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ABSTRACT

This research presents the development of ultrasonic scaler for mobile dental
unit. The operation of the scaler uses a phase-locked loop circuit to generate high
frequency electrical signal. Then, the signal is amplified with a Darlington amplifier
circuit to feed to the coil in the Hand Piece, resulting in Magnetostriction. This
phenomenon causes the stretching and shrinking of the magneto-strictive stack with
high frequency, which causes the tip of the scaling head to vibrate more than 20,000
times/second. Traditional ultrasonic scaler for mobile dental unit has thermal problem
of the ampilifier circuit due to use of the transistors as the switching devices. When
used for a period of time, the scaler is necessary to stop working, resulting in not much
scaling per day. This research solved the problem by using MOSFETs as switching
devices and adding cooling system to the amplifier circuit. The experiment was carried
out using actual conditions. The experimental results show that the developed scaler
has increased the number of scaling per day. In addition, it will still remove plaque
and dirt in the gumline around the base of the teeth similar to the scaler used by

general dentists.

Keywords: Scaler, Phase lock-loop circuit, Darlington amplifier circuit, Mosfet
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awuuddnuazanndsnuawusdndndundsiuna Jeeduszaniamuisdiuas

melulunsulasmazass aakansluning 2.5

Mec hmm dl )ul ml ltltl
Frequency = z Qutput Face

Ee—— | aminated nickle
Lb_ strips atlacted to
outpul diaphragm
@ . by silver brazing
Electrical coil

wrapped around
nickle strips

}-_‘\‘S a——scillating
‘{._tl‘.‘% Magnelic Field

S

2 # 2.5 wunfllpansarnnsiuaniiees (Magnetostrictive transducer) [1]

= = ag a a P-4 a a4 A aa a
WuUl 2 waniiledlannsn Uszneumeduasiwiiiadvaeuiiinlangiuaiu
agvia 2 wiliteineanglnesnunduw 2 11 FuanswsfinUszneuiuainals 2 Ju Usenu

fuaglagndvitalalnamslwihaelussnenvesiulifianmseduiu daanslunmi 2.6



. 15985 9NANRA I DLaAn3 NNIIUER DS NLTaNSIY TR

+V

9. UaUwsIAulATUaN TS 10ANANISIN9IBY nNAAaULER a3 lelanseangluane

AN 2.6 Tassas1svasnelusmnaniledannsnnsiuanneas [1]

23 YUAURWYiaNsUER DS
wimsuaR e Tl miuetesyafiuianeluii [3] fsetu 2 vin Ao
giafinds vharnwiulanzuwunilnansadiv aufin (Magnetostrictive stack)
Aowsimdnidesgluauulvihazianmduudmdn Hunalfuuadsuulas wuouwsiy
wiwdnwaniiiawazlauean (Nicle - Cobalt metal strips) unsgeuiundIdandvingn
nanewduwrislansdineliiinnszuaunis (Magnetostriction) wloaunalwiidanin Fuans

Tunmd 2.7

AR 2.7 nSEUIUNSIAA (Magnetostriction) AisuvansuaAeslugualni [3]



yilages vhanuanilediannin (Peizo - Electric crystal) Aandnilieagluauny
Tldnaursavenslanale 1w Aend (Quartz) wutseulnumiun (Barium titanate) NS

= = | a st S v = Y v = N
indeuTIvewiImIERNwesluauulni angeadsiulugaivaduiigaudiluynieiiign

1 ¥ a

LaI3andugeanIuLaN 13803 1 58U(Cycle) nsgagluiaTasyafiuliatedaniilyiai

=

A 25 Aladsnd  wimsiuafgesnazindeuinuiiiay 25,000 58U(T) 382NN

I
v Y a

AaruAnlUIanndungn viessernanngansiuinlugaignenifian Sendn weuuige

a

(Amplitude) druszeznanandunanluyandnsnansendt ¥aen1siadeuntunis

38U (Total travel in one cycle) Fanandlunmd 2.8

A X B
—»
C
- T

2MH 2.8 Nsimdauvaalieansuawesiuauulin [3]

(%
v YV

X = fuwniwesumensiufiesfiganas
A = Auntsewmsuiameiviaduiian

B = Auwviweslmensiuiiwesidngdig
C = uouldyn

t = dunsiedeuiilunilsseu

Wensumwesianamenuiain aziinusawinduiu nTuAwe sivinan
languunlaansndn Fsdnludesdiisiudnluludiudy Wessuieanuseuldiunsui
o3 warumInaAzgnawislUguhe ieananuTeuveiNdundiviviiaewagiiu
dimihaanannsenufiunyeniinisdunigainuieas deegluguganitleila dawaliiunndy

& H < 14 ¢ 1 X o ' a & . . =)
20N UUArDDIUINDY ) LUWINIIN UTINHNITALTUL 158N WATAYU (Cavitation) %30

Juudueninan (Bubbling effect) Mvilinszarepniusaduillnsoniregnigluiiuies
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24 Avesyadiutiatg i

a o

éauﬂizﬂawaqLﬂ%aqymﬁuﬁwawiw% [4] wuu Ultrasonic scalar d¢ail

LsoInLndey AL (Signal Generator)

—_

a@3Ingwin (Foot switch)

Wymiiuyu (Interchanged insert)

a

anuldiyaiuyu (Headpiece)

Y

poDd

o a o

2.4.1 pvesnilndyiunaud

o v a o a d' )
V]']Wu’]mﬂ'ﬂu@amiyﬂmiw%?ﬂigLLaGﬁQV]lIﬁ'J']lm I@ﬁaqﬂqiﬂﬂiUﬂqqﬂJLLﬁﬁiu

>

A5EULANIUANUMLNEENAUNTITIU ANUDTUNSEUTaNYaEAINUSEUN25,000 SOUAD

P17 neludieIeadinianiasdmsvanusssulninain 220 Thasnse 24 Tad nsswaadu

D

©

wagUFUKUUY999T wanNUuITeussiulnivwn 15 liadnseuanselviiuueines

g 2

1%

Juundadn wasdigausuusuanilunisldaudieniasindadygyrunnud ladyyiu

Al 25 Aladsed Tegldngufnane fedl

n  wladengy
wadongy [5] 1 Juszvudeunduiitsdulisasosatalamesiinnuivie
L‘V\IaLﬂ?iaul,l,ﬂmlﬂmmmmﬁw’%aLﬂ/\lasuaqé’mz:gwméjwﬁqmwaﬂ LWaﬁaﬂQUﬂizﬂaUé”m
Madfsy 3 7R A AAisuwlanIelaRinnmes (Phase Detector : PD) nmguilawas
(Loop Filter : LF) wagn1n (Voltage control oscillator : VCO) lagsiala1dnnaniaas VCO

AILAAILUNING 2.9

Phase Detect s Loon Filt ’ Voltage control
» ase Detector | (159aY oop Filter | j53au
Input - = I o a ¢ oscillator Output
wla Gmnwes |panamaon | gl Hames | Auqy
(vCo)

Al 2.9 wursudenlaezunsuvemadengy [5]
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I

aunAddyIueuddnsusniudygyiusienu (Periodic) WuNBUNS

o

[y

aadleua JeihmihiSeuioumassninedyusisdaiudyyiuan VCo ndnni
lé’mﬂmﬂLWaﬁwmma%%ﬁLmﬁuﬁﬁLL@MU%@@Lﬁué’mdauﬁuma&hilmﬂamaﬁfzynpmﬁ%aaaﬁ
yhmasieudioy wsstunainaideululihsguilamestnduiiame fulalamansonen
uslannzAudnngg fidednts edslumuaumsesadaianves VCO sely
idloguegluaniwdon (Lock) muAves VCO awwhfumnuivesdaygabunsmed
p199zfilaunndnsly A uwaiunndnstuaziidiasl (Constant Phase Difference)
Tunsanfimalinssfunamafimninesazneussfunaiaindou (Error Voltage) Tumua
mMsaures VCo ieliliimanainindeusunitazidnganindeniondnaves VCO

a

Jaflupundgamfiiane  winuiIzURsuwaALDvRId B U

° d, DY} ¢ = a Ao =
wrannsadunaiengululddansies MTandn) arudnianuigwmsaiag

eRgsN B UIWINA Y1 ad91983Le 2995TENIT “ WaTduATIziANd 7 azaneldaiuise

FA1ERTUUIUEIANA (310 VCO) THTAudnufeIniIstanateaud taediainu

] q

N =

\Wgansiaziafiosnnguieuinianonoeadalaines
AnuIsuadengudalivselovidudn 1wy lunishvendyyis FM M5e PM)

= (3 a L= A VA a d‘
Lu@x‘i"i]’]ﬂLE]'W]WG]“UENLWﬁﬂLVIﬂL@@ﬁJﬂWﬂM‘WUﬁﬂUﬂ?ﬁLUﬁﬂULWﬂ‘U@QF"I@UWWﬁ%

9 nsldiadengulunisduasizienud
Tinsruvdaasgsinnudasinnududeuiesls Weanasandnastundaiagnuing
< 1< Y] [ 4 =4 o 1 [ '3 P 1 |
wadenguilumlalunisduaseiiaue 1Uuiegavesszuvdunszianunegiedng
Usznausig 5 ma Aenia VCO luesadaamesidndyayiaiednnvesssuudnasigi
AUDNIANIS N FT11r15AUALUUAILUSeASUTE  K19A78ARLEYRNNADINIT b
(Programmable Divider) A1ARHAAIUND1989ATAFA0ETALALADT NIDFYYIUDU

(Reference Generator) ~AAgUMakarn1AgUaRes  FavimtiinsaaanizAudng

Tl

& o a = i = P~ =
VY ELARUIN Ey}iyﬂmauwmsﬂ@ﬂﬂ']ﬂLVWULwall']zﬂqﬂ 2 was AN VCO dUAUn

WU Fyy wasdmaiaenedadanudvindu F, te1dnnainnisi3euiisunfe duang

Tun i 2.10
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deadalames (VCO)

USIRUAILYM

Y d
19193)A
Fo= 1.000- 1.999 MHZ

Loop Filter +N
g1l Hamos

A

MmN Tdszwa1a 1000 5a 1999

Fon

Weula

ussRuARIARGEY

Fr=1xn:z

AY a
ANNDDNBI

AT 2.10 WRUESUDINUREANATIZIAINLD [5]

NARNTEII NI oy NU Fy Faagnseaamveudaridy iedtidunis
90a%aLan893935 VCO WiinisuSuudannud (idewa) Tsinse aunindyiuninudves
é’aujaunmﬁgaaawmmﬁ’u

nandndeniein e wnmaziinnuiidu N wimwdéneds aumdin F, = 1 kHz
N = 1000 a¢ld F, = 1 MHz &1 N isfuftas 1 0w 1.001, 1.002, 1.003...... f1
F, 9zifiuftay 1 kHz WWiSeeq 18w 1.001, 1.002, 1.003........ MHz auddu

é’qmmdw\laﬁaﬂgﬂﬁmﬁ’n anunsnnananudlaanzluteIud 1991995 VCO

WAZI99IMIS N awnsavinaulawingy Wesavlunismsidusiavdiuiuiy

A AuENURveI9aTALATIERAINE
waNAINNITEUATIwIANUDITARelinaaN TR uT9ANd (Frequency Range)
neandnuazislogiuseninntung Anaudiau veaaTduaTIERaNndlanudAgy
° o < v 1 a a v Y a ] &
dmsuinseasudcinegdnme feseazidensolull

[ =

Tagunftasdaasizvaufazatusanuiadygraniesdygranfoaudidon

[ Ae>]

=

Audlavange (luternudldenu) waslinnnuasiduavesrnudvuegiv islegiulunsdl
MswdguaudnAmislugdndmis 2asduaneianudavidiounula  agaviui

1 al 1 ~ A =3 PN [ <@ o A 1 =3 .
NANIBNBYNUAUIAD aaﬂmmalé‘lunmaummﬁa UUAD BIIIA1aN (Lock — up Time)
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AanURnsdenanudvdlasinsulianudnduegeBadmsuiniesiuding lnsanis

luseninansiasuainanmngds (5u) uduannigsu (@) wisslunsalawnumnud
199589LATIZRAND TR ARINAnd YA udAeY TagdsnAannaA1ud
wlanyasusineg Auaudftisend1 “ mnuuIansvesaunmsy (Spectrum Purity) ” Wufe

'
o ¥ ]

Anudensueinuazaluieaniey agdesgnidnlivaetesfign uananlusedluieas

Y

[N} ' P’
aaa al a

peaTaLaLn ST lgasduAszinnudniauliusans luldiieannuimedlugog

9

TnaPeaiumNudNAnInIs wogdninaniisenin “ wiaussd (Phase Noise) ”

3

AUERTS (Accuracy) wazkadesnIn (Stability) 1119 0090929958ATIENA

Y
a2

ANudTueg iUy e Inenludyanendaariluisasosadaawmesyiinliusvadu

Y
(%

AUD 2¥UUIIITAWATILYANUDLTLAT YT AN WAL AU LR TINAIUDL A UMY
ASANDADDATALALNDT

'
a 1 a

29sduATwRANudRlduLAS e UATINgE1UALA HF (3 Fis 30 MHZ) Aewudnadl
mnududeumsznnsldenlugiunnuisideanisislogiuazidents 100 18504 1Wuoge
ffoy vaaTesvinldaziBenta 10 Hz uenaINLTsALE 3 Fe 30 MHZ Aeutraniieun
NasduATziaLifinnouagusAmLanie weiislegiuaziBenutiazdosoanuuy

<

2 a = va wa aa | < & ) Y | a
LUUWLWNLWQIWN@maNU@WW LA @ UINNIANDNFUIIANLIA I@ﬂ%ﬁiﬂamm’mmmaqwjﬂLLaz

U 1

Manszrineaudldauaziialiiu 2 wh lunsdifdnsdnuiu 2 wh 51desldiens
VCO nanepudniiaindideniiietestunisdenanuienduein uaziiielvinuayRuesdiia
dmdurranandensinaiiy wwhlalagldgusiuiuvaiegy (Multiple Loop)

9 9w lunadengy

2siudindygraumiiednafife 1935 VCO lagmluiduisnsesadaiamesi
Thusnweivieniuauidudiunislunsesgu quautifiddyues VCO Afesiilsisie
wiauesd Fufnanuesdlusinusames i Q 1deulravensasu (Orft) waenauTHly
fhgunsaluondvliai

2993 VCO finald FET ilosnniiussdiuardiabunnduiiunudgauiunanaonsld
o wu wes MC 1648 \Jurasesadaiawasuuu ECL Tagazlmerdwsuszuna 900 fad
Tadiayiia (mVp-p) Fusmedmiviulanoaseataiames uwiodlsifnuaudiuosd
iidreaseeataiaimesiily FET lalld

Funminenuivesisas VCO gnaruaufeussiumuguideuuilutea 13uay
Tunsasgu dussduluoauiduaifindu dndug) VO asfimnufigs usifurnsasiivh
Taud veo anasthe usldudiutdes wu lunsdlildasasvensduniesinesunvens

LsauAIUANAeY Aauanslunng 2.11
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o e o
WINTELIRaNLLNA

+15V= ON
—A\A—o
=13V = OFF
1
|
IN
E ..L 1 0+8V
o Y Y Yy | " i -
. i il
AUV
n3umf T
+12V
-~ 3_ '_M_‘
IL
I f— tesivan

AR 2.11 2395 VCO wuuld FET [5]

wiulddnsldlalen PIN Tunisadndidenuwuudiiaiiuainuglniilies vco
arunsaviaulugiuanudninedulanianuissdslisnldeSansasnadaiawas wasil
= ) = | & PR | | a & P a
WIsmsAudaeal sdiulugiduled Medrduisasesadaiawmes 1dusaud 2.56
WNZLFTRT(MHZ) harvseanuwdu 10 Alaldsnd(kHz) M19799500aTaLaLm a5 haz1995nIg

= ' L) aa 1 & A [ aag v
mma%agmﬂumlmu WELANIE R wag C IMIUUNfanIguan LiJ“IJVLEJ“ZWISL“U\‘i"IULLUU

P
a A

Aoy enudeeadaiamesonsdeilidusamuunslygdusaziatiesnmaemunende s
JuhlvanusadanseviaunliaiesnIng

mafisuadiulugazidunuuiinea Jauisuiioudygrusredsiudyauile

g L7 Ag>]

'
v Y a

911 VCO (Mdsa1nms N) eananilaainnisiieuiisvasiluiadniliindnsutai (Duty

Cycle) Wasuulas FauansladMvinthiiduisasimnmesiva 19958Usenaumenmy

i3 a a

Exclusive OR, D - Flip flop Unfasfiiondnaiiiasuansannzden vunefsan1iziinay

a LY a [ (3 A
NAEAWNNUNDA  ATTRBALBIANAUL

YY) ¥

nioaudygiuan VCO (1s N) Audegyeae
puddgan szinlusedddnganisviaiuvesniaesesdenaiossuding Tunsd
PN N 16
Nrudlaiden

2995sumatamuasudiseninfisumanseaudnld 1ewinednavedd

WnwesTuegiuNai1aaniarmNdvedyIuBuNs 2 dyni naansalaanas

Y

v ¢

wnwesaziluiad Tdunauvesln DC Yueg Feduidulv DC dasihluldamunuaiiud
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199 VCO 31Weannanudfidesniswitle duanudinaesaiongaunsauiialdizendy
“ Capture Range ”
ludegnasinaimnines dunnindiasvetsdunesmesey 1 dy dudu
esvenaunUsEasd ieUselevdlunisaduiinsaiuauauves VCO Tidnsinisvened
& - P
Ausadu ieldlunisaiuguaus

a 4

guilawes Wursasilawesvlinlamasssuni inniniinsesdyaianiudsiiun
muANANRves VCO laemiluinldauilamesuseianniadnl  viee1aldilawmesviln
a e v a ] v o va = A Y 1 [ =

wendnile auilawmesililudminvuanuandinisiiouslasnnudneudiganingent
Seniauautatiag (Transient) dudendns1n15ve189U (Loop Gain) UazeIALiILIAN
9839V (Loop Time Constant) lalimunzau anudwladonguazlidenuwazazivdeuly
Waguun

Mty Avesguilawesagdelimniuly Wedwnasiiiudeuaudma dangy
srdoniady lnelufinisazdnlenodyn wisldanlaeuniuiiognssin uiAAsiIm
@ 1 a o A0 A 1A . = & 1w
Aldmisazdesiiuliaunsevieanuddunseldis Uitter) 31nAMA 2.9 AUINEUNIINTT
WagunUatwsesull 3 Wdunefe 1@ume A Wuduns (Critically Damped) Tdanlunis
WasuAmganudvitesian @uwn1a B 1Uwdumie (Under damped) n1sasdn wioos
adaaniiioannleriasyn (Overshoot) 1EWN1e C Wudunis (Over damped) luifilovias
yousaldlunisiingannudinaiazd

una A udunaiifingealuniseenuuumadiiauredvsesguilawesinggld

L’JmLU%EJHLLU@Q@’NiJaL%’JLL@%VLN'IEJL’Jai“gﬁl (Overshoot) ALEASIUNINT 2.12

- 1l
At lng

i3

N YCO

uTaeuAIL

o o
AUDLAN

to L3R

AR 2.12 aadnvazrensidsuwlasnudimadengy [5)
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a a

FaidnnranteaNinassiiainldluni1sdsnminud Tumae n1AK1s N 139

=

Programmable Divider) hianfildlunisaenaaud e N fadssgaazldvindu e N 4
ALINEA 293515 N LARINRTUUFIWEY (Decade Counter) nanee yaufasiuiy

! d' v a v g v v o Y o ay v Y] Aoy
LARIAIN LW@IWaW@J'ﬁﬂLaaﬂﬂﬂiﬁ?ﬂﬂiu‘UVﬁVTu’]‘Vlﬁqﬁﬂ'ﬂqNﬂl@l@']llﬁnLaGU‘V]G]QVL'J

& o v o o

2933 N adudisumdaieniuannuiluamuan veo ielhiAndaniamniud
#o3m3 i N aziduiafidmungiumnud wannasmseield lednszga TTL 1Wuaeas
w3 N dudagululeddnfes dunairdnvaugnisdeudeya N Tiiuisasms N WWuiuy
YU (Parallel) nampedeyawsariniazUoudiniousiu

29993 N vevaldiBdoudoya N lunuueynsu (Serial) 2sasUssiamiidan
Fudou nseAoedyaau1iing (Clock) #393suand (Latch) lunisloudeya 2935113
N Ussnilazeuaunmshaudelulasaoufinnes

U,

Yandrdyresdudluwessnegrmilsnfe 19asms N (HEe19a59s9nelusunsula)

=3

lﬂawmmﬁﬁmuﬁmmﬁgaﬂ’h 25 lnedsng(MH2) 1§ aziuSedeanmeannouninuii

Jouun99ms N awdiolisasaninaessasms N vieuls 35700014 Teun Tdanud

MnovadalamesiitAy (U1InSaSneeadalamesPLL) 1indfuvco THanudanasioud

UouliAI9951Is 5ﬂ3‘§ﬂﬁﬂﬁ@1ﬁ’f‘i‘§w§aamaquaaﬂu@é’amimwﬂﬂ@ﬂ%ﬁami 2 @
Q) Nﬂﬁﬂiaaﬁcgcywmmmﬁuwwwa%w (Passive Filter)

WITNTOIFYY1UANDVTONALMDS (Filter) AvdvastuiinNeaulvdygralnilnianudle

g7

=) 1

auinianietasanuilannuinidoridudluld dauanuisunietieauisy
ueninfleanfitvunazgnanneulufsas furuardlaiuiuegifunisoonuuuises

