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Ultrasonic cleaning is bringing of properties of ultrasonic wave that is high frequency
wave and can be controled direction to use in cleaning.

Cavitation and implosion happen in liquid when ultrasonic wave travels through liquid
elastic medium.It creates cavitative bubble used in immerse and wash cleaning. When conpare this
type with other process in the same cleaning (immerse and wash) » this type is better.

Ultrasonic creating uses piaso electric transducer.t can transfer electrical energy to
mechanical energy.The oscillated frequency have to be matched with electrical energetic
frequency which is input (in this project, uses resonant frequency 28 kH ).

The ultrasonic transducers are transfer power by electrical circuit system that uses
oscillator circuit (uses IC TL494 ) to generate and to emit 28 kH frequency signal to drive gate for
amplifying the increased voltage and current that drive power circuit ( the circuit is full bridge

inverter power MOSFET ). The transducers converse electrical energy to mechanical energy by
vibration that produces the ultrasonic wave.
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2.2.3 Importance of Minimizing Dissolved Gas
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cavitation bubble
growing

TR wm w

PN Y e e el

Positive prassure
bubble continues
to collapse
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pImANiiy Mafignmitazag( Dissolved Gas) luveunaanlindasuszisuunsnszang
9 9 - . [] o A A
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2.2.4 mu521v89AdY Ultrasonic lummihnnuazenlneniniazais
a s d1a <
avanlsmmeiiasslszneudas eymavesmsi Wawnsevhazawld Seesinz
1 4
ARAUOE1HDINIAI0UTININTUSY Tonic UnT Cobesive Force oYMAMTITiauNsaf$asen

& TaafissusuonussidsgasiuerJesnsniy

Insoluble 5 contaminant /4
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Part being

Partbeing|: deaned
/

cleaned

4 Y & - 2 '
N 23 uamaumﬂ‘n‘hmzaw“lumsnznwmxmzmwamag

oy ' : .

ASTUIUMST Cavitation UAY Implosion Fuiuman1:Re10n1519A8Y Ultrasonic 92
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AvauazindeudwanisnfinAnedanaing wu duassesiidneguinaitui e
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neelf sz @nn ity #nen  Coupling Medium suiludesensevlfeynia

Won Menezivasen 1



1

2.2.5 faanilsniFaden ( Complex Contaminant)
A 1 3 - = o 9 & o
Fandsadngin - mwsssundudnsiinomdudeon  Falseneudienissaunu

y A o v 4w 1, a A A
vosdauRaunsonazats lduazdaui bivhazas waf'ldv1nAdu Ultrasonic Wufiodtann
] ddy A
e 1ulunsdiil fis
Juezldnszquanlamshou dasldmshazavvesdamlsniazanld  uazasuda

{ t e - o J $ o
synai hishazaieeen 1 iia 185 unduan
A1SHNNUVOINAY Ultrasonic  dauaasliiviugl Saroinuanunsmievsduasulu

o raaa a v A e P - P .
fns!ﬂﬂﬂgﬂitﬂlﬂu"ﬁ‘]ﬂqﬂﬂ'naﬂﬁQU uazulaqa'lﬂﬂzlﬂuﬂ'u“ﬁﬂ 1u'ﬂilqm°ﬂlﬂﬂ Implosion
o o 3 A o -~ -~ L 3
ﬁzﬁizﬁn'ﬂmﬂuﬁqq ‘]Nﬂz‘n11ﬁlﬂﬁqm"qu uazﬂg'l”ﬁuﬁQQ”'lﬂ

2.2.6 A Superior Process

Cantaminant ——g

Brush
Bristle

Part bein
cleaned
/

31 2.9 uamamsihnawazeiaTaslduyss

4 ' 4 S A a v 4 .
awf ldnanuozuaawudnivmmiu - #ufivesdaudiszgmimawazen 1dgn

° 3 & - H '
dmualdiduiusiy Fsluaiuihuesuiluly1onuin Assuvusiy uasssznen'lUdoe
S P & Y e - & . e - -
iy wqu Fwgvsy awgesueashingiwd v lundaiueinadu Ulrasonic Suiiilszdng
=) ] ° < .y Y ) 4 Ai [) A o
MmAnd1 uagyi ldsnasulunsimwazsamanimiudendug 15u mstaamilsd

fimwazen nslfulseda nisldaunh wiewdud Electro Cleaning A2 ms3omdevyes
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AR Ultrasonic Yumssmanazeafiumvesdaufihuddou ( Complex Part Yudnd
uaziludesfinassvaulodhiedtdndae
2.2.7 sgEnEmnvsamaihnnuazen
lunstlszanddatugaadTatn Tunshanuazeraiiu Uszdninmwesnisih
armazemesfinsenaneioseil
2271 maimisnifumahauacen
dhemhmnzewiisdeninnld  Widudududdadduiuifulssing
am lunszmunsimniazendioaiugaat Taila
dhefidenldiu nasfezaeandounzmnzan fulagiisnsihnuaenuas
YivhSunsieds Faaunu ansavudanlszaeudafieguuiua Swsiivsziniamge
Tumsimavazen -
Tanln@ahonhauazeraumunasiia  Snszaunseinnldld  wsednlsfaw
msszuindos anfiiquanialndifssiumsii$iuanlss
2.2.7.2 ANUFHUTIVBINTZVIUMS cavitation
Uszansnmlumshaawazeimiu ﬂzi‘fuﬂﬂﬁ'nmm;uuiwmnizmumi
cavitation #en13RerIBINFY  ANUTUUIIYITAVBINTZUIUNS  cavitation (maximizing
cavitation) Sminzﬁﬂa%’udnqﬁﬁzﬁmﬁmsmﬁ'ﬁf
2.2.7.2.1 Quigi(temperature)

A150sWUARSHUATLIAANITLVIUMT  cavitation ﬁquusaﬁqn(maxixnizing
cavitation) 14figmmgifiunnsdraiu’ll uriSeniesiiin maximizing cavitation figaingil
Uszam 160 samiusulen

uvimiﬂumiﬁmsm1&1151%:‘1%’@11qﬁﬁmwh'liﬁy'u Feafivrsanainideulubudae
whnhazerniigungiivlfife maximizing cavitation 1 160 serrmiusulen uAgINgi
minganey1damiezegi 180190 ssvusuled mswwnavealfAiemunaiiuaznszuou

o a o 9/ ~a .x
13 cavitation vzlinaY1 Idguunigeu
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Uttrasonic Effect

