
"y Vomg e DONMREIRT 10 Voo 1y
- | Mourskon | 1eRzigy siema v 4 Sa
futarmice Viklage | Veey Vouy = Yaey 427 3 v
Retarance Tangio . T Owat Tamrpersture 140G PP
Vg Intsinsl Thrsshald o i
t { Vg * W 1 -5V DA,
Flxeet 5Y of Adjustable : 7 e i T 58 m
Output O .?;" i i Vs * Wy, 107 Yanable Ot
Vg Fiput Current feey Owec Temperature (C, E) oM B ik
Ot Tampenaivee (M} o]
Vg 1~ Output O -14
Shutdgwn Inpt Wf"' Vit Vgnoe( LO = Otiput On 03
Enutdewn Inpat Cutrent [T .41 210 nh
SENSE Input Thrashold Vour Yeense | Gurent Limd Thrasnokd 48 oV f
SENSE Input Rasetance Agpymp k] 53]
Viyiors E0UNECiod 10 Vo, |
Inpul-Cuipit Suturation : Vi = =29, L =1 ! w0 s p
Arslstance a Vi ® W iy ¥ 24 40 m :
. Vi ™ 159, Tongq = ~OmA 0 8
! T, 200 44
Minteimn L.ond Cursant haniris Ol Temperaiung (T € § 54 R
Ouer Tamparatute [Mi ¥ =104
MAXIN S . 3

999X VIN/YISXVIN/EOIXVIN



MAX663/MAX664/MAX666

Dual Mode 5V/Programmable
Micropower Voltage Regulators

Typical Operating Characteristics
MAXESD Vogir, MAXSE Yours, MAXSS Yout MAXE64
INPUT-QUTPUT DIFFERENTIAL INPUT-OUTPUT DIFFERENTIAL INPUT-OUTPUT DIFFERENTIAL
. QUTPUT CURRENT . OUTPUT CURRENT vu. QUTRUT CURRENT
u b} v w
4 ] ] I ‘[ 8 .‘.‘i sl 15 } l J
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" i i = o2V 4 i 1 E 14 F-OoMNECTEY ' T
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# / A A T e e
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e TEMPELITY O [0 PR
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Figurm ¢ MAXOED Positive Regulatar, Block Diagiam
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Dual Mode 5V/Programmable
Micropower Voltage Regulators
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Figlirs 2, MAXE64 Nogatwe Regularor, Block Oiagram

Detailed Description

As shown In the block diagrams for sach davice
{Figures 1, 2, and 3), the main elements of the
MAXBBX tamily of reguiators are 8 micropower
bardgap refarence. an error amplifier, and one of
two serios pass output devices. A P-channgi FET
and an NPN transistor are used on the MAX653,
two N-channel FETs aro used in the MAXG64 | and
one NPN output transistor is used in the MAXBES.
All ragulatars also contain two comparators, one
for current limiting (C1) and another which selacts
fixed 5V or adjustat ¢ oulpul operation {C2).

The bandgap raference, which is trimmed o 1,30V
*30mV, is internally connected to one input of the
error amplifier, Al The feedback signal trom the
regulator autput is supplivd to the Al's othar input
by either an on-chip voltage divider o* by twa
external resistors. When Vepy 5 grounded the
internal divider provides the error amplifiers feed-
back signal far & fixed 5V output, When Veer is
mere thar 50mV above ground (below ground for
1he MAXEE4] the error amplifier's input (2 switched
directly to the Vser pin and external resistors set
the output voltage.

Compsrater C1 monitors the output current via the
SENSE input and shuts down Ihe regulator's out-
putis) by dizablin? AL An extarnal current sense
registor, Hey ., sets the [imit value. The MAX863 andg
MAXBEG current-limit whan the voltage on Rg,
exceeds 0.5V The MAXBE4 current limite at 0.6V,

The MAX662 nas an sdaitional amplifier, A2, which
provides a fomperature-propartional output, Vop
When this is summed in1o the inverling input of the
error amplifier, & negativa temperature coefficient
reaults At the output This is useful when powening
liguid crystal displays over wide lemperature
ranges.

