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ABSTRACT

This thesis proposes a wireless loudspeaker system implemented by using
parametric acoustic array technique, designing step; and also example of application
included. Due to the outstanding attribute of Ultrasonic propagation in air provides
narrow beam feature at far field range. Thus, allows limit of hearing in specific areas and
do not interfere to neighbor areas. As feature above, it provides two methods for
transmits a sound to audiences. One method, it can transmit an audio signal directly to a
specific area and other method, is use a smooth scene as sound reflector for sound
reflected from scene to the listener. For signal processing of the parametric acoustic
array, it consist of the modulation audio signal input with carrier signal 40 KHz, ultrasonic
signal amplified by high frequency amplifier and then feed to the parametric acoustic
array in rectangular shape. The quality of sound can be improved by an appropriate

modulating which reduced the THD (total harmonic distortion) to lowest.
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WATVYBAY U UNTBLTeNdL 931 8aUnaud (op-amps) NEnULUUIATA (open

Aaia

. A:J 1 1 at =l d
loop gain) gaunn uaziluresiiidunadesyanilduandniusazgnilauunsinaiguaniiia

q

€ o ' ¥ é‘ Qi 1 L & ° a
ruauitaidumsargleunieinu wiiriutdesvuendlneiludluldiuiassin nis

29NLUUNITVY WA e IuUALAL 18

U 2.7 LM741 sauuandngussasdinaly

¥
2.6 n1snandaysyrad (Modulation)
< Y wa a . a4 o a i
Wunisidsuudasdnvazandfuisusznisvesdyyiunudgmiondoni
< f g w < w ) 5 "
Aaun Wilnisudswasuluaiudnwazuielszniseesdyaianay (Modulating signal)

S A v 4 cal 1 v 3 o v o v o od v
YNU LwalﬁacgmﬂmﬂauWWHﬂﬁdaaﬂﬂﬂﬂﬁﬁﬁﬂﬂﬂ%’iﬂmﬂmﬂ‘iuuu ‘Lﬂu?“ﬂﬂﬁ’liaumﬂﬂﬂadﬂﬁ

I a o v & d W i o v o
ﬁiﬁiﬂm'\ﬂ@]?lﬂﬁ?ﬁi uananu ﬂqﬁﬂﬂﬂﬂauﬂﬂﬁﬂ'J"ll.ll.\lﬂﬂl}']ﬂLW@IWﬂqiﬂUdﬂﬂqﬁﬂULﬂﬂuu
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a 4 o . 1y 9] )
fiuszAvinngeuasiedold (Reliable) uasfauisatlosdunissunauandygrania

ssTuTIdneuanlalunatensaiandig

2.6.1 NMIHANTUYIANTIVUIN
v a <, < @ = ¢ 1
NITHANA IV UIATUN TUU TR UTUIALSITUTIF YT UARUNIT AIUAT
vausnilsvaizla (Instantaneous value) vosssauusItudypIandemIodyy atnansi
b U s ] '3 o o) s a | & df o
Aoanm A lUludygrandunnt luihusuisrfuiudygrundund WeRaisan
o) A 1 IJ 14 1 d! L )
yyrauniaAmueIaiA v aansafivuaunisvesduaiandes wiedyyio

fasiideansuayldmaanni (2.1)
em = Epcos(wpyt + 0) (2.1)

e e,  WuAwwiaussiu m nala q vesdaananay S [v)
Em U Arvwiaussiugegavasdaannmas Smbheodu [(v]
t i shanuii@amvesdyanasean fmbhedu [radian/s]
Wy, Wy e dwbedu [s]

D U dyuiiaesdiyayiamay ey fradian]

-l o a vl < ' o
IUﬂim'UENﬂTSNﬂﬂamﬂnmrﬁ\‘]'ﬂuqﬂluHﬂqﬁtuaauLLua\iﬂqaﬂa\u’!NLﬂﬂLLﬁzﬂqqﬂJﬂ‘ﬂ@Q

Lt )

%) < ¢ o v ] a < o o W - |
aUAAUNIY Lastteiiedensiinssvidyyia Sianisinnsanlusewonpiaa

v
s

al Ed (3 o 4
MNAYUIUARUN RS TYRIUNAY 91naUn1T9 (2.2) way (2.3)

e, = E.cosw,t (2.2)

€y = Ep, COS Gt (2.3)

= w ” .
ATHAUTITUIARUY AM Taen15anAdun1y (Double-Sideband Suppress Carrier)
msdalidaveuusneanludslivitliinasgaduluudodnila udndusilianddslunisds
= o | v w4 d a ' .
Juduiurvasnisdeaesnavilaenisinadunis M3snda Double-Sideband Suppress

al 1

. o <
Carrier; DSB-SC a1nn1sAMuAAaunIilardyIMe1a1s
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eam = Esycosw.t = (E; + E,, cos w,t) cos w,t (2.4)

eam = E.(1 + mcos w,,t) cosw,t (2.5)

v ) 7 Y | a ) i W o
agudyayias DSB-SC WalBsuiisufiuaduniiiduuazdyaatnans fagui 2.8

