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Orptical Vibrator Detection System

Mr.Prachya Mruetusatorn
Mr.Chonlatis Saksinlapa-udom
Asst.Prof.Suripon Somkhuanpanit (advisor)

Second semester , Educational Year 2000

Abstract

This report presents the design of Optical Vibrator Detection System and its
concerned theory. This project apply laser to detect voice.

We have designed the circuit which can respond to the frequency in range 160
Hz to 3 kHz. Photodiode has been selected as optical detecter. The sysyem has
implemented by current to voltage converter, non-inverting amplifier, bandpass filter and

audio amplifier. The result is shown in chapter 4.
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E‘lh'l 2.8 'N‘ﬂﬁﬁlll!uﬁUﬂlﬂﬁﬂ?iﬂﬂﬂTUﬂTUﬂUTﬂ5']‘14%@1]1/1“@14“15

(e
4

Tagh 1, AONTZUANINAIIATIIY

[~} 1 AW Ao 1 Ao Ao
QZLWu’]’]“ﬂﬂym&'lﬂu')\iﬂiﬂﬁﬂ\jﬂ’n“ﬂﬁqw’lu (lowpass filter) NUANUD Vlﬂaﬂ
z 1) 13

(cutoff frequency) E)Ejﬁ 1uAD
R,C,
G
B s —— (2.13)
27R ,C;
< 91 vy 1 q’; EY 9 A { P
%zmu"lmmammwatmuqaﬂ’nmﬁmuuummummummﬂm G ‘VI’L:‘N iag

”tgiywmiumu%zaﬂaammﬁaamnmiﬂaunﬁmmnau (negative feedback)
&1 R, fawnnwziiidyanasunivaans  uadannnu lleniinaderaiosniw
(stability) ¥D93999
a by o q ¥ Y ' v Y A Y o
msua R, i ldnnwnhaevasawsaunsoud lv1d Taodenldeasvesii

A19AIINTVLY G G4

2.3 299505839 NND (Filter)

'
= ' e 4

a o v & A a o
W5 eesAMilshinanosasnIosANuDAeaulseansnIsuaun (damping
coefficient) O/ WANDUTUBINNANINDVDINIINTOIANUDAWIUOUAVADI {second order
A A1 o a o o ~
lowpass filter) 1935 HaNMANLsEANTNIUANAAINL 9 fu waaslugln 2.9
[~ VA s 9 A e ' dg‘ a 9 A o
WIMUNY OL Umddoy  328uNAEaA Iav (overshoo) 1NNAUVTIUING 9 ANNDFN

ooyl uazazduraldni o0 Wiy 1414  aswlianyazuyuswnniigqe (maximally



« = 0.766

= 1.000
~a = 1414

» log f

v W

31]*?; 2.9 Hoveadulsz AN msuauidaoiesnsvsanid SR des
fla) Tua UMY (passband)  2995ATOIANWANUA OL 191U 1.414 Hi58AN 9INTON
ABUAADSII055 (Butterworth filter)

2.3.1 Niﬁnsmmmééﬁhu (Lowpass Filter)
Tufifivznanfaosnsosnwddrenad uoudse( Sallen and Key lowpass
filter) uamﬁagﬂﬁ 2.10

Y
o 1 o [
HanduTouns H(s) ¥932995 T uAIanms

o k/RR,C,C, —

Viv E 2 1 1 1-k ) 1
stHsl o T :
Ry ke S RG RRCC,

Tagn k=1+ryr,

a o Jd o do 1 X £ dl
w133 Uuuuna llvedlandunudfiiiu (lowpass function) Guiluainauns



0

T

AN 'A% \

a Ao 1 9/ J o
31]1’1 2.10 NITNTSIANUDATINIUK DA ULBDUARNEY

H,,(s)= it

stA=" s¥a;
4
Taoh K AoA1nafons1n15v818( gain constant)

®, AvAwuAlna(pole frequency )
Q, Anlwa Q (pole Q)

WeanlSeuieudulseanssering 2.14)00 (2.15) 92 14N

Loanallline
PR RGC

1
Q a)l’ \[RIRZCIC—Z
» = = 7
(BIV.), 1 S 1 +1 k
RGOl R G

2

— k —
PREC

lagh (B.W.), AoANUANALOY TANINY Q,/®,

10 (2.16) g ldhanwdanesH £ Wuldmuaums

. : VWV
r, = r(k-1)
ry

= == — '