MAXIN

Flguis 3 MAXEAS Positive Sagwator Wit Low Batlery Detecior,
Black Disgram

Tha MAXG66 has a third comparator, C3. which
compares tha LBI input lo the internal 1.30V ref-
arence. The Low Battery Output, LBO, 15 an open
drain FET connected to Ground. The Low Battery
threshold can also be set with a voltage divider at
LBL In addition, all devices also have a SHUT-

N inpul which disables the arror amplifier
and regu'ator output(s)

Basic Circuit Operation

Flgure 4 shows the connections for fixed 5V output
positive and negative regulators. The Vaey inpul is
E:oundad and no external resistors are required.

igure § shows adjustablé oulput operation with
current Imiting The output voltage is set by H!
anid B2 and the current limit threshold is set by
Ag.. Voyr should be connected to SENSE 1 current
limiting 1§ not used and the SHUTDOWN rput
should be grounded if nat used

Output Yoltage Belection
II Vger is not connmected to Ground, the autput
voltage is 36t by the equation

R1+R
Vout = Vg * Led. where Vegy = 1,30V

Rt °
or. o simpiify resistor selection:
wa
R2=R1x (1.3W' 1)

Sinca the input bias current at Vggy hes 8 maxi-
mum value of 10nA, relatively large values can be
used for BT and RZ with no toss of accuracy. 1M1
is & typical value tor R1. The tolerance on Vapy '8
guarantesd 1o be less than +30mV. Thig allows the
output to be preset without trm pots, Lsing anly
fixee resistors in most cases.
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MAX663/MAX664/MAX666

Dual Mode 5V/Programmable
Micropower Voitage Regulators
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Figure 4 Conpections foc Fined 5 Gulpul

Current Limiting

Internal current limitng is activated on all MAX&6X
devices when the voltage difforence betwaen Vot
and the SENSE input exceeds an internal threshld
The bmi vilue is externally set by Ry using the
equation:

Ao @ A%k

b Ve = 0.5V for MAXB6E3 and MAXBES
Iy

Vioy = -0.6V Tor MAXE64

Ve = Veur - Veense)
where Fey 8 the current limit sense resistor and
lg Is the maximum cufrent. Ag, shou'd ba chosen
s¢ that neither the S50mA absolute maximum output
current spacficetion nor the maximum power dis-
sipation is exceeded.

If currant limiting is used, ramember that the addi-
tionsl voltage drop across Rey must be considered
whan determining the reguialor's dropout volagae,
i current limiting is not used, tha SENSE input
shauld be connecivd Lo the oulputis),

Shutdown input

Tre SHUTDOWN input allows the regulator o be
lwrned off with a logic Jevel signal. Since the current
drain in shutdown made 18 fimited 10 the reguintor's
guiascent current [12uA Max) this is sometimes
desirable in applications where vary low power
consumption 18 reeded. The SHUTDOWN input

Figum & Connechons for Athatable Outut

shou'd be drivan with 8 CMOS logic level sincs the
input theashold is only 0.3V {-0.3V on the MAXBE4),
in TTL systems. an open-collector driver with a
pullup resistor will wark with the MAXBBE3/686 if a
small collector curment is used 10 keep the output's
Vgar below 0.3V, Collectar currerts as low as |uA
ate suitable since the SHUTDOWN pins input
currant is less than 10nA. Note that the MAXGE4 s
SHUTDOWN Jnpul is atlivaled by a nugatve leve:,
On both positive and negative requiators the
SHUTDOWN input should be grounded for normal
operation.

