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ABSTRACT

This project is the development for model 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 rédesign 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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Amplifier) nisanmiuastafoyanasiifinugnsaidanisaftedeindiWgusnesiel
nzif 2 msidendnaanguaneldedld (incomming Call)
iaquanudanieBanlyfelden quaizszdedrnFan (Ringing ) igiinsnd
Faule tﬁlﬂLﬂéuuﬁmmﬂm?ﬂnLﬂuﬁmmqmmququlﬁn"uqaqmﬁmmwﬁ 3825 Hz uay
29a36i / sie iAtaad
2945KARANT 3825 Hz Lﬁﬂ‘lé’?ué’tutyqmﬂnnqﬂnmﬁau‘iﬂaqzﬁqmmﬁmé’:qum
o 3825 Hz edelufinalugianaasindeing Luaanftorussassia / oA IR
ﬁ:%’uﬁ'tu:mtumuquﬁdachwqﬂnﬂﬁl.%au‘iﬂqmﬁqnﬁ?sTmiauudqq'w‘lﬂfgﬂmmm‘éﬂm
Wihrenmudamarnisiiandn doganennad 3825 Hz ﬁazgn‘l}nqmﬂﬁﬁﬁnnguwwsda

lfanamilanemng ( Subscriber Unit ) sial
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-l

noeilaide (Hybrid )
L Amiunsasiduennnsdauasnisfuresdtyynades (0.3 - 3.4 Aladmd ) Toe

] 1 4
e nesewitamaziiafasasnedygans ( Amplifier ) lussuuinsAwiiulavdsasiduen
oWire aninsfmiflsidlu 4aWire vidasan aWire Wil 2Wire Te 4Wire duszurtiuily de 2
o o al
Wuuariu 2 1y Asgaln 2.9

Finite loss

4W T(S)

BN(N)

2W(L) H :U Infinite loss

- 4

4w R(B)

7t 2.9 uamnaslania
. al 1 o - ] s
GW(L) :2Wire Aafulisinagiuwmsasgusns uTiFend 2 Wire line

AWS(AWT) : 4 Wire send ( transmit ) Aenanaanlifasinugaluasas salil

& ; o

AWR  : 4 Wire Receive Aannesususygndiutaangiinsalindrunilaiegs
sinlulfa 2w(L)

BN  Balancing Network ~Hifialflazaaglunavaumad  lagminAaed

Sufumudiviniu Characteristics impedance 98saneiingdny
(Uszunne 600 Tads )
la3autivesnitlu 2 13ia A

1. neudraweslaiia ( Transformer Hybrid ) SulmBeiidanaomwiisaia luns
WENUAZSIN 2 W -4 W ﬁ?@gﬂ# 2.10

: T
<
111,
cETrrT T | |
Wt ! -
L ! t BN L = == BN
i o :+\n, alil <
0 Aol B i D
R R

p.lﬁ 2.10 ugms Transformer Hybrid
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Faosariesnatiifhuniunnaes Hybrid Coil Talinsanma 3dB

2. $aunudlarida ( Resistance Hybrid ) fluasaslavianldaanusumuluntsuen

upzsan 2W-AW delaidnafiatiaziinisasmeugendauuunsuanameflaie Salitely

. T & { T
9a3inadwi Aaguin 2.11
® — X

L BN HNATUNNIITaANEY 6 dB

R

T

? I

iy 7 " :;; /, n9asRNnNTanNaw 10.7 dB

1P 2.11 uamINas Resistance Hybrid

v a v o &£ &K v ©° o .:ll
ﬂ’W?ﬁ?‘N’Nﬁﬂﬂ‘U?ﬁﬁﬂ\lﬁ'\u\im‘ﬂﬂﬂﬁﬂuﬁﬂﬁu

1. neaanauaan 2W T 4Ws avsasildnta
2. neaanauan 4WR lilds 2w azgasiirnties 1

3. maaanauan 4AWR lildh 4Ws azfiasiiAnann o funandlugli 2.12

4WR

Uil 2.12 usmanrsasnauluiiAn1asing 7 189 lowe
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mFasiasladsanudewefla e

o

7171 2.13 uam3 Ideal Transformer Hybrid

° i - - i -
iaztinglii 2.13 A Taeazldnsudemed 12 Wewlfeudufiuawd Widh 600

Taify azldRepd 2.14

300160002

j% :Eﬂm

@ :

'Q

T

=1
12 f

. q--IR

717 2.14 uﬂmnwuﬂmﬁuﬁmuﬂ'ﬂm Transformer Hybnid
Fosicdevlusing ¢ aod
- Self impedance
Za,Zb,Zc =00  ( pure reactance )
- Mutual impedance
Zac = Za.Zc
Zad = Za.Zd
Zcd = Zc.Zd
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wazdnfuaud Za: Zc : Zd = 2:1:1 TalunalfiiRuda azdinn 600 Tvin

- ; vo. s
fanzn Wagdnygraan 4 WR agldnenin 2.15

gﬂﬁ 2.15 uasenastlaudtygyanida Hybrid [iam A9 Loss
Foshuila 2t = Zr ufassi ¥ lifinszuslvale Bn (In = 0) MAaraanauan 2 W Ty
AWR Al
/17T =600/300 =2
20Log (11/1t) =20log2 =3.01dB Wi% zt=2r= 71

vslaniradla BniinanelsrnisdeazaglFail
1. saufoyoyrndannuuaanilia 2 unas Heauldiuinasmeariy
2. uandygyrnsnunsanuiiadeaiutiauliiulnes 2 fa
3. Wifludaulsznerilunisdmsn Retum Loss iiauSeudiansdaituad 2 s
dom
- 29N
- TUIBRNURLLLA

- MrulAlanlidniaaaad’

dnie

- finseanaudtyyindluszndnedulsringsns 6 dB



+H2 Q1

. 25C1212A Q2
BCSS57 R8
N\ 1k
: 1 7N\
BC557 Rl %9
2.2K
M
D1 *
VN
= .[ o e
R2
R3 25C458
33K 4 22K
c1
0.01pF Ve R4
ﬁ 8 i =
® TN PUT OUT PUT 4 =
P-4k
c2 1c1
470pF IM567
| 1 RO
5
= OFIL RT 10K 0.1uF 3825Hz OUT
o g RS R6 0———-hL
1 5 6.8K 22K R7
p “C::, — ST 7 3 47K Q3
I : 25C458
= VR
1K
3625H IN
" > R10
o ¢4 i 220
0.1F I I 4 /F
- - - R11 I
6.8K =L, ceé o r
o 22pF I
‘ T—
E

®

7 Uf1 2.16 unAnISIGNALLING 3825 Hz OSCILLATOR AND DECODER AND DECODER

9l
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nenaasis Wuleudeounnsfnagn

- 4, d d dhey
lefiafengrunies ugilnsal Mirfuasiidsrlemfnnfiganldfuninimm

b 3

- e -l - - [ o o al 1 - o - 8 o -‘l'
s nEEnranAeinuBinpafody aan Fullnawiwadnefiliaidugimu uavani
Pingunsaimadngia uaznemsin@eessuuiadengn Jeanmnsoirlidenddednann
y ¥ y
1t QUnsafuiife fnendyn ninudeszuuaiengw wef 567 Feldfuniseanuu
Wearwnsoh i ldaimsranludmmdsdusrdmivindidanselindadasay faetnidu
o’ o o - J o - i '
dnsFauazoasstalnuies diFlunasulnssuuvganslelin insasnuiaglafusing o
wrasnaadtynnalunatnsdmiuasdunainanlfans
L7 o o -l o all o p o alal o -
wihfindnaadled 567 ARemsdulvasiisianteueniuiin peaadunusaADYeing
o d‘ o« o= b d‘ « :" 4
Featmumannadiudnas wuis wae nemisedygyins enfymiusnnsminldlag
'lﬁﬂnmimauﬂntﬁmﬁﬁqwhﬁu
<t - o Qam, o o 13 - 3 1 :
mussdeanadudunlifaofuauauiRiirsuardnegedasine o Iagnanasialilis

4 o o< 1
avinldnlaninsninessialnudasuusinadangn 567 A1y

ARG RALAY
- fiatasnnAup Nt uGA

L4
@ 1

- nsRaLANeIPNEnItensaus 0.01 tBend  lileutie 500 AlaEmd
- YHuuuusasid 0.14 fc
o 1 A [
- dsutinumunling 20 Ae 1 AeRAINAIIENIRANEINEAN
- Fszuutleaiudygninuesianain
-l o o e
- ffnsndndycyrnianiaanuazsunougs

- sefuginsniasdnldfagmanaransalunisdadiieninldne 200 fiadusan

ARIIGIYAANS 7]
9omgRINTUENU 0 8947

usadulunnsnienu 10 taast

' o

o o
unssuisadiantaaniyees 567 i 15 Taan

nsgoudenndsnuindy 300 HaRdns
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Metal Can Package Dual-in-Line and Smal Outline Packages

outeyr 1 L
HLTER T i" = ouTPUT

woor 2 1
FILTER [ Gno

3 ]
] | M

1NPUT

v = | §_ ivg
RESISTOR

217 2.17 uameudienlaszunsugas IC 567
-3 ] d‘ ¥ v o
udenlaezungadng < 189 IC 567 ugaalugiil 2.17 fiBammauTEsaiaEATe
™2
supresqunsafinWigldlilaezunsumugl douwufinnsdaanlusioduay T usz V
usmlugldnesi
menaamiaetnaing v Tanlddv 567 lafeagwiaifies usnauNARBIAIIAENIIL
1 24 1 J o e 2 '
1'au,amqﬂsznfmaﬂn'aumﬂm'maxmnlumsqmmﬂns‘quqn'muﬂnml‘nmuluunusm
[ - o :" &' 1o/ 4 4' ¥ 2 v o
M AonuEnansreemsinaiuaraueg fusazes R1 uas C1 Tufrazlinalusaunism
' 1 1 L4
amunzamniTaTgn R1 aasliAnagsznang 2000 e 20000 Tav ARINDNANATRITTLLIY
raNIIM Lol
F=1/R1CH1
A () -
el F Aeaowddwiosihu@md
< 4 -l ] (4
R Aaagwusmiuiniaaitiulafy

C Aaspusuniutindaadululnsie

‘t‘usfn. . —}m JU'U'U'u.

