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ULTRASONIC CLEANER

Kanit Chaiwattana
Somjet Leeludej
Koses Inyiew

Asst.Prof Prapas  Paisuwanna Advisor
Anuwat Jangwanitlert ~ Advisor
1997

ABSTRACT

This thesis is about bringing supersomic ultrasonic wave theory to
apply in cleaning equipments ie. glasses , head-pen .The ultrasonic wave frequency is
about 28 kHz which is more than of normal sound wave but lower than radio
wave.

The design and construction of ultrasonic was electronic system
composing oscillator circuit to generate and emit 28 kHz frequency signal to gate
drive for amplifing the increased voltage and current that drive full bridge inverter-
power mosfet. The frequency signal is 28 kHz to tansducer. The transducer was
converse electric energy to mechanical energy by vibration for produce ultrasonic
wave which can shake the solution until the molecules catch the equipment are fall
of, and thsis has heater for increasing the efficiency of cleaning.

This work is ultrasonic cleaner can serve as are example and guilline
for futher research and developement of units with higher abilities and more case of

use for the benifit of the filed of industrial in Thailand .
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4 1 4 3

adugand1 laiindiulngzduialuninnisoondiady  ( Oscillation )

4 v o P 4 L4 . . & o 9y a 4 3/ a
vosnduiman Idfhidlundunen ¢ Sinusoidal ) Fzimininanduganilariia
2 = = A A ¥ A ' = ' ¥
WUANNOAN JHRANNEIATUYBINAUgand lailn Tuudazanudezuandralidag
5 o a daw ¥ 1 § 4 oY
Tasanuemaduszd@uiuifumanuss (¢) wazdnmnd (f ) vendugand Taiin

2 o A A o g & S 1w A e
"'5\1ﬂ']5lﬁ?UU“']UHﬂ.j‘]ufn?ﬂau“ﬂj‘INQ!lazﬂj‘lntsQﬂaQﬂau“uﬂ']ﬂ']\jﬂuqmuaﬁ\11uzﬂn 29

Some examples of ultrasonic wavelengths,

Frequency Wavelanpth (1)
{forc = 1000m s™!) (forc = 5000ms™") {for clectromagnetic radiation);
Mikliz = 2% 10" Hz Sem 15cm LS x10* '
100kHz = 10* Hz lem 3em 3x IO’n‘.:l
I MHz = 10* H_ I mm Imm 300m
SOMHz=5§x 10° Hz 20um 60 1m 6m
1GHz = 10" Hz tum Ium 30cm

< = 4 A < d A dat e 1w
zij'ﬂ 29 Llﬁﬂdﬂ']illﬁﬂﬂlﬂtjﬂﬂ'ﬂﬂﬂ'l’)ﬂauﬂﬂ’J']llﬂllﬁ:ﬂ’)'lllli'J‘Uﬂdﬂ'ﬁu'ﬂuﬂ']ﬂ’ldﬂu

gl uaRmi = 1000 m/s  war 3000 m/s aegluFnansd
<4 =t s ta ot 4 -1 P o a a g »
dluveunar  uaznlSouidlsufumsudsiduesnduuimin Ifhfianuafoady sufuh
a1 1 o o & b o S ' o tar o
uAwanAniunn  lasanuisvemdugaslain  eslimdininnudi lunisunsed
4 1 -3 F= d 8 ar
voanduimmanTuiann Qugganme Semwdwsana 3 * 100 m/s ) vnndn
d’ 's as 1 . o o aa a o A 9/ ]
msiiithnlszTemhnaludestnveeszuy Insimitasszuuasaoanouiiuned  #1%miaa
4 1 o { 4 v o o 4 a
( Delay ) nduwimaniith  msnfGousduniman il lSunduganihTain
Taolimsua@uwes ( Transducer ) wdnmsdio afumimdnI®iily 1 ms  awsa
a 8 3 > 1 ' o
@WuMlAsEeEny 3%10 * 10° = 300 km  FadlAnn (319esaniadaanal
» ' ) v
éTeonlaoundumidn indundugandiladin - Tavldguniel  “Delay  Line’
Fumadduglii 210 Fulszneudemidwardrsuaiuganiilailn  Taondussndoud
v 1 4 v
W Delay Line luszozva 4 aluszer 4 fewszdudanafudume . veq

- g o ) ot S o v o
mad , wievewn1d - . Feliaudfuanaianu i
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Electromagnetix
wove Uttrosonic waove
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—
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A

Elecrromognetc

wave

/

Tronscucer

\
Trensguce”

W 210 uaA “Delay Line” #ildminedynnaififiunaninasn/dounlas

Tthn senienduuinda IWihdundugani loiia

. Velocities and acoustic impedances for some materials.

Gases and liquids

Speed Acoustic impedance

ms™! kgm™* ™!
Air 33146 431
Carbon dioxide 259 512
Helivm 9719 173
Hydrogen 1286 116
Neon 434 391
Nitrogen 337 42]
Disuilied water 1482.3 148 X10*
Acetic add 1173 123 xX10*
Acetone T 1190 9-37 %10*
Carbon tetrachlande 940 1.94 »10¢
Ethanol 1162 9-17 x10*
Glveerol 1860 2.34 x10°
Mercury 1454 1.97 %107

1 J < 4 o o - {
1 211 i wessdugaai ladinludnsaniduiauazvoanan



12

2.4 Anmsazidesnduganiladia
dionwaAureivesgand lulimldooniuganir loineenl  ssvhild
v » e (3
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1 Y ar ] o oy 4:1 . é o o
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. o 32 . ad ¥4
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. b 4 ! .
gani TydmmnnnTuselimsfinly  Pressre amplitide | Particle - displacement
amplitude URY Particle - velocity amplitude
o & o o o oy Ay a % o :
dsvesgandTardin Hudasins Tnavemdanuiidwusinida
z ) s L r J
nnvavesdigaaiilaiin ez ldnnudunusaai
Ultrasonic power = Ultrasonic intensity * cross - sections 21