Low Battery Detection

The MAXBE6 containg on-chip circuitry 1ar low
batlery or low power supply detection If the vollage
at LBl {Low Battery Input, pin 3) ‘alls pelow the
reguiator's internal reference (1.30V} than LBO
(Low Battery Output, pin 7), 8n ppen drain oulout,
goes low. The threshold can be sel 1o any level
above the reference voltage by connecting & resistive
diviger to LB (Figure 6) based on the ecualion:

VearT
R3=R& ‘:30?' 1
whete Vparr 1S the desired threshold of the Low
Battery Detector ard B3 and H4 ae the LB inpu!

divider resistors. Since LBI's input gurrent s no
maore than 10nA. ther A2 and A4 can heve high

VVVVVV VAKX
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Micropower Yoltage Regulators
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Figure & Aduntabis Positive Outpul With Low Beltery Derection

values to minimize loading, If, for example, Vpour
ware 5V, then 8 6V low-battery threshold Dnuidube
set using 1OM for R3 and 2.TMAO for R4, When
magohm resistor values are used, speclal ahention
should be paid to PC board leakage which can
introduce error at the LBI input,

Temnperatura-Propor thone! Output

The Vre output (MAX883 only} has & positive
temperature coefficient of about +25mv/*C. When
connected 1o the summing Junction of the eror
amplifier (Vgey) through a resiator, this positive
coefficlent regults in & controllable negative tam-
perature cosfficient at the output of the MAXE83,
At 25°C the voltage at the Vrg output is typlcally
0.8V. Figura 7 shows a simplified diagram of me
MAX and ihe equations lor setting both the
output voltage and the tempco when Vg is usad.
When not used, Vrc should be left unconnected,

Negatlve output temperaturs coefficiants are most
commonly used in multiplexed LCD modules or
display systems to compensate lor the Inherent
n%l&wtunpoua!mt.c threshold. Figure 8 shows

& namﬁo? 3 lemperatire compensated
VR|5;A tor mwmw CM7233 rriplexed LCD display
r.

Application Hints

input-Outpurt (Dropout) Voltage

A ragulstor's minimum input-output differential, or
dropout voltage, determines the lowes! usable input
voltage in batlary powersd systems this will determing
the uselul end-ol-life battery voltage, The MAXS6ES
and MAXE66 have a dropout voltage of 1V at full
output, This means that as 5V tegulators, for exampie,
they will provide a regulated 5V output at 40mA as
long as the input voltage is 6V or greater.

For low current applications {lnyy = SmA) the
MAXB63 can operate with input-outpul ditferontials
below 1V when Voyry 15 used. The drapowt valtage
will then depend on the P-channal output FET's
saturation resistance multiplied by the load current
(508 MAXE63 Electrical Specifications, Rgar).

MAXIMN

The MAXG84 (negative oulput} uses two N-channet
FETs a5 output devices so its dropout voliage is alsc
a function of Rger times its load current (see

Electrical Specifications).
Oeripurt Connections

When using Vours on the MAXBE3 for low current,
low dropout applications, Vours and Vour, must be
connecled together since the current limit circuitry is
referenced only to Vaurs {Figure 1) Viourz does not
supply load current in this configuration since the
basa of the NPN autput transistor |s shorted by the
output connection. For high current operation Vours

should be used alone and Vo) should be left un-
connacied, Yoy s I3 not provided on the MAXBBS. On
the MAXEB4, Vory and Vours should aiways be
connected together for propar operation and lowest
dropout voltags.
wﬂ’@—-,——-———-—-1
™~
w e g
AN AN
5 o]
S ] | e
! e bt MAX
il B A
[ LTI
+ L
= E TR
R — |
LY LI L
;m