;&ﬂ::

1“

IR 2.18 uasmanasldons IC 567



3 s

?J%'ﬁdﬁandﬂum?ﬁ’qmnnamsﬁ'ah}% ANEHEA
fifames udareefnunmnAres R1 e ldgasilénanaanuda faethatu sunfdndes
msmenansFatnuResiiadlaanpenna @t 1200 Hz udadensrammdne i
ofluasian Wamsaruiiinanuudainimdl Rl wavsnafidedldmmfinefann
0.1 uF FetiuAnans R1 Aa

R1 = 1/(1200 x 0.1 uF)
= 8300 Tavin

1l

) ¥ ¢ v al Il-’l’v 1 sl « ¥ -t
pansRufaArraspaiuimn FRdhifiaonusuysoine eraazdiesulnndendl
v ' - « ol o end o v v I
thatinsanseoaianainsesginsel Tunsaliidananentsldnansmonusinumiu e A
voa oo A ddy
Minadargwinunaaansanis
pnadiaef C2 wanuthiladwalamefasiiAragsendng 1 Ge 22 uF Wialdaoy
i U v
pupr D lunisdedtyy nidnudestiodn C2 Tenaunnwinlauuudisfiazuausinii .
1 -~ 4 4 x
Taing  sailalugyl 2.19 avdaeldiisnanAntes C2 uaz C3 ldgnaedau
Arass C3 lddnfudieamiugaanninlunsdedygnlnues wihivasainnd
o 2 ° -l 1 o o
mefanfRen1simunraundandladnaiamei Taclhinadneninnulandasy
. . 4 ; dl ” .
sina 1 IngAnaoaiimeguanmiletunaniitualde (1#5unishia ) Ases C3 lunns

Fauaseasiianiugaavinges C2

088127
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n. wuusisseueNLfgarefnnBunm

e
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1. uwuMsnasiaraslngigasiarNRlun1MIY

'.

3 \

g n‘—l\\\

3 \

g w! - \\\\\

) I S gy
wil \\ )

]
SANOWIOTM - S OF l.

« o :
A. LURAIsNITAANITUN AT UaRe C2 uay C3
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NOTE
SHORT S EOR SUB

2
SHORT  E FOR EXCH
L1
D6-D9 1c1
1N4007X4 N33
s E o
3 e
b2-05 x? K
1N4007%4 [ j—]
RS -
™ =
S
R3 J_.— c4
12K = z.?xr T
|
c2
P 18 ?
®
L ¢ ¢ 4-W SENT
RINING é v, Py
e X 5® 560
. O e 2
LINE =) Se’ c3
s O—— o Eo- 2.20F PY
"2 4-W REC
] i +12
i
cs R6
o1 2.2)F @ 47K
D1 25C458 R7
1N4001 25R673 10K

71fl 2.20 udAIAIN TERMINATION UNIT

YA
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winn19ineeeinia Terminating Unit
H . . ‘x ' & :
mA Terminating Unit Ysenaviuamnasassing  fsialuis

- 9992971t@nszua ( Current Limiter ) Ysznauliéien R1, R2, C1, Q1, D2, D3, D4, D5

ﬁqgﬂ‘i‘i 2.21

D2-D5

Q1

71 2.21 usmseaIiEmNIIUA

anglil 221 Smnstaenidel Talen D2-D5 aximiiniendarndiftedemenisned
Q1 Sagnludalas R1 usz R2 wldinszud lo nansd Fesanansaugmalilaniiafiangaindon
Suvnieusia +12 Taavl, D2, R1, R2, Emitter Diode, D5 a9ns s shifesslé

lb = (Voc-Vb2-Vbs-Vse)/(R1+R2)
(12-0.7-0.7 - 0.7 )/ ( 6800+6800 )
0.73 mA
wazan lo=hfedb ieldmemdainesiveas BD 139 JsflAn hie = 100 421K Ic = 73 mA il

nszus Ic Qaqn"fnlumaﬂ;‘]ﬁﬁwud'1m‘:"*aa'imﬁw'ﬁv‘w"'a'lﬂﬁzﬁunezuﬁﬁ?zmm 30 mA C1 1u
AT TN AR T IMTLINIMUAT bypass ARcyins Ringing lunsdiiasasi]
atffinpfiunna ( Exchange Unit ) azpgeviamiin® Loop Wiuquaneinsdny Welhateu
dntnzdwiigneny Taenas Looprini D2, Q1 uae D5 nfulildegaans dnilunsiifiassilag
fnnadlanemne  ( Subscriber Unit ) fagiutiflunisanenszusidneWitudesinsin
wonfedatmnszuslifussasuenannuziriasinednd ( Hook Status ) Taaiduniudy
spanITuating L1, D2, Q1, DS, mmn"':'m?mﬁwﬁu&’omn'lﬂL‘gm LED Tu lc1 Saflu Opto

Coupler
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a9asiaide ( Hybrd ) Ussnausian C3, C4, C5, T1, T2 us¥ RS Fausnslugfl 2.22
Tnensaslariassiminilunslfeudoyonaann 2 - Wire lu 4 - Wire send-recieve
Aadndryqrnadanamasinu 2 Wire azgndeeaniiniesiny send uauiileloBaiy
dryryrnsmagini receive fiazgnaeaananednu 2 Wire {ngagdl R4 uaz C3 Fminitly
A1 Balance L‘Tﬂlm’]mn"ums‘nquﬁumﬂaﬁmtyﬂm‘mlﬁﬁmm'\mﬂL'E'\mmaéhu Receive
vaaaanu M Send mvazinlifianistiaundu Feenadlugummrsimsensdia
néryyndlunsasenaesld C4 uax C5 avsmtinfidlastuusedaulnmse Taildrinudamn
'lm\ﬂs"lau?muazms'ﬁﬂmuﬁa:mﬁﬂuﬁu%amﬂﬁumq ( Exchange Unit ) uaziieilu

netlanemne ( Subscriber Unit )
c4

*—H—-——i
=

o
Fa b

JUA 2.22 uamenaslaniia

-9

neasasadudunnadeiuasuenan uaTe AN

( Ring Detector & Hook Status )
R 2

l ic1

;r(_‘—“

R4

®
i

31Iﬁ 2.23 uamwwmm@é’uﬁ’mfyvmuawanﬂﬂﬁu::m?'mfmﬁwn'
mngﬂ*f\ 223 ylsynausatlalen D6 - D9 IC1, R3 uay C2 (Horfuntaiumng ( Exchange
Unit ) azimiiniifluasasnsaadudynyindel ‘Emmijm;nma‘[mé’wﬁdaﬁrumqm%ﬁmlﬁ
fieinsdandldsemnedtyganiaiaziniadn NC, R3, C2 ufagnisai Infiaela

Tas D6 - DO Wiluusedulnmsafiaiies 1ICT da1fly Opto Coupler ¥nng Active sadtynyns
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nafeanmaanimandmazeenisien wsvfiaiflunamlanemng ( Subscriber Unit )
ssaraviminTiufauenanmuzsiasinadwd ( Hook Status ) Taelusnizfiansyites
s’ ( Hook On )aghifinszualuariugia IC1 Optocoupler 'éa'hiﬁwmusitﬂﬂﬁms‘ﬂnq
ednel ( Hook Off ) auilnsruginariulsasanfianssus  ( Current Limiter ) HLAe
et wdarindlalon D6-D9 iedndiussfulniReimslusalilalenuldiuse ( LED )

Tuda 1C1 Whinauuaenaudanas Active azlddygnninsradgnaaanmauaning

Qaazmgﬂuﬁmm'}m ( Singnalling Converter )

2 el 12

gx]v‘;" 2.24 uaqustﬂs‘v"z/uﬁrurmm

angUit 2.24 2sasazlevnavlufaemsnnBismed Q1, Q2, R3, R6, R7 linsinannfie islean
M Wdnygunsed nsndaned Q2 axinamsuusaiulil 12 Taadd luvianasludals
Q1 Meustinudtynnnes e linadusaiin Tneusiefluniadieanns ( Exchange
Unit ) feyeyaeu M qztﬂun‘n'avfﬁdmﬁﬂz}’lﬁquﬂmﬂmaﬁ'xmwngm‘gﬂﬂwsﬁwﬁ ( Hook
Off ) Tafazianuile loop ’Mxémmn*quafmimﬁ’w'ﬁdqﬂlﬁqaﬂﬁqﬁmmm ( Current
Limiter ) §aulunstiiniaanemag ( Subscriber Unit ) ftyeynd M audunsaffiraiieding
Fandireanguanainsdw ( Incomming Call ) 3 eazdefeyryrndemanly Anhidadilans
vquﬁwﬁ')ﬁmuqnmﬂ'qﬂ&';ytmmnngﬂﬁm‘gaﬁmﬁwﬁﬁamué’mommmsﬁam&h
ind inati

avfiasiiievlaAefimseesumna ( Exchange Unit ) av#ias Jump €18 04 9 E uas
Open qm S TurinusaAgefufiadaciantnag ( Subscriber Unit ) fiazfianianas Jump e
flqm S uaz Open 9M E

dlefinsFenidranquaneinefmd ( Incomming Call ) guansinsAnsiazsa
Fyoynndef ( Ringing ) inamdmazanansand ygrofifindrasgndanniu
gneTneAniitinunanuiin NC sadiad i R3, C2 ludlalemin D6 - D9 efiazligndn

Guanszus Wi DC gl IC1 Mnamsredygrnnsndidnn E amdanaznsizandn
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Tagan E qzﬁwﬁﬁ#mnqumﬂnqmwﬁ'tytmmmwi"w 3825 Hz Utk ainaLge
annannalidastacirsasdacianemas ( Subscriber Unit ) FaazsnnsfuuasAinadg
ae7 3825 alRmmef dedtyqurunsadivan M saustealaemnnndmaznisien
Foyoyns M Aansnoanilunal¥ Q2 uar Q1 Femsrensalihaduansinuazsanauunn
NO winfiuda Ring tﬁ‘a%’mm&’:ytmmnﬁzﬁqmm«?ﬂﬂﬁatamaﬁqlﬁtﬂ?ﬂm?ﬁwﬂﬁam
FamutamazreanisiFands

dlefimsianaanaindidilanemne ( Outgoing Call ) wledldaramenyetes
nefny nevusadinatiau L1, D2 - D5 uaz Q5 fugIAsuuNA NC sedhadindnates
nsfwiudanen’alds D6 - DO edndalrl¥ IC1 asaskegrlazwudn IC1 wef LMs67
Phase Lock Loop Tone Decoder sutinRtAnuasAlAaAAE 3825 Hz Taensineung
IC1 LM567 nnazieinniien 8 azilu Low Friadlaléfunnn 3825 Hz Wniiauwniian 3
Foazmsatunnd fo TEAmels Taemaa@l fo asfmualéeanen Resistance uaz
Capacitance ffinsEuingmn 5 fuan 6 d9#in Capacitance ﬁﬁﬂﬂ@ﬁm 6 azmaléain

fo = 1/(11xfoxC1)
= 1/(1.1x3825x0.047 uF)
= 5100 laviu

aeandafnmuiifaufianaiatesginal Asinlanvidnlddaaliin
A 3825 Hz Saiinasld VR1 A1 1000 Tevia meeiusnpanadnm it 1 ldnanad 3825
Hz Bandwidth fsRanafBunnazgnionumfiossn Capacitance Tislantiien 2 aangos
Tnaannsmniavus Bandwidth fangaldainasnis

Bandwidth = 20log(Vi/1mV)
dla i = input Voltage ( Virms ) fifaviaandn 200 mV

vl V = -10 dBm uay C2 = 0.1 lulagvnda

V = 20log(Vi/1mV)
A0 = 20log (Vi/1mV)
ivi = 03mv
BW = 1070[0.3mV/(3825x0.1uF)]
= 09566 Hz