W) . (Wem)
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v .
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fudades  nldfansnsreevesndudion  ( Scater ) iSfmMeRvey A
[ v & ¥ N - ' * ]
dldmdudsddiinnungauinludmeantrlsiia Wunnawd 40 kHz  eedl

A <t ’ : 2 [ AR or a8 o 4
aAnvennoulueMMAes § mm. iy mi)'”xanmwmiﬂmaqmmmﬁmmmnﬂau
@oadt 1dos idvauuiivey mmtﬂuc’mﬂm ( Beam ) Tilfrmefiuriueu

afugandi lriimiudedbudumlusmaud iy AR ey
o 4 L] ™ N < A
endrdaegifoaliiin S0 kHz mswderndaadundi IMfAvziiagANaUAAY
o 2 £ « qY o A a4 : '
Aoy lnszduamuuswendugandi lailanszozviveon Wanasetha
» » *
52052 daums I iudrunmmmdius 1aivhmdug Seldnudlugae 1 iz

* 'd ar 5 ¥ -~ z 1 L] ¥

- 10MEz dunawidiidly  GHz exfilfonludnandiedudsadumatu i lvennaud
o -~ A Lo
- ifudnaneriiatuy iy th udy
vinmaiifimmvesndugani lelamdisnih 1 dm dnaoede 1wy
i lflFlwatewnuquszeslng  ( Utrasonic Remote Control ) wiodngnyel

t ) v ’ 3
(Ultrasonic Cleaner ) Inaiiduiinnuiiqe  iAfeadanumumwesiag = Taodauna
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( Mechanical Transducers )
a a a a .4
2. Bidn lasanmiiniansuadses
( Electroomechanical Transducers )
ad aa a 1 ) @ 1 Y
aian Tasuuanilifionsuadured wnfdoundrnuIvihlydundinu@eanildiu
14 o &
gl 4 wiia Ao
1. yuuyWIsnoad (Moving Coil)
2. nuudian Tasauansn (Electrosrtatic)
3. wuudloTaBi@an3n (Piezoelectric)
de ad a .
4. WUUINDS 15BIAANS A (Ferroelectric)
[3 1 4 "
1. mylenead Wuadw 9 Mylweadvesdr Inalivszlominn  Tu
malludadu ( Vibrator ) veamampuANUITwosgUnIsinuyWInead  wiasuveu
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( Ribbon ) Wdrwezgliliovuny q mBszwindmesresveuivgn  Suheaiiou
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3 a 1 ar idy 1 a 9 q‘:‘ iav o 3 [~
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<t ad a . . . o 1 a 3 q’:
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HABZHULVDINITIANA

constant
sonant frequency = — G-
thickness(inch)
MATERIAL CURIE TEHPERATURE Q DIETECTZIC COUPLING

CONSTANT(X) COEFFICIENT(XT)

Quartz 550 C Yery high 4.5 0.09

Barium titanate 100 C 400-700 1,700 0.38 )

Lead zirconate 200 C 30-500 1,450 0.51
titanate

MINA 3.1 ueasnuaulAvNeNYeITIsIHTiin

3.3 [Walansuaduzss
Tnswadumelusztsznondas  “Suasdlolvdidansa” (Piezoelectric
element) FaEnnsoidomnmsnaerin 3y HANUSAIONG (quartz) , WUSoUFANUN
(barium titanate) , 1NA0TOAIYA (rochelle salt) 4a4 udARToN T UBS U HAWRDTUT Sl
TadidanSafvinanuuSon Aaun Fl¥vnnswanmsanuiiousunuSoumyemn 7

» .
guingiitszing 1300-1400 °C wazwansennlugluuuvesiums “asiiin” Feandugd

£

a

d. -~ 1 1]
mnavulavaulng
> t 4 [
MUY Wnlezgalsenudreuruan 2 usuy Fadmnaivhanonusiy
= P 1 a o v o 9/ e [ =] - T a
AU ieraluvivedidn Insade 1iumee sv’ﬁmmm:waaunumamsgﬂaﬁma“h’('lmnﬂ
mMsdu dwdndezBanuudu laszudsuFrursomdou T W 18 Taeusy Taezusy
dy 9/ 9w L4 - é Y4 =1 4; &4 " -4 as
HezgnasnInldnuazadooud weswndu RS Igeiu FusadntdnyasInsq

adaaely
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mneiusaia
( MOSFET Powcr Transistor )
4.1 HenuupzANNYNg
voaWa ( MOSFET ) 031910 Metal Oxide Semiconductor Field Effect
Transistor ~ MyMnuveweara lasms ldaun Iihilluglnseitlszianmsarunuunda
1 9 .Y ) P = =] as d'
WAWIUTIAU  ( Voltage controlled source ) Ferunsalisunesifioufionddagn 4.1
=1 ar  a o a o 1 s d’
uaziinnuduRusvennilimesang Al
12 = gm*vl (4-1)

lavi g, Ao ANMYA16To%( Transconductor YH3® Mutual conductance

{ " 2

o— -0
A +
v Dan oy

o

3 3

i 41 esifouifivs wie gUnsallszinmsnlunuumaItiodons i@

voemdautiaihy 2 sialvyq Ao wemAUUUANSTU(Depletion
MOSFET) 1a2 uoeiiaiuuious usiuus (Eohancement MOSFET) udazaiiauiie gty
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(a) nchannel enhancement-type MOSFET
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(Rectificr & Inverter)
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(Single Phase full wave rectifier circuit)
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AMOTOROLA

TLA94

The TL494 is a fixaqa irequency, puise wigln modulanon canirst
circuit designec primarnly for Switcnmode power suooly control.
This device features:

SWITCHMOOE
PULSE WIDTH MODULATION
CONTROL CIRCUITS '

Complete Pulse Widtn Modulation Cantrol Circuitiv

Cn-Chip Oscillator Witn Master Or Slave Coeratuon

Qn-Chig Zrror Amslifiers

2n-Chio E‘\ioi: Aeference

Adjustable Deac-Time Centrol

Uncommutad Quiaut Transistors Azt2a t0 300 mA Source Or
Sink

Qurput Cantrol For Pusn-Pull Or Single-Ended Qoeration

Undervoltage Locxout

Deaa .