(2.15)

(2.16)

(2.17)

(2.18)
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£ =

274 R R.CC,
aa ! EL '
Tunsdifisudonmginssll® R, =R, =R oz C,=C,=C 918N

eyl
| " 27RC
A A 1 o 1 J ] 9

Weisudenawwdanoed £ awgdnsel R waz € Amwnsom l@nnaums

(2.19)

(2.20)

(2.20) Hutes  @IUAINOY 1, LAY r, AIWITANTIAVINANNIS
rr=T2=6H : (2.21)
23.2 Ni]iﬂ‘i@x‘lﬂ’ﬂﬂ?l@[ﬂfri]ﬂ (Highpass Filter)
o Ao = a Ny Wy =4 °
Tagnisaautlasnasnsemnudmiriulugili 2.10 weadndes 5 RzmwIsoi
I~ a ' 2 o 4 o 1
nlduiuissasesmamdgunld  duhldlasaeunnudunmuduanuiulszg
= o o ) Y v 1y A v
sazilasuanunudszgdlunnumumy anduanumumu r, uas r, lidewilaaulding
a ' o ' 4 <
@uly wazmnisudenaiginsalld R, =R, =R uag C,=C,=C mginsal R, C,r,,r, N
a115on1189n (2.20) wag (2.21) WUy
2.3.3 2993503509 NNDUOVMIY (Bandpass Filter)
3 o o o
5’111’3{ f, uagf Wuanupanoewal (low cutoff frequency) LLazﬂ’J'liJﬂﬂVIE)’eW]q\i

] t4
(‘high cutoff frequency) YUDINITNTIDIANNDLUOUNIY AUAIAY 1319 HEIUAING 9 Al

mmﬁg/uffnmq (center frequency) f, = | f, fy (2.22)
AMNINUDY (bandwidth) B.W. = [, f, (2.23)
fo

1na O (pole 0) Q = (2.24)

BW.
299snsRIMNANAUMLTaRwile  nandedn Q > 1 sxSunhwieunuuay
(narrow band) 81 Q<1 SeANI¥UAUOUATN (wide band) lufitiznanauanizyia
Houna
lunsdifidesmseonuuieesnsesanuauauimusiamounis  adsvilacing
INTBIANUDRWIANALAINAA (cascade) FUINWINTOIAIAGIAIY iipannaves

dyanusuniy awaalugln 211

. o— LPF HPE" . [0
mnput output

f,

U

f

L

4 & o o \ QI
310 2.11 BPF @evirlaeti LPF w@emaiaaniu HPF
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msdu lnaiusieany1dlunats 9 iy wu msduaziouve LAY
o A 4 a A o v a =
Iy, msduasiiouvesnesa liledisa i3 wSemsdulmiduinannides
v S o Ed Vioag) = o o Il v a a
Wy dwsululassnuiliswggadulnmsasetumsdulnadunanndes

< o ;.:' ~
']Ja@ﬂ‘lﬂi’]$Llﬂ5'ULlﬁﬂ\iﬂ']TV]1\3114Iﬂfﬁ'JﬂJ‘UEN5$1JU'V]ls]a@ﬂll'l]ﬂllﬁﬂqclugﬂcﬂ 3.1

it LauarosannIENY
GEN wauare S aviten
@3 2vvsutag L 2993 | BPF | NIIU0W
DMITGE nszuendig s ATRLY G

a [ o o
5171 3.1 udenlaezunsuuaasnanmsiaulavs

¥ d 1 HodiAda 1 o &L o {
Henguaeannsenumatuladss (@ §11ne) FedumuauvouTee
o Y o P = a o o
waalalEes TR oussnazdumuaNYdveudss llannsznundans a9 uuay
(photodetector)  fansvuaazisunasnuuas (Iaow) degluglvesnszualv
[ 9 [ [ Y