Hasaan 1IC1 LME67 Fawnnsuseiulnlunasfiasu + 4.7 Vi + ov adld Q1, Rt

(2200 Tetfat ) uaz ZD1 ( 7VIW) Wuunssdraussnulndsngns
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IC1 LM567 uananaznneuiy Tone Decoder udaluanisiRgatuasrBnaNg
FradagalanalFaaniniian 6 ﬁq&utﬂﬁqﬁmﬂﬁmmqmﬁmLﬂuﬁ'mtmmmwﬁ 3825 Hz
Wageinunsudameas Q3 ( 25C458 ) llqm 3825 Hz Out neidsimef Q3 AvTimtinTiilu
a’miﬁﬁmﬁmm E #Sudeyyrnunsiad ﬁtyrmmm’mﬁ 3825 Hz avgngaring C8 2ann1y
11 Collector tedeliiugianiieisadsingsiely

qaqsﬁﬁﬂtmaﬁmmqmmwﬁ' 3825 Hz qz’lﬁ%’uﬁmmqmmwﬁ' 3825 Hz AMN9AS
Pre - Amplifier F1dunTen 3 189 101 LMSE7 s 8 Hantamilunsadgmald Q2 i
o wdeendy Q4 fasfeufededyoradialnlidae M Wedellfnemndenta
(Teminating Unit ) uazoewﬁa-ﬁam‘émda (TX-SW)

Qﬁﬁ?ﬁm-ﬁiﬂlﬂ?“md\i (TX -SW)

neannirdeedaingildlulassen fyoyans PTT Aasnisussdula +12V uaz
d’mmqmﬁdmﬂﬁ TX - SW azferufianiay Low ftuneas TX - SW Adldinsndsine il
PNP sinfaniunsudainesalin NPN, Zener Diode uazFasumusuanslugli 2.25
anﬁﬁmmﬁﬂ%uﬂw'lﬁ’?uﬁturu'\m High nsn nendaimes BD139 1lim NPN axinanu
adanmiuasinlimedaines MI2955 ineu maldiuseiuinaaelyldan PTT T8UAIE

gaang

Q1
MJ2955

—® PTT

.

717 2.25 ugmeo9as TX - SW



INPUT

+1
YRI Ci IC1:A
220K :
0.LuF L |s LM387 G
1l r 10 mF
1 4 +0i o
- 1] *
2 3 OUTPUT
Rl R2
820 100K RS
10k
= C2
I 4.7/«?
INPUT
VR2
220K C6 ICl:B
0.1 A LM387
}" i =
7

V-

R4

C4
820

100K
C
4

ik

R6
10k

5

IpF

51/l 2.26 umAININ PRE AMPLIFIER

OUTPUT

Lz
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-l
1321 imwu,auﬂ

possntifaes aenuadl ugauni
1. $M9InsrnusIdutluetiug ( Infinite Open - loop Voltage Gain )
$Rsntsrenaseuitl raasuanLavramefiRasnsntsrene R lilinstloundusisay
wazuan nistleungdunasmnasiilusesdainafissuautavaniend uneslia lunsdiliay
ineanistleundunisauivingu
o o0 e [ s all -’ [ - } 73
ArdtaAuTeInisileundunauifedygramilaundusninisduynsaaesna
1] 1 23
yaefrycyrnsfiunnsineiy 180 aern andtygyanddunm lunsdises Op-Amp Fmunetianis

v ]
flaunduannieninandangdudnfeuymiuies

Networsk

27 2.28 usmgasasentlueanTidinsileundy

angUfl 228 a¥l§ Av = Avol / (1 - Avol.B ) el Av Aa Shermssenesevils
(Closed-loop Gain) Avol Ae snsanisaenasauiils ( Open-loop Gain ) uae B fia fn
n1zaet9a99asiiaundy ( Feedback Network )

& ¥ Op-Amp 'I.wqmunﬁﬁ'u fin Avol andluaiud fesnmnisaenaussfuaniiu
HurutudinfBateunduriniy wilunialfiRes q udanees Avol adliduedus udsy

gunnfideslaeialalazagous 20,000 luguinzalinmsinlulaufia 2,000,000 lugunsaline
g



30

2. Arnufunugdntuesius ( Infinite lnput Impedance )
o 2/ : (-3 ¥ [ 4 -
prussiBdaiinunarmudnunneas Op-Amp agsiashitlunszundygadumm |
v
daunanugnuniuandn ( Input Impedance ) 18duauavneesfiuldFunisivunlidn

& o o - J L
(Thmadaurasussiu@unnuasnszusdunm wasflaasnasiumumidudluedus azdias

1 4
Y ol sl

Uszfiwandnszusduniuguddon  AuiuannumanefidAndaenuauiniaiinas
v v
Aunnaas Op-Amp avbligaduvizadaanszuale q visdu
3. A NgununresndluAus ( Zero Output Impedance )
A:’ v » [ < aly et (4 ' v

lugaupddurarlfusafuaningege fanmsibifivaduanasanpumuig
Tussuealavirenefioniues  usilumaljifsfudoasbifinmusnmmuneendugud
uananazdiAnagilsyanns 100 Taviu sidatfaendn uazuneiiieglusinn 50 Tevin  Aadulu

-] - o 4 v v -" :’t T 4‘ [
neciansduymansnipenausdiiigniufag Op-Amp Taeia 9 liu Arfiesaniaeiyn
4 1 ¥ -
fignunsodBeniddnaglugmuas
4. Keyryanusunawilumu ( Zero Noise Contribution )
- G - o ¥ .I' < - & -
anstidanselindlan A winsviviinidnressoshuniusssimasuindoygin
- :” ar H - 1 ]
sunueanaiENe  Op-Amp ugaNARTY wssfuTRednInsINUINsINAzABIBgUaN
o o 's" - « k'3 -t 1ol a <=l o’
§a Op-Amp Aaiudtyayrisunauiinmaeimnasfasfiegnfygndunndumeany
alaly 1= o 19 13 ) o A A [

lunsainlifinnsreneausefudyqinsunausiureanavaaainuisamiaununL

yineuaudn T Op-Amp avfadhifuedlafhuiasldnudymyrnusunsurenn W
- osm 1 - ] J 3 ‘Q" ." &
192 Op-Amp lumaufyRadhidnlndaauaiuenanuliiizipunannviniuudingzie
Ll o -~ | J o

Frmusssusndafhusanndygansunaudeies daknmsirdeuiatesdidanse

5. upesudieusneandlusuel ( Zero DC Output Off-Set )
o < - b o s« | A (¢ al - X 'o’t -

usesusawiin(iinauy) 1wwendaraniand NABLSAUBMNNNNATUINNAIRE
al [y o - o alm ¢ d ala o ' « ]
fandugudacastenaussiuaziussiungunmiuguiialifurmitasneansan nane
[ -1 o o A‘ ‘ ' “’l ' ° -‘ -
dnmnizimosasinlfussdufisneenifugud  widhbilumaiuusnsiniusiudisauunn
3 i -~ { -1 A - ol
auhieniyn duily Op-Amp lugauesadaauutiasuguduiluma fifudaesiiue
LA 4 ] - x
sunaidnnldugudinagu

o " - .
6. A2 g 1 ( Infinite Bandwidth )

- ‘& 1 4 1
Op-Amp lugansRavasnadegnewus DC Taufeanureuasldusilungdl

- ddo o o . -
484 Op-Amp 439 1 ALiiLouANNTNAA Teufousignianiaees Op-Amp
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7. funnnasiniu ( Both Differential Input Stock Together )
ufdnmsiiBumnuuudrinainudas adlilifeimuntes Op-Amp yalufisn uay
[l ¥ -3 -l e A’ o ] -Jd-n - - : “" - ]
atihatipefianaasilfnanseviisinus Op-Amp NiBumuuvBudnasesnindames urd
1 1 4 ) 1 3
Iunjudn Op-Amp W2 1 llazdifunnaasis  Suviluih@uings (-) uardnswly

- o : dl [ 9o o 5 -&' -J-\ -l :’r d' 1/
wauBud nie (+) WatlauusulinuBuynianilazsngnauwnandamimag

L 4
AR TULNeuauBWANGY ( Non Inverting Amplifier )
-’l’ Y -, - a : o o
asaspenauuias i unmuiuenduinaiares Op-Amp Ing1ensdnluanmue
1 4 ° 1 o x - 1 4
Hazin & yorureenfiaiBeatudoygyineuda PR BRI SN LELILE, BERHELY

WULAS Unity Gain uazlugjndn Unity Gain

Al —Q

O 4
Vo

Via

ol Vo=Vin L_o

3111"7' 2.29 usmyaraatuentluyn Unity Gain
mngﬂﬁ 220 UAANIATTENEUBUBWAVALLIL Unity Gain aefaresnazsialagnratids
sndundudnadenalfifianislounduiin  100%  gasnasmdnsTEneusafud iy
mpatnefiinnstisanguialude Av = Avol/( 1+ AvolB) msldeurnincasaene
LAY Unity Gain 3imdn 9 agaalsznng Iuinmndlu Buffer uamflusurlacdaiiumd

( Impedance Matching )

O—AW AAA
e -—
T - 12
Vin l 13=0
o-l a=0| At —0
N -
+
L .

1R 2.30 usmsasvEEuLY Inverting Amplifier
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' o o m
gl 230  dia VI = Vin uazinisRansain Node A arld

Me2 = 0
SuAe  (VI/R1)+(V1-Vo)/R2 = 0

WNUAN V1 fae Vin agla

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

I

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

Av = 1+ (R2/R1)

-

NOHNNITRANDY

Wadunsirarennsdnssdudyynoaiealuasas dmuluniseanuuuaieeasas
nauaziinaaseupqunnzaanaufygouegliuges 0 dB fis 15.5 dB uaxil Input , Output

Impedence uanAzgIusna As 600 Tat lanazutiniunasannau 41w 5 aeas

swansaanawily 8,4,2,1,0.5 dB AR ﬁagﬂﬁ 231N 2 use A

Vin

vin

Vout (ATT)

¢
?

d‘ ' & Al‘ »
n. Wis lisasnasasmaudiyo e 9. GiaAaNnNsaanauRTyn e

A. NMEOMUARILUIN R1, R2 URY R3 189NA7aANAN

317 2.31 usmenasasneuuyy T



L1

C1

L2

C3

OUTPUT

LS

Cé

Cs

®

AV o

C4

INPUT

1
|

R9 R7 R12
p———

RI10
O

R15 R13
)— o

®

-t

£

Ré6 R4
———-= o — 0 O6—4
& ’ N ¥ O==r
R2 RS R8
INPUT

RIT

R14

*—e

RIS  RI6
an -

®

OUTPUT

711 2.30.1 umA4I97 ATTENUATOR 182497 FILTER

€e
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«

L4 PR 3 o o 4 X
MsfnuanmAF A IRazFaazanAdnNs ANl
R1 = R3 =[(N-1)/(N+1)] x Zo
R2 =[2N/(N-1)]xZo
dla N = 107 (fa o Aatwamnvsaanauiivieiilu dB
A Wyo v e ° v o .
wasiielFfasnumnuiitiAaaunisAnuuil azaansaAaAT Input, Output,
1 -; = &’ - } ¢ o 4:!’
Impedence wazAaanauiiinuasaldangmadsialiil
1) Annsaang 1 (dB) =20 log 6
dla Ot =20
uar Coth@ =1+(Zb/Za)
e Zb . Za a¥lfannmasuenasasuuy T aenifiusasuun L 2 ssassieiiudegi