Figure 7 Tamparature-Proportanal Output Equations, MA X883

Figura 8. Driving o dhuitipiexed LCE Display. Gonsistent
OPATADON OVEr MOvs than 40P C femparalice S00N, 48
opposed fa shout 10°C with fived deive voltage, ©
wiowed by neganveé lemperalire coatficient drive
waitage to the displiys. Based on EPSON LDB-T28
Dusplay or sauivitent,
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MAX663/MAX664/MAX666
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Dual Mode 5V/Programmable
Micropower Voltage Regulators
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BypsssCapmcitors __________ Chip Topography
The MAXBEX garies of CMOS regulators s designed
primarily for low guiescent cument battery powered
systems and has limited line and Ioed regulation at
fraquenciles above 10Hz. The l:?i: fraquency perfor-
mance is easily im by adding an output finer
E:fmétor 8Cross the load. 104F 15 a good typical
ue. If high fraquency performance Is hot an issue
then an output bypass capacitor & not raquired.
In battery powsrad systems an input capaciior helps
to raduce nolse, improve dynamic performance, ang
reduce the input rate-cl-rise at the reguiator’s inpat.
in extreme cases axcessive voltage rate-of-nse at the
inputs of CMOS devices can cause SCR latch-up.
The low impedance of NI-Cad and Lead-Aoid batteries
make this possible when they are switchad directly 1o
the regulator input with no current limiting resistance,
inductance. or input titering. The addition of & 01xF
or greatar input capacitor limits the input rate-of-nsa
fo a safe level
M canecy assame mEsonstIly (0 e of gry sveuiry ofber than DRATY #AIvl wnoded kb @ Meor proots! X0 ovaLt petenr oneos e
VB, Meaw tvevies 8 N i hange e ey s soecihisions witout natce af any A
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AMANUIN A
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A.1 HANTSNARBINTAATIEINIAELTANIS WA
A.1.1. ﬂ’]'S‘l’lﬂaB\‘lﬂ'ﬁLUaiEl‘LlLL‘LJﬁ\‘lﬂ‘T]SJEJ'I'J

= P | a a a a
NANSYAaaINIUAsLLUasANeNIlAY Baunieleddnrse 810 2 Wwuliuas
Ineszyzi1eseminauiiieleBianyiatuuiueza3an e 1 Sadwes azlana &1 snsaei
A.1

A13199 A.1 HANSNARBINTISUABULUAIAINEN 2 UBiuns

Resister V(P-P) V(rms) Current(A) Power(W)
2 0.0025 0.000839 0.00042 3.52E-07
3 0.0025 0.000828 0.000276 2.285E-07
11 0.00344 0.000833 7.57E-05 6.308E-08
29 0.00375 0.000872 3.01E-05 2.622E-08
67.5 0.00438 0.000895 1.33E-05 1.187E-08
81.7 0.00531 0.000966 1.18E-05 1.142E-08
100 0.00594 0.000981 9.81E-06 9.624E-09
118.9 0.00688 0.00118 5.92E-06 1.171E-08
149.4 0.0103 0.00157 1.05E-05 1.65E-08
300 0.0109 0.00167 5.57E-06 9.296E-09
981 0.0303 0.00443 4,52E-06 2E-08
2000 0.0556 0.00868 4.34E-06 3.767E-08
4960 0.137 0.0211 4.25E-06 8.976E-08
9890 0.281 0.0417 4.22E-06 1.758E-07
20000 0.531 0.0823 4.12E-06 3.387E-07
29680 0.743 0.118 3.98E-06 4.691E-07
32570 0.856 0.133 4.08E-06 5.431E-07
48750 1.25 0.193 3.96E-06 7.641E-07
55000 1.44 0.22 0.000004 8.8E-07
97500 2.38 0.367 3.76E-06 1.381E-06
180100 3.94 0.623 3.46E-06 2.155E-06
198100 4 0.644 3.25E-06 2.094E-06
297900 5.06 0.822 2.76E-06 2.268E-06
391000 6.38 1.04 2.66E-06 2.766E-06
472200 6.72 1.15 2.44E-06 2.801E-06
672000 8.13 1.39 2.07E-06 2.875E-06
747000 8.44 1.47 1.97E-06 2.893E-06
813000 8.59 1.5 1.85E-06 2.768E-06
982000 9.69 1.62 1.65E-06 2.673E-06
1811000 10.8 1.96 1.08E-06 2.121E-06




