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Abstract

The purpose of this project is to build up a simplex communication system for signaling
PM via a fiber-optic link. The system is composed of three main parts, namely optical signal
transmitter, optical signal receiver, and fiber-optic transmission line. Original analog signal m the
300 to 3,400 Hz frequency band is converted into light signal as wavelength 880 nm by using
phase modulation technique. The light signal is transmitted via a single optical fiber to a
photodiode that converts the optical signal into usable electrical signal again. After demodulation
and then audio- amplifying, the original AF signal is obtained. Moreover, parameter and test
results show that the system has mediocrity, but the data are in good agreement with the analog

modulation theory.
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9 14 ’ v
TEAUNTINUFUDNAGIZAUNA I W TUd s Ao smpe nuE UL A Ne TR A LSy
Y
14 nszvaunsfiSondr msvenoucrsdaemsnsedy (Light Amplification by the Stimulated
. = v v & t
Emission of Radiation) 13815889 31 LASER Sauaasldnmlnesunsuvesmsyassusay

199 Tugaifi 4.8
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4.1.4.2 Population Inversion
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4.1.4.3 msﬁ'ﬂgﬂvmﬁmma% (Laser Beam Formation)

duauaweigniagduuy TnsgunsaldmSumumnss Tsuuns (resonator)
lé o o o 3 1 = Q‘I’ g : Qo ﬂ'
mrﬂumsnfm‘vammmmumuazm"lﬁmu“lﬂmaﬂﬂsﬂumﬂmaﬁgﬂﬂszﬁu Aegun 4.9
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Laser Gght I3 generated here, and Paroy Junction
some sLys In the lasar cavity to Reflecive

Plane
stimulate more emission, Marvor \

Part of ight
emerges 83 beam.
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t : { U 0’1‘ { v -] t 1
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4.1.5 ANUUANFIIYRMNAIRUNR (Functional Differences)
A 4 1 o 1 o &' =] L] =} q‘: (]
Aefiuana19fiusenin LED Auarred 1a Teaiudieg 2 dsemsfe duilu LED ezl
2 o I'4 I Y o d: ¥ o_a [ A a
i us lvmes uanmusaadndlivioabn lAunsinwefiudevhiussdunseuagquiveiiey
t a L4 J 1 o 4 H 1)
Teanunuiuvssamesuineinveurineudanesiawe syusgiunsavunszuaifiu
negaatiu lasdeedins i lusantinuswunszusetaiosmudoins uassunsnszud
° 4 ] 3 ] a . . . 2
#19 e ngnidssosnuizseumiloumsaesuasmuEIsuINA (spontnacous emision) B9
) 3 14
fdszamiamuniloury LED dinszuadilirmusdiasylludnivfefaduuranmsesuas

4 4 4 o
uauTNIwSon 0 Asqlit 4.10
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Output Power (M)

LED

f—— Threshold
T 1 1 I T
50 100 150 200 250
' Drive Current (mA)

71U 410 anmduiusvesnszuatufum R sveaumafihes

anuduRuivesnszaduiumasnueumiddessnnsam ldnaaumsdudieie
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= M-ES.IVE . (1)
A& A o T a =
de N Ao Mwauvesmsyseyaeiuif
n e SasidauveunInszelsEeRgnIINg-
E, A wdanuuauvasiuesas lumizsvesyu
1 4 L4 ]
anuuanamelu lnssadeilifududdyawesumunsonlfoundaem Wiy
nyYy a a a v 9 o d' 9 [ o‘/’ det Ao @
uerldedetiszaniamndr LED sssumuasinszuaduiiqedienniuamwesedfday
' & o o ) 3
1A LED mnaududuvesasiitldesennuninszifiudwauniuaenn LED Seeruisa

q1dnn3U 4.1 Hndnuuda
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< A L] 4 vd' o o9 t o oy o hd Qo
mieufy LED msvszneuaishsdniidmlngihumihufuumdemifionaedmivduleod
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1. Ga,,,Al , As Ul GaAs ALTINAU 780 B9 850 nm
2. Iny,, Gay 4y AS, 5 Pypy U InP AMLAAY 1310 nm
3. In,,sGa,,, As,,P,, LU InP AUYINAU 1550 nm