232 a¥lfdn Za = R1 = R3 uay Zb = 2R2

>
®

U7 2.32 UBAINATANYRIENNIIDANEULULL T

2) Input Impedance = Output Impedance = Z1fx Z1s
dle 715 Aarn Z FlEannisuemediny input 1893333 ilaTnadinaesinu

Output fegilii 2.33 azl¥ Z1f = Rt + R2 uaz Z1s AaAn Z R1FAINNITNAINAIN Input

189997 ilavnnsdnasasinu Output fegulil 2.34 a1
Zis=R1+[R2xR3/(R2+R3)]

z1f R2 OPEN

FU7 2.33 uamIn1INBIAT Z1f IBINATRANBUULIL T
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R1 R3

Zls R2 SHORT

L J

U 2.34 usimnITNavAY Z1s #89NeTAANENILY T
N1SANNUNBNITRANUINI

- AT Resistance #1151 2335aANAU 8 dB
N =10 = 2.5119
R1=R3=[(25119-1)/(25119 + 1)]x 600 =258.3 Tavin 1dein 261 Taviu uny
R2 = [(2x2.5119)/(25119°- 1)) x 600 =567.7 taviu 141 576 lavhs unu
- WA Resistance €131 29a5aANau 4 dB
N = 10“ = 1.585
R4= R6=[(1585-1)/(1585+1)]x 600=136.7 lafu 1dein 137 Taviaunu
R5=[(2x1.585)/ (1.585 - 1)]x 600 = 1258 Tasiy A1 1270 Tevinuny
- w1A1 Resistance #1311 2997aANAU 2 dB .
N = 10 = 1.259
R7 = R9 =[(1.259-1)/(1.259 + 1)] x 600=68.77 Tasiu 1HA168.1 Tavia unu
R8 =[(2x 1269) /(1259 - 1)) x 600 = 2583 tatwa MAin 2610 Tevfa unu
- w1A1 Resistance 43U 2395aan8u 1 dB
N = 10" = 1.122
R10 = R12= [(1.122-1)/(1.122 + 1)) x 600 = 34.5 laviu 14en 34.8 Tafai unu
R11= [(2x1.122)/(1.122® - 1)]1x 600 = 5200 Tovfy 11 5230 Taviu unu
- w1A" Resistance #115U 2335aRNaU 0.5 dB
N =10°* = 1.059
R13 =R15= [(1.059-1)/(1.058 + 1)]x 600=17.3 Tesin 1dein 17.4 Tavfuunu
R14 = [(2x1.059)/(1.059° - 1)]x 600 = 10417 I en 10500 Tauuny
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me ﬁ'\uqmtﬁﬂmemqqaau

—{ "
Rl= 261

< *-——
P3= 61 Za= 261

Za= 261

R2= 576 Zb= 1152 Zb= 1152

[ )

‘:,’r‘lf‘ﬂ' 2.35 ufiaNATaanay 8 oB
Zo1 =202 = ZaZb(1+(Za/Zb))

= 261x1152(1+(261/1152))
= 607.3 Tasfu 1lszanns 600 Tavin
Attenuator (dB) = 20 loge (dB)
Ot = 20
Coth® = 1+ (2Zb/Za) i
= 1+ (1152/261)

= 433
O =046
6t =092

Avaaney = 20 log 6

= 7.99dB Uszuu8dB

Za=

Ré4= 137 FG= 137

137

Za= 137

RS= 1.27K Zb= 2.34K

®

7 2.36 uamsnasaanen 4 dB



37

Z01 = Zo2

Il

ZaZb(1+(ZalZb))
137 x 25400 (1 + (137 /25400))

1l

605.6 Teriu 1szanns 600 Taviu

Coth@

1+(Zb/Za)
1+ (25400/137)
= 4.42

1

0
Ot

ANRANDY

0.23

0.46

i

20 log O
3.099 dB isannu 4 dB

R7=  68.1 R9= €8.1

Za= 69.1

R8= 2.61K Zb= 5.,22K

p
[ ]

*-——-

Uil 2.37 uamnaraaneu 2 dB

Zol = Zo2 = ZaZb(1+(Zal/Zb))
= 68.1 x 6220 ( 1+ (68.1/5220))
= 600.1 Tesfu syanns 600 ey
Coth® = 1+ (ZbiZa)
= 1+ (5220/68.1)
= 8.81
8 =omn
Bt=20 =022
ANRANBY = 20log O dB

1.98 dB 1szantu 2 dB
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o——{—
R10= 34.8 R12=  34.8 za= 34.8

Rll= 5,23K Zb= 10.46% Zk= 10.46K

® —8 &
@ > o—&

U7 2.38 uameaeasaanay 1 dB

Zo1 = Zo2 = ZaZb(1+(Za/Zb))
= 34.8 x 10460 ( 1+ (34.8/10460))
= 604.3 lavu szanad 600 Tasdy

Coth® = 1+(Za/Zb)
1+( 10460/ 34.8)

i

=) )37
0 =008
Ot =20 =0136
= 20log O dB
= 1dB

Za= 17.4

R13= 1.7.4 R1S= 17.4

Rl4= 10.5K Zb= 21.0K

®
[ ]
L ]
®

i 2.39 uamsnasaaney 0.5 dB

Zo1 = Zo2 ZaZb (1+(ZalZb))

17.4 x 21000 ( 1+/ (17.4/21000) )

Il
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604.7 ot 1lsvane 600 lasku

Coth©

1+ (Zb/Za)
1+ (21000/17.4)
34.751

<D
I

0.029
6t =20

0.058

20log e dB
0.5 dB

1l

maeasedyn3en (Ringing Signal)
masFredoyoyndard (Ringing Singnal ) uasldainisdeuanuseduliings 12 Taad

Wniuusesiinadu 70 Taav 25 Hz Inaasldamsdunafinad ﬁ"agﬂ‘fi 2.40

+12 T

0]

L
) (b)

.

;7]1‘7" 2.40 ugamannasaingnqnised
winnnsremeasdunafined ( Inverter ) atiwite Aemslinsuswewedauiy
sind dlefinensasindifudas 4 n'ﬁu.eam"u‘flﬂﬂngﬁﬁmﬁﬂqﬁqzﬁmmﬂmﬁﬁuﬁ”mﬂzn
ol usi'nmnLmm"mz‘i’fuﬂq‘ﬁ‘un"16'91ﬂd':wums‘hmummwdﬁamﬁiaam Ferrvesusedu
uaznszugavAuandliann
Vs = VpNs/Np uar Is = IpNp/Ns
Tunsldanuasaasidosasuuy Push Pull Taeaeld S2 uss S3 ndafuiney uaznizean

o
sunvdeutlas T el lunsasarldaunishe

Bmax = 10°Vp /KfNpAe

e Vp = usesfudnulgugll (Tedn)
Np = Qmaussurssaasnaonfnalgunil (sau)
f = poa@ (Hz)

+12
Tt
2 Q!
- |§ 1 2n$t 2= b ru
R A ;3
L }_Sl 1
(a

13

o

(C)



40

X -
Ae = WUNLRWNU ( MTIATUBLNAT )

i

K 4.44 §funiugllnd uez 4.0 dmiupaugAvas

Fansoufiazgossidlaiia &1 S2 Mneurteuan S3 flaziinawedeay nasinday
mﬁ(ﬂwﬂu"ﬁmms‘ﬁqgﬂﬁ 2.40 (a)

delddnnadudusasnsan B - H qz‘lm”am‘*?;mmmuﬁa qm Bmax = Bsat/ 2 Tiude
gunnsresusaLfuLgaunfiae

Np = 10°¥p /4 fBmaxAe

Tumaienunuremaufameifdimmtmefddyin 2 d Ae MuTnsiiEa

Feadanliertumnmeafunan Helfiin Winding Loss Heedige fulndovilede

Care's Power Handling Capability #afisain15mai

Pout = (1.16 Bmaxfd Ac)x 10
Wle Pout = Power Handling of Care ( Watt )
Bmax = anunuwiunandgegn (T)
f = peNR (Hz)
d = AINVUNLUUNIALATR91A89A (A/ m )
X A o
Ac = WUNNITNY

Tnelnfuds Aanumunutunszuaiimisenflu Circular mils for Ampere lddtydnmal

Dr Feumanuduwustiv d el
d = 1.27x10/Dr
thia Pout = 10 (1.47fBmaxAeAc)

fraths a2l AeAc = 10 (0.68 Pout)

AunseuresrayRaniazmildain Vp/Np = Vs/Ns

fufe  Ns = VsNp/Vp

InstnanamenGameiile Ae Voemax = 2 Vin LaSNSTUSARRIAALABTEIRATE
nudsmasuAasAaviniy IC = [lc/nl+ Imag

IC Tunensasnidaanyiyniniu

IC = Pout/n Smag Vin
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1+
»

R1

.."

25 Hz 70V

;ﬂ# 2.41 URSNNAST Ring Generator

ﬂnngﬂ# 2.41 uawsauiindtyoyandig Wiy Driver Primary Transformer i
gusnetuneniminnuls 2 annaz fs
1) auuRldnsudaimes Q1 fnsudeu auRenssualvadion 12 vnlFiRadunu
winlalfnfuanaonsinge] flHAnuaded
- dlesatuan L1 azinlfifansrualvalufisnsindraiunsuaiusses Q1 9in
W Q1 wgavinau
- esatuan L4 avinlfAsnsvusinafisnusres Q2 wil¥ Q2 Fnem
- ilafatuam L5 azinlhiRaussiulrgseanuuilafauanddslafia uaninms

naulaegy 2.42
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Rl

y

Qi ‘
w3083 -+

——
[

A 2.42 uaasnasvinnaiie Q1 N

AAALAAN

C I T 1T 11

2) anlusmasd 1) Q1 ngathinszus uaz Q2 vnssuedy azdenalifnnszulus
1 vam L3 uazifimauinusiivanlsinamsingg ldiRanadil
- dlasatun L1 azinlfifanszusinadanuares Q1 ialk Q1 e
- dlesatues L4 avinlifanszusinalufianasindrsfunszusiuages Q2 vin
W Q2 nemiinsvus
- dlesatuan 15 dniiRaussidingeesnuidulnfseueddlafia  uanenns
Wl 2.43 uazannasinsmadunullingzndne Q1 iy Q2 avin e

J [ J & i J 3
Output Pulse Tiam L5 siailipariuliaundtavngasneiniaeeacas
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R1

AAAAAAA.

