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amilanssumelugneenuuulilFaniilaonssuuuy RISE (Reduce Instruction Set
Computer)

RISE fie 1ldn1syszuaanadl aanuidh 1 fidane 1 Clock 3o CPU awnsnilszuia
Midald 1 MIPS/MHz SiSmausidelumsatugumsauvesiuInsaeu Tnsamesdmon
118 fds

NUWANMNI MUY FLASH d1m5u1iufin PROGRAM MEMORY ¥41A 8 KByte
(AT90s/8535)

WUWANUT MUY FLASH dwmsuiiufin PROGRAM MEMORY v41A 4 KByte
(AT90s/L.S4434)

¥1oANE LY EEPROM dwsutiufin DATA MEMORY ¥u1A 512 Byte
(AT90s/LS8535)

MU MUY EEPROM dm5utiufin DATA MEMORY ¥11A 256 Byte
(AT90s/LS4434)

NUIWANNT UL RAM 4119 512 Byte (AT90s/LS8535)

NUWAMUTULLY RAM UUIA 256 Byte (ATI0s/L.S4434)

szuumﬂﬂﬁﬂuﬁmﬂ;m ANALOG TO DIGITAL 9119 10 J% $117u 8 CHANNEL

nqussanes 1F il 8 fin $1uu 32
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szuumsfoasdeyansneauuussdlasia (UART) 1 CHANEL

szuumsomsdeyansnoauuudelnsiia (SPT) 1 CHANEL

[ a

ANUDTYAIBUINDT 0-8 MHzZ (AT90S8535/90S4434)

o g

D.

[ a

ANUDTYYINUUINN 0-4 MHz (AT90S8535/90S4434)

szuumssFauuusaluiadesusenseua i luTasnen Tnsames (Power
on reset)

wamiﬁnﬁﬂﬁ"ﬂgiymmmﬁfc?aumunmuuu PWM 31471 3 CHANNEL

ILVUMINTIIVIEAVT Y10 U1a0N (Analog Comparator)

3 SLEEP MOD:IDEL,POWER SAVE and POWER DOWN

szuumstleanums copy deyanielumitennud’ (LOCK FOR SOLFWARE
SECURITY )

FZUVATINIUMIINNUHRANAIAYEY CPU (WATCHDOG TIMER WITH ON-CHIP
OSCILATOR)

JLUUMIDUNDT SWHRIINMEUBN (EXTERNAL INTERRUPT)

TIMER/COUNTER 119 16 11 1 CHANNEL

TIMER/COUNTER 119 8 111 2 CHANNEL

Vee: 4.0-6.0 AT90S4434/90S8535

Vee: 2.7-6.0 AT90S4434/90S8535

=
PR GHIY
AT9054434/9058535 1111 lu Tasaau Insamasviia 8 Inniaorilaenssutuy RISE
é o S o Q'J 1
(reduce instruction set computer) M‘ﬂﬂﬁ’miﬂszmawaummﬁa 1 Ma9$® 1 CLOCK N50

CPU ansodszuiamdald 1 MIPS/MHz
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POIP

TONIPBO [0 U 40 PAO (ADCO)
R 29: = [=0] PA1 (ADC1)
EE S 3Rt - [EE] PA2 (ADC2)
CAIND):PB2. - FEEl g 37 [ PA3 (ADC3)
(55) RB4 - [F8lg 360 =] PA4 (ADC4)
(Mos) PB5 L[| 6 85 - PA5 (ADC5)
(MIse) pB6 = 7 e PA6 (ADC6)
(sCK) PB7 [+ 8 33 [l PA7 (ADC7)
RESEpZ | 2 % =] AREF
ywol [ 31— AGND
gho (O]l P AVCC
> -\ P I r—Y, -5 PC7 (TOSC2)
XTAL1 oo Pk 28° /N PC6 (TOSC1)
(RXD) PDO [ 14 4 QIR PC5
[ Pl Y — =\ 29 A PC4
(INTO) PD2 [ 16 o\ (= PC3
(INT1) PD3 [ 17 2a | 2] PC2
(ociB) pp4 [ 18 291 P PC1
(ociB) s [] 19 e # ] PCO
(ICRNPEE »n [ | &0 2P T Y PD7 (0C2)
Tassasramely

AT90S8535 9z111WANUITIMTY PROGRAM MEMORY (41/1) FLASH 4119 8
KByte #178A71431611351 DATA MEMORY 411 EEPROM 4110 512 Byte 1agH U871
$2UY RAM HuY 512 Byte Twesafiamnsarhanld 2 fismaedmou 32 1du dygouas
55U TIMER/COUNTER $142u 3 gafifivnamsmauasuludinvesmsadiedayyo

o

' [ o A
PWM LagdIUu0IMIA593UdQaNe Input Capture Nginsaidomsdoyaoynsuuny
UART uag SPI agdaasudioszuumsiuiasdyaa Analog to digital Y119 10 19 $11494 8
FoedIuAUINT oAU MCU i Watchdog Timer INOATIVADUNITHINIUVDS

-4 = [ [ =%
lulasaouInsamasuaziszuumssendandsaudn 3 sy
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Block Diagram

AVCE

AGHED
ARREF

PORT A (PA7.PA0) iWumwasa 2 femavina 8 in lasansosvualiusazaives
% é e
WosAE W15 PULL UP meluuenoonanfudaanaunsasunseud SINK 20mA lagnesa A

@ a { o o <] 1 @
fal9 1 uudunamiesudyyraeuiaenludivvesnisulasdygyisr ANALOG TO

DIGITAL

PAD. PAZ REO-PCT
4 444 424413 ILI P o ¥
o3 % o A ;
FYYY YV YY I lv Ivrv
PORTA DRMERS PORTC DRIVERS
LD N JULLLE T T
wﬁ%ﬁrn REC. PORTA ; Mo REGLFORIC -
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= s >
e OB HIAYOR
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PORT B (PA7..PB0) umase 2 firneving 8 In lagannsafmualiimazvives
wodaau1sa PULL UP meludaszuenainsudeudazanainisosunseud SINK 20mA Las
Fagnihl1Fandu 4 8n

PORT C (PA7..PCO) umnosa 2 finnevina 8 Inlaseninsamvualiudazvives
woinausa PULL UP meludassuonaindudeudazanaiuisasunseue SINK 20mA 1as
Sagnih 1 audu  3n

PORT D (PA7..PD0) ilumesa 2 finnisvina 8 inlasausasimualiudazanues
wodaaw1sn PULL UP meludaszuenainfudaumazanamisnunszud SINK 20mA uas
Fagnir 1 uau o 8n

Reset Ain V13140

XTAL1 1Juadunaes 0SC

XTAL2 {lunsunaes 0Sc

AVee 1991811912995 ANALOG TO DIGITAL

AREF uanusagudiaseii1danludinuesiass ANALOG TO DIGITAL

AGND 1519105178 9992995 ANALOG TO DIGITAL

M31¥9114¥e9 CRYSTAL OSCILATOR
Tagu XTALL iluandusauaza XTAL2 Wuvnenine Faddesms 1y osc melu
Y
92#046® CRYSTAL ATouv1 XTAL 1Ay XTAL2 Tasfidufuilszy devinuvisansasninng
9y

f1d09ms 0SC 3neueniassu XTAL2 aosuazilou CLOCK 41191 XTALIFuaa

1ATugd 2-1 wazgain 2-2

c2

—) XTAL2
C1

o—) XTAL1

= GND

U7 2-1 m314 osc amelu Mcu



N@ el i | TR D
EXTERNAL
OSCILLATOR ——1 XTAL
SIGNAL
— GND

717222 ms1dosc amvuen MCU

PORT INPUT/OUTPUT

Woin A

Wuwese 2 firmeving 8 dn Taslviisarugumsiianueis 9 veanedn
fio 33@a0s PORT A (DATA REGISTER) agiiduiiia SIB(SB) 3341905 DDRA PORT A
(DATA DIRECTION REGISTER) 0fif111ig $1A(SA) uag PINA (PORT A INPUT PINS)
ogfiduimia $19(539)Tas PINA azaunsasuidetudn liaunsadoudoyaaddluvas
fl PORT A uaz DDRAZWsadsunaze 1 WRuagdnh il dmuilundygu INPUT ves
29935 ANALOG TO DIGITAL M5 19a1mueanesa A iiuv1 INPUT/OUTPUT 1% DDAn gn
iy 1 v ldnveanedmiudy ouTPUT usiite DDAR 1y 0 szilfumugnimue

iy INPUT

115199 2-1 DDAn Effects on PORT A Pins

DDAn | PORTAn /O PULL UP COMMENT
0 0 Input No Tri-state (Hi-Z)
0 1 Input Yes Pan will source current if ext. pulled low
1 0 Output No Push-Pull Zero Output
1 1 Output No Push-Pull One Output (Hi-Z)
‘Wﬂgﬂ B

4 a a aAna Sq Y o A Aa o
L‘]:quﬂﬁﬂ 2 NANNUYUIA § U Iﬂﬂlli%ﬁlﬂﬂiﬂi%ﬂ?UﬂNWﬂiﬂBﬂﬂ JCN DT

PORT B ogidumia $18(838) 33a1A93 DDRB ogiidminiia $17(537) uaz PINA ( PORT




AINPUT PINS ) afffif s $16 ($36 ) Tavfi PORT A ustazanaansndviua Pull Up'ldau
doems Iaenosa B awisa lgaiuilassus q daa1sis

o3 C

Wuwesa 2 famsvina 8 dn Iaslivbeniuguasiaou 3 wiwedo
PORT C (DATA Register-PORT C) jfifuviianiiaon1ud1 $15(835) DDRC ogfidumils
$14 ($34) ung PINC agfidumia $13 (333) lav PINC azemnsnow |Redrufeivusd
PORT C uag DDRC dz@unseuuazilou 1@ luuaazu1ues PORT C uaazua1nisnsy
aszua Wi 1d 20 ma Tesdnelufmnuannudiuniu pull Up ldmuanudoanis v
f PORT C aunsaueamsinualidfianudiumy Pull Up waznousniianuduniu

Pull Low 9¢3111¥ MUC 910n35211d00n0 184N

ot v o v
A15199 2-2 M3 1FNUHINTUDIU 9 YoINneTn B

Port Pin Alternate Functions
PBO TO (Timer/Counter 0 external counter input)
PB1 T1(Timer/Counter 0 external counter input)
PB2 AINO (Analog comparator position input)
PB3 AIN1 (Analog comparator position input)
PB4 SS (SPI Select input)
PB5 MOSI (SPI Bus Master Output/Slave)
PB6 MOSI (SPI Bus Master Output/Slave)
PB7 SCK (SPI Bus Serial Clock)

A1519% 2-3 ﬂ?ﬂ%ﬁ?ﬂﬂl@d?‘l@{ﬁ B udJu INPUT/OUTPUT

DDBn | PORTBn /O PULL UP COMMENT
0 0 Input No Tri-state (Hi-Z)
0 1 Input Yes Pan will source current if ext. pulled low
1 0 Output No Push-Pull Zero Output
1 1 Output No Push-Pull One Output (Hi-Z)
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Port C As General Digital I/O W4 8 Tnueaneda C szildnuazmilousu Tas PC
UNUVIAI 9 YOINBSA C 1ag DDCn Lﬂuﬁwﬁl%’msmmuﬁﬁmwmmﬁu 9 Tavd1 DDCn
fimadadly 1 ueasdnduu output uadrwn Do Wumssmualiidu mput drdesns
14 Mos Pull Up 1AaM5 Active 321883 19 PortCn 13114 0 fasuaraslumsia