Tauh InGaASP Sel¥nnuenindueglusiesening 1100 nm f9 1600 nm 4ag InGaAs
Tauaaiu 980 nm
LY J '
4.1.7 adnaTnvsuaiwes (Laser output spectrum)
Wudueguiriameslalensz Iuaumlnasufiuaund LED wndeiiiamwesla
Teatianuansalumsdedygrudioanudrgeiudulonium lnei Idimsuanns e
ar Y < ' Sa v da < o ' - o 14
vosdyg s Deedn lshduinavesuouanlnaduiifiswn 1 fs 3. 0m Alvgfsanefissi i
wailgnunerfiumsuannse nevesdyanaaunaiuveuawes lalon fadhezianududu
o o - P d' é g 1) a 4 a o
vouddenuunhigaianueadunilinay udluaweslaleansifnwesssadandu
e . dv A o o agvAa w & o ' a 4 4 ) '
(Laser oscillation) Wesiisafuiliinasasweesiinasemaufannueninaudug 410 ua
& < v n‘: d'd o 1 73 d' o o
ANEIATUALANIIUNTEATIVBIUYIGATENINTLoENUBIA S Tsiuiae S uTlanres
Tasnrmenndumldnn
2D = NA 3)
; o : 4
o 2D fe szez lndulusznias Tsnumefluniisseu
2 o ]
N AD §1HIUAY
i & ' 4 d a .
Tasanuemaduiudeseyluveuavsnnusinduvssawesfifannnstaes
Tasn1snszqu
4.1.8 Fiber Transmission windows
n’: '\ 6 @& ad W L] I V=] 91
Mamasiudaniu LED uaziomed lalenszianyuemydeinumileufudud
1 4
$1UUAITILBTAA (numerical value) 92A AN AUARUIAUYDINTUdBBLA T AB 31T AU
X tore X H ° - .. . & a =B =
lafuvesmstosTirmuveudulotiuas (Fiber Transmission windows) Fsamuln@sySmeg
L d' A o < o
0.85, 1.3, 1.5 luTnzimas Tnouansl3fegiil 4.11 Feesilididamsqaudeluduloiuaaios

[V pay 9 o ' o o ;’,’ o Y < * dv 9/
Taghn lehunasiutianuansod Ilinganssuauseanadl 14
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OH~ !

Rayleigh
Scatterine

Loss, d/km

)
T

. Intrared
Ultraviolet Absorption
Absorption Tail

| Tait

I~ -~
~— OH"~ =
T~1i ToH - TN~

0 ! Tl 1 ™ (]

0.7. 0.8 0.y 1.0 1.1 1.2 1.3 1.4 1.3 1.6

WAVELENGTH. um

gﬂﬁ 4.11 Fiber Optic transmission windows

s [ o a [y o 9o ' 1 ar
gandanvesnis ladlumsidudagnldiuawesla lonss annsamdeshaaunsds
& ) o $ d
A (band gap) vommauiulA Faeildidanueaduitdssesmndis  aumisaiu
1 o A { 1 A A 1 1 2 Wv
aafllFlumsmanuenniuilneseonulens WA T aUNS S TUYBIETHATH
A(um) = 1240/ Eg(eV) e 2)
A - 4 ag
de A fe anuenaduNdeimIm

Eg Ao ¥oeiauaundsnulunieddnasoulad

4.2.2 ﬁjuﬂssnauﬁumwaaﬁadwm
G]JJ?.I"JL?Bu'llﬂsiﬁ"llffduﬁﬂ%2ﬁ‘ﬂﬁﬂi:‘,ﬂﬂﬂulﬂ%’w'qﬂﬂiﬂfﬁui‘m‘?;‘ilSﬂﬁTJﬁéﬁff’JuﬂizﬂB‘U
mfhf:mmsmmmlﬁ'tﬁu'lé’ﬂugﬂﬁ 4.12
1. #2150U (housing)

dnuseuden1Dd@nnseting (Electronic interfaces)

!\J

AMTOUADN LAY (Optical interfaces)

U2

4. N59Y (drive circuitry)

[ o t 1 o -
3. TIUMURNIUNHUUAETIUNADIUU (Temperature sensing and control)



e T 4

47

6. NITUIUMINWBEINIOLNT (Electronic processing)
7. IUYBIUBTIABI ML (Optical Monitoring)
8. AINANBUTYYIN (Attenuator)
2 - ; :
Tasuensaesesiigunsalaiudu q Wwnufsadesdas 94 External modulator u
at o Vo - v ¥ A " pups
ns@iunasiuilaues auisovegonuaslfios nSediuvesmsaanoudygialunsaing

[ y
nsanaedoas lussuudue

Wy

Electone
Intertace

[ Esecrone |
\ Prazrocessang C-cuu-'_]

f 2ecDick '
“ugre
AL Optcat
Sqna o | Momoreg  [InouLeet

==

sUf 4.2 andsznevlumsasdaanamindulatiueas

o A . o A dv a ¥ v o ' s 4
1. A33oU (housing) AATOUNENFULLVBENILY Tavzepnuuuiundesiinasy
A A LY J \ M g A t té 1 < o
IHOAIUAEAINFIRLTWIAD 2 dau A duFourenisiaeuasdUFeUABN W@ BtIng
& '
s Ingszsonuuudumasgiu
v A [] a o a o .. ! J .
2. TIUFDUADNNBINNTOUNT (Electronic interfaces) dusiovaziiuae v (wire)
A ? LY L] L] T H Y
557w winifluviusenunninginssvestiuvie (packages) Ardauasagnsdrwauns ooy
nszuadeden i Wi 1d1d Taeass
3. @IUPONABN LAY (Optical interfaces) WUMSITONADSENIUMaAuTALALAY
) [ A YR 1 Y] [ a °
dulohuas fwanelugy 413 Fauflutdesgludisou uasszgndelifuduloiuaslae
auddelufivdseneudae collimating lens uazdauvsuduleovinies dau Fiber Pigtail 32¥in1s

a Aa [} 1 & ] LY °
FAVLAINIAUI LIUNULLDN Lﬂﬁ\iﬂﬂﬂll'llmx 3} 'hJ%Nua ﬂ"lf\ﬁﬁ'liJ'lﬁﬂﬂﬂl‘ﬂ'lﬂﬂlﬁhiﬂﬂ'ﬂlﬁﬁﬂ']ﬂﬂﬂﬂ
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Bcot Mount For
i Strain Relief

