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abStracCt

This research presents the de—elopment 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-stricti-e stack with
high frequency, which causes the tip of the scaling head to —ibrate 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 de-ices. when
used for a period of time, the scaler is necessary to stop working, resulting in not much
scaling per day. This research sol-ed the problem by using MoSFETs as switching
de-ices and adding cooling system to the amplifier circuit. The experiment was carried
out using actual conditions. The experimental results show that the de-eloped scaler
has increased the number of scaling per day. in addition, it will still remo-e 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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(Magnetostricti-e stack) uagnaniiladiannsn (Peizo — Electric crystal)

wuuil 1 wiwlavzuundivaniadinl aufin 1dwdnnisues Magnetostriction
ﬁi’ammaLLawmé’aLﬁaayﬂuammLL@Jm?maé’uwé’ath\lﬁwmﬂm’%'aqﬁ%ﬁmﬁagzywmmmﬁ
T Fevzgrivdsuluauuusdmdnaduinumsnisldvean aususivdngniunldiie
eliiAnnisduasiteunnaiinnuddanilefia wilnerhluinduseasamdeswuundnd
lodiaAnsn W1z 15uUas Magnetostriction fiasulasarnndsanulniluiundeanu
awuuddnuazanndsnuawusdndndundsiuna Jesiuszaniamuisdiuae

melulunsulasmazass aakansluning 2.5

Mec Imnu f:l ()ul )ul “ Il
Frequency = Z Output Face

e Laminated nickle

_%_ strips atlacted 1o
outpul diaphragm

@ — by silver brazing
Electrical coil
wrapped around
S—————g nickle strps
e
N y
D ———g e ()5cillitng
%:\!_ Magnelic Ficld

A # 2.5 wunfllnansafnnsiuaniiees (Magnetostricti-e transducer) [1]

= = ay a a P-4 a a4 A aa a
WuUl 2 waniiledlannsn Useneumeduasiwiiiadvaeuiiinlangiuaiu
agvia 2 wiliieineanglnesnunduw 2 11 FuanswsfinUszneuiuainals 2 Ju Usenu

fuaglagndvitalalnamslwihaelussnenvesiulifianmseduiu daanslunmi 2.6



. 15985 9NANRA I DLaAn3 NNIIUER DS NLTaNSIY TR

+¥

. UauwsInulATUaNS@s10ANANIS LN By nNaAaULER 0 ans lelanseaneluane

AN 2.6 Tassas1svasnelusmnaniledannsnnsiuanneas [1]

23 YUaUeYiansUER DS
wimsuaR e Tt miuetasyafiuianeluii [3] ffetu 2 ¥ia fe
giafinds vharnwiulanzuwunflnansadiv aufin (Magnetostricti-e stack)
Aowsimdnidesgluaunlvihasianmduudmdn Hunalfuuadsuuias wuousiy
wiwdnwaniiiawazlauean (nicle - cobalt metal strips) unsgeufuLdITANIiNeA
nanewduwrislansdineldinnszuaunis (Magnetostriction) wloaunalwiadaniu Fuans

Tunmd 2.7

AR 2.7 nSEUIUNSIAA (Magnetostriction) AisuvansuaAeslugualni [3]



yilages vhanuanilediannin (Peizo - Electric crystal) Aandnilieagluauny
Tlnaursavenslanale 1w Aend (Quartz) wutseulnemiun (barium titanate) NS

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

1 ¥ a

LaI3andugeanIuan 13endn 1 seu(cycle) nsgagtuiaTasyafiuliatedaniilyiai

=

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

I
v Y a

AaruAnlUIanndungn viessernanngansiuinlugaignenifian Sendn weuuige

'
a

(amplitude) druszeznanandunanluyandnsinansendt ¥aan1siadeuntuns

38U (Total tra—el in one cycle) Fanandlunmd 2.8

A X B
—»
C
- T

2MH 2.8 NsiAdauvasltansuawesiuauulnn [3]

X ] eunilaveuangnsuaieesnaneanu

q

(% ]
v a

a ] Mumivemsuiigesaduign
b1l undseslaeniuigeingngiian
c ] uwouldyn

t ] 929n15Medsunlunileseu

SonruAigesanameanuigann axdarwiouinduiu nufaeesivhan
Tanguunilnaninin Jadnududesiidiriudlulududu Wessusmmudoulifuns i
wof uazthdsnanazgnaseludiiagn ileanamusouvesnisdeadfufiviaeuasing
deddinaminsgnuduigaiifinisdussanuias Ssoglusuganileta dmaliiunni
poniduareanitdesy Wuaenie Usngnisaiiwuil Fond1 uelndu (ca-itation) e

Juudueninan (bubbling effect) Msilinszarepniusaduillnseniregnigluiiuies
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24 Avesyadiutiatg i

a o

ﬁauﬂizﬂawaqLﬂ%my@ﬁuﬁwmﬂw% [4] wuu Ultrasonic scalar d¢ail

LsoInLndey AL (Signal Generator)

—_

a@3Ingwin (Foot switch)

Wymiiuyu (interchanged insert)

poDd

anuldiyaiuyu (Headpiece)

o a o

2.4.1 pvesnlndygiunaud

o v a o a d' )
V]']Wu’]mﬂ'ﬂu@amiyﬂmlw%?ﬂigLLa@]ﬁﬂV]llﬂ'l']ﬂJﬂ I@ﬁaqﬂqiﬂﬂiUﬂqqﬂJLLﬁﬁiu

>

AM5EULARILANUMLNEAUAUNTITIU ANUDLUNSEUTaNYEAINUSEUN25,000 SOUAD

17 neludiadaadindanvasdmsuastsssulninein 220 Thaduse 24 Thad nssuwaadu

D

©

wagAUFUKUUY999T wonINUUITussiulnivwn 15 liadnseuanselviiuueines

g 2

1%

Juundadn wasdigausuusuanilunisldnudieaiasindadygyiunnud ladyyiu

Al 25 Aladsed Tegldngufnane fadl

n  wladengy
wadongy [5] 1 Juszuudeunduiitsdulisasosatalamesiinnuivie
LWﬁL‘UgEJHLLU&QIUG]’]ZJ?W’]&J?]I%%E]LWﬁﬂaﬂﬁmQﬂmgﬁﬁaﬂﬂﬂﬂuaﬂ LWaﬁaﬂQUﬂizﬂaUﬁ’m
Madfsy 3 7R A AAisuwlanIelaRnnmes (Phase detector : Pd) nmguilawas
(Loop Filter : LF) wagnim (Voltage control oscillator : Vco) I@EJGiEJLmﬁwmmmwi Vco

AILLAAILUNING 2.9

Voltage control

Phase Detector 113991 Loop Filter | yssau
P oscillator @ P Output

e o = = o
la Amniaes [amanden | g1 lawes | aauqu

A

Input —ps|

(VCO)

Al 2.9 wursudenlaezunsuvemadengy [5]
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I

aunAddyIueuddnsusniudygyiusienu (Periodic) WuNBUNS

o

[y

a =~ o Y A ~ ' ) Y a ) & a
AAWVBUINE  GINIRULUTHUNIULWETERINE Q18I0 19DINUAYEYIUN VCo Lo1Ana
lgannmamaimninesaziivsssiunduenldgadudadruiunanslunavesdygyumsad
nsiFeudieu wssiunadeidoulvlmasguilamesdaluiiawmesalialaniansotie

| A v A a \
WAlNIEANUDA1 eIt Wieddluarurunisesadaanued Veo waly
diogUegluanméen (Lock) Audived Veo agwinfiuanudvesdyayiadunsmes
2199zinanmnnaly WA NWANLANAIITUAEIAIAI7  (constant Phase difference)
Tunsalnfimaldassiunamafinnnesazdneussiuaainadau (Error Voltage) luaiun

° A ag v P ' v I ¢

N13¥1199Yee Veo  Litedllmianaiaiadoudauninaziinganiniaeniendnnves  Veo

a

Jaflupundgamfiiane  winuiIzURsuwamAUDvaId B U

° d, DY} ¢ = a Ao =
wrannsadunaiengululddansizs MTandn) audnlianuiewnsaiag

eResN B UIWINE Y1 ade1983Le 2995TIENIT “ WaTduATIziaNd 7 azaneldaiuise

FUATIEATUUIULDIANA (310 Veo) THHANUIRIuABINIShanateaIud taediadnu

] q

N =

\Wgansiaziafiosnnguieuinianonoeadalaines
AnuIsuadengudalivselovidudn 1wy lunshvendyyi FM M5a PM)

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

9 nsldiadengulunisduasizvienud
Tisruvdaasginnudasinnududeuiedla Weanaisandnastundaiagnuing
< 1< Y] [ 4 =4 Y 1 [ '3 P 1 |
wadenguilumlalunisduaseiiaue 1Uumegavesszuvduasiziaunegieding
Usznausig 5 ma Aenia Veo Wueeadaawmesinidndyayianednnvesssuudnasig
AUDNIANIS N FAINTINNITAUDLUUAILUSHASUTA  U19A28AIRLEYRNNADINIT b
(Programmable di-ider) a1ARLIAAIUND1989ATARADDETALALADT NIDFYYIUDU

(r eference Generator) ~AAWgUMaLaznIAgUNRRES  FavimthvinsauanzAudnT

Tl

& o a = i = P~ =
VY ELARUIN Ey}iyﬂmauwmsﬂaﬂﬂ']ﬂLVWULwall']f’[ﬂﬂ 2 3aY AN Vco UAIUA

WU Fyy wasdmaiaenedadanudvindu F, te1dnnannisi3euiisunfe duang

Tun i 2.10
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ppaTaINDS (VCO)

HIIRUATURN N \ Ly
-] 7 > 1D1ATA
Fo= 1.000-1.999 MHZ
Fo
Loop Filter + N | minN Taszv31a 1000 T2 1999
gV flasmed
1 ‘ Fow
— y Weuwla
usafuAaIAIREoU
FrR=1kH:
A7111081994

AT 2.10 WRUESUDINUREANATIZIAINLD [5]

NAFNITEINFYYIN Fyy AU Fp 89920500N12ANUAANMINY WWaTIAUNIS
99aTALANYDI993 Veo Tiinn1susuudmun (sewa) Tinss aunindgygiuanuives
dyIuisansayniu

namdnienisdn erdwmezdanudilu N wihaudeade auudin F, 1 1 kHz
N 1 1000 aglél F, ] 1 MHz &1 N uduilay 1 1Pu 1.001, 1.002, 1.003...... fn
F, aviiudiay 1 kHz WiSesq Wu 1.001, 1.002, 1.003.......... MHz auaau

[ J =3 [ 4 a Y 1 z-:l'

dunainnadenguasnans anunsondnadiudlaanizlugieninudvedins Veo

WAZI99IMIS N awnsavinaulawingu Wedavlunismsidusiavdiuiuiy

A AuENURveNaTdLATIERAIND
waNANNITEUATIwIANUDITARslinaaNTRNeInUTAND (Frequency range)
neandnuazislogiuseninntung Anaudfau veaasduaTIERaNndlanudAny
° o < v 1 a a v Y a ] &
dmsuinseasudcinegdnme feseazidensolull

[ =

Tagunftasdaasizvaufazatusanuiadygraniesdygranfoaudidon

[

=

Audlavange (luternudldenu) waslinnnuasiduavesrnudvuegiv islegiulunsdl
MswdguaudnAmislugdndmis 2asduaneianudavidiounula  agaviui

1 al 1 ~ A =3 PN [ <@ o A 1 =3 .
NANIBNBYNUAUIAD aaﬂmmalé‘lunmauiamsa UUAD B98N (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

TnaeaiumNudNAeInIs wogdninanidisenin “ wiaussd (Phase Noise) ”

3

AUIERTY (accuracy) waskadesnIw (Stability) 1119 NDV0929958UATIENA

Y
a2

ANudTueg Uy e Ineludyauendaariluisasosadaawmesyiinldusvadu

Y
(%

AUD 2TUUIIITAWATILYANUDLTLAD YT AN WAL AU LR TINAIUDL RS UM AU
ASANDADDATALALNDT

'
a 1 a

29sduATRaNudRldiuLAS e UATINgE1UALR HF (3 Fis 30 MHZ) Aewudnadl
mnududeumsznisldenlugiuanuisideanisislogiuazidents 100 18504 1uog
ffoy vraatesvinldaziBenta 10 Hz uenaNtTsALE 3 Fe 30 MHZ Aeutraniteunn
NasduATziaLifinaouagusmLanie weriislegiuaziBentutiazdosoanuuy

<

2 a = va wa aa | < v ) Y | a
LUUWLWNLWQIWN@maNU@WW LLaEU3INIA1DNFUIINLIA I@ﬂ%ﬁiﬂamm’mmmaqwjﬂLLaz

[ 1

Manszwineaudldiuagiialiiu 2 wh lunsdifdnsdnuiu 2 wh 51desldiens
Veo naneyaudniiaindideniiietestunisdenanuienduedn uaziiielvinuantRussdiia
dmdurranandonsinaiiy wwhlalagldgusauiuvaiegy (Multiple oop)

9 9w lunadengy

2siudindygraumiiednnfife 1935 Voo lasmluiduisnsesadaiamesi
Thusnweivieniuauidudiunislunsesqu quautifiddyues Voo Afesiilsisie
wiauesd Fuinanussdlusinusames i Q deulavenasgu (drift) waenauTRly
fhgunsaluondvliiagi

2933 Veo feuld FET ilosnniiussdiuardabunnduiiunudgaudunansaonsld
o wiu wes Mc 1648 Jurasesadaiawmasuuu Ecl lagazlmerdwsuszuna 900 fad
Tadiayiia (mVp-p) Fusmedmiviulanoaseataiames uwiodlsifnuaudiuosd
iidreaseeataiaimesiily FET lalld

Funminenuivesisas Veo gaauaufiussiumuguideuuilutea 13uay
Tunsasgu dussduluoauiduaifindu dndug) Voo asfimnufigs usifurnsasivh
TAud Veo anasthe usidudiutdes wu lunsdlildrsasvensduniesinesunvens

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 Veo wuuld FET [5]

wiulgdnsldlalen Pin lunisadndidenuwuudieiiuainugluiiliies veo
arunsaviaulugiuanudninedulanianuissdslsuliesansasnadaiawas wasil
= ) = & Lyl ie) | | a & P a
WIsMsANdaeil dsdilugiduled Medrwduisasesadaiawmes Tdusaud 2.56
WNZLFTRT(MHZ) arvseanuwdu 10 Alaldsend(kHz) M19799500aTaLaLm a5 haz 1949511 g

= ' L) aa 1 & A [ aag v
mma%agmﬂumlmu BRILRNIE 1 LLAE C LNTUUNABATYUBN LiJ“IJVLEJ“ZWISL“U\‘i"IULLUU

P
a

Refu enudeeadaiamesonsdeiidudamuunslygiusaziatiesnmaemuned e
Juhlvanusadaunsevia U nliaiesnIng

mafisuadiulugazidunuuiinea JauSsuiioudygrusredsiudyamile

A7) L7 Ag>]

'
v Y a

911 Vco (M8391nms n) eananilaainnisiieuiisvasiluiadniliigdnsudnd (duty

a = ad o v A & al 1 qy i 1
cycle) Wasuulas Fauanslo@nyuinmdulsasimnmesing 29a5iusenaussenmy