) AYIneIans

) AR

et

A) Aoy InmENUAILUY AM FRARNTA
J A =l = a/ at 1
JUM 2.8 dyaym DSB-SC iarIeulitsuiudnyradiims

J - @t @ J dl 1 1 CJ J ' £
wazilodngziannsufiaelddgui 2.9 Sssswuiduimaluiendun el

[N ] a{ [ v 5
WAAIUNLUULOUT N ADS

[ 1 [

et fu) Se - Sl Jedu Jfo St Su JIH]

d at at J at 1 d
3UN 2.9 awneiuvasdyana DSB-SC Weadnyanaudnarnduluiamiudiie
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lunsdlves DSB-SC fawlvzannsaanmdsgapdeludiuuesnduwnils uddinsdinau
ARy DSB-LC asnndinsdaiadaauaudte Suilidudeauaiitdads
Tunnsds lunsdlfidosnisdmane 9 fyarafniufoanuaunimwiildas uidmals
deyaatinansasudiu msdadsaaudradendunisdeiifissaninalunisiduauainud
wnni Faduiuesmsdwaudradion fdund Single-Sideband ; SSB #saunsaideny

1 L 34 1 v 1 E o A
IzdInIBuautIauU (USB) niakaudieans (LSB) Ald a1nasmuunndunvikasdyaial

UY1IAIANNTTNITHANTIDUILUU AM Tnenisdeuaudiadien (Single-Sideband)

epsp-sc = EcEy, co0s Wyt oSt = Epgg_scCOSW,t COSW,t (2.6)

S R

) AN

TR

W) A

APAAMARAAAAAAMANVAAAARAAY

A1) feyrunmnasuiouuy SSB-USB
ﬁmmnmwﬂnuﬁqwu SSB-LSB

ﬂ‘ o) at 1
Jun 2.10 afgsgm SSB iilaSeutsufudayantioans

ot 1 :J J l t 5
lesanmsimundygratiansduwulsdaudifieana RN AHANLA LU

v v

< s [ cda d & od 4 €
SSB dsgaanaiuaauniv insizludyaalsddiauifunauinvesninuiindunisitu

Y
oo ' | o & ]
AuddYQINT@T (forfm) lunsdvas SSB-USB ldlaufiniudgiduuazidunasig
v IJ d a d L4 1w ) 1 d
(fe-fm) Tunsdluas SSB-LSB latduleunauismasainadun uddrduyaiudnasidy

1 at

o " v ) 2 o
ﬁ’rgtgmwawmmmmsluﬂwaam’uuﬂcgfgﬂmlﬂm FZWUIAYLYIUHANUAILUY SSB Nz
4 & < @ b P 1 ¢ da 4
mimaauuﬂaﬂﬂwwmmazmmnmmacgcg'amtﬁmuuLLaaumaaﬂUizﬂaUﬂmuﬂwaq’iu
o) ' = d o 4 1 s 1 o
dyqandes winasfiaudegmilaauiadunilunsdyss SSB-USB wazegiiniiarud

AAUWITluNsalues SSB-LSB



16

€55B.USB
I T .
'(f;'!"}r;n) '_ﬁ '(frﬁn} ﬂ',ﬁﬂ fr ﬁd‘-.ﬁ» f[ ]
€558-LSB
Gt ) o et o & SR 0

i ot ot d ar 1 L3 J
JUN 211 awnaSuvesdysyia SSB Wedmyanmtnaniuledautdies

(=1 .
2.7 wuawau (MATLAB: Matrix Laboratory)
¢ ° = oda

WugensuwislunisAuiawaznisdeulusunsy Wulvsunsumilsfidauaiuise
ATBUARUAILANISARILITAND3EY A15A51ILULTIABI N NALAMARS Lazn15W191a09n13
° v < » =
VTNIUYDITIUY N15ATNIZUUAIUAN Laslaglaniziind image processing s wavelet
NSAINAING HEARlAEUSEMLLAGTNE daunudinglulsemalnefe vSe wavesa 34
Wind (WUszwelneg) $9in

