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FM RECEIVER

Mr. Komson Teerakunkiet
Asst.Prof. Prapakon Suwanna (Advisor)

Academic year 2002

Abstract

This project is the design and construction of FM receiver which can receive radio
frequencies range 88.0-108.0 MHz by using many circuit working processes. The important
circuit working processes are local oscillator , mixer , IF pass filter , limiter and FM detector. The
local oscillator uses transistor MPS 5179 for generate frequencies range 98.7-118.7 MHz. The IF
pass filter uses ceramic filter 10.7 MHz. The mixer , limiter and FM detector are the component

of IC MC 3356. Amplifier uses IC LM 386 which amplifies sound wave to speaker.



naanssudszme

8 o a ' ~ dyod

1n3991R50950TNg320D FM 61A10 88.0 - 108.0 MHz Iassniuiiazdusy
an v ' I (R =2 A o & a
Tldvmindsirnvimensdiline wealsening 72350 5N UnAnYIUTyn In
] vq Yo 5 g A < v o s o g
Faduflifuuah @il uasduuswdnduldsonuiilssaunadids azve

a adg a @ ) @ sq v
vouuMAINdannseting  aonfumalulatwszeemndudgunmsmanszds 7114
Temauninfne

£ dy [V dy IS d 19 ] [=3K) a9 a
gamet wishlassemdezdulselomiungauls luunafdes winidena
v Y
[ ISY=-

waelsgmsla megdaiidesvoodv|d w finde

Yo o
HIAN



2D
3
33)

nssudsemea

=3

NN 1 UN

M3V

unh 2 MyvoagEannIANLi

2.1 ﬂ?ﬁll’f)ﬂ@m‘l/]"l}@@ﬂﬁu

2.2 MSUBAEINNIIAIINA

2.3 UaUANLING FM

2.4 axiinmsyeagian

I 4
2.5 lwauuy FM

Ja o &
2.6 LUUAIANYDIAAYN FM

uni 3 1A39950TNgIEY M

@

a

3.1 1A5895U e 19

q

N Y £ s J
3.2 Lﬂ?@ﬁ53J’JWULLUU°]21JLT_J§J§Lﬁ‘ﬂl‘ﬂﬂiifvﬂﬂu

3

3.3 ManmMIiusess lumadie 9

3.3.1
3.3.2
3:3.3
334
335
3.3.6
3.3.7
3.3.8
3:3.9

{19
a o
199500 FAIALNDS
a 4
19950 NI¥ 03
WITVRIANUD IF
Y a A P
VOHISU IUNSIANAIE IF
aa 4
auaN s
MUY YIUNUTIND
= 4
2995 FM amnieos

HANNINUYBUATOITDINY

10
11

11

13
14

15

18
18

22



UM 4 MINAADILALHANITNARD 23
unil s unagluazInsal 38
UITWIYNTU

MANUIN ;

dy 1 dl Y o U ¥ dl = 1 3 1 Y o 14 6 v 1%
wnanstiluenansnanulidmsunisidnumenisfnwvinu ldeyaslmiluldusslewisnunisen

lyidnsdilag edu Snvisinudlvidaudasilonuaziosdnddiadvesenasynasiniinisiills



b ' '
Tuihgiummsdoyan 9 sufuszninnuddyumniudos q ieswinday
ludagiinlinnuddyiuanuiee 1dsunndeyatims Aniumsnszoovesdoya
' ) d & & a o o &£ A a
InmesmnwazanNuiuFiddyldszmenis szuumsasznedusing FM
v g & & q v v v ' = ' v ™ &
vithssvumildalFlumasudeyasnmslugiveadusedanhanaluilagiu ifessn
unmruianddydana

g a a a’dyd kY 4 v oa &
‘]ml'ifgi.‘gmwu‘ﬁurﬂumsaammmmxﬁamﬂsmimﬂqiusz‘uu FM 9311150

€

@ a

vaggInIngluduaawd VHF $2909108531319 88.0-108.0 MHz dyanaidosninaniil

oo 3

N

Y

a P 1 o 4 v a A\ 1 ~ o Y [
MmyannInhizaunduniosiudngla  uiezegluszezilnatuin g 18Tavedy

4 A4 ga o o a o q ¥ o o =
ﬂﬁzﬂluﬂ?ﬁm@ﬂ@m“ﬂ‘ﬂWﬂﬂ??hﬂ Wﬁ@ﬂﬂ@ﬂ757]ﬁiyiy’]ml?fﬂﬁ’niﬂﬂ'ﬂuﬂ‘uﬂQﬁiyiy"liHWWﬁS BN

S| 4 ' o @ a Y !
Wunduuiman i douady Safsuadoufumssndy il fusdunme

o o

<L a4 o Y P A 28N K a o
CKQMW@J\HuQQﬁWJ\]'ﬁﬂﬂj$%1811ﬂllﬂ1uigﬂgllﬂﬁ llaglualﬂsfﬂq,iU’JV]USUﬁﬂJfUWmQ‘WQ%‘]ﬂﬁﬂAlu

a oo

e

Y s = q @ = @ a o
uao n%xwﬁm‘lumsgwﬂﬁtyfgmmmaaﬂmmﬂﬁtymmmq Momailissmnsosuil

Y I By )
VoUAVIITT 1@801\33’1’30\1



a
UYNn 2
ﬂ]ﬁﬂﬂﬂﬂmﬂﬂ1ﬂﬂ3]&la
2.1 ﬂ]iﬂ@ﬂ@!aﬂm@ﬂﬂau
" v v
nIueAgIaNYeInAY  femsidygmueaganas vhldauauiAuinszns
A o p a a o e
vosnauvmznldouuadl)  adunsnsznededing  FM dyanaueaganimse
. . A o = M A ' v g A

modulatmg signal ﬂﬂ'ﬁ]ﬁi‘gﬂg'lm!,ﬁﬂ\‘luumﬂ ﬂ"l'ill@ﬂﬂ&ﬁ‘ﬂ‘u@\iﬂauLLUQVLQL‘]J‘L! 2 LUUND N3
uaﬂ@mwmqmma (Frequency Modulation : FM) LLazmiﬂJﬁ)ﬂﬂL’ﬂWﬂNLWﬁ (Phase

i v Y i
Modulation : PM) Falunflaznanmmzmsuongannieanud

2.2 MINRAGENNIANND

&g o o ) £ o ' £
nsueaguEanmeanuiiumnhdygadss suuinmadldvoaganuy

N d‘ =" d’ a Q.l =y %
TUYIVNWING I@zm:mmsuaawmmzummaauuﬂm"lﬂmmuamﬂagﬂmmaiytymmmmgﬂ