29asnsesdaIuANLAUsEINIETI Wionadnfawes (Passive Filtenfo1aas
fiusgneutudegunsaiiuumiat Saanefegunsaifianunsavinauldlaglifesding
nszdusednalalfiiiolivihaudeneu vieniFendudn « ludaBias) » dslaungunsal
UsgLanaIfAIuNIu é'hLﬁUUix'«gLLaswammﬁmﬁw drugunsaldszianuannv
NUTawesled vSedufiinsawesnn (Integrated Circuit) Judu

asnsesdaunudUTlilunaieUseiom il

1) ’Nﬁ]iﬂi@ﬂgiyiy’lmﬂ’ﬂmﬁﬁ?’] (LPF : Low Pass Filter)

2) N%ﬂsaaé’mmmmmﬁga (HPF : High Pass Filter)

3)  2993N30dYINTIANNA (BPF : Band Pass Filter)

)  299sanneudyaatieninud (BRF : Band Reject Filter)
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WIINTDIAYYIUANLDAT (LPF : Low Pass Filter) [6]
= a Yo a9 ] = d o 1 v
nei wasnweulvdy g IuamLasue 0 Hz  dsanudnmusdulUlea
druaudnginnAmun  raaneulunudiu Anwazvensasinuadudunieuly

AIwERILUNINA 2.13

| I S B

(@) 19950UAU 1 (b) 959UAU 2

- A

(€) 19959UAU 3

by
gain (dB) corner frequency
0 )
-3
10— 1 st order
2 st order
20— 3 st order
4 st order
S30— 5 st order
40—
| .
0 10 100 1000 10000 100000 f(Hz)

v v

AN 2.13 299INTDIAYYIUANUDAITUAUFINE) LazNTINLAAIDATIVEIULIIAUTIAIND
(6]

N3uaneAuaLURYToU UANITINIIUYBINRTNTOIF Y Y INANDTTAR1T Land
Ialnensdeudunsmseninednswensdnan (Voltage Gain) (Humiiewdiua (dB) fu
AUDVOIFYYIUTUTUNAUI “NARDUAUDIONTIVEELTANUD” (Frequency Response)

9 08 19LANINANDUAUDIDNSIVENYWIINULTIAINUD Lo
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A
Y

Tunmgufeasnsesdgrumiudizeeulndynyialas flanuddwus 0 Hz

o

= aa o a ! o = d' 2
uUiNAMURTAMUAITENIT AuDANeN WIeAudaULe (Cutoff Frequency) 3o
ANURNY (Corner Frequency) ’iululalaglifinisaavew (nunsdawsenuvesdayyio

paniAunygaaufiouwindynaidl) waza1ANddyyIMIdANALAIINDVRULA

]

dyaeanmisziianduaudaaen wilumaujiRuarliaunsaviiguiula lewinms

[y a a L4 = I a v A v
MavAUDIdIMNANNAR19Y vesaunsalussnadnazidusuuAsukUasiunviule

A v IS

Aalledygadinnudaiuiasizandyauatiutes aunseivanadludnsinsiidmils

(%
Y

WeosnnnisaaveudygruaziduluFesy MdulunelfiRddinisimussuia

o A

Yosdggrufiansadluldouladuuinsgiue dygrafiamisadrldldould Ao

e

' Y
o =

dyyIuANIUNIINTRW Y IATLSIAuIAUAULIugIEn Wieenananlainnaudiu

gns1vereuiniuiudnsivetsgean FadunisAuinainmawensilundivatufe

'
o w o =

Masvegvesdygruauivustuduniwmileesiameisgdn  wadndusnsivens

Y 9

WA UNUISTULATLIUAE IPNTR TV NANU AV T U ANRINIERT VeI N AUV ULYA

Tunganee Asnansluninig 2.14

\"2 4
A gain
707
f f (Hz)
AV gain (dB)
f f (Hz)
P .
A gain
1
o5
fe f (Hz)

AR 2.14 NMSAMRUATATINITVEBNANLDTB VLR TUNLNEA [6]
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242 @WHIn

@ln i (Foot switch) iuaindriuguaunsal [3] Mviliiiyainniséu

Y
warln - Un ulilvaluduinge faidneiesazgnidaudinoy udaglidu seleviinis

¥ CY

wdsuaIndin Myedszduneuduiiunluasen agluaindiinazUsznausmiuaysy

Y 1

Weliaindifndsodniely Fn29asnasnlan wena1Nudeuadlndnasne199sviug

Y

WSIAUNE UGN Az TA1UsEUN 24 TNadnsehansd tneuangvesaeai ndyinay

vz dutfeluUEsU WaLFg UM UMUNAIA AT falkandlunIng 2.15

() AN lueadl AdLnn

S N

N\ /

(1) AMNANUAIIVDIEIATLTN

mwﬁ 2.15 @Indwin (Foot Switch) [3]
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2.4.3 fyanuiang

Y a

iynfiutinane (Interchanged Insert) Wugunsaifidrdglunisynfiutinans

[3] ¥delaneudeluiduaty Alanteasianuazlag wazdlgvievdesun lae idiuysenau

AILAAILUNING 2.16

W L I 8

Al 2.16 fYauLany (Interchanged Insert) [3]

daudl 1. Aevateyn (nsert Tip) Tdnwasunanuwsliday udiuivivnidiiye
ATIUuYUrIevise Wiangesnainily

| = = ' 1 H ! s o 0y o a <

dun 2. AsUatevedassin azUasyuieanuInsznunuUagmnyanduasnaly
aveanegfiseulaeringg

1 A A g [ o 1 1 %z/ 4 « Ay

gl 3. Aefuuiumisvesietlvegluluiineanis

1 a A Ao (% [ Y] a 1 « . ” < 1 a (%

dud 4. Aendmivtesiuvresinge 138031 “ Tip guard 7 (Wudiuiideatunis
nszunn wazdesiulilvlugnilatonsnludosnts wu widen wavnsesiauny

! = A v v = £% | ! 9; ! [ !

g 5. Aemdudaumeiiyn vieUdesi uasurumdngeu

gl 6. Aeenihnthtesiuiedlumuyalilviluasenyn Send1 “ O-ring ”

duil 7. AousumAngaU “ Magnetostrictive stack ”

A7 8. ARFMLYUTENINAIUYDILHULNAND DY

2.4.4 uiilaigafiunang i

auildiyafiutiatelifia (insert Hand piece sheath) asiidnuwugidy

nszuanwaitann [3] leedangluil wazatsideuianndiesee nmelunszuanazidudes

nas dmsulildimige lnefiseus) vesvesasdvaaiavesuniiiueglneseu dadudvinli

< a

Anawuuivan wazianisduvesdateiiyaiiuygy winduduaiuiug agviliinay

(% ' 1%
0% A a o 1

Souludiutl A9uULEBLIALARNISALLADINUINIUAADALIA LN BUINUNNTLAAAINNS DU
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wazlimisiiennimegniglumiuyaiutiatevaeinau laeddudsenou asansluning

217 wagnnd 2.18

i

AWl 217 gpvhyadiuthanglalin [3]

e ——

‘. LL8 b
e

T |

i 2.18 51@@1711413’1@181‘1/4171’1 (Insert Hand piece Sheath) [3]

dutsznauesiuyniiuiane i
il 1#e fienuvietdidy Hand piece
@il 2o vnaIANeIuAIUeIYA Drive Hand piece 2
gl 370 wnaAnesunIveYn Feed back
@il 4 e YnaINNDIUAITBIYA Drive Hand piece 1

dun 5 fe YesdvuUateiiyn Insert Port

25  mafieaenuiuyurieiuiiangy

a % =

a A a9 2 ' aca & )~ =
‘W‘uuu%ﬁ@%uu’]ﬁqﬂ [1] AD LLNUV’]T]‘U‘Q&‘NVI?EJVILLGUQ@']'JLanQWﬂNﬁWG}LLﬂaL‘USNQ’]ﬂ

Waedluanagnay FHUATIVaUNSERs AsIUAYIYUluNUsENaUMELTalA AN

o & a

agsou My uddnstiuldinseiinliauisangaeents vuIuNIsinAIIUREUNTE

ee all

SUAUNGINTAWUTINUBAABY 2-3 W19 Tegaziidianlavesiiateunizisidy a1ntu

a A o

& Aa 1 Y [ a ) s = &
L?I’eﬂiﬁiflllagll’]ﬂ IHUWﬂQZN’]Lﬂ’]BVIUﬂﬂJﬂ‘LJQJ’]ﬂ"] QULﬂ@LU‘Uﬁi’]UR}a‘NVﬁS "'NLUUE‘?’]L‘VIG! m

IAnlsaflunuaslsauIiug
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£ (%
a

Wasudsemuemsiinliasvdunsdiazlduiniaainiavermisasiansaunag
a5y lagnsnvzyhaneiedeuiluvinlviluy ansiwagihlivitensniau wagvilvinlse
U3ud lididemsiugaunidlaenisvihainuazeeiiulazimviienagemnniuasiuilagiiy
WInTuazidunsgseiiuwazivien dnnuasiuadunsduiniaeanisiineiuuiiauey

N v Y Y < Y I N ]
Renwazgeniiu awnsaldddenliiuasiulataau wiluseNATIunuINIng au1samiu
wazsanladieldaududalumuiluniudrdguazanudndulunisyaiuyuuuiuiafu

a Y

aeaziinguidunidunaqu fuiiatenluaiuveuivianssuoniuld widiuiiedls

q

wienazueshiviu Aujunsensiuqdunidnindneglavionldaunsaiidneanlilag
Bnshanuareafiumeiiesdeserferiununnddismdniiuyul iununndagyaiuyuy
panMiuTnauwmilawlontazuinaldien andwisniuliissudsaanaisivlag

P Y oA P~ ' o & a
LWEﬂ‘V]LVM@ﬂEJ@ILLUUi@UWﬂ“NUL‘ViNQUL@IN

26  MsyaAsIURuYurseiuliang

a

m3yansIuiuyunieiiutnane [1] (Cleaner Scaling) unisidnnsiugdunidn
v a a ! | ' =£ a v ¢ ! =] e ! a a
Aedilurinyuuazdsanyusnluseaunian $898nUTTIUA (Soaviannannin 3 Jaauns)
o v a & a = - v & o v o
Hupie Aesyafiuyuesnvisusnamiomionuaslivion antuvisnitulvisey (Root
PlaningUsiAannansiwlag iielidulewdenuazidudausiudnduludauduseudaiy

IS a

AGINGH

fay nsyeiuyunteruiatglinuneseg Jededddnameaunis e1adestdn
Asaaz 30 - 45 wiil WWwan 2 - 4 Ass WewnnItuTuedfuAuNINToevesiuyu

= = aw o« < a ) o o a ¢

AINUANTYDITOIANUINUALAZAINUTILIIVDINUY Y LUUAUL NaeD Uz 4 - 6 8179
uaunndazUseliunaindiemeanlsausviuaniell lneadneuzwiteniinduganin

Y (3 1 =

Univsededlidonaaniiaiwlseily warldaseeliainsesanysviug 1ANuanveITesanys

TudRutuvTaingan1sUnivseld ddslianudnuessesdinuiiiudey Vuaunnday

%
Y [y

fasaninmsagyinsindansely NelluduanusuiiovesUiglunsvihmiuazeindie
widwenaznduAuganiizuniiven wingUivaziaslivihaiiuageinetignies uag

aiaue Aaunsanauldulsausviudlesn

27 nalamsidndsasanuudailuvaasiesyafiutinats wuu Ultrasonic Scaler
Sevdesanud 25 Aladsnd(kiz) Meglugmnuisanileda [3] Whludaim

yaagdirlfiAnn1sduresats (Metal Tip) iloudostrundudiadvareiiyafiagsilif

WNaUfN381 (Sound wave propagates through liquid) Aeonavosnisduiineliiinndudes

a' ] a3 o a' ] ! H Ao A a ]
V]LLWiﬂigﬂ']?Jﬂ']EJSLUGU@QL‘Via’J‘Vﬁau’] ﬂﬁ‘ULﬁEJQ‘V]LLWiﬂigﬂ'ﬁJ@qeﬂqfﬂuuq VEHWWRITNLIYNIN
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“ Compression ” @sraliAnn1sdafvaslinananislutnauusnesnnaeiduazeosi
QFERRELEFRINIGREVRLT BunnszUIuNSTAn “ Bubble collapse releasing energy ” Wag
Turauziienfuasiifimeizonin  Decreased density ” vhlfAnuvunuvuvesiniiensa
oganas uitisdomsiluananeluiasiadunles Bonnszuiunisiis « Cavitation
occurs ; bubbles form ” §wngiagnszuiunMsassshauaiuiy dealfinazens

11 UAEN1INTEEYeIaroRIlInuANNLSIluNTHuYeUMeYn daandlunind 2.19

Decreased Sournd wave rJ:rc:pagaIf‘ﬁ
density through ligui

Compression

© 00 PpX 03

o
o © o
o ye X%
Cavitation occurs;  Bubbles collapse,
bubbles form releasing energy

AMd 2.19 Cavitation of liquid by ultrasound [3]

ayeadtn (Micro-Streaming) MLina1NN1s Cavitations Ag¥eeanINUa181IYA

fidnuaizmiloutdn Uets) Milnnuisigdluszossudassuiidnvasmilounssidenniaeg
nelu wagiindsuagluiies Woazesaundrdlunssnusuinitufasiinadenisseus
Tfuasuiuyuuuiaity Wethdanevhyaiinisdusendusaniledand 25 Aladsnd
(kHz) Tududafuinuinaiaiiuagyinliinfensduduadu shliAenisugaiouesasty
fuyuvdofiutagoonldlaedty Feuilueiesgeiiuihate Jaiseloviesnaun fo
szvwarwdouliudduga A ssouiwesiiugu evrdsasuiiuihasuazan

2MshEeflY fanandlunIng 2.20

Symmetrical collapse of
a cavitation bubble when
il is free in liquid

s,

Asymmetrical collapse of
a cavitation bubble against
a surface produces turbulent jets

il 2.20 Energy jets by ultrasonic cavitation [3]
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2.8 AuFuURAvaInaudanI1leiln

(%
1 tY

Tuszuun1ananusenaunleuakazANUEAngutu [1] 151810150992V NnARY

3

ANUFUAZL D UTUTAYNISTULARD UMELSITULAADY  Fellanwazldunduradlsidndenne

[ [

TudileTngiinliiAntudauastuveeaduiuliunaanninuenivesiioingluiid n1an1s

q

ad v 1

LﬂﬁauﬁmaaﬂﬁumﬁumLﬁauﬁLﬁm%uiuLﬁaimqmwmuﬁmqﬂa'nfuzﬁ 2 @ fD dUKSNAIAIIN
naveLssTuLAADUlnunSIEunIN nsduazTieut sy (Forced Vibration) daufides hinain
MsfloynAvesinggnIUNIUBENIINAULANAA 1SuninsduazIioussuvA (Natural
Vibration) w3an1sduaziitoudase (Free Vibration) n1sduasiiiounisnadianisifimes

nangiife ALoNUAn Y (Amplitude Y) Fanunefissveenieiilnanianneuninvasing

q

a

mdeufioanaingaaunan Y diluilsituledvesianludiuvesaiuduaziiiousssuyd
' N a 1 [ a ¢ A o Y I a = =
Aeud f Anuioluldsnd (Herze) Aod1uiuseuveenisdu seduiii au T fe
FYULLIANVBINTEU 1 TU

AMUDLALATULANUFUNUTADNULUUNNRY NA1IAD
f - 1T (2.1)
weNUAIAveINIsAUilannITeall

Y =Y, coswt (2.2)

lnefl Y, uriuenudgeasanvesnisduiy uaz o Wumnusudauiviaeg

Y Y 9
< a a N oA v = a a1 d‘ I a
O isihgu/Awndt Gadlaidu 2w lunsdlgauai Y,  asiiArpsiudlussuunasts
fnsgeydenaenuluglvesisaduanuluiieinquaziinsdaiigndasueannieusn n1s
9 - =~ a = o w = 2 a | =
duaziiouasiivouudpananasaudinu aulungnazsngnadasduids nnddinisayde

WAL Y NTFUaIauAa 1Tz dun b Ul UL TITUAR D UL UUT AU LULD UL

v
& = Y = a =

ylAamsduasioudeduiuluiledng Tuvaepeiiunazinisduasiiiou sssusAindy

[
a

\Wesnaumavesinggnsunuluaindundsauna  dnnsduaziiouniassuuuiliinfy

D,

' 1%
a =

lagdlanudnwiniu aziiausingnisalnafunsassasuinaeiu vilileuudgaiuauun
laeissenyusngnsalilinnudnimeu (Resonance) a1svuuiinisgayidefidedassnn

a = ' 0o 9 Y a = ' % L o =
wenUdgne1vvziivwaluguin awiliiaaudemeunssuuls wilussuulaeiaglud
nsgeyideidnneanals nisduasiiiouazgnanneutazuouUdynaziindulaauds

Indnfinvesiy d1feen1sANUduasLiieuniueuUdavuInivgne usatuindeuaznedlnd

a1 W Ao = a v A o = vy :1
AIMUALVINUAIIUANTINDUND A Gnllf‘n’]llﬁ]i\ﬁLLajﬂaUﬂqﬁauagLW@‘ULLU\ﬂ@ 3 Usyinv AB
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1. gueudldides  (Sub-audio Frequency)
2. FraAnudLAs (Audio Frequency)

3. fsAnunwteldss (Ultrasonic Frequency)

AAUANNAUELTEUlNTI9ANAAINTY 1520 1830F yuesauLsllansalaty
TngisienmauanuiuteiiingrsanudlaEes ( Sub-Audio Frequency )
AduANduaziioulutaudfIwA 20 18504 Fudla 20 Alaidnd |Wugeiyues

[N a dl' N =N A a .
QULﬁqﬁ"mqﬁﬂ‘l@ﬂu Liﬂﬂﬂau@nqﬂﬂiusﬁjﬂujqﬁﬁﬂﬂ'ﬁ']ﬂJﬂLaEN (Audio Frequency)

'
=

AAUNIANAgINIT 20 Aladsed Fuluyresausiliaunsalagy tsusunaiu

v
ISP

audluteidigiseudmiedss (Ultrasonic Frequency)
raudansladaudseonifuraaiigg feilde 929 20 - 300 AlaBsnd 3endn
frasansilafinmudsin 929 300 - 3,000 Aladsnd L%mfwmé“amﬂsaﬁﬂmmﬁqq Lz
F3rudigendn 3,000 Aladsed 15115endvssansledinmuigenn
aausansloda udevesnisensneandsau nSoufunisunsvesnauaziinis
Wasundsudndilundanusad ndsumesnsduasiiousendwmieUinnsvessuud
aunseail

E = 0.5(pw?A?) = 2mpf2 A2 (2.3)

Tnelufidasldmiaelussuu CG.S.
mfﬂ,uqm p Wumnumuuduresiinals  (gm/Cm?)
o  Jumudadau (rad/s)
A Li‘JuLLawagmaamié’u (Cm)
- Hupud (Hz)
AwpsauLAdY wEedntanisAormIdY nueEs Uunumdssudidauiiug
wilsmsemheseiund

Farfu I = 0.5p w2AZC (2.0)

do C Wumanuiiraulusminarstiusg (Cm/s)
AANNLYesnduiiviedu erg/Cm? wse W/Cm?

