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Optical Vibrator Detection System

Mr.Prut Chanyavanich 1D 45010515
Mr.Pichet Sompang ID 45010530
Assoc.Prof.Suripon Somkhuanpanit(advisor)

First semester,Education Year 2005

Abstract

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

We have designed the circuit which can respond bandwidth 10 kHZ and suppress the
frequency at 100 HZ which is a noise from fluorescent. The system has implemented by current
to voltage converter, non-inverting amplifier, band-rejection filter, low pass filter and audio

amplifier.
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MU R, i iarunhaouaassudannsoud 114 Tnadonldnesveeiisl

AMBATINIVINY G g3
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4
2.3 2993 AUBARYADT(AM Demodulator)
F é. 1 T w .gb
151192493 Envelope Detector a3 miluisesadadeuazlsenia &1

o

W - w o I3 A &
Uszaoudinlaloadetudidumunazdannulszgaegl 2.9 msiauvesesae 19esiioz
ar R 4 g ar o o L w
SNYMEYD49T Halfwave Rectifier iolinau AM Wundunudszgazgnansdsusium
Fnmdumngeae dlofnamanay Fufuilszyazimsmolszgeonmedadiunm il

Fd
fNAIABY AR TassususiRC las 7 =RC 1313975 MM UAAIA199 Aall

i>> T >>L (2.14)

m [
Tas £, Ao anudggaimininueagos

£ fim ANutueInIne ( carrier frequency )

i g l Oupur. #{1}
Y- o R
HHTSE T T
. ']

ﬂﬁ 2.9 73957 Envelope Detector

2.4 21999N50IANIUD
= & s & Ha ¥ d’d ar - & .
WITRDTAIM IR HAAD NINT DA NUDARFULSZENTNMSUAIN (Damping
coefficient) Ol WARBUAUBINTIANUDVYDIIINTDINTIUDAWIUSUAUT (Fourth order low
A oA w = o gt s -
pass filter) 2395 Wil RliAdulssanimsuaunaeiu ueaslugli 2.10
ot 1 F=31 1 s A:i Q. IR )
wiiudl o awenatsiuldewsliunyeaesnsesnnud  uazezdung 1dn
: o S o ar P
JUTNTBIMNUDLVTAPD313855  (Butterworth  filter)  nSIWazlAnyuzuus NG
(maximally flat) °lmmumu(pass band) Tamaesnssannueesilan o uandaiullmususu

(order} U831 NITNTOIA :mmuu



11

o NN

20 \\\\ Bessel
BN

Butterworth \

-40
Tschebyschef\ \ ‘\
=50 \ \
\

0.1 1 10
Frequency — {2

|A| — Gain — dB

s

o

3109 2.10 nsufS suifounanotaeNIaNURTNTOINNVATIALNL

2.4.11397NT9IA NUDA L (Lowpass Filter)
L o
Tufinernandessnssannuidrumaduueufd(Sallen and Key lowpass filter)

L] ¥
uaasdagl 2.11 Haddu Toudis Hes) vaarevsiidludamuns

R, R,
Vo ANN, BhA S

v

- Adg v ¥ o o
?_‘]J‘V] 2.11 NWIFNTNANUDN AU TR UL U AAY



A
R
Hy, = 20 (2.15)
2 1 1 1_ AU 1
57+ 5( + + )+
RC, RC, RC, RR,CC,
A, =1+ % (2.16)
R3
deRnsangtivuiahlvesflsiduanuid i (ow fmction)Fsfigimaumsie

K

Hy(s)=—— . 2.17)

sT RS H ]
P
Tauit K fes1nsfions1vuis(gain constant)

@, Aon11ud Tna (pole frequency)

Q, fialna

dlodmafouduilseBnSssvheannis (2.15) Mi2.17)92 1

1
T IN= &l e 218
P TVRR,CC, 18
) e
zUP‘ R1R2C1C2

= 2t 2.19
0, @y, 11 -4 2.19)

RC RC R,

K= — g (2.20)

VINTUMIA (2.18) (2.190%(2.20) 15:19¢ ldanuddmeed £, ilullmuaums

1

Jo=
27+ R\R,C\C,

(2.21)




13

diaswdenaId R =R, =R uaz C, =C, =C 32

1
27RC

/. (2.22)

] 1 o o 1 1
ISTE S OMNUART 1. "lﬁ'mnqﬂﬂifu Rune Casgunms aIunwel R, uaz R, 710

fvua ldnngums

a=2_24 (2.23)



unfi 3
miesnuuuinsIam
dy o GIJ dll =)

Taseatl Jumsesnuuuszuuasmiumsdulvaiiesnndes  Tesszuvey
U5enous 1o unaItimTes LaLamos 199595 IVTULAS 1395VENY FIITNTRIANUDATHIU
HAZ TV

ar ° P A o w I g = = = 9 ,3 =y =

WARNIMOIUAS IWaLAsarDsannsznUAUUaIS niladeanas 199y Taglimsan

= [ = ! 2 A o & 9/ ki @ 4 o=
AszennunasdwIaEsgRen Inana IHuasainsoazRoundunld  Tesuauawosy

b4 o = o
azousanuivzdu llmunnutvesding
ot R auINANNI s NUTAE 9 5299ULF(Photo Detector) AR U zAIGOU
Hd ' ]
wassuuaeldeglugdvoanszualn  ssua i latasiianudiforduanuivoudse
¥
nnfunszur T TRwzgautlaaiiunsedu Tae1993as393uLas (Current to Voltage Converter)

4 . i ¥ o o w
Faozdursesutanszuamdunsaan  PnduszmmsveisnsIaun 14 1auaas v s ey

]
=

sm:‘ﬁwmiﬁ'iﬁﬂmmaﬁphwa’hmwsmmm’mﬁsiwhm‘ﬁ'ﬂﬁﬂLﬁmmmﬁqaﬂﬂﬂ'lﬂmmfmz
dqlUfrnssvnudsuitonfoudgaranssiundududyaadoan i
3.1 nasaisos

Wamamos (Laser pointer) Huunasiuilanaaunme; suiluuasiuas Tasld
Tides +5v uaziinisueaaian Ar0aa1E 45 kiz eandayanasunau was aamsqads

¥
w [ o
WANTUUDIA I HAsDT

e
St ..
=1
ol U‘I 1.5k
T BATI Qi
-1 L 2dr 8 o2 BC337
>
' be |-
T 5
oV U R2
g A4
— C2 21t & IR — -
0Au
L T NEssE —1— Cf
T m

= o
717 3.1 2vsueRqlaAmTRS
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3.2 uMaIRIAEe
W 10555 lumsaduaudifeduldsenades  awnsogaeazidoaves
- Y P a o a el @ v o P 3

19sveotiess laluradovsammdes  s1esmnmsaanszan BRdunihveadr Inavio 1
el ¥ w ¥

LA LA NANATENU AT DA RAUNA UL 1#

3.3 29935 LES (Current to Voltage Converter)

R2
TEDk

B O—.