1¥iadY 9 104 Port C iifefin As2 Tusimans AssR grisaldidu 1 wiflunis

fmualiiinssy CLOCK 31naeuenved TIMER/COUNTER2 N¢111i991 PC6,PCT

~ v 2
M1INNN 2-4 mﬂmm‘umwam (@

DDCn | PORTCn /O PULL UP COMMENT
0 0 Input No Tri-state (Hi-Z)
0 1 Input Yes Pan will source current if ext. pulled low
1 0 Output No Push-Pull Zero Output
1 1 Output No Push-Pull One Output (Hi-Z)
We3n D

9 '

Wuwesa 2 Armielinhenlugunsiiauveswesadsil PORTD ogi

AUMU9 $12($32) DDRD dgfidmnia $11 ($31) PIND agndumnua $10(830) lag?l PIND
81 1ded19Ag7 PORTD uaz DDRD dwnsasiuiazidon Iaewesn D annsoiunszua’ls

3 1 J J o ) y @
20 mA Gﬁ\jl!ﬁazmqﬂlﬂﬁcw,f]iﬂ D ﬁnﬂﬁﬂlﬁaﬂﬂﬂﬂ“ﬁuﬂ']i‘vn\ﬂué‘u 9 @Ncl,u@'lﬁ'l\‘l

~ v ¢
AN 2-5 ﬂﬁi%ﬂﬂ"\l@ﬁW@iﬁ D

DDDn | PORTDn /O PULL UP COMMENT
0 0 Input No Tri-state (Hi-Z)
0 1 Input Yes Pan will source current if ext. pulled low
1 0 Output No Push-Pull Zero Output
1 1 Output No Push-Pull One Output (Hi-Z)




11

A Jo A s
AT NN 2-6 Wm%uau € VOINDIA D

Port Pin Alternate Functions
PBO RDX (UART Input line)
PB1 TDX(UART Output line)
PB2 INTO (External interrupt O input)
PB3 INT1 (External interrupt 1 input)
PB4 OCI1B (Timer/Counter 1 output compare B match output)
PB5 OCI1A (Timer/Counter 1 output compare A match output)
PB6 ICP (Timer/Counter 1 input capture pin)
PB7 OC2 (Timer/Counter 2 output capture pin)

=
13tdN]

A

tﬂ' =y dg‘ d‘l dy ) = 1 X
mamﬂﬂaumummmwﬂummﬁ ﬂﬁuu%ZLLN@@ﬂqﬂnﬂ’ﬂﬁVlﬂWNIﬂEJN']HG\’JﬂaN

)
Aada &

A o A A o q Yo Y YR s

ﬂﬂﬁqu“ﬁﬁiuﬂuﬂﬂ@@']ﬂ'lﬁ Lmﬂaumuﬂnummﬁﬂu‘ﬂa%zmimugmmgﬁmﬁm (sensation
9 47 = = ~ 1 acd o %1 3 Y = A :;

of sound) llﬂﬁlWWgﬂﬂu“V]ﬂ'ﬂllﬂIﬂﬂlﬂﬁﬂi%ﬂ?%ﬂ 20-20,000 tFINHINIUU ﬂ']ﬂ'nﬂ\lﬂq@ﬂ'iﬂﬁ']

Y

=1 1 @ Y 1 ] < A [} A o 1 P ] 9)3
andnauay luaunsasuield  uneselsaauadulusisanuddenannauazsuila ldaiuy

4
o & oo a yy
I8namnnwenngsnuve e 1dde
A o Aa Ao ' N, 2 ' A 9y ; % 1 A A
AaUABANIANUDAINIT 20 1TSS Sen aaulAdes (infrasonic waves) FU AQUN
9 -~ 1 oa A G| A ' ad o o ' A A A
lannmsRauruauTva wazadudoaninnudgand 20,000 1B5ng Sonn1 Aaumiledos
= i} A A a ) = sk a dgl Y Y
(utrasonic waves) 15U AAUNNANNMITUUBINNAIBNTFUNATU 1aa1nm5 1A TWHh
[ e
ARUUANAN
9 o a = [l A 9 FU 9 ! d‘ ~ 9 o d‘ =S
duduidadsalugranausuield 1dun adun ldanmsduveanissauasdseinm
IATDIAENITONITTUVIANULTOY (vocal cord) VDIAY  NMITAUVDIZIDINFIAATOIAUAS
d‘ 1 c:/ d' =) :ﬂl =S n'/ Y o a = o’/‘
UsznmaTean 1HazmMITUIDUAToIAUATYTLIANIATENT  MITuIIduiudade
@ v 4 ) 9y 9 4 a’z [ @ ] [
nasazdaemesoy 9 adudedulUinathuazvneemmiloduassndunas daudauas
1 g 1 a A 1 A tﬂ' ~ A [ a
dauvnwemenazgndsenn liynimsesnindumueruadeunesnly dielufiyauilen
Ia 3 4 1 e 1 I~ 4 o a 4
vz lnszduanuddnvesnisldowdeniues  adumaritidaunduaaues luidnasld

v

9y A a a o a = Y Y ' a v o Yy ]
nndeusvesnauguiaas luiamats 9 awd  dnnudn liguiuhihinfagdldidn




12

a ] d? ' = Ay A oa 1 g i , 9 R [
oniflenniu 1wy @eauns findudesliiduny (nonperiodic waves) 123 liils

A < a A
A9 1TWFE95UNIY (noise)

{ @ ] S
9’”5']\3ﬁ 2-7 LEA9DR T UTIVDUTEN

AInaa QUNYI GIRRTER
(PIF U DLTE) (CICEE TR
DONHIAU 0 3170
21N 0 3313
laTasiau 0 1,286
i 15 1,450
Az 20 2,130
MDA 20 3,560
agiliion 20 5,100
wan 20 5,130
ﬂmauﬁ’ammﬂﬁ'u

@ kY A 8 2 [ a g A A A o’: U
M3sunu laveeniy ( Superposition Principle ) INAVULDUAAUAIUA 2 YUIUUIWY

@ @ A A 9 @ A = 3 a Y
AU ﬂ'lii'.lllﬂu‘l]@\‘lﬂﬂimWaﬁlﬁ‘ll‘l‘l'lﬂ‘ll@\‘lﬂ"lisuﬂﬂﬂ]'ﬂﬁﬂﬁuﬂjﬁﬂuUl‘lji'JlJ‘VNLL’E)iJ‘IJﬁfgﬂﬂ')ﬁl

Y Ny, S a
mIsunuvenanui 2 uuune
[ ] Y
MITMLVVLETUAY  1HAAUNT 2 INnuiy wavesmssauiuazliaueuilagauin
¥ Y '
Y ( Hvnalvady ) mufAsswiuiusasuiuhasinadu 2 vuaw imsviaegluiiami

= v % d'
el Aegn 2-3




13

17 2-3 M3sauiuveInduIIUETUAY

o @ [ @ 4 a o 1Y
ﬂ?ﬁifJﬂJLLUUﬁﬂé}Nﬂu Lﬂuﬂ’]ﬁﬁ')ﬂﬂuﬂl@ﬂﬂﬁu 2 BUA Waﬂl@ﬁﬂ’liﬁ'\nﬁwﬂ'ﬂﬁﬂ"ﬁﬂlﬂﬂ

4 = § (] a @ ya 4 Y
‘U@Qﬂﬁuaﬂﬁﬂ ( mmmsﬂﬁumﬂm ) ﬂ'lﬁlﬂﬂﬂ'lﬁﬁ')illl‘ll‘l]‘ﬂﬂéﬁﬁﬁlﬂﬂﬁ]'lﬂﬂﬁu 2 YUIUNWUAY 3

msadaoglufienensaduiy agln 2-4

a @ A v 9
gﬂ‘ﬂ 2-4 MITTINNUVDIAAULDUNA

MyazouuaInau ( Reflection )
tﬂl Aﬂ’ d‘ c; | ) a d‘ A L7 d! d‘ =
diondwndeuinaurasiuidanduludularegavesdiinaianils adusziing

AToUNdUITIAINANAUAY



14

y 4 :
myaziiouvanaulugluuuma g
A A a v a v A T a3 ' )
AN NNANNIENURITZNOUATI dzifamsasNeuailonll 8" Wuurasasnou
ues Aegln 2-5

MFzviaupau

wihAduannsenu

wihAduayviau

~ 24 9 AAa
ZJ“IJV] 2-5 AAUMNNANTSNDUNHINN

So APUUAINITANTIIINAL

A B Ui s Ve A
S ABLYANNUUANAULITNDU

1B ey A 1 [ a 9 A 9 [ EY
unasuianaunnaved o g0 Idauesia i lual aduasnouuauase

[

Aa31h 2-6

niAdunnnssnu
i N ATAYWISTTURN
] al o
NIPAUFLVIAU

31/ 2-6 unaasuiandued o o TWAaH Tasws Tuan



15

AdwduasIaziou o A lAsns Tua adudzRouazs iy o 9a lfe Aggan 27

nihAluanAsENY

NN

({2
R

/ \\&_ A TAYINITITLRN
‘& S9dannsznu

S9RAeviau

YYVYYYYYVYY

A

1 27 aduduaseazounaa laans Tua

MITNHVDINAY ( Refraction )
d' r_\'l d‘ :; 5 d! w A Y é =\ Y a d' a
A1sNAAUIAARUNINAINAINLL M daDndanaranile Tnaliinanislasunsa
A §4 A4 2 A ; 23 o g A =
SN UNUOIAAUAUATIVT AT DUADVDIAINAINIADY  TasanuswaInausz)asu i
#Qi:5vg 9 d‘ e 9 [} ~ a
s e nuenaauaoulaslildie uaanudnuay
o A A ~ A P oy 2
MAFAT V=AL 9znusHanian aauezlinueInaunNnuTHININaY 910

P4 4 E4 ]
V=f M Viaduuda £ audy doiu A gowanniu a3l vig,> Vg, a93i2-8

o = o A
uman Uil

u3thaan

o

[

v Yy v

4 4 a o v o
s 2-8 uaaausuans (L) Tunsnanhanduihau



16

% d' A

anyasUaNAaAULal

= [ 1T g ﬁ' a &L oA a A yihslo a = [

Lﬂ'flxﬁlﬂ’:l'lL‘]JHﬂﬂHGﬂiJEJTJ‘Huﬂﬂu\‘lﬂ@ NANNUVDINITLAADUUDIULHAIN UUALTYIND
Vlf’{ﬂNﬂTiLﬂﬁf)uWU’ﬂ\‘lﬂﬂuLﬁU\‘illﬂﬁlu%ﬁ‘Vle&l’Jﬂu

a ~od Y o a A a M P v Y A~

LFTYUNAVUIUDIVINAUN UUALTIUNANITHAU Mﬂﬁiﬁ61§ﬂ']ﬂﬂl€]ﬁ¢]’)ﬂﬁ1@ﬂlf’fﬂdﬂ$

A A a ) [ [ [~ 1 =2 EY a ya g
maauwmmﬂmsﬂu“luaﬂymzmmmﬁammzmmmﬂuma 9 ﬂu"lﬂmmﬂamﬂmﬂmmu

v
v v a

d'l K- [ d' d' s ] ] 9
Wiuatudesdosnduananlumsnioun o luawnsomugyannela

\J UMy P g
| | |

17/ NG R

37 2-9 udaInaUABINITORLAZ V1B TuanaoIN A

N A A

AUTNUAVBINANITEN
=} Pl | = 4 @ dy
IHUDUATUAD UNITTENDU UNIH UNITNADALASLIAYIUUN
b

NIATNOU

= A @ = a & a Y Y A Y A = ]

IHYUVDNUAINANNDAFUANUI  ISINANITASNOUAAYAAU DIAQAULITYIINTIUIN
Y d! v A @ A! Y A i ] Y q' a 9
ﬁ?ﬂﬂ?ﬁﬁuﬁqﬂﬂﬁﬂﬂﬁﬁﬂﬁﬁﬂuﬂ DIUANUAUIUHUUADA NN UNUINISYUNANITASNDUNIN