=2

g A o ot : = < 2 '
n 2.1 wmuniodyapaidiwenganiidimauingiga ANVOVDINIHENVLLANGIA 146l

Y d o A 3 =i = v a
0mfgaunmwaﬂg}mwaﬂmgﬂugruammmmwmz NIZAAAININANUDNANNAIUA D

-d o -
(1) anudninan liifidgygouios

’——— (2) mmﬁﬂ'ﬁﬁatmﬁuﬁauauw‘égmﬂuau
* A i /FT (3) enwfigafiaussauniauanmwisauan

f-fo | f<o f>fo | f<lo

e— 1 lofa ———— 1 \oifa ——

39 2.1 mIveagEanmIenNud



(U]

Frannuiimrzdoauulananuinassonnnnudilisuuy  (Frequency
@ 1 [ a a a H <! o
deviation) 2001UFY WiMzlinWA 88 MHz muiugegally 88.1 MHz LAzAAAIMTA

I ' o A Vo &
Sy 79.9 MHz wuiea1u3 $anudidouuwminy 0.1 MHz 39 = 100 KHz

'
[l @ =t

a o 3 ' { o a g
daudasimsidoauuanudvesduan FM Jusgiuanudvosdygaiimgin

A o a

uoAguENNIoFYIaNTe 1y Midyyadesidineaganiianud 2000 Hz 8AIMs
{ { o 1T @ ;’,’ T Aa =1 Y P Y
Wouvuanudvesdyaa FM gimIiy 2000 ATIADIUIR  LAMITYYIUNVILAYAN
a a g a @ a 1 a4 S o <!
wuanudy 5000 Hz leouewddgedenudy  gasanudidisauundinaiu 100 KHz
1o = a < 2,’ 1 a J= & Yo Y i
uasasmafoauuezdowiu 5000 asaeni  Funasgiuaina ladmualinsds

doyarn FM Deavulagege £ 75 KHz

siaveamslsau | mmauwdildou | tuuddaiasssesdy i | anvddsauugaga | anufidoagega
NIINISVINTVS 88.0 — 108 0 MHz 200 KHz + 75 KHz 15 KHz
Iy FM
JEUVLTIUBY 5.5 MHz 100 KHz + 25 KHz(monaural) 15 KHZ
n3easy Ingviend + 50 KHz(stero)
A15VALINAL,TD 50 MHz 20 KHz + 5 KHz 3 KHz
oA, saUnnd, uag
v Y EY
@it 19 122 = 174 MHz
ngeainsiau, g | 216=470 MHz 15 KHz +3KHz 3 KHz
CB class A
TuTns 1o, MIBUNLNTTUB Narrowband FM UAG1A492R1A1 T W
Tnsfmviiiete
— - a aq ¥ = Pt <
3 Tomy HAIAMINZA 114 3.4 MHz asHuuHAIAN 4.0 MHz

510 2.2 ruaasn AN vesmsasdau FM ludnbuzdu
= A v gd
agUuidygin FM dnuauaasine
D fuowldgansiaaeanal uannuin/asumudyganidinueagan
2) Sasimsioanuanuivesdynuminelisuiituanudvesdyg i

WNOAYIAN

~

[ { A < [ 1 @ a @
3) ganunideuuuiudadufuienldgavesdyyrauidiuoagan



2.3 uavmm?ﬁwq FM

13l ae 1945 FoC lddmuavouwansodimunnuivensdensyo oo
Iy FM 137 88 MHz - 108 MHz Saudazaniiisziinavanuivesmafoavuaaud +7s
KHz (Carrier Swing = 150 KHz) Ml¥udazamiiinuudianamiiay 150 KHz nazaziniga
WUUARILAT 25 KHz @eHAnuveauddaivanuavomazaniiiasiiin 200 Kz
MTERE LT85 En PR NS FM A0 20 MHz (88 MHz 54 108 MH2) 11 jserand
18 ama 100 amiidanaalugid 2.3

Fee imunTimsddingszuy AM sziimsdaaniiiveagaimoninomy
107 daumsdeingszuy FM Iddmualideaniifivousudufininoay 201 nazezduge

amildeiivimioey 300 Taghves 201 Fewelinwdgudnaiumiy 88.1 MHz Taofianud

3

= N IY o 0 q ¥ = &y
Wosuu (A{ = 75 KHz) wazimsanuudaiudl 25 KHz vz 1deoe 201 Tanuddiud
Ngan 88 MHz WoRLAzANAFMLNYDIT0e 201 Nagiuauanudim lamiouiu dmsy
: 2 ' a9 o v Yq. o 2w <
W09 202 - 300 Az IMVaIVANBDIATUG Az A TuhuouRedfuiusoe 201 Taoh
' ' a = o d g =

uaaz Yoz innudguinandumyfiaue

nmyedyyadngzuy FM 1u 20 geasnazladmsunmisdinszaiodos

A = ' e - R vq a o
IWONITANET TAUNTA ilJuﬂunm’J‘qunlu 80 %@QWlﬂﬁ@ﬂ$1T11!W13W1m‘ﬁU

~<— Modulation converage = —>

: Assigned carrier

<—— 150 KHz —

ie— 25 KHz 25 KHz . —»