TneAAUEIAAUlUAINA1IANeY LERIRTlUAITIeN 2.1
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A1597 2.1 Aanasimaulunsiumssaz e

fanang AMaEIAGY (m/s)
21N1A 344-359
il 20 °C 1496
agililuy 5200
wan 5850
&1 2000-3000
Polystyrene 2 2500

Aduuszansnisannau O (Coefficient of Attenuation) Aofndionsssuv1A (Natural
log) veIdnTdIUTENINAMBNUFIAVRIgNARUTIABLeITY 2 9N vesnTauasiioudase
Uufe

a =In (Ay/A,_ 1) (2.5)

<

e A, Juneuudgavesndugnii n uay A,_; WuweuUdgavesadugniin — 1

[
= [

Ml o FuediuaAnauiAnIINIgnINIBITEUY WATANIITWINADN LYY QN
o @ v d' Y a Aa a I a a ]
Ausu sy Aduauduazieulussuuninuianguiinannsiudeuuuaimniegusng
TudnwauzaolUil ognlaognmils WienatwegwuaNuAD MsiUdsuulasauenn g
1A%90 wagn1slnpdumaril @unsadeNeuaINRIA1eY Laganunsainula lnsanizaausa

CRRIGDG

2.8.1 nmsnudaraudansilyia
maudansledariilntulalaedsniseneg Feuvseonidu 3 nszuiuns fe
1. NT2UUNITN9Na (Mechanical) #9l4lunnidn dnldianizlunsdln

$99N15 duariPUaE19L5IURIRINE U Tunsal Gas-Jet Generators, Sirens L

=3

2. nszurunsiieleddansa (Piezoelectric) 35UldnanNlananURe e

q

Blian3nA nafe Tauduiussening AnuAsen (Strain) Yes¥uNan AuruauUAng
Inihvesundntu deg1ugu Barium way Ead Zirconate #4ldlu in3eensramionin

(Flaw detector) wagLAsadvinAuazan (Cleaners)

¥

3. nszvrunsuiaiilasansnivl (Magnetostrictive) 35HanAennautfives

& a Ao Ql' 4' i @ aa A
717 BLHLWANUINYUN ‘V]llﬂ']'ﬁL'UaUuLLUaﬂmu’]@Lma@qéluau’]uLLuLW@ﬂWNﬂWLUaHULLUaQ 19

va o

wiwanffiaauautfnenan Tawn Nickel, Alfer, Permalloys way Ferrites idoffoaunse
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a =

Vi Transducer fuunadn wazanusasnwnuantiuiailnsansndnlanoaumvgligs @

Y

¥

Uszanad 500 °C ) uesiuATivaLdsAatinnundawnsanienates vinlunldanunsaldauluanig
a
Y

1%

PADINITAMUTUYDIATUAT LS

2.9 UDELNA

uadLne (Mosfet) [7] T¥LAUI1 “Metal oxide semiconductor field effect

. 9 [ < o [ % = P~ 4 a v

transistor” AMLUUIMINNRNIGT TV 3 U1 AB VWDTE VY UATU WATILNH UANWULANT
P ueItuRe  wanasiunssndnsaziawunul e ldlrlududadiuaishadiu
yanlaensd waaneil 2 ¥l Ae D — Mosfet wag E — Mosfet uadlnnunsainsasineen
londaulave dnilugunsaidimindige fie ddnsmudenidas uana1eaIName Asandy
wnazlauiunuldlidudaniuansfeiiuinanlaenss winisvinaudeasldunanniswmilounu

LALN®

29.1 lassaduezdydnualuoiuading
woawln wisoandu 2 ¥ia Ao D - Mosfet uaz E - Mosfet @sluusias
#ilad gnuuseaniduia N - Channel uay P - Channel
1. woawmmuuUAnddy Depletion ( type mosfet ; D-MOSFET) Taseas1
Yosuoan Usznaudiermiedaiiseldiu 3 1 WuiRertuamn Aevasy (D,Drain)

19958 (S,Source) kag V1Ne (G,Gate) AILAAIMUAINT 2.21 WaznIny 2.22

Taunz (Metal)

3

an ! v 4 .
Fanou laoon 14 (Si0, )

- 3 o
[RERGERE Yanyu

amidt 2.21 Tassadne wardaydnwel 189 D - Mosfet wUU N — Channe [7]
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Tav (Metal)
D
Tane (Metal) D
P* | N - type
substrate
G P
——C harmel G
P+
a3
aa u ! g
5 Fanou lnoen lva (Sio,)
5 ¥ o o L4
GERGERE doyanual

At 2,22 Tassadne wavdaydnuel 103 D - Mosfet WUU P — Channel [7]

il 2.19 1 Julasead19ves D - Mosfet wuu N — Channel azdiansis
Faimdn feansuiia P (P - type substrate) daluannaindi 2.20 aududnunizlasadns
999 D - Mosfet WUU P — Channel F99xda15nafd mdn Ae a15viin N (N - type
substrate) Channel N %38 P %ﬂ”mmmﬁ‘%a‘ﬁaEJ%iJ@gjﬁUﬂﬁﬂULL@ﬁﬁLﬂ@ US138d Channel
szfiaunudaneulaoenlas (sioy fuld Tuldduiatuuinalaenssuasfvinnasiiunulans
fagviliAnaunulin oruauAwAUEoN 198 Channel

D - Mosfet uu N - Channel 3g¥1n19LAua15139UU (Dope) UUa15AY

o [ a

Y v =& o o + + A v a & v & ¢
whudnaia P Ianatewduaisnadiun NT (NT) welidadutasu (D) fu reesa (S)
wazddulu D - Mosfet Wuu P — Channel AzdldnuuzmnsaiutIufe 32yn151Ruans13e
d! LY o % a v d" £ o + d' Y a 5 LY :.;
Yuvuasnastmanyis N Winateduansissndn P (PY) wislidsduduasu (D) fudn

Yasd (S) \wuiu

2) LDUIUGIUA 30 duedan (Enhancement type mosfet ; E — Mosfet)
LANANTU Auadaws nsalul Channel wianu1savinlimin Channel Tolagdsnslunea

F992na1704 AlU AILAASIUAINT 2.23 WaznInWd 2.24
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mrw MLml

Tang (Metal)
N *
- type
G
substrate
N +

3 %aﬂr]‘ullﬂi‘]‘i)ﬂll"ﬂﬁ(si()z)

< Y Y w a
1 3

ATITT N dyanym

)

[

AW 2.23  Taseade uazdndnwal 909 E - Mosfet wuu N — Channel [7]

o

D L]H“‘ (Metal )
Tave (Metal ) oD
P+
3 N - type
G . 2
substrate
P‘I‘
o3
an 1 1 d
5 ganoulasonlya (sio,)
Tasaase dayanyal

amd 2.24 Teseade wavdudnual ¥ee E - Mosfet wuu P — Channel [7]

lassadrauasdyanwaives E - Mosfet wuu N - Channel agiiulain

aaa

Iﬂiﬂﬁi’]ﬂUiL’Jm%’J%i@‘U’]Lﬂ@ f3aneulaoanlonyii ‘1/1‘14’1‘1/1LUUQ‘U’JUﬂuﬂ’Ju‘WLU‘NIaM”lﬂJIM

Fufatuiloansudn (P - type substrate) sziiuldiusnanieasndnazdalaid channel

waslvaasuiudIge saagdiuiaving drudydnvalddnvaziduidudzagiananednm

anATIIMY wazdnwuzlassasisuardyanualves £ - Mosfet Wuu P - Channel

< P o a g = aAaa ¢ & g ! A &
wiulanlassassusnatsevinaiidansulaesnlealuauiunudiunidulany
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[ =4 1

Ladlidudanuilioansnan (N - type substrate) Wufgaiulagiazfiulnuinaisasnanay

(%
]

Faludl Channel w#

U v

a o v @ s i al | a [y
ZLIGEJ'JL@§UﬂUGU'J‘?J@§ﬁ@§Vla'JUW'JV]"IEJLGUUL@EJ'Jﬂ‘U E - Mosfet tuu
Gl

[ [
= =2 a v

N - Channel Tud dydnuailidnuvausiudulreginanansasiignasieonauuen

2.9.2 msluueauazananyaemliihvesueams

2.9.2.1 nsluuea D - Mosfet fauandlunni 2.25 waznni 2.26

P -type
substrate

AWH 2.26  n1sluwea D — Mosfet wuu P — Channel [7]
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'
a1 =

msluked D - Mosfet Tuns@iiviin1ssnemusadiu (Vpp) 7ien 9 niaudsl
(Ves) = 0 vuzdaviinsvuansy (p) nanuain DU s1d iesainda D uazda s sa
Huanssiia N Henundaasioudusdunuimidanszuaddaan Dl s 14

FrUsuniin (Vgg) Tiganduuanuinndtgug Channel N 9gg1en3neun
Fuiiosnnauwlniiuaniiuiulany (Metal) Ssuauanniy Fedamaliiinuseflagaiu
Bidnmseufinszdanszwedlu P - type substrate TaReufiunsaudaifudl Channel ey
Channel 3an$stu silnseualii () Tnaldaemnuasiivszanaifisanniy

U (Vgg) Tduauiiinunndu  Channel N avuauasaudsdulald
Channel taeiilasnnawlihauiiviulans fsruslunisudnsuiudidnnsounssudng
Channel 1 1% Channel 1fistduitufidneld Channel Fauusantmdngdnumsesans
wiin P uwazlurnamaduvensyud (Ip)

msluwed D — Mosfet Tunsdifiviinisdnariusediu (Vpp) 7ie 9 wilawdn
I (Vgg) = 0 vauziinszuainsy (Ip) lwasiuain s U D gifessnda D | Channel
wavda s draduanseda P anuadaaioutdusidiuniudinis nszuaielvasin s
WD 1o

USuLi (Vgs) Toisa1duauiiiuann@u Channel P 2381803191103y

[
Y

waulwihaviiwiulany (Metal) Sis1wauanniu Ssdsaliinuswdnduiu sdnasou
finszdanszanaglu N - type substrate Tipdouiivinseanain Channel fatfu Channel P
Sanaduvinlsinssualulih (p) naldasanuasivsvananfiuanniy

E1U3U (Vge) Tiianduuanfiuanniy Channel P azuavasauddulad]
Channel lgiflosanaunlwiiuaniusiulany fnsfsgatudidnasounseuiinm Channel
Yl Channel Wmdianaseuidudiuiuunn Jwdsanndnvasvesasein N wagluvang
NaRuIRInIea (Ip)

aulédn D - Mosfet  annsatnszualdlagnismuaunisluneaiiving
LazusssuivnnadivildAnnisivavesnssua (Ip) annsoduldnaussiuuinuazay
Tudiuaes D - Mosfet WUU P - Channel Aagildnuwaign159ina1utduliegifuiuuuy

[

N — Channel AN9AULNEIIIVDUNAITY (V) FLUANWUTATIVINAY
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29.2.2 msluued E - Mosfet sauanslun1ni 2.27 uagnwil 2.28

P-type
substrate

A"
E
[+1
S
AR
w0
X,

D
D#—>—
R = § R
§ L . L
N -type G —
substrate

AWi 2.28 nsluned E - Mosfet  wuu P — Channe [7]

msluwed E - Mosfet  918usasulaliln (Ves) 7ieng niawdld (Ves) = 0

(%
=]

yuzfiavliinszua (p) laruainer D MU S ilesarnuiina Channel Suduans
wiln P og Jualouseuselasuluneandu wavinisusuidiuen (Ves) Wislanduuanuan
Fu aviuiaunsliliuaniuiy Iaug%ﬁﬁwuwﬁqg}@5L?mmauﬁﬂiz%’@ﬂim’ma@ua’ﬁﬁq
fdmdn (P - type substrate ) Tiunsaudiusgusnudniuauiudaneulaeenles (Sio,)
naneduagmudennadiu Wunsewa (Ip) wasuainer D 1U8s s 18 Aevsunafadu
auauazLin Channel N 3u aanmsluneadinadaiiy (Ves) Wduuanunng Rassiild
Channel fifufiunndu (Ip) Aunaulugeurdudu (Vo) THiduavarldiin Channel
LAemTEAlANATEUUTIMARRAY auudrBgnudnlivieeenly Ssnamlfin E - MOSFET

WU N - Channel autinnisluaves (Ip) lansedlevinisiuweainanlgliuln way
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Tushueameaiu 811580 E — Mosfet wWUU P — Channel agdindnnisiiudeniu E -
Mosfet wuu N - Channel igaussosluuwaainasiensesuliau Jsavvilminnszualna
siueasld insgstlatiauandundsineaslundnindidnaseudioglndiutaunaliiving
panld Wldinuiiinanniuadeowduiiuiives P 3aAemdu Channel P Junnideuse
maduresnseld  (Ip) easalwasiululsasle

deuhnsluwed D — Mosfet Wuu N — Channel u9insi@gunsivagisiu

Y

p39aisuinssuaves D — Mosfet Wuu N - Channel 9zi3usufiasiu (Ves) luau

waslovhnisanAssuluauves (Vgs) Witosasuaviiuansesu (Vo)  Mnduuinuin

'
av ao

= < a1 =4 dl' =2 Y =2 1 N
Tu nstvansewansy (Ip) AvzdiAwnduluises audagafinadunuld Jenaniladn

D - Mosfet wUU N — Channel @1usainnszualafeumiaiLsssu (Vog) tHuauluauiann

WSt (Vgs) Wuuan aauansluning 2.29

-V r
GS V. ""GS

Gs i AT '
D

N. N — Channel 9. P - Channel

mwﬁ 2.29 nsmnsUINTEakuy D — Mosfet wuu N — Channel waguuu P — Channel
(7]

Wauinsluked D — Mosfet WUU P — Channel 11%innns W@eunsivfay
winleingasunssuaves D - Mosfet WUy P — Channel 9zi3uAufiAseiu (Vgs) +du
wnuallieyiinisandLssduluvanues (Vgs) WidewasiagiiuaAinsau (Vgg) Tluau

é?’ [ a0 &?’ a = Ay adou yal P
wndunisivanseuansy (Ip) Nasdaruntuluises 9 audsgafidandunulaneini

WULREINUAINY 3908120937 D — Mosfet wUU P — Channel @ usatinsswhalamawnai

WS (Vgs) Wuuan luauderusesiu (Vgs) Wuau

wanews Ve : Pinch off voltage #m 1% Iy = 0
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Wathnsluwed E — Mosfet wuu N — Channel 11%1n151@8u nsavlagiiu
edngmsuidinszuaves E - Mosfet WUy N-Channel 913uRufiA14399U (Vgg)  tTuuan
Weeeg1afen waviioinsiiiuAvewsiu (Vgs) iduuanuniu nsluanssud nsu

a o dl U

(Ip) Nazdiauniuluisess sufsgaidafdunuld dadu 15133919na1916147 E - Mosfet

WUU N - Channel anusatinseualananssiu (Vgs) Wuuinminiu dawansiunnd 2.30

-

Yo

+Vag

‘.‘

» T Ves Ip
N. N - Channel 9. P - Channel

mwﬁ 230 A5MNSUNNTELEYRY E — Mosfet wuu N — Channel waghuu P — Channel
(7]

Wavhniswansannasluked E - Mosfet Wuu P — Channel 1nvinisideu
s ulangaisuinnsslaves E- Mosfet wuu P ~Channel 9zi3uAUAAIMSIIU (Vgs)
< a 1 a P o a 1 (9] Y dg(
Juauiesegnafeatazidioriinisiiuavecnssiu (Vgs) Tmluavuindunisinanssua
(Ip) Mazfrmunduluizes audsgeiidainuld Auiudsnaaledn E- Mosfet wuu P

— Channel 1hnseualafiauseiy (Vo) tDuaumingu

nugwme - VT : Threshold voltage AoAruseduing 19 E - Mosfet 134
Pnseua ey luiimfiussanm +3.6 V a1 wsu E - Mosfet wuu N — Channel wag -3.6 V

@193V E — Mosfet buu P - Channel
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2.9.2 M5RTIdUNDENA
NIATIVADUMIVIAIN 9 vesuoas (NalSiuviavaylismumia)
1) Faflwosign R X 10
2) ¥aruduniuseing D AU S Tnsaduivesiines 2 ads azldrnny

ANUNUYINAUIG 2 A5 FabanalunIng 2.31

AN N
N - charme] N - chammel
_ + + -
0 Q 0 0
[ \=—T ] [ =
G D G D
A, NSEIAANUAIUMIUIEIN D AU S U89 D — Mosfet wagE — Mosfet wuu N — Channe
m I/ka\\
P — channel P-chamel
L i + -
Q o) o o
b= ][] =
G o] G D

9. NSIAANUAIUNIUTEINE D AU S U89 D — Mosfet hagE — Mosfet kuu P — Channel

AR 231 M53A1 D AU S 999 D — Mosfet wag E — Mosfet wuu N — Channel uas
P — Channel [7]

[

3) 191191 G 1AgAIMINITIAANUAIUNIUN G AU S war G AU D 98198y

2 33 lngaduiivesdives gldrauimumuaasiiiunnase Awandlunini 2.32

N

N = charmel

S
A

Gf/ ﬁ, '\

n. n38l N - Channel 92u3Nag#iv G waztIauegfvn D Auv S laAnAnusuniugs
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N —chanrel
+ =
Q Q
G g D

¥, N38 N - Channel 77aueg#1un G wagtiuINegv1 D v S laAAusimuvnugs

RN

P —charmel

O+
O

- =

G ISy

A. N38 P - Channel 11ausgv1 G WagdauInegiun D Auw S larAnusiiunugs

)

P —charmel

ke

3

o+

4. N30 P — Channel 93UN0gv1 G wazrauagivn D vl S lamanudumiugs

mwﬁ 2.32 1159197 G U89 D — Mosfet way E — Mosfet kuu N — Channel
way P — Channel [7]
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AMNNITIAMIAILAUITINTOVIAN 9] VosueaWaIviln D — Mosfet LagE — Mosfet

=

findrandauazulin Svdeuglafinuiivhnmstasaruiumusasannsngiuaa
sumuldamis Wevhnsaduuasaeindsaserudamnuiunuldivintu dvinsin
Feudann D fu S udrenildrasnuiuniuganasatiu fe G e

yanown 9291 D fu S e1edududosinnislagile Mosfet tilagindunsiieg
ogluiiiunalathe uaziluwia D - Mosfet 3o E - Mosfet 1{l0391n3191 D fu S 9z in
arduvuldininiu 2 ads feduseamnuravesarlden D fu s aduunuiulduddmi

ypawlpuInuas  luaunsaltwnuiulannudnuslasiasiaves Mosfet

2.10  ITVHHUUUATIIAY

WATVEURUUAIFIAU (Darlington Amplifier) n1slansudawmasdiuu 2 i1 [8] lae
nsuAealaaes (O urazisoimeiy wazltuddawes (E) 10 udanase
wsnseldidrfivniua (B) veamsiuBamesimgs dawalinisviiaumiaeidwnedi

NIUTARDIAINAY  dINdy 1N 1BUNAgNANLTINIYLUE (B) VNI IUTARDITAIUTN

AILARILUNINA 2.33

. NPN — NPN An5a964 9. PNP — PNP a15a96iu A. PNP — NPN 152964

AN 2.33 NIIUTEAHDIHUUAITIAU [8]

ASYINUVDINIUTANDSUUUANSIAY  NILUAVDINTIUTALRDS Q1 azdudunszus

WavemIudanes Q2 3wnilsnsIn1sve18gamTelinAudnIINIsueIensTuATes Ql

YY)

UnTINITVEIeNTELATEY Q2 WneiuylilinsIN15ve18ves NTEUAZGIN dduen

a1

uNRBuNuAUgAziiAgIuaz AL NABUTILAUGAETA
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1NANNANNTAlUNTIENI1V818U0IN TEUAGY VBIINAINIIUTANDTUUUATTIAY

Fegnianldlunisifiumdinisvensvesiasueedygiandes 19niaesnsudanes

a o =

ANSIFULUUABNNALLUNTS  Aalanslunng 2.34

O+V

AN 2.34 1995V FYYIUALUUATTIAY [8]

NATvEEdyIadeUUASIRY  AUsEneusens uiames Q2 U Q3 Aauuy
a3esuaiin NPN uazns1udames Q4 fu Q5 sewuun3eiuein PNP Inensiudanasin
403%n (Q2, Q3) uay (Q4 , Q5) I dunsudawnosierdnnguunduns (Match Pair) i
Usgnaufulunsasvenedyiandesuun3iunoundiuuns 7wmas NMSVeEs @
Tusasmasudunaiszneuselalendiuau 4 fvimihiidvuslutedliunudames

Auamduns  uazsiesuiuiaiiuniy Rl ieviwmihnivue lukeauasynivegaumilviu

'
[

NIUTARDTALUNTUNIVBIRTIIAIIMINEEY  dIUMIA1UNIU R2 Uay R3 viwmthnda
N

Tuealriunsudamnes Q1 Ine?nsudamas Q1 AzvintNNveedyy 1N 1A IUBUNAT

WrumeanUdmes Cl

211 wathapeslunisldiyaiiviianedaniileia
2.11.1 MINATOLUTYIENTOIAY IR [3]
n) iennsldusegauinifuly hldfaiundanuseuiadusesaase

WAL TUAUANULADIVBINUNINTU
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v) \Annmasiarnds (Power Setting) gaiiulufreliAndusosagusy
1N
A) 1ARaINNNTYR Tiligndies demalviunudiaziiiiyalunsimiziiu
ihanendulunszunnfafturhlfAnsesvguseniedarou
2112 WasiealyzUTiuAdaAes
nanlfiasesyafiuusaniileda drluuinaldviendeyfioniAnuisduazgn
ynoonlaslalddila uazmnldiedosniiuianslfinienlastmdaideslinefenaviili
dadeBasafiunannioinnTatuinduwe widnhmdedsuauioufivoe fa
liRnmgnsaliguil
2113 gifwmuesmadnnmedidemeludon The Incidence Of Bacteremia
ynadsiiados ganiden dawion idindiawiton o fanfanmyludeludendy

o v P

mMstainsudluign sunmefzmdauuafiseneglunssualainlinualulaedud wase
N gy A a 3 v v a & a &

minszguuaiiselueinia vusildiasesyniiutiaedanileidatuaziivoninszangly
21MAINTUINUNADNS 30 1

o & =] Y H a 1Y) A 3 a & ! i o b4

Aatiuasuladn avesaduAndy Ainszaneue1vsliiiouteg1eionavily
Anlsalaudied Famndnlulusunmeaaianadedeguninla

2114  uasiplAse9ANIIIEila The Effect On Cardiac Pacemaker

AUrelspuneseifianuindudesininiesdionuimzvesiilafieniuaudame
nsiulignaenIeang1n agvhnuriuiluraensiiuvesitlatades LaTesyndiu
Unangdaniledaviafiuiansiuanigesitmsunulany (Magnetostrictive stack) fnaly
nsggubiaInsnudmzilaiinuieunaduaunds Wuwsliniswivresiilafinnainela
Judunsefadin drunsegaftuyuiiurimsiuafigesiluwuuy (Piezos-Electric Crystal)

iNATB8NIN

212 @y
S v oo ) & g o a o = a v v
unillsdnausludiuveuileniing Nianunerteeunsosyaiiuyuiuudanii
lola NuenaisiazsuIdeiineitelasiiilenisznaulusmediunanglaun nannis
91UYDATBIYATIUUIAI8ULUY Ultrasonic Vibration diulsgnauvadinIesyaiiuiiaiy
1wil1 wuu Ultrasonic scalar nannnsvesasasiladenguifieglusilediues 40468 Wuaeas
Atadyauniud 25 Aladsng(kHz) uas (Mosfet) 299598188 1ALUUAITAIAU
(Darlington) galdunldiluuuimslutuneuesnuuuasiuniayaiuyuuuudaniilelia

dniuariunnsILARoUN
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N1599NLUULAZAISANTUNITHS