44 v o 1 1
LUAKAY (Matlab) Uulvsunsudniagunldiusdrsuninatslunanives
- p . y i
Univerdasuay Aaanslutlagiu Welusunsy MATLAB duteunain Matrix Laboratory
< vea v o4 o4 w v u s il = v &
wunnaulasuAuIuWadasmsliiansaus dymisulsniidneas duamindlaina du
& Y 3 o /& 4 v ¢
WUALAU FUWaILIASILsnlag DOr. Cleve Molor Fadlgulusunsudliuuidisniwiwesunsuy
TnaTusunsuitld wWannnelalasenig LINPACK uae EISPACK
a o v ) o - -l o W v -
wuaLdUATINTaYUleMalua nusYaInIsRnnlagns ARenislouAtdadtluTias

o w A 9w < < 4 < o o o & 2
Ads WieliuumudulssianaluiFes ) vieansafingsiusn gasdusudulusunsud

nLyvuu 1 i o/ =3

0 deddnyedrmilvesnnuivnfadeyanninsgniivly dnvazvswnididu Aeluusas
fuvsaglisunrsudadudiudenidnyg Tu Fansldduusduuaididu lunumwdusily
° o Y aa ) ) & oo w o
Juduniazdensdidmileudu nsdeulusunsuluntvadusiily Fwiliis aunsadiay
v ) o Y] a ¢ ' & o8 v
undgvuesiuusiegludnuue vesuminduaziinweslalaedis Fuihlisannaing

a v ) a4 Y, - A '3
iauatlaedundlewauiunisdeu Tusunsulaemend@vsen snesunsy
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D[k Mo [ W] mtimner. [COoomets ot Samaisrmsativen =] |61
Shictcats £ How iR A 2] WCS New
Werbrpcn ® 3% | [Comenard Wmdos »x

SDPNS B D malnz |- ~n0:
[ s 3> for 1=11100
for 3=1:100

=ta = 2(1,3) = sin(1/10) + coa()/10);

&nd
and
*> meshiz) 2
»

i
BEEEREE

G ]

8 haa

.
o

{ianiand retery " x
TOTT Y =
plot (datal:.2), 'r')2
plot (data(: 4),'a'):
ploc (datal:, 6), b )i
plot (detai:,8),'7') 2

hold weg:
legend('the red graph’, 'the green

the yellow graph')s
legend (regiona(1,2:2:0) )1
=)z

for 1=1:100

for 3=1:100

£(5,3) * 21n[1/10) + cos{3/10):

end

end

wash (2] 1 =
| LSS 5 ] L

Start A

Uil 212 TUsunsu MATLAB

2.8 29330399A1UA (Filter Circuit)
d i ] v = o L% Y ]

2aesnsesaudlagminildlunumeiudidnnseinduasnsnunsdearsodng
w < & v o dal dd o ' v
N7199719 Ingfieasnsasmnudazsesulndgyyiaifligiuaudnsmuaciussuululs
= v & @ < d o v o o s
yausdenutaanaudgynunituauanbildeueenly 29sasasmuiiduasienly

o o ) v ) b P a4 @
Amdvasdngy il suldu1egisity lagiiaunaus asgnanneunie dnaenly

dl v ) - d 1 = o
wealvlarudndesnisiitu lagasasnsesauddu uwuseanilu 4 Ussian Ae 2993

d s 1 X S| & < ' 4 .

N383AUDA WU (Low Pass Filter Circuit; LPF), 2993n783A2108911 (High Pass Filter
Circuit; HPF), 24930 784d 5y 104%99A7708 (Band Pass Filter Circuit; BPF) Waz995aaviay

ﬁ'fgfg'ltu'dﬁmmﬁ (Band Reject Filter Circuit; BRF)

v v
0 \ i o f
Low Pass High Pass
v v
0 i 0 f|
Band Pass Band Stop

o d
JUN 2.13 nTUARIATINEINTNYBILASEUTHANNATNTBIAND
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< . ] ] - .

193n589AUA (Filters) anansawvseaniu 2 uuulvaq Ao wuuwiadn (Passive

. J n' o v 4 -IJ

filters) wazuuuwaniiv (Active filters) 29a3n589A1UATNRTAI SO MdanA2 0D
o v 4w day 1w 2y v 2 < %) o

navanvIedanudlifein1seanild nsldanulsesnsesaudamisaldnsesdymiu

o I o a v Y o o
TUMIU viensasedyganaseenunnaaunilusyuying salugunsalinh unldly
a v od < es v oo o | o 1
2330383 WA Andunvumadwarldsmunuy dufudsey wasiamidenh duluieas

1 @

o al Yo v v ¢ o
nsgeAiuvuLeniin avlddmuniu duiulsey sawdugunsaliauisevih nseeie
) ° v | ad Ay a0
dygranilisasnsssnuduuuleaiiviidafniwuuniadu fa