18 nszualnignldiesinnuivihdunnudveados  nimiunszua T ldzgaualag
:{l v Y 1/ 25 f] o ' @ Ally
I UISIAUAYINDTHUANNTSUTIUUNTIAY (current to voltage converter) TALIIAUN IA
1 [ d' 9 v ‘3 3 ] 1 [ ax' [
aoldnnsvnaiel¥usesduiimgein  vimiudsae hildsarsnsemaubuauniy
@ 4 { [} 1 [
FuanaemyaenesnsemnuiuauRNIEd 1S s vded (audio  amplifier)
elasudyanaussiunduiiudyanoudounilonas

v
i'lEJE‘.%L%ﬂﬂﬁluuﬂﬁ%‘/ﬁ?uﬂlﬂﬁiz‘l]ﬁlf]uﬂﬂu

J

3.1 U
@ dy 1 o a s & P!
iaFia103 (laser pointer) (Huuvdsiwianauames Fus1ldldmeosuasd

v Y
a v.v 4
uas uazld ld@eatloulddmamwes +5v



3.2 uvaanuiaiEen
Q/ o o & o
Houdayaolml sine wave) vurlszainm 3-4 v Iddudiine gaeeila
o o A a o ol v A o a v %
S Inaduamunnuddos @oanalaindould) uazidilwezfanszenaziouuadly

4 P o
olduauameinannsgnud Ineainsaazioula

3.3 29995UUa4 (Optical Receiver)

[ @ o v g
'Nﬂi51]“?7\15]3‘1]5$ﬂﬂ‘U¢9{'3ﬂﬂ3@53%%Ultﬁﬂuﬁgqqﬁﬁllﬂaﬂuiﬂﬂutﬂuﬂigllﬁ N7

Mueaslugdnz.2

150k
pa NI =
i R2 !
R1 § 100k }
54 Q+5v
e L2
10))/ FRLER XE e P!
RO A ¢
- IS 2555
‘\Q‘)}'hoto -diode -5V
SLD05/09¢p

< 3
31U 3.2 29esiunas

TW1&a Tean 1aenninandaneu (silicon : Si) 1HBINNHMNITAVNITATI
@ = & g “ =]
IYLTITLUA (mgﬂuuawmummu)
[ pai R | I'd
navsutlaasesuiunsauan 19l u lassedrawutasduntims s uiuaud
L ay Yy (a ' ] Y] ] A0 ) v a A
FandelanSounnlassadvudaeduntiianuda  uazdareaiuminanudgane
3 (] c; 9 [ d' [
awnso ldninnunhanumuin s dyanusuniudoowion q du
1 a LY v o 1 ¥ =1
M R, nsanaenuduiul v, = LR, uasdendwin q el
[ 1< [l a o dqa o
wamsunutes q uan hisasudulmszesh ldeerueniloudq1d
v o 4 U - % 4 ]
c, wludndvilszyFousa( coupling capacitance ) win 111993000

1 & 1 1] o 1) 3 u'/
aunsanliasy g luldB3aemldes himunsansredumsdulevald



denauaweinnnsenulnidlalen  TW1dlaTeavzudamdinuuasldoglu

£ 4 [ Y
svesnszuaiih  vimiunsauaiildfssgnuiadldiduussdudaoisesnlasnszus
Wuusedu ussduldtoziinnudmmuanudvesdyanallminterldiudlng

(AN UIBY)

3.4 2923V IAN (Voltage Amplifier)
Wu2995vondund (inverting amplifier) dauaaslugin 3.3

VR1
/\v/' S LA

{ = 50k
‘ O

Vout

311 3.3 29esvnendula

Y 1Y ' <]
A1BAIIVEBLITIRY (voltage gain) A, (DU lawauns

b Sl K -
I/in R3

anudumudiuatld 5o kQ wildauisadiusasvesusdueannsla

3.5 2993N399ANNOUIUHIY

v [ S v
TulassnuiisididengrennuanlFaudd 160 Hz 69 3 kHz 39409000

HU1995N5BIATN LD UHIUNAO U ALDIAND 1A Jug3sanan JUABNANUATN

=

poWA £, 1 160 Hz uazAdmdameonqs £, 13 kHz 910 (2.24) 191010150/
1 3 & 1 1 a > :’J
Q 18wty 024 Fazwiun Q<1 uaaaduilu BPF wilauounie deiulumsenn
A o Aa 1 o 1 [ aa '
wuU BPF 3 393laesh LPF @ifl f, (Miy 3 kHz n@emainaiy HPF 9 f, 1M
N1 160 Hz

LPF fioenuuuuaatasgii 3.4
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C3
T — ] W
‘1 0.01u
R4 | R5 4 n OOV
Vin © AYAY i+ :
5k- 5k oy e U
! E Pl g
G2 il O_sv
R7
0.01u AAA,
a 1.2k
~ R6
< 2k