3 a a

Exclusi-e or , d - Flip flop Uﬂﬁ%ﬁmmwmwmmmmamazﬁaﬂ NUNBEIFN1IZNAIM

(%
YY) ¥

= o a v a [ 3 N a
vsouavesdye 1N Veo (115 n) Audgeiudnegemsaiuned nsdenierdnmili
auddgun inszdndudesdnganisiauveiniawsesdwesaiasiudnivg Tunsdl
¢:4' av e
nnudliden

2995sumatamuasudiseninfisumanseaudnld 1ewinednavedd

WnwesTuegiuNai1aaniarmNdvedyIuBuNs 2 dyni naansalaanas

Y

¢ A 1

wnwesaziluiad Tdwunauvesln dc Yued Feduidul de dasihluldamunuaiiud
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999 Veo  3meananudfidesnisuitle duanudiesaiongaunsauiialdizendn
“ Capture Range ”
ludegnasinaimnines dunnindiasvetsdunesmesey 1 dy dudu
9svenaiunUsEasd ieUselevdlunisaduiinsaiuauauves Veo Tidnsinisvened
& - P
Ausadu ieldlunisaiuguaus

a 4

aulames Wurastlawesvialanasssunn iminfinsesdagiuaauamniun
muANAINRYeY Veo laemiluinldauilamesussianniadnl  vIee1aldilawmesviln
a @ v a, :éfcz Y] o va d' d' 1 % 1 < ::4'
wonAnAle aulamosUlduAININUAAMENUANITIUAYULUAIAINDND UL FAN 1N DN Y
a ! va o ! . ¥ A v . ! (Y
Sendtauandfting (Transient) 8180803 1N1598189U (Loop Gain) WaAIAIILIAT
9839V (Loop Time constant) lamunzay arudwladenguazlidenuwazazivaeuly
Wasuun
Mty Avesguilawesagdelimniuly Wedwnasiiiuaeuaudma dangy
I v P Y] & = P A a < B )
ardentis ngliiinsasdalonesyn ieldiafouninuiodasings wir1AsiIIa
Allarsazdesiuluaunseamnuddunsalifia Uitter) 31NAINT 2.9 ALAUINEUNIINIT
WagulUatwsesull 3 Wdunefe 1@ume a Wudums (critically damped) Tdanluns
Wasumganudvitesian @uwn1a b Uwdumis (Under damped) in1sasdn wioos
adaaniiioannlelinsyn (o-ershoot) 1@WN ¢ Wudun1s (o-er damped) liifilovias
| P v o ~ | v
gousialdlunisiingannudinaiazd
Eune a Wudunaiifingealuniseenuuumiasiiiaurednvsesguilawesinggld

L’JmLUaEJ‘lJLLUaQﬁ’NiJaL%’JLL@%VLN'IEJL’J@%“QGI (0-ershoot) AILEASIUNINT 2.12

= '
A lna

flu

N VCO

wIduAIL

- o
AUDLAN

% 1287

AR 2.12 aadnvazrensidsuwlasnudimadengy [5)
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FaidnnrAanteaNinaseiainldluni1sdsnminud TuA N1AKIT N (U39

=

Programmable di-ider) a1fildlunisaenaaud e n dadesgaazldvindu We n

ALINGA WITIT N LAAIINNITUUFIWEU (decade counter) naee yaurasIAUNY

4

! 44' v a v g v v o v o av v o A
LARIAIN LW@IWaW@J'ﬁﬂLaaﬂﬂﬂiﬁ?ﬂﬂiu‘UVﬁVTu’]‘Vlﬁqﬁﬂ'ﬂqNﬂl@l@']llﬁnLaGU‘V]G]QVL'J

& o v o o

& o ~ A4 9 va o =

1935%15 n - Iludsumdnneaduaudlumuau Veo iteliiAndyaiuniud
4 Y [ v oo 1 = a £4 = [
A0 63 n asludinivuegiunnud wanasasssiald ledasena TTU Uuieas

°o = qv A [ Y v Y <
s n dusagdlulediifes dunadndnwaugnisdoudeya n 1Wiueasms n wuiuy
YU (Parallel) nampedeyawsarinazUoudiniousiu

235115 n - vedaldisdeudeya n WWuwuveunsy (Serial) WasUszaniiiinny
Fudou nsedoedyamu1iing (clock) #399suand (Latch) lunisloudeya 2935113
n Yseinnilasaupunisinaumelulaspeuiunes

U,

Humddvedudluwossnagramilfite 2995ms n (iormasmsiselusunsule)
Lianunsaviauiianuigandi 25 wazsad(MHz) 16 axiuSafosmmanneunnuii
JounAn99sms n aniiolinensasdnuenasms n vheuld 337deuld 1awn MWaud
Nnevadaameiiiay (LsndisenenadaaweiPll) unindiuvco Ifmnudanasieoud
AzUouliunisasms 5ﬂ3‘§ﬂﬁﬂﬁ@1§i’f‘i§w§aat,ﬂaquaaﬂu@é’amimwﬂﬂ@ﬂ%ﬁami 2 A1

Q) Nfﬂﬁﬂiaaé’cgcymmmﬁquwwa%w (Passi-e Filter)
2asnsesdyaunnuiviofiawes (Filte) Aorsasiwihflsoulidymy alnirfiaiudle
A ansedaennuilaniuanidariduiiluly druauisuniedaennuisy
ueninfleanfitvunazgnanneulufsas furaardlaiuiuegifunisoonuuuises

NAFNFRFYYIUANLAUTTAVINIETH vEonaTnTiames (Passi-e FiltenAna9as
fiuszneutudegunsaiiuumiat Sanunefegunsaifianunsavinauldlaglifesding
nszdusednalalfiiiolivhaudeneu vieniFendudn « ludaBias) » dslaungunsal
UsgLanaIfAIunNIu é'hLﬁUUix'«gLLaswmmmﬁmﬁw drugunsaldszianuannv
NUTamesled vSedufinsawesnn (integrated circuit) Judu

asnsesduaunuaUTlilunaieUseiom it

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

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

3)  2993N30dYINTIANNA (bPF : band Pass Filter)

a) Nﬁ]sammauﬁfgfg'lmsﬁaammﬁ (br F : band r eject Filter)
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WIINTDIAYQYIUANLDAT (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

J IS S B

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

gl |

(0) 19959URU 3

Ay
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 2993NTDIAYYIUANUDAITUAUFINE) LazNTNLAAIDATIVEIULIIAUTIAIND
(6]

N3uaneAuaLURYToU UANITINIIUYBINRTNTOIF Y Y INANDTTAR1T Land
Talnenseudunsmseninednswenadnan (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
UNAMURTAMUAITENIT AuDANEN WTeAURYBULN (cutoff Frequency) 3o
ANURNY (corner Frequency) ’ululalagliinisaaveu (nunsdawsenuvesdayyio

paniAunygaaufiouwindynaidl) waza1ANddyyIMIdANALAIINDVRULA

]

dyaeanmisziianduaudaaen wilumaujiRuarliaunsaviiguiula lewinms

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

A v IS

Aalledygadlnnudaiuieasizandyauatlutess aunsevivanadludnsinsiidmils

(%
Y

WeosnnnisaaveudygraaziduluFesy MdulunelfiRddinisivussuia

o A

Yosdggrufiansadrluldouladuuinsgiue dygrafiamisadldldould Ao

e

' Y
o =

dyyIuANIuNIINTRW G IALSIAuIAUAULIugIEn Wieonananlainnaudiu

gns1vereuiniuiudnsivetsgean FadunisAuinainmdvensilundivatufe

'
o w o =

Masveguesdygruaudvustuduniwileesiameisgidn  wadnlusnsivens

Y 9

WS UNUISDUATLIUAE IPNTR T VEENANU AV TUT ANRINIERT VeI N ANV ULA

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 dutfeluUEsy Waldg U UMUNAIA AT falandlunIng 2.15

(n) AN lueadl At

S DN

N /

(1) AMNANUAIIVDIEIATLTN

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

Y a

iynfiutiiane (interchanged insert) Wuaunsaifidrdglunisynfiutinans

[3] vivaelaneudaldiduaiiy Mvaneasdidnuvazlds wazligvioUdesin lneddiudsenau

AILAAILUNING 2.16

Al 2.16 fYauLany (interchanged insert) [3]

| a a [ r Ao Vo I ! A o v a

diui 1. Aevaeyn (insert Tip) Hdnwazuvauualiay iludunviinidinya
ATIURUYUYTenIe Wiangeenaniiuy

| A A ' 1 H 1 5 [y 0 o a <

dun 2. Aslatevedassin AzUasyuieanuInsznunuUaIgmnYanduasnaly
avepsogfisoulaeriym

1 A A g U o 1 1 %’ 4 i Ay

g 3. Aedusuiuisvesiainegluiuininesns

1 a A Ao (% (% LY} a 1 « X ” < 1 a (%

dud 4. Aendmivtdeiuvresinge 138031 “ Tip guard 7 (Wudiuiitdeatunis
nszunn wasdesiulilvlugnilawtonisnludosnts wu widen wavnsesiauny

! N A v v = £% | ! 9; 1 [ !

&ud 5. Aeddudauaneiyn veUdestl uazulumdnseu

' a & ° v A LN 6 L % P o« . s

gl 6. Aeensihmthntesiuteglumuyalylvluasenyn Send1 “ o-ring

duil 7. AousumAngau “ Magnetostrictive stack ”

A1U7 8. ARFMLYPUTENINAIUYDILHULNAND DY

2.4.4 muiilaigafiuiang i

auildiyafiudiatelifia (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

' ulwmﬂm

AWl 217 gpvhyadiuthanglalin [3]

W DN e
) O |

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

dutszneuesiuyniiuiane i
douil 1#e fienuvietdidy Hand piece
@il 2o vnaIAneduAIveYA dri-e Hand piece 2
@il 370 wnaAnesunIveYn Feed back
@il 4 e YnaINNDIUAITBIYA dri-e Hand piece 1

dun 5 e YesdvuUateiiyn insert Port

25  mafiaenuiuyurieiuiiang

a %

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

a e

Waedluanaznay FHUATIVAUNSERs AsIUAYIYUluNUSENaUMELTalA NiRn

o & a

agsou My uddnstiuldinseiinliauisangaeents vuIuNIsinAIIUREUNTE

ee all

SUAUNGINTAWUTINUBAABY 2-3 W19 Tegaziidianlavesiiateunizisidy a1ntu

a a 6 do

& Aa 1 Y [ a )
L?I’eﬂiﬁiflllagll’]ﬂ IHUWﬂQZN’]Lﬂ’]BVIUﬂﬂJﬂ‘LJQJ’]ﬂ"] aummﬂumwa}aw 3] \‘iLU‘L!ﬁ’lL‘VIGWWI’]

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

aeaziinsuidunidunaqu fuiiatenluaiuveuivisnasuoniuld widiuiiedls

q

wienazueshiviu Aujunsensiuqdunidnindneglavionldaunsaiidneanlilag
Bnshanuarenfiumeiiesdeserfeiununnddismdniiuyuld iununndagyaiuyuy
panMiuInawmiawlontazuinaldien anduwisiniuliiseudsaanaisivlag

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

26  MsyaAsIUEuYurseiuliang

a

a A a 901 . I o w a6
N13YAATIUNUYLNIDNUUIAY [1] (cleaner Scaling) LUUNITNIAAATIVYAUNIEY
v a a ! | ! =2 a v ¢ ! =] e ! a a
Aedluriuyunazdsanysnlusounian $998nUTTIUG (Soaviannannin 3 Jaauns)
o v a & a - - v & o D
Hupie Aesyafiuyuesnvisusnanilomionuaslavion antuvisnitulvisey (root
PlaningUsiAannansiwlag iielidulewdenuazidudausiudnduludauduseudily
IS a
AGINGH
fa nsyeiuyunteruiaglinuniseg Jededddnameaunis e1adestn
S8z 30 - 45 wiit Wwan 2 - 4 Ass wewnnItuTuedfuAuNInTosvesiuyu
= = aw < a ) o o a ¢
AIUANVDITOIANUTVUALAZAUUTILTIVDINUYU LUUAY IINUUYTENIU 4 - 6 §I9IRY
uaunndazUssliunadndiemeanlsausviuaniell lngadneuzwiteniinduganin

Y (3 1 =

Unfvsededlidonaaniiaiwlseily warldaseeliainsesanysvug 1ANuanveIsesanys

Y]

TudRutuvseingan1snivseld ddslianudnuessesinuiviuded Vununnday
farsanimsagyinsindansely NelluduanusiuiiovesUielunsvimiuazeindie
widwienasnduAuganiizuniivean wingUivaziaslivihaiiuageinetgnie uag

aiaue Aaunsandaudulsausviudlesn

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

yaagdirlfiAnn1sduresats (Metal Tip) iloudostrundudiadvareiiyafiagsilif

AnUfAT81 (Sound wa-e 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 ” %aﬁaiﬁﬁﬂﬂﬁé’ﬂéﬁ%ﬂyLaqamaiwfw%uumaannmmﬁuazaamﬁwﬁ
QFERRELEFRINIGREVRLT BunnszUIuNSTAn “ Bubble collapse releasing energy ” Wag
Turauziienfuasiifimeizonin  Decreased density ” vhlfAnuvunuvuvesiniiensa
oganas uitisdemsiluananeluiasiadules Bonnszuiunisiidr « ca-itation
occurs ; bubbles form 7 §anzuaznszuaunsdesisnuaduiy dwaliinazons

11 UAEN1INTEEYeIaroRIlInuANNLSIluNTHuYeUMeYn daandlunind 2.19

Compression Decreased Soind w.‘:we‘ci‘:rup:agarps
density through ligui

o
Cavitation occurs;  Bubbles collapse,
bubbles form releasing energy

A 2.19 ca-itation of liquid by ultrasound [3]

ayeadtn (Micro-Streaming) MiNA1NNS ca-itations Ag¥IeBNINUATIYA

fidnuaizmiloutdn Uets) Mllnnuiiigdluazossudassuiidnvusmilounssidenniaeg
aelu wagiindsuagluiies Weazesundrdlunssnusuinilufasiinadenisseus
Tfuasuiuyuuuiaity iWethdanevhyaiinisdusendusaniledand 25 Aladsnd
(kH2) Tududafuinuinaiaiiuagyiliinfenisduduadu shlfAenisugaiouesasty
fuyuvdofiutargoonldlaedy dfuilueiesgeiiuihate Jaiseloviesnan fo
szvwarmdoulfudduge A ssouimesiiugu evrdsasuiiuihasuasan

21MShEeHY fanandlunIng 2.20

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

sy

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

il 2.20 Energy jets by ultrasonic ca-itation [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
MsfloynAvesinggnIUNIUBENIINAUYLaNAA 1SuniInsduaIioussuvA (natural
Vibration) w3en1sduaziitoudase (Free Vibration) n1sduasiiiounisnadisnisifimes

nangiife ALoNUAn Y (@amplitude Y) Fanunefissveenieiilnanianneuninvasing

q

a

mdeufioanaingaaunan Y dluilsiduledvesianludiuvesaiuduaziiiousssuyd
' N a 1 [ a ¢ A o Y I a = =
Areud f Anuieluldsnd (Herze) Aod1uiuseuveenisdu seduiii au T fe
FYULLIANVBINTEU 1 TU