Tl a d & o d

- Lifinsgaydevesdyrandesaneetueudannsaimvenedygyraistnive
n1saavauvodtyale
& ) P o - ] a oo
— i'}ﬂwgﬂT.ﬂ&uaaﬂu.m'mﬂﬁﬂiaaPm:JﬂLLUULLaﬂmwaxmwmgnmwLmea-quuawm
) = o )
Fanilenh Maluwuumaduiisaunsuazaidldenaia
w a al IV ddwv R )
- MIUTUATININTRIAHARUULEANH dnsausuaiAauannanisledentels
i P 1 o W
gruauannInIRauIsausulaluuunagn
a P o =l v
- 1TKEATEWINNBUNALAZIBIANALITBITINTN TR NARULULE ATIWT A 514
P o o9 v = T ey, & ¢ ¢
paduauddszaaulursasisiliisesnsesrruduuuififuneduiuaudgiazia dyn
Sufiuaude Mlilidnanssumuduszirundsedyanudurnuazivan uiednalsi
& o 2ol v ' Y 4 w o &
AIuNsNIBIANRLUULeATIMATveIds aduIsENsWeiBuAULUUMEEW AB
P ]
- NMIRDUAUBIAIINNINIINTBIANUALU UL ATV TAuaIusalunisnavaues
¥ 1 A o a) at 1 1 &
mdlduauniuuwadmidsminindfnvstesduandendiegudusaluend wad 741
oy v
dauausalunisnavaussaualaiies 1 MHz
. g < ' G o B VY ' S o
- waednelWides Wesannisldesuusudvinlisasldunassnslidedunisyiteuly
o al v o 1l e
auzniuunadnlinadduvassigliwiaes

dé o o o Jd
2.8.1 NATINTAIAUAATHNIUAIAUNNL

40 o w o o L @ LY < o td &
‘NATNTAIATTUAATHIUS IO UN AU EJE]‘lJLL@JJ“UCP'I?JLU‘LJ'N"U?G‘I'IMLL‘NWULWE]W']'L“LG'IGT“V!G]

a o ¢ da 1 4 | d o ° v ] ¢
DUNUAUTUDI1TTNTBIAIUATAIAIlAg AR LDAR (F) mmsamwmlmmnmqﬂmm

nyuan

“1
"

1

< a8 o aw o o
E‘U'ﬂ 2.14 1NIINTRIAMIUAATNIUA A UVIVUS
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o A
AINNT E_jﬁﬂﬁﬂ’ﬁﬂTU’JmW]ﬂTm&ﬁﬂﬁa

1
f=— 2.7)
2mRC
o
Wil
A at 1 1 =
F Ae AuddmEY Jviiedu 1B5a Hz

-

1 ‘EJ 1
T Ao AR A1 22/7 viTe 3.142
R AD ATAUA UMY D8R8 uY Tudaedu Tevu

C fia AAuguaIiulsey dmbhoduvia (F)

438 o o d
2.8.2 2937N729AUANINIUAINUNEDS

< d e o o
“a:'iJVl 2.15 NITNTAIRTUAN N TIUG WUV

d a 1 o a A k23 v L & = o) =
WNATVBIAIUDN N TUA I UNA D ﬂﬁuﬂiﬂﬁi’lﬁlﬂxﬂUIWEJI‘UBB’IJLLBQJULWEJQW’]LﬂEJ'J AR

i

f = 2n,/R{R,C,Cy

(2.8)
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o a4 U d v B s
81992L38N7199INTBIAINALUY Sallen and Key FIAIPoNUHBBNWUUNTT A1MTURT

4 s o 1 é
fdm (Cut off frequency, f. ) anunsadmunaldanAgUnsalfisieagniausnauaunis
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o ' o a o o
283 'J\‘"ﬂiﬂia\'lﬁq"lllﬂE!QN'Iua'lﬁU““uQ

v!."_fCH:D;_D Yo
“1

< e 1 o w oo o
:J:‘UVI 2.16 Q\ﬁﬁﬂ3aﬂﬂqqﬂﬂququa7ﬂu‘w1ﬂuﬁ

ads o v v o ' v i
NNINTBIAINIATINIUTUGUR 2.14 dmnnsadusTumie R way C Aaguil 2.16

U

-

& v = | < ° 1 o v = W
naglaasnsasmudgeiundgnsnisiuameainadsadiu (f) [ansieisanulasnses
dé ] o w o o <4
ATTUAATHNIUATINUNALIAB
:

f > 21TRC (2.9)

A L o at A
284 NANTNANIUOFTIHIUAIAUNEDS

R
AN'
C C
v e
p——0 1,
> 'RE
R 27kQ2
Ry
47k

o a] 1 o l:l
JUM 2.17 219930509 INDgN LA UTIEEY

:] 1 o ot n‘ at 2 @l 4:'. 1 cI
NATATBINNDGIHUAUNaBlan vy aTATeiuITInTesR LA lugUT

