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ABSTRACT

This project is the development for mode! SR-10 radio telephone which has been rejected
from the military service because of no spare part available for maintenance. From the
equipment testing, getting the result that the transmitter and receiver circuit is still in good
condition. So that this project will develop and redesign only the interfacing circuit to use
with the old transmitter and receiver. The outband signal controlling frequency 3825 Hz is
selected to communicate between exchange unit and subscriber unit. After finishing the
development, the equipment can be used either exchange or subscriber unit to save the

maintenance cost due to the less number of spare units.
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&uﬁzdaé’mryqmﬁ’lﬁ‘lﬂﬁm%ﬁiﬁ'nLmﬂs‘ﬁ'tutmmm'mﬁ 3825 Hz ufakefoyoyrodialdiu
2945 / e ATRa uaxqﬂnmﬁﬂuim
qﬂn?tﬁﬁwimtﬁﬂ’lﬁﬁﬁmm'\mmﬁ:Jﬁ 3825 Hz MrHrumsAlRamesazinnegy

o

fugusne wie FrusfleunsenyinsAniiftalila lasatnu ( Dial Tone ) anguantdeay
HeRINIBIANNEREY  IBNTRAEYMERI TR aTI N FusE AU n s
'meamaué’tutuqmdo'lﬂﬁ‘tnqmwﬁm‘émda’mq

qygyrnuReaviza DTMF ﬁi‘umnm‘#@ﬁmzqnﬁuqtaw T CYIRRIORES L TTOTT (T g Tut N
\&e1 ( AF Pre - Amplifier ) afmiazdanianemzaemanasisiagdasamnnany
Afndan AygroudedFazgnianisaenedygadagsastaadygioafes ( AF
Amplifier ) nﬁamn&mxdaé’mm'\mﬁrhuqﬂnmﬁan‘[mt’?'w'ﬂdachu'lﬂlﬁ‘qummiﬂ‘lﬂ

neeif 2 nsidenidhangusnelufedld (Incomming Call)

waquanesesmaiunludlfon guarsazdsdygrmian (Ringing ) fwuguinsal
deales vﬁlatﬂ%\"ﬂuﬁmmﬁmﬁﬂmﬂu&’mru'\mmnqu'tﬁﬁmmmaﬂmwh" 3825 Hz uar
29935 / Aip (AEBIRY

2992HBRAND 3825 Hz Lﬁa'lé’s*uﬁruruﬂmmnqﬂnmﬁaﬂmazﬁqmsnaﬁé”rutmm
Al 3825 Hz Lﬁ'ada’lﬂﬁamn‘[ug,mmmm‘gmm?mq unaiBiafiuasasia / saisisass
qs?ui:um‘xmmuq:ﬁ':dm’quqﬂnmh‘ﬂau‘immﬁqms*sTmsiﬂumiaf-i'm’lﬂfgmwﬁm?;mda

WinnausmnusamenaBandn foyorumead 3825 Hz Aasgnlugiandiuadunimess

luffanamulanemng ( Subscriber Unit ) sigtl
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noudleie (Hybrid )

o Fniusasi e nnnsdauasnisiurasdtynyroades ( 0.3 - 3.4 Aladmd ) Taw
p2e IneszvdnameasiiAincaenedtyoins ( Amplifier ) Tuszuutnadwiiuladaasiduen
oWire anninsAniTisislu aWire isesan aWire Wiy 2Wire F¢ 4Wire Suszuviadly de 2
Wuazdy 2 iy fagildl 2.9

Finite loss

4W T(S)
BN(N) A

2W(L) ‘ H ﬂ Infinite loss

4W .R(R)

1A 2.9 uamenaslariia
. 4 1 & 1 ' .
2W(L) :2 Wire AadnuiisiaagiuiAsasguant uneiiidendn 2 Wire line

AWS(AWT) : 4 Wire send ( transmit ) Aanaenieenlididudaluasss selil

. ' 4 d

AWR  :4 Wire Receive Aamnadinufufygyrnifiunanngunsaiansnumilaiiags
sintads 2W(L)

BN : Balancing Network fifialdlaBseglumavaumed  Tnennfieed

SuRusudivindy Characteristics impedance 1838 inzdwl
( Uszante 600 v )
laFaurtieanilu 2 13ia A

1. neudaelaie ( Transformer Hybrid ) ikla3adldaanamniioatin lunns

UENUATSIN 2 W -4 W ﬁqgﬂﬁ 2.10

T . T
~f————tA
- —d
L : : BN L -—- —_— BN
< I\“: \”l. <
L — —— 14 o A
R R

37U 2.10 uams Transformer Hybrid



Farsanianasiliflugiuunes Hybrid Coit Telinnsannas 3dB

2. $Haunudlaits ( Resistance Hybrid ) ifluaaslmizaildaanusiunulunisuen

uarTIn 2W-4AW dslaidaefintazinnsaanauganduuumsuanamedlevia Solitiealy
| T
q9asinsAnil ezl 2.11

L BN 293511IN9aANaY 6 dB
R
T

s - 29ATERN1I8ANEY 10.7 dB

l w—p

]
-4 R

JU7A 2.11 usn9Nas Resistance Hybrid

v - v o & & v O [ G’i’
ﬂ’\?ﬂ?‘NQQQ?‘.ﬁ‘U?ﬁﬂﬂﬁﬂﬁuﬂmﬂlﬂﬂﬁ“uﬂﬂﬁu

1. nsaamauann 2W lilds 4ws avdesiidas

2. meaanausn 4WR lalés 2w avdiasiiAvias q

(3 L4 3 o .‘
3. nsaanauann 4WR lalfis 4ws avsiasiiFnunn o Awanalugiln 2.12

4WR

FUA 2.12 usmanasaomanlufirm sy 7 ge9 lovde
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mMsiansisasiadsansudiaeslase

R .
§1# 2.13 uans Ideal Transformer Hybrid

iazingUil 2.13 wilaszd laeasldnmudreed T2 Weulaeudnfuaud Widu 600

Tavin azlddopln 2.14

306016000 @.
E
)
o Jlo ¢
2] | | o
L Q@ L l®m @-*
® “ Q@
7} ]7
~—n

U7 2.14 usmsnrsurlneBuiumdasa Transformer Hybrid
Faidevlasiag y Fail
- Self impedance
Za,Zb, Zc =0 ( pure reactance )
- Mutual impedance
Zac = Za.Zc
Zad = Za.Zd
Zcd = Zc.Zd
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uasBnfunud Za : Zc : Zd = 2:1:1 GelumaljiiRuda aziien 600 levy

- | v o J
fansou dlededoynrniann 4 WR azlsifaniin 2.15

717 2.15 usmenasilaudynrauga Hybrid iAamIAn Loss
siusle 7t = zr ugaazinlilidinssuglualu Bn (In=0) suradtaanauan 2 w lilf
4WR a1
"M/I7 =600/300 =2
20Log (11/1t) =20log2 =3.01dB 11&'7;% Zt=2r= 71

- 1 [ 4 3
tsslnmireclmdaiinanarlsznsanaaragIifl
1. 2NAYYIUANUUAINUTA 2 UNaS Haultuinamseany
2. usndryryrasannunasifiadasiutiauliiuiuan 2 fa
[ 4 1 J t - 4
3. Wifludautlsznaylun1sdmen Retum Loss iaulFauiinusnaufiuawd 2 fa
v -
Y
- $1AgN
- PUALANURTILN

- Wruldlagliidndamreaun

$aide

- finsasneudiyyrniluseninedulerlingse 6 B
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Metal Can Package Dual-in-Line and Smal Outline Packages
outrut
outeyt | L
outrur oL FILTER —-_I Il I I ]> — ourhuT
FILTER m
“ toor _2 ]
Loor TIMING FILTER — GO
FILTER CAPACITOR . =
3 0
. TIMING et Hirrrd e TIMING
Pt o AESISTOR fuctes CAPACTTOR
v v — | §_ mming
AESISTOR

U7 2.17 ugmudenlaszunsuyes IC 567
ufenlaezunsudng 4 189 IC 567 uamalugili 2.17 desmamauneazidanes

2/

?zuumﬂeaﬂn?m‘?':ﬁ'mq‘lcﬂu‘lﬁﬂzunwmw@ douunudannsdngnlusiaduny T uay V
wamalugudnasiu
maosasiaatinedng q Taaldan 567 ladeagwialfien usnauNARBIALIAENIIY
i’ﬂgamaﬂszmstﬁﬂﬁﬂwﬂﬂm'mazmnlumﬁﬁmqﬂnmivmmﬂuﬂnu'\'l'h’mu'luuuusi'n
M AoruBnansTaInsuueyauetiusTee R1 uaz C1 Fadnazldunluduninin
yuavqunniiRaTign R1 AosiiAnagszuing 2000 T 20000 ek AasENaNeTBITELILIT
azgsnsanifine
F=1/R1C1
Tel% F Aemeuidiimisaiu@md
R Aeanusnumiuimiseduledy

c Aasrpusitumuiimdaadvliiasmnia

.uas_ir. ._.].' Jmm-u. '

¢ § 3

a:l:_\j:_\u

i 2.18 uamanaslian IC 567
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e Terminating Unit 1ls2na1auannasassing Fglalil
- neaganfiangzua ( Current Limiter ) Usznavlfias R1, R2, C1, Q1, D2, D3, D4, D5
Faglf 2.21

D2-D5

Ql

77 2.21 usmansazinamnszua
ngUil 2.21 fnsinaudes lalan D2-D5 avimiiniandarediiifademenidames
Q1 Ssgnludalas R1 uaz R2 liinszug o Inand Femmansausmslilanilefansandoy
Bunmmausi4n +12 Taal, D2, R1, R2, Emitter Diode, D5 #ens 19 Wueadld
Ib = (Voc - Vb2-Vos - V8e ) / (R1+R2))

= (12-0.7-0.7- 0.7 )/ ( 6800+6800 )

= 0.73mA
uAzaN lo=hfelb 1eldmndanefiues BD 130 FeilAn hfe = 100 azl¥ Ic = 73 mA iy
nIzue Ic qqqméq'lun'1aﬂg‘]ﬁ‘ﬁwudﬁm?"m‘imﬁwﬂvffﬁﬂﬁzﬁunezuaﬂ?::mm 30 mA C1 1
AT TRl sEmTeR Ty QATLINIULGS bypass AaqyIns Ringing lunseiifiosasty
atfinakuns ( Exchange Unit ) azpeeiinf Loop Wituguanainadmd WelHailou
dntnsAnvigneny Taeinns Looprinu D2, Q1 uaz D5 ndulldequans gavlunsaifiassiiat
finmtlanene  ( Subscriber Unit ) BamnuiilunnsdntnssusiesIiuedes insdn
whautaiiansrualituaasuananiussiesinsdml ( Hook Status ) Tsifumiafu
18ansTuseinu L1, D2, Q1, D5, sinwsiasineAmTudanenliifes LED lu ict $uilu Opto