AMUDLALATULANUFUNUTADNULUUNNRY NA1IAD
£ 1 1T (2.1)
weNUAIAveINIsAUilanNITAall

Y+31Y, ‘cos'wt (2.2)

lnefl Y, uriuenudgeasanvesnisduiy uaz o Wumiusudauiviae

Y Y 9
< a a N S oA v = a a1 d‘ I a
W isihgu/Awnd Gadlaiiu 2w lunsdlgauai Y,  asiliArasiudlussuunasts
fn1sgeydenaenulugvesisaduanuluileinquaziinsdaiigndasuesnnieusn n1s
Y - = a a o v = 2 a A =
duaziieulziinenUigafianasmuaidu aulunandzvenadlagduids vandilinisgayde

WALy NTFUaIauAaINIsaazadun b UL UL TITUAR D UL UUT AU LULD UL

v
3 = Y = a =

lAamsduasinouderuiuluiedng Tuvaemeiunazinisduasiiiou sssusAindy

[
a

Wesneumavesinggnsunuluaindundsauna  dn1sduazitouniassuuuiliinfy

D,

' 1%
a =

lngdlanudnwiniu aziiausingnisainafunsasasuinaeiu vilileuudgaiuauan
laeissenyusngnsalilinnudnimeu (resonance) a1svuuiinisgayideidelassnn

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
TngisisenmauanudiuteiiingsanudlaEes ( Sub-audio Frequency )
AduANduaziioulutaudfIwA 20 18504 Fudla 20 Alaidnd |Wugeiyues

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

'
=

AAUNIANAgINIT 20 Aladsed Fuluyresausiliaunsalagy tsusunaiu

v
ISP

audlutadingisanudmiedss (Ultrasonic Frequency)
raudansladautseonifuraaiigg feilde 929 20 - 300 Aladsnd 3endn
frasansilafinmudsin 929 300 - 3,000 AlaBsnd L%mfwmé“amﬂsaﬁﬂmmﬁqq Lz
P3eudigendn 3,000 Aladsed 15115endivsdansiledinmuigenn
aausansloda udevesnisensneandsany nSoufunisunsvesaauaziinis
Wasundsudndilundanusad nduresnsduasiiiousendwmiieUiinsvessuud
aunseail

E] 05(pw?A2) ] 2mpf2 A2 (2.3)

Tnelundaglgminglussuu ¢ G.S.

mfﬂ,uqm p Wumnuruuduresinals  (gm/Cm?)
o  Jumudadau (rad/s)
A Li‘JuLLawagmaamsé{"u (Cm)
f Jupnud (Hz)

ANUDIAUNUAAY WIBDNUYNTIADAIAIULTN UIEDT USUIUNAINUNAINIUNUN
PUIANTINUILADIUNT]

Frarfu I ] 0.5p w2A2C (2.4)

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

Aduuseansnisannau O (coefficient of attenuation) AoAdonsssuYIA (natural
log) veIdnTdIUTENINAMBNUFIAVRIgNARUTIABLeINY 2 §n vesnTauasiioudase
Uufe

a 11In (Ay/An_q) (2.5)

<

e A, Juneuudgavesniugnii n uay A,_; WuweuUdgavesndugniin — 1

[
= [

il o FuediuaAnauiAnIInIgnInIBITEuy wasaNIITWINADN LYY QuNYl
o @ v d' Y a Aa a I a a ]
Ay sy Aduauduasioulussuuninuianguiinannsiuasuuyaimniegusng
ludnwauzaolull ogndlaognmils WienatwegwuaNiuAe Msidsuulasauenn g
1As9e wagn1slnpdumaril @ansadeNouaInNRIf1eg taganunsainuls lnsanizaausa

CRRIGDG

2.8.1 nmsnudaraudansilyia
maudansledafiilntulalaedisniseneg Fevseenidu 3 nszuiuns fe
1. n32UUNITN9Na (Mechanical) #9l4lunnidn dnldianizlunsdln

$99N15 duariPUaE1aL5aUReINE WU Tunsal Gas-Jet Generators, Sirens LHudu

=3

2. nszurunsiieleddansa (Piezoelectric) 35UldnanNlananURe e

q

Blian3nA nafe Tauduiussening AnuAsen (Strain) Yes¥uNan AuruauUAng
Infhvestundntu deg1ugu barium way Ead zirconate #4ldlu n3eensramiossn

(Flaw detector) wagtAsavinAUazan (cleaners)

¥

3. nszvrunsuiaiilasansnivl (Magnetostricti-e) 35HanAennautives

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

va o

wiwanffiaauautfnenan laun nickel, alfer, Permalloys way Ferrites idoffoauise
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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 VWBTE VUATU WATILNH UANWULANT
P UReITULRIe  wanaeiunssndneaziawunul e ludlrlududadiuaishadiu
Banlaensd waaneil 2 ¥ Ae d — Mosfet wag E - Mosfet uadlWnunsainmsineen
londeulave dnilugunsaidimindige fie ddnsimusenidas uana1eaInName Asands
wnazlauiunuldlidudaniuansfeiidinanlaenss winisvinaudeasldunanniswmilounu

LALN®

2.9.1 lassasuezdydnualuosuading
woawln wisoondu 2 ¥l Ao d - Mosfet uaz E - Mosfet @sluusias
ilad gnuuseaniduia n - channel way P - channel
1. weawmmuuuAnddy  depletion ( type mosfet [ d-MoSFET) Taseadna
Yesuoan Usznaudiermiedaiiseldiu 3 1 WuiRertuamn Aevasu (d,drain)

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

Tans (Metal)

Tauz (Metal ) LY oD
G
2 p
43
5 ganoulasonlyd (sio, )
Tasaai Fouanual

e

AN 2.21  Tassasne wezdyanuwal U89 d — Mosfet LWUU n — channe [7]
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Taviz (Metal )
D
Tfl}fu‘“[Mcml'] oD
Pt N - type
substrate
G P
| —Charmel Go
P+
o3
3 ;ﬁﬁnn'u‘]ﬂnﬂnlhfﬁ{si{];!
- Ed IR o
R GERE ANy

amidt 2.22  Tassadne wavdaydnuel 103 d - Mosfet WUU P — channel [7]

A7 2.19 1 JulAs3a5$19999 d - Mosfet LWUU n - channel Axila1sA

fimdn Aeasyila P (P - type substrate) @auluainning 2.20 aviusnwuzlaseadng

'
=% o o v

Y99 d - Mosfet WUU P - channel §93zila15neaatd1ndn Ao a159da n (n - type
substrate) channel n v3e P agnissnvsetesduagiunistuieaning U3 channel
ardlawiudanaulaeentan (sioy nuld lulwduiaiuunalaensiwasvnnazduaulany

q' v a A a v
Magvilideauulni WeniuauANLLAUKEBN31989 channel

d — Mosfet WUU n - channel 9gvIInN19LANA1990UU (dope) UUa13AY

o [ a

Y v = o o + + P v a & v & ¢
whudnaia P Iinatewduaisnaditn nt (n 1) welidsdutesu (d) fu eesa (S)
wazddulu d - Mosfet WUy P — channel A9eildnuuzmnsaiutIufe 387n151RLa15199
d! LY o % a v d" £ o + d' Y a 5 LY :.;
Yuvuasnastvanuis n Winateuansissndy P (PY) wslidsdudnasu (d) fudn

Yasd (S) \wuiu

2) LDUIUGIUA 30 duedan (Enhancement type mosfet [ E — Mosfet)
LANANTU Auadaws asaluldl channel waanu1savinlimin channel Tolagdsnslunea

F992na1704 AlU AILAASIUAINT 2.23 WaznInWd 2.24
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Tane (Metal )
D
Tane (Metal) oD
.
l_
fe—s
G —
o3
Yoaa n_ W .
3 qanoulasenlya (sio,)
- o e y
In59a319 doyanyal

A 2.23  Tassasne wazdydnwal 999 E - Mosfet LUU n — channel [7]

Tane (Met:
D 0 1:w (Metal )
Tany (Metal )\\ oD
F'I'
” ‘ N — type L
B substrate I
G —
P+
a3
et | 1 T
5 yanoulaoonlwd Sio,)
= L w s g
GFET ERE! dyany

A 2.24 Tassadns tazdydnual U8 E - Mosfet WUy P - channel [7]

lassadrauasdyanwaives E - Mosfet wuu n - channel agiiulain

aaa

1AsIas19UsS TS ne J@anaulneanlaavin nuniduauiududrundulans Ll

dudanuiilearsuan (P - type substrate) aziulainusnanioansuanaz §lifl channel

[
1Y [

waslvaasuiudIge saagdiuiaving drudydnvalddnvaziduidudzagiananednm

anATTIMY wazdnwuglassasisuardyanualves £ - Mosfet Wuu P - channel

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

Ladlidudanuilioansndn (n - type substrate) WufgatulagiazfiuIuinaisasnanay

(%
]

Faludl channel W#

U v

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

n - channel ludu dyanuvailidnvaedudulzegininasaslmanastosnduuen

2.9.2 msluueauazananyaemliihvesueams

2.9.2.1 nsluuea d — Mosfet fauandlunni 2.25 waznni 2.26

P -type
substrate

N-type
substrate

AWH 2.26 nsluwea d — Mosfet wuu P — channel [7]
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' '
a1 =

msluked D - Mosfet Tuns@iiviin1ssnemusadiu (Vpp) 7ien 9 niaudsl
(Ves) ] 0 vmuzdavinsvuansy (p) naniuain DU s1é iesainda D uazda s sa
Huanssiia N Henundaasioudusdunuimidanszuaddaan Dl s 14

FrUsuniin (Vgg) Tiganduuanuinndigug channel N agg1en3neun
Fuiiosnnauwlniiuaniiuiulany (Metal) Ssuauanniy Fedamaliiinuseflagaiu
Bidnmseufinszdanszaweglu P - type substrate TaReufiunsaudaiud channel ey
channel 3an¥stu sildnseualit (1) Tnaldaemnuasiivszanaifisanniu

WU (Vgg) Tduauiiinunniu  channel N avuauasauddulald
channel taeiilasnnawlihauiiviulans fsruslunisudnsuiudidnnsounsiudng
channel %11 1% channel 1induituidneld channel Fauusantmdngdnumsesans
wiin P wazlurnamaiuvensyud (Ip)

msluwed D — Mosfet lunsdifiviinisdneriusediu (Vpp) 7ie o wilewdn
% (Veg) 1 0 vmuziinszuainsy (Ip) lwasiuain s U D 1difessnda D | channel
wavda s draduanseda P anundvaiioutdusidiuniudinis nszuaielvasin s
WD 1o

USuLiY (Vgs) Toisauauiiiuann@u channel P aga818n319u1nTy

[
Y

waulwihauiiwiulany (Metal) S1wauanniu Ssdsnaliinusmdnduiu sdnasou
ﬁﬂiz%’@ﬂizmaaﬁﬂu N - type substrate Wipdeufivinsesnann channel fatu channel P
Sanaduvinlsinssualalih (p) naldasanuasiivsvananfiuanniy

B3 (Vge) iianduuanifiuanniy channel P azuavasaudedulad]
channel lagiflosanaunlwiiuaniusiulany fnsfsgatudidnaseunseuiinm channel
Yl channel Wmdanaseududiuiuann Jwdsanndnvasvesasein N wagluvang
NaRuIRInIEa (Ip)

aulédn D - Mosfet  annsatinszualdlagnismuaunisluneaiiving
LazusssuivnnadiviildAnnisivavesnssua (Ip) annsoduldnaussiuuinuazay
Tudgiuaes D - Mosfet WUU P - channel A3gdidnwagn159ina1uduLigifuiuuuy

[

N — channel A9AULNEITIVDUWNAITNY (V) FLUANWUTATIVINAY
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29.2.2 msluued E - Mosfet sauanslun1ni 2.27 uagnwil 2.28
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R - ; R
N -type & —
v sub strate Ay
S Sl DD =1
+ 2 / : = v
T 'GS eS8 + DD
...

AWi 2.28 msluned E - Mosfet  wuu P — channe [7]

msluwed E - Mosfet  918usasulaliln (Ves) 7ieng niawddld (Ves) 1 0

(%
=]

yuzfiavliinszua (p) laduainer D MU s lesarnuiina channel Saduans
wiln P og Jnalouseuselasuluneandu wavinisusuidiuen (Ves) Willanduuanuan
Fu aviuiaunsliliiuandiuey Iaug%ﬁémwﬁqq}@@L?mmauﬁﬂigé’]’@mzmaaﬁumiﬁa
fdmdn (P - type substrate ) Tiunsaudiusgusnudniuauiudaneulaeenles (Sio,)
naneduagmudennadiu Wunsewa (Ip) wasuainer D 1U8s s 18 Aevsunafadu
aunazLin channel n 3u aanmslueadinadaiiy (Ves) Whduuanunng Aassiild
channel fifufiunndu (Ip) Aunaulugeurdudy (Ves) IHduavarldifin channel
LAemTEAlANATEUUTIMNRRAY auudrBignudnlivieeenly Ssnamlédin E - MoSFET

WUU n - channel auAnnisluaves (Ip) ladsedlevinisiuweananlgliuln way
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Tushueameaiu 81158 E — Mosfet WUU P — channel agdindnnisiiudeniu E -
Mosfet WUU n - channel igaumsosluwaainasienssuliay Jsavvnlminnseualua
siueasld insgstlatiauandundsineaslundnindidnaseudioglndiutaunaliiving
sanld Wnldinuiiinanniuadowduiiufives P 3aAmdu channel P Junnideuse
maduresnseld  (Ip) easalwasiululsasle

Wein1sluwea d — Mosfet WUU n — channel 1¥N1sIR8UNTINAZLIAUY

Y

lpgaisuiinssuaves d — Mosfet Wuu n — channel 9zi3uAuAiAIu (Ves) tluau

walslovihnisanAssuluauees (Vgs) Witosasuaviiuausesu (Vo) Mnduuinuin

'
av ao

= < a1 =4 dl' =2 Y =2 1 N
Ju nsiwansziansu (Ip) NagdlamnnduliiFess audseinaniunula Jenaialaan

q

d — Mosfet WUU n — channel @13508NSYLALARILARAILTIIY (Vo) tDuauluaudenn

WSt (Vgs) Wuuan aauansluning 2.29

“Yos  *Ves

[

0 ID

N. n — channel 9. P - channel

AN 2.29 nsminsunnsEkakuy d — Mosfet WUU n — channel kaglkuu P — channel
[7]

Wearnsluked d — Mosfet WUU P — channel 1vinns W@eunsivay
winleingasunssuaves d — Mosfet WUy P — channel 9zi3uAuUAiALsiu (Vos) +0u
wnuaLileviinisanaLssduluvanues (Vgs) Widevasiagiiuainssau (Vgg) Tluau

é?’ [ a0 é’ a = Ay adou yal P
wnFunisivanseuansu (Ip) Nasda1untuluises q audsgeafidandunulanAini

WULREINUAINY 3908120937 d — Mosfet wUU P — channel @ usatinsswalamawnan

WS (Vgs) Wuuan luauderusesiu (Vgs) Wuau

wanews Ve : Pinch off —oltage #m 1% Iy 1 0
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Weatnislunea E — Mosfet huu n — channel 37901518084 NI

edngasuiinszuaves E - Mosfet WuU n—channel 9i3uAuUNAILIIOIU (Vgs)  tTuuIN

'
= IS

Wigegafen wavdievinisinAiveiwsinu (Vgg) Widuuinuiniu msluanssua iasu

£ '
a1 = av Ao

(Ip) Nazdiauniuluisess sufsgaidafdunuld dadu 15133919na1916147 E - Mosfet

WUU n - channel anusatnseualananssiu (Vgs) Wuuinmniu dawansiunmd 2.30
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lD : TO0 -
: +Vos
: i
I I
V. :
T ! .