I e ts 1
rma (o = S TEY it
Tantron — | T ?
VT | s
EET ] e
L. ! : —
P Y 2seniacor i — ,
— i —
a-is L ! i /—Jn ez
i i ’—-Cl H
uIOUnﬂl ? '.———————‘I \-—-E!GIEI
¢ \l i
—-] ! a1 b—or —
s b—4 —_— 3 g

12100 veew

~f 0°C 10 7O°C. The TL<SGdl is soecifiea cver tnNe nQuUstiial 7enge
af —25°C 0 85°C. The TL494M is sceciiea over (ne fuil miitarv
range of —33°C 10 125°C.

The TL484C s sceciitec cver ine cammercial Soeraung ‘ange

g

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONGLITRIC
INTEGRATED CIRCUITS

o

J SUFFIX

SAMIC PACKAGE
ZASE £20-10

N SUFFIX
PLASTIC PACKAGE
ZASE 348-08

ORDERING INFORMATICN

Temoerature
f Device Range Pacrage
s TLaceCM 2t -7 C Frasuc JIP
TLigals i -TTC Caramuc 217
“LagaN - 1%z -38C Plasuc 2P
1 Thaga - 1313 =357 Cetamic P
“Lagamy -~ 33t -128°C " Zeraamc SIF

\1C_::OL.—~ i c."\f'\ll T=REACE JEVICE

(7))
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FIGURE 1 — 8LOCK DIAGRAM

Cumuoarator Input

— ——
Qutput Control Vee
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: 5 | / P b .
o e 1 3 i i i ——— '/C)l
i j Osaliater ‘_‘;O Q L/ _ ¢ a
i————*— o i e o
coL5 | | i ¢ Tho- b >
I ! T ! i Oead.-Time i ‘w00 H
= = ! ! Comparator : ! — < <
= r SR N\ —lc alb—— ) P aa 1 3
i 0,12V P L ___c
- H 3 [ SRS ' d
o —{] L— - 10
g -0 ; v = —
Oead-Time ; w = i
Control ! N i . ' =
O l
—— : [¥ *
: = 493V
! _l_— ! Comparato- l (SR = ? l Vee
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L s . !
Ttz K s | fe L7
DI s LR ] % Gnd -
Zrror Amo Feagpacc P W M Zrene Amc Ref. =
' 2 Qutcut

FIGURE 2 — TIMING DIAGRAM
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" T1L494

Description

The TLLS4 is a fixed-frequency pulse widith moguia-

" tion control cireuit, incarporating the primary building

blocks required {or the control of a switching power

supply. (See Figure 1.) Aniaternal-linear sawtooth oscil-

lator is irequancy-programmable by two externai com-

ponents, Rt and Ct. The approximazi2 oscillator ire-
guency is detarmined by:

A
‘osc RT.CT

For more information ref2r (0 Figure 2

Output pulse width medulation 1s 2ccomchsred oy
comparison of the posiiive sawtooth wavafcem 2crcss
capacitor Cy to either of ~wo contro! signats. The NOR
gates. which drive outout transisiors Q1 anc Q2. are
enabled only when the Hlio-ilce clock-inout line 1s ia its

_low state. This happens cary during that sortion &f imz
witen the sawtooth vokagea is greater nan tn2 controt
signals. Therefore, an increase in contral-signal émoh-
tude causes a corrasponging linear dacrease of outout
pulse width. (Refer to the fiming ciagram shown in Fig-
ure 2.}

The control signals arz 2xternal inouis tnat 23n ce fac
into the dead-time control. the error amolifier nouts,
or the feedback input. The dead-ume contol ompar-

“ator has an effective 120 mV input oifsat wnich limitts
the minimum oulout d2zo ume 0 300rOXIMal2 Y the
first 4% of the sawtooln-Ccycle iime. This wouiG resull
in @ maximum duty cycle cn a given output of $8°: witn
the outgut control grounced, and 8% with it cannected
to the reference line. Accitioral dead ime mav Je im-
posed on the outout by satting the ¢ezd ume-control
input (0 a fixed voitage, ranging berwean 9 i0 3.2 V.

77

The oulse width modutator comparator groviries a
means for tne errar amolifiers 10 adjust the outsut nulse
width from the maximum p2rcent on-iime, 2sigblished
oy the dead time cantro! ‘ngut. down (0 z2r2. 2s the
valtage at the feedback oin vartes frem 0.5:0 3.3 V. Both
error amplifiers have acomman-mogeinoutrange from
-03Vio (Ve -2V), and may be usad to sease ogwer-
supply outout voltage and current. The ecrcr-amplifier
Jutsuls 2re active high and are ORed togatner at the
non-inverting put of the ulse-wicth moculator com-
aaratgr. With this configuraticn, tne ampiithier that ge-
mands minimum oulpul on time, cominatas contro! of
ine loop.

‘When czoacitor Cy :s discharged. a positive gulse s
cenerzted on the output of ihe dead-tima comoparator,
which clocks the pulse-steering flip-{lop and innitits the
outout trapsistors, Q1 and Q2. With the cutout-contrel
connectea (o the reference line, the pulse-sieering flip-
floo directs the modulated pulses to each of the two
outout transistors aliernately for pusn-pull goeration.
Tne output frequency s aqual to hatf that of the oscil-
tator. Qutout drive can also be taken from Ci1 or Q2.
when single-2nded operation with 2 maximum on-time
Oiless than 30° s required. This is desiracie wnz2n the
outout transformer has & ringoack winging svitn a catch
dioce usec for snubbing. When higher outcut-grive cur-
rents are required for single-ended operation, C1 and
Q2 may be connected in parailel, and the outcul-mode
21n must be tied 1o ground (0 disabie the ilio-flon. The
ouiout frequency will naw be 2gual ta that af the
gscittator.