1 L7} Q 1 1 ﬂ’j a’ IJ {24 o
2.15 WyaaadusIwmuaeed R way C wihiludsuansluzui 2.17 uagldgnsnisduiugns

@ 45 1 o s -J
LAEINUNITNTBIALDG U S UTI @B IR

1

f - 2?1'1,? RiR,C1Cy

(2.10)
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2.8.5 mudinnensasanuaazgeHulusdungay
w d 8 ' t e wod v o
151811508319995n58IRNDA wazgwihuligand v unaesls Tnanisineas
o da o w 1w "o v e < < = ' &
Audndauddavinfunidelieaiy deguel 2.18 FusuFennisdeuuuiiuading

o v o at :1 :‘t} An; J =l )
(Cascade) asm’i‘lﬂﬂmﬂUwqw‘ummwamﬂ'zlaﬂaawmmmmwmsmnu

dvdun drdun
y By — > %
V. 1 2
i
- >
h #rduna
. | g~ o
fAun RIALn
e _—
v, 2 2 Vo
<+ >
ddufia
dndun dnduf dndiuf .
‘ow_ .———-—.’\0
¥ i 1 2 2
&rfuns
&diui drduit ddui "
N —— — 1
’
1 ] 2 2 2 o
+ ona >
#AUNG

d i c:i (l) ] Vel 0o W 4 é’
Eﬂ‘ﬂ 2,18 mia'i’mqm‘niaqmmnmu,asqamu'lwumﬂumawu

3
2.9 RANMISHIINILYBIATWINTIUASA

sauansluzuil 2,19 aranifduiusuesndu sine 2 Adundng (VC1 wax VC2) Tu
oA AeliiAnnduniegivensndu (Gondududyginfivegan) Wu W, = We , 20,
2W,, LLasﬂﬁi‘Juﬁumamﬁudw‘] ﬂ'1iﬁnaqLa-t's'umshﬁﬂshimmmléféumﬂsatﬂu'&awaa

AauDanslatA

] ] ] t
1 i 1 1
1 i ' . '
' ] 1 s 0
[] ] 1 . [
I 1 (] - 1
1 1 1 . :
1 1 1
M 1 1 84 kHz 1
H H —
82 kHz

: 42 kHz : ] :W.':
H HE : :.._._........._...z_..—.: 2 kHz Q

I | A s Y
: 40 kHz : | 1 42 kHz

i 1§ 4OkHz _ ¢
i ] ] 2 kHz 1
1 i e ————
] ] ] ]
] ] ] 1
i : § o ER

i . Nonlinear Harmeonic, Frequency
UEmm I : P\:,i:;:? { Interactionin §  Sum and : Perceived by
i : : Medium : Difference : Human

Frequencies

] = ' <
JUN 219 msadiedgungill, Nasi, ATLUANEIwazAIILA

g1suelina1e e sisdwsuunsnlueine
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Tanidefigndaluaziinisgaduluainiauazaaisdludnniiiindndedildou
W - W, uazlunuuiiiiiamassdu w, > W, saduiteadranisnseareadoslagld
parametric loudspeaker 137@70198 amplitude modulate Fayayrandslvudnyayiu
ultrasonic carrier wazazAanansliiiuirszsuamufivendeazauieuesduyin
demodulated Aifldndrufusviinmsuanian fuunisseiassTamsliavslunsmuadil
Wialdu¥u amplitude modulation (AM). 15998 915A1E9ANUUANAIITDUNATANTS
wegratuiiarnsaannisdadaulnenszuiunis sel-demodulation Tudauseluiinag
AATIRLUY single-tone zldlunsUsziliudszdniamnisvhnuresnisannistadeu

o ot i < i [Y) [ as =
@113V preprocessing AAnAINUURBZNBQLATUMATIA

2.10 wallan1suaatadu (Modulation technique)

2.10.1 wauwalANaAlatu

Tut 1993 Yoneyama latauagiinsuuunisuunindald AM s35un1msa DSBAM
dwiumauegatuvessruudlnauuwisiusinaslasuilu E(r) = 1+ mg(t) el m
Aa Avllminegaty (modulation index) wag g(r) Aedgyarudunaludiuvdenlaezunsy

284 DSBAM %Ll.am'[ugdﬁ 2.20 1me sin(wyt) Ao ultrasonic carrier

Amplifier

f \ E(7) and
4 ® \ j Ultrasonic

] I Emitter

m 1 sin(wqT)

suil 2.20 vienlmezunsutes double sideband

dwiunistou Single-tone Wudygradunnnisuegiadusznatadu E(r) =
; of . - . ;
1 + msin(w,t) T w; Wurudifauves single-tone dunalagldng Berktay’s far-field

e < a =
Tunmsmansaliansluaunisi (2.11) Fyaranisivegianaznaiadu

Brgatwi o 2
pa(t) =~ —'m [msin(w.t) —m cos(2w47)] (2.11)
0Zg

at =

1 Las o 1 .
wareageilauTINaun1si (2.11) dyaufneganUsznauniy msin(w,t) way

o
al ]

m?cos(2w,t) Fadudygraudunn wazdyanauadeunudiv dlusziuaanuduya

at <

a d v = s 1 a? o a
a::gmﬂmaﬁawmaqm‘nt.asazgm’lmmwmuau L'ﬂ‘Uﬂﬂﬂ']uﬂ‘U m uag m? arudisu