Coupler



aglatise ( Hybrid ) dsenausion C3, C4, C5, T1, T2 uas RS ﬁauam'lugﬂ?; 2.22
Tneasaslaiinasimming lunnsulaeudoygnnann 2 - Wire 1l 4 - Wire send-recieve
Aatfoygnudrumnedou 2 Wire azgndsaanlunneinug send uazileloingy
Fryrynnsnmadinu receive fiazgnasaanmadnu 2 Wire Iagazdl R4 uas C3 Fmdinl
n1s Balance L‘Ti'ﬂﬁmﬁum?muﬁwmﬁtgtg'\m‘hﬂﬁﬁtyrg'\mﬁﬁ'\mmqﬁw Receive
waAEENININAIL Send Inszazvialiiiantslaundu Feeraifluannrniniaesiia
néryeyndlunsassenaesly C4 uay C5 avsinmiatlasiusauinase ladl¥eindnmm
'mes‘lan?muﬂxm?ﬁqmuﬁqsn.uﬁﬂuﬁu;ﬁmﬂﬁumq ( Exchange Unit ) waiiefly

nadanenie ( Subscriber Unit )

4-W R

C
——
-
) :C3 ‘

S

i 2.22 uamnaslayia

o - g 4’ a
sasmsaasutyryrnidiuaruananuziAzasngAn

( Ring Detector & Hook Status )

R3 Cc2
D6-D9

| IC1

;,nJﬁ' 2.23 uﬂmowmmq”uﬁtytyﬂmunwanﬂmusm?bqu‘ﬁwn'
anqlf 2.23 vsznausaeilalen D6 - DO IC1, R3 uax C2 ilaiunmmagiunng ( Exchange
Unit ) azsmiiafiiunsasnsadudynnded Tmmﬁ'm;ua'm‘imﬁwﬁdqﬁrurmm‘ﬂﬁm'lﬁ
WanneFandldtaremafyyiadfasindiadn NC, R3, C2 udagniseitnisaele

Tam D6 - DO MWiiluusssuinmsaitaides 1IC1 Saflu Opto Coupler #nns Active seftynynns
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naafeenniaETiaINd et 1ean1sEen uazidleiflunmlantma ( Subscriber Unit )
avasazimihiluanenamusistadinsink ( Hook Status ) lalusnsfanayirtes
efmst ( Hook On )agliifinszusalnatinusia 1C1 Optocoupler ﬁa'hjﬁ"muushﬂaﬁm?ﬂnq
efnst ( Hook Off ) asiinssuslvartuieasanianssua  ( Current Limiter ) RN
Tnsdnit udarinlalen D6-D9 adataussiiliifiainisludallaleanlsauss (LED)

Wia 1c1 Wiinmuuasnaudanes Active asldfgygrninsndgngaanmaeninm

gasfmdﬁ'ﬂuﬁ'mm']m ( Singnalling Converter )

+12 o1 . +12

gi.lﬁ" 2.24 usimnaslAeudiyn g

aangUil 2.24 asssazrlzzneulufaememdames Q1, Q2, R3, R6, R7 imninauAe idiaan
M Bufygnonsad nendamef 02 szinaudnumssiuli 12 Taadt liviannsludald
Q1 MeuzEtudtygunsslldalddiedueniin Inediefluniadieanns ( Exchange
Unit ) Sy M ﬁztﬂunﬂoiﬁsiatﬁﬁé‘lﬁ'\uﬂmw%ﬁﬁmmnam’éﬂﬁmﬁwﬁ ( Hook
oOff )‘étﬁﬁ’ixﬁ“m'\m‘fiﬂ loop 'l.\dl.gmmm}ua'1ﬂTﬂ?ﬁ’wﬁdﬁﬂlﬁqaqﬁqﬁmnsmﬂ ( Current
Limiter ) #aulunsdintadanemia ( Subscriber Unit ) dtyeynod M audlunsadfraiiesing
Fanidirenguaneingdyd ( incomming Cali ) Fearsadeyynidatunl¥ Fatfadlane
maqzﬁwﬁﬁﬁmuqumﬁwé’rqumn?xgqlﬁ'm‘%ﬂdmﬁwﬂﬁ'amn&ammmmﬁﬁﬂnu’n

avfasiidevluReiriesiumne ( Exchange Unit ) avéas Jump 6nel 0i9m E uay
Openam S TusuasAeafufieieslartmas ( Subscriber Unit ) fiavsiaefianis Jump e
714, S uaz Open M E

dlafinnaFendrannquanainsdnd ( Incomming Call ) guseinsdnviasss
Foyoynddard ( Ringing ) wnawdmazresmsFandh fgygraiifindrasugndannim
qneTnsAnituneuuiin NC 1adhied i R3, C2 hifivlatamin D6 - DY iitefinclégndn

Goansrualidiin DC el 1IC1 Feusretygrunsedldin E mudmaznsEandd
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Taean E qsﬁwﬁﬁ#muqums&qmn&'rytmmm'mﬁ' 3825 Hz rugmedassaiagy
sananalilduntacfusatstanlianemie ( Subscriber Unit ) Seasvinisiuunzminadas
qqas 3825 Amaend dedtygrminsadiiean M yeurtlarememnsdanaznsan
Foyegrns M sanansanthuald Q2 war Q1 sinsusaensnsinatuesiinuazsenauume
NO ifuda Ring Lﬁ‘aa*ulmﬁ'q;tuﬁmn?zﬁlsﬁﬁmaﬁ?ﬂﬂﬁmﬁmﬂﬁﬂﬁm‘émhﬁww’ﬁtam
FamaudamazeaanisFond

etims¥nneanangldanemis ( Outgoing Call ) tﬁﬂtﬂfﬂﬂ’]ﬂﬂ’]ﬂﬂﬂmﬂ?ﬂﬂ
Tnsfwf nezusazivariou L1, D2 - D5 une Q5 rnuanAsuuna NC tesiindanidnisdes
nefwiugonentités D6 - D9 iHedadalWl¥ 1IC1 avaskagtlasmudn IC1 wef LMS6?
Phase Lock Loop Tone Decoder S RaanuasAlAnmnLE 3825 Hz Tnennsmnautes
IC1 LM567 dnnasamiymiian 8 asflu Low frinidlalaiuaanad 3825 Hz WTidumniian 3
Feazmsaiumand fo Alktwmels Tampend fo azfuusléaindn Resistance uax
Capacitance ##iaszni1931 5 T 6 $9A Capacitance ‘i‘;viﬂagj‘i‘;m 6 axmidann
1/(1.1xfoxC1)
1/(1.1x3825x0.047 uF)
5100 taviu

J o - - e <R o 9 n‘-‘ - veal ]
mmﬂnnmﬁ'mmuummwumwmmmqﬂnm ﬁ\iﬂqlﬂﬁ’ﬂuﬂﬂﬁﬂﬂiﬂﬂﬂqu’?

1l

fo

1 o ¥ 1 4
AU 3825 Hz faiin1sld VR1 A 1000 Tavfa peenlfusiaafirunnudia Wildaonun 3825
. ,n o ' . n‘ 3 [ 4
Hz Bandwidth 18enoNDBuWNaTgNATMUAGAEAY Capacitance Msinatiiuen 2 AINT6T

mestntan s Bandwidth dananqléannaunig

Bandwidth = 20log(Vi/1mV)
u‘jﬂ Vi = Input Voltage ( Vims ) fiAniaendn 200 mvV
fmuali V = -10 dBm uay C2 = 0.1 lulasvin
\Y = 20log(Vi/1mV)
-10 = 20log (Vi/1mV)
Vi = 03mv
BW = 1070[0.3mV/(3825x0.1uF)]

= 056 Hz

esn 1IC1 LMS67  Fasnnsusedulvlunasingu + 4.7 vile + ovaqld Q1, R

(2200 Teavist ) uaz ZD1 (7VIW) luuusesrausasuldfingns
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IC1 LM567 wanannasyindniily Tone Decoder udaluanaRtatesanAg
ErasadanlngaslFaaninian 6 cﬁ”\a&umaqﬁm«mﬁ’mmﬁmﬁuqtﬂué’mmmnmﬂ 3825 Hz
\Ragetinumsuiames Q3 ( 25C458 ) Talqm 3825 Hz Out nulaiRaf Q3 asfimiamuilu
a’miﬁsiﬂu‘jﬂf-gm E leFueygyanunsiag ﬁtyrmmmmﬁ 3825 Hz azgndtinu C8 8NN
11 Collector tﬁﬂdqlﬂmqmwﬁm‘émm?)wqﬁﬂiﬂ

oqqsﬁ‘iﬁmmas‘é’mmqmmwﬁ' 3825 Hz qs‘le”n?nﬁrutqumwﬁ' 3825 Hz 9MN2345
Pre - Amplifier F1drunfian 3 984 1C1 LM567 wnlan 8 antouilunsasganald Q2
o wdasntu Q4 ﬁqzﬁqmutﬁlﬂdqﬁmmqmﬁﬁiﬁm‘lﬂﬁﬁm M ifiedelilfraaandenta
(Teminating Unit ) UALIATAP-FaLAEnIs (TX-SW)

299351 R-ANLATRIAY ( TX - SW)

iHasnniitesddingiidlulaseany dygoos PTT Famisusediuld +12v uaz
ﬁmmﬁmﬁdqm‘lﬁ' TX - SW asfinemuiiannay Low fatiuneas TX - SW eldvsnidamasatio
PNP figsrufiunsiainafafio NPN, Zener Diode uassadinumudausndlugiiil 2.25
m?'v'hmutﬁﬂﬁumlﬁ?”uﬁ'ryrmm High W newdamed BD139 1lim NPN Az
udaantuasinlinsndames MI2955 v MlkTusedulneaelalden PTT 1091AP89

daane

+12

[238
MJ2955

;Llﬁ 2.25 UBMNNAT TX - SW
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i
ngrn ‘Bﬂ'ﬂllﬂﬂﬂ

AnsaiRans aanuat] lugannf

1. dRsINTTLNLuIATIueTug ( Infinite Open - loop Voltage Gain )

snsnisrenasauilnrnsuantdvhaeaifiradnsnisreneliinstleunduviay
uasuan nastlaunduntsuanariiluseadanimesuazuantavimend uaeslia lunsdilay
HRNeanqstiaundunteativinky
o 0 a o - L. AJ o = [ Y]
A1 AAINTRINIst aundunauiAed g anitlaundunanBunmsa s
anaftyryaneTiuansinaii 180 aern aandtyeyndunm lunsdlies Op-Amp imnetiens

¥ 3
tlaundusnianinnuidenduidnfduymiues

8
Feecback
Network

Avol
1-Ag B

~=

U7 2.28 ugmenasesrluaxiTidnisfiounay

a’mgﬂﬁ 228 a?l§ Av = Avol / (1-AvolB) lme# Av A smensaenesevile
(Closed-loop Gain ) Avol A Sasnnsatnasaudla ( Open-loop Gain ) uar B Ae &ws
N71ee189999stlaundy ( Feedback Network )