Fiber Pigtail

||

Elecincal Leads

a) Transmitter with Fiber Pigtail

Standard tiber
connector

Electrical leads

b) Transmitter with Integral Connector

JUA 413 anuFoumemauasvosdin

4. 299340y (Drive circuitry) Susgiuiavaens iy yuIndeyn uazunaId LA
LED awsognduldlasase Tnserswumassuiianssue (current source) umuzery @ausid
dygnuduingeregluglveussiunaz szdesgruasiiflunszum edralsfamaiinou
drmosiamesszdognlusaunisedunseuaiilndifsafum laser threshold

5. funsEuaSuiiAmInndy threshold current ﬁwﬁ'«mﬁwmﬂnwmzﬁannﬁrﬁ'uﬁu
Mduomivnazgnilinue neluamed duiugndse (ife tme) vsumwesszanaiaiy
guugdhaunenfasuladludednuasnsimvessiineudamed Suldut treshold
current ﬁﬁumﬁwgmmzmmmaﬂéuﬂztﬂéﬂuuﬂmmnqmn@ 11 threshold current 91RNAL

a ad (4 £ a A
wuuend uuuFeanmgungitinfeuly (T=(1,-1,)/T, 4 T, Aogungdaoududu T,
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a 4 as / YR 1 a 0 v
Aoguugligameilosnndyyraueiundludadiudiunivgugungiuasdiundedu
(Temperature sensing and cooling) AMAMEARUTTIMgUININMsIAsuIasvegungiiiy
o) o é o o L} ? .
avtivnmyssmsnsaniue lugieiemwes (laser cavity)

Thermoelectric cooler IuAdauaaenmnsavhldmsiulianuuniveufigungiingg

a 1) o W L4 A a o
msaugugnnglvenaes tsaaanu hifiveshdsewiwmduiisannngamglisei
Wi dueninninddudadhdydmiuamshausssginsai¥uuas suzimdaueniynd
v L4 = 4’ . A' J aa .
asvinlAonas Sasianmaniou (biterror rate) WnduluszuuATnoauas s ratio anaq
=4 ‘o 9 o o A J dy o L 4
luszuuesmidenszhldinisihaiuvesginsaduliauasanasunsYunouiloz v s
AWTINAULBANT i Bountlas aszuadaSuiianed (threshold current)
ad a o . . : ¥y A o

6. ATTUIMMINNBIANNIBINT (Electronic processing) HunszuaumsduAuinesdu
vosirdaaazhn lddgygna Itfmesuyn eglugdimnzandmivimiduunds
[-3 - U’ 1 L] L4 L d A L Ll -« A
fuliaues dsthusunsulaidygiunauswudozdulsesddonsetind ldilunssuadaee
10910y LASER Wag LED

7. tuyeaNeiiinesnuee (Optical Monitoring) Aadauaeriiniasedlsznoudana
s inifiedoinm Misfmamesizasefuuseiudosnnndiunhvssmwe a1

o o2 o o o o q’: 4
s3nstloundy (Feedback circuit) ezl unszuaduaumdauomiyniomunnd
14 ]
uonnniiitaaneudyain (Atenuator) Ardauevzadesedumdefidiunasgiu ud

¥
o L& 1 A N

(-] 3 A o o (-7 (-] v
'lumaﬂstﬁszﬂnmaammumﬂ‘nzqafmﬁﬁ'mmsmmﬂmmsmzmmminsummam‘m"lﬁ'
o o &' b Y Qs - 4'! n' o ar [} 9 t ar n‘ o
frie Tunwaiuladinanoudygramenszoae viynvesdidwasdeglusesunlaoasds
FMTUATVUE

4.2.3 mIsenuuumaaelagly LED sghadie
¥ o a n' ] A' o o Y é r- 1] 9 1 o
LED rﬂmmmmmﬂﬂﬂ:xﬂamﬁamamms'lnamwwumumamquauqammsaﬂu
luspedranSoveanandu lasiardszuia 1.5 1naad sy LED 711910 GaAlAs
ANIAAU 800-900 nm Loz Uszanm 1 TIA§ MY GaAsP ANAMUE1IARY 1300 om 299594

dnFuuvasnilia LED uaasnagii 4.14
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Simple circuit converts vokiage
signaf 1o variations in drive current.