51 3.4 29950509 MDAILN TS

E4
= [

A1SPONUULMIAIHE  Anua

i o '3 I3 o [ —— I'd (Y]
1) 119950509000 0MBs00TE HuAeduYsEENTMSUANN OL  tMAY

1.414

(2) f,=3kHz

GAL, =€, = URYY, - R

@en C=1F laodszgnaldauns (2.20) azldn

1
e e A

Mmsanadufiuaud (impedance scaling) @20 10° az'ld1 C =0.01 UF oz

R=53k()

@en R, =10 Tadszgndld 2.21) aldn

R,=1X (2-1414)=0.586 {2
mnmsanasufiuaudaan 2000 9¢1d R, =2kQ uag R,=1.17kQ2
@ 3 2 A Y o dy
aafusufenlyaglnsaineil
C,=C,=0.01 iF,R,=R,=5k(2, R, =2k} R, =12k(D

2993 HPF fioonauuuiludagiii 3.5

462495
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511 3.5 2995ns0IANUATIIURTY

t4
o

A13PDNUUUMIAYN  AIrua
Y a o 4 I'4 g, Bl o 2098 ' " @
(1) 1924950509720 UALADILIDI B TufoFUUsEANTMISUALN O IMNY
1.414
(2) f, =160 Hz
(3) C,=C,=C’uaz R;=R;=R
@den c=1F lavilseyndldaunis 2.20) azlan

R=——l—=9.9x10’4Q
27 x160x1

FmsanasuNLAL (impedance scaling) @20 10° 921831 C=0.1 UF waz R

=9.95 k()

[ 1

o b4 0 [ '
dwmsua1 R, uaz R, daunsamlaluvesfeiiumsma R uaz R,

“ﬂigu%'atﬁaﬂi%’thﬂﬂsnfﬁaf:
C,=C,=0.1 UF,R,=R,=10kQ) R, =2k{) R, =12k D

vy BPE fildRuiudgiise

29130309 TANOUALTEIT AN TUNILURS Yoy 50 Hz 910 Tdin

2K} Y o ~ ya
wazdah I duanai latanuasnunniu
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O +5V
Ving
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VRoS B / Fg
2 | GL3g e !
+ "4 220u [
C77 0.05u|
‘ i C6 ==2.2u
R12§10 ‘
ol TR~ &

51 3.7 29vsunoidesily

GL386 t'ﬂuaaﬂsmuﬂmmmﬁmusaﬁuﬁ (low voltage audio power amplifier)
s wazidun 14 lumAnLINUeY LM386

v o 4 ' ) o ' R 1
c, iWufufuseyieouse (coupling capacitance) e 1ierfiidalvase dw c,
] ° Y o T a a dy % , A5 o
mwﬂwﬁfgﬂpmhlmﬂﬂmswmwau (distortion) 1181 TN
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4.1 mwamauaummammﬁ

4.1.1 29950509 NNIRHIH

= [ d @ a
nineesgili 34 fleu v, iWludyapagdlsivne 1v,, Javnaves v, 0
a

ANaae 9 Tuinnaladea1sei 4.1 nazanIHmanoUdHeINIIAND 1AAeg 1N 4.1

QU

M519R 4.1 LAAIAT V. LIAZTATINTYOIT U A, VB9 LPF FAudA1e 9

ﬂ’J]ﬂJa(Hz) 20 | 50 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1500

VoY) 1.58|1.58|1.58]1.58]1.58|1.58|1.58|1.58|1.58|1.58 | 1.58 | 1.58 | 1.54

A/(dB) |3.97(3.97|3.97|3973.97 33000 IOTPION VZ97) 39| 3P N R97 | 3.75

ﬂ‘J‘ma(Hz) 2000 | 2500 | 2600 | 2700 | 2800 | 2900 | 3000 | 3100 | 3200 { 3300 | 3400 | 3500

VL) 148 M3 N3N NHLID6 | 12400 & L] US| Ick2 Jf 108 | 1.04

A (dB) 8.47792.67 12948 | 2282 Qlutesl 8741581 1 2 1.06 [10.98 #0.67 | 0.34

AND(HZ) | 4000 | 5000

VouV,) | 0.9 |0632

A(dB) |-0.92]-3.99

] 1 o s
wwwiunanudanoed f IA1szans 3.3 kHz

4.1.2 2903030 NNUDGIHY
= o J @ =
pimaesgii 3.5 fheu v, Wudyapagdleivne 1v,, Javwnaves v, 7

d' 1 v K 9 o d' d' Y o ‘='
ANUDANN 9 Uu‘/lﬂﬂﬁvlﬂﬂx‘lﬁﬂi'lﬂﬂ 42 LLﬁZ'ﬂﬂﬂﬁ‘NNaﬁﬂvﬁuﬂdﬂ'lﬂﬂ’ﬂﬂﬂulﬂﬂﬂzﬂ‘ﬂ 4.2