#1151 Op-Amp 'luqmunﬁﬁ’u Ain Avol asiluatiug Auiusnsnisaenauseduaziiu
FaffusudinGetieunduintu uilumalfiiase  udorrres Avol azhidluetus usiay

gunnfideslnerialilazagsius 20,000 uginsaiinsmmnlilantia 2,000,000 tugiinsaiines

9
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2. agusnunuandindluatiug ( Infinite Input impedance )
osnn 4/ : 1 - 9 [ 1 a
AnantAdaININEAMNINBUENTRY Op-Amp agsinsliflunmsrundygyndunm
goupusinunIuedn ( Input Impedance ) ansuenanaeasfiulsFuntsnamua i

iflugnedautnuseiiduymuaznszuadunn uasileanusiunuriduiluedud azdea

v
Y ol cgall

Yszfiwandnnszuadunndududdan  Asluannumunendrdndasinuanindaliime
v v
Aunnas Op-Amp aligaduvisednanszualn | Ml
3. AaNsinLnIuIeenitiuAud ( Zero Output Impedance )
- :" | %4 [ 4 L# < aj 1l o § 1
Tugaueitusazldussduaninngegn fannsiihifussdunnasananusiunie
Tuseuantavranefiasiues  wilumalfiiReswdesdlifirausnmiveesniiiugud
uananaziiFagilsyanns 100 Tevku siatianndn uasunefifieglusnu 50 Tavin  Aaduly
- - o -J o s‘l 5 ] -‘ [
nsirasdunnaninprensusAuiigndusen Op-Amp Taevia < Ty Aiiaanmueinm
-3 -J - v 1 -
fianunsafiGenlddnaglugnuai
4. foyrurnesunauiiluaug ( Zero Noise Contribution )
2easdidenzaliadlas fnna udnsshadndatasifinumusssuaavnandogod
- :” o/ i - x 1
sunuaanuiaNe  Op-Amp luganaRll ussduedtyyrnsunouiiisauarsnsaguan
o o/ :" ni L 1 4 =] nnll - -| o
§ia Op-Amp Aaiuitygmsunaufinaleninnavsiasliagnitygroudunnduaaan
lunsainlifinnsrensussudyganisunaud e enazfaariniwizamiiauiuiy
yasedn  TuAe Op-Amp asdasliimuelailufiasldtudygnsuniumesn W
- g I 2 - 1 Jd 1 :" L4 ‘.I (Y
189 Op-Amp lumalfjiifaclidhindgaupinenanfuiisnaunsnnniiatiuusingsyiona
Fnumusssusndaduiandadtyyinsuniudaie Wainnmaaaudaresdidansam
5. usaduflsunianaandiuaue ( Zero DC Output Off-Set )
o -1 -ll - o @ o o -i - A’ ."1 -i
ursduaaidn(doauy) 1eentavianas ArauseduaIRNIIAnIuIINATRY
al o o -l o n‘a rdi ala :" 1 ' ]
fAnfuduiasrenausdussiivsdundumiugudilielfunmianssiannsas nssie
o -.l’ o L% o -‘ L4 3% ] :" v =l o J -
anmuziimasasinliusesuianeendugud  withliidunaniuusasirdiussudsanans
: J - 4 i 1 M - s
Iudianinn dudlu Op-Amp lugeusdandenunianiuguiuslunialfiRudeasiiuse
L -1 ﬂl ] - A’
sunaniind liiflugudinan
o o . . .
6. pnangegmiluaiug ( Infinite Bandwidth )

- :‘l ] 4 ¥ v
Op-Amp ‘lugmuesazagnedeygamaus DC Tauflemanudeuaslfuslunsal

< J '0 o y ] QA
189 Op-Amp 434 7 azdlunuaaadfidnin Teudausinnaurians Qp-Amp
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7. Bunnnieswinnu ( Both Differential Input Stock Together )
uwlidnnistidunmuuuaniasudes azlilddanmuntas Op-Amp aluimn uae
1 {7 -3 -l Y - -l' 3 ] a‘da - o : ‘.’; al ]
atiatipefiansasiifndnmeniioinus Op-Amp INBuyuLLBWANReanuduAL sk
. 1 ] v
Wnejuda Op-Amp M  llaziiBunmasda  dunidudhuiudnga (-) uazdnowilu

- - Av 4‘ [ Yo o 5 AI :JA - :" J v
wBUBUA nAe (+) Watlauussdulinudunmianiiazsngnaunmantoniimag

239979817 81UAUBRUIANGY ( Non Inverting Amplifier )

aaasrenauuiarldmdunnuuuueududnieres Op-Amp IHPITNTAR UANNILE
v ° 1 o x - v
flasin ity rnmeanfiiadeatudygruends  pluusfugeesasriiniilise

WULA® Unity Gain uaslugjnda Unity Gain

Al Smmam *J

Yo

01 Vo=Vin ‘Eo

=

p_lﬁ 2.29 uamnaseatuanluiy Unity Gain
qqngﬂﬁ 220 UAAIATIENENEUBWANAILLIY Unity Gain afareenazdalanmseiuda
sndundudvidaalfifianstieunduun 100%  grsniandnmaenausdudniy
mpggefiinstleanduialila Av = Avol/(1+ AvolB) msldnuzesnsasasns
WY Unity Gain nén q agaanlzzns 1iuinisdu Buffer unmilusfaurasBaiiuand

( Impedance Matching )

O— A ANA
1 - '
Vin lla =0 12
ol © u=0| a1 —
= e
+
VO

1

JU7 2.30 ugmInasaEnEULIL Inverting Amplifier
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i d‘ L4 -
ﬁ'mgﬂﬁ 2.30 e V1 = Vin Larniniswanstin Node A 'Q&"lé’

M+12 =0
die  (VI/R1)+(V1-Vo)/R2 =

= 0
WnUAT V1 dae Vin agld

Vin/R1 + (Vin-Vo)/R2 = 0

Vo/R2

]

Vin (R1+R2 )/ R1.R2
Vo/Vin = (R1+ R2)/R1

Av = 1+ (R2/R1)

-l

NOHNNITRANDY

-d § ] o [ Y - [ 9 ‘o’* v
Wailunsiesienisdnseiudyonadelucias dniulunisesnuuuaingeasan

neuaziinmsasaunqumeaanaudygnsegiutos 0 dB T 15.5 dB wazdl Input , Output ,
Impedence AINNIATIIUAING A9 600 lavu Tneazutinflunsazaanay Aauau 5 29as

o o/ o/ J
aansaanewiiv 8,4,2,1,0.5 dB sNaIAl ﬂ\‘i“il‘ﬂﬂ 231N 1 u/r A

Vout =Vyin Vout (ATT)

L —o

" % 4 4’ &
n. Walbisanarasmaudiyn 9. WeAaInIaaMaudnyn 10

A. AIIAMUARNMLY R1, R2 UAY R3 1ENNRIAANDY

JUT 2.31 usmsnasasmeauuyy T
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1
msmmmw\ﬁhﬁoﬁ'mmuuﬁazﬁo@zmﬁwﬁnmsmmwﬁﬁ
R1 = R3 =[(N-1 Y/(N+1)] x Zo
R2 =[2N/(N-1)]xZo
Sla N = 107 e o Asrunsntsaanauiindaeiilv dB
-dll VYo v Jd ' [ ¥ o 1
uazile lE A A UNIENIAIATNNIIAIUINIAY AZATNITOANNIMIAT  Input, Output,
’ dl - z ) b o/ ] g
Impedence uazAraanauTiiatuas ldaNgRafsinliil
1) Arnnsaana 1 (dB ) =20 log 8
gla Bt =20
uaz Coth@ =1+ (Zb/Za)
ed zb | Za a¥lfaannisuenasasuuy T asnidusasuuy L 2 2qassatuAagly

2R2

232 q¢l#37 Za = R1 = R3 wa¥zb

[ ]
b
[ ]

JUA 2.32 UAAINAIANYATENNATAANAULLIL T

2) Input Impedance = Output Impedance = Z1f x Z1s

e 71 Aesn Z FlEaNnn1sNemneiY Input 21999947 iavNIsingsasiny
Output Aaz1lfi 2.33 Azl Z1f = R1 + R2 uaz Z1s faAn Z AlFannn1suean1einu Input

48399437 1ilaNIN198A29238U Output AegLlT 2.34 Azl
Z1s=R1+[R2xR3/(R2+R3)]

z1f R2 OPEN

b

JU7 2.33 uamansuesAt Z1f spsnesaanauuLy T
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2T 2.34 ussnisuavAa Z1s savnasaanauuuy T

N1ATUIDANANIFBANLLIL

- A1 Resistance #1151 23398AY2U 8 dB
N =10 = 25119
R1=R3=[(25119-1)/(25119+1)]x 600 =258.3 laviu 141 261 lavu unu
R2=[(2x25119)/(25119°-1)]x 600 =567.7 lavu 14en 576 Tavhu unu
- 1A Resistance #1151 2995aANaU 4 dB
N = 10* = 1.585
R4= R6=[(1.585-1)/(1.585+ 1)) x 600=135.7 laviu 1A 137 Tarvinunu
R5=[(2x 1.585)/ (1.585-1)]x 600 = 1258 Taviu A1 1270 Teviawny
- A" Resistance #7115 29358ANDY 2 dB
N = 10™ = 1.259
R7 = RQ =[(1.259-1)/(1.259 + 1)]x 600 = 68.77 lafiu 1A 68.1 Tevin unu
R8 =[(2x1.259)/(1.259% - 1)]x 600 =2583 T 14A1 2610 Tavin unu
- mA" Resistance #1151 21a5aanay 1 dB
N = 10™ = 1.122
R10 = R12= [(1.122-1)/(1.122 + 1)] x 600 = 34.5 1asiu 4@ 34.8 Tevin unu

R11= [(2x1.122)/(1.122® - 1)] x 600 = 5200 TaWn 14en 5230 Tavfu unu

- 1A Resistance #115U 29978AN2U 0.5 dB
N =10°® = 1.059
R13 =R15= [(1.059-1)/(1.059 + 1)]x 600 =17.3 Tafy 1¥A1 17.4 Tastu unu
R14= [(2x1.059)/(1.05% -1)]x 600 = 10417 Tt %A1 10500 Taviuuny
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3 al
NIFATUIDUNBNITATIADL

—{ "}
Rl= 261

Za= 261

Za= 261

Zb= 1152 b= 1152

[ ]

s

j’l/ﬁ 2.35 ugimanasannay 8 dB
Zol =Z02 = ZaZb(1+(Za/Zb))

= 261x 1152 (1 +(261/1152))
= 607.3 Tavu Uszvanod 600 Tatiy
Attenuator (0B) = 20log @ (dB)
6t = 20
Coth@ = 1+(2Zb/Za)
= 1+ (1152/261)