S Chemical Eftect
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160
Temperature 'F

A ~ Qr 3 s A
310 2.10 uerpawavesgumgiiswilsanainiletodg

22722 aNuNda (viscosity)
) . . [ » 3 &
auMilA(viscosity)veaasfild  maseziislilesiiqge  ifefies 1 1ding
maximizing cavitation 1183008 msAz TR umiiain Suse hineusures cavitation 14
< a & Y ' o - -~
Fawe uaznsduivziimivoodas Fenrwmiiavesmsil smudiuszanauiiegamgiiiu
2
vy
2.2.7.2.3 Snnudesmationsnsasiunuysaumai(dissolved gas)
aminnldidumshnnuazern aasezdl dissolved gas Tosiigamiiszdiul
] v 1 4 9
Wienavenlszdninmgeqa 1ileanind1 dissolved gas fiiues WldudimsinsoduTa
»
VBINTLUIUNS cavitation BNN9G3 lilaanamuissvenlfAsen implosion
o .o 22 g Y
DATINIIUNIVBN dissolved gas Tuvaummdnsmndwiieguugligeiu Famananaw
Iveunadfigungligenesdl dissolved gasses Bondfigangiidi
22.8 YeAunzUaiiaveq ultrasonic cleaner
Y
2.2.8.1 ¥on(Benefit)
-ultrasonic cleaner AMNSDNIMSEN MnIwazen ldnmeoszdy
-ultrasonic cleaner ANNIMIANMATBIARIBYIETENENMAgY TAvaruise
vineyma lAdnis 0.000005 meter
-nSoudieuiunisimamazermlszion fuiuazyrd (immerse and wash)
dszian Buq fssdmlszasveindumileuduuds mshnimazoindsaiy

gaad Ixiiaszlisz@nnmgend
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2.2.82 c1’1’?.’1!?!&(disadvantage)
L4 [
lumahmowazerauneds  wumsdnasniniy et ulrasonic
. b 4
cleaning TniSoufloudu3iounds ozifiud1 ultrasonic cleaning viivu
asuvegfgennuay Tisui
-dnauesgannlumsdenaseinnlffiumssedn  iilewndes
o ] A -] d' o & t Ay 4
seili i asisueoniduaisfiegirduastodedusunasasusas
d . 2
Uszneunisguuuaiu
23 Qam%'ﬂqﬁnmmaﬁawa‘f ( Ultrasonic Transducers )
23.1 g
9 ~ Py d A P [ M
ga lriiansnaduved fie gunsalvsmansoulamdsaunalasmsdulin
A o -~ 3 -~ g o o % =
Fohliifandugaaiileiansenshiluiagionats nfenandsnuvesnduganiluin
Y] & ° o Y] ! Y] .S 3
wrlas ldifundsamunadannsoififausedu it IRend msmarureniy
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1. amliARaNs ARS8 (Mechanical Transducers)

Ald

Mechanical Output .
Frequency = 2F

LLaminated nickle
strips attacted to -
output diaphragm

Apeee] T1
) [
2]
8]
S, !
A b
L
N

RN e
y !
'\_o "
Y T
o0, L L
: q}:‘ ) 3

%

£ o2& Y % Dy silver brazing
3 § FF ' % : :
1§ :f , Electrical coil
! 24 1 wrapped around
IR 5 £ nickel strips
I 1 L 2z
HE 42} H é
2 ¥ 3 ) g B
T % 3 : P "
- $€=—0soillating
IR —— £ § Magnetic Field
SN £ 7
oo & o &
s, Ty e ,
".i:-%"’&_.___

{

zﬂﬁ 2.11 Mechanical Transducers
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2. oifinlaswaniinfansuaAuyes (Electromechanical Transducers)
Electromechanical Transducers szitfaoundsaniuiiundeanudon #137uegs
4 ¥l

upuyienesd  (Moving Coil)

—
.

2. muudianlasauan3n (Electrostatic )
3. wuuiloledi@nnSn  (Piezoslectric)
4. wuumes1s1Bansn ( Ferroelectric )
WU Moving Coil fuﬂé'wqf‘)”u Moving Coil vesd1Ins Hulszlamtinnlumaiiu
Faifu (Vibrator) ¥iiASuneM ( Ribbon ) idasezgiifionung 19 Hsznidaimesves
wimdn Swhduaiewiuventavewuimend 1hinlhdandugaailsiie
UUY Electrostatic 1$m&nn135131  Tuszndg Parallel Plate Capacitor e I¥aay
andndszwinusuieaesssiiifaus i nénIngjveauuse 1dviudud Inadociiinu
amga uanlShldifamsdunuganiTsiialuvewds
1Y Piezoelectric UAY Femoelectric  lundniilszneudasInailuana ( Polar
Molecule ) FVIAYAFUINANVBIAIMANNINAT ( Center of Symmetry ) S19AI01 Plate $u
ioaneinadnil ufailMiansbate  (Deform) Fatndesdiona sz lifanowan
fndsustwinfaminieaesves Plate ﬂﬂngmsnffrmx?an’h Taisniloladidnnsn tevl
ifin (Direct Piezoelectric Effect) Srdindrzndnedaminiaanauns Plate fiRedada g
tmmﬁ'unﬂﬂnqmsn‘ffi’h sunesilelsdifinnTniewifa (Inverse Piezoelectric Effect) #3

A v o i A . é » ' $ o
BINYY  HNAIENTATUT 2.12 uaaInilamiiowadegiznie Plane uumdu

1l 2.12 () iniisahignusalag () wofignda (r) wagnda
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1l 2.12 (n) szegluanizilnd yaguinasvenlszauInvesdaneufnlszgay
vesoendiouegiidsaiy  uasdmauszy ifimamsaiiue hifa la Tna Tuudin
ﬁu‘funmii"aamnmsnszmwaaﬂszqnnﬂs'anszmmfaamﬁwmﬁuﬁmﬂuquﬁ