Tuunildiauen1saiunms uastuneueaniuuaATasYaiuyuLuUdanileila

[

° o Y] 2 a{' ° = ad o ! % PN v &
dnsugaviuanssuedioud lnevinsfinwmgufiddgeneg wuddluuni 2 Tiduly

o

[

MULEUNTINULEE IngUsEaeATdLiTunaudall

3.1 WRURINITALHUeU

3.2 m'iﬁwmusuaqmﬂmmuLLﬁqé’]’uIWﬂisu,amqsuaqm’%laqsgmﬁwfwmalw%
3.3 A9TN9IIUTENASAIARARALA 25 AlaBsndkHz) Tagldlediues 40a6B
3.4 dafuiilavyniiuihane

3.5 MITINUYDIDLAAINE

3.1 LAUNINTITANLEUSUY

frawansluning 3.1

[ BUAUALTIUIUY ]

\4

AUAIIIVDINYITNUS

A 4

AnwagIuTINTyaNLITeNNLITRY

\ 4

THUTUNDUAITANAUNNT

AN 3.1 AR URINITAMEUIY



A

ANB1993NIARIUANILTIAULN

l

asslaznngou whlvwazUsuu

9IATUALLL AU LN

ANY1995NIANANANLD 25 kHz

Tu IC 40468

A

l

aerLLagwmaaU LLmGULLagU%JUUEQ

WIASHNANAIIUD 25 kHz

d' U o a 1
AN 3.1 LAALNURINITANUUIIY (A1D)
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ANWINTYINUITIDLENING [«

l

A519LazNAFDU

whluuazuuugs
WATIOUEAAINE
ADNITAIAFINE LB <
A39UATVIAFDU i\
15vhuUsEAvEAweaLAs 09 uAluuazUTuuss

JIWTINteya a3UNa

NIAHUNULAZHANITNARDY

A 4

[

AYLALINYTNUS

AN 3.1 LEAAILHUEINITALEUIU (91D)
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AFIVADUAINULSIUSDUVBIINYIRNUS

whlowazUsuly

YDINYIRNUS

dgaudnerdnwus

(%

dugan1sAiuau

AN 3.1 LEAAILNURINITAERIY (51B)

43



mARUAsL I

Foot Switch

o

AIUALLIITUTD YA

h 4

yadilvviayaiiuyu

Solenoid

Feudandna (LCD)

h 4

NANAAFYEY10AUR 25 kHz

wiaDudynuwadaind

o

A 4

muauﬂ%mmﬂ’]

Feed Back

AT 3.2 UNUNNUADNLABYINTUUBIINDTAIUATNY

127



[ ]

S1
Switch

FUSES ON/OFF

220V
50Hz

LED1 R10

id
‘oot Switc - = )
Foot § h %A Relay newmod thoia| Water > ) \um_»q@% Tnsert Tip
augn
cs
o S— 0.47uF
B { ) Drive Hand piece 2 Drive Hand piece 1
| 1 2 1 2 3
) O
c7 I
0.1uF
a4 <«
D1 R9 100/5W C6 68aF D2 MR8s6
IN53588 l

S2

S

Hand piece Sheath

Feed Back
Magnetostrictive Stack
|

2 R1
1000uk/50V, 100/50W

c1
1000uF/S0V|

c3
0.1uF/250V |

R7 100k

VWV

R6 470k

Qs
IRF3205

oT_ o o
Cc4 cs
100uF 100nF

A9 3.3 1993ATINTRLATENYRiuYuLUUan3leila (Ultrasonic scalar)

)%
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3.2 meiuvaamuauksitulvinszuansevaasasyaiuyuwuusanilude

a =~

mvruksanullvivIssaanGaaud 25 Alaldsed (kHz) Nﬁ]imuamwﬁuﬁ
Fosnisunasnelniinsyuaadu 24 Tiad deruisasudadisninng ieiUasunsesulndi
nszhaadulmdunsssulniinswanss %qﬁﬁ’uﬁwszq 2200 lalasnngn (uF) sevuuiie
FronsousssuliiFousaty uazdruveaunasseluiinnszuanse deuseuesnluily
3 @ A

321  9wlUfa Foot Switch %138 S, Lilasoso19as1¥ Solenoid Valve 11 waz i
AT

322  fe11lUgi1ed Reulate LS 7815 il Regulate Thdulyl +15 1aad
(Voo) mmaﬁéfaqmula% (Regulate) tws1g318vu1an1slendsaruanudauiasliiiuay
wsssulnvesndoudasiinlined Tdamnsadiundiersasvensnnudlalaenss dius
Auusey 1000 Tulaswnda (F) wag 100 Tulaswnda op ldlfiiensesussiuliFouiety
wazduulszy 0.1 lilasvhdaeriuthsanmswdenilusaled Weldusedu 15Thad (v)
winlwldediiulediues 40468 Fursasianunsadnonssualaas 1 woud (A)

323  $unluswdiives (B) vemsudanssdi Q, Wiesenssuaniniiva (B)
dlovua (B) 1¢sunszuaninnsudames Q, anisthnseudlndidivdiiwes () Tudun
AouNau (O warudygaludgliduen 14 (Signal Input : Sign ;) Auw1 9 (VCO Input :
VCO ;) wealed 40468

3.3 A1SYN9IUVD9NATANANAAALIND 25 Nlawgsnd taeldleduas 40468

A1991191UY999931ARARAUD LelilaAud 25 Alaldsad(kHz) AN ez
wAUYNIUAITBUFINIIANNRTERINRaIAA ULNUTaYE O DU (Magnetostrictive stack) Tu

v |

Fadudu (Hand piece) duvesnasasiidledives 40468 nanaudiiielcasironas
Usgndaaldinglunsaiaadesyaiutiate lngleTives 40468 ilulodiifanant
WINN1591191U09993a@dongU (Phase Locked Loop) luniaseg

ledwes 40468 (Uursasiaiongy Usenousig VCO wagwawSeuifiau 2 wla

fuduveedyyudunazdUSeuigudunm
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331 AvmdTmUAuf oLy

mNudiAUANFEUIIFU (Voltage Control Oscillator) #esn1saudaines (C)) e
MBUBNTEWIN 6 AUTY 7 WiEa wag R foneuen 1 wee 2 & (R, W5e R, wav R,) R,
way C, audufimun gupudves VCO R, taeld VCO fpnud Off-Set N34t VOS]
muEumLBunagevinliineren1seanLUY (Low-Pass Filter) 11 9 (VCO Input) d1esie
AsdonAwes Ry way C; Tuddslyilvian (Low-Pass Filter) waslnenAves VCOy
ahmmﬁmmﬁwmiﬁﬁm 10 (Source - Follower : SFoy7) 51%?%@&68’ a0 R (Rer) 226D
il 8 (Vo) drlaldundavidnly vco LNV 4 (VCO Output) @unsaldla
Vaselnunsaludsnn 3 (Comparator : COMPy,) W3olpen13suunANE SEdusfivn 5

[y

(Inhibit Input : INHy) ¥381%1935 VCO wazuwnasdnglugisiainnudiseiuaas Off

'
! A

& a A Ay Y o c{' d'
YINA Lwaaﬂcﬂuqﬂﬂaquﬂﬁ]uuﬂﬂm@@ﬁﬂ'ﬁi“ﬁ ﬂﬂLLa@ﬂIUﬂWWW 3.4 LagAInwNn 3.5

Y

PHASE
COMPARATOR 1

PCloyt

o

w

o o
S =
= |

L =

!.,

l::l- [ %]

-
#

L i— PHASE yJ PLlour

. COMPARATOR 2 »—] 1 R3
PCPoUT
“el \Veoour |4 g|VCO L?-lw.Tpéqﬂss
L
i |
T Clals lcz
CF ol SOURCE 10| 5Four T
VO FOLLOWER ".'SS
fi H'I 1 HSF
v
Vg
|NH 5 I

v
35 151
(oin8l 4_H_ ZEMER

1273691.3

Al 3.4 uenlnevunsunsasnielulediues 40468 [9]
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7ZB84461

107
——
fmin [
(Hz) ['R2= (H
F10ke2 )
N
108
+—+ :': = H
—100
k$2 { NH. ~ ﬁ‘n
108 N D
SRS
S ~
— { 1l " i =
1M ~J R
N
104 ~L\ LU
= o= =
~—~
N N
Nl b NN
I N
103 N \\
—
VoD S
N N b NHMl1s v
102 NS ;\ NSNS N ov
S E‘VF:
f
}
H 15V
B MR 10V
10 NN sV L
=
;
If15Vv
_— TH10v
1 N5V,

2 3 4 5 -]
10 10 10 10 105 ¢4 (pF) 10

20N 3.5 n51N1SEaenA1vee R1, R2 way C1 ianuuag uAIun [9]

3.3.2 Phase Comparator

'
=]

wlaSeudyaaduneu ¢ (VCO Output) @1snsasalalnemsaualdyayiniiinis

A7}

o

sEnIesERuadndunmunsgulunsega HEA000B lunsdifinnsunindndesdyyuas

e

Hulszasioiilevens Self-Bias Mdayaadums

11301 WARTI98U Capture Range Foszoziinadonguanunsansiadunrudiidnen
iRsanidleszuuilanneifsilidentudynuduns

Locked Range fia 53&il (Phases locked loop) anunsadennudld Aeninud
L WiwAed VCO wirfumaivesdynnadedsiideuliszuu lun1sfiansaner Locked
Range @niziidenudifeninuivesdygind1adarindu Capture Range Tvuiadnuie
gruTiLaunImSawity Lock Range Lild

Comparator 1 §1U¥83ALATIGINTT Phase locked loop : PLL @unsaasdents

AnWa Comparator 1 ¥i1%5gUU Phase locked loop : PLL AS@n11z@8nilonasinges

o

duanasunmuludyguduneaiirigs nginssuwuuivesawseuiisuanvszionaannud

A7)

a ] &, a ] 3 a P s ! [ a
@‘LAV\MUULUuﬂ'ﬁﬂﬂﬂUSﬂiﬂJEJUWUENﬂ'J'mﬂ?jUEJﬂa’N VCO HQJ“U@QLWﬁiS‘WJ’]\‘]ﬁQJJQJﬂﬂJLL@%@UVW

a o

WIguLiigunne 9eg3ening 0 fi 180 841 Waw3995 Comparator 1 Mg 90 89e¥

AUGNANANND AauandlunIni 3.6 uaznwi 3.7
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Vop

Vppr2

Average Output Voltage

|
0 920 180

Signal-to-Comparator
Inputs Phase Difference

AN 3.6 N1SABUALDIVBY La to Lo WInm [9]

Signal Input (Terminal 14)

VCO Output (Terminal 4) =
Comparator Input (Terminal 3)

Phase Comparator | Output (Terminal 2)

— VoD
VCO Input (Terminal 9) =

LPFOutput N NN N N

— Vss
92CS-20010R1
AN 3.7 dnvaizsundunlansunisuaes 1 [9]
333 PUADUNITATUIUINATNTOIYQYIAINAN
n) NITNTOIAYYIUAMUDABUAU 1 (First — Order Low Pass Filter) [6]
1

n Xc=— ; S=j@2m- 1
e L Xe= o S-j2m-f) (3.1)
Vin T Vout Vin=1"(R+Xc) (3.2)

Voue =1+ Xc (3.3)
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v o  Vout I}(C
aATEBLIAY = 3 E = 1//§+ X0 (3.4)
Xc
T R+ Xc (3.5
1
Vout /sc
— () = —F5— (3.6)
1
" Rescr1 >0
anueAiifdmesgeandmiuinasnsesdygamiuidiie 1 o = 0
v :
V°—“t (jw) = 1 (3.8)
in max
finnudveunidweisazinty 1/2 vesidsgean
Vout . 1 |Vout
(jw) = W (3.9)
Vin Cout off V2 | Vin () max
f - ; (3.10)
FFi i) IRC i | = '
: : (3.11)
V2 ~ /(o RC)Z+1 '
V(o - RO?2+1= V2 (3.12)
(jw *RC)2+1 = 2 (3.13)
(wRC)? = 1 (3.14)
W= t=— (3.15)
- T scC '
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1
RC -= (3.16)
21T'fc
Tunisujimagldarudmduuiniissanfieddsdu RC = TunsAuan

TT - C
ANUTDNNUAAIAL DAL INATNIADINITHAIMIAT R Tagiuun@ C JUNINDUIIAIUIENN

A1 R WInde 118931 C ndneenundvminetuiid1dndnegdimils nsimvua R wa

AMuIUA1 C agylraflalianunsounusenaulnasanamiag19n1sAIuIueall

ADINITNITNIOIFYYIUANUDAATAMUDVDULUALYINAY 100 kHz

DRTIVLYLTIAU = — (3.17)

20 RC = (3.18)
2mx 100 x 103

—9

e

(@)
I

0.01 pF

1
= — =152.15Q)
2mx100x103x0.01 x 1076

De
Zee
P}

aunsaven R lalndifesde 150 A1muRana1nies 6% wintiu Falunsu)in
gousula

) WITNTOIFEYYIUAMUDABTUAY 2

PHIVYURTINY - 2 (s)-= (3.19)
Vin (S:CR)2+3:S-CR+1

TudnwagiRennu =1 (3.20)
max
v . v
—= (jw) = (3.21)
Vin Coutoff Vin ax
L ! (3.22)
2  1-(w-RC)2+3j-w-RC '
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1 1
- = (3.23)
|2| J1- (@-CR)Z +(3j - w -CR)2
-7 ++53
(w-RC)?= — (3.24)
Feeiila 1@a1nn1snenaunsindaaes
v oA a = [% _7 i V 53
lganvInaseanpelazla (w - RC) = - (3.25)
-7+ 53
(w-RC) = — (3.26)
1 —7++/53
w-RO)= —= _— 3.27
( ) 27t 2 (3.27)

wlaSeuifisu Comparator 2 \Wula3edneniaignnuifnanea (Edge-Controlled)
Usenausie Flipflop 4 fa AUAN Gating Uaw39as Output 3-State Usenausiglasnuuy

p kay N UARWBIINATUTNAIYBY Vpp 138808 DIA1709 Ve ANaIRU inaUSeuLiiay

I~ A

WUULLSNwUZLAEIAD YO UV VUVDIA Y EYI1UAvT Sign;, kay Compy, LWI1zazlu Factor

(3
L =

yasdyraulidanudifyindygrannuddunsdvweaingnitanuddunaUieudiisy

TasWio1dns p asanz ON 19929 Lamidsuazlaswyisuuu n uaz p g Off 3-State

q

o a 1%

lugrananviend MdgIaBunLazANRBuNAUTEUIB UYL dyaadunndna
dunmuSeuiiaulua atilaswiovinauuy n egluaniig ON @enpdeeiuAIy
1 Y a Ll 1% [V Y a ] (% d' s 3
wansinsvaawla mdunmiUSsudmaidyaasunalung dusunanlasiievinmeuu p
agluaniiz ON @eamnedfuAINLANAIIYRLWa douluseduAinUBainesvues
(Low-pass filter) safuinaseuigudsuAdyyias wardunaiuTeuiguaunseis
aauanudiigatateslasiisuuy p uag n §aas OFF wazaduineglinaionyinm
WisuieulaUnsasuaziiussiuniau danesves Low-Pass Filter Asf
dyrunmaIouiiguiadienying Phase Comparator Pulse : PCPoy S¥AUEY
14 Yy < 1% dsj o U < a 1 1 1
annsalduansdiianizlunisdenmewmsildmiumadseuiiou 2 ldlimaunnsnesening
doyramazdunaseuiisuainingiuaiiud Vo azusuatudvesdulvmdmsuina

Wisuieu 2 sakanslunindg 3.8
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Signal Input (Terminal 14) | [ | | . |
VCO Qutput (Terminal 4) =
Comparator Input (Terminal 3) )

Phase Comparator |l Qutput rL N ., Vop
(Terminal 13) __| ) T——_ﬂd__

Vss
VCO Input (Terminal 9)= __7 ‘. § \ Vop
LPF Qutput Vss
—| : ; Vbb

Phase Pulse (Terminal 1) v
SS

NOTE A. Dashed line is an open-circuit condition 92CS-20011R1

AT 3.8 dnuwazsURAUNaRauNTIRT 2 (9]

HNANUARE LA UTDINTSWUTEY. MneaauuLlunauLsas SuLans
anmnsiUTeuiiou sagfiannzasinuesdygaiivn 14 (Sign,,) wazdunaiv 1 (Phase
Comparator Pulse: PCP,,) \W3suifluuanisie 0 sy aedns nie 1 dmivanings
AaLAASLUATUTIBULALYINVDINNAU AL DY

mil:d?iwuﬂaaaaﬁﬂﬁﬁmmmﬁuww (S) MiseBUNMUSEUWIEY (C) Maasu ulasey
1T WAETOUIIRY LLaméhagﬂﬂ'ﬁ%ﬁuvﬁaaamuéﬁu

duiivgrusuanimlaozunsy ﬂmﬂﬁauwawaaﬁqé@ﬁgmﬁuwmLU%&J‘ULﬁ&J‘U‘UsWﬂQ
fiddla anny 359 way 11 udmsanneiewiny deledwiuy p egluanmz ON 4
anmg 24,10 way 12 dvuasameideladiuuy n egluaniy ON anmg 1,67 way
8 uansanmziilatoiwiiendufiuaudgdluanny OFF laswauuy p war n egluanms
OFF Wag PCP,,, LoWimmdu HIGH @nnzillomwing PCP,,, dmiuannydug 1Hu LOW

fauandlunIng 3.9
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n - type driver ON p - type driver ON

state number of

~ the comparator
n and p - type
drivers are OFF

™~ logic state of

comparator input (pin 3)
logic state of P "

signal input (pin 14) 1284459

8 T- 0w 1 transition at the signal nput
C < :1toC vanston 3t the comparater input.

AWl 3.9 miL‘Uaammmaaaﬂmmmmauww (S) nedunm (C) Wiguiiguns

WasULUawe UIN T LAY YUY WARIYNATIIUVTOAIAIUAIGIU [9]

3.4 duduildiayaiutiany
anwauzvesnuiuldmyaiiutiane (Insert Hand piece sheath) 1Wunsyuen

wanainnelunszuenaiy 3 d@undng faaasiuning 3.10

YA 100 300 w Driu"lldpinte!(l‘llal‘h‘l]

Drive Hand piece 1 (104 dua3)

A N A | —
p— f
i H ‘
H ¢
A A~ A~ o Ay L

Feed Back (1§udvn)

AW 3.10 MuFuihyaruanelnii [3]
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drunsnidudesnarsdmiulildmyn (P10) vieBenives  nsert Port » dufiaes
fio dudiviliiinnszuaunis (Magnetostriction) lusiulanzuunilnaniafin aufia
(Magnetosstrictive stack) inauauetniud 25 Alaidsnd(kHz) Tnesous veenszuen
wanaRnaziiunaInvesuiuglngsaU YNMAMDIAYALINT WUTOU NSTUBNWANERAN
Tugsiintrefignd 2 4u duay 100 50U TaTu 200 50U AxTuAnIA (Drive Hand piece
LduFLn) vnaIaneLAsaTiapsIzfunsEUsnNAadnlutae Muauiland 1250u iy
19890 (Drive Hand piece 2 Wudilen) vaaaludiuilasiusguuunain (Feed Back)
UNAINBIUANIADII LU AIANDIUAIANLLIATE LTS (American wire gauge : AWG) i
fuagazilu wes 23 AWG flvuiniduriuguéinaia(Diameter) agil 0.6 Tadums(mm.)
yamanesunsyaiiaduunain (§udva Feed Backilued 32 AWG Tvuraduriiy

Audnans (Diameter) 8g#1 0.22 faduns(mm.) 19AAe3IU (Common) Ay (Drive Hand
piece 21dufillen) drunauvesnuldnyaiuiiarsfedesainiuioindnnindiuiu
USuauin(Variable Water) tieanaaiudeuludiunulanzuunilnaniaiiv aufa

(Magnetostrictive stack) waglvaponludslatevieuassiin

3.5 MIINNIUYe9IDLaAINAaUUTEAUAIY Arduino Nano

Jursesuiuseavdygin dasdnumudsuvaliwuufaduwuug (Linear Dual
Potentiometer : POT) fiAnanuduniu 5k Teviu 2 yaludifien iWessody Arduino lng
T4 15¥mr1u Analog to digital Converter Module Ul IC ATMega328P uuuasa dafinan

azidalunisuuassedudaye i Analog 8 TnuagSusaudayains Analog lagean 5VDC

AILEAILUNINA 3.11

5KQ Dual
Potentiometer

2NN 3.11 193598BERINANISUSUSEAUMY Arduino Nano
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dlovinisusu Pot wsauludlh 5VDC agldsunisudanssdulaeaiaudumiy
ety Pot wazasdyayraludsen A0 WWsunsungluuesa Arduino agvinnisnensiassiu
Fyanadindusian faud 0 89 1024 9nTrefiaviily szaenndesiusyfunisvens
dyrad wazsinsiusunsulinansnar untiae LCD mredumosinawuu 12C Bus Loy
L%awiamumsi’fauua (Serial Data :SDA) warudeyey10uuniina (Serial Clock :SCL ) Santi1ae
LCD lisuddsannuesa Arduino liuansnasaian 0 — 10 3 0 vanedesesudyaailasu