23

aunsl (2.11) uwassliiiiiudn WWudeldiuioures nonlinearity Ae w2 deazdanalif 12
dB/octave high pass ramp TuﬁmmﬂmﬁuaqtamuazLﬁmmnnaﬁlm high-pass filter fiannau
Avwidvesdyaudes fyanandesdadldsunseamelufunsunisussnanadoiu
YRITHUUAINILUUNITIURTN FTde9Aan 1Y low-pass filter tusnsesdyeyrai(or
double integration of modulation envelope) ramp at -12 dB/octave Suduanaud
Auduly Turreidosdldnsandauuulaundalifia gy
TaovilusviiuszansamitldlugTnsuuumistunsn fe Total Harmonic Distortion

v oad < |- < < 2 ;
(THD) MﬂuuammﬂimmﬂuaamwuLwauwaﬁwwﬁmiﬂau'uaga single tone LazIBULAAY

W

21 P20 h2 2
THD = \/ DALY ATt T o 100% (2.12)

TE2HTZ+ T2+ -+ T2 +T2

= v < 44 | ; =
W T;uaz T; AeA1uninevespduninuiiugiu (W,) @udsznauuas harmonics 1

& o & o w v ") o v
UUN lw; (@MU i = 2, 3,..., n Awmaeu) Tasn1suLUANNNI TSR NARBIN1TWAY
a - < = v oW
dyyraunasiatlouluaunisin (2.12), THD a1y DSBAM azamadluivindu

\/.n;";ﬁxwo%

2.11 uadwan1as (Power MOSFET) (Kieth, 1984)

& ¢ v o v a  a
UBANALTUBUATAIVIATUANAIBUSIAULAEABINISNTEUABUNANL AR

= o

daruaunsaduaindfifinnniguasnainisaiaditeglussauuluiui vilign
vhuldnududidnnseindddunniu wasiiunldyiesduwumsndawes foai
uansraildnduaslassair viliueamalifitgmludomesunngmsimaisuuuiiaes
(Secondary breakdown) wilounsiudainas udednslsAinuueaadeiignseuluion

o/ o o 1

4 o a [ Y) o v da L o w daé
Lﬂ&?ﬂﬂiﬂﬁ’laﬂﬂﬂ A19LNUIN™I LLa811EI?ILWMﬂ']ﬁGVIiJ‘U'lEJIUﬂENﬂaﬂﬂ JHRIIMUNIRIVIABaY

u
v

4 o w ¢ a « 4 s v oA yvw @ 1
Wameguiugunsalainduszinvaun wadwwaldunaglasuniswauniiu

2.11.1 AMSNYUTYIINTEUALAZITIAY

weawndugunsal 3 viduideifugunsalaindUssiandy Taedvunadurmugy
nszuaiiialedwAsULAzYasa davasaiiudasau (common) sewiniBunauaziendnnves
uealinAudn AN TR e nesuaAsY SeTuegiumussiusEn A TIazTesa fU
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@ MOTOROLA

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit
designed primarily for SWITCHMODE power supply control

66

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

@ Complete Pulse Width Modulation Control Circuitry
¢ On—-Chip Oscillator with Master or Slave Operation

® On—Chip Error Amplifiers
® On—Chip 5.0 V Reference
® Adjustable Deadtime Control

® Uncommitted Output Transistors Rated to 500 mA Source or Sink

® Qutput Control for Push—Pull or Single-Ended Operation

® Undervoltage Lockout

SEMICONDUCTOR
TECHNICAL DATA

R

D SUFFIX
PLASTIC PACKAGE
CASE751B
(S0-186)

N SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

S
Neniny Neninv
1 18
MAXIMUM RATINGS (Full cperating ambient terperature range applies, it g w @ o o
unless otherwise noted.) m;} 2 5] i::v.v:
PN ;
Rating Symbol | TL434C | TL494I Unit Wcmlm E Vit
Power Supply Voltage Vee 42 v Deadtime 15 Outeut
Control Contrel
Collector Output Voltage Ve, 42 Vv
Vo cr 6] 2] vee
Collector Output Current Ic1 le2 500 mA Fr 8] 1] ¢2
{Each trensistor) (Note 1)
Ground E E E2
Amplifier input Voltage Range VIR —0.3to+42 v
Power Dissipation @ T4 < 45°C P 1000 W cg 2]
Thermal Resistance, RoJa 80 CW
Junction—te—Ambient
Operating Junction Temperature Ty 125 °c
Sterage Temperature Range Tstg -5510+125 °C ORDERING INFORMATION
Operating Ambient Temperature Range TA °c Operating
TL494C 010 +70 Device Temperature Range Package
bl R b TUSACD | e SO-16
5 = & =(0°%to +70°
Derating Ambient Temperature TA 45 (o] TL494CN A Plastic
NOTE: 1.Maximum thermal limits be chservad,
PSR S SO R TL494IN | TA=—25°10+85°C |  Plastic
@ Motorola, Inc. 1986 Rev 1
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RECOMMENDED OPERATING CONDITIONS
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Characteristics Symbol Min Typ Max Unit