— 1t Vas Ip

0

N. N - Channel 9. P MChannel

AN 2.30  NSINNSUINTELAYDY E — Mosfet Uy n — channel kagwuu P — channel

[7]

Wavhniswansannisluked E - Mosfet Wuu P — channel 1nvinisieu
Asulangaisuinnssiaves E-Mosfet WUy P —channel 9zi3uAUfAIMSII (Vgs)
< a 1 a P o ~ 1 1Y) Y dg(
Juauiiesegnafeatazidioriinisiiuavecnssiu (Vgs) Tmluavuindunisinanssua
(Ip) Aazfrmunduluizes audsgeiidaivuld Auiudsnaaledn E- Mosfet wuu P

— channel 1hnszualafiauseiy (Vo) tDuaumingu

U8R VT : Threshold -oltage ApATLIIAUNNT 191 E - Mosfet 15y
U1nsend Inelulianiussanm +3.6 V @1 %5U E - Mosfet WUU n — channel wag -3.6 V

@193V E — Mosfet Uy P - channel
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2.9.2 N1FATIEBUUDALNG

NIATIVADUMIVIAIN 9 vesuoas (NalSiuviavaylismumia)
1) Asdllpesnenu r X 10
2) TANUATUNIUTEINN d AU S Tneadudiuesiines 2 a3 axlaAiau

ANUNUYINAUIG 2 A5 FabanalunIng 2.31

f/_f_-\‘. (/—'f—-\\
H —charmel N —charmel

= + + =

] @] Q o}
G D G D

A, NSEIIAMNUAIUMIUSEINN d U S U89 d — Mosfet wagE — Mosfet WUU n — channe

P — chanmnel i/T\: P- chammel l:f—r\\:l
\‘ Q &} o} Q
G/S §-uF ‘/ 51 :

9. NSIAANUAIUNIUTEIN d AU S UBd d — Mosfet kagE — Mosfet Uy P — channel

AR 231 M53A1 d fU S 989 d — Mosfet way E — Mosfet WUu n — channel uag
P — channel [7]

[

3) 1911191 G IAgAIMINITIAANUAIUNIUN G AU S war G AU d 98719ag

2 33 lngaduiavedives agldrauiumuaasiiiunaAse Awandlunini 2.32
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H —chanrel
e s
0 0
G S D

¥, N38 n - channel TIauegNuN G wagtwINegnv1 d v S laAAusiuvugs
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37

NNITIANIANWAUITINTDVIAN 9] VoIUDANANITLA d — Mosfet LagE — Mosfet
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findrandauazulin Svdeuglafinuiivhnmstasaruiumusasannsngiuaa
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Feudann d fu s udreildresnusunuganasatiu fe G i

yanown 9291 d fu S e1edududosinnislagile Mosfet tilagindunsineg
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arduvuldiiiu 2 ads feduseamnuravesarlden d fu s aduunuiulduddmi

ypalpuInuas  llaunsaltwnuiulannudnuuslasiasiaves Mosfet

2.10  ITVHHUUUATIIAY

WATVEURUUAFIAU (darlington amplifier) n1slansudawmasdiuiu 2 61 [8] lae
nsuIIARalaANes (c) whazisoieiy wazltuddames (E) 10 udamnase
wsnseldidrfivniua (b) veamsiuBawmesimds dawalinissiiauniaeidnnegi

NIUTARDIAINRY  dIudyy un1eBunagnatdiniarua (b) YeInsuFanosAILIN

AILARILUNINA 2.33

A. NPN — nPn ANSa99U 9. PP — PnP A15a9siu A. PNP — nPn Asagsu

AN 2.33 NFIUTEAHDIHUUAITIAU [8]

ASYINUVDINIUTANDSUUUANSIAY  NILUAVDINTIUTALRDS Q1 azdudunszus

WavemIudanes Q2 3wnilsnsIn1sve18gamTelinAudnIINIsueIensTuATes Ql
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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+Vc

- =
R
23 —@)) 191 HA
4

AN 2.34 1995V FYEYIUALUUATTIAY [8]

NasvEedyIadenuUn3eiy  AusEneusensuiamed Q2 fu Q3 Aauuy
A3euaiin nPn uazMsLBaMES Q4 fu Q5 sewuunSwiuedna PP Inensudanesin
403%n (Q2, Q3) way (Q4 , Q5) I dunsudainosierdnnguunduns (Match Pair) i
Usgnaufulunsasvenedyaiandesuun3iunoundiuuns 7wmas MIVLEe d@u
Tusasmesudunaiszneuselalendiuiu 4 fvimihiidvuslutedliunudames

Auamduns  uazsiasuiuidiuni r 1 iieviwmihnivue lukeauazynivegaumilviiu

'
[

NIUTARDTALUNTUNIVBIRTILAMIINZEN  dIUMIAIUNIU T2 Uay 13 vimTnda
N

Tuealaiunsudamnes Q1 lne?insudamas Q1 azvintNNveedyy 1R IUBUNAT

WrumeAUBmes cl

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

WAL TUAUANULADIVBINUNINTU



39

v) \Annmasiarnds (Power Setting) gaiiulufreliAndusosagusy
1N
A) 1ARaINNNTYR Tiligndies demalviunudiaziiiiyalunsimiziiu
ihanendulunszunnfafturhlfAnsesvguseniedarou
2112 WasiealyzUTiuAdaAes
nanlfiasesyafiuusaniileda drluuinaldviendeyfioniAnuisduazgn
ynoonlaslallddila uazmnldiedosniuianslfinienlastmdaideslinefenaviili
dodeBasafiunannibornunTatufndume uwidnhmdedsuauioufivone fay
liRnmgnsaliguil
2113 gifwmuesmadnnmedideneludon The incidence of bacteremia
ynafsiiados ganiden dawion idindiawiton o fanfanmyludeludendy

o v =

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

minszguuafiselueinia vusildiasesyniiutiaedaniledatuaziivoninszangly
21MAINTUINUNADNS 30 1

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

Aatiuasuladn avesaduAlndy Avlnseaneuue1vsliiiounteg1eionavily
Anlsalaudied Famndnlulusunmeaaianadedeguninla

2114  wasiplAse9ANIIIEila The Effect on cardiac Pacemaker

AUrelsruesefiauindusesininiesdionuismzvesiilaiieniuaudane
n1siuliignaenIesing1y agvhnuriuiluraensiiuvesitlatades LaTesyniiu
Unangdaniledaviafiuiansiuaniwesiitmsuaulany (Magnetostricti-e stack) fnaly
nsggubiaIasnudamzilainuieunaduaunds Wuwsliniswivresiilainnainela
Judunsefadin drunieyaftuyuiiurimsiuaiigesiluwuu (Piezos-Electric crystal)

iNATB8NIN

212 @y
S v oo ) & i N a o = a v v
unillsdnausludiuveaileniing fianunerteeunsosyaiiuyuiuudanii
lolla Nuenaisiazsuideiineltedaiiiloniysznaulumediunanglaun nannis
91UYDATBIYATIUUIAI8ULUY Ultrasonic Vibration diulsgnauvadinIesyaiiuiiaiy
1wil1 wuu Ultrasonic scalar nannnsvesasaswladenguifieglusilediues 4046b uaeas
Atadyauniud 25 Aladsng(kHz) uas (Mosfet) 299598188 1ALUUAITAIAU
(darlington) galdunldiluuuimslutuneuesnuuuasiuniayaiuyuuuudaniilelia

dniuariunnsILARoUN
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Tuunildiauen1saiunms uastuneueaniuuaATasYaiuyuLuUdanileila
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MULEUNTINULEE IngUsEaeATdLiTunaudall

3.1 WRURINITALHUeU

3.2 m'iﬁwmusuaqmﬂmmuLLﬁqé’]’uIWﬂisu,amqsuaqm’%laqsgmﬁwfwmalw%
3.3 A9YN9IUTENNAsAIARARALE 25 AlaBsndkHz) Tagldlediues 40deb
3.4 dafuiilavyniiuihane

3.5 MITINUYDIDLAAINE

3.1 LAUNINTITANLEUSUY

frawansluning 3.1
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A 4

Anw e sIuTINTeYaNLITeNNIUDY

\ 4

THUTUNDUANTANAUNTT
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ANB1993NIARIUANILTIAULN

l

asslaznngou whlvwazUsuu

9IATUALLL AU LN

ANW1995NIANANAILD 25 kHz

Tu IC 40468

A

l

asf]QLLagV]maaU LLmGULLagU%JUUEQ

WIASHNANAIIUD 25 kHz

d' U o a 1
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Foot Switch

k. 4

h 4

yadumilviviayaiiuyu

Solenoid

AIUALLIIHTUIDINIYA

NAWARFYEY10IAINUA 25 kHz

wiaDuduwadaind

Fauamdna (LCD)

h 4

L 4

muauﬁmmﬂ’]

Feed Back

AT 3.2 UNUNNUADNLABYINTUUBIINDTAIUATNY
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S1
Switch
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S50Hz
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—
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3
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A9 3.3 1993ATINTRLATENYRiuYuLUUan3leila (Ultrasonic scalar)

)%



46

3.2 meiuvaamuauksitulvinszuansevaasasyaiuyuwuusanilude

a =~

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

321  9wlUfa Foot Switch %138 S, Lilasos0299519 Solenoid Val-e 11 waz i
AT

322  fe1lUgi1ed reculate LUas 7815 wile regulate Tdulyl +15 Taad
(Vo) mmaﬁéfaqmula% (r egulate) ts1g318vUIANTIENSsU UL Ua W uay
wsssulnivesndoudasiinliaed Tdamnsadiudiersasvensanudlalaense dius
Auusey 1000 Tulaswda (F) wag 100 Tulaswnda oP ldlfiienseaussdiulfFouiety
wazduulszy 0.1 lilasvhaeriuthsanmswidonilusaled Weldusedu 15Thad (v)
winhlwldediiulediues d0d6b Fusasianunsadnonssualdas 1 weud ()

323  $unluswdiives (B) vemsudanssd Q, Wiesenssuaniniiviua (b)
dlovua (o) 1esunszuaninnsudames Q, anisthnszudlndinfivdiiwes () Tudun
AouNaY (c) wanudygaluigliiuen 14 (Signal input : Sign ;) U1 9 (Vco input :
Vco ;) vedted 4046b

3.3 A1SYN9IUTD9NATAIANAAALIUD 25 Nlagsnd Laeldleduas 4046b

A191191UY999951ARARAIUD LelilaAud 25 Alaldsad(kHz) AN ez
wAUYNIUAITBUFINIIANNRTZERINRaIAR ULNUTaYE O DU (Magnetostricti-e stack) Tu

v |

Fadudu (Hand piece) duvesnasasiiidledives 40a6b nanaudiiielcasironas
Usgndaaldinglunsataadesyaiiutiats lngleTives 40a6b Tilulediifamant
WiNN1591191UT8999sadongU (Phase Locked Loop) luniasneg

ledwes 40d6b (Uusasiadongl Useneusie Veo waswawSeudisu 2 i

fuduveedyyudunazdUseugudunm
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331 AvmdTmUAuf oLy

mNuAimUANFELIIFU (Voltage control oscillator) Aesan1saudaines (c,) e
ABUBNIENINTN 6 FULT 7 99 way r senteusn 1 wse 261 (r, ¥3e rouay ry)r,
way c, awdusimun gupudves Veo r, Teld Veo dmud off-Set n157i Vol
mEumuBunagevinliineren1sesnluy (Low-Pass Filter) 191 9 (Vco input) d1osie
AsdonAwes 1, way ¢ lufdiliilvan (Low-Pass Filter) WA LnLeYINAYES Voo Iy
ahmmﬁmmﬁwm‘tﬁﬁm 10 (Source - Follower : SF, 1) 5’16(1?5@168’ Wian r (re) Ao
MAEUTI 8 (Vo) dnlallFuniazidals veo LNV 4 (Vco output) @unsaldla
Vaselnunsaludsnn 3 (comparator : coMP,) #3elaun153uunANd sedudfivn 5
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(inhibit input : inH;,) ¥381%1935 Veo warvuwnasdnglugisiannudiseiuasas off

'
! A

& a A Ay Y o c{' d'
YINA LW@ﬁ@%UW@ﬂ%ﬂua%uuﬂﬁwmaﬁﬂﬂ§hjmdua@QIUﬂWWVI3ﬂ-uasﬂﬂww 3.5
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: 14 .
COMPy | - b
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+ N COMPARATOR 2 »1 . A3
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.r I:IIH!-’ - )
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s
S5 121 sengn
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A 3.4 uenlnezunsunsasnielulediues 4046b [9]
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3.3.2 Phase comparator
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[ I

wlaSeudyaaduneu ¢ (Veco output) @snsaselalnemnsaualdyayiniiunis

A7}

o

sEnI9sERuaedndunmNInsgulunsega HEA000b lunsdifinnsunindndesdyyuas
Judssgsiaiiioveny Selfbias Tideyayradumne

1 d' [y P ~ @ Y Aa v

H9ANUAATIAIV capture range PRTTEaGRAgUaNNTARTIITUANUDTILIN
lfasaufessuuiiannsinulifoniudyguduns

locked range e Syoz? (Phases locked loop) @mnsadeaaudla Asaiiud

s 1 U d‘ U %4 a dl v a 1

WWNAYRY Veo wiumNudvesdnainddsndeulissuu Tun1siiansandn Locked
range @n1ENARNUAIRBAIMNAVDIFQYIUSI9BUNIATY capture range TUUIALANUSD
| N ] | o
YIUNLAUNINNTONINUY L ock range LNd

comparator 1 §1U¥83ANNATIFINTT Phase locked loop : PLL anunsaasdenta

AnWa comparator 1 ¥i1%58UU Phase locked loop : PLL Asan11z@eniilonasinges

o

doyamusuniuludygudunaiiinas ngAnssuuuuiivearaSeuiisuenvzdendiaiud
sunatudunisUniuansueiinveanudigudnais Veo yuvadnaseninsdayanumasduns
WiguLguenee azegsening 0 89 180 89A1 Ua¥3933 comparator 1 Aty 90 e
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|
0 90 180

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) =
LPF Output \/\/\/\/
— Vss

92CS-20010R1

AW 3.7 dnuaizgUunaulWaAeunIIImes 1 [9]

[

333 PUABUNITATUIUNATNTOIAYQYIUAINDN

n) WITNTOIAYYIUAMUDABUAU 1 (First — order Low Pass Filter) [6]

Vi T Vout Vinl I-(R+ Xc) (3.