The TL494 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
=1.5% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

nput i ' toue _ i
Output  ° Quzput Function ]l fose i
Grounced | Single-2acdzo 2\W.M. 21 Q1 anc Q2 i i
Al Veef | Push-puit cperation 3.5 5

MOTOROLA LINEAR/INTERFACE DEVICES
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494

(MUM RATINGS (Fult operating ambient iemperature range apolies unless othermise noted)

- - Rating i Symbol .} TL454C ! TL4S4 TL-EEM ! Unit
—_— . . v .
yer Supoly Voitage vee ! 42 | 42 42 bV
T " T —
“Vieetor Output Voliags v VeiVeg ! 12 i 4 i €2 PV
:";’:ectof Cuizut Currant {each transisiort (1) i ciicz | 500 i 200 ! 500 i mA
“holifier Input Veltage Range ! vig ' -03w+2 | -93wd2 | -02: 2 iV
%er Oissipation & Ta % ¢5°C o i 1000 ! 1000 ! 1cCo P mw
iJ . H - 2
raung Junction Temperature ; [} ! ! l :
astic Package ! ! 125 ! 125 i 7 °C
2ramic Package : i 150 i 150 i 150 | ¢ !}
_wzirg Ambient Temperature Range ] Ta i 0t 70 | -25to0 85 ‘ -55wi12s | ¢ |
] — H - 1 [ i .
rage Temperature Range ! 'sig : c
“lastic Package ‘ | -551t0 125 -3510 128 -
Jeramic Package |  .6510150 | -85t150 | -6510150 |
ol
%l: Maximum thermal limnts must be odsereed.
:RMAL CHARACTERISTICS
i Characteristics i Symbat ! N Suffix Plastic Package : J Suffix Ceramic Package ; Unit ;
i T N : .
“mal Resistance. Junction 10 Ambrent i Raga - . 80 ; 100 b ocw |
;za(ing Ambient Temperature i Ta [ 45 ; 50 ! °C J!
X
K
,_;gJMMENDED OPERATING CONDTIONS
'S 1 .
K : : TL4S4 H
é Condition/Value ! Symbol - : Unit
i i i Min H Typ Max |
:;aer Sucply Voitage i Ve 7.0 | 15 20 Y
- . i 1 .
izctor Quiput Voltage t Ve Ve — : 30 ! 20 ! v
‘ctor Output Current (each transistorl N Ty i - i - ! 200 mA
Slifier Input Voltage Y Vin i -0 i — b ovee - 20 v
Jent into Feedback Terminal H 1) i — i — [ 2.3 mA
Brence Output Current ! loaf ' - ; — | 10 mA
Ang Resistor i RT | 1.8 i 30 | 300 HET 43
fang Caoacitor ) : Cy i 0.0047 i 9.001 ' 10 | wF
lator Frequency N 1.0 ! <0 | 206 PtHz

ICAL, CHARACTERISTICS (Voo = 1S V. CT = 0.61 »F. A7 = 12 X unless otherwise noted.)
ical values To = 25°C, for mirvmax values T, is the coerating ambient temoperatuce range that applies unless otherwise

. ! TL434C.] TL4g4M
Charscteristic i Symbol " Unit
i Min | Typ | Max Min r Typ | Max

|§LERENCE SECTION

ence Voitage Poveer 1 oa1s |50 525 | 275 | s0 | s25 | V

0 = 1.0 mA) ! i | | : i

Regulation i Regiine | — \ 2.0 25 — 20 | 15 I mvV

cc = 7.CVio 4oVl : } I ! !
1§ Regulation | Regigea | — | 30 | 1s - 3.0 15 mv
#Flo = 1.0 mA 10 10 mAl i ! ] i !

-Circust Qutput Current i Isc i 15 I 35 75 13 s | 75 mA
qet = 0V) i ; i
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.ECTRICAL CHARACTERISTICS (vee = 15 V. Cy
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= 0,01 wf AT = 12 %§2 untess ctherwise noted.)
¢ tycucal vaiues Tz = 25°C, for minvmax values T4 1s the cperating ambient temperature range that 2oolies unless otheratse

EL
H TLSSAC! TL494M H v i
c: isti i Symbel nt )
naractenistic : e Min i Typ | Miax Min Vyp Max ; H
QUTPUT SECTION
otlector Of-State Current i iClof) — 1 20 i iCo - 2.0 . 10e wA }
Vee = 40V, Yoz = 0V ) ] i ! ?

Eminter Off-tate Current D lzisH) — § =« -ico - — 1 -150 0 ua i

MeC = 40 V.V = 20V, Vg = 0V) ; ! : . i
- 1
Collecior-Emitter Saturaticn Voltage (2) L vsaTial - i i3 - L L
Common-Emitter ! . i ;
(Ve = OV, i = 200 mA) : . - :
Emiter-Follower ; YSATIE) — 5 1 23 — L N
(Ve = 15V.1g = —200 mA) : ! : ‘ : ,

Qutput Contral Pin Current l 'ocL - i 100 - — wo - A

Low Stacte . i i . :
{Voc s 0.4 VI - -

High State i ‘oced - i 6z i 353 - a.2 35 mA
Voc = Veef! ; '

Cutput Voltage Rise Time ; i - 100 ; 200 - icc ., 200 ns !
Common-Emiter (See Figure 13 ! H
Emuner-Follower (See Figure 1¢) | - 100 200 — €0 ¢+ 200 ns

Cutput Voltage Fail Time t {3 o= 1 25 ! 100 -_ s 1100 ., ns
Common:Emitter (See Figure 13} . : ! . ; ! :
Eminer-Foliower (See Figure 14) io—= 1 %0 iCo — @@, 160 ! ns

| t TL4S4 i
] Characteristic Symbol " T . Unit |
i Min H Typ Max H H
ERROR AMPLIFIER SECTIONS
i tnput Offsat Voltage vio - i 2.0 0 av o
! (VG (Pin 31 = 25V ! :
Input Qffser Current ho i - : 5.0 250 nA .
Vo (pin3y = 25V1 i ! )
input Bias Current ‘ UE) — . -0.1 -1.0 wA
(Vo (Pin 3) = 2.5 V) : ! .
Input Common-Mode Yoltage Range i Vicr -031to i - —_ v !
Vee = 40V, Ta = 25°C) H Vee-2.0 ;
Qpen-Loop Voltage Gain !oAvou 70 ! 9s —_ a8 |
{aVg = 3.0V.Vg = 0.510 35 V. : | :
AL = 2.0 k1 : !