UTA

2
N i —{ Ll

LF411

i

+

AN

[] 511 ZS D1 =

FHOTCTIO0E

B O

1A 3.2 19T 1LEs
nngaesdt 32 2esuuasiisesulasnszuaihusedulaedfiTassodrau
1 = ooy o
Transimpedance Front End 1AB9¢WUI17993 9 LULUATTYN UASHRUBAY1MTLNILAADS
ﬂ' o & = ]
HipInHaYRINIIounNd LAY (Negative Feed Back) TrIn laToalldnaianaseu uazes
s . é = =] o
#1911 1 14uA Photoconductive Mode H49sUHRUBINTEUTUA (Dark current) ﬁ‘luﬁiy,fg'm
1 = < A ¥ = o
FUNI uenarTaziinndage itesnin ldaaravesanhauausmeluves I Tnlaloa
=1 5 9 ! A’. ar =
19v59ediSavensiiuduawes R, (R, ) ialnTala Teanssuasrzinanssue

a 1 o = o y I's
Taunszugegdsinua R, Mldifadnanineium
V. =1IxR, (3.1)

Tae

=)

or - o
Vo 9 ANAINIDINHT

A

I fe nszugipaninuasninlalaToansiesy



R, ABR,,,, V093993

st 14 uliofiud R ﬂzﬁflﬁé'mwmﬂqqﬁu uatawes R, wimdull Aezvild
Stability ¥035zutde i R, ditesaenszualusanidmse aonINdUNNUDInathiow]
uAissndsdidygasuniunamonen fe uasninvaeald Fuanslugdii 3.9 Faaees
gunsans 1931 IAwusu srvemstlosnuuasnnasusn Taediiiagiuna s
asvsy Ae Tlalalenenl3 uazidlagesmedunduiteldnlalaloaausonsedy
arwdvesmauaed 1§

3.4 MINNTAVBAYALABS(Demodulator)

2995 envelope detector 93 MM IAVBAgIAAT YR INRIRTTVIITL 1A

D2

DIODE

Input Qutput

S 100K

1nF

311 3.3 7495 Envelope Detecter

Taolasanmuast RC Tamnaunai 2.14 Taemwed
£, AnskHzuay f, fin45kHz 15791971 RC Aag1)29e3 3.3 fe A1 R = 100K
1ay C = InF
3.5 MA995 ¥ W (Amplifier)
4 [ o o o ¥ o ° a )
e sunasihmanasunaaiudnainds nwziimsvnedyann Taoku
o § v o g 1 8 ot g o =
293ve Maqliiss ¢, Wuduinlszydeude adadiuvelInaseislassnsvevesdl

ANIUAATS
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Fuinvemyanan nszseundimanszly

V -R
Av - oul — v] {3.2)
v R,

in

Ry, HuanusumualSumla 5o k dmhnlSunlfeusasivneveseas

SV v
RV1
50k
U1B
C1 R3
R
10uF Tk 5

51091 3.4 29959078

U

3.6 2495NIDIANVUARIFNIY (Low Pass Filter)
ar = d;.v Y o = 1 d' Yo é. = or
nmsassuideslulnssnuil imdesnIaetudoilusacfuyudldty Fedigas
A1a520 30-30 kHz uaziz lanusaaunanunilsziny 400 Hz -5 kHz A91151999
AMIFPINIUVMITNIBINNUDA L Taolinaudanoown § kHz tNoAadgg iandedsuniy
oon 1y lauiiaseshoanuuvuasgl 3.5
= o ] ar o o = o = o o
gl 3.5 Winaesnsesmmuddrunuuiamesnods Teelidulsednimsuaun
oL Ny 1.414
diesudonald R, =R, =R uaz C, =C, =C w'lan
_ 1
© 2mRC

(3.3)

desdmualda £, = skHzidena1 C = 1 Funuaez 1ad
1

=———— = 32x107°Q (3.4)
2ax5x10° x1

73156
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Hmsianadufiuausimpedance scaling) 418 10° 32183 R = 3.24Q way € = 0.014F

detlseyndaunsi(2.22)e: 1840

i

unus R, dae 1Q wldn

1.414:2—% i R, =0.586Q

Mmsmnaouiaudain 2000 o=18 R, =2kQ uaz R, =1.17kQ 1579214
gunsalaandail R, = R, = 3kQ R, =2kQ , R, =1.2kQ unz C, =C, = 0.01uF
C3

R -’

A de 1
zﬂ'ﬂ 3.5 HATNTDINNUOA NI



10
0
N
-10 ;\
% A \\ {
. 20 T L
c 1st Order~ |||/ \
m 1l N
o -30 2nd Order - '\. h,

1 it Wil \ \M N
= —40 4th :r :et: 1Y \ A I
10th Order~; \

=50
60 | N A
0.1 0.1 1 10 100

Fregquency — i}

4 @ w 1 ar = o P 15 1 ]
Eﬂﬁ 36 ﬂ'i’WJﬂ']']ll’ST'LIWH‘ﬁ3g‘ﬁTNEIW5’!“].IUTUL1’IUUﬂUﬂ']'llJﬂ“H?N33%3ﬂ5@ﬂﬂ31ﬂaﬂ’]ﬁ’mlmﬁ3

DUAY

A =y Q{ 1 u‘ 1 U o’
‘ﬁlﬁ'\\‘lﬁ&l ﬂlﬁ‘]ji5’{3’7’!ﬁ‘lJ‘ﬂ\TNi]‘iﬂ‘iﬂﬂﬂ'nllﬁﬂ'm'luﬂuﬂ‘ﬂﬁaﬂ

SECOND-ORDER BUTTERWORTH
a 1.4142
b 1
Q 0.71
R4/R; 0.568

3.7 2395 WBBLTBY
a o & . . =
Lm3g6 Wuseluesuilvaeordowssdum (low voltage audio power amplifier) %39
519021808 189NN ARUINYDE LM386
A Y as e a1 oW A L T = = o 3 o
dais lddyanafiianuisfuanudanurnastiindesnsmiaeduuds 1517

Wimutaadudeannsesvinodosoonnad Ing 91neesasgilh 3.7
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o o 4 ' o {o w [} '

C, Alududuszyiousa (coupling capacitance) HmiAs i lnase dau C, ¥
» ¥

M indyoa lifaasAsmoudiod Inahem

¢
‘:‘ o) C&
o z Y
Z’Li.lf
RVa -
- o uz
1 N 5 LS
j + \‘\, 5 ]
2 2‘.‘.[);4!
kin 4

3
)
|1
3
o
o
ih
g

7 Aok B EAKER

P =
77 3.7 290590101d04
3.8 2995 U5 UNaLUT IR Y

a a Qs = !
Lﬂuﬂ’]iﬂ‘iﬂiﬁﬂﬂll‘idﬂumﬂ -Sv ﬁq +5v “lﬁvflu 0 D3 5v Lﬁﬂﬁ’il'lﬂ?ﬁ]ﬁ A/D Converter

WIVAMTAUBUAN UGN 0-5 v R11

I\ R10

ioput B> i 10k
inF

% O RV3

R13 )
[ 10k =

RES-WAR

> Outpit

1 3.8 2195 US UiisULI IR
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obla

RS
1

inf

mnil— ()

R2

=

b
NY.
m

PHOTODIODE

——C7
nE

T

[]5es ﬁl—‘

311 3.9 299399

R13

RES-WAR,



22

o

3.9 1vsuasFyauowasniludyanufinea (A/D Converter)

Lo )

o’ @

mezfudyanaewiasnnniarrliuiouws siuuudssudasdyapaeuasn
Sudtaoa s ic wei ADCOS20 Femihii wlasduguouaoniiuftaea Tusedu
@1 8 in Safianmuz T anun 256 A1 1 Conversion Time Aforsnga o 1.5 us Tn1s
s TummoTvun e WR Tnus uas WR-Read Tnum sunsnidious e Micro controller

&4

¥
T = BAWM 2
N\ L 3
: 5 &
DA
I
14
2. inr wls
WOOE
l 0 loap  DOEMDY |2
:; VAEI® L o e
= VRERD) ol .
] o sl
reul = v F ::; e —
IEEY ] -3 TN
B o L T —
LI 080

511 3.10 2evsutlasdyanaeuseniiludyanuaiaen

WR-RD Mode {Pin 7 is High} Stand-Alene Operation

L5 6w

R Low

CCEE0H2

717 3.1 Tnuan13¥hanu Stand-Alone
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Tu1995 ADC0820 219U luInum WR-Read 19u@ UUY Stand-Alone 1882923911m3
r A oo < 44 A Y e
sfaea dielimsnfountasvenniu N1 WR/RDY astiuisniinisaodyqnm Square
wave 45 KHz wigenuil wwelfifamsinlasmdioninud 45 KHz ilsanndyanaiiis
2 o 4 4 :
A319TOVUAD 1H09 FUAUD1UTI 20-20kHz FIATINDIUMNT Sampling AITITWINND 40
KHz 151391¥a 1089 45 KHz 1 1$1un15 Sampling