;ﬂﬁ 2.12 () {’{m1°r'i1‘lﬁ'ﬁuzﬂ'ﬁ‘uugﬂ'ﬂa"lﬂmmﬁn Tﬂumiiﬂiﬁuﬂﬁaﬁaﬁa;ﬂﬁ
212 (®) qﬁg{uﬁdqwaaﬂi:qﬁ"mawz'hiegiﬁtﬁmﬁ'u v‘h"lﬁ'zﬁﬂminszmwaaﬂszqw’fu
sesTuTaaes

n1s*v‘iﬂﬁ'ﬁu1ﬂ?1'uugﬂ%Né’wmsé’ﬂﬁanﬂmaj;ﬂﬁy’u silumsuangaguddaamn
ﬂzﬁﬂﬁ'xﬁﬂﬂszqﬂﬂnguus:muﬁy’mm ‘lugﬂunufﬂ?uﬂﬁ lasndloTsdidanTnenifin

dwmundunesialadidminenifln  suifalaotiauuifhsznin plae o
ges  vnlfyequitavenlszphmeundeussnainiulufimmaseiudn ldanda
il T Susin mrenddadamnnnndnaiend  lufimmeftesilffeduasiouumiy
auifild  des iy Pl fezvnouasnaddasmndidofusy
auwliih Swemileusugngy dnfuissdufduiiandudod1d

flegiiudiens hiftwilattes Il singarsdiflaladidonsn arsladidamsaynviiady
ausdnInsauansn uslnAudamnilezdennn  udmsilinassannldud  asim
349 ( Titanates) SABIUM ( Zicconates ) azlunsdisuiiFond FudumsnlesTsadom
in 1Jnﬁmsmd1§ﬁ:a§1u§ﬂms4ﬁaummwﬂﬁﬂ Falszneuld0TAun (Domain) 75t
Smsvsaudatuinng  dusmhasuvyiindanieria w1l Igamngligeandgungd
17930 ( Curic Temperature ) ¥833%u  udavhlfidumeldauwifhgaq Femavestaves
Tamudng  exandailmn@vtummuaresdnegde sty wiiezermull
#heenhiunaasiniuuansnuaud® Wy Permanent Electric wefitusziluarsilelsd
@nnin Smmiulsengada llawaunsvesdlaladidnnsn

232 famaiiialdvemmuadawed

nimaRuwein 1 lunngaai Trineliquaniainde  SflolatildanInew
o narilétuninde wfnusAIeNd (Quartz) , NUAONAR UM ( Barium fitanate ) HAE
BaureTAm ( Lead circonate titanate ) msmaTiideinmimsmaAauses AL RGN
muniAdluanhdimeimalithdas  manhduaudiilulasvhiaee 1¥dadususmacile
510 W30 (dielectric constant, K ) veeTaggudaeiufi unsmisdavanumnnlassaiioves
nmnAuvesinwadioanhdimesiian Electrod fiogassdngnusn Insvesfifimsiyiia

AN NN 2.1 urAqumiAuRYIznsveImsasmia lAsuanwieu  sihldlalwa
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[ [3 Y

(dipole ) 1nfiou Ina 13 TaomTuazfigaiiiie 105 udnd Iddud il Aeciinssadoedauns

v aod - [ A A uAd’ 4 =< - o 4 o]
quantadleledoomsn  Smendursiiandguaniaignmnlvioudgunginenansn

} 4

nuaiadloladdomSnoznualll Auiusimdeuszaansavios nimadavesld las
mwzdgungliguiunesn

mash laaasnduauaasimsuaauvesdoamsnasou fimila  Seee

v 4 1]
nsudundemnald  NwuBeudauun uae dawelamun  TszAniamuinniwin
v 4 ' P ’ :i - ; o1 P> . H
USAIONT 5-6 111 iflBanInmIned lalaaasndmnuaziininei ( Coupling constant ) #1710
e lideg Ihmendin1dlwasesgand Tuiinluilegiu
QA J ~ d
233 faeuiinuanutvemnuafnses
H - : LN LYY - .73 ’ .Y \]

awdvemsaduseivusgiugumniamuinauazdnyarmeglin  fetn
1 -~ 13 A = ﬂi U -1 =4 -~
s auviardsuuussianus Tsuuud1d 3 8819 fAe  UanutanamIuA LN
uozsell eonlsha distleusnd viud lfaunsom s maduwestanaluuua nu

é J ¥’ o z i oy 1 13 - o 1 1 o A
A sstuegfuvaIWinld  uFimivimaueAaugesizimuamimiafidmiuusas

UUUYRINTTANA
R ¢ & constant
esonan cquenc =
aeney thickness(inch)
Material Curic Temperature Q Dielectric Coupling
Constant (K.) Coefficient ( K )

Quartz 550 °C Very high 4.5 0.09
Barium Titanate 100 ° C 400 - 700 1700 0.38
Lead Circonate 300 ° C 90 - 500 1450 0.51

Titanate

AN 2.1 HOAIRUANLIAY IO NYSIMNIIYI A
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2.3.4 (Halans1uafuves. (Piezo Transducer)

Tassardumolusstlsznoudas  suesitlolasidandn ( Piezocloctric clement ) ¥4
a3a1RINaITHaIeEiia 15U NENLIABNST ( Quarz ) , MUAENAAUUN ( Barium
titanate ) , INA8TBAIYA (Rochelle salt) 4104 uafiiongfuetiaumsnareiosumsiloled
donsnfnnaudndnnm  saldnnnswarmsasuiotumudeuaueonm i
gaungiiszana 1300 - 1400 °C uﬁ:ﬂﬁﬂaan1111u§ﬂuee§uﬂ1snms1ﬁﬂ§w:xﬂugﬂé
sy lagdaulng

mni';unmﬁﬂf‘razgnﬂsznuﬁ'wuﬁumnnzuﬂ'u FadauIngrinnnnuiudy e
aoshiwedidnTnsaiues  ddhanitwewrunanssgndaio Wildifansdu  dou
sndmardatuuinlaezusudemnsandentnhhn1d Taowsiulaezursuilozgaats