< o oGl
smmuanudanoe f U5z 160 Hz
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M15197 4.2 (AR V, 1AzEAIINTVOIBUIIEN A, YB3 HPF ANNLDA1E 9

ﬂ’nua(Hz) 100 | 110 | 120 | 130 | 140 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500

V..V 0.64 | 0.76 | 0.85 [ 0.97 | 1.04|1.08|1.28| 1.4 | 1.46|1.48| 1.5 | 1.54|1.54

A/(dB) |[-3.88|-2.38(-141|-0.26|0.34|0.67 |2.14]2.923.29 | 3.41 3.52:| 31751 3.75

ﬂ’nua(Hz) 550 | 600 | 650 [ 700 | 800 | 900 | 1000

VoV ) 1.54|1.54|1.54| 154 | 1.54 | 1.54 | 1.54

"A(dB) | 3.753.75 | 3.75) 375 3.75°4 3.75 + 3.75

o 4 ¢
4.1.3 ﬂ]IWQﬁ“ﬁQ!mclfﬂiﬂﬂﬂixﬂU

Sh.

@ L3 Yo o o @ ' °
floudygagdlaniaung 3.64 v TWdudlne Jaussduanaseudlne v,

[
=)

o v K Yo a A9 Yo
ANUNAN G UUWﬂNaL’lﬂﬂQWﬁN‘V] 4.3 Ha:’:')’]ﬂﬂi'WJNaﬁ@uau@qw1ﬂﬂ'ﬂuﬂ‘lﬂﬂﬂiﬂﬂ 4.3

U

M15190 4.3 LEAAIAT V. (18Z8RTINSUEI0UTIAY A, YBIA1 IWINAIINDAE 9

aNua(HzZ)| 20 s0 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 470

V., (mV) | 448 472 472 472 480 490 500 515 528 760

AdB) | -1829 | .14, | T RSV pA T OON=1TA 2 -17.208>-16°30 | -16.77 | -13.61

fUBHz) | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300 | 1400

vV, (mV) | 686 520 500 496 496 496 504 504 504 512

Ay(@B): | -14.50 | -16.90 | -17.24 | -17.31 | -17.31 | -17.31 | -17.17 | -17.17 | -17.17 | -17.04

mmﬁ(Hz) 1500 | 1600 | 1700 | 1800 | 1900 | 2000

U msD.| 512 | 520 | 520 | 536 | 536 | 530

~ A(dB) |-17.04|-16.90 |-16.90 | -16.64 | -16.64 | -16.74

< ' = A c:i
WIHUN V,, UMEITANA1IUD 470 Hz
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AN (Hz)
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=1.7:5
-18
- 845
F19

|
150
300
470

|

|
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1600
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Tek HTH 50kS/s 56 Acqs
; . T

=

Ch1 Freq
469.3 Hz

13 Mar 2001
02:25:14

Y @ d [~ o A
51 4.5 usedudmynanesulasnszuaiuysauil L=17 cm, =470 Hz

Tek HTaH S0kS/s 69 Acgs
; r T

TTTTRTE T T T T e L T

Ch1 Pk-Pk
1.38V

Ch1 Freq
470.6 Hz

ICh 1 LI M Tms CR1 7 20mV

13 Mar 2001
02:26:26

! o ¢ o
517 4.6 1599 MYNININWIVOITN L =17 cm , =470 Hz
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Tek EITXH 50kS/s 76 Acqgs
i T

Bl e e
L . B

Ch1 Freq
466.2 Hz

Chil ff BT Zd i AY S VA BV WL

13 Mar 2001
02:23:02

510 4.7 ussd1iNIN1INTBINNUAAWIUN L =17 cm, f=470 Hz

Tek EGIR 50kS/s 745 Acqs
........... s.{:.T..144
.............................. o Aok
6.48 V
Ch1 Freq
470.6 Hz
‘...i...z.Ev...AfA..4Z.... .M..1'msch]‘f..'40mv
13 Mar 2001