| o o a
(m12) 1157199 A.1 NANITNPADINISLUALULUAIANNEND 2 LUURLLGS

Resister V(P-P) V(rms) Current(A) Power(W)
582000 9.69 1.62 1.65E-06 2.673E-06
1811000 10.8 1.96 1.08E-06 2.121E-06
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A.2
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Resister V(P-P) V(rms) Current(A) Power(W)
3 0.00469 0.000794 0.000264667 2.10145€-07
11 0.00625 0.000854 7.76364E-05 6.63015E-08
29 0.00562 0.00081 2.7931E-05 2.26241E-08
67.5 0.00813 0.000952 1.41037E-05 1.34267E-08
81.7 0.00625 0.000951 1.16401E-05 1.10698E-08
100 0.0075 0.00121 0.0000121 1.4641E-08
118.9 0.00813 0.00128 1.07653E-05 1.37796E-08
149.4 0.01 0.00145 9.70549E-06 1.4073E-08
300 0.0175 0.00219 0.0000073 1.5987E-08
981 0.0484 0.00678 6.91131E-06 4.68587E-08
2000 0.00922 0.0132 0.0000066 8.712E-08
4960 0.231 0.0321 6.47177E-06 2.07744E-07
9890 0.462 0.0668 6.7543E-06 4.51187E-07
20000 0.856 QU2 0.00000635 8.0645E-07
29680 1.31 0.193 6.5027E-06 1.25502E-06
32570 1.45 0.211 6.47835E-06 1.36693E-06
48750 2.06 0.305 6.25641E-06 1.90821E-06
55000 2.44 0.362 6.58182E-06 2.38262E-06
57500 3.84 0.585 0.000006 0.00000351
180100 6.25 0.957 5.31371E-06 5.08522E-06
198100 6.69 1.02 5.14891E-06 5.25189E-06
297900 8.63 1.28 4.29674E-06 5.49983E-06
391000 5.56 1.46 3.73402E-06 5.45166E-06
472200 10.5 1.59 3.36722E-06 5.35388E-06
672000 11.3 1.77 2.63393E-06 4.66205E-06
747000 11.8 1.88 2.51673E-06 4.73146E-06
813000 13.8 1.97 2.42312E-06 4.77355E-06
982000 15 2.25 2.29124E-06 5.1553E-06
1811000 17.2 2.67 1.47432E-06 3.93644E-06
2082000 18.6 2.87 1.37848E-06 3.95624E-06
3140000 18.9 2.91 9.26752E-07 2.69685E-06
5000000 19.1 2.98 0.000000596 1.77608E-06
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Resister V(P-P) V(rms) Current(A) Power(W)
2 0.00281 0.00066 0.00033 2.178E-07
3 0.00312 0.000661 0.00022 1.456E-07
11 0.00344 0.000673 6.12E-05 4.118E-08
29 0.00468 0.00076 2.62E-05 1.992E-08
67.5 0.005 0.000827 1.23E-05 1.013E-08
81.7 0.00562 0.00086 1.05E-05 9.053E-09
100 0.00719 0.00109 1.09E-05 1.188E-08
118.9 0.00781 0.00111 9.34E-06 1.036E-08
149.4 0.01 0.00131 8.77E-06 1.149E-08
300 0.0163 0.00213 7.1E-06 1.512E-08
981 0.05 0.00686 6.99E-06 4.797E-08
2000 0.101 0.0139 6.95E-06 9.661E-08
4960 0.243 0.0335 6.75E-06 2.263E-07
9890 0.481 0.0676 6.84E-06 4.621E-07
20000 0.984 0135 6.75E-06 5.113E-07
29680 1.42 0.197 6.64E-06 1.308E-06
32570 1.5 0.211 6.48E-06 1.367E-06
48750 2.19 0.307 6.3E-06 1.933E-06
55000 2175 0.391 7.11E-06 2.78E-06
97500 4.69 0.639 6.55E-06 4.188E-06
180100 7¢5; 1.09 6.05E-06 6.597E-06
198100 8.13 1.16 5.86E-06 6.793E-06
297900 10.6 1.53 5.14E-06 7.858E-06
391000 12.5 1.84 4.71E-06 8.659E-06
472200 13.8 205 4.34E-06 8.9E-06
672000 15.6 235 3.5E-06 8.218E-06
747000 16.3 2.47 3.31E-06 8.167E-06
813000 17 2.55 3.14E-06 7.998E-06
982000 17.8 2.76 2.81E-06 7.757E-06
1811000 19.5 3:29 1.82E-06 5.977E-06
2082000 20 3.38 1.62E-06 5.487E-06
3140000 20.9 3.6 1.15E-06 4.127E-06
5000000 22.2 3.79 7.58E-07 2.873E-06
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NanN1IMAaRINIsUAsuLURISEEEvinalae BaunuReledlEnysa 817 2.5 URLLAS