1Y 4 o d 43
Iidnuazadomud esaunduliinanusageiu

VI i A o7 WA 3 ¥ odur. s ==
e ~r = Pl w4

Ultrasonically Active Liquid

Stairtess steel T N Attachment of the
nose piece s:_‘: : SR nose .piece.by vacuum
Ground ", 7, . Prazing v copper

connecton ( Z '
b Aluminium
"1 coupling mass

L > Piezoelearic
bt dnving elements

Electical Instdator ~ < Steel back mass

' ~—Comoression Bolt

»
L3

1 2.14 Ao TaBidan3n ( Piezoelectric )



19

P I

Anchor

\Lﬂ Mechanical

Piazoeie<tric
Ceystal

Plates

[
|
E @ Metal
. }
|

I
. !
J Diaphragm

bl

Wave

N
=
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NO PRESSURE APPLIED—CRYSTAL STRESS APPLIED
SURFACES REMAIN UNCHARGED TO CRYSTAL
(CHARGES BALANCE AT EACH SURFACE)
~= - =~ ~ 1 — - == -
m o ——— SURFACES DEVELOP
== D OPPOSITE CHARGES
3ECAUSE OF NEW

- ; S
ee STRAIN 6@“ POSITION OF IONS
= =1

I ™~ ]
F ¥ + +
+ SILICON ION
' — OXYGEN ION
PIEOMCAC"DN B VOULTAGE APPEARS
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- IN- QUARTZ CRYSTAL

3 o d - - s ': o
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3.2 199901 (Power Circuit)
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Electnml Charactenstlcs @Ty= 25°C (unless otherwnse specifi ed)~ e et

LT LAy e
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: Parameter Min. | Typ. | Max. | Units'| "™ “~Test Conditions
Veaoss Drain-to-Source Breakdown Voltage 500 f — | — V| Ves=0V, lp= 250pA
AV@ajpss/AT,| Breakdown Voltage Temp. Coefficient — 1063 | — | VP,C |Reference to 25°C, ip= 1mA
Bospm ... | Static Drain-to-Source On-| Resustance —_ — (040 Q |[Vas=10V, [0=8.4A ®
Vespy ‘| Gate Threshold Voltage 20 | — | 40-| V |Vps=Ves;lp=250pA
ars Forward Transconductance 9.3 —_ — S | Vps=50V, lp=8:4A @ L b
loss Drain-to-Source Leakage Current = — 12 pA” Vos=500V, Ves=OV__ .. " .

. — — | 250 »+| Vps=400V,; Vgs=0V, T;=125°C.
less Gate-to-Source Forward Leakage — —- |- 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vaes=-20V
Qg Total Gate Charge: = | — 10| io=14A £
Qgs- Gate-to-Source Charge ] = .= 2.1.nC NVbs=400V. . .
Gate-to-Drain (*Miller") Charge — |..—|..80. | Vas=10V See Fig. 6 and 13 @
Tum-On Delay Time — | 17 — Voo=250V. . ..
.. | Rise Time =] =1  lo=tan |
| Tum-Off Delay Time Tl — [fed | — :|ResB2e
" | Fall Time — |44’ Ro=17Q _See Figiire 10®
Intemal Drain Inductance — 5.0 — . SB ?nt\:/ne(eéw 2'%?: ) 3
: nH | from package o
Ls intemal Source Inductance — |- 13 — and center ot @
die contact s
Ciss Input Capacitance — [ 2600 — Vas=0V
Coss Qutput Capacitance — {720 | — | pF |Vps=25V
Crss Reverse Transfer Capacitance — | 340 — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ _ 14 MOSFET symboi o
(Body Diode) A showing the
Ism Pulsed Spuroe Current — | — % é . |integralréverse &
(Body Diode) ® : - p-n junction diode. s
Vso Diode Forward Voitage —_ — 1.4 V [ Tg=25°C, Is=14A, Vgs=0V @
ter Reverse Recovery Time — | 540:}.810¢| ns |T=25°C, I=14A
Qe Reverse Recovery Charge — | 48 172 [ uC |di/dt=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (tum-on is dominated by Ls+Lo)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpp=50V, starting T)=25°C, L=7.0mH

a=25Q, 1as=14A (See Figure 12)

.r

QY

Q 1gps14A, di/dts130A/s, VoosV(eryoss,
Ts<150°C
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FIGURE 1 — 3LOCK O1AGRAM

FIGURE 2 — TIMING DIAGRAM
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" TL494

. .-
Cescription The oulce width moadulator cor-:oarator 370virtes a3 -
means lorine ecror amolifiers 10 acpust the guinet Mstsa
The TLsS< is a iixed-iraquency pulse wicih mocula- gt from the maximum p2rcent on-bme, 28t30bshed
" tiox centrol circuit, incorporating the primary building Jy the dead ume contro! *nNoul." Acwn 10 (ee2. 28 the
blocks requirecf {or ihe control of a switching power voltage at the feedback oin varies frem 0.5:0 1.5 V. 8oth
supply. (See Figure 1.} Anintemal-lin2ar sawtooth oscil- 2rror amoliliers have a common-moge input ranga from
lztor is ireGuancy-progremmable by twa externai com- =0.3Vio(Vee -2V and may be usad [0 s2nse oower-
ponents. RT and Cy. The approximaia oscillztor ira- suooly outout voltage and current. The arror-amplifier
Gguency is determined by: autzuts 272 active igh and are ORed togetner at tha

non-inverung input of the sulse-wicth modulatar csm-
saratce. With thic configurauon, the amghhar that de-
Mangs m:nimum output on lirme, cominaias controt of