3.10 MaFeuReRUAD LR IND

Uz

Qulpul

I _Lpazmr ny e
15 lraslim P5 T:
13 {pasm PIS o
§ :;_ LEr Flap=
) 4 fravmrr "3l o
& 1& lpaammg M2
T BaT4 H L rume =
;¥ E 18 | raea [3Y-
], - M PR
£ rzean 31
Z_{r2ann |3
S rasaz ALE o
ﬂ‘_ PZIAN TIEY
4 3 lsa2an
Z lpzum
2 | pane
S |
) pRz o X Jpopam ReT
= 12 wnerey weG =T ';:’ POAIADG c1
e ms| = 3 FOmADS
roul t v Bls [t e ) I
= 1 18
- szl =% mwam wraz [ 1B T 11
13 les (4 SEN—— N ke Y]
15 ferr o lengast N o S
e [T B | ppovato : XTALY 4 ERTETL,
AT T ST — %7 1 1% B 1 ]
LA N |
e

519 3.12 msi¥oudeny lulasnou nsaes

9

as e = L) o o
fauATananosntin ADCO820 szgnaeinulilfwesdo vetlylnsneuInaes

L

AT89C511a0 AT89CS1 agsmsiumuazdideynesnnia p3.1 Tasfimssdmua Joyatiosn

Y
3

30 wosw 3.1 gnds s 1€ MAX232 wievimsilSuus s uazezAndetiuneniuned

W11 DBY A4zl 3.13
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+5VDC

== Tl
™|

| = |16 C1-C5
] Cl+ 5 1I0UF x5
Cl o3 v
cl- & 3
1Mo —
e & T
. -l-_Séz- 1+ O
X In =
(F3.1) i1 DO Tleur|14 e 6
wWase P3 wad A »
TuTesmausaiRas 0 - {>G Tl E: !
RxD> Riour >4 25
(P3.2) 12 OQ Rim |13 _I_ 5.,_,/
RZour - O
] OQ R2 | 8
DB9

:-LlS

= A 1 o Ey &
Eﬂ‘ﬂ 313 NEHUADNUABUNWAUND S

A 1w ul ar - J 9 a 3 11 =t 'ﬂ ] & o
LiJE]’sN‘U‘Eluﬂ ﬂﬂﬂﬂﬂuﬂﬂlﬂﬂitlﬁ? %mmmﬂmmmp VUT 11U ﬁjﬂﬂgﬁlwﬂﬂ Hazm

msuaaeennani i Ama Tsunsy Visual Basicé
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uni 4

NHINANIUACHNAN INANDY

4.1 HANIADUAUBINMANLD
-213%3703BIAIUNAWIY ( Low Pass Filter )
917995AIBIATINEMIHIMELY Butterworth 38M1M73 Simulate a301 TUIUNTY Proteus 1147

or

Y A wa
1 AHANISADUTUBINIINNILD A1

AT 1 UEAAT V., HAZORIINISVEINSIAL A, UBI997 LPEF NAanudaienainms

Simulate

awd (Hz) 50 | 100 200 300 400 500 600 700 300 500

Vou(Vp-p) 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

A(dB) 408 1408 (408 1408 |408 (408 [408 |4.08 ;408 408

amd(Hz) |1K [2K  [3K (4K [5K 6K [7K  [8K 9K | 10K

Vou(Vp-p) 1.6 1.6 1.54 142 |1.21 1.0 0.8 0.65 054 046

A.(dB) 408 |4.08 |3.75 13.05 165 |0 -1.93 |-3.74 |-535 | -6.74

aawd (Hz) |20K [30K | 40K 50K

Voul(Vpp) 0.12 0.07 0.06 (.05

A,(dB) -18.42 | -23.09 | -24.44 | -26.02

anudaneewiiailszuiu 5.4 KHz
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wradtuOutput {V)

Low pass filter

1.8 -

16
1.4

L
L 4

|

¢
L ]
»
L

4

[ ]
]
[

1.2

1 AN

0.8

0.6

0.4

0.2

0
‘DQ'

T 1 T T e B M B e S a— T

@Q ‘&Q T P\ S ,]9*' bg;k-

sl (Hz)

= a  w ' ar o {
51l 4.1 nsmanuduniuisznhaus ssuoiynifouaudenns Simulate

-Nﬁﬂ’liﬂﬂﬁ'fN’N%Sﬂiﬂﬂﬂ'ﬂhaﬁo’!ﬁ'lulmﬂ Butterworth

A15199 2 HARIAT V_, HAZOATINITVOIBNSIAN A Y84 2ITLPF IANUAI003

naaod
- (Hz) 50 100 200 300 400 500 600 700 300 900
Vou( Vpp) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
A(dB) 3.52 3.52 3.52 3.52 3.52 352 3.52 3,52 3.52 3.52
VoulVpp) 1.5 1.5 1.5 1.31 1.2 0.97 0.86 0.67 0.54 0.45
A(dB) 3.52 3.52 3.52 2.73 1.36 -026 |-2.15 |-3.74 |-568 |-7.13
anwd (Hz) | 20K | 30K
Vou( Vp-p) 0.15 0.07
Ay(dB) -16.48 | -23.09

J:i ar = 1
audaneeriiamlizuu 5.4 Kiz
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1.6

Low Pass Filter

1.4

)
N

1

0.8
06

ussduOutput

0.4

02
0

»

Ay

S

£

T T T

anufi(Hz)

T

T

LSS S G o e g abEob e

t

= w o o 1 o & 1
51/ 4.2 nsmaauduRU T RIS MY NNLUATINENNMTNATES

4.2 Naﬂﬁ‘ﬂﬂﬁﬂﬁﬂ?illﬁﬂﬁtﬁﬂﬂfh‘llﬂﬂ)ﬁi]'i A/D Converter

715199 3 AR LTIAU Input 189 ADCO820 MELNVLUI AU Output

Input(v) |0 0.2 0.4 0.6 0.8 1 1.5
Output |0 10 20 31 41 52 77
Output(v) | 0 0.2 0.39 0.6 0.8 1.01 1.51
Error(%) | O 0 2.5 0 0 1 0.66
Input(v) 2 2.5 3 35 4 4.5 5
Output 104 128 156 180 207 232 255
Output(v) | 2.03 2.51 3.05 3.53 4.05 4.54 5
Error{%) | 1.5 0.4 1.67 1 1.25 1 0
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R elationship i/p vs o/p

Tuput

0O = KW s O3

Digit out

o 10 20 31 41 52 F7 104 128 156 180 207 232 255

= o ar U o & Pt [N e
5U# 4.3 nsmlanuduiugsen s sue s Ui WuBunn iR

A/D Converter

<
4.3 ﬂ‘i’!‘ﬂﬂﬁﬂ"l'iﬂﬂﬁﬂ\‘]ﬂ’liﬁﬂﬂ@.mﬂlm"h’ﬂi

Tek SMS/S 26 Acqs
: L (e ol | 1
13 T i L)
{ gy i e “Ta: 45, 05KkH
‘ i j@: 72.46kHz
................ B : : : : 1 chi Freq
3 ! i : : ; : 1 45.44kHz
, IL i ) ) . : 4 Low signai
............... L-_- . : ampiitude
. 5 Il 1
L ..... L)) L
mJ I {zz.:i:;:.:.:::é: ! F
..... L,J . :_...ll‘__,ﬂ‘ TERs L~...|
k
r
o e e L
[
|.
AU TR AR IR
3
}
: N M ; T N H H ’
YTV T M 10ps Chl 7 4.64V
W s 13 feb 2006
15:26:40