Y Ja S 9 ] ya Qs: 1 a =1 Y

mm'lmmmamsmu i&’ﬁl%i’)iﬂﬁN"l]'lﬂﬂ'lﬁulﬂﬂuﬂiQLLiﬂiﬂﬂﬂ”ﬂ 0.1 UM Li'ﬁ]ghlﬂ
guidvafo (Echo )

MIANN

A =t 1 Y] [ a o A 9 151 a o o Y v < =
LUDLTUINTIUAINAINA Y UANU Wi@LLNLLﬂ@TQQﬂ!‘HQNﬂU fﬂz‘ﬂ'ﬂﬁ AT UIIVDAUT Y

1 Y ) a 4 { IS
ananu uazih Idnanevesndwdoudeu l) duluaunguesaua

ol A4 Vo sing
o W, Sings

A v A v

d' d‘ Ad' 9 v A w v dl d'
0, = AAUAADUNIINAINA WA UV NN 1 Ilﬂf]\‘l@]')ﬂﬁ']\i‘ﬂﬁ@\i‘ﬂhﬂ‘lfu v 2

61 = HUANNIENUY



o
vy "f".“.ﬁ-“\'\'zv_qn,‘-\j 7}

galwuuvnusu.mu ‘}ﬁﬁi)"?léf‘.um'}ﬂﬂ’ﬁzﬂ%

17

02 = yuvinin
n,/n, = AFURAMAINGN 2 NBVAVAINDN 1
e e
A, = anwennauludnaied 1
A o =
A, = anuemaduluaanaieh 2
< @ ~
v,=anuialudnaiein 1

] Y d'
Vo= ﬂ’JmL’i’JﬁluﬂﬂﬂﬁNﬂ 2

NMIUNINaDA

F4 ]
a K =}

AU oM AR UTAARITIIN A FALNN TN INUAUIZINANTUNINTDAVD
A =) d? a [ v Y o A o Y a = v o il @
AduABIIY Aamssawiuuazindnuvesnan mldnadesdenesludumiee q fu
AUNANMSUNTNADAVDINDY

Auriadessane gan3euunliin ( Antinode )

(3 bs = 1 A A £y

Auniadosaoons 3ANToLUITW (Node)

-
MSBEAUY

d = = v M2 Y o =
Anuds TN ameauwiudRaunglaaawdaslugiln 2-10

= ') ' . o
LAsadin uuavALiinL& e

A E an T,
=

= o o T
E‘}J“ﬂ 2-10 LAPNNITRAYUVUUBDIAAULTYIDDUNN

46429



18

M3 lagu

£4

v
a 1Y) 4 1 1. 0 a Y] o
m3'ldoudesldudostiosnisznouse liiife urnasduidades aina1e Uszamsy
=}
1Fe
a TRy~ o) dgl "o a 4 Y a < [
ifvsazaansonvsiuegnuueniaga ( Amplitude ) enagaInNIzAINIn

=)

= 9 A dy 1@ A Y A Aa =
EINUNTOUNANIZVUBYNUANNA ( frequency ) DUTLINUANNDFURBIILUHAN
ANUAWAZTEATAIINAY
~ 1" o a A [ v a 9 Y 9 = A = @
31U 2-6 unastuiianauey v 3a TWAaR IAINII1 Tua SIANMTNYBUTEUNRVIUTLIA
I~ v [ v 3 A [ Y a . 3 ] a ==} W Y
Wugaum saUANUAUAANS 0TZAUANVITUUDUTEY ( FIeanUnUIaaFua ) na b lé

A I 1Ty 1 A dgl a o A
itluaoanaly uaaziiuanlszana 10 wduadeglin 2-11

300¢
' NE |

200 W,

k ¥ ry
- AT
100ty gog 1£4 e 3

50 = e : =
20 : H

arty ()

=
i
0.4
o

0 20 40 80 80 100 3o

szRunTINge (e
~ QA 1 @ ] I @ o @ 1 I~
E‘l]‘VI 2-11 ﬂ’JHJﬁ'iJWN‘ﬁiZﬁ’JNﬂ’J']?JﬂQWu’JEJHJL!I“lﬂﬂ!ﬂUiZﬂUﬂ’)WﬁJﬂ\?WU?ULﬂUW@H

[V . @ I 4 4 I~ ¥

AU ( loudness ) s uilatlu Ta ( sone ) tiiouldonlifludoun szifion'ld
@ H a < 4 o @
Fumsiasuanududes 10 wava vIaalumslasuszdunnud ( loudness level ) i

e e v

10 Wou ( phon ) ANNANHUTHgAMMUAlHTuINAIgINaING

o A [ v A oA [ o = ad o A

MileueszaUaNUAudeala 9 ANDITAVANUAIVOUFE 1,000 LF5NY FIad

ML | 3 @ v A ! <
IMAULTYIIUU 9 szﬂ‘ummmuwmmﬂuﬂau



19

@ v o 3 Y & A A& o a a v ad o
MInaTeuIEAUANNANI IR Insasnnudinsessuiiadoenasgiu13n1,0000F5ne
Y @ @ J A Yo A @ 2 ] a o A o a a A A g
uanlsussauanuddssInamszdunila 1wy 60 wFua WuaTeesulaFesd Uy
a [ 9 = o A 0. = :;:zl 9 [ A @ Y
AnvduazaNuas lanufisudunsesfuiadsanasgungs 3 Tasdsuanudeis q suld
IanudahAuaiesiudadeanasgiy madSoanwd llane q duegldnsmlugli 212
Aoy [ [ Y d! o s [ = [ 9) A A
nuAszauANuas 60 Wou dunils lushweufsanulasussduanuduiosvounsos
° a 1 o A < 4 [ [ 1 { [
Autladoanasgltogiszantu q fzldnsmiiduou q Seadull szdunaldniszay
[ cﬂ a A A ad d Y =1 @ 9 = a =3 =] 19
WA 60 vlow uidvsiinnud 100 Find doaiiszAvanudindes 65 wBiwa Teezlszdy
AR 60 Wou

< $ g { o { IeAvi o
wanfevz lAdu IdeFuThuduiitissduanudaidu 314 2-12 ueasliifiuisesy

anwan (SPL) wWaen Tdedn lsiloaaudaedu udinglinnuidnanudaiiu

M{mwm. B ENEIINET ol
ol 5f
i BN Sy
N o I s
120 g
& «—k; e et I B 120 iy ooy
R N e i B b
3 {rm RS T AT
gqm \‘ M ‘, ¢ ‘m“\‘ | ;- e
T ow SO ! i i B rafl RN,
N E N
=~ bt 11 : ‘i\_:‘" ¥
o SRR o
- e i .t
% %m,‘ : B . ~_0" T P, M%?' -
e ] & ‘“"\ £ fl o g
g ’ t WaEil 8
s 80} 4 £ +
2
B % : : ki
;g ﬁ roum
2 ‘ :
P S8 s 104 TS
e - A
’ : 5 TN LA o 2 S WA
| EREIIINEND 1 o :
WHr 0 & 0 WO 200 XOKO BORN 000 M3 4 % 8.0 18

anub

4
=

= Y Y @ @ 1.8 ile [ a
Z‘lJ‘VI 2-12 Lﬁuiﬂwmsmummmmmummmammqm

v [ H
dulAsTudnyasReriudnansiuivesms 188y ( hearing ) uanslugin 2-13

RATAGEGRR



20

wradald
T ———

1 T
£ i NWMW i
*:/{ SwE ren oy o

.
MHE W PR W% W0 1k 0N 56 10000 W Hz
d
BTG

a dy A ya 1 2 S Ya v A A <
E‘IJ‘V] 2-13 ‘Wu‘ﬂ‘ﬂNﬂ151@8H5$W31@%ﬂl5ﬂﬂ]@@ﬂ13Ilﬂﬁluﬂll‘llﬂliuﬂ’)'lllﬁlllﬂﬂﬂ

[ 9 a Ad d'v d'a' ya o v A Q' Ya
UTANISAUANULYNUDUTYIINUAIIUDAN 9 ‘Vllillfﬂz‘lﬂﬁlu ﬁ?ﬂﬁﬂﬂlﬂli%ﬂl@ﬂﬂ?’ivtﬂﬂu
~ ~ = ad 4 @ [ 9 ~ Y 9
yause litgaiinud 3000-4000 (850 Tavasenuszauanuduiy -5 wdua dulde
[ Y = v A oAy A 9y ~ 1A A
9‘1ﬂu‘U‘L!L‘ﬂ‘Ll§$ﬂ‘]Jﬂ’J'IZJL“UNﬂl@ﬂlﬁﬂﬂﬂﬁﬂf’iﬂﬁ?ﬂﬂﬁiuﬂﬂN £] ﬂﬁ%%ﬂu‘lﬂ HASLITINNUALTUUDN

< L
ALY ( threshold of pain )

Usingmsaineiliaes

v dJdo 9 A Aa

A g) ol A 9 o A A o [ Yo A
WRAUNUUAAAUUASATANAAADUNTUNNTNUY Nﬁ\?Lﬂﬁﬂzqﬂﬁﬂﬂﬂuﬂmﬂ'ﬂllﬂﬂ'lﬂnll]

U

A A Y v P 9 o Aa Y o VA =% = P a @ @ 4 =
‘lﬂﬂﬂﬁu‘ﬂ‘lﬂTl.llllf’]ﬁ‘l!ﬂ']uﬂlla$@ﬁ\uﬂﬁ@guﬂ mmmﬂaﬂuLuaﬂmmmﬁuWﬂ‘ﬁLﬂaﬂu

=)

o o 1 J 4 @ [ {3 v
Usngmsaitifondn Ysngmsaaetioos (Doppler effect ) Arvg19iiuladie « Ao M3

4 @ 4 {1
nasuszaudosvesunssoouanionase Iiru T

v 4
= =<

4 1 o a o y9 )
1. 51&%%?’!%@1‘!ﬁ]L%}WlLﬁﬂQﬂWLumﬁﬂﬁ %zm“lmﬂa"l@’i'am?fmmmﬂqwu °luvmma
Yy Yy A A I o A A 9 Ya A Ao
511'IiJﬂ"IPJW\‘]LﬂﬁE]‘HWE]E]ﬂ"ﬂ"IﬂLL“ViﬁQﬂ'lL‘LJﬂLﬁEN @Wa%z"lﬂﬂummmmamm
v Vg e Aty Py v Ay Yo o g ;
2. ﬂ'llmﬁﬂﬂ']mﬂlﬁﬂﬂlﬂﬁ?)l&‘ﬂﬁﬂ?ﬂfﬁﬂ\i (@ﬂaaguq) @sz‘lﬂﬂmﬁﬂammaqwu LR

Y Ve aa A A Y Ya A A o
aummmmﬂmmmaaumaﬂmﬂgjﬂa%s'lﬂﬂummmmam



21

)

= X
S
517 2-14 Alandeudn
1
Vos=0
Vs
—_—
A 2 X

A Wl e 4 A
'qi,‘]_]‘ﬂ 2-15 URAINUUALTYUADTDUN



22

o T I T y < '
nndesnanananiaoiimesaphiugas1én

fo- [ V2V0 If,

V+Vs

fmuald £ anuangilelagu

<} a
ANUS AT Ue1MIA (m/s)

[~ 9
ANUTIVRIRT4
9 A A 9 v od A =1 PR R
FunfpunEv VAt IaFs A UL A
9 A A v/ a =} = N Y =]
dundounosnanuraInula@eaNa 1l uay