. 1.1
£ e
osc ¥ 3T e Cy

For more information reizr to Figure 2 ine loog.
“When caoacator Cy:s discharged. 3 posiive sulse 15
Outpui pulse width modulation 15 2ccomaoissred vy generated 90 the outout of (he dead-umea comoarator,
comparison of the positiva sawtootn wavaiorm 2c:0ss which clocks the pulse-steering tlip-floo and inmibits the
capacitar Cy to either cf swvo contral s:gnais. Tha NOR output trarsistors. Q1 and Q2. With the cutsut-canrel
gates. which drive outout transisiors Q! anc Q2. are connectea to the reference line, the pulse-steering Hip-
enabled only when the flio-ilog clock-inout line 15 in its floo directs the modulated pulses 0 each of the two
low state. This happens cniy during that sortion ¢f nma Jutaut transistors alternately for gusn-pult 002ration.
“when the sawtooth voltage is greater han N2 cantrol The outout frequency 1s 2qual to nalf that oi ine oscil-
signals. Therefore, an increasa in conteal-signal amoh- iator. Outout drive can also be taken from Qi or Q2.
tude causes a corresoonding hinear gacrezse o9f autout whnen single-2nded operation with a3 maximem on-time
pulse width, (Refer (0 th2 uming ciagram shown in Fig- of less than 30° is required. This is desiracle wnz2n the
ure 2.1 outout transtormer has 3 ringoack vinding witn 2 catch -
The control signals ara 2xiarnal inouis tnat 22n ce fad dioce used for snubbing. ‘When highar outout-asive cur-
into the dead-time controt, ihe 2rror 2mokfier 1nouts, rents are reguired for single-2nded operation, C1 and
or the {eedback input. The dead-nme Zoatral 2amoar- Q2 may be connected in paralizl, and the oulcut-moces
“ator nas an effective 120 mV inout oifset waicn licuts o must be tied to ground 0 disable the !lio-Boa. The
the minimum outout d2z0 ume o 30oroxiMata vy ine outout frequency will now de 2gual 0 hat af the
first 2% of the sawtooth-cycle time. This wouiG rasuil oscillator.
in @ maximum duty cycte cn a given output i 387 witn The TL4S84 has an internal 5 V reference capable of
the output contral grouncad. ana ¢8%, with it cennected sourcing up to 10 mA of load current for axiernal bias
1o the rzference line. Accitional dead ume mav 32 im-’ circuits. The reference has an internal accuracy of
posed on the outout by satting ihe 2ezd ume-cantrol =1.5% with a typical thermal drift of less than 50 mV
input o a fixed voltage. ranging betwezn 9 10 3.2 V. over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

nput " S

Output - Output Function { fose B :
Control i H .

Grounced | Single-sndag 2'W.M. at Qf anc Q2 : i i

l At Ve | Push-pult coeration : 9.5 j

MOTOROLA LINEAR/INTERFACE DEVICES
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SMUM RATINGS (Sen oparating 3mdient ismoerature range apphes uniess otheramse noted)

- - Rating i Symbor.:  Tussec | Ttas4s Vottwam F ouon
ref Suoply Voltage vee ! 42 i 32 l 42 oo
'éeector Outoct Voltagz v Verveg ! 12 | 42 i €2 l ‘.'_§
'::':2:{.2' Cuzisut Current {each transisiorn |1} I tci.icz 500 | 200 i 300 v mA
Tolities Inout Vottage Range I wvig ¢ -03w4s? i -93w042 | -82042 i v
Zser Qissipation fv Ta % ¢5°C !oP9 1000 ; 1000 ! 1cco i omw !
“wavng Jurction Temperaturs : D] H l ; : E
lastic P3ckage ! ! 125 ! 125 | — ‘C
wramic Package ; 150 ; 150 i 150 c !
wtur.g Ambient Temperature Range } Ta i CGto 70 | -25t0 85 ' -55w0125 | ‘¢ |
4':rage Temperature Range } Vstg ! i ! C ji
lastic Pacxage | | -sswis | - 55 10125 - i
.eramic Package -65t0 150 | -55to 150 -65to0 130 ¢
:;érl: Maximum thermal imits must de oaserved.
ﬁ‘iMAL CHARACTERISTICS
:: Characreristics Symbol : N Suffix Plastic Package : J Sulfix Ceramic Package ' Uni(ﬁg
~:.v.nal Reststance. lunction to Ambient Roga - ¢ 30 : 100 | cw |
.:Zning Ambdient Temperature A Ta j . 35 y 30 g ‘Cj
;'JMMENDED OPERATING CONDITIONS
. i ; TLes4 b oo |
’3 Condition/Value ; Symbol ; in ! Tvo Vo = Unit ;
¢t Suoply Voitage i ovee 7.0 } 15 20. :
“sctor Ouiput Voltage i Ve Ve ! — H 30 v 20 v o
.:ector Qutput Current teach transistor) H Ic1.1¢2 ; — i _— I 200 | mrﬁ;
.‘;ﬁﬁer Input Voltage Vin H -0.3 i — ! Vce - 2.0. ! v ﬁ'
',}em into Feedback Terminal H Iy } — | — l 2.3 ! mA
;iuence Qutput Current ! toaf : — H —_ ) 10 i mA :
Ang Resistor Ar i 1.3 i 30 i 360 P
f3ng Caoacitor cr i 0.0047 ) 9.001 10 | wr i
Baror Frequency tosc | 10 H <0 206 PoxHr !

ICAL CHARACTERISTICS (Vog = 1SV.CT = 0.01 2F. A7 = 12 X2 unless otherwise noted.)
ical values Ty = 25°C, for mirvmax values T is the coerating ambient temperatuce range that applies unless otherwise

3 . i TL34C A TLAS4M
Characteristic i Symbol - - Unit
t Min I Typ I Max Min ] Typ [ Max
W¥ERENCE SECTION
hence Voitage P Ve | oa1s | 50 | 525 [ 275} so0 | s | v |
fo = 1.0 mA) ! : : i
Regulation i Regline | — 20 25 - 20 [ 25 l mV
cc = 7.CVio4oW) : ; ! I
Regulation i Reslows | — 30 1s - 30 | 15 mv
= 1.0 mA to 10 mA) H ! |
-Circuit Qutput Current i Isc l 1S s 75 1s 2s ' 7S mA
f =0V :
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-ECTRICAL CHARACTERISTICS (Ve = 1S V. Cy = 2.01 uf AT = 12 X{t unicss cthenwise noteq.l
s tyoical vaiues T = 25°C, for mivmax values T4 1s iNe cocrating amdient temperature range that 200hes unless otherarse