3171 4.4 AW 45 kKHZz 1A IC 555
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Tek JGITA 5MS/s 20 Acqs
B [ L o ¢ ]
l L [ bl
RE " JA: 45.45kHz
I @ 83.75kHz
| d
.................. I Chi Freg
I | 45.65kH2
l, : : . 4 Low signal
................ I ‘ amp”tude
o : ; ; .
o ; _
o
R
A ] Ny
. | .
. |
L g
....... S
: |-
‘ ; ' L I g )
WE 3V W iops C€h1 7 4.64V
= 13 Feb 2006
15:42:42
¢=; d’. :i ) o
31U 4.5 19140 45 kHz NuDAGIaARILLALEDS
Tek EIIY:8 10kS/s 42 Acqs
H L 1 T ]
3 LS 1 L ¥ H a4
o V)| [ i awi— SRR B jA:lOIJHZ
I . d 2 @®: 10kHz
.......................... o PN sE SPe N ]
1L Ch1 Freq
It 933.3 Hz
'[ Low res
........................... ! " AT e
I
.................... i R SR Y >R B T
|»
i
I
(1
[ it
i)
..................... B SR R~ I
[
1L
I"'
i ™ ]
Ir
I
8
S
|
[ : : : I : ; . : ]
1012 § 1T V—— M Sms CRAT F 2.396V
13 Feb 2006
16:14:34

-1 ¥

31/ 4.6 Fyanusuniunues Wtosuswivdyyiuivesguanisanud

45 kHz 300805
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4.4 N5WHANITNAADINTTASIVTUA DTS
Ch 1 = ANNNAI T TADINTAT I MF B

Ch 2 = aNUAITNUHAI uHATe

Tek HTTH 50kS/s 46 Acgs
£ I ! 1. k |
H L 1 r
T N la: so0 Hz
, l@: 657.9 Hz
ol ]
o Ch1 Freq
{ 1 495.5Hz
! 1 Low signal
: amplitude
! :
| AP AN
| .
[ y ¢ : ;
[Ch 1 VN TCh: T T3V WM Tms ChT F - 4.6V
13 Feb 2006
18:09:46

P ar o o W 4 1 g = A d' -
UM 4.7 usaduemnnesasaiudsunsuiua NudnnuraIt uladenn w0

500 Hz
Tak EIITH 100kS/s 43 Acqgs
i L ! L.
£ U T " T
i R T A 757.6 He
[ { - - : - {®: 1.266kHz
| 3 € ChiFreq
I 1 773.5H2
: 1 Low signal
-1 amplitude
| - K
| z
.
i ; : Ii : T : : :
R D P P TN it AU S N TPV S
It Y 5V Ch2 5V M500us Chi ™ JF 4.6V
s 13 Feb 2006
18:27:57

= Y o o o a 1 o = A =t
717 4.8 usedmeMnNIesNIIATRTLTRRsufuA NNDNINUN AR NAIFYIR
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amplitude
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LOOP: clr

org
mov
mov
mov
seth

mov

clr
mov
mov
jnb
sjmp

end

TI

00H
TMOD,#021H
TH!,#0FDH
TL1#0FDH
TR1
scon,#040H

Ap0
sbuf,A
TLS
LOOP
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CMOS High Speed 8-Bit A/D Converter
with Track/Hold Function

_ General Description

The ADCOB20 is a high speed, microprocessor com-
patible, 8 bit analog-to-digital converter which uses a
half-flash technigue to achieve a conversion time of
1.4 us. The converter has a 0V to +5V analog input
range and uses a single +5V supply.

A built-in track-and-hold function is included, elimi-
nating the need for an external track-and-hoid for
input slew rates up to 100mMV/ us.

The A/D easily interfaces with microprocessors by
appearing as a memory location or 1/Q port without
the need for external interfacing logic. Data outputs
use latched, three-state buifer circuitry to allow direct
connection to a microprocessor data bus or system
I/C port. An over-fiow output is aiso provided for
cascading devices to achieve higher resglution.

Maxim's ADCOB20 is pin-caompatible with National
Semiconductor's ARC0820 and provides impraved
specifications, It is packaged in 20-pin Small Owstline.
DIP and CERDIP packages.

Applications

Digital Signal Processing
High Speed Data Acquisition
Telecommunications

High Speed Servo L oops
Audio Systems

Functional Block Diagram

AKX/

Features
& Fasi Conversion Time: 1.4us Max.
4 Built-in Track-and-Heo!d Function
4 No Missing Codes
4 No User Adjustments Required
¢ Single +5V Supply
& No External Clock
¢ Easy interface To Microprocessors
Ordering Information
PART TEMP. RANGE  PIN-PACKAGE {;I_';lé)
ADCGRPDBON G Ciwo+70°C  20Plasic DiP « 142
ADCORZECCN w470 C 20 Pasic DIP iy
ADCOR2LCE/D G- Cis =70°C  Dice’ =1
ADCTRZCACM 0"CIo+76°C 2050 iz |
ADCGRZ0CCHM O°Cia+70°C 2050 I
ADCOB20B0 4F Clo +85°C 20 CERDIP =iz
ADCOBROLC) 408 Clo +85°C 20 CERDIP +1
ADCES20B] S5 Clo1126°C 20CEADIP | =i .
ADCOBZ0C 557 Cip +125°C 20 CEADIP* I

‘Oice are spocifiod 2l Ta = s 2670

“Contact faciory

Pin Configuration

Vip
120
12 o 18
NlieT FLASH "
vagr-| ADC
1AMSB)
]
LiL] I-» -
— - 1 wree [\ DEoOB7
T
- tlika' - STATE DATA BT
I T3 panvens |/ PNS 25
— 1
Yaedel b apT
it FLASH
AlC
H4LSB)
AKX
ADCOB20
l TIRING AND CONTROL
CIRCUITAY 19
T 1 "
he 8 e Te 1o 1y
END MOBE 5 A0 e
Wasaoy

Top View
s B -
080 (=] 9] W.C.
081 (3] s ascim [0 OFL
DB2[T] ADC0826 [77] BBT (MSB
083 5] ¢) 0BG
WA/RDY (%] BRE
MOOE 7 72] D84
RO 5] 13) T3
iNT (9] 72} Viee*
GNO (o] V1] Vper™
DIPSO

MAXIN

Maxin Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.

02c803av



ADCO0820

CMOS High Speed 8-Bit A/D Converter
with Track/Hold Function

ABSOLUTE MAXIMUM RATINGS

Supgly Voliage, Vo to GND
Voltage al any other ping

OV RV

Pors 1-8 11-180 L. GND - 0.3V, Vg +0 3V
Out;mr current{Bm 19y oo L CL30mA
Pawer Dissipation {Any Package!} to *?5°C ............ 450mw

Derate ADOVE ~25°C DY ... ..o BmWreC

Operating Temperature Ranges

ADCOBZCEC JCC
ADCO22CBCIICCY .
ADCOBO2CBIIC

Starage Termperature Range .

Lead Temperalure {soldering, 10sec) ... ..

..................................... -40°C
-55°C 10 +125°C

00w A 700

0 +85°C

-BR7C o + 16070

~.4+300°C

Srresses aboqe thase bsted under “Absolute Maximum Ratings ™ may cause permanent damage 1o the device. These are stress ralings oniy, and functicnal
oparEton of the device at these or any other conditions above thase indicated in the eperational sections ol the specificalion is not implied. Exposure to
absoiute maxsmum ranngs condibons for extended periods may affect the device rehabifity.