3 Y=o | =1
ANNIS WOILUNAIN U ALT Y
9 & A g Yoy A1 J
aupdountImAalianuay
9 A a Yoy a1 J
dundpuneenaINAHINATuLIN

ANUDVBWH AR UL ALY

A qua
ENGIGEN
2 9 A A Ao 1 a o & 9 U A A
aauldideansonsen11 aunWsI1w19Ua  (infrasound) Taun adunanueINy
A ' = 1 A = Ao ' ad P L ) Ya a
ANNVYIINAUNINNIIANNYNAUTYY NAIIAD UANUDNINI 20 LFINY cmu”lu'lﬂﬂumﬂmﬂ
9.5 o A Ao 1 ] A iy o A o A 1 Y
GIUﬂWL‘lJﬂVIZJﬂJu1ﬂ1?TﬂJ Wi aauuruaulne aduduazimouInmMsneasle 9101539

QATIMATIY 2INMTITIITNNAUL 91050 1)

2 9 = <]

9 1 d’ 9 A QB;I 9 ] 9 = ad £
llNﬁﬂ"l'iﬂuﬂ'«]'l‘]/]ﬂﬂ’ENLLfWN'NﬂﬁuclﬂLﬁEN‘H‘L!‘lﬂﬂu@ﬂ'lﬁuﬂﬂﬂﬁﬂﬂﬁ\‘lvlﬂﬂﬁ 1 @3Ny

2

A Y A A A = ya 9 [ = A o o o £ 1
ﬂau‘lmﬁmmmmﬂm 9 Mﬂﬂ‘hlm%ﬂﬁ"lﬂﬂuﬂﬁ"lilﬂ‘lJLﬁENLﬂi@ﬁﬂumﬂumﬂﬁz ] HAULTAIN

[}
=

a ya [l 1A a = 2 Y A 1 & o e S czl =
Feius laou i lndesusgnivesnanlades uadluens lutingufnninmaiiouveudoaly
yeaunaauasyaiuly
A Y A ~ a 1 kY 1 1 1 1 1 Ya
navesnauldiFesnoninadonuslaun wasesame demsviels demslagu

' [ 9
i M szduisu 1dguaen 1fe qeau



23

A A A
RTTRIGEN
s td'd ~ 1 a ad 4 =1 1 = a A 4
Weaniinnudgendn 20 Ala@ing Gondn @esgans lyinnse gansiaIug
4 a ad 4 I~ o w ya { Y Ia
(untrssound) AWD 20 Alading Hudadrvavesmsldoumedanudgs qivlaou
Ad ] dy = = v A 9 a a
AMDNGIN N 15RseInsas engrivtey q lavldunniagansi latin
A a 6 ek 9= ad o ] o
anudgaa ladnansoiudosgelane 6 x 108 133 lasldnisduves
=i 4 4'1 = dy a d‘ a d! I~
NANABNG AdUANVAvIIAtaziaNueInaulueIMAYTZIIN 5 x 10-5 EUAAT Fullu
YUIAND ) AUANVYIAAULLES
9 a a 9 1 d’ a Q' = 9
A1nmismuanisiualonisasaauaaganst ineon lnsznudanauaauds
MR v Aa X v 7 A o LA aia e 4 ,
AoednIuAAUAZNOY  JuSemunzalns 19 lgusiiemdnmtase laimsermdumie
] = v Y A 1 A a @ :/l A 1 3 o Y A g
dalanguRssiudenfe denduganslaineonll  wasnnuasosdeniminmily
e g Rl b} = ] A v o T A Y o dqy A
MS0ISUAAUAENOY SEeznannnnzald msdeasldiisennasealenunlsnau

A ™ 9 A a ad o’ [ 9 1 a
wmiloides Taona 9 1u1dnud 20-100 Alading dmsumsldauaig o vesgansileiin

v
= =

sy = mysl a' a 3 A o 9 o d‘ 9 -4
ldoAnseaNlon  wennnidnuenaduBITws1Bsh i mduuavaslaun dsingmsal
A A 9 L] 23 9 PASALY o) a v A a ' Hq ¥
MAstedldun mMs@enuy 1nveIAdulaIYessufUFINaUILazsouTlan 19
= o = 0 a = 3 Y
MsifoADUVIRIAIYaAT 1 IatinnIzinaouaniioy
) 9 =} d?l @ 9 1 9 M < 9
Pagriumsldaunmsgasmnssunagmaunnodinniuou laun n1sldms duiluey
o 1 d‘ a ] d' 9 a d‘dQ v W (% " LY
W wu mageunaaan lasmsdennudgaud ) luuSnanlmdudanued anuey
o ° Y a [ 9 = a 3 A @ U ¥ < v A
msdumliinandennudouanmsideaniu Ansasadeulszaiudu ldogaud s anun
o 4 1 ° ;g 4
M3 1452 Toal lngassnnaaumilodss laun msmanuazoa sutlusealan
o @ ) < ]
wazimizdmsuiianuazoamugoniansoniioslaa r¥u luWeanaaoiuas
IATETN oMy P | A A 9y a ~ ] e,
nseaiiounng) Ae dusinaumtedeenaluveavad aziewan q wal wwaiulu
1 A [ q’/’ T [ 1 dy v A nﬂy ~ a
drunimIvers nasniuweidiudamuy Neuratignaatiuniglutisnuesneaan 9
1o a @ Pl d? jd_] d‘ [ =) o’dyl
manil sziaaNuANLazgun LT uAAUNTTUNNRENTULIY EnllsIngmanilid
a o : 5 A A l 3 A ) va @ &£
LABATY (cavitation) WioMIADAREINENTHAMIAsanInluingdeguluveunaimge
d‘ o 9 dd‘ d'c': @ z o o
T dissnamstinnuazerns: ldwadnanudd q awiu ginsellumsiinnuazon
a o 4 a ad 4 o @ 1 ]
upugans lxiindainldaamduuia 2030 Alading wazldwafundmsumsande
A A KR Y o ' g 1 &
uuaniFeae lFluuIums sdond19r i
dyq; =% L tﬁ A =Y 9 U 1 [ a w
wenaniidaiiss Temilunfumiloidos 1dun msdadyaulein gmsinm
Y [ 4 A 9 aa o P =} v v adg o @
Msazion 1wy Tours ywselslumsidanelsa Wameunussmons nsnstaoivrzmelu

A A a a ' = Y a o 1 dy a A o i [V Aa
ﬂaumumfmaﬂmwmwmmmuaﬂ"lwmum!,muwmwumwnuﬂuszmnmqwn



24

1 ' o Ao ) AN 1R ° VR U e | PR A
anunuudugniy Hlegduiumnildfuuasdmsusfionduansinlaielandu
A A ! e A v ag o '
WL o9 19 veumanuaziiiewodey 9 veenuiFesadiondien luoeon
A 9 A A a aa o (] o Qy Y]
Tupsdinm 1dndumilodesitmiolse wu asremsimauvesauiala asiauagn
v 1
ALiI0n AU Ty waziuaues FSend 35e Taewv Tans 1w (echoencephalography)
3msly gans1lwiin Sondn gansilyTuns1Win (untrasonography) fe 13 ifaen

a v

@ 1< o Ia 4 A A A ] a v 9
waso Iwdhidundsnuganleiinlae nswdauwes  aduaamiledsaruiIMiudg
] d‘ 9 d'dy a d' ra [ =) (] U [ Y d‘
sumetiie ldazNounWuHINogFAAULATANUNUILLUANAUILIN gNITTeNoN AaY

v W Ja Jd { [ 4 o J
aziourzgnivdmamdaawesuazgnlasu it undsan i luglvesanuaieding

A 2 =
1HBYNUBIBIUDILLAAIDBNNNADVDI0 0T lad 1A

’a d A A w, -t 9 U [ B 9 1
nudauyes Ao wiodienldlumsteneanasnuainszuuriadi lgdnszuu

4 1 4 [ < 4 { @ { ' o
wilad lgBnszuunils dausnnzilueseufoundeny lunsainnanamdenulnih

a < A FEE Ja o Wy =< M a A
wWaswiluatumilodes niudauvesszlsenoug lu'ldwdnaznure Tamadauun 3o

a 1 4 a a a ' d’lu
nanuulonAauua duiuguinaalszine 1 wuawas ¥ 2-3 Tadwes denaniiny
ad a & Y Y v Y S 9 Y] 3 1
rsdidnnsetinddaflouTramuiludenay q Wsznhamdveswdndiedas 500 afede
e e CN e A o O 2 e o )
i M ldwandunuRveINITAUYINANSITUNUULIAYBIIN)AIY
Sef 4 BTyl A4 4 da g b o
mahisudenldatumiledes msizaNNeIAaURNVIATY T30 lEns19NIng

g Yy A A A A ' =l | A A 9
@n q laanneauriady q UAIznINg 1,490 uag 1,610 WATABIUIN wazIzezing U0
o a & & A A aa A do v A Yy R qYy Y
Fpazliunna 0.10-0.20 was AsunFesllenBannIeunddmsudssazioudelsla
azanuniuna lumsazNeuvesnaune Yszua 100 lulas3ui Taen q lnanszds
A AR €240 e a daos o o A
AdUAA 1,000 AssRpIWTIMARzASIlne 1 lulastmnndmaeszun 1 daawas  adu

{ 1 T @ { wva I U @ va o v 1
dgfouiisosassznindagiguantianmannmeaasnuanaany  audadanalnissnn
a A J = ! L Ao a ' (Y A A ]
BuRLAUTUDUFDI (acoustic impedance) FINATLIWINMAY QV 11D Q AD ANUNUIWLUY

A 2 = @ A A Y @ A o 3 3
uaz v Ae anuiudesluieg adueanaziouny lesuldudivzudasoanni

soadalaalal szozvinszniedyanavuvesinsath ldswaamanimussingais



N13I98NUUU

o A Y (! :‘ IRl A a [
vinmstiamlumsdemsdoyariumailasldoiuanuadsslumsdeadoyasy

° ' ' o ¥y A o Aa o =
Usgneudenamshinu 2 malva 9 Ao mads imihnlumsdudadganaanudla

4 § YERia :1‘ I 1 3’ @ o
anuanils uazdedamnaniu q seauuiludoyadie 9 mah mesuezdsguama
{ v W 3 [~ 1 4 1 1 o o
winhlumssudgananiu q vwalasddiudoyanis o edsdeln lulasneuInsamesih

a

m3tlszulauagarugums e  ae'll

3 &
N1399NUUUMANT
+5V
O
AT90S/LS8535
B[ AN FAVZAY T8VINEE()) i
2 39 pos
3 38 ==
4 37 o
5 36
6 35 =
+5V 4 34
470k 8 33
9 [32
10 31 10k +5V
11 [30 &
12 129 100
0 13 |28 ) oo
byt <l_ 14 (27 P
ol 15 126
22pF 16 25 o By
=ik % i[ 17 %2
= & |2al8 |23
19 |22
20 J21
O +9V
(eht
cs
10/+ 6 R1 To'l
1Kol
6| gl a
VR1 3| ‘ ca
10k 5 220/16
1 LM386
2|
| R2
10
4 7
e
’1‘10/16 ’I“O.l
A '
7U7 3-1 299318



26

a

Uszneudaedwnliduiladyananinudais q 18 Taons@euldsunsuly

Y
v o 9y

&1 Microcontroller #ag11AWATUIN Mod ST INTYANTI0DNNIEY serial port N

%1 Tx ¥94#3 Microcontroller 131U 117 1ddayanadoyaveninuazasae ldinnvenslay

g o

LM567 sz lfiduniavens (Amplifier) M3 Mod 19 Hvwaueni3gn (Amplitude) m1uA1Y

1 I~
mnzaulumsaadeseonudluile o

MI0NUVUNINSTY

AT90S/LS8535

NOUuhWNH
w
N

22pF | 22pF 16 25 L
2 1 17 24
- = | 18 23
19 22
20 21
R1
10k +OV 3
O
j_ c3
C1  LM387 I s A v
i