<— Guardband

Guardband = —~
Station
< bandwidth

71U 2.3 naeanasgiuvewauaud lumsdinsLaudosingssuy FM



2.4 arHnNeAgIan
lumsvoaguanadu  FM BR310IUITNINAIANUDTIAVUVBINIHEAY

AnNuRYUFUIMIIMINEAGIN 1319250071 ABHNITUBARYAN (modulation Index : m,)

A]:C Femax — Femin
m; = AFC -

Fg 2

Tav AF, fio m9nnuiibouuuvonaunive

F. fio Audvesdygmiidnuiueagian

a wa a & - ' = L . &£ g
Tumalgidiswedoniadiusasidiumsouun - (deviation  catio) Fuiu

dasdusznieanuddeauugega (AF, ) sendudgegavesdyaiaiidiinuoagan

€ max
) Feluszuunsenodos FM 2z lda1 m, Ao

At

- cmax

f:S max

75kHz

(F

S max

15kHz
=5
a = o a < { 1a
TuszunIngnsgaiodes PV Simualinntdosuunesssou Idmud lanu
{ = ' g A
75 kHz dusweaganliaadveswnnzn/aounasly 75 kHz weasiusweaganani

[ : =1 [~ o da/
100 % 991UV o uannIs 1a et

AF,
% N5UDAAIAN = —— X100

\AF

cmax

Taoit AF, fio geanuaidiouuwilosnndyaiuidiuueagan

AF, . fio Anudilouiugagaue Iz Uy

€ max

pazvInAIdstinseagamilis Ideunsvoendu FM

ViEm (0= ch. Sin[27TTf  t + m ¢ Sin(2ﬂt‘st)]
lagi v, fio VUIATIGAVDINAUNIHE
A = s
£, fiv ANugUINGIY
f Ao Ao sdoyar1nms

@

m,  feArlnIIURAYIAN

f



4
2.5 laquun Fm
=4

q o @ g1 4 3 ) ld'
AU FM 1J52n0VA0 Side band $1MIUDTUAR FIVUIAVDY side band N n
' -4 to @ = < "o ' J
A199 DAUDGAUAIUDY modulation index : m, §a3UT 2.4 wazvzBuIIS UGV A

1 Yo 4 4 o g s P
pUUITTLTUA oM m, NTY uazeIna1s1ed 2.5 azmuvwIaved ladiuuaivig

y J a0 o
ﬂWﬂﬂﬁu‘Wﬂi 1IN IZUATINTUING

R DN DL Note those values of M (2.405, 5.520, et
| . ose values o . , 2. . etc.)
0.8 \ e Ca:xer cc;mponient for which the carrier component vanishes.
First sideband pair All of the radiated power is contained in
- the sidebands.

06 2nd
n
3rd
y, B(‘r—\r"‘\ 4th 5th-»6th—~7th~ | 12th

0. »
G / )< 3 >€E‘ E 8th1"9th [T0th! 11th sideband pair
0.2 / Z T~
LA X >
_,// . 9 N j
'\ N )(‘\ < '“bZ :
0.2 }— 7\ A { | 1
| Y | N < >? )( r.& é’{-
0.4 }— . x ;
2‘.405 ‘5.520 8.653 11.79 14.93

I N4 l
A 3 Phovrrsy B\ /64 /P02 ok 15
ofc

Modulation index m, = f—

K

Relative amplitudes (carrier and sidebands)
J,, (m/)

= o s g a
5UN 2.4 uansmswasunlasesmvezuas lsaunud luingszuy FEM

S o ' i o < a 1 4 1 a
Tuzaii 24 azifiududiedadimsuoagamdngul  sliudnauninzedlufn

Ay ¢ < ” Pt o a \ 1 o ¢ s 1
ﬂaulcﬁﬂLLUULﬂuaUU Llﬂluaﬂwuﬂqﬁuﬂﬂﬂlﬁﬂlwu‘ﬂu ﬂqu']ullcﬁﬂllﬂuﬂﬂﬂglcv‘llmlu e

"1 ] a < v v A
mﬁu LLWLL@NﬂﬁﬂﬂﬂJ@QWWW%%%Laﬂﬁ\'l IUNTEYNATUNITUDA

o

a <
nowdagaveslyauuuniv

e A - Rt 0 o A 1 . o &
qraniiy 2.4 aauwmzaziiugud Fshdeendu FM azlieglulvauuunisdu

o o A ¢ s A o oo & & e ot
dmsunisnszaiovesnan loduuua  ledatinisuoagEanguazudagli

2.6



. ‘Bessel Functions of the First Kind, J,(m))

my Jo Iy J2 J3 Ja Js Je Jr. Js Jo Jo J14
0.00 1.00 e = — — Al Vi _ S _ _ _
0.25 0.98 0.12 — P 4 = L 44 i N — — —
0.5 094 024 003  — — E = — —— \\ — —
1.0 077 - 044 011 002  — — S\ —~0 — N\ - —
1.5 0.51 0.56 0.23 0.06 0.01 o N, < == A = —
2.0 922 0.58 0.35 0.13 0.03 s = C = - — —
24 0 0.52 0.43 0.20 0.06 0.02 A4 - B — > - —
25 —0.05 0.50 0.45 0.22 0.07 0250 0.0u e = = - —
30 —026 0.34 0.49 0.31 0.13 0.04 0.0/ = . -2 — -
40  —-040  —0.07 .36 043 | 028 0.13 D\ §.087 T .. - -
50  ~018  —0.33 0.5 0.36 0.39 0.26 gD 1005400 = = -
6.0 015 -028 -024 0.11 0.36 0.36 0125 4 2 O\ Y0.a8N 02 ) J — =
7.0 0.30 000 -030 =0.17 0.16 0.35 034 023 013 006 002 -
8.0 017 _ 023 =01l . =029 =010 019 - 034 032022 ~013 006 -
9.0 —0.09 025 = 014 . =018 =027 0.6 0200 033~ 03150 02 0.12 =