ELECTRICAL CHARACTERISTICS
{Vpo = “5‘4’ VREF = 45V, Ve = GND. RD-MODE, T,s\

Tan 10 Taaax. unless otherwise noted)

PARAMETER ¢ SYMBOL i CONDITIONS g MIN. TYPR MAX. l UNITS
ACCURACY
ﬁesoluuon 8 bits
ADCD8208 =172
Total -
otai Unadjusted Error (Note 1) ADCOB20C 1 LSB
No Missing Codes Resolulion { 8 bits
!
! REFERENCE INPUT
{ ) i D Ta = +25°C 14 2.2 40
Reference Resistance : I LN 155 40 ki
Vnert input Voltage Range Vaee™ Vpp + 04 v
Vape” INput Voltage Range GND - Q1 Voert vV
ANALDG INPUT
i Analog Input Voltage Range Vins GND - 0.1 Vop + 01 v
i Analoeg input Capacitance CRiB 45 pF
Analog Inpul Current [ Vi = OV 1 +5V ;" IR G :i}.S uA
. mira 10 Tyean pest
Stew Hate, Tracking (Note 2) SR i 0.2 01 Vius
LOGIC iNPUTS
CS, WR.RD 20
I-wpu! HIGH Vollage Vinik MODE 3z ; W
€S, WR RD 0.8
Input LOW Voitage Vine MODE 16 v
~ & Ty = +28°C 01
€S, RO A
D Thay 16 Tiaax 1
; , : o Ty = +25°C 0.3
input High Current ] linr WH; Thoss 10 Tunx P uA
: T, = +25°C 50 150
MODE o
- T 10 Theay 200
. e e Ty = 25°C -0.3
input Low Current I C§&, RL, WR, MODE — I wh
input Capacitance {Note 3) i Cix €S, RD, WR, MODE ; 5 8 i pF
LOGIC OUTPUTS
DB0-DB?, GFLINT !
Output MIGH Voltage Von Vpp = +4.75V oyt = ~360uA 4.0 v
: Vipp = +4.75V lout = -10uA 45
: \ DBG-DBY, OFL INT, RDY
¢ Output LOW Voitage Voo Vg * +475V oy = 16MA 04 v
g Th = #25°C -03 +0.3
Three-state Outpot Current DBO-DB7, RDY Toan 10 Trens 2 3 A
Output Capacilance (Note 3} Cout DBO-DB7, OFL. INT, RDY 5 ] pF
Quiput Source Current IsAc OB0-D87, OFL INT; Vour= 0 -25 -10 mA
Output Sink Gurrent | lanx DBO-DE7, TFL TNT, ADY; Yoyt = Voo 40 15 mA

- MAXIMN




CMOS High Speed A/D Converter
with Track/Hold Function

ELECTRICAL CHARACTERISTICS (continued)

{(Von = *5V. Veer' = +BV Vpee™ = GND, RD-MODE. Ta = Ty 10 Thax, urless otherwise noted)

| PARAMETER | srmeod | CONDITIONS | MIN TYP MAX. | UNITS
POWER SUPPLY
Supply Voltage Voo +5% for Specified Performance 5 vV
. T, = +25°C 5 10

Supply Current H CS=WRA=RE=0 A A
hiind ve Taain 10 Tapax 15 "

Power Dissipation TS-WR+-R0G=0 25 mw

Power Sugply Sensitivity PSS Vpp = =5% =118 /4 LSE

TIMING CHARACTERISTICS
(Voo = +BY, Vaes™ = +5V. Vrgr™ = GND, T = Ty 10 Tiax, unless otherwise specified. See Note 2, 4}

| oo ADCO820BCX | ADCO0820BJ
PARAMETER SYMBOL CONDITIONS ADCOB20CCX | ADCO820C) |yNiTs
MIN. TYR MAX. | MIN. MAX. | MIN. MAX.
CS 10 AD, WR Setup Time lcss 0 0 0 ns
&3 10 RD, WA Hoid Time tesm ] 0 o ns
T8 to RDY Delay trpy C, = 50pF, R = 3k(1 35 70 80 100 ns
Conversion Time (RD Mode} teap {Note 7} 1.2 1.6 20 25 us
| (SeeFigue DM ] ooy Notes) e e e B s
! RD to INT Delay (RD Mode) -y C, = 50pF 60 125 175 225 | ns |
- Data Hotd Time ok {Note 6) 40 80 120 150 ng
g::::grl‘«mgonversions e 500 600 600 ns
Write Pulse Width twa 500 50,000 | 600 50,000 | 600 50.000| ns
Conversion Tims — - 14 1156 1.62 s
a%a;n‘;e%egzises to Vo 103 (s ns
| Data Access Time
{WR-RD Mode} taces oo < hnTe 110 220 280 350 ns
(See Figure 3}
A0 to INT Delay 1 100 200 260 320 ns
. WE to INT Delay INTL 600 1000 1400 1700 | ns
Data Access Time i, Ny :
(WR-RD Made) tacca | U7 TNTL 50 100 130 160 ns
(See Figure 2) ;. {Note 6} :
WH to INT Delay
(Stand-Alone) brwr G, = 50pF 70 100 130 150 ns
Data Access Time After INT 4o 10 50 85 75 ns

Note 1 Total unadjusted error includes offset, full-scale and finearity errors.

Note 2: Sample tested at +25°C by Quality Assurance to ensure compliance.

Note 3: Guaranteed by design,

Note 4: All input contrel signals are specified with 1z = 1 = 20ns (10% to 90% of +5V) and timed from a voitage leve! of 1.6V,
Note §: Defined as the time reguired for an outputto cross 08V or 2.4 v,

Note 6: Defined as the time reguired for the data fines to change 0.5V,

Note 7: For faster conversions use WR-AD Mode.

Vi X/

02800av



ADCO820

CMOS High Speed A/D Converter

with Track/Hold Function

_. Pin Description

PIN © NAME = FUNCTION PIN : NAME FUNCTION -
1 Vi Araloginput; range = GND < Viy < V. 11 Vage™ | Lower limit of reference span. Sets the zero :
2 | D8O | Three-state data output. bit O {LS8). code voltage. Range: GND 10 Vg ™. |

. 12 Veer' | Upper limit of reference span. Sets the Full |
3 [BIz}} Three-state data Gutput, bif 1. Scale input voltage. Range: Vngs~ 10 Vop. !
4 | bB2 | Three-siate data output, bt 2. 13 | ©8 | CHIP-SELECT input. C5 must be low for the
5 DB3 Three-state data output, bt 3, device to recognize WR or RD inputs
& - WR/RDY | WRITE control inpult/READY status output. M DB4 : Three-state data output, bit 4. !
: See Digitat imerface section. 15 DBS Three-state data cutput, bit 5. |
7 MODE | Mode selection inpul. This input is I i
internally pulled low with a 50xA current 1 oBs gl Sigle dar outut. bit 6. :
source. 17 OB7? Three-state data output. bit 7 {MSE). i
E%_Mﬂ%dﬁohggti%%gg?ehn. 18 OFL Overflow Output. I the analog input is greater
_____________ Y 4 g than Vage*. OFL will be high at the end of the
8 RD READ input. RD must be low 10 access data. convarsion. It can be used 16 cascade two or
See Digital Interface section. more devices 10 increase resolution,
9 INT INTERRUPT output. INT going low indicates 19 N.C. | Test Pin. Do not connect,
the completion of a conversion. See Digital
Interface section. 20 Vbo Power supply voltage, +5V.
10 GND  : Ground. i §

Digital Interface

RD Mode {Pin 7 Low}

A conversion is started by taking RD low and keep-
ing it low until oulput data appears (Figure 1). Pin 6
{WR/RDY) is configured as a status output (RDY) in
this mode, and is used with microprocessors which
can be forced into a WAIT state. The processor
starts a conversion, waits, and then reads data with
a single READ instruction. RDY, an open collector
output, goes low atter the falling edge of CS and
goes high impedance at the end of the conversion.
INT goes low at the end of the conversion and
returns high on the rising edge of CS or RD.