49

L Xel & 1 S1j(2meD) (3.1)

Voul I+ Xc (3.3)
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Y o Vout I}(C
DNTIVYGUTIU ] Vi ] 1}/15+ ) (3.4)
Xc
| —— (3.5)
1
Vout /sc
— (9 1 —— (3.6)
1
] Rscr1 (3.7)
anueRiifdesgeandmiuanasnsesdygamiuidiie 1 o = 0
' :
=2 (jw) b 1 (3.8)
Vin max
finnudveunindweizinty 1/2 vesidsgean
Vout /. 1 [Vout .
o (JO3) e 2 () (3.9)
Vin Cout off V2 | Vin max
! = ] ; (3.10)
" J/1+jo-RC V2 '
- ] ; (3.11)
V2 J(Go -RC)Z+1 '
\ G0y REZS=FF 2 (3.12)
(jw *RC)?+1 1 2 (3.13)
(wRC)2 1 1 (3.14)
w] +— (3.15)
—sC '
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1
RC ] (3.16)
21T'fc
Tunsujimagldarudiduuinfivsaniesdstdy RC TunsAuan

T['C

ANUTDNNUAAIAL DAL INANTIADINITHAINIAT I LASAMNUAAT ¢ JULINDUIIAIUIENN

o w 1

A1 AIvae 189310 ¢ Andneenundvinetuiid1dndinegdimils nsivuaen o u

AUIUTIAT ¢ Azl lianunsounusenaulnasanafiia819n1SAILIUeaL

'
a

ADINITNITNIOIFYYIUANUDAATAMUDVDULUALYINAY 100 kHz

1
DRTIVLYLTIAU ] — (3.17)
27 - f
RC ] L (2.18)

o 2mx100x 103 ’
i C ] 0.01pF

o ¥ 1

99 R ] 1 152.15Q)
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a1u1309A1 1 LalnalAeaAs 150 AmnuRananLies 6E winuu Felunmsufun

gousule

) WITNTOIFEYYIUAMUDABTUAU 2

o o Vout 1
DHTIVYYUTIAY ] i (s)] Gt a5 o (3.19)
v E Y Vout .
Tudnwazediu . (o) I (3.20)
in max
\ : 1]V :
— (jw) 1 - == (jw) (3.21)
Vin Coutoff 2 1 Vin max
: ] _ (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 (3.23)
-7 ++53
(w - RC)?] ;— (3.24)
Feeiila 1@a1nn1snenaunsindaaes
v oA a = [% _7 i V 53
loAnuInaseanpelazla (o - RC) ] — (3.25)
-7+ 53
(w-RC) 1] = (3.26)
1 —7++/53
- RC LT _— 3.27
(@ )] 2TEL ] 2 (3.27)

wliawSeuifisu comparator 2 \Wula3edneniaiganuinfanea (Edge-controlled)
Usenausie Flip-flop 4 7 AIUAN Gating Uaw39as output 3-State Usenausiglasnuuy

p kay n UARWBIINATUTNAIYBY Vyy 1388089 DIAI09 Vs ANaIRU naUSeuiiiay

I~ a

WUULLSNYUZLAEIAD VO UVIVUVDIA YY1V Sign;, kA compy, LWI1zazlU Factor

(3
L =

vasdyrauilidanudifyindygyrannuddunsdvwsaingnitanuddunauieudiisy

Tasio1dns p Asanz on 19929 Lamidsnazlaswyisuuu n waz p g off 3-State

q

o a 1%

lugrananviend MdaaBunLazANRBuNAUTsUTE UYL dyanadunndvag
a a a PN ¢ ¢ I v Y]
dunmuSeuiiaulua natilaswievinsauuy n egluaniig on denpdeeiunIy
1 Y a Ll 14 [V Y a ] % d' s 3
wansinsvaawla mdunmiUSsudmaidyaadunalung dusunanlasiievinmwuu p
agluan1iz on @samfedfuAIINLANAIIYRLNE doulusesduAiAUBalnesues
(Low-pass filter) safuinalTeunguUsuAdyyias wardunauTeulguaunseis
gouandudigatateslasnisuuy p uag n §3A3 oFF wazalenalinaLoyiny
WisuieulaUasasuaziiussiuniau danasves L ow-Pass Filter Asi
dyrunmaIouiiguiadienying Phase comparator Pulse : PcPoy 5¥AUEY
14 Yy < 1% dsj o U < a 1 1 1
annsalduansdiianizlunisdenmewmsildmiumadseuiiou 2 ldlimaunnsnesening
doyramazdunaseuiisuainingiuaud Veo asusuaudvesdulvmdmsuina

Wisuieu 2 sakanslunindg 3.8
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1
=1

Signal Input (Terminal 14)

VCO Qutput (Terminal 4) =
Comparator Input (Terminal 3} . :
b '

Phase Comparator Il Output I'I_ . ; Voo
(Terminal 13) __| ; u——
Vss
| V)
VCO Input (Terminal 8) = __z ¥ \ oo
LPF Cutput v
58
: Voo
Phase Pulse (Terminal 1) | I v
55

NOTE A; Dashed line is an opan-circuit condition ipl cidbiad

AT 3.8 dnuwaizsURAUNaRauNTIRT 2 (9]

HNANUARE LA UVDINTTUTEY. MneaauuLlinauLsias Sukans
anmnsiUTeuiiou sagfiannzasinvesdygaiivn 14 (Sign,,) wazdunaiv 1 (Phase
comparator Pulse: PcP,,) \Wisuifluuanisie 0 dmsu aedns wie 1 dmivanings
AaLARSlUATUIBULALYINVDINNAURAAL DY

milfdﬁwuﬂaaaaﬁﬂﬁﬁmmmauww (S) MiFPBUNMUSEUWIEU (C) Maasu ulasey
1T WAETOUIIRY LLaméhagﬂm%ﬁﬁuw%aamué’ﬁu

dutivgrusuanimlaozunsy mnﬂﬁauwawaaﬁﬁmmm@uwmLU%&J“ULﬁawsmg
fidla anny 359 way 11 udmsanneiewiny eledwuuy p egluanms on 4
anmz 24,10 way 12 dwuaaamzidelasuuuy n egluane on anms 1,67 uas
8 uansanmziilaioiwiiendufiuaudgduanny ofF laswauuy p war n egluanms
OFF Ay PcPy, Lowmmdu HiGH annziowimg PP, dwiuaniydug 1Hu low

fauandlunIng 3.9
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5y ch y Y s Cy
’T ct
ZAVAS

St S¢ cy cy
o c{ St st
—_— - -—
DI DENES
ct st
n - type driver ON p - type driver ON

state number of

~ the comparator
nand p - type
drivers are OFF

"\ logic state of

comparator input (pin 3}
logic state of

signal input (pin 14) 1284459

S T 0w 1 transition at the signal mput
C +:11toC vansucon 82 the comaaratr Input.

A9 3.9 MsiUdsuwlasaaInfidyanduny (S) v3edunm (c) Wisuiieuns

WRSLLUAIB U WULAZYOUUIAY LanIrIgaNASTAUTORIMUEAUY [9]

3.4 duduildiayaiutiany
dnwazvesuiuldmyaiutiane (insert Hand piece sheath) 1Wunsyuen

wanainnelunszuenaiy 3 d@undng faaasluning 3.10

¥AY 100 50U @
——— Drive Hand piece | (ifudua3)

A — - — —

I I m
HEHs
T iy | I ] T
- WO WS

- —

Drive Hand piece 2 (ifwariun)

————— Feed Back (1fudv)

—

AW 3.10 MuFuihyaruanelnii [3]
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drunsnidudesnarsdmiulilayn (P10) vieBeninves  insert Port ” dufiaes
fio dudiviliiinnszuaunis (Magnetostriction) lusiulanzuunilnaniafin aufia
(Magnetosstricti-e stack) inouaueatniud 25 Alaidsnd(kHz) Tnesous veenszuen
wanaRnaziiunaInvesuiuglngsaU YNMAMDIAYALINT WUTOU NSTUBNWANERAN
Tugsiintrefignd 2 4u duay 100 50U TaTu 200 50U AxTurARIA (drie Hand piece
LduFLn) vnaIaneLnsaTiapsazfunsEUsnNaadnlut Auauiland 1250u Ay
Y9890 (dri-e Hand piece 2 WudiTen) vaaaludiuilasiusguuunain (Feed back)
UNAIPNBIUANIADIITLUNAIANDIUAIATLLIATFIUTES (american wire gauge :awG) i
fiuegazilu 1wes 23 awG fvuinduruguinata(diameter) agil 0.6 Tadums(mm.)
yamanesunsyaiaduunain (§udva Feed backlued 32 awG Tvuraduriiy

AUENa9 (diameter) 8¢# 0.22 dadiuns(mm.) A3AfasIu (common) U (dri-e Hand
piece 21dufillen) drunauvesnuldmyaiuiiarsfedesainivioindnnindiuiu
USuauin(Variable water) tieanaaiudeuludiunulanzuunilnaniaiiv aufa

(Magnetostricti-e stack) waglvaponludsarevieuassiin

3.5 MIINNIUYe9IDLaAINAUIUTEAUAIY arduino Nano
[ o [V ¥ v Y [y 1 (% a v 1 .
Jwsasuiuseaudynin aeddumudiualasuudaduwuug (Linear dual
Potentiometer : PoT) fiAA1uAuNIY 5k Taviu 2 galudaified Wwausdaiu arduino lag
19n153aR1U analog to digital con—erter Module UY ic aTMega328P UuUBsA Felinau

avidalunisuuassedudyeins analog 8 Unuagiuseaudaains analog lagean 5vdc

AIbERILUNINA 3.11

—

5KQ Dual
Potentiometer

=] 1y o v .
AN 3.11 19959BUAANNANTTUTUIEAUAIY arduino nano
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dlovinisusu Pot wsaduluilh 5vde agldsunisulanssdulaeaiaudumiy
el Pot wazdsdyay1aludsen a0 Wsunsuneluuesa arduino agvinnisaensiassiu
Fyanadindusian faud 0 89 1024 9nTrefiaviily szaenndesiusyfunisvens
dyrad wazsinnsiusunsulinansnar untiae Lcd Aedumosinawuu i2c bus Loy
L%awiamum%’auﬁ (Serial data :Sda) warudeyey1auunin (Serial clock :Scl ) amtiae
Led WSusmdsannuesa arduino liuansmasaian 0 — 10 39 0 nunedesziudyaadlésu

(Y] N

NSvEneRvan wazseaudyaa 10 vanefsseAudyanunlasunisueggian dennesiu

AR

SEAUNMIvEedyaalaUSuAamUn U AT aYn iUy ulug U9



uni 4

NANISANMHUIURAZNISNAEDU

Tuunil 3 osurefstuneunsdniiunuuasluduvemquiiistes fuiadosya
#uyunuudanitleila Slothunusgnauwsagdudifefumuduneunisdidiueusingg
ﬁwlé’t,ﬂ'%mymﬁugmwué’am%’ﬂ%ﬁﬂ %Q1uuw§Lﬂuﬂﬂiwmaaa°umizwmiﬁwmuLﬂ%‘aqyﬂﬁugu
wuudandleila wartuiinuanismaaeaiiossiulsyansammsreureneies sausa
ATIVADUTDRANAINGI 1) Formintulsluvavihnisveass Tneudsnsvadeudssavsnim

a5 dw el

4.1 @vmAIUANLSIY YanaRmLRLArgUNTaITdARyse Tudeas

4.2 @IUVDIIDUAAINA

4.3 @HurInanIsneassdygiaazusssulusasnioniniseaeuieuisuly
PG

4.4 @HuvINANIINNaBILazN1IAaaUlTIIUAI

4.5 g3unan1snnges

4.1  @IUYYAAIUANLIIAY YarEAANDLaTaUNaldAA1eY Tuaeas
TUAIUAIANATAIVALILTIAULALIITYANAAFY YIUANUDUY 1ITAIUANLTIAY
faan1sunasielniinssuaadu 24 1aad AanIuaasuIadsnAnaLioasuwseiulii

nsznaadulmdunssuluinszuanss wazaensesusanlulu 3 d1u sauansluning 4.1

] Y a =
AN 4.1 Pcb NMANITAIUANLINAULASZINITYANTAAIND
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duusndonssdulinluds Foot Switch 1iiosoraasasld Solenoid Val-e 11
wagHige (insert Tip) 191U d@rufiassineidrludaled regulate Luas Mc 7815 il
r equlate Whlulnluannszuanss 15 Tad Tuidedliiuled 4046b Tursaskandaayaniud
drufianudrediludidiwes (B) veswsudanesii Q1 wesnanaudlaeldled 40asb

FululeFiadenguddmumiuiion 11 (ry) waz 12 (r,) wazdiuUszqinan 6 (c,) wazan

v o 1

7 (cp) udiivungiuaiudvednsas fian 25 Aladsnd(kHz) lunsdhsasauaindddn

(-7

wasazseduaulnensituled 4046b TumauuwsnUADN93T Veo zkanmuddase (Free

g

running) AYEIAANNTIQNNEATUNITVTY 3-G (VCO oyt 1 VCO ou) V04L0T 4046

A Y]

aunsalfimIuAaNn1sinewasesyafiuyudeaindin (Foot switch) \Jugunsalf

v v = 4

AuANNIsTYaiansaularn1sle - Ua dilvlvaludaiyn Sasddiesensgnidauds

Y
Amuusiiigeazliiinnisdu aunsal Solenoid azvimiinimuaunisln-Uaiiwielilne

29NLAZEAUNAUVDIUNIUYID AILEAIIUAINT 4.2 WaznAIWd 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

(n) A wyanNIuyathaty (Auyu)

B T e m—

() Meluvesiuyaiuiiae (Fugw) uazareiiyn (P 10)

Al 4.4 aduUszneuveInuduafiuliane (fiuyu) uazuangiiya (P 10)

4.2  @7UUD9IIDLLEAING

FDUARIHA Lcd  LARINAYRITEAUAINNLITIRBINYARUYL FIUEAITEAUANULTIAN

0 uile 10 Ingusum1 Power vassnuniiesesyniiuyuwuudanileda fwandlunini 4.5

AN 4.5 Pcb AUANNITHAAING LazIBULandINa L cd
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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 maisuiisuiadyainuanuitazusesuiion ic Aldou wasuiuan
Auulug U

a"’fgfgflmﬁaaﬂmmﬂm 14 (Sing,,) ¥84lod 4046b laadaliwuiuvn 8 (Vss) n5190
FerirnsuTuaruussvesitayaiiutinats (Hand piece) lUidhaniagean (Min fls Max)

Tnedyaafiialddnnuisening 24.59 kHz 89 24.66 kHz fauandlunmi 4.6

'
v

Al 4.6 Fyeyraindivn 14 (Singin) vesleTiues 4046b \ieutuan 8 (V)

[ N

Fuaeiaanu1ann 2 (Pcl,y) ¥84+0d 4046b Iaginiiguniuwl 8 (Vss) nS13n

g

o v a

Fevin15UTuAINLI VR ITIYATiudIaNg (Hand piece) lufidngatiegean (Min fia Max)