(Y] N

NSvEneRvan wazseaudayan 10 vianefsseAudyanunlasunisueggian dennesiu

AR

SEAUNMIUEedyaalaUSuATUm U U AT YA iUy ulug U9



uni 4

NANISANMHUIURAZNISNAEDU

Tuunil 3 osurefstuneunsdniiunuuasluduvemquiiistes fuiadosya
#uyunuudanitleila Slothunusgnauwsagdudifefumuduneunisdidiueusingg
ﬁwlé’t,ﬂ'%mymﬁugmwué’am%"ﬂ%ﬁﬂ %Q1uuw§LfJuﬂﬂiwmaaa°uaﬁzwmivﬁmuLﬂ%‘aqyﬂﬁugu
wuudandleila wartuiinuanismaaeaiiossiiulsyansammsrieureneies sausa
ATIVADUTDRANAINGI 1) Formintulsluvazvihnisveass Tneutsnsvadeudssdvsnim

a5 dw el

4.1 @vmAIUANLIIY YandRmLRLargUnsaiTdARysen Tudeas

4.2 @IUVDIIDUAAINA

4.3 @HureInansneassdygaazusssiulusasnioninniseaeuiauiisuly
PG

4.4 @HuvINaNIINRasILazn1InaaUlTIIuas

4.5 g3unan1snnges

4.1  d9UV9IYAAIUANLIIAY YarAnANDLAzaUNsAlNdAA199 Tueas
TUdIUAIANATAIVALILTIAULALIITYANAAFY YIUANUDUY 1ITAIUANKTIAY
faan1sunasielniinssuaadu 24 12ad AanIuaasuiadlsnaAnaLioasunseiulii

nsznaaaulmduussuluinszuanss wazdensesusanlulu 3 d1u sauansluning 4.1

] Y a =
aan 4.1 PCB NMANITAIUANLINAULASZINITYANTAAIND
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duusnaonssduliinluds Foot Switch 1iiosoraasasld Solenoid Valve 11
wagHiye (nsert Tip) 191U d@rufiassinedrludaled Regulate tuas MC 7815 il
Regulate Tidulnuannszuanss 15 Toad TUidesliiuled 40468 lursaswandayananud
drufiaudrediluddiwes (E) vewmsudanasi Q1 1vswanauileeldled 40468

Fulule@iadenguddmumiuiion 11 (R) waz 12 R,) wazdiuuszqian 6 (C) wazan

v o 1

7 (Cy) Wudiivungiuaiudvednsas fidn 25 Aladsnd(kHz) lunsdhsasauaindddn

(-7

wasazseduaulaensituled 40468 Tumauuwsnuaani9as VCO azuanmuddase (Free

g

Running) &nyaaanuaifignuantuaniion 3-0 (VCO oupu : VCO oy vdled 40468

A Y]

aunsalfimIuaNn1sinewasesyafiuyudeaindin (Foot switch) \Jugunsalf

v v = 4

AuANNIsYaiansaularn1sile - Ua dilvlvaludaiyn Sausdiiesensgnidauds

Y
Amuusiiigeazliiinn1sdu aunsal Solenoid azviminimuaunisln-Uaiwielilna

29NLAZEAUNAUVDIUNIUYID AILEAIIUAINT 4.2 WaznAInd 4.3

AW 4.3 Solenoid muAuNsUa-Uatuazdasiunisivadounduresinluve
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Auduiilaiiyafiuygu (Hand piece) drutiaziidnwuvilunssuannaiadin lned
agliiuazaneirounaindunies aglunssuenazludesnarsdmsulilaryn sous

roenszUanIziivnalavesniiueglneseuiludiinliiAnauiuuivan Weiianisdudu

o v a P | S oo P
nauue) yinliAnausouluduil Awuandluning 4.4

= (e ———

(n) A wyanNIuyathaty (iuyu)

' — WA =

(v) Mmeluvesiuyaiuiiany (Fugw) uazareiiyn (P 10)

adl 4.4 aduUszneuveImuduafiuiane (fiuyu) uazUangiiya (P 10)

4.2  @7UVDIIDLULEANA

DUEAINGD LCD LLﬁﬂ\‘lNa‘U@\‘iizﬁUﬂ’J’]ﬁJLLiQ‘U@Qﬁ’J@@ﬁUﬂUU FIULAAITEAUAINULTIN

0 udle 10 Ingusum1 Power vassnuniiesesyniiuyuwuudanileda fwandlunini 4.5

A9 4.5 PCB AIUANNTTLEPING AT AIDLANING LCD
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4.3  druvawanimaaasdyyralulaniauriinisieuiisuludusig

MRI91N08NHUUIATIAT 19V UATRIYATAUYY Lagiiin13Inanemuniagunsaiiigg
wan dnilidunmeassssuumsvinuludiugieg vesaieyniuyl wasiunan1svnaes
WeAUTEANEAINNTYINNUIAETINYRUATRIYATIUYL FIUNINTIVFRUTBRANGIAAINY 71917
a 49{ o o ! - ¥ o a
Wadulalurazyinnisvneasiwazitnisunloluszuusnge slildnanisnaassiiiatosnin

Tun1svhaunnian

[

431 madSsuisuiadyiuanuiarussiuiion IC Aldou wardduniiy
Auulug U

a"’zgfg']mﬁaaﬂmmﬂm 14 (Sing) v84lod 40468 lagdalfiwuiuvn 8 (Vss) n5136
FerirnsuTuaruussvesitayaiiutinats (Hand piece) lidhaniagean (Min fls Max)

Tnedyaafiialddnnuisening 24.59 kHz 89 24.66 kHz fauandlunmi 4.6

[ @D Peak-Peak
| @B Period

( )
[ Piease walGE | LISl |~ e S S L | ML ATIIO1, 2020, 01:17 ]

'
v

Al 4.6 dyeyrarindivn 14 (Singin) vesleTiues 40468 \ieufua 8 (V)

[ N

Fuareaanu1ann 2 (PCloy) ¥84+0d 4046B Iaginiiguniuvl 8 (Vss) nS13n

g

o v a

Fevin13UTUAINLT VR ITIYATULIaNY (Hand piece) luidngatiegean (Min fia Max)

Tnedygaitinlalinnudsening 24.62 kHz 3 24.67 kHz Asaaslunini 4.7
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M Pos: 0.000s

904 PClour

S

|
|

(Pledse wait...

Amd 4.7 dyaaiafivn 2 (PClyy,) vedlediues 40468

Wiguiuan 8 (V)

[y

WATEaNNIaINU 3 , 4 (COMPy , VCOour) v84lod 40468 Wisuiuan 8 (Vss)

=

N3170 F9in1sUTuANULIIveITIYaliuiiaty (Hand piece) lufidngaiiagean (Min 8

9

Max) Tnedauanauitialdfiaudsening 24.55 kHz 9 24.70 kHz fauanslunmil 4.8

(@D 5.00V J( M 10.0us
\:Please wait....

Amd 4.8 dyariafion 3, 4 (COMP , VCOoyn) vasladiues 40468

Wgunuan 8 (Vo)
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oy uiieanu1anw 6, 7 (Aq , Bey) 984l0@ 4046B tiguiuan 8 (Vss) n51a
Fevin13UTuAINLI Ve ITIYATiuLIa1Y (Hand piece) luiidgatiagegn (Min 89 Max)

Tnedpaninlalinudsening 24.14 kHz 89 24.48 kHz daanslunwi 4.9

(Please wait.... Aug 24, 2020, 21:38

AW 4.9 Syeaiafivn 6, 7 (A , Boy) vdbediues 40468

Wiguniuan 8 (V)

v o a v A g v o v B
nnsTadyyrunuiLarksinune IC 199U LagUsuauAIUNIULATEY

Yadiuyulugeneg maluSeuiigy dauandlunisnei 4.1 uagansan 4.2

A1919% 4.1 msiTuisuinAussaunun 1C 1leeu eusuanudunulugiumige

3-4
VR 2 6-7 9 14
Comp in
PC1 out AC1, BC1 VCO in Sign in .
VCO out %eld)

PCB | PCB | PCB | PCB | PcB | PCB | PcB | PCB | PcB | PCB
qui | qulngl | gui | sulvad | qun | osulvad | swe | qulvad | swd | gulng
OkQ |508| 668 |696]| 692 |246| 1.42 | 497 | 6.07 |9.19| 7.05 | VDC
1kQ |511] 667 |695] 691 |240| 1.41 | 501|597 | 798| 7.02 | VDC

2kQ |528| 662 [695| 690 |233| 141 | 511 | 587 | 852 ] 6.92 | VDC

3kQ |531| 6.61 |695| 690 | 231 | 140 |5.13| 580 |8.40 | 6.82 | VDC

4kQ |547| 658 [695| 688 | 230 | 138 | 514 | 57 |795] 6.72 | VDC
5kQ@ |537| 630 (695 6.85 | 230 | 1.26 | 517 | 5.66 |8.24 | 6.62 | VDC
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zsl ol = o alldl d' 174 dl' o Y 1 1
A3 4.2 ASUSUIgU UUANUDNYT IC Al LﬂJ@UiUﬂ’]WﬂJ@’]UVHUSLUEJ’mm’N"']

3-4
VR 6-7 14
Comp in VCO
PC1 out AC1, BC1 Sign in .
out NUWY
Q PCB PCB PCB PCB PCB PCB PCB PCB
suir | gulvd | ogwar | gulved | ogwa | suled | ogwa | suled
0 kQ 2379 |24.67 | 2381 | 24.70 | 23.92 | 24.48 | 23.81 | 24.66 | kHZ
1 kQ 23.75 | 24.66 | 23.78 | 24.66 | 23.90 | 24.45| 23.73 | 24.65 | kHZ
2 kQ 23.71 | 24.66 | 23.78 | 24.63 | 23.89 | 24.38 | 23.77 | 24.63 | kHZ
3 kQ 23.69 | 24.65| 23.74 | 24.60 | 23.85 | 24.25| 23.74 | 24.61 | kHZ
4 kQ 2358 | 24.64 | 23.68 |24.57 | 23.85 | 24.20 | 23.65 | 24.60 | kHZ
5 kQ 2358 | 24.62 | 23.63 | 2455 | 2381 |24.14 | 23.74 | 24.59 | kHZ
Aade 23.68 | 24.65| 23.73 | 24.61 | 2387 | 2431 | 23.73 | 24.62 | kHZ
% AR
. 5.26 1.40 | 5.05 | 152 | 452 | 273 | 505 | 1.50 %
WANAIR

4.3.2 Neda Ul UNBUAY Y IUANALAZLIIAUTIV D (Vps) V0ILWIIDIUDALNR

Inal Auvn C (Vep) 10T UTaLnasing dwniai 2 Tursasvenedygia Weusuaiy

AUNUNNILATD S UE A9

'
= o

Wis UL U 1A D77 D (Vps) VoNII0suaaWmiiauiuen 8 (V) @9vi

N13U5UAMULTIVBIYATIULIA1E (Hand piece) lUNAngafisgsan (Min s Max) lag

Fuaaiinldfinnudsewing 24.66 kHz B9 24.70 kHz fauandluniwdl 4.10

JL M 10.0us

J(cn1 7 240v

24.6903kHz_J

AN 4.10 &y eufun D (Vps) Vadniesuaamaiiauniun 8 (Vo)
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NNIINAFDULUTI UM U Y Y1 UAUALAZ L TIAUTDIUT D (Vps) VWD TUDE

wis IRF3205 (Isl) Auan C (Vep) v0an51u@diaes BUX80 (1AN) warUSuANNE LTIV

wsodluguAeg NalSeuliieu Auanslunisei 4.3

A19197 4.3 Ve ulUTsUTB Uy QI1aANALAZLIIAUTEIUN D (Vos) VOINILIDTUDELNA

IRF3205 (vial) Ui C (V) vosnsudawmed BUXSO (1) iauSumnusumudindiades

Tugumee
VR |« r % AATY L. 4 % A1AIY
AN | A7 - GRITEXT ! GRRHG -
o o AANATA . . . | Aewa1aPCB
PCBjuiA1 | PCB juifn ., | pcBiulvai | PCB julwai e
Q PCB juifi ulwai
5kQ | 33.98VDC | 23.87kHZ 4.52% 39.30 VDC | 24.70 kHZ 1.20%
4kQ | 33.54VDC | 23.85kHZ 4.60% 38.60 VDC | 24.70 kHZ 1.20%
3kQ | 32.57VDC | 23.81kHZ 4.76% 38.20 VDC | 24.69 kHZ 1.24%
2kQ | 3210VDC | 2376 kHZ 4.96% 37.40 VDC | 24.68 kHZ 1.24%
1kQ | 31.75VDC | 23.71 kHZ 5.16% 36.90 VDC | 24.67 kHZ 1.32%
0kQ | 30.48VDC | 23.68kHZ 5.28% 35.50 VDC | 24.66 kHZ 1.36%
ALQAY | 32.40 VDC | 23.78 kHZ 4.88% 37.65VDC | 24.68 kHZ 1.28%

433  yedeulUIpuiguANudveIN TAUaZITIeuYssUaeiIYa (P 10) Wausu

AUAUVNIUNUILATDSUEUAR9)

nsnageuUsEANSAMDIYATIYATAUYY (handpieces scalers) uanssu lagld

LASIIAAIIUDYBINISHUAL LB UKLUUDANSILYUN N9 unnssulaganiy (HPW-2

Handpiece Speedometer) asnsaialddious 1 8 200 kHz Fuansbunindl 4.11

A 4.11 MsnegeumNnvesUaeiya (P 10)
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NMINAFRUSBUIg UAMUDYRIN TEUaTNauYesUa18IYa (P 10) wazUsy

v ‘NI v zﬂl 1 1 < a U ‘2{'
ANEUNIUNNLLATD LU NaUTouisy fauaaslun1snei 4.4

M13197 4.4 MeFeulUSEUguALAYRINITAUARITIEUYRIUAETIYA (P 10) auTuadny

AUUTIRTLATSIUEURAN

VR | @yl | % Aednufiawann | A21ad PCB | % A1Aduiawann

0 PCB Juifin PCB Juifin sulv PCB juluyl

5kQ 23.81 kHZ 4.76% 24.69 kHZ 1.24%

4 kQ 23.78 kHZ 4.88% 24.68 kHZ 1.28%

3 kQ 23.78 kHZ 4.88% 24.66 kHZ 1.36%

2 kQ 23.76 kHZ 4.88% 24.65 kHZ 1.40%

1 k@ 23.70 kHZ 4.96% 24.63 kHZ 1.48%

0 kQ 23.66 kHZ 5.36% 24.63 kHZ 1.48%
Anadey 23.74 kHZ 5.04% 24.65 kHZ 1.37%

NNNINTUTUY TR asyauyuluusanslelindmivyariuanssungeunil lavi

nsnaaeuidlnihvesnuyaiuiaielnin warynisasveedygin e uesIEns

AnauSouasaulugniasvesdyyin nan1snageuitaelnil dauwanslunisnan 4.6

LATAISIN 4.6

M1519% 4.5 neaeuidalniivesnuyaiuiagliiin (Insert Hand piece Sheath) 1ile

USUAMNA U UNATLATO I UETUA99)

VR | daouduniu(Q) | anszuald) | daglidaP) | Ardslwiap)
0 Hand piece Hand piece No load On load
5kQ 16.30 Q 0.12 A 0.234 W 0.234 W
4 kQ 16.30 Q 0.10 A 0.163 W 0.163 W
3 kQ 16.30 Q 0.08 A 0.104 W 0.104 W
2 kQ 16.30 Q 0.07 A 0.079 W 0.079 W
1 kQ 16.30 Q 0.07 A 0.079 W 0.079 W
0 kQ 16.30 Q 0.06 A 0.058 W 0.058 W
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M1519% 4.6 aaeuidlninvesyniaaseeedygyin Weusuanuiumunndiasesdy

U
ALsanu i
VR Anseaa(l) AaglnAdnP) | Aaelnida(p)
(VDO) )
0 = ITVYVHY Y No load On load
2993V
5kQ 39.30 VDC 0.12 A 4716 W 4716 W
a4 kQ 38.60 VDC 0.10 A 3.860 W 3.860 W
3 kQ 38.20 VDC 0.08 A 3.056 W 3.056 W
2 kQ 37.40 VDC 0.07 A 2.618 W 2.618 W
1 kQ 36.90 VDC 0.07 A 2.583 W 2.583 W
0 kQ 35.50 VDC 0.06 A 2.130 W 2.130 W

4.3.4  nsvedeULUSEUTEUAURMMIluYneRTue ey a0
nsneaeulUIsuliisudugungiluyaisesvenedygyia Jenely
1935V EFY Y PCB JuLAN finsudamedsruruassiidefunuunisassuiiovens
Syprausifulaznszsuaiiguiioteuldfuigafiugu duuilfAnauiouaraugedy
un fgamgiiedelaguszana 130 °C Weinsesyniuyuisusioileadunaiu fuans

Tunmd 4.11 uavnnd 4.12

2N 4.12 mi‘vmaauqmwgﬁm’m%amai‘ﬁ’lLmu'ﬂﬁ 2 UR9NRULNIATY TN

PCB suimldnsudanas BUX8O0 [10]
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MW 4.13 N15VAFRUYNNTINLIDS AWMLY 2 VD995V dy I
PCB qulndldiniesueams IRF3205 [11]

140 132
v
120 _.--7 T
120 110 .-~ . -
" yayatuilu
100 il HYANH
80,
~ 80 7
dé ’I
g 60 el
& o as a8
40,/ 40 e —
40 e
L, 3gh,_ e
oo -
20 .- 2
20 - sy
P [
P
0 -~
0 :
8.00 . 8.10 1. 8.20 M. 8.30 u. 8.40 u. 8.50 1. 9.00 .
nawfivuivn 1 Tue
-+- PCB jum  —=-PCB julwsi

a' = = a o ° oA
AN 4.14 ﬂSWWLLﬁmmSVIﬂﬁaULUiﬁJULV]EJUQE]MQ&JN%GUEJ’]EJ EUEUNEUN NIUNDEUBDY

1 439

4.4  duvsNanIsnnastkaznagaulyIuas

druvesnsnaaeuldinaiosyaiiuyuuvudanitledin naassluesufjianis
\nsesileuargunsalmeviunnssuAME uALIMEMAn S INe1douding Lazd1uveINTS
llduasdldhluufofion Tassnisgudiuanssunsesmmu aundanssnfivgissudn
ASUALLATNITNNTAUTIWEA JOINUTUSINNTS teviununndnds dnm3nT dnssende

Judvaasauagldnusss  gaddlianudiuieiuniosaiuyuwuudaniledandnass
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Junaeau kazajun1svinauvenaIesyaiuyuwuudaniledanisvitnueglusediu
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Fuaandntes 1 fesndamens No uag Off mudyaaiaduemsiudanas BUXSO
94 PCB fui WA NANTT 4.2 azilandedidudmnuiionainiade 5.05% anadiiade
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dndudosadraasudnauddygiu 25 Aladsed(kHz) fegluguaiud (Ultrasonic
Aa oA P a A % & v &
Scaler) sumguiieadesanuni 2 weasiarudtulieglunueinisnevaussves
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Improvement of the Ultrasonic Scaler for Mobile Dental Unit
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Abstract

This paper presents the thermal solution of the Ultrasonic
scaler circuit in mobile dental unit. The operation of the scaler circuit
uses a 25 kHz signal generator, which amplifies the voltage and current
signals for feed to the head of scaler. This circuit is based on the use of
a phase-locked loop circuit as a signal-frequency generator to work with
Darlington-based transistors. Choosing the two transistor thermal
solutions with the use of a aluminum heat sink and a water cooling set.
Transistor’s temperature / working-time of the traditional scaler and
improved scaler are compared in to prove the results of the proposed

heat solution.