vt

Modulation
Signal Voltage

Light Output

Load
Resistor

gUfl 4.14 2995%ueehsdshndy LED source

4.2.4 msvenuuudiduaslnglfiaiseslalensthane

auautian i weusiineudameSiaeswmilouiy LED Lﬁmmnﬁ’:@fjxﬂmmdq
f‘iuﬁmmuh’fmsﬁaﬁqﬁwﬁaﬁ Lwimma{w“lﬁumaanm?m'aLﬁmm%’unsxuﬁqand1ﬁ1ma%’u
nIzUaAsY (threshold current) iieanindesmsnszuadufiindeaiugdmnmmuiiidia
nszuafedesuniiios Tassussdunszudediugns 100200 ma wazusundoulnh 1.6-1.8
v nesduveaaweslaloalugui 4.15 HunslFlumeewienuazyd 4.16 19lumedteea
Falusaes 4162 Wreesduuuuimiansua (shunt driver) waznsuFMaosuuLHanoWidn
(field effect transistor) 1agA1 R, oz € ¥lumslusaldfumsdanes Taseadivesenss

asafisgNegunue ldnfaiiiouesing (10),

.||-—J

(2) (b)

<t s
3% 4.15 29ssturesagasialapuuuaunden



51

Vee

ECL input O—v—g PN =

1
] vcc
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[ Deive controt Bias coawrol
Veg
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7R 416 e5¥ummveslnloauuvAdnen

4.3 galnsniSuuaa
13 14
mifuueanetamsnfounas Wifludygi i lumshoudiuiesnldifiu 2

4
= -

a I 4 a o 4 a a .
3% A Aniadiumadfoudygnauaddidu i lnsaseBaS on3T 897 Photo electric  effect
o Q'l 3 = é -4 Q o d‘ +
Taeldnszurumsgandsnutiufie Welluawnannsznumshsing Sionaseufiegluuoumn
o o t:'i :g = v o o [} Jl J n:lv (- a d' d‘
ouguuuaszdouiu llsginousaduuuud uamsdoutu liduudfedmnasounioud
1 : a g Y] = !l P o o ° ] s
wnin uazlufigaszaduinsudy Teadanfmilsluuouauduuug T4 photo
1 A [ ]
electric effect sumgimonszndounesliiffunszualiih szdodldanmnisuontuvesd
waasouny leanoundusus ANy
A naeaii laemslfsundsauuas Wil undsounudoundfutdoududyao
& ' .. o =1 e o
WA T ondn Sensitive at effect Tnona T ezimsaovaussdnuazar T liains e 195y
o =) % T 1t o A
moed Iusuidla (Thermocouple) tog Ty Isfiimesuazoug ua lithn 19 lumsdoasdaouas
o Qs o g e = o t 9 A & 4 a a o
dmsuginsaifunasmsiisuRoatuurasiudionem Tufomofiszuens@ansousy
o & ) . A 4 ' o a a4 >
TeaiuTaena111F PN-junction Hefisoudpuns P-N Yiusziamuw Wi lufidedu Tnetue
~ é = o o
QNAIRUBIaNATEUYOI N-type voelgnues P-type Fefidszy Ifuduavuas vanmudrdy fiu

1 4 1 4
wavh IR Lilidianaseuuns Teaduaseusnusoodedl 5 sn1Depletion zone aalugl 4.17
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® : Electron : DEPLETICN
O : Hole t ZONE

LESTLIN

Aoy

U1 4.17 veraednpniz ¥o.a Depletion zone

gunsafuuaeiildlunisfearsnuasdiulngesi@unan I lndinaines

(photodetector) Taesimii/asundsomenasdhundanumlnth T ingimameslugay

- Y e o dv
ARCADNURUTUUAMNU

L.
2.
3.
4.
5.
6.

az%mﬁmmmmsn‘lumss“uuﬁqﬁmmwﬁﬁﬂnszﬂuqﬂﬂsﬁ
azdvslimmurnsarmoulugaeindsunsusa 850, 1300, 1500 nm)
wwdnslinmisuRsanwedemswlAsuudauiudanasen
szAsfivumdnidriuduloniuaslde

2z Apafismiian

wzdnslu e duadey

Tagunaia lizdeel¥da5unasaiiafi sn91 PN Photodiode, PIN Photodiode L2 APD

(Avalanche Photodiode)

4.3.1 Widulvlidlalen (PN Photodiode)
ihufinnuiuegudri v @le Teass hanuilefus i lusaiiaum T 12n loauwy

TuSandy (everse bias) Azl 4.18 uAAENYMZYES PN photodiode
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43.2 Wiewulnldlalea (PIN photodiode)
1 [] ¥
filodun1dlalondlud nytianilanldduves depletion-layer 1§19 lun15%19T0
- =1 ' .. . .. . da b 4 4 d o
eniRANg 91 positive-intrinsic-negative Wufiionlfinalussuudemslumsifiuinamessu
~ L] q&’ a a o . . . ] 3 3 da =4 &
wee WleBusslisuduniudn (intrinsic) egszwihenanvessuniimsldtidunmzuin nse
R ed v ) i
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1319 6.1 WaAA1 outputildannnnsasdtycyrulantinuananaund

LY dl d' <l
n) dtyeyae FM laeasnudaduniusasi (f.)