Inedyaiialaiinanunszwing 24.62 kHz 83 24.67 kHz Asaaslunini 4.7



Amd 4.7 dyaaiafivn 2 (Pcl, ) vedlediues 4046b

Wiguiuan 8 (V)
Fuaufieanu1anl 3, 4 (CoMP, , Vcoyp) 10tle® 4046b guniuwn 8 (Vss)
N3170 F9n1sUTuANULIIveITIYAliuiiatg (Hand piece) lufidngaiiagean (Min 8

Max) Tnedauanasitialdfianudsening 24.55 kHz 9 24.70 kHz fauanslunmil 4.8

{ g MP0s 00005

W
l

i

Aoy coMPy,

Way VCco,ut

[ @D 500V J( ch2 7 7.60V 2 TkHz )
‘Please wait.... Aug 07, 2020, 17:48 |

Amd 4.8 dyariafivn 3, 4 (CoMP,, , Vco oy vestediues 4046b

Wgunuan 8 (Vo)
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oy uiieanu1anw 6, 7 (ag , bey) 984l0® 4046b iguiuan 8 (Vss) N516
Fevin13UTuAINLI Ve ITIYATiuLIa1Y (Hand piece) luiidgatiagegn (Min 89 Max)

Tnedpaninlalinudsening 24.14 kHz 89 24.48 kHz daanslunwi 4.9

@D 2.00V J( M 10.0us W cns352v 24 z )
(Please wait... Aug 24, 2 38)

AW 4.9 Fyeaiafivn 6, 7 (ag , by vedlediues 4046b

Wiguniuan 8 (V)

PNAITIAFYYIUAMNDLAZUIIAUNVT ic NTIIU LazUTUAIIUAIUNIULATOS

Yaiiuyulugenee maluSeuiigy dauandlunisnei 4.1 uagansnan 4.2

A1919% 4.1 MsTuiguTnAmssaunun ic Ml Weusuanudunulugiumige

3-4
VR 2 6-7 9 14
Comp in
PC1 out aC1, bC1 VCo in Sign in ,
VCo out U8

Pcb Pcb Pcb Pcb Pcb Pcb Pcb Pcb Pcb Pcb
UM juimﬂ UL ju‘ngj Ui juing U ju‘[,mj JuM s;usLmj

0kQ |508]| 6.68 |696| 692 |246| 1.42 | 497 | 6.07 | 9.19| 7.05 | Vdc

1k@ |511| 6.67 |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 | 1.40 |5.13| 580 |8.40 | 6.82 | Vdc

4kQ |547| 658 [695] 6.88 | 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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A19197 4.2 nMsTusudygianud i ic Al Weusuausunulugunige

3-4
VR 6-7 14
Comp in VCo
PC1 out aCl, bC1 Sign in .
out NUY
Q Pcb Pcb Pcb Pcb Pcb Pcb Pcb Pcb
suir | gulvd | ogwar | gulved | ogwa | suled | ogwa | suled
0 kQ 2379 | 24.67 | 23.81 |24.70 | 23.92 | 24.48 | 23.81 | 24.66 | kHz
1 kQ 2375 | 24.66 | 23.78 | 24.66 | 23.90 | 24.45| 23.73 | 24.65 | kHz
2 kQ 2371 | 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
Anade 23.68 |24.65| 23.73 | 24.61 | 23.87 | 2431 | 23.73 | 24.62 | kHz
E A1py
R 5.26 1.40 | 5.05 152 | 452 | 273 | 505 | 1.50 E
Aanann

4.3.2 Ned U UNB U YIUANALAZLIIAUTIVY d (Vi) V0IWIIDIUDALNR

vl AUv1 ¢ (Vep) 10T UTaLnasini dwniad 2 Tursasvenedygyia Weousuaiiu

AUUNNILATE S UE A

'
= o

Wis U U117 d (Vgs) UOUNII0SURENRTBUAUT 8 (V) F9vi

N13U5UAMULTIVBIYATIULIR1Y (Hand piece) lUNAgadisgsan (Min s Max) lag

Fuaaiinldfinnudsening 24.66 kHz 89 24.70 kHz fawandluniwdl 4.10

AN 4.10 dyeunan d (Vee) vedininesuaamaiieuiun 8 (Vo)
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NNIINAFDULUTI U U Y 1 UAUALAZLTIAUTDIUT d (Vas) VOIUWIIDTUDE

wis ir F3205 (Insd) AU ¢ (Vop) van51u@diaes buXs0o (1An) warUSuANNE LTIV

wsodluguAeg NalSeuliieu Auanslunisei 4.3

A19197 4.3 Ve uUTsUTs Uy QI1aANRLAZLTIA DU d (Vgs) VOINILIDTUDELNA

ir F3205 (lnal) A1 ¢ (V,p) 99an51u@@ines bUX80 (1n1) 1HaUsUAIUAUMUAnTILATe

Tugumee
VR |« r % A1ATY L. 4 % A1AIY
AN | A7 N GRITEXT ! GRRHG -
o o AANATA . . . | AewaiaPCb
PCb3uii | PCb uifin ., | PCbjulwai | PCb julwai e
Q PCb ufin ulwai
5kQ | 33.98Vdc | 23.87 kHz 4.52% 39.30 Vdc | 24.70 kHz 1.20%
4kQ | 33.54VdC | 23.85kHz 4.60% 38.60 VAC | 24.70 kHz 1.20%
3kQ | 32.57vdC | 23.81 kHz 4.76% 38.20 VAC | 24.69 kHz 1.24%
2kQ | 3210 VdC | 23.76 kHz 4.96% 37.40 VAC | 24.68 kHz 1.24%
1kQ | 31.75VdC | 23.71 kHz 5.16% 36.90 VAC | 24.67 kHz 1.32%
0kQ | 3048 VdC | 23.68 kHz 5.28% 35.50 VdC | 24.66 kHz 1.36%
ANQAY | 32.40 VdC | 23.78 kHz 4.88% 37.65VdC | 24.68 kHz 1.28E

433  yedeulUIyuiguANudveIN TAUazIIeuYesUaeiIYa (P 10) Wausu

AUAUNIUNNTLATDSIUEIUA)

nsnageuUTEANSA YD IYATIYATAUYY (handpieces scalers) uanssu lagld

LASIIAAIINDYDINISHUALLIBUKLUUDANSILYUN N9 unnssulaganity (HPw-2

Handpiece Speedometer) asnsaialddious 1 & 200 kHz Fuanshunindl 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 PCh | % AAduiawann

0 PCb guifin PCb Juifin sulv PCb julul

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 1.37E

MNNINTUTUU TR asgauyuluusanslelindmivyariuanssungeunil lavi

nsnaaeuidlnihvesnuyafiuiarelnin waryaiasveedygin e uesIEns

AnauSouasaulugnisasveedyyin nan1snageuitaslnili dauwanslunisnan 4.6

LATAISIN 4.6

M1519% 4.5 negeuidalniivesnuyautiagliin (insert Hand piece Sheath) 1ile

USUAMNA U UNATILATO I UEIUANN9)

VR | daouduniu(Q) | anszual) | daglidaP) | Ardslwnap)
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
e Ausadltil ANSELE() MadwnaP) | maslnia(p)
0 (Vdf) 299598 wdyyI | No load on load
2993V
5kQ 39.30 Vdc 0.12 a 4716 w 4716 w
4 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 2618w 2618w
1kQ 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  nsvedeulUSEUTEUAURMMiluYneaTue e day a0

o

nsnageullTeuisuduaaungiluyaiasvenedygyiu Faanely

o

fa

WTVYIWAYYIN Pcb JuLNT INTUTaLnaIIIuINaIdIReA UL UUAISAIi oYY
doyaruunsanunaznszianguveeulviumyaiudu deiuiliiinaiueuasaugdu
wn Tgamgiwdelaeussana 130 °C Wewsesyafiuyuinuseiiandunaiuiu dueans

Tun e 4.11 uaznnd 4.12

v

((.
1"

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

Pcb suimldnsudanas bUXso [10]
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A 4.13 MIAFURMMANNLIBSHRAMARLILIT 2 Y9919V

Pcb gulnadldiniesueama ir F3205 [11]

140 132
-
120 __.-— T
120 A
110 __.--- o
’,..-"' FAYRknYY
100 /',' YA
80,
—~ 80 »”
D 'I,
O‘_. ’
= /’
E 60 ] @
= ’/ a5 48
40,/ 40 o i
40 = - 20 - —
20 B5 T oh -
20 r,a' E o8 . -
‘."10 - ey
0 s N
u .
8.00 W. 8.10 W, 8,20 H. 830 1. 8.40 M. 8.50 Y. 9.00 H.

vanfiruimion 1 Tu

-+= PCB jwm  —=-PCB julwsi

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

1 4l

4.4  duvsNanIsNnastkaznagaulyIuas

druvesnsnaaeuldinaiosyaiiuyuuvudanitledin naassluesufjianis
\nsesileuargunsalmeviunnssuAME uALIMEMAn S INe1douding Lazd1uveINTS
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5.2 asUdmvesransnaaedlumusiigg nsihlunaaeuldeuass
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lediues 40asb Mdumlalunsndndniumninud 25 AladsndkHz) whesofenanng

9942995 (Phase~locked Loop:PLL) fiflaauantfegnieluleddaliamisavinnisen

9

1

Audlaen1sSeufisuAAuAIsEnInadyains Signalinput Audaia (Voltage
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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 Ultrasenic
scaler circuit in mobile dental unit. The operation of the scaler circuit
uses a 23 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 1o work with
Darlington-based transistors. Choosing the two transistor thermal
solutions with the use of a aluminum heat sink and # water couling set.
Transistor’s temperamre / working-time of the traditional sealer and
improved secaler are compared in w prove the results of the proposed

heat solution,

Keywaord: scaler, signal generator, transistor
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Cinclude<liquidcrystal _i2c.h> //ﬁﬁl,ﬁﬁ’lszmﬁﬁa lcd

Cinclude <l cdbarGraphr obojax.h> //tidhyaddsuannauisng

liquidcrystal_i2c lcd(0x27,16,2)[ //\5unld lcd AvualismIuAug r egister 0x27 16 AoauU
2 a7

| cdbarGraphr obojax lbg(Flcd, 16, 0, 1)[ //Anunskisisentgauuisnsm

-oid setup() {
Serial.begin(9600)[ /& Fousariiu Usar T
lcd.begin([ //5uiTausies Lcd
cd.clear()[ //anamti1ae |cd

lcd.print("Volume: ") //k@m4A131 Volume hae :

—oid loop() {
int —al ] analogr ead(@0)[ /8 uAraunasnain PoT nuliludiuls —al
lbg.drawValue(-al, 705) //Amuanisuanmauringv lvigudn -al asan 705 ->
Agsgaiieule
int display —al ] map(-al,0,705,1,10)[ //map @1 PoT iU 1 A 10
cd.setcursor(8,0)[ //fviueeisasaeil fumis $nws 9 waadi 1
lcd.print(" [ LAMINAATIN
lcd.setcursor(8,0)[ //fvuniaaieesaedl dumis $nus 9 uaai 1
lcd.print(display —all //uanq display -al (1 814 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 bt
DESCRIPTION

The HEFA04EB is a phase-locked loop circunt that consists
of a linear voitage controlled ascillater (WVCO) and two
different phase comparators with a common signal input
amplfier and a common comparator input. A TV regulator
{zener) diode is provided for supply voltage regulation if
necessary. For funclional descnption see further onin this

data
PHASE
COMPARATOR 1
SIGN _Lb_ﬂ 2| PC1guT
COMPyy | 3 g, T
e 13 a
L —_— PHASE _I FC2guT
5N COMPARATOR 2 [— [:| R3
PCPouT
S o \VEOauT| 8 g|veoy LOW-PASS
I FILTER
Clals R
o1 == RCE 10]5Four T
T Cigl; s0uU
vCD FOLLOWER Vgg
A1 Biln Rsr
v
W
55
5 it
INH -
vss o p3151 senen
{pin 8}
TZ73681.3
Fig.1 Functional diagram
FAMILY DATA
HEF4046BP(NE  16dead DIL; plastic Sea Family Specifications
(SOT38-1)
HEF40M6BD{F}):  16-lead DIL. ceramic (cerdip) Inp LIMITS category MS!
SOTTa) See further on in this data
HEF4D46BT(D}  16ead SO; plastic
(SOT109-1)

{ ) Package Designator MNorth America

January 1995 2
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Philips. - Product specificaton
HEF4046B
Phase-locked loop MsSI
PINNING
Phase comparator pulse output

PCPoUT E
PClour E 15
compy [3 ] [1a] 16Ny

HEF40468

INH| & E"z
Clal 6 11 Ry
c1g[7] [10] SFour
ves [8 z]vcom

72736900

Fig.2 Pinning diagram

FUMNCTIONAL DESCRIPTION
VCO pant

The VCO requires one external capacitor (C1).and one or
two external resistors (R or R1 and RZ). Resistor R and
capacitor C1 determing the frequency rangs of the VOO
Reststor R2 enables the VGO to have a frequency off-sat
if required. The: highinpui impedance of the VCO simplifies
the design of iow-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 VOO inpul
voltege is provided at pin 10_ fthis pin [SFayr) s used. a
foad resistor (Rg-) should be connected from this pin to
Wae: f unused, this pin should be left apen. The VCO
output (pin 4) can etther be connected directly to the
eomparatar input (pin 3)or via a frequency dnader. A LOW
level at the inhibit input (pin 5) enables the VOO and the
source follower, while 2 HIGH level tums off both 1o

Phase comparators

The phase-comparator signal nput (pn 14) can be
direct-coupled, provided the signal swing is between the
slandard HE4000B family input logic levels. The signal

must be capacitively coupled to the self-leasing amplifier
at the signal input in case of smaller swings. Phasa

camparator 1is an EXCLUSIVE-OR network. The signal
and comparator input frequencies must have 2 50% duty

January 1995

1
2. Phase comparator 1 output
3. Comparator input

4. VCO output

5. inhibit input

6. Capacitor C1 connection A
7. Capactor C1 connection B
8. Vzs

9. VCOinput

10. Source-follower output

11. Resistor R1 connection

12 Resistor R2 cannection
13. Phase comparator 2 output
14. Signal input

15. Zener diode input for regulated supply.

factor to obtain the masamum lock range. The average
outpul voltage of the phase comparator is equal 1o °5 Vop
when there is no signal or noise at the signal input. The
average voltage to the VOO input is supplied by the
low-pass filler connected o the outpul of phase
comnparator 1. This also causes the VCO to osciliate at the
centre freqlency () The frequency capture range (2 1) s
defined as the frequency range of input signals on which
the PLL will bock i it was matialty out of lock. The frequency
lock range (2 f ) is defined as the frequency range of input
signals on which the loop will stay locked if it was initially
in lock. The capture range is smafer or egual to the lock
range.