Unity-Gain Crossover Frequency { fc —_ 350 —_ kHz .
(Vo = 0.5t0 3.5 V, R = 2.0kl ;

Phase Margin at Unity-Gain Y 9m - 85 - deg. i
Vg = 0.5t0 3.5 V. R, = 204D : ! !

Common-Mode Rejection Ratio ‘ CMRR { 55 ] <0 ' d8 xi
(Vee = 40 V) i i | :

Power Sunply Rejection Ratio l PSAR - i 100 — a8 |
(AVee = 33V.Vg = 25V, AL = 20y | !

Qutput Sink Current 1o~ 0.3 0.7 —_ © mA
Vo (Pin 31 = 0.7V) : .

Output Source Current lo- -20 { -4.0 ; _ i ma
Vg (Pin 31 = 3.5V ! i ]

NOTE 2: Loaw duty cycle puise techmowes afe used durmg test 10 MANtaN {UNCION (eMperature as close (0 amMDient temoeratures as Dosmble
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&, EXCESS PHASE (DEGAELS)

FIGURE 4 — OSCILLATOR FREQUENCY FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE
* versus TIMING RESISTANCE versus FREQUENCY
27 129 ™ H Y
< . ‘ . l ] e ; ;
= 10
— =] i Yee = 13Y !
= g 1® ——— 1 T avg=3sv. §,
s} S 9 < AL =20 T
= & 30 : ©
3 2 . Ao | i o
g g ~ |
S 5 @ i @
3 g 0 Ny [ t ey 0
3 Ew < —. 120
(723 o \ \ .
=] >, 1 < 20
‘. ? e I S 0 < 120
Y { T Neiied — HCE AT < 0 N -
e — z. S \
'>:a X\ - - ~-—-¥  ———————t ,"’ bR )
16K 28K SOK 16K XK HK 00K 2008 300K 19M 16 ° 10 i 12K 16K 100K T
Ry, MMING AEISTANCE {422 f, FREQUENCY :H2
/
FIGURE § — PERCENT DEAD-TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY DEAD-TIME CONTROL YOLTAGE
2 - T ; 0 T
5wl i | i N ! T 1T
" ! | H — ! ] 1 s
g sl ’ ‘ : = \\\\‘ : Ve =S¥ L |
o T 0 . - ) T _ T
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Z | i i w ' i I | A7 =000t
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(=] . l - [ H ! .
= I L P 5 l N T
S &0 T T B o, = a T PR v
z bttt 1] 1 i 3 !\ | 1 P
b= o v T * = l l .| ! i : |
§ qgillty t 1T 5y i | L
I ENEH v 1= ' ] i
= T . st i i RNEE :
Rt TN ; - . -
foelndtlt P g o oal Lo Pl I\ l
w6 10X 90K ) 10 29 35 33
fasc. QSCLLATOR FREQUENCY 1z Q7. DEAD-TIME CONTROL YOLTAGE W)
FIGURE 8 — EMITTER FOLLOWER CONFIGURATION . FIGURE 9 — COMMON EMITTER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus ) - - - QUTPUT SATURATION VOLTAGE versus
EMITTER CURRENT Lo COLLECTOR CURRENT -
19 9
I T :
[ | T T T 1 |
1.3 | s _ 18 . . l H
= i i = . i
=, . P Z ] e |
é ' 1 I / “g ‘e Toa
=18 | i l — | = s B ¢ -
. S 14
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DATTER CURRENT ImAl ic. COULECTOR CURRENT imaAl

v



1494

:CTRICAL CHARACTERISTICS (Vo = 18 V. Cy = 0.01 »F, AT = )2 k[ unless otherwise noted.]

81

typical vailues Ta = 25'C, for mirvmax vamees Ty is ine cperating ameient temperature range that applies unless otherwise

M(pin 4) = 2.0 Vi (See Figure 12}

2d.
’ TL492 Unit
Characteristic Symbol - = -
Min I TYE i Max
WM COMPARATOR SECTION (Test Circuiz Sgure 12}
put Thresnold Yoitage VTH — 3.5 43 Voov
tZero duty cycle)
gut Sink Current Iy - s.2 0.7 —_ i mA
Vpin 3y = 0.7 V) '
¢AD-TIME CONTROU SECTION (Test Circut Figure 12)
put Bias Cusrent (Fin ¢j g (0T) —_ -2.0 -1i0 BA
{VPin 4) = 010 5.25 V)
‘aximum Quty Cycle, Each Qutout, Push-at Mode OCmax %
VPin ¢ = OV, CT = 0.01 uF, R = 12 1} 23 28 . Y
{VPin 4 = 0 V. Ty = 0.001 uF, Ry = 30 & | — s 1 50
sut Threshold Voitage (Pin 2) ; VTH \4
1Zaro Outy Cycle) 1 — 2.8 2.3
Maximum Duty Cvclel | 9 - —
SCILLATOR SECTION
squency fosc — - 20 - kHz
Cr = 0.001 uF, R = 30 x0)
andard Deviation of Fr;quenw' afnsc — 3.0 - %
€T = 0.001 »F, RT = 30 k)
:quency Change with Volitage Mase 1aV) —_ } 0.1 —_ %
Nece = 70VioedV, Ta = 25°C) !
squency Change with Temperature Mosc(AT) — - 12 %
ATa = Tiow © Thigh)
Lt = 0.01 uF A7 = 12kN)
VDERVOLTAGE LOCKOUT SECTION
. -On Thresnholc (Ve Increasing, lef = ©.3 mA) i Ves 5.5 | 5.43 i 7.9 { v
ITAL DEVICE
indby Supply Cufrent . ! Tore t i I mA
Pin & at Vief., All Other Inputs and Quipuss Ccan) i I . | ’
(VCC = 15\ ' —— H 5.5 Q
(vee = 40 v | . I I E A
rrage Suoply Current ; — - 7.0 i — | mA
|
: :

€y = 0.01 7 AT = 12k Vg = 15V

H
;lﬂdard devidtion :s 3 Mmeasure of the S1aNSICAI OSNOVHION 200Ut tRe Mean as Senvac lrom the formuta, o =
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FIGURE 10 — STANOBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS

FIGURE 12 — DEAD-TIME AND FEEDBACX CONTROL

Errcr Amoblier
Under Test

oo
o
I

emp Omemmemmt

i

Feeaback .