(a) (b)
317 3-2 299315



1 { d u'/ 4 U { 1 1
Yszneudleauiunin premic Ao LM 387 Wutod Feaglddyaanivu lddade

1 v v
T Fnugamssinaanudnldluluauiinldan

1IRC

fi = 1

1.1(7.5x10°x0.1x10°°)

Y

o A FTR A =1 Yy ] 1 QN 1
ﬁnﬂmimmmma"lﬂﬂmmmmummaqﬂmmam}zﬁmﬂﬂmﬁ’aummmsﬂizma

o 9 Yo A4 Ayy = v
HAYDIINBIADS AT naINInIaeUR lAm s nIugu 1A

HUUIadlnTIa319U9lnsany

/— 811wy Pz

SR T T R

FluneauInsa

ludmaulnueias

#3580

U7 33 nuvdiaeslnseaiaveslngeau



UNN 4

NITINAADINATHANTIINAADI

° o & < = J A = =
dmfuluuniazidunmsnaasuaswanisnanesweneeslilun  enlSouiion
a 1 (Bt ~ 9 [ 4 ~ 4 ) 9 A A
anuduaazaanudlalivuiadya s (Amplitude) gegad ludeunsasyldedon
() i)
Aanutiun %9 2995@2n 321930 F a8l (Tone Detector) tOATIVTV TRy auTo9 19911

t:' d‘::‘s} A ] d’ o 9
V]ﬂ?TﬂJﬂVlﬁ@QﬂTﬁﬁi@"lﬂJ LW@UT%JGLGIN']‘H

MINARLIN 1
=| = d' \l Al d‘ ¥ v [ ¥]
wWsuiaunnudunazmanuanlimvinadyaIugIga
4
yaszaan
d’ A 1 aa ) Y
etaenmaNuanaziiiuleau
Y
A1AVIUNTNADDY
1 o ~ o
1. @v299515 luAnaaslu (@) 319 32 2993mas5Y
o a :a' ) o
2. fulaanudlisueesys lua
3. JSuanudaINas1an 4-1
4. swmvadyanad lduaazaud
v K ~ 9
5. uUNANAMINARDIN 1A 11A1519
A 1 A Y @ =1 9 E)
6. taenmanuInlivnadyanu ldgegauldau
WAN1INAADY

d' =) = c; 1 1
A15199 4-1 1Wl5sumeuanualunnie 9

A (F) 52OZN - (YR) vadaunld Qvpp)
500 Hz 1 0.15
750 Hz 1 0.17
950 Hz 1 0.40
1.00 kHz 1 0.98
125 kHz 1 1.40
1.50 kHz 1 0.15




29

AT NHEANTTNAADN (Gl'@)

AWE (F) TPEENI (We) YU “agqpm‘ﬁ"l@’f Qvp-p)
1.75 kHz 1 0.12

2 kHz 1 0.10

5 kHz 1 0.40

10 kHz 1 0.40

12 kHz 1 0.50

15 kHz 1 0.40

20 kHz 1 0.07
agranisnaang

A ] a v A Y
21N 1HAMINAaRAn 1¥A0D 1.25 kHz 1 lsaunislnanes

MINAaan 2

alseaen

1.
2

A5 UTQQIANTES

r:i 3 [ = I o d' t:id' 9 A ]
L‘Wﬂﬁﬁ'lﬁJ%Uﬁﬂ(jﬂ]ﬂmlﬂﬁlﬁ?’ﬁ’nﬂ’]uﬂﬂ?’luﬂﬂﬁ@ﬁﬂ?ﬁﬁi@qu

eaastaoonuudu <07 « 17 udadelUdelulasaou Insamos

AVR (90S/L.S8535) 1ip1lszanana

3.

A d' 9 a
GERGRR A S ARMEER!

E
AAVTUADUNTNADDY

1%
2

A92993A97 399Uy 1% (Tone Detector) tiarad1u (b) 31U 3-2
[ d' y dgl 1 a [}
U5uaud1¥g93uauUNI LED azhauazal
C= 1 d‘d‘ o Y a [
Junnamuanild LED Aauazau
UJ5UAINMUDA9IUNI LED AALAZAL
=4 U d'd' o 9y a [
JunnAmudNi i LED Aauazau
A 1 Ay A o Y @ U ~ A o Y a
wonmaNudtosganyild LED v uazammwniganiinlv LED aa

S50l g v v Ay =
hmanudmiaeanmauaaenz ldanudn s luauese




30

WANINARDY
E v "
15U4u  LED @in #1Aud 1.33 kHz
9 v v
USUlu  LED éU 7auD 1.49 kHz

1SUas  LED @a Nnud 1.45 kHz
15Uas  LED @y 919D 1.28 kHz
a3inamsnanes

Tumsldauaseldanud (1.28+1.45)2 Mfy 1.36 kHz

PINADRITN 3
= a VY] : d d
nlsaudsumsivdyanadueimanazlinihvesluanemaues
4
a5z een
ﬁ' s = 1 [ q/ % a 3
enlsouifisugliinissudyainveslulas Iduludinarswialasy

Taana ldanfuuasidiulilnumauinse la

Y
AAVTUADUNITNAADY
1... douanualinud Inedle Tena1ud 1.3 kHz
' 1 [ = Jo [ 9
2. owaadyanain luasudyanala
WANIINAADA

M1319% 4-2 MssudaaondeslueIns

AR (Hz) FPTN (Y0) YU “mmmﬁ"lﬁ' (1vp-p)
100 1 0.1
200 1 0.1
300 1 0.07
400 1 0.12
500 1 0.12
600 1 0.1
700 1 0.14
800 1 0.18
900 1 0.22
1000 1 0.22




A3 1NANTNADDY (71D )

31

A0 (Hz) SEIEA AN G [9)) yadyaan la (1vp-p)
1100 1 0.22
1200 1 0.24
1300 1 0.24
1400 1 0.24
1500 1 0.18
9 o ~
annsouand ldasgii 4-1
0.3
= Qy2p
‘ é‘ 0.2
| S 0.15
<
\ I 0.1
@
‘ ~ s 0.05 7
0 ﬂ'J]Né Hz
& SN S \Q@ \,,}QQ
j—O—I,L'fnj‘ﬂﬁgﬂ le-pJ ;
17 4-1 nawimsSudyaoudeslueina
M13519% 4-3 Masudyaadsslui
A7WA (Hz ) J2EENN (W) yadyanunld (1vpp)
100 1 0.8
200 1 0.8
300 1 0.8
400 1 0.8




32

AT NHANITNATDN (G]'E])

AMNA (Hz) EFAEA TR NG (o) YU ‘”tyaunmﬁ"lé’ (1vp-p)
500 1 0.8
600 1 0.8
700 1 0.8
800 1 0.8
900 1 0.8
1000 1 0.8
1100 1 0.8
1200 1 0.8
1300 1 0.8
1400 1 0.8
1500 1 0.8

annsouans laasgii 4-2

i
|
|
|
| 1
| =
| = Ry
| 2 0.8 Y—0—0—0—90—90—90—90—90—0—0—90— 90—

=3 05625

=

;g 0.4
s
| = 0.2~
! £
ﬁ 0 : : ‘ A0 Hz
{

N N N N o N
& & & N N AN BN N ‘

v 2

A o 2
19 4-2 Mmssuduarandesluii

o g

can




ajUwansnaaes

1 Y
nnmsnanesail lanadudsuaumaeluiidanilueina

33



a
Unns

aziwanmsnaaes

a3

1INMINABDINYIT  50eINsaaLRTUYoYar LN lualnugudedam
= = = o vy v o Y A A a 9 [ dy 9 dy
(@eaNANNA 136 kHz i ldannsatsausalimfoun @uni 0osnas QeI 107
Y 1 i) = :’ 3 =1 a a 1 :) 1< @
11a vazmsdedganadoslniniuddsedniamunniluema mszduiudana

'
e

A A o <] 1
NANI FauosuIT WU 4.18 IN1UDI01NA

ymveddassnu
?q v :‘ ' o a 2 Y kY o
1. gunsalaldlush wu lulas TWuuazdr Inserunannudenie lddedesih
Y
MsasdoUnasInou lFam
Y A A 2 (] vib A A 9 = c?/’ A
2. msmuauldsandouiiiulledielisediesne azdelinsngasonnaind
A a A ~ 1 JN 1 Y A
madsuniamelumsmaeun  msiz liansentuquatuguuomes lila  ilesein

Jaq Y d S o q Ya o '
PRIADIN 1911 DC 1oIne3 M 1vinanandnan

VoraUaUUSIHIMSI UM IWEIAD

aw = g
911115290 b Tnsea iy

% s

o < @ dy Y A
an A lumMINasaan lassnuiilvinaeu

H Y
=

v ] v 9
Tuhendauladdifuge wieimldsoannsamaouiluild Tasiginsainig 9 souns

[ 1A A o g 4 A @ 1 @ :’ [ 9
WATAN 9 qlf)\?iﬂ‘llllﬁﬂﬂ']ﬂ 1’75@@1%““1]1:!Qﬂﬂﬁmﬂ’ﬁﬂ@ﬁ’]ﬁﬂuﬁzﬁ')’muﬂﬂigﬂju'l Lﬂu@u



PNAID1999

Y
v @

d a a a 1 v ad acd o @ a s g o o @
YUIRUU auwmmﬂa, ﬂﬁ@‘l«!ﬂﬂmﬂﬂi'@uﬂﬁ, ATUNHUNIUAST: fT']UﬂWiJ‘W“M'OﬂQLﬂ‘If‘L! (1nA)

UMI¥YU. W91, 2538

a Aadd o ' of a e,
UIHN BNN 91N9, AUD AVR, NTUNWUHIUAS: (‘hﬁ:umuﬂwuw)

Pitikhate & Satoshi, A low —cost passive acoustic resonator for insect-link microrobotic,

University of Electro-Communition, pp. 725-729. 2000

Rossi, M.,Acoustic and Electroacoustics, Artec House, Massachusetts, 1988



t&l @ It lﬂl ¥ :)_— U 14 lﬁ' = .I gj I 9/“0---— ¥ : €Y %
nansiuenarsianulidwiunisidanuienisfnyivinuu lieygislmhlulduselosiaunisi

ludnsallas vidu BnnvnudlvsauUalienuasiessdadadivedenarsynasaninisiluly



AVR070: Modifying AT90ICEPRO and ATICE10
to Support Emulation of AT90S8535

For the AT9OICEPRO and ATICE10 emulator to be able to emulate AVR® AT90S8535,
three straps must be inserted.

All AT90ICEPRO emulators produced after September 1998 and all ATICE10 emula-
tors produced after June 2001 are delivered with these straps mounted and no
upgrade is necessary.

People with some solder experience can easily install these three straps themselves.
This application note shows how to mount these straps in a safe way.

Contact your local Atmel representative if you prefer to have your emulator updated
by Atmel.

Required Parts

e Three insulated wires, approximately 10 cm long, 5 mm of the insulation removed
on each end. Exact length as shown in the pictures: © 85 mm, [0 95 mm, ¥
100 mm, all with 5 mm of the insulation removed on each end. Recommended
wire: solid wire, 0.4 to 0.8 mm diameter (AWG26 to AWG20). Maximum thickness
is 1.0 mm (AWG18), the hole diameter on the board. As the wires will not conduct
power, there is no minimum thickness. Stranded wire may cause short circuits.

Required Tools
e ESD-safe workstation
= A good soldering iron

* Solder

e Desolder wick
e Pliers

e Cutter

e Pozidriv No.1 screwdriver

Work Description

1. This work must only take place on an ESD-safe workstation. The
AT90ICEPRO and ATICE10 contains ESD sensitive components that may be
damaged if not handled correctly.