Ineseesisssninnuieledidnnsatuukuosa3an v 1 Dadwes avlena famnsned

A.4

A19199 A.4 HANISVIARRINSWABULYASEEYYNY 1 Dadiuns

Resister V(P-P) V(rms) Current(A) Power(W)
2 4.38mv 0.000804 0.000402 3.23208E-07
3 4.69mv 0.000794 0.0002647 2.10145E-07
11 6.25mv 07200854 7.764E-05 6.63015E-08
29 5.62mv 0.00081 2.793E-05 2.26241E-08
67.5 8.13mv 0.000952 1.41E-05 1.34267E-08
81.7 6.25mv 0.000951 1.164E-05 1.10698E-08
100 7.5 mv 0.00121 0.0000121 1.4641E-08
118.9 8.13mv 0.00128 1.077E-05 1.37796E-08
149.4 10mv 0.00145 9.705E-06 1.4073E-08
300 17.5mv 0.00219 0.0000073 1.5987E-08
981 48.4mv 0.00678 6.911E-06 4.68587E-08
2000 92.2mv 0.0132 0.0000066 8.712E-08
4960 231mv 0.0321 6.472E-06 2.07744E-07
9890 462mv 0.0668 6.754E-06 4.51187E-07
20000 856mv 0.127 6.35E-06 8.0645E-07
29680 1.31 0.193 6.503E-06 1.25502E-06
32570 1.45 0.211 6.478E-06 1.36693E-06
48750 2.06 0.305 6.256E-06 1.90821E-06
55000 2.44 0.362 6.582E-06 2.38262E-06
97500 3.84 0.585 0.000006 0.00000351
180100 6.25 0.957 5.314E-06 5.08522E-06
198100 6.69 1.02 5.149E-06 5.25189E-06
297900 8.63 1.28 4.297E-06 5.49983E-06
391000 9.56 1.46 3.734E-06 5.45166E-06
472200 10.5 1.59 3.367E-06 5.35388E-06
672000 11.3 1.%7 2.634E-06 4.66205E-06
747000 11.8 1.88 2.517E-06 4.73146E-06
813000 13.8 1.97 2.423E-06 4.77355E-06
982000 15 2.25 2.291E-06 5.1553E-06
1811000 17.2 2.67 1.474E-06 3.93644E-06
2082000 18.6 2.87 1.378E-06 3.95624E-06
3140000 18.9 2.91 9.268E-07 2.69685E-06
5000000 19.1 2.98 5.96E-07 1.77608E-06
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NAN1INAaINIsIUABULUaISE LY laY BaLnuieTsBlannSA 817 2.5 WwuRaS

1 1 1 - =Y o 1 - e 1 = = v o a:
IneszpzisennusuieleBianyiatutkiuazasan e 1.5 Haduns axlaua Simnsted

f.5

AN A5 HaN1TNARRINTIUABULUATEEEYNS 1.5 Dadiwuns

Resister V(P-P) V(rms) Current(A) Power(W)
2 0.00312 0.000765 0.0003825 2.92613E-07
3 0.00344 0.000759 0.000253 1.92027E-07
11 0.00375 0.000734 6.67273E-05 4.89778E-08