——0 Terminal

Qther Error
Amotilier

{Pin 3)

FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

sy
AL
63
Vi
c | ¢
€ach —,)—— =
Qutput Q =15 of
Transistor t j
E

TEST CIRCUIT
: .9
© Ve w5V ¢
* £ 150 % 150
T eIwW 2w
vee
Ot C02d Time (54 +—O Qutput 1
|T::s & £
n
1 Feedback =
—O Quiput 2

v b a—

) { Y Error
= = Ael
Qutout
“50% Cantrol
Gnd

]
—

Out —‘i

FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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OQutput Q
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IGURE 13 -— SLAVING TWO OR MORE CONTROL CIRCUITS

83-

FIGURE 20 — OPERATION WITH V| > 40 V USING

EXTERNAL ZENER

Veet
fs vee
5 O AAA 2 o <
At Mascer ViR 240V T 12 ﬁ,
5 cr INS7SA
Rre L cr': vz =39V sv
T Ref
Veet Gng [
R CF \ 4 T < 3
> AT Slave =
5 {Additional
—O Cr Circuits)
FFGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
Yin = 80to20V
120 . =Vg =28V
¥ , 1N2934 g = 0.24a
1 v 47 .
- cC [ & -
2 c L3 P Tie zz%
IS 3 ‘ 7 __L‘ )
: t Comp TLage P -r"'\ :E:; v ..
c.01 0,01? 15 c 1" Vnp %) N
- ) 2 32125y 47 % -1 3
16 ' T s
1~ OCVYRef OT C: AT Gnd &} 22 . p v;/\'—O i
13] 14| 4] 5] s 7] 9 10[ ) 1N4934 i :
AAA it
A/ - i
£7x w0l L L_. 740 § N
= 5k
47k 3 10535 o0.001 ?
!
*—o—2 2
Al caoaciors 0 uF
L1 —35mH@E03A .
T1 — Primary: 207 C.T. #28 AWG
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408F-L00-3C3
TEST CONDITIONS j RESULTS
Line Regulation ‘Vin = 10V to 40V | 14 mvV  0.28%
Load Reguiation Vin = 28V.l1g = 1mAw1 A i 3.0 mV  0.06%
Cutput Ripple Vi = 28V, 1g = 1.0A f 55 mV PP PARD.
Short Circuit Current Vin = 28V, 3 = 0.1 N J 1.6 amos
Efficiency Yin = 8V.ip = 1A | 1% l
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AGURE 22 — PULSE-WIOTH MODULATED STEP.-DOWN CONVERTER

1.0mH .&@ 2A

~Vin = 102040V TP 124 -vVg = 5.0V
o — 2000 0
TN o = 1.0 A
[
a7
% 150
7%
12 ? 8 I 11 0.1 -
™
vVee Ct C2 compl3 T
2
1 5.1k 5.1%
so |- - =0 — A <
50V = TLes4 14
VReS 360 L
_ 15: o A MRaso v T
16 S.1%
Ct RT 0.7. O.C. GndE;Ez
-1 3o
Is |s h.;l 719} =
Q ™oV
? 156
| i
0.001 T !
. ' A
& o >—— © +—0
| g
o—e -
All capacitaors in f
TEST | CONDITIONS RESULTS
Line Regulavon | Vin = 8.0t040V .0mv 0.0i%
Load Regulation | Viq = 126 V. 1o = 0.2 to 200 mA sOmV  0.02%
Qutout Ripple | Vin = 126V.lg = 2000 mA . 4 mVpP  PIAAD.
Shore Circuit Cucrent | Vi = 128V, A =010 250 mA
EHiciency | = 126 V.1g = 200 mA 2%
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SCL4040AB

CMOS
12-STAGE BINARY COURTER

FEATURES

12 Fully Static Stages ,
All 12 Butfered Outputs Available
Common Reset Line

8MHz Counting Rate @ 10Vde
All Inputs Buffered

*>er e

DESCRIPTION

The SCL4040AB consists of 12-ripple-carry
binary counter stages with appropriate input buffers
ancd reset circuitry. The counter is reset to its *all
0’s” state by a high level on the Reset input. The
counter is advanced one count on the negative-
going transition of each input pulse. [solation
from exrternal noise and the effects of loads is pro-
vided by output buffering,

Applications include time delay circuits, counter
controls, and frequency dividers.