02:21:56 -

]
L 1l

5171 4.8 u5siud1TYNIINNIINTOIANUAGINIUN L =17 em , =470 iz



26

Tek HTJH 50kS/s 286 Acqs
3

I
L5

Ch1 Pk—-Pk
88omyv

Ch1 Freq
469.5 Hz

Ch2 Pk—-Pk
1.66 V

Ch2 Freq
470.2 H2

R 200my—WEH—S00mvy W T RIS ) 2am
13 Mar 2001
02:44:53

suit 4.9 usedudninndi L=17 cm , £= 470 Hz Yav chl ihuidrviymann HPF, ch2 il

1M ININTVENLEL

Tek ST S0kS/s 109 Acgs
[ ik 1

o ). S (AR A Y1 PP

g : : : : i 212mv

Ch1 Freq

1kHz
:ZZIZ%I:Tt%iZZZ?:;:I%I?f‘.:ti:Ciélii:;fiii?jiiiéiiii: Cthk_pk

: : i 2 ik i s . : 408mv

Ch2 Freq

1.007kHz

hi| SN ey y T T\VAV T R TS CRT 2wy
13 Mar 2001

02:46:43

51/ 4.10 usaﬂummww L =17 cm f= 1 kHz 1ao Ch1 1819 wmnain HPF ,Ch2 T

V!Vl%Wﬂ'N%S“UEJ’]EJLﬁ'EN
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Tek HTTeH 200kS/s 143 Acqgs
H I T 1
i L L x
e Lo lceilee e G bl—pk
p ; i ; g i 108mvV
Ch1 Freq
2.062KHz
-,, Cthk_Pk
g : i : : : : 200mv
Ch2 Freq
2.034kHz

Chi— 50mv QW 100mvv M250)s CRT 7 22mV

13 Mar 2001
02:48:58

sU 411 usefudinnil =17 om £= 2 kiz Tag chl ifhudiwiynan HPF Ch2

y o
Lﬂ']ﬂ?!‘l’l%’]ﬂ')ﬂil'iﬂlmﬂlﬁﬂﬂ

Tek BXTH 50kS/s 711 Acgs
% T

Jr-

N YR G | iy, (ES (AN W T CHINPKEPK
g 3 h . . : 6.%V

Ch1 Freq
468.4 Hz
Low signal
amplitude

:x; Ch2 Pk-Pk

3.36V

Ch2 Freq
467.3 Hz
Low signal
amplitude

PO SN PO (VVIINNE | L YR TiTR | L T e

Chi 5V IVATM Tms CRT 70V

13 Mai 2001
03:52:37

sUf 412 useduBinnA L =40 cm £ = 470 Hz Taw Chl ihudwivnoin HPF Ch2 (u

y s
L’E)Wl"v‘ﬂl"\ﬂﬂ’Ni]i"UU'lEJLfTEN



28

Tek EITeYeH 100kS/s 77 Acqs
i T

Jr=

iR e e g R e bl D
il . . : : : 1.52V

Ch1 Freq
1.007kHz2
Low signal
amplitude

cthk_pk

Ch2 Freq
995 Hz
Low signal
amplitude

W1V T Ch? S00mvhy M S00ps ChR1 7 20mV

13 Mar 2001
03:54:32

31 4.13 useduvignit L =40 cm £= 1 kilz Tav Ch1 huwiynen HPF Ch2 Hudm

T!Vl%']ﬂ’)\ﬂi“llﬂ'lmﬁﬂﬂ

Tek ETTH 200ks/s

—r T TR T Tl Sl Y

373 Acgs
¥

YR 2\ @ /B € ch1 kPR
T J ) : g i 680myv

Ch1 Freq
1.98kHz
Low signal
amplitude

:IiiiifliiifliiéflZZ%lZiZ::ffZi;ﬁlll%fll.%:ll:‘;il::: Cthk_pk
: : - i ; : : = . 336mv

Ch2 Freq
2kHz
Low signal
amplitude

CHiStomv QB 200mVh M 2500s CRT 7 20mV

13 Mar 2001
03:56:43

31 414 usedud iyl L =40 cm £ = 2 kiiz Tau Chl ihudniynain HPF Ch2 dhudn

vgwmmwsmmm?rm
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General Description