Power Supply \cltage Vee 7.0 15 40 v

Collector Output Voltage Ve1, Vo2 - 30 40 v

Collecter Output Current (Each transistor) Ict. lc2 - - 200 mA

Amplified Input Voltage Vin -03 - Voo - 20 v

Current Into Feedback Terminal b - = 0.3 mA

Reference Output Current Iref - - 10 mA

Timing Resistor RT 1.8 30 500 kQ

Timing Capacitor cr 0.0047 0.001 10 uF

Osclliator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Voc =15V, CT = 0.01 uF, RT = 12 k2, unless otherwise noted.)

For typical values Ta = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted
Characteristics symbol | Min [ Typ [ max [ unt |

REFERENCE SECTION

Reference Voltage (Io = 1.0 mA) Vref 475 5.0 525 v

Line Regulation (Voo =7.0 Vto 40V) Regjine - 20 25 mv

Load Regulation (ip = 1.0 mA to 10 mA) Regpad - 3.0 15 mv

Shert Circuit Qutput Cumrent (Vref = 0V) Isc 15 35 75 mA

QUTPUT SECTION

Collecter Off-State Current Ic(om - 20 100 HA
(Voo =40V, Veg=40V)

Emitter Off-State Current IE(offy - - -100 HA
Voo =40V, Vo =40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) v
Commen-Emitter (Vg =0V, I¢ = 200 mA) Vsat(C) - 1.1 1.3
Emitter-Follower (Vo =15V, Ig = =200 mA) Vsat(E) - 1.5 25

Qutput Contrel Pin Current '

Low State (Vg s 0.4 V) locL - 10 - pA
High State (Vo = Vief) locH - 0.2 35 mA

Qutput Valtage Rise Time tr ns
Common-Emitter (See Figure 12) - 100 200
Emitter—F ollower (See Figure 13) - 100 200

Output Voltage Fall Time ty ns
Commen-Emitter (See Figure 12) - 25 100
Emitter—F ollower (See Figure 13) - 40 100

as close fo ambient

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain juncticn

P

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Voe =15V, C1 = 0.01 uF, RT = 12 k{2, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies, unless otherwise noted.
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Characteristics l Symbol Min Typ Max [ Unit ]
ERROR AMPLIFIER SECTION
Input Offset Violtage (Vo (pin 3) =25 V) Vio - 20 10 mv
Input Offset Current (V) (pin 3) = 25 V) o - 50 250 nA
Input Bias Cument (Vo (pin 3)=2.5V) 111 - -0.1 -10 uA
Input Common Mode Voltage Range (Vog = 40 V, Ta =25°C) Vicr =03toVo-2.0 Vv
Open Loop Voltage Gain (AVp =3.0V, Vo =05 Vto 3.5V, R = 2.0 k() AvoL 70 a5 = dB
Unity-Gain Crossover Frequency (Vo =05V1t03.5V, R =2.0 kQ) fo— - 350 - kHz
Phase Margin at Unity-Gain (Vg =0.5Vt035V R =2.0k) om - a5 - deg.
Common Mode Rejection Ratio (Voe =40V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVcc =33 V. Vo =25V, R =2.0k0) PSRR - 100 - dB
Qutput Sink Current (Vo (Pin3)=07V) lo= 0.3 0.7 o mA
Cutput Source Current (Vo (pin 3) = 3.5 V) lo+ 20 ~-4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 25 45
Input Sink Current (V(pip 3)=0.7 V) I- 03 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjn 4 =0V1t05.25 V) I1=3(>3s) - -2.0 -10 pA
Maximum Duty Cyele, Each Oulpuf, Push-Pull Mcde DCrax %
(VPin 4=0V, CT =0,01 uF, RT=12kQ) 45 48 50
(Vpin 4 =0V, CT=0.001 uF, RT= 30 kQ)) - 45 50
Input Threshold Voltage (Pin 4) Vih Vv
(Zero Duty Cycle) - 28 33
(Maximum Duty Cycle) 0 £ s
OSCILLATOR SECTION
Frequency (CT = 0.001 uF, RT = 30 k) fose - 40 - kHz
Standard Deviation of Frequency* (Ct =0.001 uF, R = 30 k() ofosc - 3.0 - %
Frequency Change with Voltage (Vo = 7.0 Vo 40V, T = 25°C) Afgge (AV) - 0.1 - %
Frequency Change with Temperature (ATA = Tiow to Thigh) AMase (AT) - - 12 %
(CT=0.01pF, RT=12kQ)
UNDERVOLTAGE LOCKOUT SECTION
| Tum-On Threshold (Vo increasing, fref = 1.0 mA) [ vin 55 | 643 70 | v ]
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vygy, All other inputs and outputs open) lec mA
Ve =15V) - 55 10
Vo =40V) - 7.0 15
Average Supply Current mA
{CT=0.01 uF, RT =12k, V(pin 4)=20V) - 7.0 -
(Ve =15 V) (See Figure 12)
* Standard deviation is 2 measure of the statistical distribution aboutthe mean as derived from the formula, o
3
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Figure 1. Representative Block Diagram
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TL494
APPLICATIONS INFORMATION

Description

The TL484 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) Aninternal-linear sawtooth oscillator is frequency—
programmable by two external components, RT and CT. The
approximate oscillator frequency is determined by:

1.1
RT=CT

For more information refer to Figure 3.