CrCC 11 1 i)

U

R 2.43 usaanasinndile Q2 ¥
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ma NISVARALURSHRNIINARAUNITHIUL LA 9

3.1 MIAARLNNRe Amplifier
gﬂnsm’"ﬂl‘h’
1) Oscilloscope
2) Power Supply
3) Selective Level Meter
4) Signal Generator

¥
LA

Funaun1sNagnl
] & v 4 J : s
1) Aingsasiezyl 3.1 whasheaeliaesgnsaisios 4

SELECTIVE

SINEgNAvE AMPLIFIER

GENBRATOR BEYEY

METER

O8CILLOSCOPE

;1]?/ 3.1 UAMINIINARBLNATIENEITEN
2) 1FuSignal Generator 14nedtyty1od Sine Wave 820 Hz  #ww  -20 dBm
3) 11U VR 189 PreAmp 1§ Output gese Sufindeuryrns Output esinluinein
Gain 1999997 )
4) WRaAUsaRy Input qun?zﬁagﬂn‘éuﬁ':utmm Output gredutiufinuanisnasey
5) anAL2eiU Input Aunszitaasseneinlily dufinuantamaans
6) Aaruaain Input 1A 20 Bm, udaAnuacnadsannse tufinAndoyynn

Output
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Han1snAdal AMP

1) szAudycyind Input = -30 dBm.
svpudtyqy s Qutput = -5 dBm.
Gain = -5-(-30) = 25 dB.

2) usmagUdeyeyans Output 7 Input S¥ALIFNT

717 3.2 uamsgrldnyey10u Output 3usH Input = <18 dBm

VA

p.lﬁ 3.3 ussvgtldnyey 10 Output AU Input = -17 dBm
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/\Lf\\

U7 3.4 usmagldtyqy10s Output 2euh Input = -16 dBm

3) amsvaudnyouind Input (dBm.) syAudtynId Qutput (dBm. )
-30 5
-40 15
-50 25 1§ Meter (Guada
-60 Tsignunsngnueals

P 4 e
4) syAudnuuindinput - AINDATIEIN Input syaudnyyans Output

(dBm.) (Hz) (dBm.)
-30 100 6
-30 500 -5
-30 1,000 b
-30 1,500 -5
-30 2,000 5
-30 2,500 5
-30 2,500 -5
-30 3,000 -5
-30 3,500 -5
-30 4,000 -5
-30 4,500 5
-30 5,000 -5
-30 5,500 -5

-30 10,000 -5
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anl  9InMImaseuaas AMP. avannsnaglliAeniainguiesias PREAMP. azlé
] v

naRiiaszAuRtyyIs Input aglutas -60 Ta -15 dBm. WU seAURyQI0d Input avagiudas

| J )% L k] e O o’ o ' o

50 B9 -17 dBm. Adldundanflusanauuanisdn seaudtyyrnsrausiaratadiomiiv

i i ‘." J
mumsmuwmmwﬁ REHLAN ‘YNﬂﬂ\i')\ﬁ?ﬂﬁu'ﬁﬂﬁﬂﬂﬁ‘l&ﬂﬂﬂ’l'\ﬂﬂ1§ﬁ
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3.2 NMTNAKAUNITRANDU
gﬂnm‘#ﬂ%
1) Selective Level Meter
2) Signal Generator

v
FURAUNIINAADL

[ &

1) Aasvasiegil 3.5 niawisdnelmideginsalsing

Rl R3

b

SELECTIVE
SIGNAL

LEVEL

GENERATCR R2 METER

JUR 3.5 URSNNITNARELNAIAANO

2) Ysusvavaadtyeyans input 1%% 0 dBm.

J |- J [ 4 o ' o~
3) 4#n R1, R2, R3 uavaliumsnadidnyaans input Aamns udaiufinensyau

&cyoyu Qutput
HANINARDLI

A | R1 R2  R3 svdudeyyns OUTPUT finanaidl INPUT AFN
anney (oviay) (dBm.)

(dB) 300Hz | 2.5kHz. | 4 kHz. 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 174 -0.5 -0.5 0.5 -0.5
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gl anmamaseyazwiG FafumniTdeie SuflupnnnFusiisinfiBnemald
Frandly Femnamssaneuildftnsmiumnadeims  aniebilfuAedlumuagind
seeftyeyne Input Fuhuiletienanaamautes 5 23 wwisuanAntuuFRTENTa
AELANRIANLARINS NMasanewiednszaudynrodFluges 0 - 155 dB Tnasnannaw

Anganazilaeulsne 0.5 dB



3.3 NMSNARRUNNINTRIANHTEE
ﬂﬂnmﬁl‘i‘ 1) Selective Level Meter

2) Signal Generator

¥

dumeuntanaany
] [ & i v :’l ' : t
1) fianeasdagilf 3.6 niauneneiiicegunsalsing 4

SIGNAL SELECTIVE

GENERATOR LOWFASS FILTER LEVEL

METER

gxli’;' 3.6 USANITNARBLINAINIBIATINBARIIY
2) RarnszAuRayqyos Input 147 0 dBm.
3) inAnA ARG QUGS Input SR udaudnseAudeyon Output
4) fmsnaseLanak fufinseeise

-
HANIENARAUINGRIN 1

mjuf';é'g:mgm Input geaudnynuans 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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o o
paNDRUUIN Input seAustyyand Output

(Hz) (dBm.)
3800 55
3900 -50
4000 -36
99459 2
Asidtyny10s Input syAudeunnd Output

(Hz) (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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] v 1]
agl  anuanemaseuidendiuin Msesnasmansonsusuesienanad Input ut
v
. v . d
Voice Frequency léAmasuaasdniisanansnanstiutesftygrmnannad 3825 Hz 1§ foe
v ()
aunsntsasnautlssiane 50 dB Fulidwnansniaenaasnsasraanansinuan i

LA
narnsdryryrnaieilifiduadneg
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3.4 MINARAUNAT 3825 Hz anadaiainad
gﬂnmﬁ'ﬁf

1) Frequency Counter

2) Power Supply

3) Oscilloscope

4) Multimeter

5) Signal Generator

6) Seiective Level Meter

v
JUAAUNITNANDL

1) ﬁimﬂsﬁhgﬂﬁ 3.7 LasRINTSAATR E 189293309N5196
2) sia Frequency Counter ua¥ Oscilloscope Wniievinnaseeas wiay

1 74
fusneivigesgiinsnduazasas

3) 1/1) Variable Resistor 1899sinsnwmisngn tufingatuuazaany

2 .
YRR Yy I0daNNT

o . [ o J o 1 o 1
4) 1% Variable Resistor fiamuléfinumisgege tufingrladuuazaanun

ansdtyryInaeing

5) wanistlamda E eanainnses udasadiniuusisuuan 12 Taan

SELECTIVE
LEVEL
METER

.|]

+12v
POWERSUPPLY

-3 0

CLOSE

OPEN

O/P LEVEL

+6

0

UM 3.7 usinan1smanaLNes 3825 Hz Oscillator

(dBm )



HANITNAAD1

AINNE = 4340 Hz

sAuAtyny10d = 6 dBm

U7 3.8 ussedtyqyans Output s0eili VR 159 Minimum

m'mf{ = 3619 Hz

sraudty Il = 6 dBm

U7 3.9 usmdtynyras Output veusiLlFu VR 199 Maximum
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2) Selective Level Meter
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1) "2 Wire "Input Level =0dBm
"Send * Output Level =-3dBm

" Receive " Qutput Level =-3 dBm
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"Send * Output Level =-60dBm
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4.2 n1suUsuusis

ludansaamslfuusiods axlsznauhifanislfuussasdausingg aid

421 mMalfuussatasfunedfiva  AINAANITNARALTRIRTHIULIDEA) luund
anu gnunsaldiluuuannelunsdnseRudeyeyios o3 qasine 18399asld Fefazdasmnile
AefAe srAumnaLsTaedyoyaos Input AdnanTuganduatasss lumalfiRariidneg
lutaq -40 dBm @ 0 dBm ieeanTiasassmeagniely  isedeRasnansayiusyay
pmustlfmnndons  Belardassniiieindsnnsfine svAueanaussTesdy Il
annmsAtugianmny Specification 1eusesit sylidnii -30 dBm st lelmidadi
ARANEY 3dB, 2995N399ANNBRANHUNNIB LS TlANaaMawaRE 4.6 dB  WazsTAUAIY
unresdnynianssgniuganimualien -10 dBm - FaduAildnulsalumeljos
adlfraanaurantrsaaneudtygoafeniidwinniy - seAuataLsITasdytyIAInNgy
antTnednyt audasdnannautedlaBatuaasmsasaado udauanas 10 dBm Hie
2.5 dB lufrannaulnIasaanaudoyyIaaies

dmiusziumnuusesnsdyeyind 3825 Hz  lwmalfiffasimusliiunnd
Koy ke 6 dB [Retlastunnssunaudu fau ANTNINATRANBUATY YIS 3825 Hz
qxwﬂé’mm‘zﬁnmfluusqufty:qu?;tmvﬁgmmqaqsﬁmﬁn 3825 Hz (6 dBm) uansat
16 1R 22 dB 1uAaasasasanneudn 0l 3825 Hz

ilaRansnnmadnegy AraEun I tynuiey azwiudn {iafesmersiunany
usaftyeynudesfisnumia 2 Wire Hybrid UAZANRAVIENTRIAINTRIMINDATEUN
FausuiiAniede 5.5 dB uda asanFuanlanunsadonsanadyaoil 14 B Farutiosas
uﬂnﬂq:s’a’mﬁqmwmaﬁtyrmm‘aﬁuﬁn 25 B gaudtyaynns 3825 Hz Hfudnldaeilsyay
36 dBm (HetiunsanfueuiTuds wudndynnusstuty 22 dBm Fatlmanausanediaz
nssiuldates 3825 AlAmmafinauls il 44 uaz 45 azuamannsdmszaudtyoy s
AINAT

Tumalfiifuds sedudgon o qesig asnsadfuusialédaanisiudien

' } 4 4 2 fn)
nau uavAnnumstens Idivalidygausuysaiigs

o 1 J { V. - ‘.”
4.2.2 _malfuusiiasasisiasduaiesesiy  ugunsalingInsAnst SR-10 (Handy
J . . . 1 [P} o
asanisrnageartsunenlifanneas Exciter Multiplier sinag#asiuasas Power Amp. Qs

o H o ) . g H Ll : ® o o -
mauadufidesiinislsuusaie v lfieseedefifianssausnisinanunty  ldidlusdan iiin



62

Heymiazaniniifynoadesdenadl Susarlumalfuusineniasgannnsading
Buldia fflmeazdsasialyi
n. misUsuusienia Exciter Multilier wsuaiavdslnsazsedeielnazunsuma
Exciter Multiplier
1. fegeaniAdnses o ussgeeinia Usagnesielaaszndnue PA Ny
Exciter 820, Uananasa1aq Notch Filter RN PA. H1ASMUNINEANIRIUKS Exciter
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National Semiconductor

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 will
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 gperating from a
6 volit supply, making the LM386 ideal for battery operation.