The LM386 is a power amplifier designed for use in low
voltage consumer applications. The gain is internally set to
20 to keep external part count low, but the addition of an
external resistor and capacitor between pins 1 and 8 will
increase the gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one half the supply voltage. The quies-
cent power drain is only 24 milliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features

w Battery operation

m Minimum external parts

& Wide supply voltage range
m Low quiescent current drain

4V-12V or 5V-18V
4 mA

32

National Semi c@nd’u”“)f

LM386 Low Voltage Audio Power Amplifier

® Voltage gains from 20 to 200

® Ground referenced input

m Self-centering output quiescent voltage
®m Low distortion

® Eight pin dual-in-line package

Applications

® AM-FM radio amplifiers

®m Portable tape player amplifiers
H [ntercoms

® TV sound systems

®m Line drivers

® Ultrasonic drivers

® Small servo drivers

Power converters

Equivalent Schematic and Connection Diagrams

Dual-In-Line and Small Outline

Typical Applications

Amplifier with Gain = 20
Minimum Parts

TL/H/6976-3

.6
$—O Vs Packages
] N ;
GAIN = poee GAIN
—INPUT -—zl ,—- BYPASS
2; Voor HNPUT — [z :
b GNO —— B2 Vour
TL/H/6976-2
Top View
Order Number LM386M-1, 5
LM386N-1, LM386N-3 or LM386N-4
& See NS Package Number
LS S MO8A or NOSE

Amplifier with Gain = 200
v 104F

TUH/EI7E-4

98EN
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

please contact the National Semiconductor -Sales’

v .'_S,oldering Information
" . 7 Dual-In-Line Package

+260°C;

Office/Distributors for availability and specificatiofis. 4 ~+" Soldering (10 sec)
Supply Voltage (LM386N-1, -3, LM386M-1) 15V Sn\}a" Qu;lr!‘ne P?ggage) o
i apor Phase sec, G
Supply Voltage (LM386N-4) G 2252\/\\// Infrared (15 sec) +220°0
Package Dissipation (Note 1) gtMSBGM)) (1).73W See AN-450 “Surface Mounting Methods and Their Effect;
§ on Product Reliability” for other methods of soldering sur-.
Input Voltage _ $0.4v face mount devices. ’
Storage Temperature —65°Cto +150°C Thermal Resistance
Operating Temperature 0°Cto +70°C 6,4c (DIP) 37°C/W;
Junction Temperature +150°C 614 (DIP) 107°C/W
04c (SO Package) 35°C/wi
644 (SO Package) 172°CIw
Electrical Characteristics 71, = 25c '
Parameter Conditions Min Typ Max Units
Operating Supply \'oltage (V)
LM386N-1, -3, LM386M-1 4 12 \"
LM386N-4 5 18 \"
Quiescent Current (Iq) Vs =6V,Vy=0 4 8 mA
Output Power (Poyr)
LM386N-1, LM386M-1 Vs = 6V,R_ = 80, THD = 10% 250 325 mwW
LM386N-3 Vs =9V, R = 80, THD = 10% 500 - 700 mw
LM386N-4 Vs = 16V, R = 320, THD = 10% 700 1000 mW
Voltage Gain (Ay) Vs = 6V,f = 1kHz 26 dB
10 uF from Pin 1 to 8 46 ds
Bandwidth (BW) Vs = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vs = 6V, R = 89, Poyt = 125 mW 0.2 %
f = 1kHz, Pins 1 and 8 Open =
Power Supply Rejection Ratio (PSRR) Vs = 6V, f = 1kHz, Cgypass = 10 uF 50 dB '
Pins 1 and 8 Open, Referred to Output
Input Resistance (Ry) 50 kQ
Input Bias Current (Igjas) Vs = 6V, Pins 2 and 3 Open 250 nA

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and 1) a thermal
resistance of 80°C/W junction to ambier for the dual-inine package and 2) a thermal resistance of 170°C/W for the small outline package.

Application Hints

GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
ard 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
gain will 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 20
to 200. Gain.centrol can also be done by capacitively 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
frequency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
ries RC from pin 1 to 5 (paralleling the internal 15 kQ resis-

_tor). For 6 dB effective bass bocst: R = 15 kQ, the lowest

value for good stable operation is R = 10 kQ if pin 8 is
open. If pins 1 and 8 are bypassed then R as low as 2 kQ
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 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the
LM386 is higher than 250 kQ it will contribute very iittle
additional offset (about 2.5 mV at the input, 50 mV at the
output). If the dc source resistance is less than 40 kQ, 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 values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled.