WR-RD Mode {Pin 7 High)

in the WR-RD mode, pin 6 (WR/RDY) is the WRITE
input for the converter. With CS low, a convarsion
starts on the falling edge of WR. There arg several
options for reading data:

Using the Internal Delay

The processor wails for INT to go low before reading
data (Figure 2). INT_typically goes low 600ns after
the rising edge of WR,_indicating that the conver-
sion is complete, With CS low, DB0-DB7Y are read by
pulling RD low. INT is then reset on the rising edge
of CS or RD.

Reading Belore Dalay

The conversion time is externally controlled with fD
{Figure 3). The status of INT is ignored and RD is
taken low as soon as 600ns after the rising edge of

WR. This completes the conversion and enables
DBO0-DB7. INT goes low after the falling edge of RD
and is reset an the rising edge of RD or CS.

Pipelined Operation

“Pipelined” operation is achieved by tying WR and
RD together {Figure 4). With CS low, taking WHR and
RO low starts a new conversion and, at the same
time, reads the resuit of the previous conversion.

Stand-Alone Operation

in stand-alone operation, CS and RD are tied low
and a conversion is initiated by pulling WR low
(Figure 5). OQutput data is valid approximately 600ns
after the rising edge of WR.

Analog Considerations

Reference Input

The Vrer{+) and Vrer{-) inputs of the converter set
the fuli-scale and zero input voltages. The voltage at
Vaee(-) defines the input level which produces an
output code of all zeroes, and the voltage at Vpgp{+)
detines the input which produces an ocutput code of
all ones (see Figure &), Figure 7 shows some refer-
ence configurations.

Bypassing

A 47 uF electrolytic and 0.1uF ceramic capacitor should
be used to bypass the Vpp pin to GND. The lead
length of these capacitors should be as short as
possible. if the reference inputs (pins 11, 12) are driven
by fong lines, they also sheould be bypassed ta GND
with 0.1 uF capacitors at the reference input pins.

VAKXt v




CMOS High Speed A/D Converter
with Track/Hold Function
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Figure 3. WR-RD Mode Timing (tap < tivrL) Figure 6. Transfer Function
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ADCO0820
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CMOS High Speed A/D Converter

with Track/Hold Function

1 |
Vg (4] ——————— Vi Yiggr) ——————— U
v ”'*-_I_*"-***m GNI v.-n—————l—'" KD
IN |- .
- AWK At = A AKX A
) 20 ADCQR20 +h¥ Yo ADCGEDD
- - - :
l J_ 2 Bk = A Ty S
0luf =g g I I .
I I J:— Vagr | 4 - [—_-.I_ pgr -}
Figure 7a. Power Supply as Relerence Figure 7b. External Reference 2.5V Full Scale
input Current )
The ADCOB20 analog input behaves somewhat B 1/eN
differently from conventicnal A/D converters. The iy A
ADCOB20 takes varying amounts of current fram the
input depending on the operating cycle of the A/D. g
— 5 32pF
During the input sampling phase (WR = LOW in the ot T T
{(WR-RD Mode} input capacitors must be charged to = =
the input voltage through the resistance of internal
analog switches (about 2k} to 5k{1). In addition,
about 12pF of stray capacitance (Cg) must be

charged. An equivalent RC model of the input is
shown in Figure 8. The 45pF input capacitance
allows source resistances {Rg) of up to 1k(} fo be
used without increased settling time. Far larger
resistances, the width of the WR pulse must be
increased from 600ns. In the RD mode, where the
sample time is fixed, Rsg greater than 1kl may
cause settling errors. In this case, use the WR-RD
mode and greater than 60Cns RD time, or use a
buffer to drive the arnalog input.

Input Filtering

The ADCOB20's sampied data comparators generate
input transients at Viy. This dces not degrade per-
formance since the A/D only "looks” at the input after
these transients occur. 11 is not necessary 1o filter
these transients with an external capacitor at the Viy
terminal.

inherent Track-and-Hold

The ADC0820 can measure a variety of hich speed
input signals without the help of an external sample-
and-hold. The input is tracked from the time WR goes
low {in the WR-BRD mode) to approximately 160ns
after it returns high. Input signals with slew rates
typically up to 200mWpus can be converted without
error.

Prirmed UIBA

Figure & Equivaient input Modet

Chip Topography

2175,

3375mm)

ang
@ bzdmml

el noa Mamnt groduct Ne Crow! Raten! woenses are
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Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 {408) 737-T600
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National
Semiconductor

LF353

Wide Bandwidth Dual JFET Input Operational Amplifier

General Description

These devices are iow cost, high speed, dual JFET inpui
oparational amplifiers with an internaily frimmed input offsel
voliage (BI-FET #™ technalogy). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high vollage JFET input
devices pravide very low input bias and cffset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers ta immedialely upgrade the overall performance of
existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sampie and held
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices alsc exhibit low
noise and offset voltage drift.

December 2003

Features

& intemally timmed offset vollage: 10 mv
® Low input bias current: 50pA
® Low input noise voltage: 25 nViVHz
® Low inpul noise current; 0.0% pAfHz
® Wide gain bandwidth: 4 MHz
m High slew rate: 13 Vips
m Low supply current: 3.6 mA
= High input impedance: 10720
® Low total harmonic distortion : <0.02%
m Low 1/f noise corner: 50 Hz
B Fast settling ime to 0.01%: 2 us

Typical Connection

CUERGS 4

Simplified Schematic
1/2 Dual

Veg O -

INTERNALLY

INTERNALLY TRMMED

TRIMMED

Vg O * &

Q0SB451E

B!-FET H™ s a trademark of Natonal Semiconductor Corporation,

Connection Diagram

BPual-in-Line Package

1 U L] +
DUTPYT A v
? 7
INVERTING INPUT A — -~ QuTPUT B
AT
TRITTT
NON-INVERTING _3
ik INVERTING INPUT B
- 5 HONINVEATING
INFLT B
DE6481T
Top View

Order Number LF353M, LF353MX or LF353N
See NS Package Number MOSA or NOSBE

@ 2003 National Semiconductor Corporation

DS0C5649

www.naticnal.com
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LF353

Absolute Maximum Ratings (note 1)

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

Smalt Outline Package
Vapor Phase (60 sec.) 215°C
Infrared {15 sec.} 220°C
See AN-450 "Surface Mounling Methods and Their Effect

DC Electrical Characteristics

Supply Vottage 18V an Product Reliability” for other methods of seldering

Power Dissipation (Nole 2} surface mount devices.

Operating Temperature Range 0°Cto +70°C ESD Tolerance {Note 8) 1000V

T,(MAX) 150°C 9,4 M Package TBD

Diffgrential input Voitage 30V Note 11 Absolute Maximum Ratings indicate limits beyond which damage to

Input Voltage Range {(Note 3) +15V the device may occur. Operating ratings indicate conditions for which the
. 3 . . device is functional, but o not guaraniee specilic performance limits. Elec-

Output Short Circuit Duration Continuaus trical Characteristics stale DC and AG electrical specificalinns under particu-

Storage Temperature Range —65°C to +150°C lar kg5t condilions which guaraniee speciic perormance limits. This assumes

. R that the device is within the Operafing Ratings. Specifications are not guar-
Lead Temp. (Soider!ng, 10 sec.) 260°C anteed for parameters whare na limsit is given, however. the typical value is a
Soldering Information good indication ol device performance.
Dual-In-Line Package
Soldering (10 sec.) 260°C