-025 005 025 o022 N\l 200 - Q22 032 S 031 0.01

10.0

- 0.06

o J ~ v
A1TNN 2.5 Llﬁﬂqmu]ﬂﬂl@ﬂwjﬁgﬁuﬁ$1”ﬁﬂﬂuw m; AIAN 9



mf=0.5 mf=1.0 mf=2.5 mf =4

oLl

fc fc fc fc

U 2.6 Y11AYBI Side Band 6199 VBIAAU FM A1 m, = 0.5, 1.0,2.54 aud1dy

ean

2.6 HUUMIATVOINaY FM

9 a § G a Ao o a A § y s
Tuszuy FM nwudienwesadu FM udeiddgydndanie ifiesainuuud

°

a < 4 o ~ o o o A ' '
mwmmﬂﬁu FM %:ﬁﬁ@ﬂﬂﬁ@ﬂﬂ@uﬂ?u’)u ‘lmﬁuuuﬁwm YNNAI AINNATININAIITIN

a

3 ) J g (5% 1w A = J J =} v o Jdao
P lsduuudiuegivaatingueagan | Taoanuivosladuuua  Ianuduiuiny

'
o s

o 4 o= = {1 o J
ANvIveIdyamidmeagen  1ipsnn lyauuuagus naziinnuaminy £+ lud

s a { v 2 ;,l a 3 't v A a
HUUAG N0 BANUDITIINY 42, AuTunuuaINAsHBgAUATTIiN I TBAgIENIAZA LD

=

o 1 a J o v
vosdy I Mdunueagian TausiansomauiusInavesdyy s FM-1dainngues

d o a y
A58 U (Carson’s rule) ﬂx‘iﬁ

BM & 2(m+1)f

S max

198 m fio A1ewHN5 (m)

o

£ 0 ANUAGIgAvRIdya IR Naagan

S max 3

= Ad o 9 o
FanouanudnawInlda1n Carson’s rule vEAsouRguMA Wi wlsTann 98
v Y
% 098 10999815 N0 UANNAT I LAYD FM

& v
S~75 KHz %3921 m

Tngnsgaiodos FM a1 f - < 15kHz a1 Af .

75 i
~G=5 nazazld A1 BW w09 FM ~2(5+1) 15 KHz =180 KHz



E:
UNh 3
1n303503NY32UY FM

o Y

m%"@a%”iﬁwqrﬂuﬁ:’U‘Uﬂ?q‘v‘imﬁﬁmumiﬂmmiywmmmgmhamiﬂﬁuﬁumimﬁw

o

a

FuaunauIngurunsEUIuMIA1g FunsosiuIngiAedeslinuauiial iAo

3

1 anuhlunisiudyain (SENSITIVITY)

aa gy

m'ﬁaﬁmmmmaamammmmsuammmﬁd s15ehdnnng 18 Fenaw
o o @ v o w 1 9
Ilumssuduanueiuegfus siumda liihwesdyausunin  Fimrwnhavean
ANz INAlAbAT IADIZAUTYYIMTUNIU

2) AanuaInIalumensuveIdya M (SELECTIVITY)

a P d

= =) @ ' @ £%
1ﬂ§ DI VINGNA ﬂ&’é]jawﬂ’ﬂJJEﬁJﬂSma@ﬂi“lJLﬂWW%“D’@Qﬁ'iUU‘EUWm‘Vm@fmﬁT.G]EJ

13

I=) [ o g ' o d'd C‘t Y 3
g @mlmmmamauaw Wodd  navdesmuisaminsesdyanuhiinnudlndifived

@

anuminsalumsifonsusesdyaanziuogivnuauiivea1393 NI nUANNTERIY

3.1 130950 INgededg

' M) A ¥ ' 3 o o
170450 TNYOI1INONTD Tuned Radio Fuequency (TRE) Galiudon laazunsu

@ Y ' S| & o a & = = ' Y SN B @ A v a A a '
mgﬂm&mqmumsmim‘wqrmmﬂs:ammwmumammamwﬂmmmsmwq NLIININ
=

giosiammolsaied  Faldsumsdsudlieninmsessuinguuy TRE . Teoaziimsih

@

' . ' 4 I v ' .
Fuonaingwdou lufunwdtmnaesie IF o dstwn Fangealumsnidion/aou

o

a [~ a o N o = 3 U Y 1
Fuanuinuduanud iF pdeilfszdninmnsiaudiu wwnanluiadeaos 1

\V4
l_, TUNER RE AMP .| Demod AMP dynudedeon

= 3 4 o
59 3.1 vaenlaozunsuvounToaiy TRF
vinvdenlaezunsuvouaiessuuuy  TRF  Tudiuvesmiaguiuesnie  BPF
< & o Y o o ! o a 4 o = ' &
ifhnasgaimthnlumaddoudesdyaningnezinlaomsifaoun ¢ wie L luaews
=2y A @ o % o QQ [l & k2
FudunTossy TRE 1l lFnusuanudinglugie 88.0-108.0 MHz Fuiumsldaulu

[ = 1 ° 1 =Y g 4 o W
duanudgs ozhimunsodvuedt 3d8 BW  IdTanuuayld ieanindedidalums



' ¥
o o W

i & ) a s
aswm ¢ nay L nagdyanmsuniniiaduszii linnuhsusiesfudyaimd dai
=N o $ o o o P ¢
Younnsoafinaruninlingossuiuy TRE 185unmsUsulgud luunuuailesienine-

<~ L4

[EEoRINHY

y v oa d
3.2 305 UInguuualesianmelsaiend
& v a J £d = ' A v oa
e uIMguuugliesienmelsmnd  BanunanaisnimnToasuInguuy
o a = @ a [ dq ¥ g o a 1Y & o G
TRF - feumsiasuniudvesdyanaingnaresnidiiduanudfordy  duSuadh