With phase comparator 1, the range of frequencies over
which the PLL can acquire Jock (capture range) depends
on the low-pass filter charactenstics and this range can be
mads as large as the lock range. Phase comparator |
enables the PLL system to remam in lock in spite of high
amounts of noise o the input signal. A typical behaviour of
this type of phase comparator is that it may lock onto input
frequencies that are chose to harmonics of the VCO cenire
frequency. Another typical behaviour is, that the phase
angle between the signal and comparator input varies
between P and 1807 and 5 907 at the centre frequency.
Figure 3 shows the typical phase-to-output responsa
charactenisiic
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Philips Semiconductors Product spectficabon

Phase-locked loop

HEF4046B

MSI

0@ 509 1809
TZBAAEE

111 Awerage outpur 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,.

SIGN I

COMP
VCOgyT

PClgur _I

il
Ve, W Ves
1274640

Fig4 Typical waveforms for phase-locked loop employing phase comparator 1in locked condition of f,

January 1995 4
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Product specification

Phase-locked loop

HEF4046B
MSI

Phase comparatod 2 5 an edge-controlled digital memory
network. It consists of four fip-flops, control gating and &
J-state oudput circust compnsing p and n-type drivers
having a common cutput node. When the p-type or n-type
drivers are ON, they pull the output up to Voo o down fo
Vee respectively. This type of phase comparator only acts
on the positive-going edges of the signals at SIGNy and
COMP,,. Therefore, the duty factors of these signals ane
ot of importance.

If the signal input frequency 1= higher than the comparator
mput frequency, the p-type output driver is maintained ON
mast of the tims, and both the n and p-type dnvers 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 maintainad ON 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 mput
frequencies are equal, but the signal input lags the
comparator input in phase, the n-type output driver is
maantamed OM for a time coresponding to the phase
difference. If the comparator input lags the signal input in
phase, the p-type output driver is maintained CMN for a tins
corresponding to the phase difference. Subsequently, the
voltage at the capacitor of the love-pass filter connected to
this phase comparator is adjusted until the signal and

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

Mareover, the signal at the phase comparator pulse output
(PCPayrlisa HIGH level which can be used for indicating
@ lecked condition. Thus, for phase comparator 2 no phase
difference exists between the signal and comparator
inputs over the full VCO frequency range. Maoreovar, the
poweesr dissipation due fo the low-pass filter is reduced
when this type of phase comparator 15 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
thes type of phase comparator 15 equal 1o the capture
range, independent of the low-pass filter. With no signal
presant at the signal input, the VCO is adusted to its
lowest frequancy for phase comparator 2 . Figure 5 shows
typical waveforms for a PLL employing this type of phase
comparator m locked condition,

+ —=— high impedance OFF - stare

VG DI:N -

e

-

PCPouUT | |

Fig.& Typical waveforms for phase-locked loop employing phase comparator 2 inlocked condition.

e - |
I_I TETABIS N

January 1995
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Philips Semiconductors Flocket spad
HEF4046B
Phase-locked loop MSI

Figure & shows the state diagram for phase comparator 2.
Each circle represents a state of the comparator. The
number at the top, inside each crcle, represents the state
of the comparator, while the logic state of the signal and
comparator nputs are represented by a "0 for a logic LOW
ar a1 for alogic HIGH, and they are shown n the left and
right bottom of each circle.

The transdions from one to another result from erthera
logic change at the signal input {S) or the comparator input
(C). A pasitive-gaing and a negalive-going transition ane
shown by an arrow pointing up or down respectively.

The state diagram assumes, that only one transition on

either the signal input or comparator input ccours 3t any

instant, States 3, 5, 9 and 11 represent the condition at the
output when the p-type driver ia ON, while states 2 4, 10
and 12 determmne the condition when the n-type dnver is
ON. States 1, &, 7 and 8 represent the condition whean the
output is m its hegh impedance OFF state; i e both p and
n-type drivers are OFF, and the PCPy;r output is HIGH
The condition at output PCP oy for all other states is LOW.

Cy

= type driver ON

logic state of
signal input (pin 14)

% T: Do | ransibon at the signal mpus
G 1 w0 wansingn at e CoMparaksr input

p—typs driver ON

stare number of
thie comparator
n and p— typse
@ drivers are OF F
logee state of
comparator input (pin 3)

TZBAS5T

Fig.6 State diagram for comparator 2.

January 1995
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Philips Semiconductors Product specificabon
Phase-locked loop HEEA0A0R
MSI
DC CHARACTERISTICS
Vs = 0w
Tamb (7C)
“ﬂ“ SYMBOL —4D +25 +85
Supply current 5 - == 2 - i i nh
(note 1) 10 s = = 300 - - - A
15 - - 750 - = £ A
Caiiescent devica & - 20 = 20 - 150 A
curment (note: 2) 10 loo - an - 40 - 300 A
15 A B0 - B0 - &00 A
Hotes
1. Pin 15 open; pin 5 at Voo pins 3 and 9 at Ve, pin 14 open.
2 Pin 15 open; pin 5 at Vop: pins 3 and @ at Vas: pin 14 at Vo, input current pin 14 not included
AC CHARACTERISTICS
Was =0V, Ty = 25 °C; G = 50 pF, input transiion times = 20 ns
Voo | symBoL [MIN.  TYR.  MAX
Phase comparators
Operating supply voltags Voo 3 15 W
Input resistance 5 750 kil )
at SIGNy, 10| Ra 20 k) mﬁf S
15 140 kil
A C. coupled input 5 150 iy peak-to-peak values;
sensitivity 10| Vin 150 wil | B1=10k0R2 =
Iy s 20 . | 1= 0D ncpenden
D.C. coupled input sensitivity
at SIGMy; COMPy 5 15 ||\ A
LOW fevel 10| Vi 3in v
15 40 v S
5 a5 W
HIGH level 10| Vin 7.0 W
15 no L4
Input cumrent 3 T A
at SIGNy 10|+ 1y 30 A SIGNy at Voo
15 70 pA
5 3 A
10|l 18 [T SIGNy at Vs
15 45 A

January 1995
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Philips Samiconduciors Product specification
Phase-locked loop RERAVER
MSI
Voo | symBoL | MM, TYR.  MAX
vCo
Operating supply Voo 3 15 ¥ as fixed oscillator only
vllage 5 s Vv phase-locked loop operation
Power dissipation b 150 nw .= 10kHz R1=1Mg;
10|P 2500 uw R2 = w VOO at Y2 Vap:
15 a000 uw see also Figs 10 and 11
Maximum operating 5 05 1.0 MHz VCO,y, at Vigg:
fraquency 10 ) Frian 1.0 20 MHz R1=10kix; R2 ==
15 1.3 27 MHz | C1=50pF
Temperature/ 5 0221030 WC | 1o frequency olfeet
frequency 1] 0.04—0,05 %rC | (=00
stability 15 0,0+—0,05 % | seealsonate |
5 0022 w%rC with frequency offset
10 —004 %G {fenins > O
15 00 e | seealsonote |
Lineanty 5 050 % R1>10 k2 sae Fig.13
10 025 % R1 =400 k2 |and Figs 14
15 025 % Ri=1Mi 15and 16
Dty factor at 5 50 %
VCOGur 10| 50 %
15 50 %
Input resistance at 5 10 ME2
WCOy 10| Ry 108 M2
15 102 M
Source follower
Offset L T v
vmm 1o 20 v bt 3
SFaur 15 o5 v O at %2 Voo
5 15 v —
F = :
; R R
Linearity 5 03 % Rer > 50 Kk
i W % sea Fig 13
15 13 %
Zener diode
Zener voltage Yz 73 v Iz =50 pA
Dynamic resistance Rz 25 o Iz =1m&
Notes
1. Cwer the recommendead component range
January 1995 g



114

Philips Semiconductors Product specification
HEF4046B
Phase-locked loop
MSI
DESIGN INFORMATION
CHARACTERISTIC USING PHASE COMPARATOR 1 UISING PHASE COMPARATOR 2

Mo signal on SIGN, VICO in PLL systerm adjusts VCOin PLL system adjusts to min.

to centre frequency (1) fraquency (fus)
Phase angle between 90° at centre frequency (f5). atways 07 i lock
SIGNy, and COMPy approaching 0~ and 180° at (positive-going edges)

ends of lock range (2 1.)
Locks on harmonics of yes no
centre frequency
Srgna_l miput rcese high licvay
rejechon
Lock the frequancy range of the input signal on which the loop will stay locked if it was
range (2 1) initizlly in lock; 2 f; = full VCO frequency range =, — T
Capiure 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 t- =1

fitter charactenstics; fz « f,
Centre frequency (f.) the frequency of the VC.O when VCOy at Y2Vgg
VCO component selection

Recommended range for B1 and R2: 10 ki 1o 1 Mg, for C1: 50 pF 1o any practical value.
1. VCO wathout frequency offset (R2 = sa).

a) Given f,- use f; with Fig.7 to determine R'1 and C1.

b} Given foa. calculate §; from f; = 12 foa; use & with Fig. 7 to determine R1 and C1

VICO wath frequency offsat.

a) Givenf, andf, - caleulate f,,. from the equation T, = 1, - I_; use iy, with Fig & to detarmine R2 and C1; calculate
Tan P, T g Tax . - - .
mfrnmﬂ'ﬂeqmtlm?:“: = = .Lﬁemwﬂhﬁg.ﬂm determine the ratio R2ZR1 1o obtain R1

b) Given fre and fouay: Use fin. with Fig.8 to determine R2 and C1; calcutats
f 1

maK maw

S ¥4

with Fig 9 to determine RZ/R1 to abtain R1.
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Philips Semiconductors Product specification
HEF4046B
Phase-locked loop
MSI
1184462
b :[i
i
Il
107 s
. “ %
(Hz2) :_4 1|
elR1= |1
107 Ejoxn <8 g2
- N
N N
50 ! N
=g % N NN
105 kﬂ{ A
L‘
X
104 1MQ E‘N N ’
= ; & I
NG H A\
N S i
iod N N ‘4 :
i 1 N
Il N N i
NN :1 Vpo =
io2 N 15V
o 10V
- 5V
11 N .0
I NN IR A
0 N[ N 15V
= = oV
5V
N
5V
\ﬁ 10V
t lj-.v 3 3 3 stl
10 10 10 10 10° ¢4 (pF) 10

Fig.7 Typical centre frequency as a function of capacitor C1; Tams = 25°C; VCOyy at 4 Vo, INH at Vag; Ry =<

January 1995 10



International
TR Rectifier

Description

Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

PD-91279E

IRF3205

HEXFET® Power MOSFET

D
Vbss = 55V

Rps(on) = 8.0mQ

Ip = 110A®

116

Advanced HEXFET® Power MOSFETS 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 MOSFETs
are well known for, provides the designer withan 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
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220 contribute
to its wide acceptance throughout the industry.

Absolute Maximum Ratings

s

\

TO-220AB

Parameter

Max.

o @ Tg=25C

Continuous Drain Current, Vgg @ 10V

1100

Io @ T = 100°C

Continuous Drain Current, Vgs @ 10V

80

lom

Pulsed Drain Current ©

390

Pp @T¢ =25°C

Power Dissipation

200

Linear Derating Factor

1.3

Ves

Gate-to-Source Voltage

+20

lar

Avalanche Current®

62

Esr

Repetitive Avalanche Energy®

20

dv/dt

Peak Diode Recovery dvidt @

5.0

T
Ts1g

Operating Junction and
Storage Temperature Range

-55 1o+ 175

Soldering Temperature, for 10 séconds

300 (1.6mm from case )

Mounting torque, 6-32 or M3 srew

10 Ibfein (1.1Nem)

Thermal Resistance

Parameter

Typ.

Max.

Units

Rue

Junction-to-Case

0.75

Rics

Case-10-Sink, Flat, Greased Surface

0.50

Roja

Junction-to-Ambient

62

°Cw

www.irf.com

1
01/25/01
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IRF3205 International
ISR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min.| Typ. [Max. |Units Conditions
Viaripss Drain-to-Source Breakdown Voltage §55 | — |— | V | Vas=0V,Ip=250pA
AVeripss/AT, | Breakdown Voltage Temp. Coefficient | — |0.057 | — | V/°C | Reference to 25°C, Ip = 1mA
Rbsion) Static Drain-to-Source On-Resistance | — | — | 8.0 | mQ | Vgs =10V, Ip=62A ®
Vasith) Gate Threshold Voltage 20 | — [ 4.0 V | Vps=Vgs, Ip=250pA
Ois Forward Transconductance 4 | — |— | 8 | Vps=25V,Ip=62A@
: — | — | 25 Vps = 55V, Vgg = OV
I Drain-to-Source Lea Current A
o age — [ — 250 | " [Vos = 44V, Vos = OV, Ty = 150°C
| Gate-to-Source Forward Leakage — | — | 100 Sl Vgs = 20V
D Gate-to-Source Reverse Leakage —_ | — |-100 Vgs = -20V
Qg Total Gate Charge — | — [ 146 Ip = 62A
Qgs Gate-to-Source Charge — | — | 35 | nC | Vps=44V
Qgd Gate-to-Drain ("Miller”) Charge — | — | 54 Ves = 10V, See Fig. 6 and 13
td(on) Tum-On Delay Time 4= | 14 |— Vop = 28V
t Rise Time — | 101 | — - Ip = 62A
td(ott) Turn-Off Delay Time — | 50 |— Rg=4.5Q
i Fall Time — | 65 |— Vgs = 10V, See Fig. 10 @
Between lead
} A " o A
) Internal Drain Inductance o P 6mm (0.25in.)
from package e
s Intsenal Source Inductance | and center of die contact s
Ciss Input Capacitance — | 3247 | — Vgg =0V
Coss Output Capacitance — | 781 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 211 | — | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy@ — [1050© 264@| mJ | las=62A, L =138uH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current 110 MOSFET symbol A
{Body Diode) o A | showing the
Ism Pulsed Source Current 390 integral reverse g
(Body Diode)® L p-n junction diode. s
Vsp Diode Forward Voltage — | — 1.3 V | Ty=25°C,ls=62A, Vgs=0V®
ter Reverse Recovery Time — | 69 | 104 | ns | Ty=25°C, Ir=62A
[ Reverse Recovery Charge — | 143] 215 | nC | di/dt = 100A/us @
ton Forward Tumn-On Time Intrinsic turn-on time is negligible (tum-on is dominated by Lg+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Pulse width < 400ps; duty cycle < 2%.

max. junction temperature. ( See fig. 11) ® Calculated continuous current based on maximum allowable

@ Starting Ty=25°C, L = 138uH
Rg =25Q, lag = 62A. (See Figure 12)
@ lgp < 62A, di/dt < 207A/us, Vpp < V[BR}DSSt

junction temperature. Package limitation current is 75A.