N5
; TL494C. TLi34M : ;
Characteristic i Symbol — 1 Unit
H Min | Typ l Maz Min ° Vyp ' Max | H
OQUTPUT SECTION .
“alectar Ol-State Current PN - i 20 i seS — 24 100 wA g
iVeg = ¢0V.Ycz = cO v | . !
Eminer OH-3tate Current ) — i =~ 1 .:ico — S wA
Veec = @0 V.Ve = 20V, Ve = 0V) . I H '
Lollector-Emitter Saturation Voltage {2} P vsaTio - 1 ’ .3 — s v i
Common-cemitter ! i i ] : i
Ve 2,0V, Ic = 200 mA) : ! : : i
Emiter-Follower : YSATIE) - VLS 1 25 — 15 . 25 . v
(Ve = 15V, 1 a —200 mA) : l ! H i : ;
Output Controt Pin Carrent - T e L - L1 T B A
Low State ' l : i .
tVoc & 0.4 V) : . H
High Stzte ‘oCH - i 62 : 33 — 2.2 15 mA
VoC 2 Veen ;
Cutput Voltage Rise Time % — | 100 260 - iGG , 200 as
Common-Emitter {See Figure 13 : ! H
L Emner-Follower {See Figure 1¢) — i 100 : 200 - 6o+ 200 ns 1
i GCutout Voltage Fall Time ; t i — 1 2 ' 100 — s x 100 ns v
! Common:Emitter (See Figure 13) : ! ! : : :
! Zmitter-Follower (See Figure 12) io= j <0 ico —_ 20 ! 160 ' ns :
] . TLas4 : i
{ Characteristic Symbol in T v " - Unit i
; ; : ax : .
ERROR AMPUIFIER SECTIONS 3
i Input OHseat Voltage Vio — ; 29 Ho) mv .
' Ve (Pin 31 = 2.5V H :
Input Otfset Current . [iTe} i -— i 3.0 250 nA
Vo (Pin 3) = 2.5V) - } H
Input Bias Current ‘ 43 - . -0.! -1.0 uA i
VO (Pin 3) = 25V) H ! . .
Input Comman-Mode Yoltage Range i vica -03to i — — v
Voo = 60 V. T = 25°C) Vec-2.0 ; ;
Open-Loop Voltage Gain Y Avol 70. | 95 - é8
13V = 3.0V, Vg = 0.5t0 15 V. : ! AR
AL = 2.0 k) : : . :
Unity-Gain Crossover Frequency : Ic — 350 —_— ¥Hz N
(Vo = 0.5t0 3.5 V. R_ = 2010 ; o4
Phase Margin at Unity-Gain ! am - 85 — P deg. §
Vg = 0510 3.5 V. R = 20D H . H
Common-Mode Rejection Ratio CMRR ! 89 20 . : 48 i
Vee = 40 V) ] : :
Power Suoply Rejection Ratio PSRR - 100 —_ a8
[AVee = 33V.VQ = 25V. 3 = 2.0l
Output Sinik Current o~ 0.3 0.7 — mA
Vo Pin3) = 0.7 W) :
Output Source Current o= -20 -4.0 i — i mA
Vo iPin 31 = 35V 1 i
NOTE 2: Low duty Cydie puite techmoucs are used g teag 1o ¢ 23 cloze to ambient temoeratures a3 sotuble,
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1p§C. OSCIRLATOR FREQUENCY (1t:)

1F -
10K = - <:
RS e

% DL, PENCENT DERO-TIME, EACH DUTPUT

YO (yary SATURATION YOLTAGE (V)

FIGURE 4 — OSCILLATOR FRECUENCY
* versus TIMING RESISTANCE

oK

[ G Xsi 4 SOK 18X XX K 00K oK 0K oM
AT, TIMING RESISTANCE 2
/

FGURE 6 — PERCENT DEAD-TIME versus
OSCILLATOR FREQUENCY

e oo f ] e —

: H ] - - .l
X ‘X e Priie
foge. DSCRAATOR FREQUENCY (Hzt

FIGURE 8 — EMITTER FOLLOWER CONAGURATION
OUTPUT SATURATION VOLTAGE versus ’
EMITTER CURRENT

2 T EEIIEY FUSEOR

!
|
i
]
I
|

i

Ve£isa SAIURATION YOUTAGE w)
~

D ad Rad baad

80

AyQr. OPEN LOOP VOLIAGE GAIN fub}

FIGURE S — OPEN-LOOP VOLTAGE GAIN AND PHASE

versus FREQUENCY

3 5 S

1)
(=1

FERCENT PUTY CYCLE, EACH OUIPUT

1
AN 180
\ N
[ 0 Hrd [ X119 Hnd X o

I FREQUENCY Hp

FIGURE 7 — PERCENT DUTY CYCLE versus
DEAD-TIME CONTROL YOLTAGE

N ! 1T
. v ¥
\\ ! v! - ‘Icc = 1SY
N\ i YeC = Vet
! NCE = 008 uf
\i\ AT = 162

DCr = 0001 uFr 1

Aradur 1
Ly

%

1o
$

== | = ]

[T Y PYSUNE SNEES SN SO

. !
A ™ : :
) ot M I .
.ol P iU IN
) T 23 33 3
Voy. JEAD-TIME CONTAOL YOLTAGE W)
FIGURE 9 — COMMON EMITTER CONFAGURATION
* " OUTPUT SATURATION VOLTAGE versus
. COULECTOR CURRENT -
29
g . ! b
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5 -
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ICTRICAL CHARACTERISTICS (Ve = 13'2.Cy = 0.01 27, A1 = )2 k(2 unless otherwise noted.)