= . & o g Y [ =
AN (Intermediat Frequency : IF) muuaaﬂl%zuﬂ‘mmgﬂw 3.2

antenna

10.7 MHz

l

l . ' ' I = }__’ Detector . ‘_’,ﬂ
RF AMP mixer [——7 IF AMP —bl Limiter > Amplifier
‘—I_ﬁ __44 L 5 I !
|
|

|

Speaker

987 -118.7 MHz

Select to Receive
the Transmitter

= g 4 o s 7
3 3.2 vdenleezunswveunsessugidosienmelsaini

s ouiuInguuueidesianime Isaod - il lumsoonuuminiosuing  Fm
i v

TulSyainwusil Tudans il

4 a Sy v & b oa 4 :

navang FM aldiuonaeonail Falianufogasning 88.0-108.0 MHz vz
gninniingiunuinniseoadaianos wsegluinTossudalinnutegszite  98.7-
{ @ { a < 1 P
187 MHz anwdvesdyamuildniniwsinmes sxfunadiwownnudanaioeins
nunuieeaiamesnan Faliiunidy 10.7 MHz wienwd IF vmtuaawe IF os

gnasludama FM Bmnmesifiousndamyianduvesnainaiu IF



g 1 ' an A @ Yot a Y A ‘1 @
AWONBY TUIAUIRTETU 1IN 90 MHz gniawihilaszidoulasady

= ¥ | a % ulaz.z' A
AuN 90 MHz (uuninile) daulanonseadamaes vzgu'l3hi 1007 MHz Hor

1

a 7 ' aa a 8 Y v
ulﬂalu’Ni)SJJﬂL“IiE)S NEWIN“U@Qﬂﬂwm']llﬁiﬂﬂ’gw‘il}m“ﬁﬂﬁﬂzmﬁﬂ‘u 10.7 MHz uaga

Y

[

= o a
FM fmnines Indyananiosoonin

137

3.3 wanmsihauveaisasluniamag

3.3.1 w@ome

v 4 a

memﬁ‘mmmmmamm FM iﬂﬂﬁﬁﬂ‘u@ﬂﬂ”} Mﬂ’ﬂlﬁﬂ@ﬂﬁ 119 88. 0-108.0

E)

Y
v

MHz m;ﬁumummam Rafufiaeniesaiems High Pass Filter ifionsoan1uadia 1)
waz BW voannaaiilvziinnlzain 200 Kz cmmmﬁm‘hmm"l,ﬁ'mﬂmmmﬁzﬁmmmm

deyea FM 49iia1 175 Kz AUMANLAGIgRvIdy BT e Geiialseiia 15 Ki

3.3.2 199500d%ala s
a < o o A @ I~ &£ a o d?
NITOAVAUAADI M IUATO95Y FM 1D U9 IHINAAN NUAHIY VHF S
@ ) a o d! a [ [ d?l c; J =
TagofumsmaLvems G aines cmﬂzwamﬁaumunmﬂﬂﬁﬁumummamwI@fmma‘flau
navdyaIne iy lUGRBuwILY  POSITIVE  FEEDBACK HIMN1 FEEDBACK
NETWORK #1118 GAIN wesssuumiiny Aol-AcE lag Ao AR MR 115ins
HYounduuas F Ap FEEDBACK FACTOR 91A@UMI592IM137 81717 AoF IANIUSOIMIAY |
a & L : 3 <
ITVVIZINANT OSCILLATION Fu5192 a4 19mei AoF = | Lﬁmmﬂmmmwam@mvgw
hilueuidyanafioanun
) [ a & 9 a a c(dy Y a L4 a 4
m‘mmwsaamammas‘n“lsv“luﬂmmmwuﬁuﬂ 19 noandosagammes
HUUABAARNDS T mwauwmwmma Lamwmaﬂ‘wmammas Ay mmn@aﬂmaamﬂ
masmaﬂ*n 3.3 cnwammmnaa“lume 98.7-118.7 MHz mammmmﬂummmmme 88.0-
108.0 MHz vz 1¥81A 108 IF 107 Mz HAVLTILIFIIAE 77.3-97 3 MHz {0115
mmmmm Tienud 1F 107 MHz Lﬁnummﬂmmmawmmamma 98.7-118.7 MHz

?ﬂlﬂ‘iﬂ@BﬂLLU‘UU\‘Wi‘lﬁNUﬂ’J’I



= a J a 4 o
zﬂ‘ﬂ 3.3 NAANNAVOAUAUADIUUUADNAANDT T3

3 I e’ J
nngUdmuald z, = sdumiuauduos ¢,

2 = 4 7
Z, = MOUNUAUFYDI C,+Cbe

L = 4 ’
Zy = MOUNLAUGYDI [Cbe + C, + Cy] YU L

nneulvueInIsoraTaatL Iz Aatie

ZAZFL) =)0 (1)

INAUNST (1) 21197 18

W = (2)

A a d a
lag W, flemudfiosaGaamoinan

C, fim C +C

FIX

NNFNAS (2) 921d
5 1
E

= — Hz' (3)
" 41 (LAC 0 # CFIX))

1 1
Fam = P ) Hz' (4)
41- (L(CMA‘\, + CF,X )

o]




2
(3)/(4) : {»/‘I\/IA‘\' :, _ C‘\IA,\’ + Cl"l.\'
f;WIN CA/IN £ CFL\'
f )
J MAX
CM,-'I.\' _CMIN e
ijIN
Cox = 7
Junx 1
/j\l]N
T 1, = 108.0 MHz +10.7 MHz = 118.7 MHz
. = 88 MHz+ 10.7 MHz = 98.7 MHz

HaEmsofaua1 L 14

R2)= \ HENRY

252
AZ S Twax (Cgpe o+ Crav)

4 ” f max O Cry)