Features

u# Battery operation

B Minimum external parts

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

Voltage gains from 20 to 200

Ground referenced input
Self-centering output quiescent voltage
Low distortion

Eight pin dual-in-line package

Applications

AM-FM radic amplifiers
Portable tape player amplifiers
Intercoms

TV sound systems

Line drivers

Ultrasonic drivers

Small servo drivers

Power converters:

Equivalent Schematic and Connection Diagrams

Dual-In-Line and Small Outline

- INPUT

§
O Vs Packages
. \ f
GAIN — p——— GAIN
-IKPUT —, -l-— BYPASS
J\S) Vour SINPUT ._:_ .ﬁ—— Vs
b oND —4 5 __ Vour
TL/H/6976-2
Top View

Order Number LM386M-1,
8 LM386N-1, LM386N-3 or LM386N-4

Typical Applications

Amplifler with Gain = 20
Minimum Parts

Vs

TL/H/E076-3

s Vin
3
0.05.¢ 104 QO ¢~
= = % 10 =

NS o s See NS Package Number

TL/H/6976-1 MOSA or NOSE

Amplifler with Gain = 200
v 100F

.._!_:_i

TL/H/6876-4
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required, .. ..

please contact the Natlonal Semiconductor Sales

- Soldering Information

Dual-In-Line Package

Oftfice/Distributors for avallabliity and specifications. Soldering (10 s_ec) +260°C
Supply Voltage (LM386N-1, -3, LM386M-1) 15V _ %ﬂ\‘,a'l 903:109 P?Gcgage) P
o * “Vapor Phase (60 sec LT e T s+ 218
i“"i’y V‘;;fag_" (:MSB:N:%)‘ T 1 ;;x  Infrared (15 sec) _ +220°C
ackage Lissipa o.n( ote )ELMSSSM)) 0.73W See AN-450 “Surface Mounting Methods and Their Effect
: on Product Reliability" for other methods of soldering sur-
Input Voltage . :!:'0.4V i"face 'l.nount devices:l PO ) : .
Storage Temperature ' —65°C1o +150°C ' Thermal Resistance - -
Operating Temperature 0°Cto +70°C 84c (DIP) 3rC/wW
Junction Temperature +150°C 844 (DIP) 107°C/W
. 0 4c (SO Package) 35'C/W
834 (SO Package) 172°C/W
Electrical Characteristics v, =2s5'c _
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vg)
LM386N-1, -3, LM386M-1 4 12 v
LM386N-4 ~t 5 18 v
° Quiescent Current (Iq) Vg =6V,Viy=0 4 8 mA
Output Power (PoyT)
LM386N-1, LM386M-1 Vs = 6V, Ry = 8Q, THD = 10% 250 325 mw
LM386N-3 Vg =9V, R, = 60, THO = 10% = 500 700 mwW
LM386N-4 Vg = 16V, R = 320, THD = 10% 700 1000 mw
Voltage Gain (Ay) Vg = 6V,f = 1kHz 26 dB
' 10 pF from Pin1to0 8 46 g8 -
Bandwidth (BW) Vs = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vs = 6V, Ry = 8Q, Poyt = 125 mW 0.2 o
f = 1 kHz, Pins 1 and 8 Open i °
Power Supply Rejection Ratio (PSRR) Vg = 6V, f = 1kHz, Cgypass = 10 pF 150 d8
. Pins 1 and 8 Open, Referred to Output
Input Resistance (RiN) : 50 kQ
Input Bias Current (Igias) Vs = 6V, Pins 2 and 3 Open 250 nA

Note 1: For operation in ambient temperatires abova 25°C, the device must be derated based on a 150°C maximum junction temperature and 1) a thermal
resistance of 80°C/W junction to ambilent for the dual-in-ine package and 2) & thermal resistance of 170°C/W for the smal-outline package.

Application Hints -
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kN resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200. Gain 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 paraliel
with the intemal feedback resistors to tallor the gain and
frequency res;xonse for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
ries RC from pin1 to § (paralieling the internal 15 kQ2 resis-
tor). For 6 d8 effective bass boost R = 15 kN, the lowest
value for good stable operation is R = 10 kA if pin 8 is
open. i pins 1 and 8 are bypassed then R as low as 2 kil
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 k2 resistor. The basa 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
1LM386 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 resistanca is less than 10 k12, then

.shorting the unused Input to ground will keep the offset low

(about 2.5 mV at the input, 50 mV at the output). For dc
source resistances between these values we can eliminate
excass offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled. ' ]
When using the LM386 with higher gains {bypassing the
1.35 kQ resistor between pins 1 and B) it is necessary to
bypass the unused Input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 F capaci---
tor or a short o ground depending on the dc source resist-
ance on the driven input. :



LM386

Typical Applications (continued) .. e

Amplifier with Gain = 50 . Low Distortion Power Wienbridge Osclilator
h' .
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TL/H/6976-6

Amplifier with Bass Boost \ f Square Wave Oscillator
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Typical Performance Characteristics
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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 decoupler-regulator, pro-
viding 110 dB supply rejection and 60 dB channel separa-
tion. Other outstanding features include high gain (104 dB),
large output voltage swing (Vg — 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 voitage. The
LM387 operates from a single supply across the wide range
of 9V to 30V, the LM387A operates-on a supply of 8V to
40V,

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

Features ;

B Low noise 1.0 pV total input noise

m’ High gain 104.d8 open loop-

= Single supply operation

m Wide supply range LM387 9 to 30V
. LM387A 9 to 40V
Power supply rejection 110 dB

Large output voitage swing (Ve — 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

s N’ )
o m—{ b—
! -
A o—— e 1IN (N
ano —3 LI
[ )
QUTAUT (1) ——] P QUTPYT ()
TL/H/7845-2
Top View

Order Number LM387N or LM387AN
See NS Package Number NOSE

. TL/H/T7845-3
FIGURE 1. Flat Gain Clrcuit (Ay = 1000)

TL/H/7845-1

TL/H/7845-4

FIGURE 2. NAB Tape Circuit



Absolute Maximum Ratings

N Milltary/ Aerospace specified devices are required, _Power Dissipation (Note-1) * - 1.5W
ase contact the Natlonal Semlcondt{ctor Sales Operating Temperature Range 0°C to +70°C
oftice/Distributors 1_or a_vallablllty and specmcatlons-.- Stc}rage Temperature Range . ~65°Cto +150°C
Supply Voltage Lead Temperature (Soldering, 10 sec. 260°C
Lm3s7 . +30V -ead Temp ( 9 )
LM387A . g +40V
Electrical Characteristics 1, = 25°c, Vec = 14V, unless otherwise stated
Parameter Conditions Min Typ Max Units
Voltage Gain Open Loop, f = 100 Hz 160,000 \'74%
. Supply Current LM387, Voo 9V-30V, R = = 10 mA
LM387A, Voo 9V-40V, R = o X 10 © o mA
Input Resistance
Positive Input 50 100 kQ
Negative Input 200 kN
tnput Current
Negative input 0.5 a1 A
Cutput Resistance Open Loop 150 1]
Output Current Source 8 mA
Sink 2 mA
Output Voitage Swing Peak-to-Peak Vec—2 \"
Unity Gain Bandwidth ' ‘ 15 MHz
Large Signal Frequency 20 Vp-p (Vgg > 24V), 75 ; kHé
Response THD £ 1%
Maximum Input Voltage Linear Opération 300 mVrms
Supply Rejection Ratio f = 1kHz
inout Referred - )10 . d8
Channei Separation f=1kHz 40 60 a8
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 7 1.0 1.2 pVrms
Output Noise NAB Tape Unweighted
Playback Circuit Gain of 37 d8 LM387A Figure 2 =0g 700 pvrms
Hote 1: For operation in ambient t peratures above 25°C, the device must be derated based on a 150°C junction perature and a thermai resistance
of BO°C/W junction to ambient. . -
Typical Applications (Continued) ,
Two-Pole Fast Turn-ON NAB Tape Preamplifier Frequency Respciise of NAB i
2%V Clrcult of Figure 2 . )
tuF [
- 0° \ NAR PLAYBACK
I (8 5
50 A\
N
LR 5 A,
(.1 . z 4
__L 3 %
-— 0 F— =3
Y]
2
<

el

TL/H/T7848-5

2050100200 600 Tk 2 6k V6K 20k
FREQUENCY (H2)
TL/H/7845-6



Typical Performance Characteristics
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Typical Applications (continued)
Inverting Amplifier Ultra-tow Distortion
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National
¥ Semiconductor
4 Corporation

LM567/LM567C Tone Decoder

General Description

The LM567 and LM567C are general purpose tone decod-
ers designed to provide a saturated transistor swilch 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

®m Logic compatible output with 100 mA current sinking
capability

m Bandwidth adjustable from 0 to 14%

u High rejection of out of band signals and noise

® Immunity to false signals

m Highly stable center frequency

® 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
ouTPYT
FILTER GND
Loop TIMING
FILTER CAPACITOR
TIMING
INPUT RESISTOR
VQ
TL/H/6975~1
Top View

Order Number LM567H or LM567CH
See NS Package Number HO8C

Dual-In-Line and Small Outline Packages

1 8
i -—-—_-—Tr L oureun
2

LooP 7
FILTER = GND

.- He

L [Taruast

OETECIOR

L8 TivinG
CAPACITOR

INPUT

4 S TIMING
+*
v = RESISTOR

TL/H/6375-2
p Top View

Order Number LM567CM ~
See NS Package Number MOBA

Order Number LM567CN
See NS Package Number NOSE



Apsolute Maximum Ratings
,MilitaryIAerospace specified devices are required,
t -the National Semiconductor Sales Office/

‘ |:t:-?|:utors for avallability and specifications.

5upP|Y Voltage Pin . ) 9V
%},‘;.,'e; Dissipation (Note 1) 1100 mW
Vel 0 - 15V
'\73:':',; ' —10V
iy Vg + 05V

S .
%{gfagé Temperature Range —65°Clo +150°C

:’B%&aﬁng Temperature Range
—55°Cto +125°C

%guusem
S| M567CH, LM567CM, LM567CN 0°Cto +70°C
15,

Soldering Information
Dual-In-Line Package
Soldering (10 sec.)
Small Outline Package
Vapor Phase (60 sec.)

Infrared (15 sec.)

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

face mount devices.