(Nole 5}
Symbeol Parameter Conditions LF353 Units
Min Typ Max
Vos Input Ofiset Veltage Rs=10kE2, To=25"C 5 10 mv
Over Tempearature 13 mVy
AV /AT Average TC of Input Offset Voitage Rg=10 k2 10 uwrc
los Input Offset Current T=26C, (Notes 5, 6) 25 100 pA
T,<70°C 4 nA
I Input Bias Current Ti:ES’C, {Notes 5, 6) 50 200 pA
T=70°C 8 nA
Rin Input Resistance T=25'C 102 O
AvoL Large Signal Voliage Gain Vg=%18V, T,=25'C 25 100 Vimv
Vo=+10V, R =2 k(!
Over Temperature 15 v/mv
Vo Qutput Voltage Swing Ve=215V, R =10k} +12 +13.5 i
Voum Input Commeon-Mode Voltage Vg=%15V +11 +15 \
Range -12 v
CMRR Common-Mode Rejection Ratio Rg< 10k82 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 7} 70 160 aB
Ig Supply Current 36 6.5 mA
AC Electrical Characteristics
{MNote 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Amplifier to Amplitier Coupling TA=25"C, =1 Hz-20 kHz -120 dB
(Input Referred)
SR Slew Rate We=t115V, T,=25'C 8.0 13 Vius
GBW Gain Bandwidth Product V=215V, T,=25°C 2.7 4 MHz
€, Equivalent Input Noise Valtage Ta=25"C, Rg=10042, 16 =
f=1000 Hz
in Equivalent input Noise Current T=25'C, f=1000 Hz 0.01 pA/ Az

www, national. com




LM386

The LM386 is a power amplifier designed for use inlow volt- W
age consumer applications. The gain is internally setto 20tc m
keep external part count low, but the addition of an exterral m
resistor and capacitor between pins 1 and 8 wilt increasethe g
gain to any value from 20 to 200. a
The inputs are ground referenced while the output automati- g
cally biases to one-half the supply voitage. The guiescent g
power drain is only 24 milliwatts when operating from a 6 volt -
supply, making the LM386 ideal for battery operation.

August 2000

National Semiconductor

l.ow Voltage Audio Power Amplifier

General Description Features

Battery operation

Minimum externat parts

Wide suppiy voitage range: 4V-12V or 5V-—-18V

Low gquiescent current drain: 4mA

Voliage gains from 20 {o 200

Ground referenced input

Seif-centering output quiescent voltage

Low distortion: 0.2% (A, = 20, Vg = 6V, R_ = 8}, Py =
126mW, T = 1kHz)

Available in 8 pin MSOP package

Applications

AM-FM radic ampiifiers
Portable tape player amplifiers
Intercoms

TV sound systems

Line drivers

Ultrasonic drivers

Small servo drivers

Power converters

Equivalent Schematic and Connection Diagrams
AR Small Qutline,
: Molded Mini Smali Outline,
and Dualdn-Line Packages
2 &)
5 NPUT = L pveass
p—C Vour
+INPUT £ |2 Vg
—4NPUT
GND — - Your
l/ CS006876-2
rH - |\1 ) k.l Top View
3 . + - Order Number LM386M-1,
DS0IBA7E-1 LM386MM-1, LM386N-1,

LM386N-3 or LM386N-4
See NS Package Number
MOBA, MUAOBA or NOBE

© 2000 National Semicenductor Corporation DSC06976

www.naticrnal.com
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LM386

Absolute Maximum Ratings note 2)

Dual-n-Line Package

If Military/Aerospace specified devices are required, Soldering (10 sec) +260°C
please contact the National Semiconductor Sales Officef Smail Outline Package
Distributors for availability and specifications. (SOIC and MSCP)
Supply Voltage Vapor Phase (60 sec) +215°C
(LM38BN-1, -3, LM386M-1) 15V Infrared (15 sec) +220°C
Supply Voltage (LM3B6N-4) 27y See AN-450 “Surface Mounting Metheds and Their Effect
N on Product Relizbility” for other methods of soldering
Package Dissipation {Note 3} surface mount devices.
(LM38EN) 1.25W Thermai Resistance
(Lt M386M) 0.73wW 8, (DIP) A7 G
(EM3BEMM-1) 0.585wW 8,4 (DIP) 107 CAW
Input Voitage 0.4V 8. (SO Package) 35 CAW
Storage Temperature -65°C ta +150°C 0, (SO Package) 172°C/W
Operating Temperature 0°C to +70°C 8. (MSOP) 210° GV
Jungction Temperature +150°C 9, (MSOP) 56°CAN
Soldering Information
Electrical Characteristics (Nows 1, 2)
Ta=25C
Parameter Conditions Min Typ Max Units
Cperating Supply Voltage (Vg)
1 M386N-1, -3, LM386M-1, LM386MM-1 4 12 Y
LM386N-4 5 18 v
Quiescent Current (I} Vg =6V, Vy =0 4 8 mA
Cutput Power (Poyt)
LM386N-1, LM386M-1, E M386MM-1 Vg = 6V, R, = 8Q, THD = 10% 250 325 mw
LM3BEN-3 Vg =8V, R, = 8Q, THD = 10% 500 700 mw
LM386N-4 Vg = 18V, R = 320, THD = 10% 700 1000 mwW
Valtage Gain (Ay) Vg =6V, f=1kHz 26 dB
10 pF from Pin 1 to 8 46 dB
Bandwidth (BW) Vg = BV, Pins 1 and 8 Open 300 kHz
Tetal Harmonic Distortion (FHD) Vg = 6V, R, = 8Q, Poyr = 1256 mW 0.2 %
f =1 KkHz, Pins 1 and 8 Cpen
Power Supply Rejecticn Ratic (PSRR} Vg = 6V, f=1kHz, Cgypass = 10 pF 50 d8
Pins 1 and 8 Open, Referred to Qutput
input Resislance (R ) 50 {9
input Bias Current (faag) Vg = BV, Ping 2 and 3 Open 250 nA

Mote 1; All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions far which the cevice Is furnic-
tionat. but do not guarantee specific performance limits. Electrical Characteristics state DC and AC eleclrical specificalions under particular test canditions which guar-
antee specific perfermance fimits. This assumes thal the device is within the Operating Ratings. Specifications are not guaranteed for parameters where ro it is

given, hawever, the typical value is a good indication of device performance

Note 3: For aperation in ambient temperatures abowe 25'C, the device must be derated based an a 150°C maximum junction temperature and 1} a thermal resis-
tance of 107°C/W junciion to ambient for the dual-in-fine package ang 2) a thermal resistance of 176°CAV for the small outiine package

www national.com




Application Hints
GAIN CONTROL.

Ta make the LM3B6 a more versatile amplifier, two pins (1
and 8} are provided for gain control. With pins 1 and 8 open
the 1.35 k0 resistor sets the gain at 20 (26 dB). if a capacitor
is put from pin 1 to 8, bypassing the 1.35 k2 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 vaiue from 20
to 200 Gain gontral can alsc be done by capacitively cou-
pling a resistor {for 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 compensate poor speaker bass respense by fre-
quency shaping the feedback path. This is dene with a series
RC from pin 1 to 5 (paralleling the internal 15 kQ resistor).
For 6 dB effective bass boost: R = 15 k&1, the lowest value
for good stable operation is R = 10 k{2 if pin 8 is open. If pins
1 and 8 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 k& 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 £ M386
is higher than 250 kil 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 kQ, then sharting the
unused input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the cutput). For dc source resistances
between these values we can eliminate excess offset by put-
ting a resistor from the unused input fo ground, equal in
value 1o 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 ki) resistor between pins 1 and 8) it is necessary to by-
pass the unused input, preventing degradation of gain and
possible instabilities. This is done with a 0.1 pF capacitor or
a shert to ground depending on the de source resistance on
the driven input.

www.nationat.com
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LM3386

Quiescent Supply Current
vs Supply Voltage
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Device Dissipation vs Output
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Typical Performance Characteristics

Power Supply Rejection Ratio
{Referred to the Output)
vs Frequency
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Device Dissipation vs Output
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Typical Applications

Amplifier with Gain = 20
Minimum Parts

DS006STE-3

Amplifier with Gain = 50

DS006ETE-6

Amplifier with Bass Boost
Vg

F=1

Yo

DSO0ASTE-8

Amplifier with Gain = 200

Vg 10 F

DSO06S76-4

Low Distortion Power Wienbridge Oscillator

50uF
ELDEMA 0
CF52158 < S | { Vo
>
R RL
W-15mA = 7 i
el B -

F=1kHz

DS006976-7
Square Wave Oscillator
0k
F] 4
DAuF
I Vo
3 Ry
10k —
AAA
bbb g
i
f=1kHz
DSOGERTE-9

www.national .com
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LM386

Typical Applications (continued)

Frequency Response with Bass Boost
27
16
25
24

23
22 \
21 f

20
19

18

VOLTAGE GAIN (dB}

17

20 50 100 200 500 1k 2k 5k 10k 20k
FREQUENCY (Hz)

DS008926-10

AM Radio Power Amplifier

Ce
FROM
DETECTOR

VOL
0k

FERRITE
BEAD

.1y}
SPEAKER

I _TI"' 0.08.F

CSO0ES7E-11

Note 4: Twist Supply iead and supply ground very tightly.