31

ctvpical velues Ty = 25°C, for mirvmax v2r:as T 5 is (e operating amaorent temperature range that applies unless otherwisa

F

Characteristic

|

TL494

Unit

Symbol l

Min

Tye

Max

#IM COMPARATOR SECTION (Test Circuiz Sgure 32}

aut Thresnold Yoliage
1Zero duty cycta)

VTH

335

-'.
W

;: Sink Currant
Vipia 3y = 0.7 ¥

mA

¢AD-TIME CONTROL SECTION (Test Circuit Figuce 12

put Bias Current {Fin 4}
Vpin 4) = 010 3.25 V)

hg (oT)

aximum Cuty Cycle, Zach Qutput, Push->at Moce
Vpind = 0OV, Cy = 0.01 «F Ay = 1201
VPina = 0 V. Cy = 0.001 uF RT = 30 @Y

OCmax

I

R

sut Threshold Yoitage (Pin 2)
'Zero Duty Cyclel
iMaximum Duty Crcle)

YiH

v
v

SCILLATOR SECTION

squency
€7 = 0.001 uF, AT = 30 k0)

]
‘osc

- 20

andard Oeviation of Fréquency'
Cr = £.001 uF, AT = 30N}

lasc

3.0

rquency Change with Voltage
Mo =70V 040V, Ty = 25°C)

Alaseiav)

rquency Change with Temperature
ATA = Tigw 0 Thigh)
Cr = 0.0 o7, Ay = 12kN)

Mosc 1AT)

%%

YDERVOLTAGE LOCKOUT SECTION

0-On Threshald (Ve Increasing, leef = * 3 mA)

Y

ITAL DEVICE

naby Supply Cuérent .

Pin 8 at Vegf, Al Other Inputs and Cutputs Czan)
Voo = 1Sv)
{fvee =46 V2

‘cc

mA

xm’ago Supply Current
ViPin 4) = 2.0 V) (See Figure 12)

}

mA

Cr = 0.0V uF, ST = 12k0,. Ve = 15 W)

Ndara deviabon 13 3 measuca Of the $1ILSHCI OTENOWON J00UL the Medn as Servea lrom the Lormuld, o -
s
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FIGURE 10 — STANOBY SUPPLY CURRENT
versus SUPPLY VOLTAGE

| T 17 1 1

o D —
T i b
EL | P
EYC ] T4 T
R I O
SN S . |
oont Y T '
i VAT

| i

) &Y 3 0 e 0 n
Veg. SUPPLY VOLTAGE

FIGURE 11 — ERROR AMPUIFIER CHARACTERISTICS FIGURE 12 — OEAD-TIME AND FEEDBACK CONTROL
Lo . TEST CIRCUIT
H “ Q
© vee = 15V
— £rror Amosulier : - < 150 158
H & ot S 2w 2w
{ Under Tent vece
' o - O—————————1 Dead Time ct ——0 Output 1
o Tent €1
Inouts _1_
: Fecobacx O—————1 FredDacx =
. - . A v —0 Qutput 2
+——0Q Terminast [:v—— T
(Pin 3 ——cr - f2—_
= ~ =) 2 =
—r O - =3\ _
— [ - Zeror
5, | o o
et = Orher Ercor = :;:’ . Aet
. . —} Outou "‘_‘
Amonbier “s0% E Conror Out |
i Gnd i
. 1 e
Pl - |
FIGURE 13 — COMMON-EMITTER CONFIGURATION FIGURE 14 — EMITTER-FOULOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM TEST CIRCUIT AND WAVEFORM
SV
9
s

Eacn
Outout
Transistor
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IGURE 12 — SLAVING TWO OR MORE CONTROL CIRCUITS

83-

FIGURE 20 — OPERATION WITH VN > 40 V USING

EXTERNAL ZENER
Veet
s Rs vee
O—AA < »
RT /"
Vip >40 vV 12 1
5 . Master in INSTSA T
Rrs L cr C T vz =33V A sv
I Aef
Veet Gna I
' * ——O—
8 L ?
Ry Slave =
5 {Addgitional
o Cr Circuits)
FIGURE 21 — PULSE-WIOTH MOOULATED PUSH-PULL CONVERTER y
Yin = 8.010 20V
-Vvg = 28 v
120 o
26 . AN2934 g = 0.24
Y- vee T - - o
2y _ c 3 TiP { zz'
1 | i N2 »j [N - 3
33k 3 b—— - :
- FComp Lise ol S0 L,
0.01 omf;g c 1 TIP 50. By
R 2 N32i2sv R SR
16 N A BN T-XY)
—1~ OCVRer OT Cy Ay Gng 2} =2 i p —f—-v;a»—T
13] 18} 4] stosp 7] 9 vol 1Na934 i
AN i
v { - i
47% 0 L L,s-‘ w0 .
! 47¢% % 103 000t g
*> L lz —0
All €3020UOCS 10 Wi
L1 —35mHEO03A ]
T1 — Primary: 20T C.T. #28 AWG
Secondary: 1207 C.T. #36 AWG
Core: Ferroxcube 1408P-1.03-3C3
TEST CONDITIONS i RESULTS
Line Regulation PVin = 10Via 40V | 1amv  0.28%
Load Regulation Vip = 28V.Ig = I MAO 1A i 3.0 mV  0.06%
Output Ripple Vip = 28V.ig = 1.0A i 83 mv PP PARD.
Short Cireuit Cuerent Vi = 28V, R = 0.1 01 ] 1.6 amos
Etficiency Vip = 2BV.Ig = 1A | n«
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AGURE 22 — PULSE-WIOTH MOOULATED STEP-DOWN CONVERTER

10mH G 2A .
~Vin = 1950 20V TP 324 -vg = 58V
> O
s >
- LF 'O 2 1.0 A
¢
a7
150
17 x
121 3] n o ,
M
vee ¢ C2 compl3 T
iz
1 Sk S.0x !
- - 51 )
_50 = TLi4 "‘4'0 |
oV VAEF ——— b
- io—y—w—-' 1" MR8SQ g VT:
16 ER R
Cy 3r O.T.0.C.GndE; &2
s la . Y -i 3o
Is |s |+ D3jrl9]te 2 v
)
T |
ocot = S
T x
*- s n >3 o
| $.
o—6 - >

All capacitors in urF

TEST } CONDOITIONS RESULTYS
Line Regutavon | Vin = 8.0 40V 3.0 mv 0.01%
Load Regulation | Vin = 128 V.10 = 0.210 200 mA S0mv  0.02%
Output Ripple Vin = 126 V.1g = 200 mA . 40mV p-P  PAAD.
Shart Greunt Current Vin = 128V, R = 0.1 {2 250 mA
EHiciency Vin = 126 V. Ig = 200 mA P 2%
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MOTOROLA r
SEMICONDUCTOR iRF510
TECHNICAL DATA IRF511