2. Remove the top lid of the AT90ICEPRO or ATICE10 emulator by removing the
two upper most screws on each side.

3. Locate the area where the straps will be installed. It is in the corner near the
pod connector. In Figure 1, the pod connector is at the top.
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Identify the pads where the straps are to be installed. The ends of the three straps are
identified by ©, [0 and 3 . See Figure 2, Figure 3, Figure 4 and Figure 5 for details.

5. All the pads are 1.0 mm holes. They may have been filled with solder during produc-
tion. If necessary, use a desolder wick to remove excessive solder before mounting the
straps.

6. Mount all three straps as shown in the pictures. Make sure not to overheat the pads.
The tracks on the PCB are thin and they are easily broken.

7. Verify that all three wires have been mounted between the correct pads.

8. Check that all wire ends are soldered correctly and that there are no short circuits
between the wire ends and the adjacent pads. If necessary, remove the bottom lid of
the emulator and inspect the bottom side of the board.

9. Mount the top and bottom lid on the emulator.

£

Figure 1. Overview
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Figure 2. Detail Showing Right End of all Three Straps.
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Figure 4. Detail Showing Left End of 1.
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LM386

General Description

The LM386 is a power amplifier designed for use in low voli-
age consumer applications. The gain is internally setto 20 to
keep external part count fow, but the addition of an external
resister and capaciter between pins 1 and 8 will increase the
gain to any value from 20 tc 200.

The inputs are ground referenced while the output automati-
cally biases tc one-half the supply voltage. The quiescen
power drain is anly 24 milliwalts when operating froma 6 voll
supply, making the LM386 ideal for battery operation.

&National Semiconductor

August 2000

Low Voltage Audio Power Ampilifier

Features

Battery operation

Minimum external parls

Wide supply voltage range: 4V-12V or 8V-18V
Low quiescent current drain: 4mA

Veltage gains from 20 to 200

Ground referenced input

Self-centering output quiescent voltage

Low distortion: 0.2% (A, = 20, Vg =8V, R, = 80, Pn =
126mW, f = 1kHz)

B Avzilable in 8 pin MSCP package

Applications

| AM-FM radic amplifiers

B Portable tape player amplifiers
B [ntercoms

# TV sound systems

B Line drivers

m Ultrasonic drivers

m Small servo drivers

# Power converters

Equivalent Schematic and Connection Diagrams

3 Small Outline,

4
©—O GAD

Molded Mini Small Outline,
and Dual-In-Line Packages

d A .
GAIN ———t —— GAIN
2 7
5 ~INPUT —] [—— BYPASS
—O Vour
+INPUT ——31 s Vg
4
68D e Vour
DS006976-2
Top View

Order Number LM386M-1,

0DS006976-1

LM386MM-1, LM386N-1,
LM386N-3 or LM386N-4
See NS Package Number
MOS8A, MUAOSA or NOSE

© 2000 National Semiconductor Corporation DS006976

www.national.com
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LM386

Absolute Maximum Ratings (note 2)

Duzl-in-Line Package

If Military/Aerospace specified devices are required, Soldering (10 sec) +260°C

please contact the National Semiconductor Sales Office/ Smali Culiine Package g

Distributors for availability and specifications. (S0IC and MSOP}

Supply Vioitage Vapor Phase (60 sec) +215°C
(LM38EN-1, -3, LM386M-1) 15V Infrared (15 sec) +220°C

Supply Voltage (LM386N-4) 22V See AN-450 “Surface Mounting Methods and Their Effect

Package Dissipation (Naote 3)

on Product Reliability” for other methods of soldering

surface mount devices.

{LM386N) 1.25W Thermal Resistance
(LIM38BM) 0.73W 8, (DIP) 37°CAW
{LM386MM-1) 0.595W 8,4 (DIP) 107°C/W
input Voltage +0.4V B, (SO Package) 35°C/W
Slorag:s Te;nvera'uze -65°C tot ”ig'g 8,4 (SO Package) 172°CMW
Operating Temperature 0'Cto +70 e,
J-fnction Temperaiure +150°C 212 iﬁ;:gz‘; 2;22,:2;
Soldering Information
Electrical Characteristics (votes 1, 2)
Ta=251C
Parameter Conditions Min Typ Max Units
Cperating Supply Voltage (Vg)
Livi3BEN-1. -3, LI386M-1. LM386MiM-1 4 12 4
LM388N-4 5 18 V
Quiescent Current (1) Vg =6Y, Vi =0 4 8 mA
Cutput Power (Pt}
LIM38EN-1, LM386M-1, LM386MM-1 Vg = B8Y, R_ = 8Q, THD = 10% 250 325 mwW
LM388N-3 Vg = @V, R = 842, THD = 10% 500 700 mw
LM3BEN-4 Vg = 18V, R, = 32802, THD = 10% 760 1000 m\W
Voltage Gain {(Ay) Vg =6V, f=1kHz 26 ¢B
10 uF from Pin 110 8 46 dg
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Cpen 300 kHz
Total Harmon:c Distortion {THD) Vs = BY, R = B, Poyy = 125 mW 0.2 %
f= 1 kHz, Pins 1 and 8 Open
Pawer Supply Rejection Ratio (PSRR) Vg = BV, f = 1 kHz, Couyppgs = 10 pF 50 dB
Pins 1 and & Open, Relerred to Cuiput
input Resistance (R} 50 k&
input Bias Currant {igas)] Vg = BV, Pins 2 and 3 Cpen 250 nA

ristics state OC and AC eler

Cperating Ratings. Spee
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Application Hints

GAIN CONTROL

To make the LM386 a more versalile amplifier, iwo pins (1
and 8} are provided for gain control. With pins 1 and 8 open
the 1.35 k2 resistor sets the gain at 20 (26 dB). f a capacilor
is put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
gain wiil go up to 200 (46 dB). If a resistor is placed in series
with the capacitor. the gain can be set to any value from 29
to 200. Gain control can also be done by capacilively cou-
pling a resistor {or FET} from pin 1 to ground.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and fre-
quency response for individual applications. For example,
we can compensale poor speaker bass response by fre-
quency shaping the feedback path. This is done with a series
RC from pin 1 to § (paralleling the internal 15 kO resistor).
For 6 dB effective bass boost: R = 15 k{3, the lowest value
for good stable operation is R = 10 k&L if pin 8 is open. If pins
1 and B are bypassed then R as low as 2 k{2 can be used.
This restriction is because the amplifier is only compensated
for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 ki2 resistor. The base current of the input {ransis-
tors is about 250 nA, so the inputs are at aboul 12.5 mVy
when left open. il the dc source resistance driving the LM386
is higher than 250 kQ it will contribute very little additional
offset {about 2.5 mV at the input, 50 mV at the output). If the
dc source resistance is less than 10 k2, then shorting the
unused input to ground will keep the offset low {about 2.5 mV
at the input, 50 mV at the output). For dc source resistances
between these vaiues we can eliminate excess offset by put-
ting a resistor from the unused input to ground, equal in
value to the dc source resistance. Of course all offset prob-
lems are eliminated if the input is capacitively coupled.
When using the LM386 with higher gains {(bypassing the
1.35 kL2 resistor between pins 1 and 8} it is necessary o by-
pass the unused input, preventing degradation cf gain and
possibie insiabilities. This is done with a 0.1 pyF capaciior or
a short to ground depending on the dc source resistance on
the driven inpul.

v naticnal com
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LM386

Quiescent Supply Current
vs Supply Voltage
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Typical Performance Characteristics

Power Supply Rejection Ratio
(Referred to the Output)
vs Frequency
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Typical Applications

Amplifier with Gain = 20
Minimum Parts

Vs

T

Amplifier with Gain = 50

258:F

0.05.F

08006976—3

Amplifier with Bass Boost

Vs

Tieaal

100

DS006976-8

Low Distortion Power Wienbridge Oscillator

Amplifier with Gain = 200
v 10-F

390

ELDEMA <
CF-S-2158 G

W-15mA =

f=1kHz

AAA
vy

DS008976-7

Square Wave Oscillator

0.1uF

e

Vo

DS006976-9

www.national.com

98EINT



LM386

Typical Applications (continues)
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AM Radio Power Ampilifier
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Physical Dimensions inches (milimeters} unless otherwise naled

|~ 74800 -5.004)

0.189-0.197

0.228-8.244
(5.791-6.198)

T——'ééé,%

LEAD NO. v/ 2 4 T
10ENT 30°
73
0.150-0.157
Gat0—agm [
0.010-0.020 , oo z g.t)ﬁ—?gg)
SR [ 8° MAXTYP : v 3 0.004-0.010
ALL LEADS {0102 To,zsu)
| 1 N !
Yy J LR = ¥ seanne
} ! A PLANE
Yoo S & P el
0.008 - 0.610 y I 9
R o 0.016-0.050 0.356) T'z% — L Jgiﬂ_%;i;;ﬂm
TYP ALL LEADS (0.406-1.270) (iw) “-Wm:_Ji«( 356 —0.508)
LXEALLISADS (0.203) " MOGA T )

SO Package (M)
Order Number LM386M-1
NS Package Number MOBA
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LM386

F'hysacai Dimensions inches {millimeters) unless otherwise noted {Conlinued)

8-Lead (0.118” Wide) Molded Mini Small Outline Package
Order Number LM386MM-1
NS Package Number MUAOSA

0.11840.004
(8} [3£0.1]
8 5
5
H H H H A
1 1 1 1 ( )
0.189
0.118+0.004
0.193£0.004 (3£0.1] [4.8]
14.940.1] :
(0.040)
s (1.02] TP (e Ty
PIN 1 J T [ = . &
IDENT ]
NOTE 2 U U -
(0.0186) I l 3
| TYP =%, e _(0.0258) _,
0 R [0.41] — [.65] "7
(0:0256)]TYP LAND PATTERN RECOMMENDATION
[0.65] s,
B~ TYp
10.13] GAGE
0.043 Brs 0.005 PLANE
[1.00] MAX R [o.13) TP
[ \ f \ {(c.010)
— [0.25]
lsseutzi b e— AL
Afh £ 3
[&]0-002[0.05] [a 601220008 l~— [ 0.021£0.005 -
oo Bk [0.3+0-10] [0.5310.12] 0°~-62 TYP
~0.05
TYp (0.034) | 0.0375 SEATING PLANE
[0.06-0.15] [0.86] lo.953] ™7
<> 0.002 [c.05]®[BO[cO)]
0.007£0.002 L. :
[0181:0.05] mUaGes {REV E)
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F’hysxcai Dimensions inches {milimelers) unless otherwise noled {Continued)
0.373-0.400
™ fsa7a—10.19)
0.090
: (2.286)
pose BT (6] [ 0,032 +0,005
(2.337) . (0.813%0.127)
Moy 0.250+:0.005
PIN NO. 1 IDENT ! t o (6.35+0.127) PIN NO. 1 IDENT
opTioN 1 |L°
111 (2] [3] 14
0.280
—_— |—
(1.112) Ll 0030 “ 016) TYP—»' - OPTION 2
0.300-0.320 (0.762) 0.039 0.145-0.200
7.62-8.128) | * 2“°i1°—>‘ /<— (0.991) (3.683—5.080)
i I ¢ = A 0130000 1
fibal {3.302+0.127) ‘ v
95 150 / ?” A _ois-nia ?
0.065 ¥ (3.175-3.55)

i 0.1257 _iwesy| | tid gt
ooos-oors _J = @175 90°+4 {0.508)
(0.229-0.381) | DIA TYP MIN

!