Keyword: scaler, signal generator, transistor

1. umn
o 5 e o 3 .
dagiumsesnliuTnisinudlomaivanssuyes
TATIN IR UANTTUNTE TN AuETuaunnmani
- v oA =) W g a o ("]
i inndeuitaaamasiuns tuantuTdd s nuondnnn i
} ¥ a @ - ' - PERY.
']11]21.1!11'1~1F‘111Jﬂ1'.ﬂﬂ'llﬂ1\1 ﬂ11!ﬁ1ﬁ13ﬂ&1] 1.ﬂﬂﬁlN"’| HIDLULHUANUN
-

iyiigalunisliuinisnuadilae

)

5

dmiunisinudiae Fadad
o & oa a 4 4 w ot
mauansaiuAsyatuaniswmdoud uazfiuannniina
o oW 9 A A ' o 1 - w
auludealmaieaiedmanlunsinydlie Taayaiuanssu
¥ A% . o

wasuiiilsznaulUdre yaniovh nazyayaiiuifu Fadoduily
W lianlumsfandihemaiuanssy Tasdosaussnuziid uaz
iinnwazadnlumsliau

- ' o w A A o

lngTudesgayafiuy uveayavians sumnioud (1] &
- ' 4 ¥ & = &
dounwiodluGannuieunzauiidm wimaef o193
dnmn i hiszeznanlumildouaazafalddszum 1 610
A 1w & oa
Fadohdadunu

P - vy A ¥

ntlapndand niaduuadalunsudluiesnuiou
AzauvesiIni g mani wesdaluraanmiesvaiiuyu Toy
nuEmaniatus nuddymaiedarzuenudounuuogifian
) = g o ¥ ¥ w4 ‘ ¥
daumsndmaoiiriigesldyaiziennuioudini dnzyaeli

z i Y ; - A
szozna Mt lunrosas s unisayATuu U IAL

(K]
@as el U

o
2. NYHAHUAZIIUIVENINEIVD
o a !f‘l - @t v Y
2.1 nanmahanueanialyaRufuudaniluiia
A a o P ) A @ Y os oo
wnioayniusiiatiszewontudunziioudani Taila
3 ; . a A& A Ao A '
{Ulwasonic Vibration) [2] Hatunauay FZINDUNUANUDZIND
anudvasyudiamiseiuda]d fAagandt 25 khz mSeaya
Auuitlfnueguzilanuilumsduinlawiyaodssnin 25 -
42 kHz uazneundgaluniiduagizniig 0.006 —0.01 fafiwas
& - o e o w vy W . -
wsaapaiuljusinanitdalisneundAyeddieiidesdiuio
1. dnvesdandaandnanud T (Generator)

2. Awdu (Hand picce)

ih o o = o A
10" ECTI-CARD 2018 *ms1lizgnd lfauma TuTatwoasuausuTauulszma 4.07

387



unAnNNINe

a aw ” = s
ﬂ‘lillﬁ;’lﬁ.l']‘b'mﬁ d'lu'Jﬂﬂ%&ﬂ;‘\‘l?ﬂu'll"lﬁﬂﬂqﬂﬁ A7InN 10

10" ECTI-CARD 2018, Phitsanulok Thailand

Taodnaiamdanud Tl dezdmtianlaou
nrzua I deg luthufidh ldihnszuaedy ¥ianmdgann
1 N ' o de W a
(nnd 20000 1§50} isdentinizualiihinnuidandtlxiia
o4 B vy i e b 4w -
uaznssdufiandaantnniuiadaede il fidwyafadduyanss
v a ¥ ow  dd “ '
dnuazfiunsanszuen Midwirandunuiuazvaatadog
moluividtura iy An
& o ' a s & oo w
uuuil 1 Fyarasndmaad e fithuiudaadiu nm
e a s Lo
nldsuiyadeanonaan i
nuud 2 Hyahiiaduudmswadareianisaoea
= o ' 4 a o
wlagwamzdye  nrzuablihazgndweninnnaiasdaninb
w ¥ s oo o A FY A ¢ o ¢
Sani1 Tsiin ldavaarahegnioludvge  dewiansua@eres
o d o s d s a
(Transducer) 1ESuamddani1Tniinnezshliunmsmiadiued
4.8 o a A 1 &
Ramsdauaznanunnubuuiah iiamsduaaiionniue
A4 A A dawa 4 @ a '
wamiunisdavafidfidTuindu Teiinisdu
nszua lilhafiaasudh il szfeguaaranoumitiingzua Tl
sanslsiinozimud

ar

1.2 nasiuiindgyam

¥ g - d = o A '

Amuszuufeaisnidansaiind wialuninaanidig
a 3y A o o a o 4
fon gl udynuand 31 misdadyyiwsiond
A 1) W - P '
weldinmnzldrmdadynyivaind FaFondnr 1ees

’
sanFaaLAed (Oscillator) Masilazaandnnuaiod 1aTanlides
Yo a ' 9o ") s &
Tdyymdunaninmonen navelddgmaEedulunsiuia
o ' '

ganunumaana idswenes Tasdygaansiismuail
anuiuezieuldgaueady v munsoimua ldninanudenis
TLRE:1E

wvsesadaamefizlszneufvanadiundna fedau
79939810 (Amplifiey nazaiuInsevredonndy (Feedback

Network) Saufenlaozinsuiiuanaluguf 1
Amplifier
A 1ZAVANY

Vf

h 4

k

Feedback
Network

31it 1 vAanlaazunsuaisnseardaaned

88

A a 1 @ o ]

g
wefuensadu IddssldivraTceadaiameiazl

I '
oy ruifaudinsugavasTnsahetoundy 2stiiuniiden

o A a4 <
A3IDAN ﬂlmm'l','.lﬂmnmuﬂs:naummﬂaﬂmnmu vanuMm

u e ]

& ¥ a a &
1|1aua ooy 'Iﬁ.l‘l,.l‘ﬂ:ii]ﬂﬂ]tﬂﬂﬂ'}ﬂ’]-}i]i'\lﬂ'l!ﬁluilllﬂllﬂﬁﬂﬂf‘f\ﬂlu nag

Che]

o 51 A4 a Ad 2o A
ﬂﬂ.luﬂju‘lmlnzﬂﬂ“liﬁmvlﬂlﬁﬂtl‘]ﬂi!llﬂﬂﬂﬁgﬂﬂ»}'ﬁlﬂﬂ1‘]H'I.N‘ﬂigﬂuﬁ'l

&

. . T oad
Fan1 a4nzIAa (Steady state) Tanlidau v muauns (1)
Atk=1 (n

A I - ] L. & g

139U [y uaumT (1) 560737 Barkhausen Criterion 03]
4 5 Iy . r
denlvvernesesaZumned Aavaimualdiduldanniu meld

o o & Ad = = P
lansiuiiadyanafdneynaganafiamgli 2

#nmzEuAaRa(nitial .sme)q—l—» AATEAIAI(Stcady statc)

A-k)

'—b Ak =1

7UR 2 ueuwdAgavasdygnud ldvinsesadaamad

o wa [ < o
Tumad fridsnzua iy fyapuGuduTasusadiv

y 5 " 4y 4
MHIZEANIZAW (A - k=1) Wndu wennnzldinseile

-

E I ¥
v Tunsda dnfudadla lwidodldaud 1¥ooada laalal

v o ' ] a A dt w <
A ND1AKHR il\ln'iulﬂ'l"“&"ﬁ[uﬂuJTmEﬂ?"iﬁu‘:ﬂﬂuﬂﬁnr):ﬂﬁﬂ?m‘lﬁYﬁﬂ

€

& Pooow d 21 ' w o A
321]1’] 2 M1y ﬁ@uu‘]zlﬂu'!]]ﬂﬁiﬂ]ﬂﬂﬂuﬂﬂu“:lﬂuﬂ'ﬂaElﬂ

= A & PR } SA o w
anudvagnauansilumaliauds 1ergvilfedrdnu

w. o 4 e s o A A ey
wazaniulazy dissninilugiasaidimuadufiadenaud’ld
1 ) [ - ¢ A My v
AT aTvvzai unanTuFameiniseatueuilnla

' L) o o

ualumsnanasiiumslfaodueniliiiugnisivanlunisneass
o ¥ o2 . - sag o g o0 L&
fatiuTavanaiunwziseseeadnmaoin ltootusudminiu 34

T d A a a A o a e a o
lﬂf_l'nnv[ﬂnﬂi‘jﬁﬁﬁiuﬂﬂﬂ wwoumMa nIun uazniuuial

2.3 SnvnemiRvomnndmaeiviialuivas
niuEmmoiviialuTnard {Bipolar Junction Transistor:
BIT) [4] Shiginfesadnhiadunnmnedmh3aneu (s) wio
WwesuTlon(Ge) Taovse newd1o9u (Layen vaamsfadnini Tay
udawiia —p meatu pazadin N wiasy wiamsnain wiia —
B yrilatu uazyiia N asety Fevzfonit nimFmneiviia

e - 0w W A
TuTwaruuu PNP wie NPN amddusaumaahigali 3

10" ECTI-CARD 201 & “m3ilszgad ldnumaluTatiloneuaussuTomolszma 4.07

388



i
UNANNIY

a aw o - s B4
mydszgudnns amdssuasimunTlssyna Asen 10

10" ECTI-CARD 2018, Phitsanulok Thaitand

o Collector o coector
c c [4 c
base E % b Ii base E % b q
] € e L
O emitter O emifter

71 3 Tassafrave msuganesaiialuTnari

e - = & ‘o
ﬂ"ﬁﬂ']\ﬂuﬂ]ﬂiﬂ'ﬁumﬁmEl;'lfuﬂhlllTWﬁ'];'UuBgﬂ“Uﬂ1i
Y ' = o ' ' 0.9 ¥at o
luneasosse P-N Fullusesnasznaa B uaz E M lnddnume
-

wilautuns luuealaleafiszdnszua lnanedie 1450 luneaass

naz lifinszualvadedie ldy lueandu

3. MiIaganluy
34 glnmumsihauveunseayaiuiu

a 4 = @ ~ A
sluvumsiinuveaniosyaiuuuudaniTyilna

aunsoatalddoismsdauaaailuzli 4

- l'lvfﬁuﬁ!aﬁméu

}

solenoid valve

MR Il | | FOOL Switch | s

e

. awnrnian il 25 kHz iis
munuuisiwmﬁ"qn — JERL valve Y
v dudyyreniadaing 1
fnmh
qetya Yy

: o4 o . -
31 4 vionTaezunsumahanunIosyafivyunnudanth ludia

3.2 390 TUENET R

melussunedyynznsmdaaei fiuigeadide
w a o A& o o o
funnuaidsduiissswdygrausdunaznszuad miuiou

G e a4 cawas . 4
Tituiayatufugahldiian nufeuiiudwaaslugili s

89

P

i o . da £ o a o
5U# 5 AunidsaindeuiifetuiumsuFaasiiames

vazitilaldenTosvadiugduduma so wri wui

4 A a

s wAmaeI A 1 gavgilssinmu 60°c Aniutiguanay

dynaiauldannlng drudmiudmanidwmviad 218an210
2 - - E

fouazaugaiuunlasiiguvgidszum 130°C sangwliineaaly

- 9 3 4 = o S Y °
g1 6 hlinTeayaiiu)uiuiiudamgamsiau

=

5 i 1S o™
I ’

insasyaiiulu o
g

B T (TR Wi e Sins i i i

31/ 6 grnpiing wdmanfiunniad 2 vearesvnodyanu

4. glnuumslSmlzaaznamsnadey

4.1 pnvumslSudzadunisznenuion

P

dolFall 1 F1lua nsuFmas fdwmiai 1 gumg

"

=

o w

' ad 4 = A ¥ 9w
Ilu'qﬁu]ﬂk!ﬁ:ﬂwu'ﬂﬂ'mﬂ WADNISVWANUIDUAIYAITSUTONIY

-

v a @ - ' - <o "o
iﬂ‘l«ll.lll'l]E)Ql]luflllﬂili.ﬁﬂﬂllgﬂﬂ 7 AAIUNTULAADTAWHUIN2 Y

= ad 4 a o= s P
YUHHUTINUASHWUNIADNUADNIEUWANNTOUAWYEATSLNY

2 u
R T 1

amFaudinhamaalugli

rﬁé’iﬂ%’uﬂ;a

fowliuilya

a [ Y ¥ aa
?‘ijﬂ 7 321UANUITOUAIATTEUIUANNIDUILLUDYUILUN

‘ 4
10" ECTI-CARD 2018 *m3tlszgna IFanumaTuTadenouausau Tmnmlszmea 4.0

389



aw
UNANNIDY

3.5
msilszuinms sndiouazianniFalsegng a5 10

10" ECTI-CARD 2018, Phitsanulok Thailand

yasvnenmioudisin
nevliuilga
L

few

ECMIETIEN]

& y v v v 3
jd'ﬂ 8 FTUVWANUIDUAWYATEUIUANIOUAITUN

4.2 amsnaaoy

' 4 - sado yyd o o

MANudveIITesaFaamesiialdianounasznas
dsmlgamsszuennuiouvamsuFames lursesveedanan
lifirasaondu lduaas 13 luasedi 1 pladudyaadredanas
o P a A4 o v
dynueayavensyayaiuludelivlgsdmsszneaim
Foundadanudnlduanalluglii o quugivennuimaed
o rA A A e v L v e 9y
Auviiai 2 wermeununa ldnunineuaznas g lduaas
Reaansmllugilil 10 dauszeznariimiesyaiivjuanngniha

ook B o 5 a
18dorfioaianenuazndinsiiinlgalduaas lidansmllugai 1

a < a P T A ¥
MINN 1 mmoaE)twammeiﬂauuawmﬂmﬂ;mmmmsau

AN MY mm?llﬁauﬂ‘i'udga aaimdnlsinlya
5KQ 24.05 kHZ 24.08 kHZ
4k Q 24.01 kKHZ 24.04 KHZ
3kQ 23.97 kHZ 24.02 kHZ

W e

/] u'wm

e

=Trace1= p-p  21.60v Ao 1445V fvg
Freq 22081kHz | ODudy 46.7%

“Traceze P—p 18,00V Amp 10.64v
Freq 24.06kMe | Dudy 0.0%

av

Type : CDGE CHI 4
y ¢ Dams
Vold OFf © MINIMUM

31t 9 Fyanaiieennnisesyainyariujundnlfulse

o 131
A5
120 I ek
) -~
nseayaiulu e
100 . 96"
HYANIY F o
il
S B P |
¥ - L T-{" &
L% 68«
53¢
W
e
0 2w
0
il 1o sowit wui 0w o il

~e=dguiup -~ wenifings

3Uf 10 gumgiiveansmFaassaumiai 2 neuuazdalflge

90

4 0 4 - 1
E—

| wgmhan

= =mepdiudy —nanfiudp

: B D ; G
31l 11 szeznaiinioayaiiuhnin Idneuasndinsfly

4 - o ¥ oa G
nsoayaiufunyudani ladiadmivyaiuanisy

& a4 (o ¥ F) 4 9 a T
waoui NlFulsedrenisuidymisesnnuisuvemisdaod

q ]

e

ansdridouuumsasdulursvnedyanuamiaueluumaiu
4 oava o A a 7o v a )
ihiianad foninFawmeidumiai 2 aunsoaagungiagla
f950°C wazazinldinasesyaituiuneuifuleesidau
aoniosIdiiios 4 92 wede Ty uadindFuladrasaldau
A 3 @il { o ¢
detiioa1dlszuim 8 ¥ Tuerodu Tasiidynimerdyauas
. i Y o - o A =
mamudinehiiyaiuludwaniewan
a a

6. manssulszma

ypvauam ANzIMNTINMEAT WnIneduma Tulad
swusnanszuns Alimsaduayunisive uay auziua

Y

P = vooal 44 K oy g awa a
HWNIMAAT WHNNGaLNYAa maamlemuﬂmﬂgummn [d]

t L
19N@1591994
[l 9195uATI5uaTA. 175uTal ga37aiunnd uaz 1375
o 4 I 4 5 = a 4
nndn, “n3esfiuansswadoud.” USygyriinuiausng
manigamiassy winmodumaluladsvusaanszuns,
2549.
2] dud nesfes uag s3suiml qassuunndy, “gilemsqua
. A g ’
geinm g nluidiesduy,” ausiuauunomeaas
wirmendouiiag, i 33, 2548,
o an o @ Ié a wn a d a Jda
(3] wuas AlFvgmiwin, fifansddnnsetind3anssy 2.7
mainazmanshiih annfumaTuladwszaeundmizuns
wiile, 2555.
an 1o @ a wa ad a a
4] wue’ AUSxgmimi, Ufiidnsddnnseiindisansiu 1.0
a o\ @ - ¥
madnnagmans i andumaTuTadwszaemndmszuns

mile, 2554.

10" ECTI-CARD 2018 *m3tszgnd 1¥auma TuladiensuausauTouoiszma 4.0

390



AMARNUIN V.

2993NARNITBNATEYATIUY NI UUdan S lwdlad T ugaiuAnSUIARIUTN



SFour

R15
470k

PC2o0ur

SIGNIN|

| cn
0.1uF
R14
100k C12
0.01uF

PClour|

Vop

10 6
1 m ; Cla 4‘
o
n g JIIHA
V VCOour R17
8 10k
C12
0.001uF

Q2

2N4403

2NN V-1 WITAARARAINUD

25 AlawgsedkHz) Wneldlediuas 40468

co _| c1o
B
0.01uF
R16
10k
B Q3
1N2222A
E
R18
10k

R19

37k
12W

c6



S1
Switch

FUSES ON/OFF

220 v
50Hz

LED1 R10

Hand piece Sheath

Feed Back
Magnetostrictive Stack
|
“'"'H—b(IG% Insert Tip

.
A—_= l ©2
1000uE/S0V| 1000uF/50V,

3
0.1uF/250V |

S2
) . Solenoid
Foot Switch %A Relay
aIUYN
[of:]
0.47uF
© I ]I Drive Hand piece 2
| L 1 23
c7 I
0.1uF )
‘ p
D1 RO 1005w C6 G8aF D2 MRs$S6
INS3SER
R7 100k
Q1 B W\l

Drive Hand piece 1

<D
w1/
C
R3

R1
100/50W

RS

EEN
) #
© ®

PR

RG6 470k

o

©

I

1
1

R2
Sk
[}
100uF

RT1

5k
RT2
5k

Qs
IRF3205

RS
0.2k [ 5W

AW 92 2993MAT YRR DIYRTuYLUUUSAn3TeTia (ULTASONIC SCALER)

€6



AMARUIIN A,

AUMUIN3190UNTAlLAZANENDILAS



®

D1

MR856

AN A-2 N1539UNTIUUUDTAITUTIFUAIUA

@[ 1®R15
470K

R 160 Q5

&

i a>

RI7®[19®
1K

R13
300m

NuANNE 25 Alassme(kHz)

95



AMARUIN 4.
MwvasInednusiaseduysaluazmuuansaunsufiRnulaseinisgud
TIUANTIUNTZINVNIUENAINTENTBFIFIUAT NIuaUAINTTIMNTAUTIVEAN

HE13UTNIIVNUT



MW -2 wanaesesyniiuyunuudanilelafanslugnriunnssungoud

971



AW -3 uanAsesraiuusuudanilalinfnaslugniuanssunfoui

98



Muuansiiunsasdjuaau
Tasimsgudiuanssunszemuaufonseniivgsnud nsuaudawssmninuN a1
AUIMUTHIIYNNTS
A3l e/l

ST o - ord UNTIAN odba A JINUTLAIVATTUS

& <
TUNSY ad UNTIALU WA bddba

a <l
PRI
ob.00 U. WunNTInAtsTusLsvemians uiveiduuing esouusmiievusnssuNTE1IIuT
®0.00 . Wunieflsasoushnanssrunsusuiiurae iy s1nawiiy dmiaussoiuAseus

v
&

wedmniuuaniud Aantgunssiuaswisuaundonlunisinymaiusnssy
ar - &
MAUATIUAUNNE

on.oo U. GUMIIINALE Y UALNYOAERS U INEIdBuRaa lusnouRi e URNITLRSZIIEVAU
.00 U, WuynelalsaSsumsensnirsiaudiusaeates Swnewiiy Samtausseuadtus
w o « = w el
®n.00 U. YFRnudnymsiuanssy @ lsudawihseassausiownuiuraswos dunawaiiu
JamipUsroruAsdus
®D.00 . wivdumsufuRnuuinmsiunniss
@5.00 . wivn w lsninogau

o - P o
FUNORAVAT ob UNTIAN W.AL&oa (GUIEATT)

pmaiinsdmingi
- - e Y - -y 3 1Y -
o0.n0 U, W]UV"N‘J"IY‘WTWﬂkw@qﬂw‘"uuﬂﬂ"uﬁ \-kf\:ﬂW]'}UNﬁ?'\!L‘WEauiuﬂ'lﬁ'inﬁ'\‘ﬂ'uﬂumn”u

«

1w IaduussaassnuowauiiuAaloy slneaiu SvinUsEaIvAsTus
DEANATIUANNE
o.00 U, Wunnaniwnlulsadsusiisssrnurisuautiurastios 81nevaiu Swmia
UsERIuAsIus

AT -4 UanIMvUANTSIAUN WU TRIUIATIN SANETIUANT TUNTE TN TUANAINTY

NflLgIBIue1 NIUALAINTHVINTAUTIVGAT AENUUTUTITNUNT

99



100

a«]a, R ¢ LY 13 v o
HRBNATIMAKNE WS AR AU

OM.00 U,
lumsiafansyseduiamuarudnihselasinsmuiuanse 1ea3e w sasou
Massounseutuasesian dunesiv SiwinuserivAtius

edooy  uhiin o lsvinge

FuANTi oa SUNAN 1A, bEo

padinad i

0e1.00 U, Gunsonfiinfedawisuaniui wasnivnnundaylunsinymaiunnssy

Javin

Ussnufidus

nmadasiuaumduazarmaiandmid

0G.00 L. %f"b'i‘l\i"’u‘z'ﬂ"'“f FUANTSY B3 INL*&"W;’I‘N‘ AN (ELML%!mﬂa\}q gg 9 HNOUINY
SayiavszauAadus

616610 4. aarunsyURouEmaiusns

om0 Y. Funendunnestumunnemans vy dtuiiag

KERARUEAAELERARBXAERLEK AR BAAN KRR RN KRR KR KSR

AT 95 LaRIrUANIIRUas U URUIATINISALETUANTTUN T TIWVNUANAIN Y

nflwg1s91ud1 NIUALAINITVINFAUTIVGAT AEUUTUTIBANT



101

&, PO

Unit Mohiel Univarstty Fec

A7 -6 LansUfURUlATINISAUETUANTTUNTE TN UAILAINTEN Tug 53T

ﬂﬁNﬁMLﬁﬁ]WizLV]W%}WU'ﬁ‘UEjWﬁ ?iEJ"liJU'ilJ'i’]ﬂUQiJ’]%‘

AN &7 uwansufuRnulasinsaudriuanssunsgswmuaianseniug s

NTUALAINTZNNTAUT IV FBINUTNTIYAUNT



A7l -8 uansUfuRnulasinIsAugiuanssunsE N UEILA aNTEN TugIB TN

NTUALAINTZNNSAUT VAT FLINUINTIYNUNT

AW 9 uansUfuRnulasansaudTuanssunsEswmuaianseniug s

NFUALLATNTLVNTAUTIVEANY JUINUINITIVNNT



103

Tutiufinnanimanasld inTesyaiuyuuuudanileiia dwiuyaviuanssuanoui
Weniinug Iaansauaansuntngin sedviainssulwin

ANSIAINTTUANENS UM INBIRBNALULAETIVUIAANTZUAT

a10v | FuiheuA Wan15 g AW | Buel
Pans RS | i e Sy WMo LS I AT
1 |19-1-¢ iadnusdun ko snn. dnundng - 0500, Attt "
L m»mmmm;nﬁfanm ovufwﬁuuﬂ — Ll
ot 0ad. m:}mmdeuﬂw AN..82.9.9. ”.on.....‘
2 e mmu&[’ont .o, mwﬂ ‘ﬁc/vwam
16 4-6% U iy doan ] diaedsunas ot A I IATRATH....
.savm(;iupuw A ies vjlw,mmumbﬂy
3 (3408 AU AAIU0.H10)... £20.0:.60060T 0050 & o
19-1-89 | enald ey, R I
4 ...........
5
6
)
d3Una

Tmuéw wm\ﬂ;mmnﬂwm Wl ‘m u&’aunz 0.4 ?ard)@n d%ﬁb‘nmmnuu
Nmm mM\MUMm}mM L.kvﬁ %81 . YV\/M 0L

V| e J 4
asde...90mim QM{M;aﬁ@
VRN dnsuseady

WM 090 FEA - A180

P o = vy A a v v a
AINN §-10 LLﬂﬂﬂUUUVIﬂNﬁﬂ’ﬁWﬂﬁ@ﬂ% Lﬂi@ﬂyﬂﬁu‘uﬂuu‘UU@ami'ﬂ?ji‘lﬂ

dmTuyaTiunNISULATRUN



AMARNUIN 9.