' Y 1
lunsdfua ov Falusestiaeldmsudmaes. FanoluaznSouaiionsle
¥ v @ lq:,: { a 3 v ' @ S ad o ' £
Toa 2 Mdooynsufuegiiu mnunlFiaudesmlsanfuduius s TN RE e anasous
a & a
niuFamaoiituluamauns ¢ = kn v, di Vi 1180158RAA 18 Taonsgu vl
: [ ] [ Y @ 1 @ o &
3¢ aaldndnnsveamautus sin Ifhvesdagmniud s 1d TavldigUnsaizaens
S A = wa e d| @ @ =
Wudeslalen wiolguautanioiudnolalen Wudnruguusednvith Tdasdia

MI1d09n15

a J
3.3.3 29930nIw03
a J a Ho o @ A
MWsinmes  Imihisudyanuainmeeimadunsausua i 1den 1a
= s o = = : a o s
neavedzaiamal uda ldleniynesnuiiluanudithunats vie IF Gezldiasinlanes

NIDIANUDOONIINIAT 10.7 MHz



uﬁﬁﬁauﬁmmﬁvmﬂﬁ'mmmaﬁnwa{ﬁzﬁﬂmﬂmawamﬁmzmwﬁfyﬂunmﬂm

mweImeiun L ldnnlanesesadaiames 1ldeonn 4 a1 Taverdonannisvamn
W a ' = a SNY

V093995 GILBERT MULIPLIER #is31il 3.4 Anowiynitldonasesiinees Tdun F,, L F |

FRF. + Fm N FLO - FRF ‘ vee

—OUTPUT
Q,

IN2 L1 W L,
| |
I |

3171 3.4 2995 GILBERT MULIPLIER

A1ty duwdoamsilaaniinnud 90 Miz 12184 Fee =90 MHz , F, =

100.7 MHz , F +F ;= 190.7 MHz U@z | F,y - Foe | = 10.7 MHZ 5383915192131 198 mn
o a A ' A ' o ' 2 v a

TYYIITVIDONUND A1 107 MHz Jasmnssidensinnuisenainlalasldasfinia

4 4 = 5 ' a - 3 U 1 =

993 10.7 MHz 4992000119159 10.7 MHz Miyeenuniflessiioaninis 4 o1 aduaurgh

idonlFa 10.7 MUz Huszesuin luiadeses 1u

3.3.4 19930399A2I0D IF

NITNTOINNWD I HusesnIoaaunnufmugaiin F, A3 iiloanin

a 1

mmmﬁﬁmmm’mmlnmﬂzgmﬂﬁuuvﬁum IF @oaiu Taverdoms nersdyauseniig

oo 99

niinganuiveslaneaseadamaes defind1nudatiedy Sustesldnidifioes

Buanneiymuesiineesiumanud IF Taverdoreosnsosnanud IF Sagansosnaned



vunenld Ao dnseswsiiniames AuA 10.7 MHz §IMSUIAS05Y FM uas 455 Kiis

AMTVIATOITY AM fa317 3.5

10.7 MHz.

}___

= a a o
i 3.5 wsmndanes

a o 7 o o = ac a & AL o o 4
L“If'iHJﬂWEﬁLG]E)'SVI'I“'Mﬂ’dﬁiﬂW'JﬂL‘WfJI“H@LﬁﬂﬂSﬂ %Q%”Nﬂ?L‘iI%LLHU“Mﬂ‘W?”@] 1o

Houdyaunrudidt W s inilanes ﬁmmmwmu“lﬂ A9 AR TS uE T

v
Y P! ' v

[ i 3 =1 (=)
muu mﬂﬁtyapmwﬁ@um"lﬂummﬂ UgNADIAINANT a1 NG R AT ML P TIEY

EY

o—

[l a o i < a 1
YIWOONI 1 151D 3AINA 10.7 MHz Hzoanlinimum 107 MHz A1y tazos

Qe

)

4 STy, oI <4 o 1 =
U BW 15z £100 MHz esnnes ilinfawestumiadn samlvazaindenislday 5n

Qe

=}

(% @ ] - ] d’ a o =~
e ludosgunSerSunaewnnud  uddissnnesiinflamosiiue ﬂﬂsmwmmwwmﬁmmw

Y

o 9

114 Fayaranladh s quifomelugaasiiniames Fafioninass Qnunouad

o

A~ @ usj a
14 30 nlosidud duingsenzdoinesvete IF 490

° @ A = @ Aa S| = Y 3 E4
mmummmmumﬂasJumnﬁtytymmmmmqmummaﬂfm IF uanvgili

a

ad A - A8 g A < = .
Use ﬁmmwmmmﬁmsm‘n yAvY L‘uENilmmwmmmm‘ﬂﬂﬂmmﬂaﬂmﬂumma IF A

Y
v K

RO 299309ANE IF satlunsesvesnuanuirufiien fp Asf §auiuSeenin

a

Amuadt BW Tiimnsfimuidens|é ﬁﬂﬁﬂamrmamamaummﬁmmm%’m§'m°nq§u

"o Y, & 4 A N da o oA
2YNUANUNINUDUDUANINNUDY IF qﬂmﬂmw"lmﬂaﬂuuﬂmmmmmqu HUAD ANU

v
ansalumsidonsuvesdayga Idgniiuieiy

Y a d'
3.3.5 Yennsanlumsidonanud IF
lumsidenmnawd 17 Weldinsossuingmuisarianideduiilse aninm

gega Idofinrsfiorsan 3 Uszidy



= a ~ Y IS} F4
Usziduusn manud IF Midenizdedinn BW inemute Go9x8095 BW 919
= o o a A Ay ! Ay Yo P & 4 o oa
INOIWONY BW vaed g aing ondeyavnmsn lasuee 18 lugame cnﬂumsmammq
52UU FM A1 BW vosTyauImMyluunazanioelinsin 200 KHz muu BW ¥94n08
IF fid09fn1 > 200 KHz 890