mwu?{input(Hz) HANTIAAR(HZ) ﬁ'\ﬂmmﬂéfau( %)
100 g9 1.000
120 120 0.000
140 138 1.400
160 161 0.620
180 180 0.000
200 200 0.000
250 251 0.400
300 299 0.330
350 348 0.570
400 400 0.000
150 450 0.000
5.00 500 0.000
350 551 0.180
600 600 0.000
650 651 0.150
700 701 0.140
750 751 0.130
800 800 0.000
350 848 0.240
900 902 0.220
920 921 0.100
940 941 0.100
960 958 0.200
980 980 0.000
1000 1000 0.000
it 0.23%
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NayeyIs PM laafiadunivsiach LT LR GHERICERRIES

AMUNINpU(HZ)

HANTTNARRN(HZ)

ATARINARRU ( % )

100 99 1.000
120 121 0.800
140 140 0.000
160 160 0.000
180 181 0.550
200 200 0.000
250 250 0.000
300 300 0.000
350 349 0.280
400 401 0.250
150 450 0.000
500 500 0.000 -
550 551 0.180
600 601 0.160
650 650 0.000
700 699 0.140
750 751 0.130
800 800 0.000
850 850 0.000
900 899 0.125
920 921 0.108
940 940 0.000
960 961 0.104
980 981 0.102
1000 1000 0.000
i 0.117%
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n) Agyqu M laganuliaduniueasi (1)

AN 6.2 WAAIAT output NlAANNsdedtyurulaetinudulawtidiuas

ANMBIAARDU ( % )

ANMGinput(Hz) HARTMARDA(HZ)
100 100 0.000
120 120 0.000
140 141 0.700
160 161 0.625
180 - 180 0.000
200 200 0.000
250 250 0.000
300 299 0.330
350 348 0.570
400 " 400 0.000
450 451 0.220
500 500 0.000
550 551 0.180
600 500 0.000
650 649 0.150
700 701 0.140
750 750 0.000
800 800 0.000
-850 850 0.000
900 901 0.110
920 921 0.108
940 939 0.100
960 960 0.000
980 982 0.200
1000 1000 0.000
\ndt 0.137%
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ﬂ'l'mﬁ:input(Hz) HAMMTMARYYHZ) ﬂ"\ﬂﬂ’\mﬂé'ﬂu (%)
100 100 0.000
120 120 0.000
140 140 0.000
160 161 0.600
180 180 0.000
200 200 0.000
250 250 0.000
300 300 .0.000
350 349 0.280
400 400 O.bOO
450 451 0.220
500 500 0.000
550 549 0.180
600 600 0.000
650 650 0.000
700 699 0.140
750 748 0.267
300 800 0.000
850 851 0.117
900 900 0.000
920 920 0.000
940 938 0.204
960 960 0.000
980 981 0.102
1000 1000 0.000
mﬁrﬂ 0.084%
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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 vaiue up to 200. ’

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

Features

n Battery operation

a Minimum external parts .
~ | W Wide supply voltage range 4V-12V or SV-18V
Itput] = Low guiescent current drain 4 mA

LM386 Low Voltage Audio Power Amplifier

Voltage gains from 20 to 200

Ground referenced input

Self-centering output quiescent voitage |

Low distortion

Eight pin dual-in-line package . ¢

Applications

® AM-FM radio amplifiers
Portable tape player ampiifiers
Intercoms .

TV sound systems

Line drivers

Ultrasonic drivers

Small servo drivers

Power canverters

Equivalent Schematic and Connection Diagrams

Duakin-Line and Small Outiine

[
OV - . Packages
' ~J .
GAlN = P CAIN
~ARsyT -—’ e JYPASS
L v arryr L LIy
a0 L Yore
TUWE376-2
Top Vlew_
Order Numbrer LM386M-1,
LM386N-1, LM38< N-3 or LM386N4
: See NS Pack 2ge Number

i - Typical Applications

PN Amplifier with Galn = 20
‘e ¢ Minimum Parts

-

*Required for LMIB6N-4 onty,

T/H/8076-3

Q Cao

TUH/E076=1 MOBA ¢ - NOBE

Amplifier with Gain - 200
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*Reoured for LM336M:.4 oney.
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Absolute Maximum Ratings