TRUTH TABLE

CONNECTION DIAGRAM
(all packages)

vDD Q11 Q10 08 Q4 R CcL ¢

I IO S S I | S ]
16 15 14 13 12 11 10 8§
SCL4040AB
1 2 3 4 5 6 7 8
tor b i ] ]

Q12 Q6 Q5 Q7 Q4 @3 Q2

Add suffix for package:

C 16-pin Cerdip
D  16-pin Ceramic
E 16-pin Epoxy
F  16-pin Fiat

H Chip

. RECOMME-NDED OPERATING CONDITIONS

Clock Reset Output State
e o) No Change For maximum reliability:
-~ . 0 Advance to next DC Supply Voltage Vpp-Vss . 3to15 Vdc
state Operating Temperature Ta
X 1 All Qutputs are low C, D, F, H Device 55w +125 ©oC
X = Don’t Care E Device _ 4010 +85 ©C
LOGIC DIAGRAM
CLOCK ar ) o 03 Qe 05(! 0‘2107 o0 ”CS (1] ‘Cl{ , -1+
{10} 19 mn 111 131 } ol H4) T‘J cud) ?l“ [4%] {1H
l ZL FrrrrTrT o
—{>o—ds. @ —dcL 1 L © L gL c _
Fre A FF2 rry Ffa FreTudy Frin?
& @ Lls 3 & @ & g
L] & L] L) a
l | j
*L3CY >.__J‘> : i

136
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SCL4040ASB
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'’
7 s
PARAMETER Voo | cONDITIONS | TLOW *5C THIGH” _} ynits
, (Vdc} Min. | Max. | Min. | Typ. | Max.| Min. | Max
QUIESCENT DEVICE Ioo
CURRENT 5 Vw=VesorVoo | - | 5| - | 005] 5| — | 150 [uAde
10 JAIll validinput - 10 - 0.1 10 - 300
15 lcombinations - 15 - | 02 20 - | 600
OUTPUT HIGH (SOURCE) lon
CURRENT .
C, D, F, H device 5 [Von=4.6V .|-0.15| - }-0.12 {-0.5 - {-0.08 — ImAdc
10 [Vgn=9.5V -0.37 -~ {-0.3 [-3.15 - 021 -
15 {Von=13.5V -1.25 — =10 |45 - | -0.69 -
Vin=Vss or Voo
E device 5 |[Von=¢6V 0aa] - |-0a2]-05 | - [-0a0| - |mAde
10 Vgou=8.5V -0.35 - |-0.3 {-1.15 - |-0.25 -
15 Vou*=13.5V -1.2 ~ 1-1.0 |%45 - | -0.85 -
Vin=Vss of Voo
CUTPUT LOW (SINK) lov
CURRENT
C. D, F, H device 5 |vg,=0.4v 0a5| - |012] 05 { - | 008] - |mAde
10 VoL =0.5V 037 - 03 | 10| -] 02| -
15 MoL=15V 125] - |10 |se| - | o6s| -
Vin=Vsg of Vpp
€ device 5 Voo =0.4v 01¢] - o012 os | - | o0} - [mace
10 VoL =05V 03] — o3 {10 -] o25] -
15 Vg, =15V 12| - |10 | 58| - |o085| -
. .Min=Vss0rVpo L] N o - -

NOTES ' Remaining Sla‘uc Electrical Characteristics are listed under 'SCLdOOOB Series Famrly Specxﬁcauons

TLow =-55°C for C, D, F, H device.

= -40° C for E device. g
Trign = +125°Cfor C, D, F, H devi
=+ 85°C for € device.

ice,

-

DYNAMIC CHARACTERISTICS (C_ = 50pF, T4 = 25°C)

PARAMETER l (Vdc) ] Min, i Typ. l Max. ‘ Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock 1o Q1 oL, tPHL 5 - 200 400 ns
10 - 100 200
15 - 80 160
Q,10Q; 1 trLrs tPHL S - 150 300 ns
10 - 75 150
15 - 60 120
OUTPUT TRANSITION TIME SRR 5 - 180 360 ns
' 10 - 90 180
15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWey 5 - 100 200 ns
10 - 50 100
15 - 40 80
MAXIMUM CLOCK FREQUENCY feL 5 2.0 4.0 - MHz
10 4.0 . 80 -
15 5.0 10,0 -
MAXIMUM CLOCK RISE AND FALL TIME  |tcy. fice s | 15 - - it
10 |15 - -
15 5 - -
RESET OPERATION
PROPAGATION DELAY TIME tent 5 - 300 600 ns
10 - 150 300
15 - 120 240
MININUM RESET PULSE WIDTH Vr 5 - 150° 300 ns
10 - 75 150
15 - 60 120
RESET REMOVAL TitiE {*rem 5 - 250 500 ns
10 - 125 250
15 - 100 200
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SCL4040AB.
Voo, DRAIK VOLTAGE (Vdc)
20 18 -6 414 32 -0 B -6 4 -2 0 . T 1
T —F— 2 i
Veo= =5 Vde 5 € :
[ 16 s _ - 1
vc.--wvu': a5 ’::: g 22 Yoo = 15 VOE
= = K -
- ! . 8 20 : s 10 / .
Vs =~15 Ve B S s 8 y Veom 10 Ve
[ = 6 =
= S , / . I ll i i
El F A P
= =2 Ves = § VOC Ta=25C
T=cq = e o -
] Y O 2 4 6 8 10 2 14 16 18 20
Vpe. DRAIN VOLTAGE (Vz)
Typical P-Channel Typical N-Channel
Source Current Characteristics . Sink Current Characzeristics

TIMING DIAGRAM

512 1024 2048 4096

Cwamvvvv"’_f L} _LFU_LFIF_L

Rest |

___J—L_L—]_L—‘ s e

___I—LLLL—]_LLLL—I_—L
°’________I___LLLLLL'L Tl Tl
oa J—LLLLLLLL—L
s, 5 i U I I BN IV U E O
as S i U I I I E B B
o L Lo
cs gL L
os L
e J "L L
an J "L