g 4 ' A ~ = &
ﬂﬁglﬂuﬂa@\j AIANITUD IF mﬁ@ﬂ%ﬁa{@ﬁw SELECTIVITY ‘H‘i@ﬂﬂfw?ﬂwﬁﬂi‘u

msdeniutesdyauiia Wulo BW vownud IF wdeslanuaunsalunissisados
v oy = Y a A 'y vy Yy <
dyuniawdlndifemie lideans1d uazezdesdl SENSITIVITY wioaamlaluns
[ o o g a a 4 4 a o
JUdYNUNG HuAfe BW vosnnud IF aastimunugilosniniie BwW gaAu Ty IusY
Y
NIUIziiNade 9T ioas ANTINGAT BW = fo/Q dmimisidosns 1 BW vealF uaw 191
Y Y ISP ' P = S| = a2 v A a
wandld Q fMmgumzaniwdd 9 Feaudunadluniseenunaersdnds Wewnd
a0 ' v Y Y ' & 4 = o q ¥
Awadzy e liesnuuu vidas mewgaidhen i esindennuigeersil
' v 1 i
nannumilonhma sty Fazdmalisnamivsnm ididifudeniiaui BW dos

E4 v '
UM>200KHz Aiunniaedtszani el 1éd4 BW veenmudir failszunm 200 KHz

g : - = = o o =
ﬂizmu‘wam AANUN TF VILSHﬁE’Jﬂ %3@1}8\33\1?13111?111115@114ﬂﬁfﬂﬂ@ﬂﬂﬂl}mm

P=%

(IMAGE FREQUENCY) & anufuainfie anudvesdamningdndyanamiief Mix fu

q

AUDV09 LOCAL OSCILLATOR uda lannwathunaawdorfusesdoanaiiodenis

@

U
° v A ] aa Y @
Amualy £, Ao Fosmudneidenissy

A =
f. Ao ANWdunae
fio 10 A2WDYOY LOCAL OSCILLATOR

A 1 a
fr A9 A1WRINNAIN

=S

fo vedifuily f4f, 30 L

n3difl 1 & £ fiauilu £+ Bnnnwindded Mix fu £+, uda18aud 1F Ade
fort2 £ 11109970

fLoTre = faethief] = fi

IF "RF

oz fet2fp-f g = fort2f- (Gt ) = £

IF ‘Lo

<
VINU ’Zﬂﬂ”ﬂllm\ﬂﬂﬂ@f ot

n3difi 2 $raad £, Hauily fufy WuiReITunsdif 1 ez 1&nnuminde 28,

Ly =2y

INNITDINT A V2ITUIIN WAL (fi1) m%nmqqmmsammwaammmmaﬁmgj

AOWMUBIANNETLN A1 Ui



RN VTSN 11de UUHNIG 6 IVl dw MR

17
A . Y
We  f,= fRF+fIF ﬂz"lﬂ fim = fort 26
v
fro = for T 14 fiv = for 26

& a 3 o L Ty & o o =

L‘L!EN"l]Wﬂﬂ'ﬂllm\’iTLﬂUﬂNZJOG]NLﬂllMG]BQﬂTS “ﬁﬁﬁluﬂﬁﬂW%@ﬂ’JﬂJmNLﬁﬂﬁﬂiﬂ
o Y o w ' % — o " P ' P
WW“@I@UUTETQJU@TM RF "’IJEJ\‘i‘If'Nﬁiyﬂﬁm‘ﬂgfﬁ]ﬁﬂﬁ3U1ﬂW1u3\3ﬂ‘iﬂ§BQLLO'U?YJ?NONWTJ NoUN

o v U d’ = = d‘ C; d! =) d' 1
wihl) MIX fu £ uasifendinnd 1F T gaiivanefiog Ifa1mamFadinnug

'
a =

nnvedyamidenssuey 2f, aunsngnnseseen Ul Tavaansnseauaunnuisd
Y A a o w a 1o O 9 o w = £ = 2 i) Ay

ninndssiwanwimeen ) ludududesiidanuidiafivaiiomn  dosnnuiiag

= o w A 3 v P < qy

NYI2YnA19A00N 1A099INTDLOUAMWRAILUDY IF ez ziuhmAwE IF lutsziduil
SO g &y 4 g o @ d N

wyAuoIUszRuiiaesiidenisnd 1F aid 9 doafulumsifenaud 1 e liinasga
L= o a 1 =

nsoduiularsedinnifinan g

a Y

AIDIEY auAndIMssudy e Ing 90 MHz nazdldenud 1F widy
10.7 MHz 1¥amudvesTanoasea@aininosgant RE v amnsofsiumn i 14
NN fy = et 2f,
v
ANU £, =90 MHz+2(10.7MHz) = 111.4 Miz
o 1 =4 1 a W b P 9 = . &
MINATRINILNUN AN aIBgseInANLa l5 1 TU0e 21.4 MHZ 2 £ ) Fara9sn
o = y Yt S T v P
IDIWDVANVANUVY RF 23e w150 as 19 lnd BW n1e 18 deemnsoadisldse
FMIVIZVY FM 61unnwh 88.0-108.0 MHz daulugjaziion¥anud 5 wihdy 10.7
MHz tiiosnnaunsald BW findumedienlszuna 200 KHz LAZANUDLNBYH 19INANLDN

Y =< 2 Qy 9/ P 1 o
Tdaufe 21.4 Mz c]NﬂiE]\‘]‘VN"lﬂllﬂIﬂEJN%’5ﬂ'i’eNLm‘]Jﬂ’ﬂﬂJﬂmu‘U@Q‘leNﬁfgtyﬂm RF

3.3.6 disnes

o o Ao s aa 12
ﬂiytym FM (ﬁﬂ’ﬂllﬂm?ﬂﬂ IF) @'li]’lwllﬁiyiy']mu@ﬂﬁﬂuiﬂghﬂ WITAURDIVS

a

o w4 o & v vg o w_ & y '
mvmnhvaudygaivnmesduay swimesdiezgnidaindlioe Funad

3]