= ¢ a a 4
5’1863LE]EJG]‘UENQUﬂSﬂWﬂ‘mWWIEﬂuWUﬁ



105

#include<LiquidCrystal_12C.h> //tudheads LCD

#include <LcdBarGraphRobojax.h> //tidhyaddsuannauisng

LiquidCrystal_12C lcd(0x27,16,2); //\5enld lcd AMvualisiunus Register 0x27 16 Aoaul
2 a7

LcdBarGraphRobojax (bg(&lcd, 16, 0, 1); //fAvuadindsisenlgamuuisnsiu

void setup() {
Serial.begin(9600); /78 Bousariu USART
lcd.begin(); //5udeusoqe \cd
cd.clear(); //énamtinae lcd

lcd.print("Volume: "); //k@m4@131 Volume Way :

void loop() {
int val = analogRead(A0); //8uArauaenain POT iwnulilusuds val
lbg.drawValue(val, 705); //Amuanisuanwauningv liguen val asan 705 ->
Agsgaiieule
int display val = map(val,0,705,1,10); //map @1 POT AU 1 4 10
cd.setCursor(8,0); //fviupeeisasaeil fumis $nws 9 wanadi 1
lcd.print(" "): WEASNAATIN
lcd.setCursor(8,0); //fvuniaaieesaedl dumis $nus 9 uaaf 1
lcd.print(display val); //uanq display val (1 813 10)
delay(500); //%#12491981 500 ms
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INTEGRATED CIRCUITS

DATA SHEET

For a complete data sheet, please also download:

e The IC04 LOCMOS HE4000E Logic
Family Specifications HEF, HEC

» The IC04 LOCMOS HE4000E Logic
Package Outlines/Information HEF, HEC

HEF4046B
MSI
Phase-locked loop

Product specification January 1995
File under Integrated Circuits, 1C04
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Philips Semiconductors Product specification
]
HEF4046B

Phase-locked loop MsI

DESCRIPTION

The HEF4046B is a phase-locked loop circuit that consists
of a linear voltage controlled ascillatar (VCOY) and two
different phase comparators with a common signal input
amplifier and a common comparator input. A TV regulator
(zener) diode is provided for supply voltage regulation if
necessary. For functional description see further on in this

data.
PHASE
COMPARATOR 1
SIGN; _Lb_j£> 3| PClguT
comp S
. IN| 3 13 ","—
L — PHASE —I PClout
N COMPARATOR 2 —I . [:| R3
PCPoUT
T"-n.___ UC'DC‘UT 4 g 1\"C-0|M LOW-PASS
= FILTER
E]n .E I e
c2
¢l == RCE 10|5Four T
T cigls s0u
vCOo FOLLOWER Vgg
A1 Rl RsF
W
55
5 l
INH —
Vss 51151 oenen
{pin B}
TEZ13681.3
Fig.1 Functional diagram.
FAMILY DATA
HEF4[MEBP(NY.  16dead DIL; plastic See Family Specifications
(SOT38-1)
HEF4046BD{F): 16-lead DIL; ceramic (cerdip) Ino LIMITS category MSI
(SOT74) See further on in this data.
HEF4046BT(D): 16-ead S0; plastic
(SOT109-1)

( ¥ Package Designator Morth America

January 1995 2
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HEF4046B
Phase-locked loop MSI
PINNING
1. Phase comparator pulse output
PCPouUT II U E Voo 2. Phase comparator 1 output
PClouT E 15| ZENER 3 Compauy ek
4. VCO output
compy [3 ] [1a] S1GN 5. Inhibit input
6. Capacitor C1 connection A
VCOoqyT [ 4 13| PC20y7 -
E T : 7. Capacitor C1 connection B
i E 12] R2 8. Vss
9. VCO input
cia [ 1] Ry 10. Source-follower output
11. Resistor R1 connection
Clg E E SFout 12. Resistor R2 connection
Ves E E VCO, N 13. Phase comparator 2 output
14. Signal input

7273690

Fig.2 Pinning diagram.

FUNCTIONAL DESCRIPTION
VCO part

The VCO requires one external capacitor (C1) and one or
two external resistors (R1or R1 and R2). Resistor R1 and
capacitor C1 determine the frequency range of the VOO,
Resistor A2 enables the VCO to have a freq off-s8t
if required. The high input impedance of the VCO simplifies
the design of low-pass filters; it permits the designer a wide
choice of resistor/capacitor ranges. In order not to load the
low-pass filter, a source-follower output of the VICO input
voltage is provided at pin 10. If this pin (SFay7) 15 used, a
load resistor (Rs¢) should be connected from this pin to
Wae; if unused, this pin should be left open. The VCO
output (pin 4) can either be connected directly to the
comparator input (pin 3) or via a frequency diidar. A LOW
level at the inhibit input (pin 5) enables the VCO and the
source follower, while a HIGH level tums off both to

Phase comparators

The phase-comparator signal mput (pin 14) can be
direct-coupled, provided the signal swing is between the
standard HE4000B family input logic levels. The signal
must be capacitively coupled to the self-biasing amplifier
at the signal input in case of smaller swings. Phasa
comparator 1is an EXCLUSIVE-OR network. The signal
and comparator input frequencies must have a 50% duty

January 1995

15. Zener diode input for regulated supply.

factor to obtan the maxmum lock range. The average
output voltage of the phase comparator is equal o %5 Vop
whieen there is no signal or noise at the signal input. The
average voltage to the VCO input is supplied by the
low-pass filler connected to the output of

comparator 1. Thiz also causes the VCO to oscillate at the
centre frequency (f;). The frequency capture range (2 1.)is
defined as the frequency range of input signals on which
the PLL will lock if it was initially out of lock. The frequency
lock range (2 f ) is defined as the frequency range of input
signals on which the leop will stay locked if it was initially
in lock. The capture range is smaller or egual to the lock
range.

With phase comparator 1, the range of frequencies over
which the PLL can acquire lock (capture range) depends
on the bow-pass filter charactenstics and this range can be
made as large as the lock range, Phase comparator 1
enables the PLL system fo remain in lock in spite of high
amounts of noise n the input signal. A typical behaviour of
this type of phase comparator is that it may lock onto input
frequencies that are close to harmonics of the VCO centre
frequency. Ancther typical behaviour is, that the phase
angle between the signal and comparator input varies
between 07 and 180 and is 907 at the centre frequency.
Figure 3 shows the typical phase-to-output response
charactesistic
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Phase-locked loop HEFdﬂiﬂESEI

o® gp® 18O
TIRAAER

(1) Average culpu voltags.

Fig.3 Signal-to-comparator inputs phase
difference for comparator 1,

Figure 4 shows the typical waveforms for a PLL employing

phase comparator 1 in locked condition of f,.

COMP |y

SIGNy I

VCOgyT

FClguT _I

— Voo

VeO W

— Vg5

TZT4ET4N

Fig.d4 Typical waveforms for phase-ocked loop employing phase comparator 1 in locked condition of f,

January 1995
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Phase-locked loop NS

Phase comparator 2 15 an edge-controlled digital memory
network. It consists of four flip-flops, control gating and a
3-state oufput circust compnsing p and n-type drivers
having a common output node. When the p-type or n-type
drivers are ON, they pull the output up to Voo or down to
Vss respectively. This type of phase comparator only acts
on the positive-going edges of the signals at SIGNy and
COMP,y,. Therefore, the duty factors of these signals are
nat of importance,

If the signal input frequency is higher than the comparator
input frequency, the p-type output driver is maintained ON
mast of the time, and both the n and p-type drivers are
OFF (3-state) the remainder of the time. If the signal input
frequency is lower than the comparator input frequency,
the n-type output driver is maintained OMN most of the time,
and both the n and p-type dnvers are OFF the remainder
of the time. If the signal input and comparator input
frequencies are equal, but the signal input lags the
comparatar input in phase, the n-type output driver is
maintained OM for a time cormesponding to the phase
difference. If the comparator input lags the signal input m
phase, the p-type output driver is maintainad O for a time
corresponding to the phase difference. Subsequently, the
voltage at the capacitor of the low-pass filter connected to
this phase comparator is adjusted until the signal and

comparator inputs are equal in both phase and frequency.
At this stable point, both p and n-type drivers reman OFF
and thus the phase comparator output becomes an open
circuit and keeps the voltage at the capacitor of the
low-pass filter constant

Moreover, the signal at the phase comparator pulse output
(PCPayr)is a HIGH level which can be used for indicating
a locked condition. Thus, for phase comparator 2 no phase
difference exists between the signal and comparator
inputs over the full WCO frequency range. Moreover, the
power dissipation dus fo the low-pass filter is reduced
when this type of phase comparator is used because both
p and n-type cutput drivers are OFF for most of the signal
input cycle. It should be noted that the PLL lock range for
this type of phase comparator is equal 1o the capture
range, independent of the low-pass filter. With no signal
present at the signal input, the VCO is adjusted to its
lowest frequency for phase comparator 2 . Figure 5 shows
typical wavelorms for a PLL employing this type of phase
comparator in locked condition.

«—«= high impedance OF F - stare

VG OIN -

2 iy

-

PCPauT | I

Fig.5 Typical waveforms for phase-locked loop employing phase comparator 2 in locked condition.

l_l TIZTABIS.N

January 1995
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HEF4046B
MSI

Phase-locked loop

Figure & shows the state diagram for phase comparator 2. The state diagram assumes, that only one transition on
Each circle represents a state of the comparator. The either the signal input or comparator input occurs at amy
rumber at the top, inside each cirdle, represents the state  instant. States 3, 5, 9 and 11 represent the condition st the
of the comparator, while the logic state of the signal and output when the p-type driver is OM, while states 2, 4, 10
comparator inputs are represented by a 'l for a logic LOW  and 12 determine the condition when the n-type driver is
or a1 for alogic HIGH, and they are showninthe leftand  OM. States 1, 6, 7 and 8 represent the condition when the
right bottom of each circle. output is n its high impedance OFF state; i.e. both p and
The transitions from one to another result from either n-type dnf-.-'fais are OFF, and the PCPy;- output |s_HI'GH.r
logic change at the signal input (S) or the comparator input The condition at output PCPoyr for all other states is LOW.
(C). A pasitive-gaing and a negalive-going transition are

shown by an amow pointing up or down respectively.

5| /
OWNE

\ :
o___o

SV \

cy c} /
st s
EE D
-1

n—type driver ON p— type driver ON

m______......_

el
lo
| L=

state number of

the comparator
i and p - type
drivers are OFF Q 1

logie state of

! COMParator | t (pin 3)
logic state of " il

signal input (pin 14) 1284459

% T Odo 1 ransiton at the signal mput
G421 % 0 wranshion at he COmMparaler nput

Fig.6 State diagram for comparator 2.

January 1995 6
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DC CHARACTERISTICS
Ve =0V
T:th rci
“5“ SYMBOL —4D +25 +85
Supply current 5 - - 2 - - - A
(note 1) 10 Is - - o0 - - - wA
15 - - 70 - = - nA
CQuiascant device 5 - 20 - 20 - 150 A
current (note 2) 10 Ion - 40 - 40 - 300 A
15 - BD - B0 - 600 A
Motes
1. Pin 15 open; pin 5 at Vop; pns 3 and 9 at Vee; pin 14 open.
2. Pin 15 open; pin 5 at Vpp, pins 3 and 9 at Vag; pin 14 at Vg, input current pin 14 not included.
AC CHARACTERISTICS
Vge =0V, Tyme =26 °C; C = 50 pF; input transition times =< 20 ns
“ﬂ” SYMBOL |[MIN.  TYP.  MAX
Phase comparators
Operating supply voltage Vo 3 15 W
Input resistance 5 TH0 Liv} .
at SIGNy, 10 | Ry 220 k2 mﬁ:‘ Dot
15 140 ka2
AC. coupled input 5 - 150 Yy peak-to-peak values;
sensitivity 10 | Vin 150 mv 1 =10k, R2 = oo
at SIGNy, 15 200 mv 3‘&1&";::%““
D.C. coupled input sensitivity
at SIGMy; COMPy 5 15 v
LOW bevel 10 (Vi 3.0 v
L 4041 v full temperature rangs
5 as W
HIGH level 10 [ Vig 7.0 v
15 1.0 W
Input current B ¥ [T
at SIGMy 100+ Iy 30 pA SIGNy at Voo
15 70 pA
5 3 pA
10 | =l 18 A SIGNy at Vas
15 45 A

January 1995
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Phase-locked loop HEF40468B
MSI
”ﬁ“ SYMBOL [ MIN.  TYP.  MAX
VCo
Operating supply Yoo 3 15 v as fixed oscillator onby
voltage 5 15V phase-locked loop operation
Power dissipation 5 150 uw f,= 10kHz; R1 =1 M
10(P 2500 W R2 = o VOO at 5 Viop:
15 49000 W see also Figs 10 and 11
Maximum operating 5 0.5 1.0 MHz VICO,, at Voo
frequency 10| fraax 1.0 20 MHz R1=10kQ R2 =
15 1,3 27 MHz | C1=50pF
Temperature/ 5 0.22—0.30 WG | o Becuancy olisl
frequency 10 0,04—0.05 %G | (fuin = 0
stability 15 0,01—0,05 %-C | seealsonate
5 0—0.22 %~C with frequency offset
10 0—0.04 % C {fonin > 0F;
15 0—0,01 %ec | %eealsonote 1
Linearity 5 0,50 % R1 =10 ki2 see Fig.13
10 0,25 % R1 =400 k2 |and Figs 14
15 0,25 % R1=1M01 15 and 16
Dty factor at 5 50 %
VCOgyt 100 & 50 %
15 50 %
Input resistance at 5 108 M2
WCOy 10| Ry 10¢ MLL
15 108 M2
Source follower
Offset voltage 5 17 v
VCOw minus 10 20 v f}ggﬂ‘:t E:;W
SFour 15 21 v
5 5 v A= 0k
F= ¥
*}g I; 3 VCO at ' Vo
i i [ 03 %
e 10 10 % g 5[: ;‘“?
15 13 % e
Zener diode
Zener voltage Wz 73 ) Iz = 50 uA
Dynamic resistance Rz 25 Q Iz = 1mA
Notes
1. Cwer the recommended component range.
January 1995 8
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DESIGN INFORMATION
CHARACTERISTIC USING PHASE COMPARATOR 1 USING PHASE COMPARATOR 2
Mo signal on SIGN,, VCO in PLL system adjusts VCOin PLL system adjusts to min.
to cantre frequency (1) frequency (feim)
Phase angle between 90° at centre frequency (f,), always 0 in lock
SIGNy, and COMP,,, approaching 0~ and 180~ at (positive-going edges)
ends of lock range (2 f)
Locks on harmonics of yes no
centre frequency
Signal imput noise high low
rejection
Lock frequency the frequency range of the input signal on which the loop will stay locked if it was
range (2 ) initizlly in lock; 2 f; = full VCO frequency range = f . — foin
Capture frequency the frequency range of the input signal on which the loop will lock if it was initially
range (2 fz) out of lock
depends on low-pass fz=f
filter charactenstics; fe < f,
Cenfre frequency (f.) the frequency of the VCO when VCOy at 1:Vgp
VCO component selection

Recommendad range for R1 and R2: 10 ko to 1 My, for C1: 50 pF 1o any practical value.
1. VICO wathout frequency offset (R2 = =),

a) Given fy: use f, with Fig.7 to determine R1 and C1.

b) Given faa calculate £ from f; = 15 g, use § with Fig. 7 to determine R1 and C1

2. VCO wath frequency offset.

a) Givenf, andf, : calculate f., from the equation f, = f; - f; use {4, with Fig.& to determine R2 and C1; calculate

1rl'l"-i L]

min

f fisf f
fram the equation =% = =L - yee ™ with Fig. 9 o determine the ratio R2ZR1 to obtain R1.
- il T e e v et

b) Given fue and fog,: use fue with Fig 8 to determine R2 and C1; calculate

fm:.: R f|'n|.|t

L * f,

min min

with Fig.9 to determing R2R1 to abtain R1.
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1284462
F— % 3 =2
i t
Il
107 s
= 1 E
(Hz) Il
o
e R1= N
107 E10kQ 4 H
>, 0
-
00 b
100 NTRE
Xy )
108 { '
t N
X
1M < NN
it _ NN
“\ ) | S it E
AN N i |
\ 4
N N N
107 . & 3
il X
1 " AN 1
N {1 Voo
102 N 15V
N WS 10V
ﬁ Y \{ 5V
o NN NN sv
= N 10V,
1l sv
X
5V
\‘< 10V
' s ; . : —
10 10 10 10 10° ¢4 (pF) 10
Fig.7 Typical centre frequency as a function of capacitor C1; Toms = 25 °C; VCOyy at '4 Vipp; INH at Vs Ry = e
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Internationa
IR Rectifier IRF3205
HEXFET® Power MOSFET
¢ Advanced Process Technology D
¢ Ultra Low On-Resistance Vpss = 55V
¢ Dynamic dv/dt Rating
o 175°C Operating Temperature Rpson) = 8.0mQ
o Fast Switching
e Fully Avalanche Rated Ip = 110A®
S
Description

Advanced HEXFET® Power MOSFETSs from International
Rectifier utilize advanced processingtechniques toachieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET power MOSFETSs
arewell known for, provides the designer with an extremely
efficient and reliable device for use in a wide variety of
applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation

116

levels to approximately 50 watts. The low thermal TO-220AB
resistance and low package cost of the TO-220 contribute
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc=25°C Continuous Drain Current, Vgs @ 10V 1100
Ip @ Te=100°C| Continuous Drain Current, Vgs @ 10V 80 A
lom Pulsed Drain Current @ 390
Pp @T¢ =25°C Power Dissipation 200 w
Linear Derating Factor 1.3 wreC
Ves Gate-to-Source Voltage +20 Vv
lag Avalanche Current® 62 A
Ear Repetitive Avalanche Energy® 20 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
T, Operating Junction and -55 to + 175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units
Rac Junction-to-Case o 0.75
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_ ‘Cw
Raua Junction-to-Ambient —_— 62
www.irf.com 1

01/25/01
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IRF3205 International
TSR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
ViBr)DSS Drain-to-Source Breakdown Voltage 5 | — | — V | Vgs =0V, Ip = 250pA
AVigripss/AT, | Breakdown Voltage Temp. Coefficient | — |0.057 | — | V/°C | Reference to 25°C, Ip = 1mA
Rpsion) Static Drain-to-Source On-Resistance | — | — [ 8.0 | mQ | Vgs=10V,Ip=62A @
Vas(h) Gate Threshold Voltage 20 | — | 4.0 V | Vbs=Vgs, Ip = 250pA
Os Forward Transconductance 4 | — |— | S | Vps=25V,Ip=62A0
Ipss Drain-to-Source Leakage Current — =12 pA Vs = 55V, Vgs = OV
| — | 250 Vps = 44V, Vgs = 0V, Ty = 150°C
| Gate-to-Source Forward Leakage —_— | = | 100 A Vgs = 20V
6ss Gate-to-Source Reverse Leakage — [ — [-100 Ves = -20V
Qq Total Gate Charge — | — | 146 Ip = 62A
Qqs Gate-to-Source Charge — | — | 3 | nC | Vpg=44V
Qga Gate-to-Drain ("Miller") Charge — | — | 54 Vgs = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time —_ 14 | — Vpp = 28V
t Rise Time — [ 101 | — ns Ip=62A
taiot) Turn-Off Delay Time —_| 50 |— Rg = 4.5Q
t Fall Time — | 65 |— Vgs = 10V, See Fig. 10 @
Between lead b
i —_—| 45 |=— !
Lp Internal Drain Inductance = 6mm (0.25in.)
from package e
Ls Internal Source Inductance —_ 75— and center of die contact H
Ciss Input Capacitance — | 3247 | — Vgs =0V
Coss Output Capacitance — | 781 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 211 |— | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy® — 110500{264@| mJ | lag=62A, L = 138uH
Source-Drain Ratings and Characteristics
Parameter Min. Typ.| Max. | Units Conditions
s Continuous Source Current 110 MOSFET symbol 0
{Body Diode) ey L A | showing the
Ism Pulsed Source Current 390 integral reverse °
(Body Diode)® p-n junction diode. s
Vsp Diode Forward Voltage —— 1.3 V | Ty=25°C, g =62A, Vgs =0V @
o Reverse Recovery Time — | 69| 104 | ns [ Ty=25°C, Ir=62A
Qr Reverse Recovery Charge — [ 143| 215 | nC | di/dt = 100A/us ®
tan Forward Turn-On Time Intrinsic turn-on time is negligible (tum-on is dominated by Lg+Lp)
Notes:

O Repetitive rating; pulse width limited by

® Pulse width < 400us; duty cycle < 2%.

max, junction temperature. ( See fig. 11)
@ Starting Ty =25°C, L = 138pH
Rg = 25Q, Iag = 62A. (See Figure 12)
©) Isp < 62A, di/dt < 207A/ps, Vpp < V(ER}DSS!
T,<175°C

® Calculated continuous current based on maximum allowable
junction temperature. Package limitation current is 75A.