98ENT : ,

H Milltary/Aerospace specified dovices are required, Junction Temperature +150°C
contact the National Semiconductor Sales Office/ Soldering Information
Distributors for avalitability and specifications. DualIn-Line Package *
Supply Voltage (LM386N-1, -3, LM386M-1} 15v Saldering (10 sec) +260°C
Supply Voltage (LM386N-4) 22V Small Qutline Package
 ccimat Vapor Phase (60 sec) +215°C
tion (Note 1) (LM386N-4
Pat:nkavgenl:ti:ipf . (Note 1) ) 1’@5:; Infrared (15 sec) +220°C
Input Voliage - . - Sea AN-450 “Surface Mounting Methads and Their Effect
| Storage Temperature —65"Cto +150°C on Product Reliability” for other methods of soldering sur-
1. operatmg Temperature 0°Cto +70‘C face mount devicas. .
Electncal Charactenstlcs Ta = 25°C :
Parameter —- Conditions Min Typ Max Units
) Operaﬁné Supply Voitage (Vsg)
. LM386N-1, -3, LM386M-1 4 12 v
© LM386N-4 5 18 v
. 1 Quiescent Current (1q) Vg = 6V,ViN =0 4 8 mA
4] ot Pover Poum)
i LMBBGN-1 LM386M-1 Vg = 6V, A = 80, THD.- 10% 250 325 . mw
. LM386N-3" . Vg = 9V, R = 80, THD = 10% 500 700 R mw
|3 LM3BEN-4 Vg = 16V, R = 3201, THD = 10% 700 1000 mW
Voltage Gein (Ay)  °_ Vs = 6V,f = 1kHz 26" - @8
T 10 uFfromPinito 8 - . 46 dB
% Bandwidth (BW)- * Vg = 6V, Pins 1 and 8 Open 00 ). o KHz
""Total Harmonic Distortion (THD) Vg = BV, Ry = 80, Poyr = 125 mW "oz . «
S . t = 1 kHz, Pins 1 and 8 Open :
|z Power Supply Rejection Ratic (PSRAR) Vg = 6V,{ = 1kHz Cgypass = 10 uF 50 S
. : Pins 1 and 8 Open, Referred to Cutput
" Input Resistance (AiN) sb . ka
- input Bias Current (Igias) Vs = 6V, Pins 2 and 3 Open 25 |° NA
,,Nou1.Foroo¢nmh|munmuumu'c.udmmmbcmudbuodonu150‘: junction and 1) & tharmat

3 reestance of 8°C/W juncton t amblent for the duak-in-ine

- Application Hints
. GAlN CONTROL
To make the LM3B6 a more versatile amgplifier, two pins (1

" and 8) are provided for gain control. With pins 1 and 8 open
k " the 1.35 k(1 resistor sets the gain at 20 (26 dB). If a capadi-
toris put from pin 1 to 8, bypassing the 1.35 k1l resistor, the
~in will go up to 200 (46 dB). if a resistor is placed in series
p 4 the capacitor, the gain can be set to any value from 20

’ = 10 200, Gain contol can also be done by capacitively cou-

phng a resistor (or FET) from pin 1 to ground.

'4 " Additional extarmal components can be placed in paraliel

_._._wrm ‘the intemal feedback resistors to tailor the gain and
. frequency response for individua! applications. For example,
Z.“ can compensate poor speaker bass rasponss by fre-
i quency shaping the teedback path. This is done with a se-
; ries RC {rom pin 1 to 5 (paralleling the intemal 15 k{l resis-
. to0). For 6 dB etfective bass boost R = 15 k02, the lowest
- Value for good stable operation is R = 10 kfl if pin 8 is
. Open. if pins 1 and 8 are bypassed then R as low as 2 k2
can be used. This restriction is because the amoiifier is only
;}meensated for closed-loop gains greater than 8.

e

end)a

oH70"CIW!nerIamﬂimpadaon.

INPUT BIASING

The schamatic shows that both inputs are blased to grou-.d
with a 50 k{2 resistor: The base current of the input trans:s-
tors is about 250 nA, so the inputs are at about 125V
when left open. If the dc sourcé resistance driving <1e
LM386 is higher than 250 k2 it will contribute very lit 8
additional offset (about 2.5 mV at the input, 50 mV at ! e
output). If the dc source resistance is less than 10 k12, t= in
shorting the unused input to ground will keep the offset w
(about 2.5 mV at the input, S0 mV at the output). Fo* ¢
source resistances between these values we can elimi- .te
axcess offset by putting a resistor from the unused inp. to
ground, equal in value to the dc sourca resistance Of
course alf offset problems are eliminated it the input i¢ sa-
pacitively coupled.

When using the LM386 with hxgher gains (bypassin: the
1.35 k(1 resistor between pins 1 and 8} it is necesszary to
bypass the unused input, praventing degradation o* jain
and possible instabilities. This is done with a 0.1 uF canaci-
tor or a short to ground depending on the d= source ré sist-
ance on the driven input..
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LM386 Low Voltage Audio Power Amplifier

General Description

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

The inputs are ground referenced whiie the output is auto-
metically biased to one haif 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

m Battery operation

a Minimum external parts

1 Wide supply voltage range
® Low qguiescent current drain

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

n Voltage gains from 20 to 200

= Ground referenced input

® Self-centering output quiescent voitags
n Low distortion

m Eight pin dual-in-line package

Applications

B AM-FM radio amplifiers

®r Portable tape player amplifiers
m Intercoms

u TV sound systems

& Line drivers

8 Ultrasonic drivers

n Small servo drivers

u Power converters

\J
.