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

Tys175°C @This is a calculated value limited to Ty = 175°C.



nternational
[GR Rectifier
1000 o
- TOP 15\1
at B0V
B 7.0¢
& a.0v
e sov [T
= BOTTOMA4 5V
© 100 =
& /]
‘10 44 ——
fa) ~ a5V e
4
o
/
20us PULSE WIDTH
3 Ty=25'C
0.1 1 10 100

Vps » Drain-to-Source Voltage (V)

Fig 1. Typical Output Characteristics
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Fig 3. Typical Transfer Characteristics
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ISR Rectifier
e Vgg =0V, f=1MHZ 16 [ID=62A L 1 1
Ciss =Cgs * Coq Cgs SHORTED o Vpg= 44\
iss = gs T “gd “ds = Ds= 1
5000 Crss =Cga i Vpg= 27V
. Cone =Cy#C T Vos= NI\
oss ds ™ “gd = 12 v,
T ~ [ ] AL
& 4000 'A ™ - A
a < Cissa] & 10 g7
c =
g ™~ —— 3 77
S 3000 & S s y
g S V474
[v] -—
3] L & & 217
s 2000 Coss T . . 4
e ~h (& 4 }f
\ ;;;
1000 = \, © /
css Il — T " 2o
N =]
0 0
1 10 100 0 20 40 60 80 100 120
, Total Gate Charge (n
Vpg Drain-to-Source Voltage (V) % Charge:inc)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
1000 10000 ===k i=====zii ===
—OPERATION IN THIS AREA LIMITEDHH
= === St BY Rps(on)
ol —TJ= 175°C // "
b= 1
100 — s Z 000 ;nl
E A <
o va ot g e 1
£ £ 1/ = o Ne +110us
[ > P ~l ~ ¥
S 10 / 2 100 —a = u
2 I ® S s {4 100us
: ] 5 i g
T,=25° = o > HHt
& ’ ’ 4= = o S » 11ms
= 4 H— = 10 iz
7 H—¥ 410ms
= H— Te=25°C T
1] 1,=175°C IlI|
o4 [ 1] Vgs=0V , LSingle Pulse |1| If
"0.2 0.8 1.4 2.0 26 1 10 100 1000
Vsp ,Source-to-Drain Voltage (V) Vps, Drain-to-Source Voltage (V)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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LIMITED BY PACKAGE
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40 N

Ip , Drain Current (A)
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0
25 50 75 100 125 150 175
Te , Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.

120

IRF3205

Rp
Vps > AN\
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~Vpo
Pulse Width < | ps
Duty Factor 0.1 %
T
Fig 10a. Switching Time Test Circuit
Vos
e V/ —
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1 1 l
1 | |
10% [ \ 7\t
tdion) U taiot) U

Fig 10b. Switching Time Waveforms
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£ - SINGLE PULSE t
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A 2
=
A Notes:
/ 1. Duty factorD =ty /13
0.01 2. Peak TJ-P DM X Zthc +Tc
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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ISR Rectifier
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Fig 12a. Unclamped Inductive Test Circuit o \\\
= x\ N,
£ 100 s
- Z NN
V(BR)DSS @ =
h—tp—b i 0
/ 25 50 75 100 125 150 175
S Starting T}, Junction Temperature (" C)
/|
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Fig 12b. Unclamped Inductive Waveforms
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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Peak Diode Recovery dv/dt Test Circuit

D.UT —<+ Circuit Layout Considerations
= 9 « Low Stray Inductance
A « Ground Plane
* Low Leakage Inductance
Current Transformer
¢
+
> 18 .
| .
N— AN
V)
/'y
R « dv/dt controlled by Rg 1+
e Driver same type as D.U.T. T Voo
* Isp controlled by Duty Factor "D"
¢ D.U.T. - Device Under Test
@ Driver Gate Drive
P Fod D= period
t
Vgs=10V *
(C U
)T
@ [o.u.T. Igp Waveform
Reverse
Recovery | Body Diode Forward
Current Current /
di/dt
@ [Du.T Vo Wavetorm
Diode Recovery \ T
dv/dt
Voo
Re-Applied f— /" (
Voltage Body Diode * ’ Forward Drop
@ |inductor Curent M\
Ripple < 5% Isp
'

* Vs = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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IRF3205 TSR Rectifier
Package Outline

TO-220AB Outline
Dimensions are shown in millimeters (inches)

T ke pans ST =
] - [x] e
b e 3
15.24 (600) '
14.84 (584)
1.15 (.045) LEAD ASSIGNMENTS
t .-l MIN 1+GATE
12113 2.DRAIN
[ 3-SOURCE
| ‘ ‘ 4-DRAIN
14.09 (555) P L
13.47 (530) ‘ ‘ ;::mg;
1,40 (056) B gsg:m e gf::gm
X 4 18 (048) [@] 026 (o1a)  GO[B]A M) S83 a8
P 264 (.104)
_lmgm-
NOJEDSI;IENSIONING & TOLERANCING PER ANSIY14.5M, 1982, 3 QUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB,
2 CONTROLLING DIMENSION ; INCH 4 HEATSINK 8 LEAD MEASUREMENTS DO NOTINCLUDE BURRS.
Part Marking Information
TO-220AB
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY g O ,
LOT CODE 9B1M INTERNATIONAL /PART NUMBER
RECTIFIER \ RF10104
OGO TOR9246 N
L AER DATE CODE
ASSEMBLY (YYWW)
LOT CODE YY = YEAR
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.

Internationall
TSR 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/




124

& UNISONIG TECHNOLOGIES CO.,LTD

PN2222A

NPN GENERAL PURPOSE
AMPLIFIER

NPN SILICON TRANSISTOR

B FEATURES

S0T-89
* This device |s for use as a medium power amplifier and switch
requiring collsctor currents up 1o 500mA
1
TO-92

*Fh-free plating product number. PNZ222AL

B ORDERING INFORMATION

Order Number Pin Assignment
Normal Lead Free Plating i 1. ] 2 | 3 s,
PN22DDAABIR | PN222IAL-AB3R 507-89 B | c | E Taps Reel
PN2222A-AB3T | PNI2ZZZAL-AB3-T S0T20 8 | Cc | E Tube
PN2222A.T92-B PN2222AL-T92-B T0-82 B [f8. O Tape Bax
PN22Z2A-T92.K PN2222AL-TE2-K TO-82 =l B4 © Eulk
® ORDERING INFORMATION
Order Number Fin ﬂﬁmnmnl
Normai Lead Free Piating Pl 1 | 205] 8 Padag
PNI2OAABSR | PN2I2OAL-ABRR SOT-20 B lcl|cE Tape Reel
PN2Z22A-AB3T | PNZ222AL-AB3T SOT-89 WIERN: Tube
PN2272A-T92-B PN2222AL-T32-B TO-82 E | 8 |/ c Tape Box
PNZ222A-TE2.K PN2222AL-T92-K 1092 E ™8 | ¢ Bulk

PM222ZAL-ABZ-R

{1} B: Tape Box, K. Bulk, R: Tape Reel T, Tube
{2}AB3; SOT-B9, T92: TO-92
{3} L: Lead Free Plating Blank. Fb/3n

T—0o (1}Packing Typa
{2iPackage Type

{3)Lead Plating
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SILICON TRANSISTOR

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

FARAMETER SYMBOL RATINGS LMIT
Callector-Base Voltage Wesn 75 ¥
Collector-Emitter Vollage Vexo 40 Y
Emitter-Base Vollage Vess 2] Vv
Coflector Current Ie 06 A
. 207 S S0T-20 1.2 W

Total Device Dissipation T2 Pe =T peery
Junction Temperature T =150 C
Storage Tempearature Tsrs =55 ~ +150 [

Note 1. Absolute maximum ratings are fhose values beyond which the device could be permanenty damaged.
Absolute maximum ratings are stress ratings only and functional device operation is nol impled.
2 These are steady state limits. The factory should be consulted on applications involving pulsed or low duty

cycle operations

B THERMAL DATA (Ta=25C, unkess otherwise noted)

PARAMETER SYMBCL RATINGS UMNIT
- S0T-20 104 (o]
Thermal resistance, junction to Ambient To92 B 200 T

B ELECTRICAL CHARACTERISTICS (Ta=251, unless othenyise specified)

PARAMETER lsymeol] TESTcoNDITIONS [ miN [ TP [ max [ unm
OFF CHARACTERISTICS
Collector-Base Breakdown YVoltage BVrso |lc=10pA, 1:=0 75 W
Collecicr-Emitter Breakdown YVoltage BVeeo |lz=10mA, le=D 40 v
Emitter-Base Breakdown Voltags BVeso |le=10pA, L= 5] W
Collector Cut-off Current leso |Viep=60V, Venor}=3.0V 10 nd,
Collector Cut-Off Current -, iz=§g:-|l:jj[? = “1'?}‘ ﬂ
Emitter Cut-Off Current Iepn  |[Ven=3.0Y =0 10 nA
Base Cut-Off Current Iy [Vep=B0V, Vepoee=3.0V 20 nA
ON CHARACTERISTICS
le=01mA, V=10V 35
l2=1.0mA, Vee=10V 50
le=10mA. Ves=10V 75
DC Currant Galn e [lz=10mA, Vee=10V, Ta=-55C 15
le=150mA, Vee=10V" 100 300
lz=150mA, Vee=1.0VW" | 50
l=500mA; Vee=10V" 40
) : ) l==150mA, Iz=15mA 03 v
Callector-Emitter Saturation Voltage Vitian |L=500mA, ls=50mA 10 v
; n lz=150mA, fz=15mA 06 1.2 v
Base-Emitter Saturation Voltage VEESAT || _500mA. 1s=50mA 20 v
SMALL SIGNAL CHARACTERISTICS
Transition Frequency fr |lc=20mA, V=20V 1=100MHz | 300 MHz
Output Capacitance Cobo  |Vee=10V, Ie=0, f=100kHz 80 pF
Inpist Capacitance Cibo  |Ves=05V, |==0, f=100kHz 25 pF
Collector Basa Timea Constant m'Ce  |l.=20mA, Vea=20V, 1=31.BMHz 150 pS
; le=100uA, Vee=10Y, Rs=1.0k02,
MNoise Figure NF =1.0kHz 40 dB
Real Part of Common-Emitter High N - »
E s ki lmoad Refhie) |l==20mA, Ves=20V, f=300MHz &80 n
E—————
UNISONIC TECHNOLOGIES CO, LTD 2olf
WWW,. LINESonic.oom. iw CW-RI0S0I28
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SEMICONDUCTOR

2N4403

MMBT4403

TOS
oy A soT23 B
Mark: IT

PNP General Purpose Amplifier

Thes device is designed for use &s a genenal purpose ampifier

and switch requiring collector currents to 500 ma_

Absolute Maximum Ratings™ -z uress cowrmine nome
Symbol Parameter Value Units
Yeso Cotiector-Emitter Voltage 40 v
Ve Collector-Bags \Voftage 40
Vesz Emitter-Bane \Voitage 50 W
la Collector Curent - Continuous 600 ek
T,, Tay Crgeratng and Storage Junction Tempamture Range =55 bo + 750 "
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Thermal Characteristics  7a- 22 v cinarins rois=
Symbaol Characteristic Max Units

2M4403 ‘MMBT4403
P= Total Device Dizsipabon 625 350 miy
Dergte above J5°C a0 28 mWEC

Rasc Thermai Reslstance, Junction to Case B33 STy
R Thermal Rasisiance, Junction fo Ambeent 200 &7 CAV
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ETT

LCD 1gx

Wil &1 1LeaM. COMm

ANARISINALA

® |CD WIUFENHTIUIR 16 AH8ne? 2 UTTin WURL1N AIEneTA117 ( STN Negative Blue )

- ) - » ~ (g | >y o - - ¥ - g ¥
nagmanrauu 12C-bus "'-'I.ll'ﬁ BOARIMMAS 8 FNNMUSIALRTY GAEN Address HY30W)

©
[ - v . i - k.o - o
o Wledeuuwaimue? POFas74A luntr@endaiuse LCD
" " o -
o Uusuiulridns 5 vD(

#rutsznauwes LCD 16x2 12C

| A%
¥
1

- =y

2 FrEm
PR ME G

=TT QAPASS ..,'.,/Eﬂm -

v

]

1, wdediaTudl 4 97 e
1, 91GND  1In$IA
2. ¥IVCC wlWEn Wrasiu 5 VDG
3. 91 SDA WAL Y10 DATA Ty 12C-bus

4. %71 8CL 1yl CLOCK 8332uu 12C-bus
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2. Fdimmnaifusll fvAnFurmuiinesss LCD

3. Sulefifian Address (AD-A2) 18988 LCD Tanduwlefilflldmisiess1ansdn | unstdensnss
Vidraedn 0 SounAscbiliinnihinlll Address Gufiuita Ox3F (A2=1 , Al=1, AD=1) usfl
Baamaalfeu Address Ansonlienld 8 A Ao 0x38-0x3F Aenma

PCFB574A address map
Pin connectivity | Address of PCF8574A | Address byte value | T-bit
A2 [ A1 | A0 |AG |AS A4 A3 |A2|A1 A0 RW| Write | Read |hexadecimal
i Al =
Veg Vg Ves |0 1 1T 1 0.0 0O - 70h 71h 38h
Vas Vss Voo [0 1 1 1 d-—o 1 - | T2h 73h 39h
Vg Voo Ves |0 T 3 1 07 D = | '74h 75h 3AK
Vsg Vpb Vop | @ 1 1 1 T, 76h 7Th 3Bh
Voo Ves Véa |0 1 1 Toop @0 = | ‘7oh 7%h 3ch
Voo Ves Voo |0 1 1. 457599, - | 7AW 7B 30h
Voo Voo Vss. |0 1t i eoN oge < | 7Ch  70h 3N
Voo Voo Voo| 0 1 ~40.8 A1 Mot | 7EN  THW 3Fh
slave address RAW

. I\ »

fixad hatdware
selectable
2880529
PCFB8574A

4, \nFrwwefaued PCEBSTAA

5, LED POWER igmanzs Widnanasng LCD

6. DutlafimAdanngln teciidsesdndinmineLco SaelistumedleiWi@ndvidessdng
Fumsen LCD
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#ansang 19 LCD 16x2 12C

1. Wwhatineiiscl Arduing Tums e Surimiemaiusinifesclourfesn LCD 16X2 12C rinu
{samsrmaaninainef LiquidCrystal_I2C 4an241uiﬁ luraitiriawnes libraries 383Ttlsunssl Arduino
rie Hasiretinil|RnA IS CAProgram Files (x6)ArduinoVibraries #ag)

L s U Adeine
[ [
- o v LDWROC v Lib Arkane
'wm Hame - Dew mesded e
.Moa ¢ | Lipwidrystal 25 TN ¥ fuidw
& Oonnlaam ’

o3 N

- Mime Whare Niem

- O ThaPC 0 OSECH 4 Progrem il 8] ¢« Acdacs o Rbeaiier
# Quch sximm By
B Debsce ¢ Lo
§ Oownieads o

| Frmine

Y Decurmenty ’ < o
& Mo o’ o —

A Dnelivive o St

i reabC ;

& Makdcp | Oodidive e
' Dycwments + Kzbet_ Corand
& Contiktens 2 bt Myt

2 ﬂ'xnﬁ'u'lﬁv'nmsﬁwﬁimw GND, VCC, SDA , SCL 183 LCD Watuuads Arduino e
REsRoAeS
3, fmaDafilsuntss Ardino MnasdantefaiBamusswedademe i oy
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W Arduino Uno

ARDUINO

e T,
ol Yo LTI R PErF b/

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 /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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BN Arduine Uno

Schematic & Reference Design

EAGLE files: arduino-uno-reference-design.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 10 12 volts.

The power pins are as follows:

e 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.

« External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or talling 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 ATmegad28 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 utorials.

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 ATmegaBU2 firmware source code is available . The ATmega8U2 is loaded with a DFU
baoolloader, which can be activated by connecting the solder jumper on the back of the board (near
the map of ltaly) 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 booltloader). 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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