260°C

215°C
220°C

i
Electrical Characteristics Ac TestGircuit, T = 25°C, v+ = 5V
S LM567 LM567C/LM567CM
&.’ - Parameters Conditions Units

- Mini  Typ |Max] Min Typ ’| Max
e
swer Supply Voltage Range 475(. 5.0 9.0 | 4.75 5.0 9.0 v
Z=or Supply Current: Ry = 20k : '
ower SUppY L0 6 8 7 10 mA
plascent
o E .
gwer Supply Current BT TR0k 1|13 12 15 | ma
ctvated 3
it Resistance 18| 20 15 20 k|
allest Detectable Input Voltage I, = 100mA, fi = fo 20 |25 20 25 | mVrms
srgest No Output Input Voliage 'c = 100mA, fi = fo 10 15 1. 10 L 3 mvrms
‘irgest Simultaneous Outband Signal to ‘ 6 y 6 B
nband Signal Ratio
linimum lnput Signal to Wideband B = 140 kHz ¢ o 4B
lolse Ratio
rgest Detection Bandwidth 121 14 16| 10 14 18 | % ot
sgest Detection Bandwidth Skew 1 2| - 2 3 | %ol
#g;:igz::ctwn Bandwidth Variation with £0.1 +0.1 %/*C
?g:;t fjffggm Bandwidth Variation with | 4.75 — 6.75V 5 £ £1 .5 "y
highest Center Frequency 100 { 500 100 500 kHz
Cdtler Frequency Stability (4.75-5.75V) |0 <Ta <70 35 60 35 £60 ppm/°C
Lo —65 < Tp < +125 35 £ 140 35 + 140 ppm/*C’
.M;fter Freauency Shift with Supply Voltage | 4.75V — 6.75V ’ 05 1.0 0.4 20 | %sv
1] 475V — 9V 2.0 20 | %IV
[@st ON-OFF Cycling Rate 10/20 fo/20
Di?tput Leakage Current Vg = 15V 001 |25 0.01 25 pA

ut Saturation Voltage g = 25mV, I = 30 MA 0.2 0.4 0.2 0.4 v
Ll e = 25mV, lg = 100 MA 06 |10 0.6 1.0
Eﬂﬂ Falf'hme . 30 30 ns
Quiput Rise Time © 150 150 ns

010 2: Refer 1o RETSS567X drawing for specifications of military LMS67H versicn.

-

flote 1: The maximum junction temperature of the LM567 and LMSB7C is 150°C. For operating at elevated tempaeratures, devices in the TO-5 package must be
Jérated based on & thermal resistance of 150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP tha device must be derated based on a therma:

Jatance of 110°C/W, junction to ambient. For the Smali Outfine package, the device must be derated based on a therrael 1esistance of 160°C/W, juaction te

o sn Lot f B A S e S
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fyjpical Performance Characteristics o
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LM557/LMIS6

Typical Applications

Touch-Tone Decoder
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Component values (typ)
R1 6.8 to 15k
R2 &.7%

0o & € sed R 20k
e 1338 Ky C1 0.10 mid
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.,Typical APPUCATIONS (Contnucd)

Oscillator with Guadrature Qutput
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Connect Pin 3 10 2.8V to Invert Output
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AC Test Circuit
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f = 100kHz + 5V

Oscillator witii Double Frequency Output
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Applications Information

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

1
[o &8 ——
° " 11RC
The bandwidth of the filter may be found from the approxi-
mation

i
BW = 1070 {[—— in % o {
.Vfocz N % Ol g

Where:
V; = Input voltage (volits rms), V; £ 200 mV
C, = Capacitance at Pin 2 (uF)



Operational Amplifiers

General Description

The LM146 serles ot qued Op amps consists of four inde-
pendent, high galn, interally compeneated, low power, pro-
grammable amplitiers. Two exlemal rasisiors (Rget) allow
the user 10 program the gain bandwidth product, elaw rats,
supply current, input bias current, input offse! curreni and
input noles. Forexample, the user can trada-olf supply cur-
renl for bandwidth or oplimize noise figwe for a given
souwrcs resistance. In a similar way, other ampifiar charac-
feristica can be tallored to the appication. Except for the
two- programming pins at 1ha end of the packags, the
LM146 pin-out is the same as the LM124 and LM148,

&National Semiconduc

November 1994

cfor

LM146/LM246/LM346 Programmable Quad -

Features yser=10 ua)
& Programmable electrical characteristics
® Battery-powered operation

u Low supply currerd 350 pAsamplitier

® Guaranteed gain bandwidth product 0.8 MHz min
& Large OC vollage gain 120 08
& Low roise voltage 28 nv/,Hz
8 Wide power supply range, t15Vio t22v

® Class AB oulput slage-no crossover distortion
¥ ideal pin out for Biquad active fitiers
% Input bias currents ara lemperature compensated

U

S P P P P Y
LR ERCR ERENERD

ur_t
ALY

1
R”
<
o

Lt ja8

: TLAHYSBS54-1
Order Number LM1464d, LM 146.4/883,
LM246d, LM346M or LM346N

See NS Package Number J16A, M16A or NIGA

Schematic Diagram

Connectlon Dlagram puatintine Packags, Top View)

PROGRAMMING EQUATIONS

Votal Supply Current — 1.4 mA (1s1/10 pA)
Galn Bandwidth Product — { MHz UsaT/10 pA)
Slow Aate — 0.4V/gs (loey /10 gA)

Input Bas Curtent ~ §0 nA 0ge1/10 xA)

‘s — Cuntent into phn 8, pin § (sse schamatic-

dagram)
VT -V -06v
P asC )

\\ & ¢

TMHBIRIN
»

TLH/Sas4-2

siapidwy jeuopesadQ pend sjqewwelbold SySWT/9vZINT/OPLINT

———— e e e s

I

RAD-GI0M11EPricod InU. 6. A,
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Absolute Maximum Ratings ot 1)

Mind ool

H Military/Aerc

P

Distributars for avallabliity and speciticat

(Nate 5)
LM148
Supply Voltage r22v
Ditlerential input Voltaga (Note 1) £330V
CM Inpul Voltags (Note 1) t15v
Power Dissipation (Note 2) 900 mwW
Outpul Short\Circuil Duration (Note 3) Continuous
Operating Temperature Range —~55°Ctlo +125°C
Maximum Junclion Temperature 150°C
Storage Temperature Ranga ~65°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 260°C
Thermal Resistance (6;a), (Note 2)
Cavity D (J) . fd 800 mwW
Oja 100°C/w
Small Outtine (M) 0}
Molded DIP(N) Pd
Soldering Information
Duatin-Line Package
Soldering {10 seconds) +260°C
Small Outline Package
Vapor Phase {60 seconds) +2158°C
Infrared (15 seconds) +220°C

Sea’AN-{50 “Surface Mounling Methods and Their Effext on Product Reliability”

devices.
ESD raling is 1o be determined.

are required, please contact the Natlonal Semiconducior Sales Otlice/

LM248 LM346
%18V 118V
+30v 30V
t15v 215V

500 mw 500 mw
Continuousg Continuous
~25°Clo +85°C 0°Cto +70°C
110°C too'c
—65°Cto +150°C —65°Cto +150°C
260°C 280°C -
800 mwW 900 mW
100°C/W 100°C/wW
: . W
500 mwW
80°C/W
+260°C +260°C
+215°C +216°C
+220°C +220°C

for other methods of soldering surface mount

DC Electricat Characteristlcs s~ £ 1sv,iger= 10 1A, Note 4)

Parameles A LM146 LM248/LM346 Units
Min Typ | Max Min Typ | Max
tnput Offsat Voltags Vem—0V, Rg <500, To=25°C 0.5 5 0.5 6 mv
Input Ofisat Current VeM=0V, To=25'C 2 20 2 100 nA
input Bias Cument Vom0V, TA=25C 50 | 100 s0 | 250 nA
Supply Current (4 Op Amps) | To=~25°C t4 | 20 14 | 25 mA
Largs Signal Voltage Gain RL=10KkqQ, AVouT= 10V, 100 | 1000 s0 | t000 Vimy
Ta=25C 'y
tnput C3 Range Ta=25C 135 | +14 £13.5 | 14 v
CM Rejsation Ratio R <10k, TA=25°C 80 100 70 100 d8
Fower Supf)ly Rejection Ratio c:iui 1;(:; TtAISfls.c' 80 06 74 100 &
Oulpul Vollage Swing AL> 10kN, TA=25°C 12 | t14 12 | %14 v
Short-Cirouit TA=25°C § 20 | 35 6 20 38 WA
Gain Bandwidth Product Ta=25C 0.8 1.2 0.6 1.2 Mz
Phase Margin Ta=25°C 60 80 Deg
Stew Ratg To=25°C 0.4 0.4 Vius
inpul Noles Voitage 1= 1 kiz, To=25°C 28 28 nv/Hz
Channal Separation RL=10kf, AVouT=0V to 120 120 @B
112V, Tp~25°C
Input Resistance To=25C 1.0 1.0 M0
Input Capactiance Ta=25C 20 20 pF
Input Otfeat Voltaga Vem-0V, Rg <500 0.6 [} 06 | 78 wv
nput Ofiset Current Vom0V 2 25 2 100 nA
Wnput Bias Currant Vem=0V 50 | 100 60 | 250 A
Supply Current (4 Op Amps) 1.7 | 22 1.7 | 2§ mA

-~




DC Electrical Characteristics (Continued) (V5= + 15V, Iggy = 10 A, Nota 4)

Parameter Conditions LM14q LM248/LM346 Units
Min Typ Max Min Typ Max
Large Signal Votiags Gain RL=10kf}, AVoyt= £ 1OV 50 1000 25 1000 V/mv
Input CM Range . $135 T4 +13.5 14 \
CM Rejecion Ratio Rg <600 70 100 70 100 d8
Fower Supply Rejgction Ratio Rg <500,
\ Vs = £5Vio £ 15V 78 100 74 100 ds
OmpuVolingoSwing A >10kN ) 2 14 tt2 +14 v
DC Electrical Characteristic (Vs= 15V, 1ge7~1 uA)
Parameter Conditions LM146 LM24a/LM348 Units
Rin Typ Max Min Typ Max
Input Offset Vollage Vom =0V, Rg <501, 0.5 5 ) 0.5 7 o
Tpo=25C
Input Bias Current VemM=0V, Tao=25°C 75 20 75 100 nA
Supply Current (4 Op Amps) TA=25C 140 250 140 300 uA
Gain Bandwidih Product TaA=25C 80 100 50 100 kHz
DC Electrical Characteristics (Vs= 215V, iger= 10 puA)
Parameter Conditions LM148 LM246/LM346 Units
Min Typ Max Min Typ Max
Input Ofiset VoRage Vom=0V, Rg <500, 0.6 8 0.5 7 mv
Ta=25°C
Ioput CM Range Ta=25°C 107 10.7 v
CM Rejaction Ratio Rg <600, To=~ 25°C 80 80 doB
Oulpul Voltage Swing RL>10kN, To~25°C 0.6 +0.6 v
Note 1: For Pty vokages ises than +16V, the abecksts maximum Input voltage le equal i the SUpply voltaga.
Note 2:Tha power dissip for these devic must be dorated at efovatad P and B by T, #ja. and the amblant tsmperature,
Ta- Tha Habla powar i at pry tomp 1 ] Pd—(fn‘x-TAVU‘\HﬂHZS‘C Pauax. ‘ﬂcmmt.