= 433
O =046
Ot =092

Araevaw = 20log ©

= 7.99dB Uszuu 8 dB

Re= 137 Ré= 137 za= 137 Za= 137

RS= 1.27K Zb= 2.54K Zb= 2.54K

A 2.36 uaasnaraanau 4 dB
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Zo1 = Zo2

ZaZb(1+(Zal/Zb))
137 x 25400 (1 + (137 /25400))
605.6 Tavu sz 600 laviu

Il

Coth@

1+(Zb/Za)
1+ (25400/137)

i

= 4.42
0 =023
Ot =046

ANRANEY 20 log ©

3.999 dB 1szuntu 4 dB

1

R7= 68.1 R9= €6.1

2a= 68.1

RB= 2.61K Zb= 5.22K

*®

JUR 2.37 uamsazannou 2 dB

Zol = Zo2 = ZaZb(1+(Za/Zb))
= 68.1x6220 ( 1+ (68.1/5220))
= 600.1 &y 1lszuns 600 Taiiu
Coth@ = 1+ (Zb/zZa)
= 1+ (5220/68.1)
= 8.81
8 =011
Bt =20 =o022
ANBANEY = 201og O dB

1.98 dB 1zzunu 2 dB
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2a= 34.8

Za= 34.8

R10= 34.8 R12= 34.8

R1l= 5,23K Zb= 10.46X 2= 1C.4¢6K

& &
L4 ad *— &

JU7 2.38 usinaa9asaamen 1 dB

201 = 202 = ZaZb(1+(Za/Zb))
34.8 x 10460 ( 1+ (34.8/10460))

1l

604.3 lavu dsvunte 600 Tadu

Coth© 1+(Za/Zb)

1+( 10460/ 34.8)

17.37

<o
I

0.058

P
N
N
D
I

0.136

]

201og O dB
1dB

It

R13= 17.4 R15= 17.4

Za=

Rl4= 10.5K Zb= 21.0K

1

U 2.39 uamnazasnau 0.5 dB

Zo1l = Zo2

ZaZb (1+ (Za/Zb))
17.4x 21000 (1+/(17.4/21000))
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It

604.7 Taviu 1szannd 600 Taviu

CothO 1+ (Zb/Za)
1+ (21000 /17.4)

34.751

" I

D
i

0.029
Bt =20 0.058
20log e dB

0.5 dB

1

msadeftynrndan ( Ringing Signal)

- . . . '.3 4 - P
nsadradeyyndat (Ringing Singnal ) WuazldnEmailauannussdiulnmes 12 Tagyl

Wihuusesulnady 70 Taar 25 Hz TanazldiasasBunndined faguifl 2.40

+12

On
w
[ &3

I

le |

L
{a) (b)

;.,ulﬁ 2.40 uamanannasaFngg it
WENNsTRMIATERRefines ( Inverter ) 2trdna Aensldnsuanawefiouiu
gand lafinensasindifhutas 1 FnusesuTlngfaayingiiaziianudintudlg
ol um"nu'mu.ﬁ*qﬁ'uq:%uﬂz“iﬁ‘umé'mﬂdqummé’qmueﬂmmfhwm*fv\'mﬂq FeAnacusain
uanszudazAuansldiann
Vs = VpNs/Np ua¥ Is = IpNp/Ns
Tunnsdauadeayldasasuuy Push Pull Tnemeld S2 uss S3 mdmiuinanu uaznisaan
uwnmdaues Tiieldlurasazldaunisia
Bmax = 10°Vp / KfNpAe

il Vp = ussdusilgunil (Todn)

Np
f

MIUTALTBNIRATIARIAAINLSUAN (seu)

m'mﬁ (Hz)

+12 12
T1 ‘
C g a
vp N N2 Vs | | I I T r
) - ‘ L2 I_I__l osc L %
N El T C 3
a

T3

f N

(C)
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& o -
Ae NUNLRIUNU ( AFNNTUALNAT )

° |4 i o [ 4 J ]
K 4.44 dwFuniugled uaz 4.0 dvfusiug Rdey

- -} dll - 1 4 © dl [~ o d' - -«

fansoufiardasrsalaiAa §1 S2 FinmeuAseuan S3 AasnAausay nasdanday
a1dansnTaneinagli 2.40 (a)

dalfifnadaudureansv B - H avlfqafimsinzasfa am Bmax = Bsat/2 WuRe
aNNEII I LA iRe

Np = 10°Vp/ 4 fBmaxAe
<3 o A - t\-;o o o o -4 X -l' [ -l'

lumadanunuramsudiaefiiiinmiiveimdrAgtn 2 dar e Aulinaium
o - v e s oy a o Y Y
paufanimesnunreadusin Welifa Winding Loss vauWigm rudnsaniline

Care’s Power Handling Capability Teil&annsaail

Pout = (1.16 Bmaxfd Ac)x 10
e Pout = Power Handling of Care { Watt )
Bmax = pounmwiundgege (T)
-
f = AN (Hz)
d = AIUVMUILUUNIZURT18TIARIA (A/ m)
Y o4 .
Ac = NuUNNITNY

TmaUnfiuda Anumnwiunszuaimisently Circular mils for Ampere ¥d&tydnual

Dr Feupoduiugiu d el
d = 1.27x10/Dr
hide Pout = 10 ( 1.47fBmaxAeAc )

fathu aZl& AeAc = 10 (0.68 Pout )

usaLIRsIaYFianiarmildain Vp/Np = Vs/Ns

Yuda  Ns = VsNp/Vp

Indrimsemenidanefild Ae Veemax = 2 Vin uaznsvuspanaAAngIgTes
nsiamefuraziainiy IC = [Ic/n]+Imag

IC Tunanaanidaaniynviany

IC = Pout/n Smag Vin
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R1

Q1

2N3053

25 Hz 70V

UL

;1./# 2.41 ussaNas Ring Generator

qngl#i 2.41 lussasniliadtycyraide wuy Driver Primary Transformer o
AUN3NRsUNENIINULE 2 dnne Ae
= & (4 § - -I ° -~ 3
1) ausAitinsudamed Q1 Munew sufsnscudluafian L2 Anldiasuruul
wénlufaduraasnsingg i lfinanadail
-ilasature L1 aginlvifanssualinalufismaindeaiunssugiuseses Q1 w0
% Q1 wgmvineu
d‘ [ YK 4 (4 3 - -I (3 ¥ L4
- HefanuLa L4 aomitiienssualuafenusres Q2 M1l Q2 wnau

J o & o - o« - J -
- dlafieiuan L5 azinliifaussulngeesnundulaiasuanszdlaia ussans

Mawlaegl 2.42
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Rl

Q

283083

AAAAA

1

Q =

1 31 1 1T 1 11

T

U7 2.42 ugmenasinenudia Q1 NI

2) anlugnnazil 1) Q1 ngainszus uas Q2 dnsvustiu avdanalfifianssualue

¥
1 u1a L3 uaziBaswnsusindnlusinemsine fliinnadail

)
o o o

- Winsniuen L1 sz fiianssualvadrriuages Q1 iald Q1 vaew

- idlafatuae L4 ainliAanszuginalufimnaindrefunssusiusens Q2 %in
W Q2 ugmianszug

- defoiuen 15 MWAsusdilngeeenuiulefesurtdlafa  usasinig
vinmlaagy 2.43 usranmisinnuaduiulilunsindne Q1 fu Q2 avvialiin

4 ) J o 3 4 :
Output Pulse 11a L5 siailiasiuli/aundrasngpaneinidesaas
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JUR 2.43 uananasninenidle Q2 1N
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NMINAKBLURSHANITNARBLIIRTAIUL A )

3.1 N1IMARAUNST Amplifier
g;lnsm"‘wlﬁ'
1) Oscilloscope
2) Power Supply
3) Selective Level Meter
4) Signal Generator

v
[

dunsuNIINAfDL
1 & :” J : )
1) in2easisgyl 3.1 wiannsdnelwiresginsalsing q

SELECTIVE

SINE WAVE
AMPLIFIER LEVEL

GENERATOR
METER

OSCILLOSCOPE

af
JUR 3.1 uAMINIIARALNATTENLIALN

2) Y5usignal Generator 1aneiftyry1o Sine Wave 820 Hz - 1ua

-20 dBm

3) 1¥uA VR 184 PreAmp 'l#f Output §eda Tufindryayrns Output ikerinlinsn

Gain 98949347

U 1 ]
4) Rupud Input aunseisgtladudeygyans Output gnRuiufinuaniemsaey

5) AAAMIIAU Input auNsTTInsassenanulilld Tulinuannmaang

r’ * & 44 J 4 [ & LA 4
6) AIAUTAY Input WATT 20 Bm. ufaulfauacuddmnse tuiinAndeyoyand

Output
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wnansiiduenarsianubidnsunislynuiiensfnwmtu lueugslnilulsdsslosuaunisan

lunsdllas visdu Bnnanuiilndaudaallemuaznese1sdaiaarvesenarsynasaminisinltuly
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anl  Anmmaseiasas AMP. azsnnsasqlifensinnutetaiss PREAMP. acld
J o & [} ‘." o [} [}

namilnsyAudtyynnd Input aglutas -60 fla -15 dBm. v seAudtunyInd Input azeglutas

50 B¢ -17 dBm. ATlAunTandusaiovuaniadn srdufngrnssdusiazniadiavaiu

i " <
i“Qﬂﬂﬁ?ﬂﬂﬁﬁUﬂQﬁQ’mﬁ TNUAN ‘INQ?N'N‘Q?ﬂ'}ﬂ’]?ﬂﬂﬂﬂﬂuﬂﬁﬁ')’]Nﬂ1§l’a



3.2 MINARAUNITRANBU

g:,ln?m'#l'ﬁ'

1) Selective Level Meter

2) Signal Generator

bk 1ENAGEL

v
o )

1) Ainnsassagli 3.6 w¥auiaantiineeginsaisiag

Rl R3

SELECTIVE
SIGNAL
LEVEL

GENERATGR R2 METER

JU7 3.5 UAKINITNARBLINATAANEY

2) YFusvaueedyeyrnd input %% 0 dBm.