Qutput pulse width modulation is accomplished by
companson of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therafore, an
increase in control-signal amplitude causes a comresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The confrol signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between OV to 3.3 V.

fosc~

Functional Table

Input/Output o
Controls Output Function foac ™
Grounded | Single—ended PWM @ Q1 and Q2 10

@ Vrer | Push—pull Operation o

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common moda input range from -0.3 V to (Vo — 2V), and

may be used to sense power-supply output voltage and
current. The error-amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
modulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output-control connected to
the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two oulput transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single-ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of the
oscillator.

The TL4%4 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load currentfor external bias circuits.
The reference has an internal accuracy of +50% with a
typical thermal drift of less than 50 mV over an operating
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency
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Figure 5. Percent Deadtime versus
Oscillator Frequency
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Figure 10. Error-Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit
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Figure 12. Common-Emitter Configuration Figure 13. Emitter-Foliower Configuration
Test Circuit and Waveform Test Circuit and Waveform
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Figure 14. Error—Amplifier Sensing Techniques
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Figure 17. Output Connections for Single-Ended and Push—Pull Configurations
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vjn > 40 V Using
External Zener
Vref
P —
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Figure 20. Pulse Width Modulated Push-Pull Converter
Wi =8N 10 20V
&
129 Wp =28V
1 47 14934 lo=02A
+ Vee Al T Pt o
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M 32 Ly
by T 4
3 comp TLas4 Hh - 35& B
0.01 0.01 T15 1
- T 50
©2 2 | 25 LR u
16
OC Vger DT G Ry Gnd E1 E2 o e, 0 B
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AT | Ry 10
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All capacitors in pF
Test Conditions Results
i e L1-35mH@03A
Line Regulation Vin - 10Vto 40 V 14 mV 0.28% 74— Primary: 207 C.T. #26 AWG
Load Regulation Vin=28V,Il0=10mAlo 1.0 A | 3.0 mV 0.06% Secondary: 120T C.T. #36 AWG
Core: Femroxcube 1408P-L00-3CB
Output Ripple Vin=28V,Ig=10A 65mV pp PARD.
Short Circuit Current | Vip=28V,R_ =019 16A
Efficiency Vin=28V.lg=10A 1%
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Figure 21, Pulse Width Modulated Step-Down Converter
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Test Conditions Results
Line Regulation Vin=80VtodoV 30mv  001%
Load Regulation Vin =126V, 1o =0.2mAto 200 mA 50mV  002%
Output Ripple Vin=126V, Ip=200mA 40mvVpp PARD.
Short Circuit Current Vin=128V.R =010 250 mA
Efficiency Vin=12.6V, lg=200mA 72%
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE —
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o 4 DIMENSION B DOES NOTINCLUDE MOLDFLASH
4 g| 4 5 ROUNDED CORNERS OPTIONAL
[EAT TR R RS | INCHES | MLUMETERS
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NOTES.

1. OIMENSIONING AND TOLERANCING PER
ANSI Y14 5M, 1882

2 CONTROLUNG DIMENSION: MILLIMETER

3. DIMENSIONS A AND BDONQT INCUIDE
MOLD FROTRUSION

4. MAXIMUM MOLD PROTRUSION 0 15 [D.006)
PER SIDE

5. OMENSON D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0127 [0.009) TOTAL
INEXCESS OF THE D DIMENSION AT
MANMLUM MATERIAL CONDITION.

MLLIMETERS

INCHES
[ MAX | MN
1000 0383
360 |

| 400 [ 0150
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16mm, 40kHz ultrasonic sensor (open type)

SPECIFICATION:

No, ltem Unit
1 Center Frequency KHz
2 Free Capacitance pF
3 Min. Sound Pressure level dB
4 ‘Sensitivity dB
5 Meterial

B Operating temp C

7 Storage temp i
8 Dimension mm
g Yeight g

APPEARANCE DRAWING:
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Specification
401
2500+£25%
2110
=-70dB
Aluminum
-40"C~+85"C
-40°C~+85°C
1612

1.0

78

Condition

at 1KHz
10¥msi30cm

See appearance drawing




INPUT VOLTAGE/S.P.L CHARACTERISTICS
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