29 0.00438 0.000829 2.85862E-05 2.3698E-08
67.5 0.00562 0.000859 1.27259E-05 1.09316E-08
81.7 0.00562 0.000861 1.05386E-05 9.0737E-09
100 0.00625 0.000934 0.00000934 8.72356E-09
118.9 0.00656 0.000979 8.23381E-06 8.0609E-09
149.4 0.00719 0.00107 7.16198E-06 7.66332E-09
300 0.0128 0.00166 5.53333E-06 9.18533E-09
981 0.0438 0.00608 6.19776E-06 3.76824E-08
2000 0.0672 0.00986 0.00000493 4.86098E-08
4960 0.167 0.0237 4.77823E-06 1.13244E-07
9890 0.3 0.0449 4.53994E-06 2.03843E-07
20000 0.687 0.0958 0.00000479 4.58882E-07
29680 0.968 0.136 4.58221E-06 6.23181E-07
32570 1 0.141 4.32914E-06 6.10408E-07
48750 1.58 0.19 3.89744E-06 7.40513E-07
55000 2 0.28 5.09091E-06 1.42545E-06
97500 2.94 0.412 4.22564E-06 1.74096E-06
180100 4.63 0.665 3.69239E-06 2.45544E-06
198100 5.13 0.722 3.64462E-06 2.63142E-06
297900 6.72 0.999 3.35347E-06 3.35012E-06
391000 7.66 1.14 2.9156E-06 3.32379E-06
472200 8.59 1.31 2.77425E-06 3.63427E-06
672000 9.53 1.54 2.29167E-06 3.52917E-06
747000 10.5 1.61 2.15529E-06 3.47001E-06
813000 10.8 1.68 2.06642E-06 3.47159E-06
982000 11.6 1.81 1.84318E-06 3.33615E-06
1811000 12.2 2.09 1.15406E-06 2.41198E-06
2082000 12.5 2.15 1.03266E-06 2.22022E-06
3140000 131 2.24 7.13376E-07 1.59796E-06
5000000 14.1 2.39 0.000000478 1.14242E-06
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Nan1sNAanINIsiUAsuLUaIsEsvinalae Baukuielediannsa v1n 2.5 wuRwes

laeszyzvtesenInuiuisledidny3aduunuezasan ¥e 2 Dadwns a=ldng Samnsed

A.6

= = ] s a
AT A.6 HANTVAFINITADULUAITEEEYN 2 HaBLUAT

Resister V(P-P) V(rms) Current(A) Power(W)
2 0.00344 0.000783 0.000392 3.06545E-07
3 0.00375 0.000775 0.000258 2.00208E-07
11 0.00312 0.000779 7.08E-05 5.51674E-08
29 0.00344 0.000791 2.73E-05 2.15752E-08
67.5 0.00406 0.000812 1.2E-05 9.76806E-09
81.7 0.00438 0.000815 9.98E-06 8.13005E-09
100 0.00468 0.000836 8.36E-06 6.98896E-09
118.9 0.00562 0.000891 7.49E-06 6.67688E-09
149.4 0.00656 0.000915 6.12E-06 5.60392E-09

300 0.00875 0.0012 0.000004 4.8E-09

981 0.0238 0.00315 3.21E-06 1.01147E-08
2000 0.0438 0.00603 3.02E-06 1.81805E-08
4960 0.0922 0.0147 2.96E-06 4.35665E-08
9890 0.184 0.0284 2.87E-06 8.15531E-08
20000 0.387 0.057 2.85E-06 1.6245E-07
29680 0.512 0.083 2.8E-06 2.32109E-07
32570 0.568 0.0909 2.79E-06 2.53694E-07
48750 0.859 0.133 2.73E-06 3.62851E-07
55000 0.953 0.15 2.73E-06 4.09091E-07
97500 2.18 0.328 3.36E-06 1.10343E-06
180100 2.53 0.415 2.3E-06 9.56274E-07
198100 2.84 0.45 2.27E-06 1.02221E-06
297900 3.81 0.615 2.06E-06 1.26964E-06
391000 4.31 0.72 1.84E-06 1.32583E-06
472200 4.81 0.803 1.7E-06 1.36554E-06
672000 6.06 0.971 1.44E-06 1.40304E-06
747000 6.25 1.01 1.35E-06 1.3656E-06
813000 6.41 1.05 1.29E-06 1.35609E-06
982000 7.19 1.18 1.2E-06 1.41792E-06
1811000 7.97 1.38 7.62E-07 1.05157E-06
2082000 8.28 1.5 7.2E-07 1.08069E-06
3140000 8.91 1.55 4.94E-07 7.65127E-07
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ABSTRACT
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