® This is a typical value at device destruction and represents
operation outside rated limits.

Q@This is a calculated value limited to T, = 175°C.
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nternational IRF3205

[GR Rectifier

1000 1000
TOP K’?\fs TOP i’%’s&s
3 i 3 %
Z o = =
[ 55v 4 / o 5.5V
= 5.0V = 5.0V
=} BOTTOM4.5V = BOTTOM4.5V
O 100 = © 100 ’
3 7 2 ’
@ gps ) 4.5V
8 > 9’ 1
£ /4 < /a
g 10~ 45V ® 10
[a] . [a] ra
. - N /a
D2 4 L
/
20us PULSE WIDTH 20ys PULSE WIDTH
. Ty=25°C : TJ=175°C
0.1 1 10 100 0.1 1 10 100
Vps ., Drain-to-Source Voltage (V) Vps , Drain-to-Source Voltage (V)
Fig 1. Typical Output Characteristics Fig 2. Typical Output Characteristics
1000 — P
=1 S Ip=107A
< T)=25°C o I
por ) ] B /
; Z = o 7
£ Ty=175°C - A
© 100 =4 o~
=] J A 5N /
8 [ 8 g
2 2354, pd
£ & S
@ 10 = ® L~ ol
[a] [a] ’,
a e ¥
- 5
VDS =25V @
; 20ps PULSE WIDTH 2 \3 Vs =10V
4 6 8 10 12 .60 +40 =20 0 20 40 60 80 100 120 140 160 180
Vg, Gate-to-Source Voltage (V) T;, Junction Temperature(°C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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IRF3205 International

ISR Rectifier
P Vgg =0V, f=1MHZ 16 fip = 62a | 1 1
Cice =Cgqe + Coqq: C4e SHORTED < Vpg= 44\
Clss A gs + Lad Yds 2 14 VDS= Z?V\‘
5000 ras qd o DS D
c —c c o Vv DS= 11\!‘\ N
N ass = “ds*“gd £ ¢z
o ~— & = prd
& 4000 1 = Py 4
g N Cissul| & 10 L7 1
[ = —
E \ — g /
‘G 3000 x vy 8 4
& ] /7
o e] A
3 s 7
“ » 2 6 7
¢ 2000 Coss’ o .
\\ ™~ CD_ 4 !f
7]
1000 - \.. 0] //
Crss) | e R = 5 -
L —~L
0 0
1 10 100 0 20 40 60 80 100 120
Qq , Total Gate Charge (nC
Vpg Drain-to-Source Voltage (V) G ge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
1000 10000 = ===ssE i==E=EEE ===
—OPERATION INYTE;"S AREA LIMITEDHHH
E—
—_ Ve DS(on)
S |—a=urcl
£ P
@ 100 — Z 000 5
Is v .- ," ':-J = = —
O 1 7 g 2 m | [
% Favi = R Na +{310us
© = Y ~ M
a 10 :/ © 100 =g ety
i = § R o
: ,' a S
T,= 25° o S B3 WAL
g ’ =5 ¢ o YIS 11ms
R === 10 Re—ies
» H— 410ms
7 | Tc=25°C I
11 1,=175°C )
o4 I ’ Vgg=0V ; Single Pulse !
0.2 0.8 1.4 2.0 26 1 10 100 1000
Vgp ,Source-to-Drain Voltage (V) Vpg, Drain-to-Source Voltage (V)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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International IRF3205

TOR Rectifier

Rp
120 Vos AN

N
ILlMlTED BY PACKAGE i
717' T
:]— —Voo

Pulse Width < | ps
Duty Factor < 0.1 %

100 4

=]
o

w

\

Ip , Drain Current (A)
(2]
o

A T
2 N Fig 10a. Switching Time Test Circuit
Vbs
. o/ A

0
25 50 75 100 125 150 175

l

\ ,
\ \

\

I

Tc , Case Temperature (°C) 10% :
ves—/ ||
tdion) b ot Y
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
1 Ll 1 € - S S T 1 ' | - W
L ! =) = |
?) LD = 0,50, ]
2 st
I\T 1 /J—
(] —
) e 0. 21 L~
g ’ —"//
a 1T
o 0.1 [==0.10m=
& |
= —0.05== ’ Pom
o l s [BA
E Yo SINGLE PULSE i
o) | 2] (THERMAL RESPONSE)
& 0.01 tp—
/ Y.
Notes:
/ 1. Duty factor D =t4 /5
2. Peak TJ=P DM X Zthc + Tc
0.01
0.00001 0.0001 0.001 0.01 0.1 1

14, Rectangular Pulse Duration (sec)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12a. Unclamped Inductive Test Circuit
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Fig 12b. Unclamped Inductive Waveforms
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Fig 13a. Basic Gate Charge Waveform
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Infernational
TSR Rectifier
|
\\ TOP ZDSA
A
\\ BOTTOM ggA
\\
\\\
NN N
NS
NN
AN
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0
25 50 75 100 125 150 175

Starting T;, Junction Temperature (‘c)

Fig 12c. Maximum Avalanche Energy
Vs. Drain Current

Current Regulator

- Vps

=

Io
Current Sampling Resistors

Fig 13b. Gate Charge Test Circuit
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International
TGR Rectifier IRF3205

Peak Diode Recovery dv/dt Test Circuit

D.UT —<+ Circuit Layout Considerations
i ) « Low Stray Inductance
A ® « Ground Plane
¢ Low Leakage Inductance
Current Transformer
<
‘
o i8t o
| el
m AN
0 —1
A
R « dv/dt controlled by Rg A+
» Driver same type as D.U.T. T Voo
* Igp controlled by Duty Factor "D"
¢ D.U.T. - Device Under Test
@ Driver Gate Drive
e p_wi__.Pe"od D= Pelrio.d
t
Vgs=10V *
(C
)]
@ .U 1, Waveform
Reverse
Recovery | Body Diode Forward
Current

Current
di/dt /

®|our Vpg Waveform )
Diode Recovery \ T
dv/dt

Re-Applied B pig sl JEEE—=———
Voltage Body Diode

Forward Drop

e

Ripple < 5% Isp

@ Inductor Curent

*Vgg = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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IRF3205 Infernational

. TSR Rectifier
Package Outline
TO-220AB Outline
Dimensions are shown in millimeters (inches)

232{133} = 13235132; V¢;Z:H;:; 4.69 (.185) o=
82 (. 4.20 (165
1 - £ T e
I € e i
15.24 (,600) ’
14.84 (.584)
l -—I 1.15 (.045) LEAD ASSIGNMENTS
MIN 1-GATE
12113 2-DRAIN
| I
:;235:3:; TN 4.06 (160)
3.55 (.140)
1.40 (058) ™ 5o 53353 el b 048 :gm
1.15 (.045) @ 036 (.014) B|A __2‘92(115]
2.64(.104)
NOTES: "
1 DIMENSIONING & TOLERANCING PER ANSIY14.5M, 1982, 3 QUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
2 CONTROLLING DIMENSION : INCH 4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
Part Marking Information
TO-220AB
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY § ® !
LOT CODE 9B1M INTERNATIONAL PART NUMBER
RECTIFIER == |RF1010‘/
LOS0 TOR9246 S
LR DATE CODE
ASSEMBLY (YYWW)
LOT CODE S 1 ER
WW = WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the automotive [Q101] market.
Qualification Standards can be found on IR's Web site

International
IR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information.01/01

Note: For the most current drawings please refer to the IR website at:
http://www.irf.com/package/
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NPN SILICON TRANSISTOR

NPN GENERAL PURPOSE

AMPLIFIER

n FEATURES
* This device i5 for use as a medium power ampliier and switch

requiring collector currents up 1o S00mA

B ORDERING INFORMATION

S0T-89

TO-92

*Fh-res plating product number: PN2222AL

Order Number Pin Assignment

Nomal Lead Free Plating Fpkags 1 [ 2 | 3 Packing
PN22DA-ABIR | PN2222AL-AB3-R SOT.29 B | c | E Tape Reel
PN2222A-AB3T | PN2222AL-AB3-T SOT-29 B | c | E Tube
PNZ222A.T92-B PN2222AL-T92-B T0-92 e B C Tape Box
PN2222A-T92:K PN2222AL-T92-K TO-82 E| B | Bulk

B ORDERING INFORMATION
Order Number Pin Assignment .

Normal Lead Free Plating pcage T [ 2] 3 Packing
PN222IA-ABIR | PN2222AL-ABIR S0T-20 B lcl|E Tape Reel
PN2222A-AB3T | PNZ222AL-AB3-T S0T-29 B | c | E Tube
PN2222A-T92-B PN2222AL-T92-B T0-92 E| B | C Tape Box
PN2222A T92.K PN2222AL-T92-K 1092 E |l & | c Bulk

PM2222AL-AB3-R

=

{1}Packing Type
(2)Package Type
{3}Lead Flating

{1} B. Tape Box, K: Bulk, R: Tape Reel T. Tube
(2)AB3; SOT-88, T92; TO-82
{3)L: Lead Free Plating Blank Pb/3Sn
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NFN SILICON TRANSISTOR

B ABSOLUTE MAXIMUM RATING (Ta=251T, unless otherwise specified)

PARAMETER SYMBOL RATINGS UNIT
Collector-Base Voltage Venn 75 W
Collector-Emitter Violtage Veso 40 4
Emitter-Base Vollage Vesa 5] W
Collector Current le 0.5 A
) - S0T-89 1.2 W

Total Device Dissipation To52 Pz E25 pry
Junction Temperature T +150 C
Storage Temperature Tere =55 ~ +150 [=

Note 1. Absolute maximum ratings are those values beyond which the device could be permanently damaged.
Absolute maximum ratings are stress ratings only and functional device operation is not impled.
2. These are steady state limits. The factory should be consulted on applications involving pulsed or low duty

cyde operations.
B THERMAL DATA (Ta=25C, unless otherwise noted)
PARAMETER SYMBOL RATINGS UNIT
) o ) 50T-29 104 CW
Thermal resistance, junction to Ambient To92 B 200 T

B ELECTRICAL CHARACTERISTICS (Ta=2510, unless otherwize specified)

PARAMETER [symeol]  TeEsTconDimions | miN [ TyP T max [ uNiT
OFF CHARACTERISTICS
Collector-Base Breakdown Vaoltage BVeso |le=10pA, le=0 75 L
Collector-Emitter Breakdown Yoltage BVceo |lc=10mA, le=0 40 v
Emitter-Base Breakdown Voltage BVens |le=10pA L=0 5] W
Collector Cut-off Curment lesp |Viee=60V, Vienopr)=3.0V 10 nd,
Vea=60V, le=0 0.01 wh
Collector Cut-Off Current leno Ven=B0V ls=0 Ta=1501C 10 WA
Emitter Cut-Off Current lepo  |Ves=3.0V, 12=0 10 nA
Base Cut-Off Current lyg  |Vee=60V, Vegiorr=3.0V 20 nA
ON CHARACTERISTICS
le=01mA, Vee=10V 35
le=1.0mA, Yee=10V 50
lz=10mA, Vee=10V 75
DC Current Gain hee  |lz=10mA, Vee=10V, Ta=-55C 15
le=150mA, Vee=10V" 100 300
le=150mA, Vee=1.0V" 50
lz=500mA, Vee=10V" 40
/ : , lc=150mA, Iz=15mA 0.3 v
Collector-Emitter Saturation Voltage Vegsan l.=500mA. I,=50mA 1.0 v
, " lz=150mA, Is=15mA 06 1.2 v
Base-Emitter Saturation Voltage WEEzaT le=500mA, ls=50mA 20 v
SMALL SIGNAL CHARACTERISTICS
Transition Frequency It lo=20mA, Vee=20V, 1=100MHz | 300 MHz
Output Capacitance Cobo |Vea=10V, Ie=0, f=100kHz 8.0 pF
Input Capacitance Cibo  |Ves=05Y |-=0, f=100kHz 25 pF
Collector Base Time Constant e [1:=20mA, Vea=20V, =31.8MHz 150 | ps
L le=100nA, Vee=10V, Rs=1.0k0,
MNoize Figure NF f=1 OkHz 40 dB
E;ﬂ;izﬂnﬁmlﬁmm' High Re(hje) |le=20mA, Ves=20V, f=300MHz 80 | o
T
UNISONIC TECHNOLOGIES CO,, LTD 2of6
WWW . UNSonic. oom. w QW-RITE-0I3 B
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SEMICONDUISTOR ™

2N4403 MMBT4403

E0OYPLENIN / COPPNT

C - TO-92 SOT.23 B
Mark: 2T

PNP General Purpose Amplifier

This device is designed for use a3 a general purpose ampifier
and switch requiring collector currents to 500 mA.

Absolute Maximum Ratings”™  «a- 2 uress cnenwise notes

Symbol Parameter Value Units
Veso Collector-Emitter Voltage 40 v
Vemo Collector-Base \Votage ) 40 "l
Vess Emitter-Bame \Voitage - 50 W

ls Collector Cument - Continuous 60O rm,
T., Tay Ciperating and Storage Junclion Temperature Range =55 to +150 B

*These ralings are limiing values abave which e serviceatiity of any semiconductor devics may Be Impaired

HOTES
H'rreiem A% Dased 0N 3 MANTL [UNCDOn teMperalne of 150 oegress C.
Thees ar sleany siae MBS, The fachory Baould 08 £onsullad an ZpElicalons MHokng DUEE20 OF 1w July sl CPratons.

Thermal Characteristics - z:cuwes ctnerwss mctes

Symbol Characteristic Max Units
2N4403 ‘MMBT4403
Po Tofal Device Dissipation 625 350 m
Derate above 25°C S.0 28 mWFEC
Rusc Thermal Resistance, Junction o Case 833 “CW
Rags Themna Resistance, Junction to Ambeent 200 -1 SCAN

" Dgevice moured on FR-4 FCE 1 57 X .67 X006

© 3337 Falenild Serioroncsr Corperaier Tk VT T, A, T
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LCD 16x2 12C

TNV S SR EE .

LCD

1ox2

12C

Wi, et team. comn

AR ANALA
® | CD WUUFAMINHTILIR 16 ATHNET 2 1
3
N P, P - i -
o Wleteeuweimuei PCFas74A Tunisd@endanuse LCD
oy e i
o liusnsulvlidn: 5vDC

¥7 2 UITHA WURL Fa8NHIR112 ( STN Negative Blue )

. i - =) v 4y - - - v - | .
NITENHALLIN 12C-bus N I&sAT0siasosiulE 8 fnnisidneiu (fen Address saariu)

drudsznauwes LCD 16x2 12C

S0

IUL;

i

s o Muradiu 6 vOC
1Yy DATA 109951 12C-bus

MAYYI CLOCK 189931

LE R

B :
R
4

12C-bus

AR RRLL

MH llf'n‘“
R
Anlzz
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ETT

2. Mfimm s ld awinlfusntiieesss LCD
3. fulnfiden Address (AD-A2) 38938 LCD auduleflinlidnuressiAnedn 1 unstdousiess
Wiraedn0  AnindszLilhdariliinlfi Adcress dudiue 0xaF (A2=1,A1=1, A0=1) unlnf{l§

Faansulfeu Address Anwnsowliould 8 A1 Ae 0x38-0x3F Fama

PCFB574A address map

Pin connectivity | Address of PCFB574A | Address byte value | 7-bit
A2 [ A1 | A0 |AG |AS A4 A3 |A2 |A1 A0 RW | Write | Read |hexadecimal

Rk A
Vs Vss Ves | O 1 1 1 0.0 0 - 70h 71h 38h
Vss Vss Voo . 0 ¥ %9 0”'0 1 - 72h 73h 39h
Vas Voo Ves|O0 1t 1 1 07 0 - | 74 75h 3Ah
Vss Voo Voo | O 1t 1t 1t 0. 94 1 - 76h 7Th 3Bh
Voo Ves Ve |0 1 1 Sqinger0 - | 78k 7%h ach
Voo Vas Voo |0 1 1 .45 %s. - | 7Ah 78h 30h
Voo Voo Vas | 0 1 -yuryrrpronoogr o | 7eh 70h 3En
Voo Voo Voo |0 1 “9°03 101 R4 | 78 7Fh IFh

RW

fixed hardware
selectable
002880529
PCFB8574A

4, lnFvunemedniun? PCFBST4A

5, LED POWER utimanss 1o il snness LCD

6. Sulaffmidanizneln seslideirdinmiee oD SrieliasdumadletWdedinseaning
#umiisen LCD
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ETT

fr9teng 19U LCD 16x2 12C

1. Twhntinila: Arduino TunsWen Fuieulenafusnsindslourifenie LCD 16X2 12C rio
{pumsAmneninaines LiquidCrystal_12C $aagludd laneiltawmed libraries vaalilsunsy Arduino
fiens Sudatail iiRas i C:\Program Files (xB6)\Arduinoliibraries #91

- Hume P Viewm
« .4 LCD W2 0T + Lib Avkane
# Ouick acton e ‘ Oute mesfod Type
i Ouhicp ‘ LigudCrystal 2 W21 Fim fuhdee
& Downlaasy ’
> 3 | bhones
Bl - v e
- - ¢ ThaPC o 0401 ¢ Progrem il 688) + Acdars « Mleanies +
# Quck sctom Bedge
& Densce ¢ 2 lsgion
$ Deuniests I oo
! Femna
5 Decurments ’ o
& Mt /. | Coyboend
& Onelivive J
9 T 3
W Pestcy  Oneiive i
# Dgcwmarts - Bzbet Corered
. s Robot Mster

2. symiulivamedenses GND . VO _SDA., SCL 18 LCD diatnfn Arduino wazidessariy
rosRned
3. Mmadalusunts Arduino NnasdenusfatWauusswefndsasie Wi Yo
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: - - . - ' Y i -
4. symiullidaniisiy File—Examples aziudniliontne LiquidCrystal_I2C waiundap) Hmaas
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W Arduino Uno

ARDUINO

e T,
ol T LI IR EFEFE

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal
oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmega8U2 programmed as a USB-to-serial converter.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-9V
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per I/0 Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB (ATmega328) (0.5 KB used by bootloader)
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Clock Speed 16 MHz

132
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BEH Arduino Uno

Schematic & Reference Design

EAGLE files: arduino-uno-reference-desiqn.zip

Schematic: arduino-uno-schematic.pdf

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The
power source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm centre-positive plug into the board's power jack.
Leads from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

o VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can
supply voltage through this pin, or, if supplying voltage via the power jack, access it through
this pin.

e 5V. The regulated power supply used to power the microcontroller and other components on
the board. This can come either from VIN via an on-board regulator, or be supplied by USB or
another requlated 5V supply.

e 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.
GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1
KB of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These
pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachinterrupt() function for
details.

PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication using
the SPI library.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.
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The Uno has 6 analog inputs, labeled AD through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally,
some pins have specialized functionality:

o 1°C: 4 (SDA) and 5 (SCL). Support I’C (TW1) communication using the Wire library.
There are a couple of other pins on the board:

* AREF. Reference voltage for the analog inputs. Used with analogReference().
s Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmeqa328 ports?

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmega8U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '8U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on
Windows, a .inf file is required. The Arduino software includes a serial monitor which allows simple
textual data to be sent to and from the Arduino board. The RX and TX LEDs on the board will flash
when data is being transmitted via the USB-te-serial chip and USB connection to the computer (but
not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the 12C bus; see the documentation for details. For SPI communication,

use the SPI library.
Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno
from the Tools > Board menu (according to the microcontroller on your board). For details, see the

reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload
new code to it without the use of an external hardware programmer. It communicates using the
original STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmega8U2 lirmware source code is available . The ATmega8U2 is loaded with a DFU
bootloader, which can be activated by connecting the solder jumper on the back of the board (near
the map of Italy) and then resetting the 8U2. You can then use Atmel's FLIP software (Windows) or
the DEU programmer (Mac OS X and Linux) to load a new firmware. Or you can use the ISP header
with an external programmer (overwriting the DFU bootloader). See this user-contributed tutorial for
more information,
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Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega328
via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long
enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration
or other data when it first starts, make sure that the software with which it communicates waits a
second after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the
trace can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to
disable the auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum

thread for details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an
extra layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically
break the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board
to be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.
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