+0.040 NoM 001840003

E 0.3257 oo >~ p4s70.076)

—
1016 Il 010020010
(b5 naar) & (2.540+0.254)
0.045£0.015
1.143%0.361
( ) 0.060
» (1.524)
0.050
(1.270) NOBE (REV Fj

LIFE SUPPORT POLICY

Dual-In-Line Package (N)
Order Number LM386N-1, LM386N-3 or LM386N-4
NS Package Number NOSE

NATIONAL'S PRGD JCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTES WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF r:t-T;cer\h SEMICONDUCTOR CORPORATION. As used herein:
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National Semiconductor
Corporation

Americas

Tel: 1-800-272-93859

Fax: 1-800-737-7018
Email: support@nsc.com
www.national.com

National Semiconductor

National Semiconductor

National Semiconductor
Japan Ltd.

Europe Asia Pacific Customer
Fax: +49 (0) 180-530 85 86 Response Group Tel: 81-3-5638-7560
Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Deutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
English Tel: +44 (0) 870 24 0 2171 Email: ap.support@nsc.com
Frangais Tel: +33 (0) 1 41 91 8790

National does not assume any responsivility for use of any circuitry described, no circult patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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&National Semiconductor

LM387/LM387A Low Noise Dual Preamplifier

General Description Features

The LM387 is a dual preamplifier for the amplification of low  ® Low noise 1.0 pV total input noise

level signals in applications requiring optimum noise per- ® High gain 104 dB open loop

formance. Each of the two amplifiers is completely indepen- m Single supply operation

dent, with an internal power supply decoupler-regulator, pro- Wide supply range LM387 9 to 30V

viding 110 dB supply rejection a.nd 60 d? channel separa- LM387A 9 to 40V

ltiaonéOthter (tauts';andxr;ev feat(t\x/res mclzu\(;;a hlgr;fgé-zin_ c(;em dEz, m Power supply rejection 110 dB
output voltage swi — -p, wide power ;

o wickl G5 e 20 n\?ppchhe LM387A 1s & seiocteq ™ L2/Ge output voltage swing Voo - 2Vipp

version of the LM387 that has lower noise in a NAB tape LB bandw@th oz unity gain

circuit, and can operate on a larger supply voltage. The ™ Power bandwidth 75 kHz, 20 Vp-p

LM387 operates from a single supply across the widerange ~ ® Internally compensated

of 9V to 30V, the LM387A operates on a supply of 9V to B Short circuit protected

40V. m Performance similar to LM381

The amplifiers are internally compensated for gains greater
than 10. The LN387, LM387A is available in an 8-lead dual-
in-line package. The LM387, LM387A is biased like the
LM381. See AN-64 and AN-104.

Schematic and Connection Diagrams

Dual-In-Line Package

13
} I FIR ] oy ar i L
I o } g | | : ;
A (43 N ——y — N2
! 1 s
o | ano Y LI
01 o oc
| ¢t o I I
{ e = T_ ouTRUT (1) — F— ourrut )
| l b TL/H/7845-2
} i Top View
ar
’ Order Number LM387N or LM387AN
| See NS Package Number NOSE
o
TL/H/7845-1

1

TL/H/7845-3

H/7845-
FIGURE 1. Flat Gain Circuit (Ay = 1000) SR

FIGURE 2. NAB Tape Circuit

©1995 National Somiconductor Comparation  TL/H/7845 RRD-B30M115/Printed in U. S. A.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
1 tact the National Semicond

Oftfice/Distributors for availability and specifications.

t Sales

Power Dissipation (Note 1)
Operating Temperature Range
Storage Temperature Range

1.5W

o°Cto +70°C
—65°Cto +150°C

Supply Voltage ; 5
LM387 430V Lead Temperature (Soldering, 10 sec.) 260°C
LM387A +40V

Electrical Characteristics 1, = 25°C, vgg = 14V, unless otherwise stated

Parameter Caonditions Min Typ Max Units

Voltage Gain Cpen Loop, f = 100 Hz 160,000 V/V

Supply Current LM387, Vo 9V-30V, R = oo 10 mA

LM387A, Vo 9V—-40V, R = @ 10 mA

Input Resistance
Positive Input 50 100 kQ
Negative Input 200 kQ

Input Current
Negative Input L g Bt

Output Resistance Open Loop 150 O

Qutput Current Source 8 mA

Sink 2 mA

Output Voltage Swing Peak-to-Peak Vec—2 )

Unity Gain Bandwidth 15 MHz

Large Signal Frequency 20 Vp-p (Voc > 24V), 75 KHz

Response THD < 1%

Maximum Input Voltage Linear Operation 300 mVms

Supply Rejection Ratio f=1kHz
Input Referred e d8

Channel Separation f=1kHz 40 60 dB

Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 0.5 %

Total Equivalent Input 10 Hz-10,000 Hz
Noise (Flat Gain Cricuit) LM387 Figure 1 e 2 pVrms

Output Noise NAB Tape Unweighted
Playback Circuit Gain of 37 dB LM387A Figure 2 s R H/mE

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance

of 80°C/W junction to ambient.

Typical Applications (continued)
Two-Pole Fast Turn-ON NAB Tape Preamplifier
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Typical Performance Characteristics
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LM387/LM387A Low Noise Dual Preamplifier

Typical Applications continued)
Inverting Amplifier Ultra-Low Distortion

Typical Magnetic Phono Preamplifier
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LIFE SUPPORT POLICY

0.0827,F

TL/H/7845-9

rose ey o

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS N LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

2. A crtical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd.

Fax: (+49) 0-180-530 85 86
Emaif: enjwoe @ tevm2.fisc.com

1111 West Bardin Road
Artington, TX 76017

Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85
Fax: 1(800) 737-7018 Engish  Tel: (+49) 0-180-532 78 32
Frangars Tel: (+49) 0-180-532 93 58
Naliano  Tel: (+ 49) 0-180-534 16 80

13th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

Japan Ltd.
Tel: B1-043-299-2309
Fax 81-043-299-2408

National doos not assume any responsibifty for use of any circury deserbed, no circut patent kcansas ara impliod and National resarves the right t any 3me without notice to changa said circuitry and specfications.




General Description

The LM567 and LM567C are general purpose tone decod-
ers designed to provide a saturated transistor switch to
ground when an input signal is present within the passband.
The circuit consists of an | and Q detector driven by a volit-
age controlled oscillator which determines the center fre-
quency of the decoder. External components are used to
independently set center frequency, bandwidth and output
delay.

Features

B 20 to 1 frequency range with an external resistor

m Logic compatible output with 100 mA cument sinking
capability

NNationat Semiconductor

February 1995

LM567/LM567C Tone Decoder

B Bandwidth adjustable from O to 14%

® High rejection of out of band signals and noise

B Immunity to false signals

B Highly stable center frequency

B Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

B Touch tone decoding

® Precision oscillator

® Frequency monitoring and control
m Wide band FSK demodulation

= Ultrasonic controls

| Carrier current remote controls

® Communications paging decoders

Connection Diagrams

Metal Can Package
OUTPYT
ouTPUT
FILTER 0 oNg
Loop TIMING
FILTER CAPACITOR

TIMING
RESISTOR

TL/H/6975-1

Top View

Order Number LM567H or LM567CH
See NS Package Number HO8C

Dual-In-Line and Small Outline Packages

outPuT _1 B
FILTER — | g Rl
woop 2 7
FILTER — 6ND
3 6
AT r‘l@' — CapaciTon
vl £
RESISTOR
TL/H/6975-2
Top View
Order Number LM567CM
See NS Package Number MOSA
Order Number LM567CN

See NS Package Number NOSE

#1965 National Semiconductor Corporation  TL/H/6G76

RAD-B30M115/Printed in U. S. A
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Absolute Maximum Ratings
it Military/Aerospace specified devices are required,

tact the National

A1 ot

Office/Distributors for availability and specifications.

Supply Voltage Pin

Power Disslpation (Note 1)
Vs

V3

V3

Storage Temperature Range

Operating Temperature Range
LMS67H
LM567CH, LM567CM, LM567CN

Sales

av
1100 mW

15V

—1ov

Vs + 0.5V
—65°Cto +150°C

—55°Cto +125°C
0°Cto +70°C

Soldering Information
Dual-In-Line Package

Soldering (10 sec.) 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Electrical CharacteristiCs AC Test Circuit, Ty = 25°C, v+ = 5V

Parameters Conditions LM567 LM567C/LM567CM Units
Min Typ Max| Min Typ Max
Power Supply Voltage Range 4.75 50 90| 4.75 5.0 9.0 v
Pm_uer Supply Current Rp = 20k 6 8 7 10 mA
Quiescent
Power Supply Current RL = 20k
Activated 11 13 12 15 mA
Input Resistance 18 20 15 20 kQ
Smallest Detectable input Voltage IL=100mA, f; = f, 20 25 20 25 mvrms
Largest No Qutput Input Voltage Ic = 100 mA, f; = f, 10 15 10 15 mVrms
Largest Simultaneous Outband Signal to 6 6 d8
Inband Signal Ratio
Minimum Input Signal to Wideband Bn = 140 kHz 6 6 48
Noise Ratio
Largest Detection Bandwidth 12 14 16 10 14 18 | % off,
Largest Detection Bandwidth Skew 1 2 2 3 % of f,
Largest Detection Bandwidth Variation with +01 +0.1 %/°C
Temperature
Largest Detection Bandwidth Variation with | 4.75 — 6.75V +1 +2 +1 +5 %V
Supply Voltage
Highest Center Frequency 100| 500 100 500 kHz
Center Frequency Stability (4.75-5.75V) 0 < Tpevry 35 + 60 35 +60 ppm/°C
=55 <XEAK 4 126 35 + 140 35 + 140 ppm/°C
Center Frequency Shift with Supply Voltage | 4.75V — 6.756V 05 1.0 0.4 20 %IV
475V — 9V 2.0 20 % /N
Fastest ON-OFF Cycling Rate fo/20 fo/20
Output Leakage Current Vg = 15V 0.01 25 0.01 25 pA
Output Saturation Voltage € =25mV,lg = 30 MA 02 0.4 0.2 0.4 ¥
e = 25mV, lg = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time 150 150 ns

Note 1: The maximum junclion temperature of the LM567 and LM567C is 150°C. For operating at elevated lemperalures, devices in the TO-5 package mus! be
derated based on a thermal resistance of 150°C/W, junction o ambient or 45°C/W, junction to case. For the DIP the device mus! be derated based on a thermal
resisiance of 110°C/W, junction to ambient. For the Small Outline package, the device must be derated based on a thermal resistance of 160°C/W, junction to

ambient.

Note 2: Refer to RETS567X drawing for specifications of military LMS67H version.
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Typical Performance Characteristics
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Typical Applications

Touch-Tone Decoder
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Component values (typ)
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R1
R2
A3
C1
c2
c3
Cc4

6.8 to 15k
4.7k

20k

0.10 mfd
1.0 mid 6V
2.2 mid 6V
250 mid 6V
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Typical Applications (continued)

Oscillator with Quadrature Output
+

Re
3 LMS6? 2] U_L
il ==
b
Ri < R >10000

T

TL/H/6975-6
Connect Pin 3 to 2.8V to Invert Output

Oscillator with Double Frequency Output

+
} RL

|
T

ifrtl

TL/H/6975-7

Precision Oscillator Drive 100 mA Loads

+

Lmse?
2 6 5
vco
TERMINAL
(+6%)
L
y A
AC Test Circuit
5v

1 2 3 4

0 I .msi a l
=T SiGNAL v
G © Teeur

TL/H/6975-9

f; = 100 kHz + 5V
*Note: Adjust for t, = 100 kHz.

TL/H/6975-8

Applications Information
The center frequency of the tone decoder is equal to the
free running frequency of the VCO. This is given by

1

= ar—3
e ARG
The bandwidth of the filter may be found from the approxi-
mation
[ Vi
BW = 1070 y/—— in % of f,
A s,
Where:

- Vj = Input voltage (volts rms), V; < 200 mV

Co = Capacitance at Pin 2 (uF)




Physical Dimensions inches (milimeters)
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A {8.001 —8.509)
MAX
~~°—':% UNCONTROLLED
(0.635)  eap pia

SEATING PLANE

A
D.165-0.185 | l
(4.191-4.699) i
sesenence puave— Y S L)
A i
ot 22 [T 4 F onssae
y {0.381—1.016)

(1z70)  MAX u l]

MiN
o 0.016 -0.019
ol T "7
0.185-0.205 DIA

{4.953—5.207) PL.