Equivalent Schematic and Connection Diagréms

Duakin-Line and Small Outline

L

Typical Applications

Ampilifier with Gain = 20
Minimum Parts

]
Ove - Packages
' = '
SAIR =y poeee CAIN
—aryT 2 7—— 1YPASS
b—é Vour T -—’— -—‘—- Ve
> cx0 — L Yo
TW/H/6376-2
Top View
Order Number LM386M-1,
L M386N-1, LM38< N-3 or LM336N-4
) - See NS Pack 2ge Number
R MOSA ¢ - NOBE

Amplifier with Gain = 200

10F

L '
L 0
= ‘
-
p]
1 ‘ l a e
Iy
— — "‘L" 10
- -
+ =
= = T/H/6976-4 |
TUH6376-3 *Requrred for LM396:-4 onty, L
“Required for LM386N-4 onty. '
]
1-30




——

Absolute Maximum Ratings

H Mllitary/Aerospace specified devices are required, Junction Temperature +150°C
contact the Natlonal Semlconductor Sales Otfice/ Soldering Information
Distributors for availabliity and specifications. Dual-n-Line Package *
Supply Voltage (LM386N-1, -3, LM386M-1) 15v Soldering (10 sec) +260°C
Supply Voltage (LM386N-4) 22v Sn\;ﬁ" Otgﬁne Package wo
: issinati 4 apor Phase (60 sec) +215
r—"acka\jjel :ssnpa ‘on (Nota 1) (LM38EN-4) 1. _ss:\\’l Infrared (15 s8c) +220°C
Input Voltage - . - Sea AN-450 "Surface Mounting Methods and Their Effect
Storage Temperature —65°Cto +150°C on Product Reliability” for other methods of soldering sur-
Operanng Temperature *Cto +70‘C face mount devices.
- » '-
Electncal Charactenstlcs Ta = 25°C -
. - Parametsr -- Conditions Min Typ Max Units
" Operating Supply Voltage (Vs)
- LM386N-1, -3, LM386M-1 4 12 v
LM386N-4 5 18 v
- Quiescent Cumrent (o) Vg = 6V,Viy =0 4 | 8 mA
tput Power (PouT)
_LM386N-1, LM386M-1 Vg = 6V, R = 8Q, THD = 10% 250 325 A mw
CLM3BSNS T _ | _ *Vg = 9V, AL = 80, THD = 10% 500 700 T ] mW
; LM386N-4 Vg = 48V, Ry = 320, THD = 10% 700 1000 mw
1, Voltage Gain (Ay) Vg = 6V, t = 1kHz N R dB
=TT 10 uF fromPin1t0 8 - . 46 dB
1= Bandwidth (BW)" - Vs = 6V, Pins 1 and 8 Open soa .. T kHz
=21, Total Harmonic Distortion (THD) Vg = 6V, Ry = 80, Poyr = 125mW T o2 . “
o [, . f = 1 kHz, Pins 1 and 8 Open
% Powar Supply Rejection Ratio (PSAR) Vg = 6V, ! = 1kHz Cgypass = 10 uF s .
: Pins 1 and 8 Open, Referred to Ouput
Input Resistance (Riy) 50 k01
Input Sias Current (Igjas) Vg = 6V, Pins 2 and 3 Open 250 nA

. Nots 1: For coamoon in amoHm temperatures acove 25°C, u,mmmmmmmamﬁ?’mmlmﬂmnaw

of 170°C/W {or the small outiine paduou.

¥ ".mutmwwmmmmmmmm Qrand ) a

s‘, - - -

=1 Appllca\tibn-Hmts .

23X GAIN CONTROL INPUT BIASING

To make the LM3B6 a more versafilsampliﬁer. two pins {1
and 8) are provided for gain control. With pins .1 and 8 open
the 1.35 kl resistor sets the gain at 20 (26 dB). If" acapac
i tor is put from pin 1 to 8, bypassing the 1.35 k1l resistor, the
= inwill go up to 200 (46 dB). if a resistor is placed in series
; 4 the capacitor, the gain can be set to any value from 20
= 1o 200. Gain control can also be done by capacitively cou-
r; phng & resistor (or FET) from pin 1 to ground.
& E_.Addm:na! extemal components can be placed in parallel
{ £ with ‘the internal feedback resistors to tailor the gain and
ncy response for individual applications. For example,
. e can compensate poor speaker bass response by fre-
.., qUMCy shaping the feedback path. This is done with & se-
RIS ries RC irom pin 1 to 5 (paralleling tha intemal 15 kN resis-
1. ‘ton). For 6 dB affective bass boost R & 15 k11, the lowest
<. value for good stable operation is A = 10 k1 if pin 8 is
.. open. It pins 1 and 8 are bypassed then R s low as 2 kQ
. _Can be usad. This restricuon 1s because the amolifier is only
_3ﬁ0mpensated for closed-loop gains greater than 9.

The schematic shows that both inputs are btased to grou-.d
with a 50 k(} resistor. The basa currant of the input trans- ;-
tors is about 250 nA, so thg, inputs are at about 125 n V
when lgft open. If the dc sourcé resistance driving 1o
LM386 is higher than 250 kf} it will contribute very lit e
additional offset (about 2.5 mV at the input, 50 mV at :-e
output). If the de sourca resistance is less than 10 k2, t= in
shorting the unused input to ground will keep the offset w.
{about 2.5 mV at the input, 50 mV at the output), Fo* Je
source resistancas between these values we can efimi- .te
excess offset by putting a resistor from the unused inp. to
ground, equal in value to the dc sourcs resistance Of
course all offset problems are eliminated if the input it Ca-
pacitively coupled.