When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to
bypass iiie unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 uF capaci-
tor or a short to ground depending on the dc sou-ce resist-.
ance on the driven input.
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Typical Performance Characteristics ] !
o |
'
Power Supply Rejection Ratio !
Quiescent Supply Current ‘ (Referred to the Output) Peak-to-Peak Output Vottage !
vs Supply Voltage ; vs Frequency ) Swing vs Supply Voltage i
T 60 - | ] T T $
s C, = S04F s ‘// 1 ;
g F = B g 2t »
£ /// g “ 1 Vs = v & / s
= — @ 1uF iy 22640 2 %
- - -
£ 1 £ 4 s 72
3 > 0.50F = / .
> 3 & = e « — T
L2 > = | et
§ < 'g‘ ]
G £ NO BYPASS CAPACITOR Tt
< 2
z
1 (] 3 ¢
il e ey e e e R () 10 100 & 10k 100k : N e e
SUPPLY VOLTAGE (VOLTS) FREQUENCY (Hz) SUPPLY VOLTAGE (VOLTS)
Voltage Gain vs Frequency Distortion vs Frequency Distortion vs Output Power
1l 20 T 10 T
r E o fYesv ! E-dedf Vet OV i Hi
$0 €y = 104F 1 H = Ro=82 | =z A =8 il
3, ] 2 W e et2smy 2 &=t T ;
S w M i i S W LAc2d8(C o= & st 2
= & 12 o l
< s ] a T |
(<]
w H Cig= 017 NT e u o s
= T g u g
S 20 M H Hi 008 I
> : =, 4 s . ;
T e it - . -
10 2 (- L7 = TN
ey o 1
J - - | ,
] S 0 e
160 1k 10k 100k ™ 20 50 100200 SO0 1k 2k Sk 10k 20k 0.001 0.01 [ R] | 18
FREQUENCY (Hz2) FREQUENCY (Hz) POWER OUT WMATTS)
Device Dissination vs Output Device Dissipation vs Output Device Dissipation vs Output
Power—4Q Load Power—8Q Load Power—16Q Load
20 20 1.0 : I ]
18 = 18 |
Vg = 16V
i g s g AL
z .. Ry Ve = 16V al = 7
e Vg=12v ong: L1 T =] /
- - = 4 4
< 12 - (=D, § < 05 — 7 &
8 s — T e g Ve=12v | 4 L7l qexTHo
& 0 Vel Lol £ o A Jvemuv . Z a (LT Level
g /1 A BT eved w n w & T
T = ’ S 6 Vestv zt - e
& [ A Vs-ov INC10% THD a 124 /14% THO & = :
LEVEL 04 B o LoL A | T LeveL $2 7o Ve VT T
2 ,4 ! 02 ot 2 X 3% THO I;I -GV‘ !
! | 5 | T Teeved [ 17 . Sy i
[] a1 02 [ 5] [ 2] 0.5 0 0102030405060.7080¢0910 » 0 02064050810121416 1828
OUTPUT POWER (W) OUTPUT POWER (W) OUTPUT POWER (W) -
TL/H/6872-5
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LIM386

Typical Applications (continued)

Amplifier with Gain = 50 Low Distortion Power Wienbridge Osciliator

390
Wy

ELDEMA
CF-S-2158

(@),

1l

IV-15mA

f=1kHz
TL/H/6976-6

TUH/6976-7

Amplifier with Bass Boost

Vo
0.1uF

TL/H/6976-8 f=1kHz

TL/H/6976-9

Frequency Response with Bass Boost

VOLTAGE GAIN (dB)
~N
N

20 \\

20 S0 100 200 500 1k 2k 5k 1G« 2uk

FREQUENCY (Hz)
TL/H/6976-10
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Typical Applications (Continued)

AM Radio Power Amplifier

FROM
DETECTOR

FERRITE
BEAD 2504F

Note 1: Twist supply lead and supply ground very tightly. Note 4: R1C1 band limits input signals.

Note 2: Twist speaker lead and ground very tightly.
Note 3: Ferrite bead is Ferroxcube K5-001-001/38B with 3 tums of wire.

8Q
SPEAKER

Note 5: All components must be spaced very close to IC.

TL/H/6976-11

98CI
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