U o J « LA 1 «
3) 14An R1, R2, R3 uazrfuanmaddnynyns Input #amnse udniuiindnszau

&yeyrnd Qutput
NANTIINARDY
A | R R2 R3 seaudtysyans OUTPUT fimanad INPUT AN
AANB (lavisl) (dBm.)
(dB) 300 Hz 2.5kHz. | 4kHz 10 kHz.
8 261 576 261 -8 -8 -8 -8
4 137 1270 137 -4 -4 -4 -4
2 68.1 2610 68.1 -2 -2 -2 -2
1 348 5230 348 -1 -1 -1 -1
0.5 [17.4 10500 17.4 0.5 0.5 05 | -05




snl  nmmaseuaswudt FafinmuiiEeie SudurfimusziisinfifnesRls
Aruandls FemwnansaaveviilBgmsemunaadinime  BnelilAuReulimumennd
snaftyqnns Input Seiuilatinernsenaaneutes 5 2as aseuAmAnTuLiaTawN
EVALBIAMNAEINE NssaneuadnsAuRygodlaludes 0 - 155 dB Tngraanew

ArgaRaslfedléRa 0.5 dB
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g o
3.3 NMTNARDUIINSTNTRIANNDAIY

Q]jnmﬁﬁ" 1) Selective Level Meter

2) Signal Generator

v
o/
1 4

FuABUNIINAGDY
1 o A o/ 3 3 )
1) Ainaeashiegiiit 3.6 whauviedneInianagunenlsiag 4

SIGNAL SELECTIVE

GENERATOR LOWPASS FILTER LEVEL

METER

2171 3.6 UARINITNARBLNAINIENAIINDH I
v, yal
2) samnseuktyeyns Input 159 0 dBm.
3) sirAANnRtyay ne Input Aamee ulsfuRnseAudnnons Output

o :" Q [ A
4) MANAERLANATY 81MFUNRTIARY

-l
HANIINAADLIINAIN 1

mguﬁé’mgnm Input sysustuyans Output

(Hz) (dBm.)
300 -1.2
500 -1.2
1000 -2
1500 -3
2000 -5
2500 -7
3000 -10
3300 -12
3400 -12
3500 -12
3600 -20

3700 -28
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AudRtyQIns Input seduktyou1ns Output

(Hz) (dBm.)
3800 -65
3900 -50
4000 -36

-l
HANNINARDLINAATH 2

mwﬁﬁ'g;g,mm Input seAudtynuand Qutput

(Hz) N (dBm.)
300 -2
500 -3
1000 -6
1500 -8
2000 | -9
2500 -9
3000 2
3300 -5
3400 -6
3500 -6
3600 -20
3700 -45
3800 -55
3900 -53

4000 -60
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o X . o
agl  anuammaseuitifendiudn MasaaanIzaneusuetiannd Input Tudas
v
, L . o
Voice Frequency l#Anaaumasdniiaiunsnanseiusasdyqinmaud 3825 Hz 14 dan
[ & ‘." o n‘ o ] [ 4
awansaaneullstanns 50 dB Aiudanunsnuaietaasaspadaiuin i

[ 4
meredryryraaieaiilfiduedneg
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3.4 MINARALINAS 3825 Hz anadaiaines
aunenfild
1) Frequency Counter
2) Power Supply
3) Oscilloscope
4) Multimeter
5) Signal Generator

6) Selective Level Meter

dunsunmagsy
1) fiesasfenf 3.7 uasiinnsdnda E 184999383n31960

2) sia Frequency Counter wa¥ Oscilloscope tdnfitanvinnaesasas niau
Audnelidengiinsnluavaeas
o . B i -4 1 0' o’ J
3) 15U Variable Resistor savtasiifisumisangn tufingilatuuaraay
- p
nredtyyrndenting
o . . o = 4] (3 1 Y 1 H
4) U$u Variable Resistor A ldfsumisgage thfinpladuuazaanu
TRV ST LIV AT

v
5) wn1slanda E aanannmad ufasiadiuuseduuan 12 Taad

2825 Hz SELECTIVE

LEVEL

e osc
! ) METER

2V 51 O/P LEVEL (dBm )

POWERSUPPLY CLOSE +6

OPEN 0
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NNational Semicondu

ctor

LM386 Low Voltage Audio Power Amplifier

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 wull
increase the gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically 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

®u Minimum external parts

u Wide supply voltage range 4V-12V or 5V-18Y
& Low quiescent current drain 4 mA

m Voitage gains from 20 to 200
w Ground referenced input

u Self-centering output quiescent voltage
m Low distortion

=& Eight pin dual-in-line package

>

Applications

u AM-FM radic amplifiers

® Portable tape player amplifiers

& Intercoms
® TV sound systems
u Line drivers
& Ultrasonic drivers

Small servo drivers
Power converters

Equivalent Schematic and Connection Diagrams

-ineuT

Typical Applications

Amplifier with Gain = 20
Minlmum Parts

TU/H/6976-3

Dual-In-Line and Small Outline

Amplifier with Gain = 200
v, 100F

O Vs Packages
U
D GAIN —-‘-4 'l—- GAIN
‘ :
~INPUT —l -L— SYPASS
% S Vour anryr 4 LTS
b GHD —d L Vour
TL/H/6976-2
Top View
Order Number LM386M-1,
Hl _ LM386N-1, LM386N-3 or LM386N-4
e 3-0 cxo See NS Package Number
TUR/B761 MOBA or NOSE

TL/H/6876-4



LM386

Absolute Maximum Ratings

if Military/Aerospace specified devices are requlred, .. ..
please contact the Natlonal Semiconductor Sales

- - Soldering Information . -
Dual-In-Line Package

Oftice/Distributors for avallabllity and specifications. Soldering (10 sec) +260°C
Supply Voitage (LM386N-1, -3, LM386M-1) 15V . Sn\\/ﬂ" Qu;l:‘ne P?ggage) L. 21'5 o
orf * “Vapor Phase (60 sec ©1+215°
2“"2" v%gg? (L_MSBSN:‘: o 1 2252v\vl _ Infrared (15 sec) ' +220°C
ackage Dissipation (Note )ELMSBG:‘A)) 073w See AN-450 “Surface Mounting Methods and Their Effect
: _on Product Rehabnlnty" for other methods of soldenng sur-
Input Voltage - 204V " “face mount devices, -
Storage Temperature ‘ —65°Cto +150°C “Thermal Reswtance T
Operating Temperature 0°Cto +70°C 9,4c (OIP) 37°C/W
Junction Temperature +150°C 64a (OIP) 107°C/W
. 0 4c (SO Package) 35'C/W
04 (SO Package) 172°C/W
Electrical Characteristics 14 = 2s°C .
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vs)
LM386N-1, -3, LM386M-1 4 12 A
LM386N-4 ) 5 18 v
Quiescent Current (Iq) Vg = 6V,V|y =0 4 8 mA
Qutput Power (Pout)
LM386N-1, LM386M-1 Vg = 6V, R = 80, THD = 10% 250 325 mwW
LM386N-3 Vg =9V,R_ = 8Q,THO = 10% ~ 500 700 mw
LM386N-4 Vg = 16V, R = 320, THD = 10% 700 1000 mw
Voltage Gain (Ay) Vg = 6V, f = {1 kHz 26 dB
' 10 uF fromPin1t0 8 46 dB -
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg = 6V, R = 80, Poyt = 126 mW 0.2 %
f = {1 kHz, Pins 1 and 8 Open ‘
Power Supply Rejection Ratio (PSRR) Vs = 6V, f = 1kHz, Cgypass = 10 pF 50 dB
. Pins 1 and 8 Open, Referred to Output
Input Resistance (Rin) . ) 50 . k2
Input Bias Current (igias) Vs = 6V, Pins 2and 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) & thermal

Application Hints -
GAIN CONTROL

To make the LM386 a more versatile amglifier, two pins (1
and 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 k2 resistor, the
gain will go up to 200 (46 dB). !f & resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200. Gain control 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 intemal feedback resistors to tailor the gain and
frequency res,onsae 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-
ties RC from pin 1 to 5 (paralleling the intemal 15 k2 resis-
tor). For 6 dB effective bass boost R = 15 k{1, the lowest
value for good stable operation s R = 10 kQ if pin 8 is
open. if pins 1 and 8 are bypassed then R as low as 2 k1
can be used. This restriction is because the amplifier is only
compensated for closed-loop gains greater than 9.

.mwmmmunﬂmbmmfaﬂnduﬂ-wmpacugemdz)nmumdmmo(170'C/Wlo¢mcunalouﬂlm package.

-

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 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

.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 resistancas 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 |s ca-
pacitively coupled.

When using the LM386 with higher gains (bypassing the
1.35 kN resistor between pins 1 and 8) it is necessary to
bypass the unused Input, preventing degradation of gain
and possible instabilities. This is donewith a 0.1 uF capaci---

‘tor or & short to ground depending on the dc source resist-

ance on the driven input.
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Typical Applications (Continued)

Amplifier with Galn = 50

TL/H/6976-8

Amplifler with Bass Boost

Vo

100

TL/H/6976-8

Low Distortion Power Wienbridge Osclllator

ELDEMA <
CF§-2154 S

W-15mA

f=tkHz

Square Wave Osclllator

26

25

24

23 I

; ‘Frequency Response with Bass Boost

21’

20

‘
VOLTAGE GAIN (d8)
R

19

17

20 50 100 200 500 1k 2% 6k 10k 20k

FREQUENCY (H2)

TL/H/6076-10

TL/H/6976-7

TL/H/6976-9



Typical Performance Characteristics

Power Supply Rejection Ratio
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National Semiconductor , -

LM387/LM387A Low Noise Dual Preamplifier-

General Description

The LM387 is a dual preamplifier for the amplification of low
level signals in applications requiring optimum noise per-
formance. Each of the two amplifiers is completely indepen-
dent, with an internal power supply decoupier-regulator, pro-
viding 110 d8 supply rejection and 60 dB channel separa-
tion. Other outstanding features include high gain (104 dB),
large output voltage swing (Vcc — 2V)p-p, and wide power
bandwidth (75 kHz, 20 vp-p). The LM387A is a selected
version of the LM387 that has lower noise in a NAB tape
circuit, and can operate on a larger supply voltage. The

LM387 operates from a single supply across the wide rangs.

of 9V to 30V, the LM387A operates on a supply of 9V to
40V.