When using the LM386 with higher gains (bypassing the
1.35 kf} resistor betwean pins 1 and 8) it is necessary to
bypass the unused input, preventing degradation o jain
and possible instabilities. This is done with a 0.1 uF canaci-
tor or a short to ground depending on the ¢= sourca re sist-
ance on the driven input.

1-31




LM386

Typical Performance Characteristics

SUMPLY CUARIKT {mA)

VOLIAGL CAIN (48)

DEVICE D133IPATION (w)

Quiescent Supply Current
vs Supply Voltage

¢ 5 ¢ 7 ¢ ¢t un n
SUPPLY VOLTAGE (VOLTH)

NERNE
e
]

I
|

L2 n i 108 w

FREQUENCY (Mz}

Device Dissipation vs Output
Power—40 Load

POWER SUPPLY Ill[dlﬂl ({1 1]

Power Supply Rejection Ratfo
(Referred to the Output)
vs Frequency
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Device Dissipation vs Output
Power—80 Load
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OUTPUT FOWTA M)
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DEVICE DISSIPATION (W)

Peak-to-Peak Output Voltage
Swing vs Supply Voltage
s
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cal Applications (Continued) .

Amplifier with Gain = 50

K

Amplifier with Bass Boost

*Requred for LM3I8EN- only,

26

NNy
“w &

A

VOLTAGE GAIN (48}
s agMp

-
~

Low Distortion Power Wienbridge Oscillator

b
AAA

S8uF
ELDEMA
crsam | l T—Cv%
- - - > .
W-1smd = m
" - (T

. =1
TU/H/ER76-8

—O

TU/H/E376-8

[ERET™
= TLIHIQ76-S
Frequency Response with Bass Bot.::st . .
[ .
|
T\
[\ | .
[ 1N |
TN T
1] N .
Il | T'\L
| | i |
L1 T |
20 ‘50 100 200 500 1k 2k 5k gk 20k
FR.EnUENCY (Hz)
TUH/6976-10
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Typical Applications oo

AM Radio Power Ampiifier

Note 4 R1C1 band Emits ingxt signals,

very tightly.

very tightly. -~

K5-001-001/38 with 3 M of wire.

Nohl:TwmuMludnndnpplywum

Nohszistmludlmommd
NohtFmabude'mm:.m

Nohs:uwwamunnmbomeedwrydoumn
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igure 1. Circuit diagram for measuring rise and fall _
) times.
100 -
- ,/7 \\
' e 0 !A
2 m /
g o / e .
| 74 Fiber termination instructions:
32 Y \ I
2 0 1. Cutoff the ends of the cable with a single-edge razor
\ £ / blade or sharp knife. Try to obtain a precise 90-degree
22 k angle (square).
> 2. Insert the fiber through the locking nut and into the
10 connector until the core tip seats against the intemal
s o micro-lens.
500 600 700 800 900 1000 1100 .
»- Wavel o 3. Screw the connector locking nut down to a snug
; - Wavslength fit, locking the fiber in place.
igure 2. Typical detector response versus wavelength. Figure 3. Cross-section of fiber optic device.
8 ['_R_1 Mo MINETERS | NOES
. ¥ AND Z ARE DATUM DREMSIONS D Dodj N | Max | MM [ | °
T 1 T1S A DATUN SURFACE. A (2324 [25.27 |ets 995
+ — 4 e z.mmw.mmoo»(zm: 3 (85t (014 1340 1360
Jasih i £ #i# 0.25(0.010)O1TIYO|Z C [991 [1041 {350 (410
EET—MM —'—-l- X POSIMOHAL TOLERAMCE FOR F D4 (2 PL): D {152 [1.83 [.060 |04
—T/- i ] ! #{0.25(0.010) BIT[Y O]z E |41 470 [.183 |.185
y 1R ’i | | 4. POSOKAL TOLERWKE FOR H OM (2 L} | F {043 [0S8 017|023
: l 31 0.25(0.010) B [TIT L : 0"73“;; 0{1700 ?;:J
F I S. POSICHAL TOLERRMCE FOR Qs T e 8c 50 BC
W - $ 0.25(0.010 TIY Z K {1035 {1187 |.408 463
; J_l & POSITOHM, TOLERANCE FOR B L 114|185 |06 |0&s
[¢I#» 06:25{(6.010} B [T] N | 254 858 .100 BSC
™™ 7. DMENSIONNG AND TOLERANCG PER ANSI Q{30s 330 120 1130
Nn4SL, 1982, R {1048 {1093 [413 |43
¥ & CONTROULMNG DOMENSION: INCH S | 6s8 &sc 275 BSC
u ‘f—————-f\\ U (083 [i.08 | 032 [042
A :EF oy / {\33 e ¥ [sss 711|210 |2%0
' TR n:rsx‘%"—"" 2 PR 1. ANCOE ¥ | 5088t 200 8SC
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Figure 4, Case outline.
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