Note X Ary of the ampiifiar mmmcmbuhuhdmwumm.m however, mnﬂmmcmandbsmmw shorted as the maximum junction
femparatuse wil ba excesdad

Mo«pmocmmnmmrh Dol P g tamp fange uiass ctharwies noted
m.ﬁmmmmmmmmmmaywm

Typlcal Performance Characteristics

Open Loap Vallage Gain
fnput Blas Current valgey Supply Current va lger ve lger
" : L] bood T
33 g “w !
i - H Fi - fwm : i
5ol = = =2 g o |l
i R = 2 o H i
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B £ u g w
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Typlcal Performance Characteristics
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Typlcal Performance Characteristics (continusa)

Ofen Loop Voltage Gain Gain Bandwldth Praduct Siew Rate va
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Appilication Hints

. Avoid reversing the power supply polarily; the davice will
- tait,

Common-Mode Input Voltage: The negalive common-
mods vollage limit is one diode drop abova the negative
supply voltage. Exceeding ihis limit on either input will resull
in an output phase reversal. The posilive common-mode
limit is typically 1V bebw the positive supply voliags. No
output phase reversal will oceur it this kimil Is exceeded by
elther inpd!.

Output Vaollage Swing va IseT: For a desired oulput volt-
aga swing the valus of the minimum load depands on the
posilive and negative output curren! capabifity ol ihe op
amp. The maximum available positive output current,
(et b of the devics increases with IseT whareas the nega.
tive outpul current (Icy ) Is independent of IgeT. Figure 1
Hustrates the abova.

n
- *—-h’m‘nin’r I'; ""‘
3P
I
» -
£ - wcun AT gy b
§ u
LT -
S ¢ Z Vgosiw
fpe2r'c
‘ H
[ B T B A )
fser &4

TLAYS854-7
FIGURE 1. Output Current Limit va IgeT

Inaput Capacitance: The input capacitance, Cin, of the
LM148 is epproximately 2 pF; any stray capacilance, Cg,
(due to external circuit circuil layout) will add to Cin- When
resistive or active faedback i applied, an additional poke is
added 1o tha open loop frequency rasponss of the davice.
For inslance wilh resisiive feadback (Fgwe 2), this pole
occaurs at Yow (R1[IR2) (Ciy + Csg). Maka sure that this pole
oocurs af least 2 oclaves beyond the expected —3 dB tra-
quency corner of the closed oop gain of the amptifier; if not,
place a lead capacitor in tha feedback such that the time
consiant of this capacitor and the resistance H pasaliels is
equal fo the RYCs + Cy), whare Ryis the input rasistance
ol the cirouil.

L] [
- r
=t
CTAL ]
T
TL/H/5654-9
FIGURE 2

Temperature Effect on the GBW: Tha GBW (gain band-
widih product), of the LM 148 is diraclly proporiional 1o Iggy
and inversely proporiional 1o the absolule temperature,
When using resielors 1o el tha bias curvent, iggr, of the
devica, the GBW product wil decrease with increasing tem-
perature. Compensalion can be provided by creating an
IseT current diractly proporfionat 1o tomparature (see typical
applications).

| : i

T

isalation Between Amplillers: The LM 148 die is isothar.
maly layed out such that crosstak between a// 4 amplifisrs
i in excags of ~105 dB (DC). Optmum ieolation (betiar
fhan — 110 dB) occurs between amphliers A and D, B and
C; that ig, i ampiifier A dissipatas power on itt outpul clage,
amplifier D is the one which will be affeclsd the feast, and
vica versa. Same argument holds for amplifiers B and C.

LM 146 Typlcal Performance Summary: The LM148 typi-
cal behaviour is shawn in Figure 3. The device is fully pra-
dictable. As the sel cumrent, IsgT, increases, the epead, the
bias cunent, and tha supply current increase whits the noise
powsr decreaseg proporlionally and the Vpg remaing con.
stant. The usabls GBW range of the op amp is 10 kHz o
3.5—4 MHz,
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FIGURE 3.LM146 Typlcal Characieristica

Low Power Supply Operatlon: The quad op amp operales
down 10 1.3V supply. Also, since tha intemal circuliry s
blased thvough programmabie current sources, no dagrada-
tion of ihe device speed will ocour,

Speed vs Power Consumption: LM 146 ve LM4250 (singla
programmable). Through Fguwe 4, we obsarve that the
LM146's power consumption hae baen optimized lor GBW
producis above 200 kHz, whareas the LM4250 will reach a
GBW of no more than 300 kHz. For GBW produtts below
200 kHz, the LM4250 will consume less power. :
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FIGURE 4. LM 146 va LM4250




Typlcal Applications

Oual Supply or Negative Supply Blasing
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Current Source Biasing
wilh Temperature Compensation
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A Ly
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{0348
; T_87.7mV
- Rser

-mwsummamlsgdrwuypmpomw
tamp This els the slight GBW procuct
Tamparatue coaficlant of the LM348,

Single (Pasilive) Supply Blasing
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Biasing aft 4 Amplifiers
with Single Current Source
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IseT1 R2 67.7 mv
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IseT2 R SET1TIsET2 A

« For lgery ~isers fesistors R1 and R2 are ot requred
¥ & $4ght eror between e 2 aat currants can be tolorsted
€ nct, then use RY -~ R2 1o crezte a 100 mV drop across
thasa reslators.




Actlve Filters Applications

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

T/ 5654-12
@ The LM146 quad p op amp Is esp ,lmedmmmauboewsadmaawauswmu
and low powar consumption.

Clrcult synthesis equations (for ckouit analysls aquations, consult with the LM148 data sheat).
Need to know desusd 1, — contar fraquancy maasured at the BP autput

Q, — qualtly factor measured at the BP cagpt

Ho — gain at he ouput of interast (BP or HP or LP or att of tham)

* Relation batwssn difarent gaha: Hygpy — 0.316 X Qg X HoLea: Hottmy = 10 X Heqpy
2
eAx Q_Em—a_:i.bn
o

(o)

1
10 &
G 1

34780, — lh@zx__ 2
-Faerumtﬂo-(_—ofﬁE"msxamxoa) Ky
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- fa - 1.1 X 105 Horyimy

34780, (1.1~ Fogur) — Hoppy N =

Nota. Al reslstor valuas ulqemhw;\s.
g1 Y i
11 x 108 Hoim
P P P R ~ e Byt = o) g ™ ~ 3
— 10 5
\ o]
¢ For 8A (notety cutput: Uise the 4th muumu«mmmmwmmmum«n«cﬂu.
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U _ g.39g th
\IHL &5,
L
" .
1]
TL/H/5854-18
Ostarming Ay accordng to the desired gaine: Hoggy -3mm Hyerm N,
1< <tpgen AL 12 Mg, A1
-m.ulouumllh&&mm-nbmgdn lations and the o, Vi
Vip) that la:

of the fites. Do not aliow siew rate miting v any cutpit (Vys, Vap,

: 1
Vingpoak) <63.66 X 109 x % X g o)
fmmm.unnphc.bhnnnmwlsa,momwm largest output ewing.
Deviation from Theocstioal Predictions: Dus to tha frite GBW products of the oo amps the &, O wii be sightly difarart from the thooretical pradictions.
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Active Filters Applications (continueq)

A Simpie-{o-Design BP, LP Filler Bullding Bilock

N
) l' A‘A“A
\ v
fa
P AAA
¢ h———-' l——-
3
A [T
v
fin 3
vin We L6
) + [}
3 fRger
= TL/H/SE54-14

© ¥ rasistive biasing ks usad to set the LM346 perfurmance, tha Q, of this filter bulling block is nearty Insensitve to the op amp's GBW product temperaturs dedt it
has also battar nolse parfirmance han the state variable Mter,
Clreult Synthesia Equations
0.159 Raq A
H, = QoH iR XC~—— Rq~Q, X R;Riy = ST ST
o{EF) o(LP) 1o Q=Uo X HiHiN Hogry  Hogip)

¢ For tha eventual uea of ampiter G, see comments on the previous page.

A 3-Amplitier Notch FRter (or ENiptic Filter Buliding Block)

fa
AAA
WA~

TL/H/ 505418

Clecult Synthesia Equations

0.159 0.159 X 1 -~
XCom—Ce R H -
RXC 1 ,Ro Qo XR nw X7

c'

R
Hosryl —~—H
e oo, PN O(BR)’""nowu c

ofor ncthing but & nolch output: An-A,C-G.




Active Fliters Applications continusq

Capacliorieas Active Flilers (Baslc Clreuit)
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TL/H/%654-12
*This is a BP, LP, BA fiter. Tha fiter chasactedstics ae croated by using the tunabla frequency response of the LM3I4E,
* Limiatons: Og < 10, f X Qg < 1.5 MHz, output valtage should not excead Vpaak(at) < *_um': L ———'sfgt’;:’ v
. A8 - RS H2 A3 RY R10 ¢
* Doeign oq .- 3 ,b.. Mc_m R"d—RO HT.-ﬂ( ﬂlo.f,(m-r.d..“qu)—IXE.W—S.OQ—"I_XE
togany ~ logam, (‘ --) -ram(c< < 1) providedtrat d — Hojap, X -.qu,.w
OAMntégx foQa, Hy can be indepandently adjuated; that ls, the fittar is atiemely easy to une,
¢ Tuning procedrs (ex, BP tuning}
1. Pick up a canvaniant value for tx (b < 1)
2. Adpst Q, tvough RS
3. Adhst Hygpn through A4
4. Adjst €, twough Heey. This adjusts tha unlty gain fraquancy 1%,) of the op amp.
A 4th Order Buiterworth Low Pasa CapacHarless Fliter
1
= .
AN
L + L]
5
PPRTRA ! WA
3 1t
L]
'Y [T {T —QvVeyr
" ' nf
' TLASeS4-17
Bx: € — 20 k12 Ho (gain of the ttar] ~ 1, Ogy ~ 0.544, Oz — 1.306.

OShcofawtmlMGvatomaluunpll-unubuubigmtobohnmo(~1 MKz uwuuammnuucombouudhblumctmm
tuning can Mmﬂwrucwmdmungnﬂ, .




Miscellaneous Applications

A Unity Gain Follower

with Biaa Curreni Reductlon Ciroult Shutdown
1 U 1
vin = =1 X

—c ] " -
Vout v T »
i Hwe ¢ 13 b
TR HE Ri,f
L Aln 1
Vy=ithv ¥ 0 o
_"{‘ (1811 setfs
L ™
= tne Rser
]
vy . orF
i b gv
Qm
lFummpmmqmnMcMNPNm, By puiting the SET pin(s) to v he op amp(s} stuts down and ts output
goesto 2 high imp state A g D this property, the LAMD46
can be usad a3 a very low speed analog switch.
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Miscellaneous Applications (ontinueq)

X10 Micropower instrumentation Ampliiier with Bulfered lnpuf Guarding

* CMAR: 100 68 (typ)
* Powar p 0.4mw

TL/HI5854-13
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STAFF “HANDBOOK SUBSCRIBER RADIOTELEPHONE SYSTEM SERIES”
J 6478 TYPE SR-1: 1 WATT
TYPE SR-10: 10 WATT
AWA CO.LTD.
STAFF “TECHNICAL MANUAL KOKUSAI SINGLE CHANNEL"
KOKUSAI CO.LTD.
STAFF “MANUAL FOR MULTIPLEX EQUIPMENT"
ERICSION.
STAFF “TECHNICAL MANUAL EQUIPMENT"
ASIAKOM.
STAFF “OPERATORS MANUAL RURAL PRIVAT PHONE SYSTEM"

_ TELEMOBILE INCORPORATION.
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