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

Features "
= Low noise 1.0 nV total input noise
= High gain 104 .dB open loop-

m Single supply operation

® Wide supply range LM387 9 to 30v
. LM387A 9 to 40V
Power supply rejection 110 d8

Large output voitage swing (Vcc — 2V)p-p
Wide bandwidth 15 MHz unity gain

Power bandwidth 75 kHz, 20 Vp-p
Internally compensated

Short circuit protected

Performance similar to LM381

Schematic and Connection Diagrams

Dual-In-Line Package

" Vee
L] .
r 1__—__ ______ T—T— _ j (1) A L
{ 3m N ‘ - LI )
l o } ) - 1 vee
Nl
} l { ouTT ('l—"‘ quTPUT I
} I | TUH/7848-2
u 9 “s
| , [ :'_‘{"’ Top View
[ wn | 3 | Order Number LM387N or LM387AN
| | { | See NS Package Number NOSE
I | | |
L | {

L

" TUHT8s-3
FIGURE 1. Flat Galn Clrcuit (Ay = 1000)

TL/H/7845-1

>
<
>
< n

1 AAA
VW

+1

TL/H/7845—;
FIGURE 2. NAB Tape Clrcuit



Absolute Maximum Ratings

n Mllltarf/ABros’b’ace specified devices are required,
Semlconductor Sales
oftice/Distributors for avallability and specifications.

ase contact the Natlonal

Power Dissipation (Note. 1) * -
Operating Temperature Range
Storage Temperature Range

1.5W

0°Cto +70°C
—65°Cto +150°C

Supply Voltage - Lead Temperature (Soldering, 10 sec. .
(M387 . : +30V dTemp ( g ) 260°C
LM387A . . +40V

Electrical Characteristics Ta =25°C, Vg = 14V, unless otherwise stated

Parameter Conditions Min Typ Max Units

Voitage Gain Open Loop, f = 100 Hz - 160,000 VIV

Supply Current LM387, Vco 9V~30V, R = o 10 mA

LM387A; Vo 9V-40V, R = o 10 mA
Input Resistance
Positive Input 50 100 kQ
Negative input 200 kO
Input Current
Negative Input 0.5 3.1 HA
Output Resistance Open Loop 150 0
Qutput Current Source 8 mA
Sink 2 mA

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

Unity Gain Bandwidth i 15 MHz

Large Signal Frequency 20 Vp-p (Vg > 24V), 75 kHé

Response . THD < 1%
Maximum [nput Voltage Linear Opération 300 mVrms
Supply Rejection Ratio f = 1kHz

Inout Referred - 110 dB
Channei Separation t=1kHz 40 60 dB
Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 0.5 %
Total Equivalent Input 10 Hz- 10,000 Hz

Noise (Flat Gain Cricuit) LM387 Figure 1 10 1.2 pVims
Output Noise NAB Tape Unweighted

Playback Clrcuit Gain of 37 d8 LM387A Figure 2 400 700 pVrms

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

01 80°C/ W junction to ambient.

Typical Applications (continueq)
Two-Pole Fast Turn-ON NAB Tape Preamplitier
v

1%

TL/K/7848-5

Frequency Respuiise of NAB

GAIN (d8)

(]
®
1 1]
L
45
L
¥
]
%
n

Clrcuit of Figure 2 .

RAR PLAYBACK

™

20 60100200 600 1% 2 b 10k 20t
FREQUENCY (Ha)

TL/H/7845-6
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Typical Performance Characteristics
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Typical Applications (continued)

Inverting Amplifier Ultra-Low Distortion
uv

TL/H/7845-8

Typlcal Magnetic Phono Preamplifier

uv

(L) 0.0027.F

m

TL/H/7845-9



LM567/LM567C

78 National
2 Semiconductor
&= Corporation

LM567/LM567C Tone Decoder

General Description

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

Features

& 20 to 1 frequency range with an external resistor

w Logic compatible output with 100 mA current sinking
capability

u Bandwidth adjustable from 0 to 14%

u High rejection of out of band signals and noise

& Immunity to false signals

& Highly stable center frequency

u Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodulation
Ultrasonic controls

Carrier current remote controls
Communications paging decoders

Connection Diagrams

Metal Can Package
ouTPUT

\ QUTPUT
FILTER

Loop TIMING
FILTER CAPACITOR
TIMING
INPUT RESISTOR
v‘
TL/H/6975~1
Top View

Order Number LM567H or LM567CH
See NS Package Number H08C

outeuT !
FILTER

Dual-In-Line and Small Outline Packages
oUTPUT
Loop 2

-
FILTER

- o

3 Lo

[11{4] -1}

U
= GND

6 Timing
CAPACITOR

INPUT

q 5

V' —

| 5 TIMING
RESISTOR

TL/H/6975-2
N Top View

Order Number LM567CM *
See NS Package Number MOBA

Order Number LM567CN
See NS Package Number NOSE



: Absolute Maximum Ratings

'-‘ pilitary/ Aerospace specified devices are required, Soldering Information
¢! ontact .the Natlonal Semiconductor Sales Office/ Dual-In-Line Package
¥l stributors for avallabllity and specifications. Soldering (10 sec.) 260°C
oltage Pin . gV Small Outline Package
ib§UPF’WV ; gtion (Note 1) 1100 MW Vapor Phase (60 sec.) 215'C
qv»{er Dissipailo 15V Infrared (15 sec.) . 220°C
»— . - See AN-450 “Surface Mounting Methods and Their, Effect
A =10V on Product Reliability” for other methods of soldering sur-
) sn V4 + 0.5V face mount devices.
g rago Temperature Range —65°Clo +150°C
R Operating Temperature Range
o MS67H —55°Cto +125°C
LM567CH, LM567CM, LM567CN 0°Cto +70°C

QL65WT/L9EMN

‘Eloctrical Characteristics AC Test Cirouit, Ty = 25°C, v+ = 5V
"ﬁE';- Parameters Conditions LMS67 LMS567C/LMS67CM Units
geve— Min| Typ |Max| Min Typ ‘| Max
PW& Voltage Range ) 475]. 50 |9.0]| 475 5.0 9.0 Vv
?ﬁz;w;f.sfupp'ycumm‘ Ry = 20k ol e 8 7 10 mA
Oulescent
Fovier Supply Current RL = 20k ' -
g\‘{,?f Supply L |18 12 15 | ma

ted . .
m Resistance 18 20 - 15 20 ke
s—‘ft-iainést Detectable Input Voltage I, =100mA, fj =1, 20 25 20 25 mVrms
{argost No Output Input Voltage 'c= 100mA. = fo 10 15 | 10 15 mVrms
-I,'i;fgest Simultaneous Outband Signal-to ' 6 ) 6 "dB
kband Signal Ratio .
Minimum tnput Signal to Wideband Bn = 140 kHz -6 -6 dB
Nolse Ratio
Largest Detection Bandwidth 12 14 16 | 10 14 18 | %oll,
{afgest Detection Bandwidth Skew ’ 112 ’ 2 3 % of 1
%:;igle‘:zctmn Bandwidth Variation with £0.1 +£0.1 %/°C
?g:;t\z?tt:;:on Bandwidth Variation with | 4.75 — 6.75V £1 42 1 45 _
Highest Center Frequency 100 500 100 500 kHiz
Cénter Frequency Stability (4.75-5.75V) |0 <Ta <70 35 % 60 35 60 ppm/°C
5 ~55 <Ta < +125 35 £ 140 35 & 140 ppm/*C"
ﬁgterFrequency Shift with Supply Voltage | 4.75V — 6.75V ' 05 |10 0.4 20 | %sv
& 475V — 9V 2.0 20 | %IV
Fistest ON-OFF Cycling Rate 1o/20 1o/20
Dtpit Leakage Current Vg = 15V 001 | 25 0.01 25 | pA

ut Saturation Voltage e = 25'mV, {g = 30 mA 0.2 0.4 0.2 04 | v
e o= 25mV, Ig = 100 mA 06 |10 0.6 1.0
Oulpit Fall Timo 30 30 ns
atit
&ﬁpm Rise Time . 150 150 ns

) h 1: The maximum Junction temperature of the LMS67 and LMS67C is 150°C. For operating at elevated temperatures, devices in the TO-5 package must be
. 3¢ated based on a thermal resistance of $50°C/W, junction to ambient or 45°C/W, junction to case. For the DIP tho cavice must be derated based on & therma!
tance of 110°C/W, junction to ambient. For the Small Outline package, the device must te derated based on a thermae! 1esistance ot 160°C/W, junction to
mblent. ‘ .

Joss ‘|0 2: Refer to AETSS67X drawing for specifications of military LMSE7H versicn.
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schematic biagram .
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fy‘pica‘ Performance Characteristics :
Typical Frequency Drift with Typical Bandwidth Variation Typical Frequency Drift with
Temperature (Mean and S.D.) with Temperature (Mean and S.D.) Temperatu. .
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LMS557/LMS6

Typical Applications

Touch-Tone Decoder

tM56?
(I
0.5 uf ;—-{(—. ) 091 My ' - | |
s 3 1 2 f !
1 S

(L1
0.5 uf “"{Q 0ok,

|
0.5 uf (p—-{ (— :;‘:: P i I |
h K oo
ol g |
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HL—DO_‘—M

1Mms6? l
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& 1

;
I
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.

100-260 mVeens

omse02

05 uf 4'_{ e‘ LMs6?
1208 He

Component values (typ}
Rt 6.8 1o 15k
R2 ¢&.74

05;-'*"{& v RI 20%
- 193 £ C1 010 mtd

C2 1.0 mid 6V,
C3 22 mid6v
C4a 250 mid 6V

0.5 uf s
1417 Hs

- TLIHIEETS:



. Typical APPUCAELIOIS (Continucd)

Oscillator with Guadrature Output
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f1
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Ay > 105062

Connect Pin 3 to 2.8V to Invert Output

TL/H/GI75-6

Oscillator witii Double Frequency Output

LM567

R1

cz',j:]:\',__:]_\m

Precision Osciilator Drive 100 mA Loads

+

tmssT

veo
TERMINAL O
{+6%)
T
AC Test Circuit
: sV
R1 -y
g = 2.8K T 0013
o =
s 7 6 5 -
1 2 3
T 1
02| .00s] .o

C, SIGNAL <5V

INPUT

f; = 100kHz + 5V

*Note: Adjus: for {o = 100 ki{z.

TL/IG975-3

WAE5-7

TL/H/6975-8

Applications Information

The center frequency of the tone decoder 1s equal ‘o the
free running frequency of the VCO. This is yiven by

fo

1.1 RyC,

The bandwidth of the filter may be found from the approxi-

maltion

/ Vi
BW = 1070 \[— in% of {
\/'OCZ ' °

Where:

V; = Input voltage (volts rms), V; < 200 mv

C, = Capacitance at Pin 2 (uF)
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LM146/LM246/LM346 Programmable Quad
Operational Amplifiers
General Description Features gser—10 ua)
The LM146 saries of qued op amps consisis of four inde- & Programmable electrical characterictics
pendent, high gain, internalty compenaated, low power, pro- & Ballery-powered operation
Orammable smplifiers. Two sxtemal resisions (Rger) allow @ Low supply cument 350 pA/amphtier
the user to program ha gain bandwidih product, elaw 818, @ Guarantead gain bandwidih produci 0.8 MHz min
Supply current, input bias current, input ofise! current and ® Larga OC vollags gain 120 08
input noise. For éxample, the user can trade-oft supply cur.
rent for bandwidih or oplimize noise figure for a given & Low noise voltaga £ 28 nvtl'ﬂ;
source rasislance. in a similar way, other ampifier charac- ™ Wide powsr supply range 1.5Vio t22v

feristica can be tallored 1o the applcation. Except for the @ Class AB outpit slags-no crossover distorlion
two- programeming ping at {ha end of the packags, the W ldsal pin out for Biquad active fitlere
LM14B pin-out is the samse as the LM124 and LM 148, ® inpul bias currents ere femperatue compensatad

Connection Dlagram oustio-Line Package, Top View)

dq U 1. PROGRAMMING EQUATIONS
? n
T “ Tctal Supply Qurrent — 1.4 mA (eT/10 pA)
. : Gain Bandwidih Product — 1 MHZ igg1/10 pA)
v T LT Blow Aate ~ 0.4V7ps (lsg1/10 A)
: Y 2 put Blas Cumrent ~* 50 nA Jeey/10 xA)
] " kg1 — Cunent into pin 8, pin 9 (see schamatic.
) - diagram)
by [~ VT -V -0gv
R ! Y gere e - Ry
10148