o i

TYPICAL COUNTER STAGE

E—Ln——j

CcL
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MOTOROLA
SEMICONDUCTOR IRF510 ,
TECHNICAL DATA IRF511

IRF512
IRF513

Part Number Vos | rDS(on) |
N-CHANNEL ENHANCEMENT-MODE SILICON GATE IRF510 100V | 060 | 40A
TMOS POWER FIELD EFFECT TRANSISTOR IRFS11 gov | cea | 40A
These TMOS Power FETs are designed for low voltage, high IRF512 100V | 080 | 354
speed power switching 2pplications such as switching regulators, IRF513 60 V 080 35A
converters, solenoid and refay drivers. .
o Silicon Gate for Fast Switching Speeds
o Rugged — SOA is Power Dissipation Limited
o Source-to-Orain Diode Characterized for Use With Inductive
Loads IRF510
IRF511
RF512 o]
{RF513
°1
G
' [»]
S
! ,_Jl 7
™ G
S — 8 — * —C —
ST 1 T ——s
— i T ]
oa‘ Y] i 1 .I
v ! ) }
‘ | REER ' } - __'
MAXIMUM RATINGS —F= :
I i IRF i "l { ; o
Rating | Symboi | 510 ¢ 511 1 512 | 513 | Unit R O e
Drain-Source Valtage } Vpss 100 €0 i 1co | 60 ! vee vlil ——
Drain-Gate Voitage VOGR | 100 | 30 ; 300 | 60 | Vec Al B
{Rgs = 1.0 M) { | ! i s
Gate-Source Voitage vgs | =20 | vee
Continuous Drain Current T¢ = 25°C o 401403535/} adc <
Continuous Drain Current Tc=100C | 1o | 25| 25} 20 | 20 | Adc - QUESOG A0 TLEICHG A 228 e
T L AT z
Drain Cusrent Pulsed l oM ¢ 16 16 | 14 l 14 | Acc Lalxwmﬁﬂ;uvm ,_:::1
A0 PREGILAITES AfE ALLTWID. Y-
Total Power Po I ]w«u
Dissipation @ T¢ = 25°C 20
Derate acove 25°C ! 0.i6 lwec s w_;gt
Operating and Storage | 2T ~351t0 150 : < i :;: ﬂi_i_
Temoerature Range I ' i ’ ¥l ‘J'_‘_';!_
THERMAL CHARACTERISTICS £ o
Thermal Resistance l fcw ; n:_'_.l.;‘...
Junction to Case Rasc l 5.4 ! e i
Juncuon to Ambient | Roa ! 325 Py I Y
D R
Maximum Lead Temp. for Soicering ! R 300 1T A3 Thoe ie
Purposes, 118" from case for S seconas | ' B AT — 8
[ - ,.——-s=—¢--.m o
See the MTPEN10 Designer's Ceua Shaet for 8 comotela sat of cesign curves ior tnis proouct. L3 o =
CASE 221A-04
TO-220A8

MOTOROLA TMOS POWER MOSFZT DATA

3-118

3en
s

& 1‘4“\5;
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IRF510-513
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted}
r Charactsristic | Symbol I Min ' Typ | Max ‘ Unit
OFF CHARACTERISTICS )
Drain-Source Breakdown Vaoltage : VIBRIOSS Vde
(VG = 0. 1p = 250 pA) IRF510,512 | 100 - -
IRF511,513 ! 60 - —_
Zero Gate Voltage Drain Current loss mAdc
(VGs = 0V, Vps = Rated Vpss) - - 0.28
{Vgs = 0V, Vps = 0.8 Rated Vpss, Tc = 126°C) ¢ —_ - 1.0
Forward Gate-8ody Leakage Current | IgssF — — | 100 nAdc
(Vgs = 20V, Vpg = 0} ! l
| Reverse Gate-Body Leakage Current ‘ IGSSR - ‘ — |} =100 l nAdc %
\ {vgs = -20V.Vps =0 | B
ON CHARACTERISTICS®
Gate Threshold Volitage i Vastn 2.0 - 1 0 vde |
(Vps = VGs. Ip = 250 #A) ! !
On-State Drain Current 1Dton} 1 Ade
(Vps = 25V, Vgs = 10V) IRF510,511 40 - l -
IRF512,513 35 — —_
Static Drain-Source On-Resistance ! rDS(on) ! Ohms
Vs = 10V, ip = 20 A) IRF510.511 ’ - — 1 o8
IRF512.513 . —_ — | o8
Forward Transconductance | grs 1.0 - ; — | mnos
{(Vpg = 15V.Ip = 2.0 A) ! i !
DYNAMIC CHARACTERISTICS
Input Cacaci:a‘nce | | Ciss '; - '! — ! 180 | pF ;
Qutput Capacitance | (Vps = 25V.VGg = 0.f = 1.0MHz) | Coss | — t+ — ' 100 !
Reverse Transfer Caoacitance | ! Crss + —  — 25 i
SWITCHING CHARACTERISTICS® {T) = 100°C)
Turn-On Delay Time { tdon) t+  — - 20 rs
Rise Time Vpp = 05 Vpss. fp = 20A I R 23
Turn-Off Delay Time . Zp =300 " tdtoil) - — -]
Fall Time ¢ V% = - 3
SOURCE DRAIN DIODE CHARACTERISTICS®
Characzeristic Svmbol Typ Unit |
Forwara On-Vorage . Vsp 20 vde i
- - N - i Liritea ov stray |
Forward Turn-On Time fig = Rated In, Ygs = 0} i ton \nouciance |
Reverss Recovery Time ! tep 230 ns
INTERNAL PACKAGE INDUCTANCE (T0-220)
! Symbot { Min 1 Typ i Max | Unh
Internal Drain induciance | W l H [ nH o
(Measured from the contact screw cn tab to center of die} I P - 5 4 — - .
{Measured fram the dran teac 0.25” from package [0 center of die} ‘ | = 4.5 - ¢ i
Intarnal Scurce inductance ! Ls ; - i 7.5 —
¢ 1

(Measured from the source fead 0.25" from package to scurce bong s2c.)

*Pulse Test: Puise Widin € 300 us, Duty Cycie € 20 %.

RESISTIVE SWITCHING
FIGURE 2 — SWITCHING WAVEFORMS

FIGURE 1 — SWITCHING TEST CIRCUIT
Voo
RL S Your

Pulse Generator

t

-

|
‘on.-} bt 2f
~aton) 1 i to1oH) = :,., 4
e |
0% g0,
B 1
i i
|
Quiout. Yeoyx 10% , }
Inverteo | !
: GO —m
i :
e 0% 0%
~out. Vi |/ Fe—— Puise Wit ———em |
=~ om N

MOTOROLA TMOS POWER MOSFET DATA
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