MNote 5: Twist speaker lead and ground very tightly.

Note 6: Ferile bead in Ferroxcube K5-001-001/38 with 3 tumms of wire.
Note 7: R1C1 band limits input signals

MNote B: All components must be spaced very closely to IC.

www.naticral.com B



National Semiconductor

LM555
Timer

General Description

The LMB5E5S is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external re-
sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
contralled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling wavefarms, and
the cutput circuil can scurce or sink up to 200mA or drive
TTL circuits.

February 2000

Features

m Direct replacement for SES55/NESS5

® Timing fram microseconds through hours

m Operates in both astable and moenostable modes
® Adjustable duty cycle

B Output can source or sink 200 mA

B Output and supply TTL compatible

®» Temperature stabiiity better than 6.005% per 'C
m Normally on and normally off output

m Available in 8-pin MSOP package

Applications

®» Precision timing

a Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Linear ramp generator

Schematic Diagram

3
p—C DuTPUT

e
Vee O - — % 2 "
R2
™
i1
a2 )
a5 Q6 01]/] 6244
2‘ B3
\ p L w27
b az8
b
R12
B 39k
THRESHALD 01 04.\1 >
0?0 9
< R4
CONTROL & 124 Vec) < 6 uty
voLTage NN
1 a1 ar? R
GND O————————— 0K a1s Q15 47x
Aan—g
| o8 as
TRIGGER O——————— ar 10 (\:n,
¥ (i1
o1s
ga ‘1

4 [13¥4 13 > Sk
RESET 025
7 z & L
DISCHARGE O—,
[1E] |

D5D07851-1

© 2000 National Semiconductor Corporation

DB007851

www. national.com

49wll SSSINT



LM555

Connection Diagram

Dual-in-Line, Small Outline

and Molded Mini Small Qutline Packages

1
GND wasne

8

— +Vec
7
TRIGGER prsm—s DISCHARGE
3 6
QUTPUT e eree— THRESHOLD
4 5 CcONTROL
RESET VOLTAGE
bs007a513
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Raiis MOBA
LMS55CMX LM555CM 2.5k Units Tape and Reet
8-Pin MSOP L.M555CMM Z55 1k Units Tape and Reel
; MUAQBA
LM555CMMX Z55 3.5k Units Tape and Reel
8-Pin MDIP LMS55CN LM555CN Raits NOBE

www.national.com




Absolute Maximum Ratings ot 2;

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

Supply Voltage

Power Dissipation {Note 3)
LMB555CM, £ M555CN
LMS55CMM

Operating Temperature Ranges

LM555C
Storage Temperature Range

+18V

1180 mW
613 mW

0°C 10 +70°C
~-B5°C to +150°C

Electrical Characteristics {Notes 1, 2)
(Ta = 25°C, Vo = 15V to +15VY, unless othewise specified)

Soldering Information
Dual-In-Line Package
Soldering (10 Seconds)
Small Gutline Packages
{S0IC and MSCP)
Vapor Phase (60 Seconds)
Infrared {15 Seconds)

260°C

215°C
220°C

See AN-450 "Surface Mounting Methads and Their Effact
on Product Retiability” for other methods of scldering

surface mount devices.

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 4.5 16 vV
Suppiy Current Voo = OV, Ry = = 3 5
Voo = 18V, R = o= 10 15 mA
(Low State) {Note 4)
Timing Error, Monostable
initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100kS2, 50 ppmi'C
C = G.1pF, (Note 5)
Accuracy aver Temperature 1.5 %
Drift with Supply 0.1 Yol
Timing Error, Astable
Initial Accuracy 2.25 Yo
Drift with Temperature Ra, Rp = 1k to 100kL, 150 ppmi"C
C = 0.1pF, (Note 5)
Accuracy over Temperature 30 %
Drrift with Supply 0.30 Yol
Threshold Voltage 0.667 %X Vee
Trigger Voltage Ve = 15V 5 v
Ver = BV 1.67 v
Trigger Current 05 09 pA
Reset Vollage 0.4 0.5 1 Y
Reset Current 81 04 mA
Threshold Current (Note B} 0.1 0.25 BA
Cantrot Valtage Level Vee = 18V 9 10 1% Y
Ve = BY 2.8 333 4
Pin 7 Leakage Cutput High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, I, = 15mA 180 mv
QOutput Low Ve = 4.5V, 1; = 45mA 80 200 mv

www.nationai.com
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LM555

Electrical Characteristics (notes 1, 2) (Continued)

{Ta = 25°C, Voo = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM355C
Min Typ Max
Qutput Voltage Drop {Low) Vee = 18V
lamk = 10mMA 0.1 0.25 vV
g = S0mMA 0.4 0.75 v
g = 100mA 2 25 v
Isink = 200mA 25 v
Ve = 5V
fgne = BMA v
sk = SMA 0.25 0.35 v
Qutput Voltage Drop (High) lsouace = 200mMA, Voe = 15V 125 \4
lsource = 100mA, Voo = 15V 1275 13.3 vV
Ve = 5V 275 3.3 v
Rise Time of Oufput 100 ns
Fall Time of Output 100 ns

Note 1: All voliages are measured with respacl lo the ground pin, unless atherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do nat guarantee specific performance limits. Electrical Characteristics state DC ant AC elecirical specifications under particular test conditions which guar-
antee specific performance limits. This assurnes that the davice is within the Operating Ratings. Specifications are not guaranieed for parameters where no limit is
given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated femperatures the device must be deraled above 25'C based on a +150°C maximurm junstion temperature and a thermal resistance
of 106 C/W {DIP), 173°C/W (S0-8), and 204'CAW {MSQP} juncticn ta ambient.

Note 4: Supply current when output high typicaily 1 mA less at Vg = 5Y.

Note 5; Tested al Voo = 5V and Ve = 15V,

MNote &: This wili determine the maximum value af Ry + Rg for 15V cperatien. The maximum tolal (Ry + Rg) is 20MS2.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceaded.
Note 8: Refer to RETS555X drawing of military LM555H and LMS5SJ versians for specifications.

www.national.com 4




LMS55

Connection Diagram

Dual-in-Line, Small Outline

and Molded Mini Smail Outline Packages

1
GND =t

TRIGGER

UV |

1 [ ]

B
Ve
7
p— DISCHARGE

6
—— THRESHOLD

OUTRUT
5 __ CONTROL
WESET VOLTAGE
DSDOTES1-3
Top View
Ordering Information
[ Package |  PartNumber . Package Marking _ Media Transport | NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOSA
- 7777E_M5550MX _LM:‘}SSCM - ”EEK 7|7.7Jr|7its Tape and Reel
8-Pin MSCP LME55CMM Z55 1k Units Tape and Reel | MUAGSA
L M555CMMX Z255 3.5k Units Tape and Reet |

8-Pin MDIP LM5B55CN LMS55CN Rails NOBE
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