. - TAVseSe-t
Order Number LM146J, LM 1469/883,
LM248J, LMI46M or LM346N
See NS Package Number J16A, M16A or N18A

Schematic Dlggran;

—ovruw

3
3
3

I ) ; ; ; i TAYSESe-2

TAVESS1 . ARG {EPritod ML A,

- mtemam -

sJs9}iidwy |BuofieIadO PENY B)qRWWERIBO.Y SYEW1/9PZIN /9L N
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Absolute Maximum Ratings (ot 1)

H MMiary/Aerospace specitied devices are r
Distribulors for avallabiily and specificallons.

equired, please contact the Nallonal Semiconductor Sales Otlice/

(Note 5)

Supply Voltage

Ditlerential input Voltage (Note 1)
CM Input Vollage (Note 1)

Powar Dissipation (Note-2)

Output Short*Circuit Duration (Note 3)
Operating Temperature Range
Maximum Junction Temperalure
Storage Temperature Range

Lead Temperalure (Soldering, 10 seconds)

Thermal Resistance (9ja), (Nota 2)
Cavity DIP (3} . Pd
Small Outlina (M) 8js
Molded DIP (N)  Pd
o
Soldaring Information
Duatin-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phasa (60 seconds)
inirared (15 seconds)

LM148
122v
+30v
t15v
800 mw
Continuous
—55°Clo +125°C
150°C
—65°Clo +150°C
260°C

800 mwW
100°C/W

+260°C

+215°C
+220°C

LM248
18V
130V
t15v
500 mw
Continuousg
—25°Cto +85°C
110°C
~65'Cto +150°C
260°C

- . 800 mwW
100°C/W

+260°C

+215°C
+220°C

LM346
118V
130V
15V

500 mW
Continuous
0°Clo +70°C
100°C
—65°Cto +150°C

280°C

900 mW
100°C/W
. USCIw
500 mwW
20°C/wW

+260°C

+216°C
+220°C

Se8'AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” {or other methods of soldering surface mount

devices.
ESD raling is to be determined.

DC Electrical Characteristics (s~ £ 15v, iger— 10 A, Note )

Parameter Condltions LM146 LM248/1L.M346 Units
Min Typ | Max Min Typ | Max
Input Ofisal Vollage VoM=0V,Rg <500, T A=25°C 0.5 [ 0.5 -] mv
fnput Ofisai Current Von=0V, To=25C 2 20 2 100 nA
Inpui Bias Cument Vom=0V, T4=25C 50 100 50 250 nA
Supply Crent (4 Op Amps) Ta=25C 14 290 14 25 mA
Large Signal Voltage Galn AL~ 10KD, AVour= 10V, 100 | 1000 50 | 1000 vimy
Ta=25C :
tnput CM Range Ta=25C 1138 *14 £138 %14 v
CM Rejsofion Ratio Rg <10kQ), Tpo~26°C 80 100 70 100- o8
Power Sup!)ly Rejection Ratio Fv!g <_ 1 (;: ZI:;T:.‘SZVS'C. 80 100 24 100 a8
Oulput Vollage Swing AL> 10k, TA=25°C t12 | t14 12 | 214 .V
Shoct-Cirouit Ta=25°C 5 20 35 5 20 a5 mA
Gain Bandwidth Produci Ta=25C 08 12 05 1.2 MHz
Phass Margin Ta=257C 60 80 Deg
Slaw Rate Ta—-25C 0.4 0.4 V/ius
tnpul Nolge Voltage 1= 1kHz, TA=25C 28 28 av/Hz
Channal Separation RL=10k0, AVour=0Vio 120 120 a8
£12V,To~25C

{nput Resistance Ta=25C 1.0 1.0 . MO
input Capacttance Ta=25C 20 20 pF
Input Offeat Volage Vom=0V, Rg <500 05 8 06 | 78 mv
Input Offest Current Vem—=0ov 2 25 2 100 nA
\nput Biag Cument Vom=0V s0 | 100 60 | 250 nA
Sufpply CQuront (4 Op Amps) 1.7 2.2 1.7 25 mA




DC Electrical Characterlstics (Continued) (Vg = £ 15V, Iggy= 10 uA, Nota 4)

Parameter Conditions LM148 LM248/LM346 Units
Min Typ Max Min Typ Max
Large Signal Votiage Gain RL=10kN, AVoyT~ 1 1OV 50 1000 25 1000 vimv
OnpuIGMRange t13.5 t14 t13.5 t14 \'
CM Rejection Ratio Rg <500 70 100 70 100 a8
Power Supply Rejgction Ratio | Rg<s0q,
\ Vs~ £5Vio £18V 76 1 100 74 | 100 d8
Oulpul Voltage Swing A>10k0 12 +14 +12 14 v
DC Electrical Characteristic Vg~ £15V,IggT=1 pA)
Parameter Conditions LM148 LM246/LM34a Units
: Min Typ Max Min Typ Max
fnput Ofteey Voltags Veu-ov, Rg <500, 05 [ * 0.5 7 mv
Ta~25C
Inpul Bias Current Vem=0V, To=25°C 75 20 75 100 PA
Supply Current (4 Op Amps) Ta=25C 140 250 140 200 BA
Galn Bandwidth Product Ta=25C 80 100 S0 100 kH2z
DC Electricai Characteristics (V5= £1.5V, Iger= 10 uA)
Perameter Conditions LM 148 LM246/LM346 Unite
Min Typ Max Min Typ Max
Input Otiget Voltage Vem=0V, Rg <500, 0.5 § 0.5 7 mv
Ta=25C
Input CM Range Ta=25C" 107 10.7 v
CM Rejection Ratio Rg <501, Ta~25C 80 1] ’ dB8
Oulput Voltags Swing R >10kN, Ta=25C +08 10.6 v
Note 1: For supply voltages taee than %16V, the sbeckte maximum Ingust voltage is equal & the Supply voltaga,
an:mmmnmudmmmmmumhmun temp and & dict. by T mq\.mdmounumnnptmn.
o Tha pawar dasipation st any temyp B P (Tpaax - TAV o the 26C Pgyay, wm.-n-mﬂ lass.

Note X: Any of the ampiifiar outputs canbe shorlad to round indeCinitely; however, mors than one should not be simukangously shorted s tha maximuen junction
temparatie wiil be axceadad

Mate & Thees epecitcatibne 8pply omr tha shaoh oparathg tamg 1ange unfess otharwise nated
Hole §: Retar o RETS146X for L1484 miftary spacifications.

Typleal Performance Characteristics
’ ’ Open Loop Vollage Gein

input Blas Current va fseT Supply Current va lgey ve lger

" = w bl PR
o [ R
i ! i £m-
5'. == ES E ' E = § 1]
* =2 = & a p—t. 444
zg ,§. g "
:g “ E @ g "
(] s E  E T,
vg=slbv T vy = 16 S o [-}: Vgeilg¥
u Tassc - y Ta=247C . Tg=W'c
41 19 [ w [ 1) 1 n e as |} " w

Ll hser b} T sy




Typlcal Performance Characterlstics

Slew Rate va lggy

MPDTFPELT YOLTAGL W)

STITT YOLTASE SaDg (v

1WPUY AR CURRENT al) *

[ -

)

{Aput Ottset Voltage
ve lm

Vg o slfy,
Tas I8°%C

[ 13 1 - L]
fsgr bt

Output valtage Swing vs
Supply Vollage .
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uH .
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Galn Bandwldih Product
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Typlcal Performance Characteristics (continueq)

PPET NOISE VOLTASE (avA/5T)

OPER LOOP YOLTARE gAIN ({8)

+

z

2 & 2,8 &

IR AR FEE ¥

Ofien Loop Voltage Galn

Galn Bandwldth Produst Slew Rate va
va Temperature 3 vs Temperature Temperature
| O e A | " =S = ' tggy* 10 uA
L ¥ b U LA 1 i3l
[ iser=1,ATI 0,4 ] : Y ;
== £ ! < -
| B Y
1561 = 1~ ] herated
E 1w - - g ¥
| S5= s e o [
[ - o ; LR G e
g e o i bil ol W 2 e LA TS
& = —+ 1 i
Yy w 5 Feiw o [T W
~66-%-16 ¢ M 40 68 W fes s M-8 6 2% a5 05 05 186 125 R e N W N R R ]
TUNERATURE (O TIMPERAVURE {°¢} \ VEMPERATURS P'C)
Input Nolse Voltage ve Input Nolse Current ve Power Supply Rejectian
Frequency Frequency Ratlo va Frequency
120
-3 14 Vgeitev g
.t Ta=23°C o
R ey~ 1A 3’ 12 £ w \ POBITIVE SUPLY
= 2, - N
-3 IsET= 2,0 & ey =230,a1 111 N
S g A1 g X
RN dsET* §h 4 Ciger=wa 11 « SEBATIVE tuPPL N
- Hlggy=10.A g u tey=SA “ Y
~ae ' 3 <lgeye 154
Vg=-Tav lagy 2 E 23 £ Bl
Tp-a'e @ E . fgere WA
" w 1 [ " 1 " 1LY AR LI [ T VRN QTR T
FREQUENCY (a2 FREQUENCT (He) FREQUENGY (1)
Voltage Folower Pulse \fnlhge Follower Transient
Response Responae
» Iet = WeA
e
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Application Hints

. Avold ravereing the power supply polarily; the device witl

fail.

Common-Mode Input Voltage: The negalive common-
moda voltage limit is one diode drop above the negalive
supply voltage. Exceeding thia kmit on eithar input will resull
in an output phase reversal. The positive common-mode
limit is typically 1V bebw ths positive supply vollage. No
output phase reversal will occur if this imil is exceeded by
either inpd.

Output Vallage Swing va Iger: For a gecired oulpul volt.
age swing the vatue o! the minimum load depends on the
poeilive and nagative output current capabifity ol 1he op
amp. Tha maximum avaitable posilive output current,
licLy ). of tha devics incraases with IsgT whereas the nega-
ve output current (Icy ) le independent of tgeT. Figuwre 1
#lustrales the above.

n T T T T T
j [ —CURRENT Luwtt By )]
]
|
I*m
t 9
H - MY fgg ot
s n 'Ly
R -
s “ Yeothv
Thetre
] 2 4 ] [} "
Igrld

TLAVSES4-7
FIGURE 1. Output Current Limlt vs IseT

Input Capachance: The input capacitancs, Cyy, ol the
LM148 is approximately 2 pF; any siray capaditance, Cg,
(due {0 external circuil cinsuit layout) wilf add to Cyy- When
recistive or active feedback is applied, an addifionat pob is
added 1o the open loop frequency responss of the devics.
For instance with resistive feadback (Fpure 2), this pole
oocure al Yor (R1}jR2) (Cpy + Cg). Make sure that this pols
ocours at least 2 octaves beyond tha expéected —3 dB fra-
quency corner of iha closed bop gain of the amplifier; if not,
place a load capacitor in the feedback euch that the time
constant of {his capasitor and the resistance i paralials is
equal to the R{Cg + Ciny, whars Ry is 1he input resistance
of ihe cicoul.