0.029-0.045
(0.737-1.143)
0.028 —0.034 0115 a
{0.711-0.854) S M3
7 (2.921-3.683)
/< DIA
45° EQUALLY
SPACED HOBC (REV €)
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LM567/LM567C Tone Decoder

Physical Dimensions inches (millimeters) (Continued)

0373-0.400
[~ lera—te.16) |

0.032+0.005
{0.81320.127)

Ny 0.230+0.005 RAD
kel @~__,' (6.35+0.127) PINHO. 1 mecr——\N
ormiont 1° ‘m)
bl 2] [3] Jal
D260 0.040
.12} M [<— 0.030 —m—»’ OPTION 2
8830 . (1015 038
0.380-0.320 (0.762) 2038 0.145-0.200
oz—sa2m) |~ G .89 .63 -5.080)
L § J’ ) 1 4 0.130+0.005 [
; 2 111 y  R3teaz) ‘
2 P 1. smae  f
Ao 0.065 (3.175 -3.556) 0.020
0.009-0.015 - (1.851) 900440 =]
(3.175) .508)
{0.220-0.381) DA we MIN
0.040 NOM 0.01840.003
0.325 T e (0.457£.0.075)
+1.01 0.100+0.010
(3'255 —0.381  (Z5400.254)
0.04510.015
1183 %0.381
( ) ol [l 080
. (1.524)
(1.2m) ; NOBE (REV F)
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Order Number LM567CN
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japen Ltd.
1111 West Bardin Road Fax: (+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Adington, TX 76017 Email: cnjwge @ levm2.nsc.com Ocean Centre, 5 Ganton Rd. Fax: 1-043-299-2408
Tel: 1(800) 272-9958 Deutsch Tel: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(800) 737-7018 Engish Tel: (+49) 0-180-532 78 32 Hong Kong
Frangais Tel: (+49) 0-180-532 93 58 Tel: (852) 2737-1600
Htaliano  Tel: {+49) 0-180-534 16 80 Fax (852) 2736-9960

National docs not assume any respoasibiliy ‘or use of any circufty descrit ed, no circut patont licensas are implied and National resorvas tha right at any tima without notica to changa said circuitry and spocifications.
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National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with severa! fixed output voltages meaking them useful in a
wide range cf applications. One of these is local on card
regulation, eliminating the distributicn prablems associated
with single peint regulation. The voltages available allow
these regulators 1o be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily es fixed voltage regulators these
devices can be used wilh external components to obiain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A lead current i adequate neat
sinking is provided. Current limiting is included 1o limit the
peak oulput current to a safe value. Safe ares prolection for
{he output tran is provided to limit internal power dissi-
pation. Hinternal power dissipalions becomes teo high for the
heat sinking provided, the thermal shutdown circuit takes
aver preventing the {C from overhealing.

Considerable effort was expandad to make the LIM78XX se-
ries of regulalors easy to use and minimize the number of
externa!l compenents. It is not necessary to bypass the out-

put. aithcugh this does improve transient response. input by-
nassing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For outpul vollage other than 5V, 12V and 15V the LM117
series provices an oulput voltage range fram 1.2V to 57V.

Features

Cutput current in excess of 1A

internal thermal overioad protection

No external compenents required
OCutput transistor safe area protection
Internal short circuil current limit
Available in the aluminum TO-3 package

Voltage Range

LM7805C 5
LM7e12c 12V
LM7815C 15V

Connection Diagrams

ietal Can Package
TO-3 (K}
Aluminum

OUTPUT — . ~~, —GND

A\ ¢»

INPUT — S

DS007746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

[ = ibuteur

Eas——1"

| =D neyr

1 e)

DS007746-3
Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation DS007746
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LM78XX

Schematic

INPUT

R16
03

R1
30k

QUTRUT

R17

® Vaer

R18
2.6k

DS007746-1
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Absolute Maximum Ratings (Note 3)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

input Voltage

Maximum Junction Temperature

{K Package)
{T Package)

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

180°C
150°C
-65°C to +150°C

(Vo = 5V, 12V and 15V) 35V TO-3 Package K 300°C
internal Power Dissipation (Note 1) Internally Limited TO-220 Package T 230°C
Operating Temperature Rangs (T,) 0'C o +70°C
Electrical Characteristics LM78XXC (note 2)

0°C < T, £ 125°C unless otherwise noted.
Qutput Voltage 5v 12v 15v
Input Voltage (uniess otherwise noted) 10V 18V 23V Units
Symbol Parameter Conditions Min I Typ {Max Min i Typ ]Max Min ] Typ ‘Max
Vo Output Voltage Tj=25C, 5mA<ls <1A ABmembument.2 1115 12 125(144 15 1586 v
Pp < 18W. 5 mA < ln < 1A 475 525 {114 12.6 14.25 15.75 Vv
Vi <V < Vi (T5<Vi<20) | (145< Vs (175<Vy < Y
27) 30)
AVg Line Regulation lo = 500 Ti=25C 3 50 4 120 4 1807 mv
mA
AV (7 SV $25) | 1453V, <30) {175 <V < V
30)
0°C< Tj<+125°C 50 120 150 mV
AViy (8 < V,y < 20) §lal < \GA<S27) {18.5 <V, < V
30)
AN Tj = 25C 50 120 150 | mv
AViy (75 <V < 20) (146 £V & A7 TSV g v
27) 3Q)
T r<s+125°C 25 €0 75 mV
AV {8 <V £12) {16 €V, £22) | (2D <V, £ 26) v
AV, Load Regulation Tj=25C | 5mA <y =15A 0 50 21 120 92 § #50 mv
250 mA <5< 25 60 75 mV
730 mA
EmA<Ig 1A 0CSTj< 5¢ 120 150 mV
+125°C
lo Quiescent Current | 1, < 1A Ty = 25°C 8 8 8 mA
0" @V < +126 C 8.5 €D 8.5 mA .
Alg Quiescent Current | 5§ mA <l £ 1A 0.5 0.5 0.5 mA
Change Tj=25C o £ 1A 1.0 1.0 1.0 mA
, Ve € Vi € Vicax @5 € Vim £20) /| (14.8.8V,y$27) {179 <V, < v
30)
[l 2500 mA, 0°C<Tj< +125°C 1.0 1.0 1.0 mA
Ve e g 7SV S25) | (148 <Vs30) | (1755 Vyy Y
| 34
Vi Oulpul Noise T4 225°C £ 100 kHz 40 75 4] uV
Voitege :
Ripple Rejection lo<1A, Tj=25C 62 80 5572 54 70 dB
AVour | =120 Hz | 1o <500 mA 62 55 54 dB
0°C < Tj< +125°C
Vi <Vii<Viax (B<Vin<18) | (15 <V <25) (185 < Vi < Y%
28.5)
Ro Dropout Voltage ; Tj = 25C, lour = 1A 2.0 2.0 2.0 \Y
Output Resistance | f = 1 kHz 8 18 19 mQ

www.national.com
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LM7BXX

Electrical Characteristics LM78XXC (note 2) (Continued)

0'C < T, < 125°C unless otherwise noted.

Qutput Voltage 5V 12V 15V
Input Voltage (uniess otherwise noted) 10V 19V 23V Units
Symbol Parameter Conditions Min [ Typ {Max Iin [ Typ [Max Min { Typ [Max
Short-Circuit Tj=25C 21 1.5 1.2 A
Current
Peak Oulput Tj=25C 2.4 2.4 24 A
Current
Average TC of 0CsTj<+125C, Ig =5 mA .6 1.5 1.8 mv/s'C
VCUT
Ving Input Voltage
Required to Tj=25C, o< 1A 7.5 14.6 177 \%
Maintain
Line Regulation

Nate 1: Thermal resistance o the TO-3 package (1<, KC) is ypically 4 C/W junction w0 case and 35 C/W case 1o ambient. Thermal resistance o7 the T0-220 package
(T} is typically 4'C/W junction o case and 0°'C/YW case 1o ambient.

Note 2: Al characieristics are measured with capacior across the input of (.22 pF. and a capacitor across the aulput of 0. 1pF. All characteristics excepl noise volage
and ripple rejection ralic are measured using pulse techniquas {1, < 10 ms, duty cycle < 8Y%). Cutput valtage changes due to changes in internal temperature must
Le teken into account separately.

Note 3: Absolut

waw national com 4




Typical Performance Characteristics

Maximum Average Power Dissipation
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Output Voltage (Normalized to 1V at T, = 25°C)
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LM78XX

Qutput Impedance
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Dropout Characteristics
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Typical Performance Characteristics (continved)

Dropout Voltage
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PhYSiCBI Dimensions inches {millimeters) unless otherwise noted

0.940 —0.980
—»(23.88 —24.89) |<«—
DIA
0.800—0.815 I 0.250—0.350
(20. 32 20 10)—H-= >||  (6.350—8.890)
0.107-0.123 t
(2.718—3.124)
( ) % f i)
~
e ‘ T T * 0.445—0.522
0.635) i SEATING PLANE (11.30-13.26)
UNCONTROLLED LEAD DlA —(3'429) L—om 0,043 f
P —>! (0.965—1.092)
DIA TYP
0.420 —0.440
(10.67—11.18)
0.151-0.161
(3.835-4.089)

DIA TYP EQ =
0.165-0.178 l (©) (21'49;2-;50:?
(4.191—4.547) BO® 2 o

RTYP  0.210-0.220 | t i
(5.334—5.589) ]
| | 0.655-0.675
(16.64—17.15)
1.177-1.197
(29.80-30.40)

KCO2A (REV C)

Aluminum Metal Can Package (KC)

Order Number LM7805CK, LM7812CK or LM7815CK

NS Package Number KC02A
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LM78XX Series Voltage Regulators

Physicai Dimensions inches (millimeters) unless otherwise noled {Conlinued)

0.240-0.260 0.330-0.350
|

o]
[6.10-6.60] (8.38-8.89]
0.100-0.120
0.149-0.153
[2.54-3.05) s % [5.73-3.89)
TEe—————">" %"
e 0.090-0.110
0.400 “g'g0s S e [2.2922.79] 0.190-0.210
[10.16 15%) I | I [4.83-5.33]
=

£ 0.048-0.055 _1
/ 0.150-0.160 1yp [\.2_2-1.40]
PIN #1 1D [3.30-4.06] VY

1.005-1.035 0.027-0.037
Gt el e
[25.53-26.29) [0.69-0.94])
e

70 L -~
/ 70/'\ (0:525-0.555 0.015 23007 [0.38 1512
‘ [13.34-14.10] —'{
| \ [
0.175-0.185 l I I 11}
[4.45-4.70) Y _ ] A 1
otgo
1 i ”\/L/ L 0,105 70919 [2.67 *925)
0.048-0.052 ° -0.015 14-%/ .38
12251321 SEATING PLANE

TAPERED
SIDES 1@ TOZR (REV L)
TO-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number T03B

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS N LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or syslems are devices or 2. A critical component is any component of a life
systems which. (8} are intenced for surgical implant support device or system whose failure to perfory
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling. can be reasonably expected fo result in a
significant injury to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asla Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 180-530 85 86 Response Group Tel: 81-3-6639-7560
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5638-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
Email: support@nsc.com English  Tel: +44 (0) 870 24 0 2171 Email: ap.support@nsc.com

www.national.com Francgais Tel: +33 (0) 1 41 91 8790

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.