IRF512
IRF513

Part Number Vos | mstem| b
N-CHANNEL ENHANCEMENT-MODE SILICON GATE IRF510 00V | 080 | 40A
TMOS POWER FIELD EFFECT TRANSISTOR IRFS11 60V | 050 | 40a
These TMOS Power FETs are designed for low voltage, high IRF512 100V | 080 | 35A
speed power switching applications such as switching regulators, IRF513 60V 0.8 0 15A

converters, solenoid and relay drivers.
® Silicon Gate for Fast Switching Speeds

® Rugged — SOA is Power Dissipation Limited
® Source-to-Orain Diode Characterized for Use With Inductive .
Loads IRFS10

IRF511
IRF512
IRF513
G
o]
S
Th
TMoSs 7 2
— b e » — ——
L_; N L ———3
< N
- == i —,: -
; : 2
i bbbl —
MAXIMUM RATINGS — =77 !
1 T R . x
i \ IRF I L } ;
' Rating S Symboi 1 510 5111 512 | 513 | Unit | il —
Drain-Source Vohage i Vpss 1001 &0 . 100 | 50 ! Voc vdi] —_— !
. s \ 3 ° [ R
Dr‘:;n—Ga:clv(;aI:‘g;)g i VoGa ; 100! 30 ;,soo 60 .:Vc: E o H
GS E ! : i : : — ]
Gate-Source Voitage ! Vgs ! =20 | vae
Continuous OrainCurrent Tc = 25°C | ip | 401 40| 35 | 35 | Adc o
Continuous Orain Current Te = 100°C l lo_125]25)20)20jax :;.‘.“’”‘,‘_ "‘"""‘:"‘““ e
Orsin Current Pulsed ! 1om 1 16} 16 ) 14 ] 18 | Ade L 370 208 2 N wmtt 4, 1007 10 o
: A0 ARCUMTES A% MaCwd ™
Total Power i Po !} !Wam
Dissipation @ T¢ = 25C H ! 20 |
Derate s0ove 25°C i i 8.6 | wec o
Operaung and Storage i TaTxg . -351t0 150 r 'C I
Temoerature Range ¢ : i AT WL ]
s i a2
T PR
THERMAL CHARACTERISTICS | o i‘
Thermat Resistance ! ,'C‘W A ane i
Junction to Case | Rasc 64 T A
Junction to Ambient | Raya 62.5 ] B E T i g___
Msximum Lsad Temp. for Soldering i T 0 | At 10y
Purposes, 118" from case for 5 seconds | | S TR R
iy o
&mmroo&w:mmm.mmummhmhm M-—-__.A;_
. - s
CASE 221A-04
TO-220A8

MOTOROLA TMOS POWER MOSFET DATA
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IRF510-533
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
[ Chavacteristc | Symbol | Min | Typ | Max | Unit |
OFF CHARACTERISTICS )
Drain-Source 8reakdown Voitage ViBa)0SS Vde
(Vgs = 0.1p = 250 pA) IRF510.512 100 _ _
IRF511,513 60 -—_ —
Zero Gats Voltage Drain Current 5SS Ade
(Vgs = 0V.Vps = Rated Vpss) - — 0.25
{VGgs = 0 V.Vps = 0.8 Rated Vpgs, Te = 125°C) - —_ 1.0
Forward Gate-30dy Leakage Current IGSSE - —_ 100 nAde
VGs = 20V.Vps = 0)
] Reverss Gate-Body Leakage Current IGSSR — — -100 | nAde
., fVvgs = -20V.Vps5 = 0)
ON CHARACTERISTICS®
Gate Threshold Voltage VGSith) 20 - | 4.0 vde. !
(Vos = Vgs. Ip = 250 o)
On-Stats Drain Current iDon) Ade
(Vos = 25V.VGs = 10V} IRF510,511 40 - —_
IRF512.513 35 — —_
Static Drain-Sourca On-Resistanca rDSton) Ohms
{Vgs = 10V.lp = 2.0 A) IRF510.511 — —_ 9.6
IRF512.513 - - 0.3’
Forward Transconductancs GFS 1.0 -} = mhos |
{Vps = 15V.1p = 20 4) ! i
DYNAMIC CHARACTERISTICS
Input Capacitance Css | — § ~ ! 150 | pf |
Output Capacitance (Vps = 25V,VGs = 0.1 = 1.0 MHz) Coss | — — } 1o |
Reverse Translter Capacitance D Crg ' — - i 25 ! -
SWITCHING CHARACTERISTICS® (T = 100°C)
Turn-On Delay Time i tdtom ¢ — ¢ — | 29 ns
Rise Time Voo = 9.5Vpss. Ip = 23 A i t o= = 25 .
Tum-0ff Delay Time Ip=300 Vo tdtoly 1 — I — iz !
Fall Time I
SOURCE DRAIN DIODE CRARACTERISTICS®
Characteristic Symbol Typ . Unit ;
Forwara On-Voltage Vso 20 & Ve i
- In. Vs = 1+ Lmitea oy suray !
Forward Turn-On Time fig = Rated in, Vag = 0) ton : hOUC: :
‘Lﬂma Recovery Time { i tr i 220 , ns
INTERNAL PACKAGE INDUCTANCE (TO-220)
| Symbol | Min i Typ | Max | Unit
internal Orain Induczance Ly ] | [ oMo
(Measured from the contact screw on tab o center of die) — 1 35 l - i '
{Measured from the drain lead 8.25° ‘rom package to center of die} — 1 a5 — 1 '
Internal Source Inducancs [ i — i 75 - ! :
{Measured from the source lead 0.25” from dackage to source bong sac.) ' . ! A

"Pulse Test: Puise Wian € 300 us, Duiy Cycie © 20 %

RESISTIVE SWITCHING
FIGURE 2 — SWITCHING wnveronms

AGURE 1 — SWITCHING TEST CIRCUIT

Ourout. Ve

:._._“..g.e;___ , o
: @ " .
¥
' ]
' .
] [ v
| SN, >

AL S You aton) -
Pulse Genentor _/—

MOTOROLA TMOS POWER MOSFET DATA
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