L0 [}
=. [
G T
TL/H/5654-9
FIGURE 2

Temperature Effect on the GBW: The GBW (gain band-.
widih product), of the LM146 is directly proporiional to 1seT
and invergely proportional to the absolule temperaturs,
Whan ueing resisiors 1o sel the biag currend, IsgT, of the

, dsvice, the GBW product will decrease with increasing tem-

parature. Compensation can be provided by creating an
IseT current directly proportional to lemparature (sae typical
epplications).

f

{solation Between Amplitiers: Tha LM 146 die ia isolhar-
maly layed oul such that crossiak belwoeen a# 4 emplifiers
i8 In excees of ~105 d8 (DC). Opfimum lsolation (bettar
{han - 110 dB) occurs between emphfiers A and D, B and
C;that i, il amplifier A dissipatas power on its output slaga,
amplitier D is the one which will be affecled ihe least, and
vics versa. Same argument holds 1or amplifiers B and C.

LM 148 Typical Performance Summary: The LM146 typi-
cal behaviour is ehown in Figwe 3. The device is fully pre-
diclable. As the est cuent, IsgT, increases, the spesd, the
bias cument, and ihe supply current increacs whils the noisa
power dacreasas proportionally and the Vo3 remaing con-
stant. The usable GBW rangs of the op amp is 10 kHz o
3.5—4 MHz.

™ .
it .
g w [T E fa
§ =3 £ H
3 13
lu& w% 10
. .. I.
[y " w .
THHLY CURNENT Ly
b I
Y ( [
Sory tut}
- ()
o
wt s | et
vw
TL/A3834-8

FIGURE 3. LM (46 Typical Characterlatics

Low Power Supply Operatian: The quad op amp operates
down 10 11.3V eupply. Also, since the intomal dirculiry i§
blasad through programmabie current SOUrcas, no degrada-
tion ol the device epaed will occur.

Speed va Power Consumptiar: LM 148 ve LM4250 (singls
programmable). Through Fgure 4, we obsarve thal the
LM 148’ power consumption has been oplimized for GBW
products above 200 kHz, whareas ths LM4260 will reach a
GBW ot no more than 300 kHz. For GBW produtis below
200 kHz, the LM4250 will consume less power, )

LAH/S8S4-10

FIGURE 4. LM (48 va LM4250




Typical Applications

Duai Supply or Negalive Supply Blasing Slagle (Positive) Supply Biaslng

1 18
U e U
4 1. = "
4
. ) 1" = .
\ 4 11 v
. 4 13 v*O- -ﬁ
V= v [ } 1
[ 1] - fm =
.1 c n > ] t_ 1
(] =1in < - e
“ [ ey b  Maer L] 1
7 "
3 []
iy 2l ) L2 P
-[—-vvv— b4 . T
ol (L) =
Iv-]~0.6v vi-o8v
IgET ™ legy Wo——
Rgey Rger
. Current Source Blasing Blasing ait 4 Amplitiers
\ wiih Temperature ¢ 1] with Single Current Source
i U L U 1
Kl 0 0
2 L mn
-‘-1 13, v .l_!'_
=1 L 17
5 U3
4 L ¢ 1lu
7 ) I~
13
9] sev L. .
(] s
[
TLAVSAS4-11
87.7 mv
«The I.M:na providis an diractly praportional to IseTy R2 87.7mv
bacits & mhf' the s lsero A7 SET1HISET2 = ——
P s ight GBW product IseTe R1 Rger
Tempuratre coaficlant of the LMMS,

o For lgery ~leeTa resictore A1 and R2 are not requeed
¥ 2 0ight amor bstwaen the 2 eat currents can be tolorated
¥ nct, then use RY - mtnnuhnooanvumpluun
thesa rechators.

’




Actlve Fllters Applications

Bagic (Non-lnveriing “State Varlatile™) Active Filter Bullding Black

e
AAA
WA~
x
WA 3
1 ___”.__
. = ¢
\ .
W e : AAA~—81
Ay N . w
"
Vig + i Loe
\ 0
. 1
Rg +
L
%
AAA
- vy

 The LM146 quad prog
and low powar consumption
Clecult synthesis squatioas {for ckouit analysis equations, cansult with the LM 148 data sheat).
Neddla know dasied 1, — canter Tfraquancy maasured at the BP autput
Qg — quaity factor measuiod ot the BP cutput
Ho — gain at the ouput of intareat (BP or HP or LP or all of tham)
* Ralation botween dffarent gaie: Hetem ~ 0.318 X Og X Honpy: Hopry

= 10 X Hoqipy
033 1
.nxc_‘__:‘_"_(.q

TL/H/5554-12
op amp e esp

ly suted for active fiters bacause ¢f thalr adaquate GBW product

(uno _1)
3.47092 - Mﬁ . ﬂﬂﬂ ) ‘. Eﬁgﬂ
'F"E""""”Q'( 108 wixamsxaq, ) ‘Pe-—y 10 &
AG
1.1 -1
1.1 % 105 Hortey
© For B ouput: g T BTS00~ gy — g T s
Ro .
Note. All elator valuae ara geven in ahma.
L
* For LP output: Rg — M x 108 Hom

347800 (M1~ Hy(m) —Hog(py P ~ KR

OFUmmﬂ.npl.l..'Uuh‘hIhﬂl\.dmwtolunmLPWHPemofnpbacﬂﬁ.

iy A
(84 FT .
[] natch
— = 0316 ——
3 NA, ° fo
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TLAVSS4-13
Oatarming Az according 1o the destrad gaine Hogn, Re Horry Hysry -5—‘01,(",,
1< <o, P 1> Mpeen FYI
0Whmlom~lvl!h'c:armmnabmgin L and the oy l

of the fliter. Do not aliow stow rate mitng b any output (Vyp,
Virh that la:

Vap.
e 1
Vingnooxy <83.66 x wlxmxmwdm
¢ nacessary, use ampiviar C, blased At highar {sgt, whare you get the largest output swing.
Deviation from Theorstioal Prediotions: Due o the finke GBW products of tha
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Actlve Filters Applications (continueq

A Stmple-1o-Design BP, LP Filter Bullding Block

TL/H/36S4~14
I rasistive blasing k& usad to set the LMA46 pedurmance, the Q, of tis fliter bullding block is nearly insensitve to the op amg's GBVY product temperature dert; it
has also baltas noks parfamance fan the state variatia fttae.
Circult Synthesis Equations

0.159 Rq R
H -Q iR X C=——Rq~Q, X R; Ry ~ -—
o{BF) oHo(LP) ™ Q~Qo N Hoer)  Fogr)

* For the aventual usa of ampltler G, sae comments on tha previous page.

A’S-Ampmler Notch Filler (or ENiptic Filter Buiiding Bilock)

Ik

Vig O—4¢

TL/H/2054-13

Clreult Synthesis Equations

0.159 X 1, -

0.159
Rxc-—10—;R°--QoxR.Rw-c,x'2

R
Hoaryl = ——Hqmg
o(aR,""nou\ A )ll”'num ¢

-Fu-mmm-namumm-a,o-&




Active Fliters Applications (coninuaq

Capactiorieea Aclive Filtera (Basic Circuit)

1,
Sudla
. AAA
\ Y “ N VA,
0O—¢ + [ v
N
0 14 Lmus VWA +
Vg ey
1
- " mucu e /
= n
AAA "..
vy
R
[T
- promen A\ ey
By
W
s DY g6
N
A"'A' ."‘ [ ]
L "y
= ts

*This Is a BP, LP, B8R fitar. The fiter characteristics are created by using e tunabls frequancy fesponsa of the LM3486.

¢ UinRations: Qg < 10,1, X Qy < 1.5 MHz, output voltage should not exresd Vpeak(cut) < M X ‘sf;'::’

RS — RS A2 [i<] A7
Dosi tone: & - b~ ¢ - \
¢ Daslgnoq ‘TR P TR-m ST mem

tozR) — toem, (1 ——) f“m(c< < 1) providedthatd -~ Hetam X 8 Hyem =
L] NMant o0, Hy can be independently adustad; that is, the fistar i extremely sasy to une.
* Tuning procacite (ex. BP tuning)
1. Pick up a corveniant value for b; (b < 1)
2. Adput Q,, twough RS
3. Adhet Hyap through A4
4. Adjat ¢ tvough Reer. This austs the unkty galn fraquaacy (f,) of tha op amp,
A 4th Order Bulterworth Low Pass Capacttoriess Filter

TLAH/%NS4-18

V)

Re AT " W= Rwro(lﬁ"'nvbﬂqup)-lxcm__qo_'m

B fe -mmu.(gmofnuum- 1, Og1 ~ 0.541, Qg ~ 1.306.
Ohotnrmniutmavatom of all 4 ampliters has baen dosi

gned to da tha same (~
Ilwucmblm‘rucaw-dﬂmugnﬁ.

L]
-
‘V"‘v
>
[LITUT O vVeur
11
TL/H/5884-17

1umulyaummlaucounum¢dhuuhcithq




Miscellaneous Applications

A Unity Gain Follower

[$ P13

with Blaa Current Reductlon Circult Shuidown
| U 18
4 L3
— 3 n
v, v T .l v
el we A 13 -1v
5 2
[XT ) L3
<)
I ln e
V=V ? W
A
s 1031 sETls
™
= LMY nser
\t_Am =
AA
o

« For battr parfarmance, uee a matchad NPN pakr,
goes o a high mpeda

stata A

« By puiting tha SET pin(s) to V the 0p anp(s) stuts down and ts output

g 1 this proparty, the LMI4S

can ba usad a4 a vary low speed analog switch.

Vaice Activated Switch and Ampiitier

Is newn

TLAH/sa54-18




Miscellaneous Applications (continusq)

X10 Micrapawer Instrumentation Amplitier with Butfered Input Guarding

Vegv

* CMRR: 100 6B Myp)
0.4 mw

TL/H/%454-10
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wgesngInuunainia ( SWITCHING POWER SUPPLY)"
“HANDBOOK SUBSCRIBER RADIOTELEPHONE SYSTEM SERIES”
J 6478 TYPE SR-1: 1 WATT

TYPE SR-10: 10 WATT

AWA CO.LTD.
“TECHNICAL MANUAL KOKUSA! SINGLE CHANNEL"
KOKUSAI CO.LTD.
“MANUAL FOR MULTIPLEX EQUIPMENT"
ERICSION.
“TECHNICAL MANUAL EQUIPMENT"
ASIAKOM.
“OPERATORS MANUAL RURAL PRIVAT PHONE SYSTEM"
TELEMOBILE INCORPORATION.