Vv
o v aa o Ja oA

ANuRvIEYIM FM feuuazndsainnes luifoumlas nannmsvessesainne i ddo
doudyyranfuontfgaiugiehiuseseesOverdrive) sunsziaesunwsudiniom
Y o ~ Y a a Y 4 aa o = 4
oow Mdyga IF Afdowduniiven/fyatios msiunnaiamoaziuosdluoonyima
N o Y a J =) g =Y v o Jdo
ood lowinn dflouneutlagause veodvion'ly Usingmisaiiaziinnudusius iy
! . 2 o o o ' § o '
A1 “Quieting” v2In1ADOA Lol WM (ANUFUToazA 1A HU0UnTISy FM S99
mnszyhdganailyliduegan fusmnzedudo) fowdduynvouniossy wily

< ~ = Iq Yy yd A o Ha
‘LlE)EJ?fmﬂNi]i‘lJUWEJLﬁUﬂaﬂa\‘ill‘lJ 20 dB ﬂTi‘V]i)%ﬂﬂuEJﬂﬁclﬁllﬂﬂﬂf)ﬂWﬁmUWHﬁinJWmWBMWW

50359



(IF)  ¥nng woiwzdulinaiamosvauduyy mmam%ﬂua&ﬁmmuuﬁ”tyiywm FM

AIWHANNITUON VSRR DS

— waud

- <
—_— GRS 2] —

o @ 4 aa s
zﬂ‘ﬂ 3.6 1ﬁﬂ\'?ﬂTi‘”mﬂu@UﬁﬁJ@ﬁ?ﬂﬂﬁﬁM@m@5

3.3.7 mIvudyy mmusaﬂn

@

WU M agligmendadsedidanae - anisamidadywiaibidosnsnde

~

uamwwmuﬂmmm M 1é YA 1%195@@5U3 21U EM i o namligaeanenia
WS ou ﬂ‘Lmﬂ'JW@MEJ?JHH‘H?EJ%ﬁLﬂENﬂL! 191 °1ummmmmammmmaumuﬁmmm

FM mmammmd Lll@‘U‘UiﬂN]UlHE)ﬂWH‘VWTMQ wﬁmumﬂaummmmﬂmmu (Wﬁ@iﬂmﬂﬂﬂ

o

=%c i @ = o v
) aiytymmm1ﬂﬂ:ﬂmmﬂuamm1m FM vo3a01t vy Imwumﬁﬁmmm EM 751802

@

adu laduuisening 2 ami °lummwuumm3m 2UY FM 9y ﬁuammmmaqﬂm

o

ﬂ51ﬂ§]ﬂ15muﬁﬁ]“’ﬁﬂﬂ’ﬂ ﬂ]iﬂ“lJ’cTﬂJﬂﬂﬂWlLLS\?ﬂ’N (Capture effect) WQHLW31 oy mm‘ﬂaau

: 4
E

nizgaidasenldluimesfivifunsdiausodluszim M Junisnsdd GTLIRGIETHY

v lndidosdn miosumefudyaianin 2 aoiiasuldadumn

2.3.8 1993 FM amnsos

9

WIS FM  Qmnnos  U587995 EM Auogualans Durasi ¥ lunisuon

v ad

Y wuduseenaInAGy IF Faanud 107 MH, Fan13amn FM Uegna1wdt IsAtouiuS
= o Va
niafie AeAs IvesHMANeY FezReuiuissaiinmey KalUiiodaud Wy IF 195
- st s a Yo a
vondagamifudonou msviuuvesniensusesammmes oo |4 s s
) s  a Yo A v = o o
naafs uvesAmnmosiduesitonldmuidewinld 10 fusdufon meas
1se ﬂ@”UﬁDEJLWEJC] TUNE CIRCUIT uag BALANCE MODULATOR (PHASE DETECTOR) 914

3‘1J1’|3 7



UIN vl
IF o— ©
BALANCE
63 MODULATOR s
(PHASE DETECTOR)
UQ

{ J. 7
3.7 LlﬂﬂQ?Qﬂﬁﬂﬂ]@@ﬂﬁuﬂ@iﬁ&‘ﬂﬂm@ﬁ

&N
-
=

VN3 19302000 100 T ANNINDIHIO BN ANN15U0S PHASE. DETECTOR
lasnaudueguanos i alsznaudis 2 oUNA Uaz 1 1My Iaeniediueinaneiineng
%umﬂs‘vﬂaumﬂ R, L, € Taguwnvinsnvounafimnmessedofudyana ir (V) Taons
oz wumﬂvaﬂmmmm%mmwaﬂa"11h°1Juauwmﬂmﬁuwauﬂmmﬂmaa (v ) law v,
mammm"lﬂimwmmmﬂﬁ veagndw sz 90° nanoily A Tt NATGER'S
wsgminiiguaduegiamnes me%mmmﬂsUumemMﬁ'Immﬁwaﬂmsmama%s

U

GILBERT MULTIPLIER vz Idioiviynoonindauduileiduvesanutioumnn
X, (Vo OR Io) = AV+AV,V,

laof Vv, = v Sinw, 1
Vo= V,Sin (W,t+ {)
= Y
VANDUVDI A,V,V, d13n30n38010' 14
AV Vg = AV SinW,t. V,Sin(W,t+ )
= BCos(W t+ (b-W,Ft) — Bcos (W t+ ¢ + Wt)

BCos() - BCos (2 Wt + ()

Il



Fueniunii IRonmafimnnesazifuileddures wm luiiqaos 18

Xy = CSin( Wt +m,SinWmt) + BCos (Q(m_, W )

m

- BCos [2(W,t + mSinW, 1) + G(m,, W )]

monAdgalAun W, uaz 2w, vzgnnsosiialy dau BCos (d(m,. W )) 11
aunozgmir g



! ’ ]!00/16
0/16

ﬁ 10001
1 —
8 150n q é
GAIN 18K
PASS Vs _|100n 22p T sk
D LM386 - ——H—l_ ¢
GAIN™ ANPUT +INPUT GND
S L
92 —
SD f n;]; 35000 470p
NC VOL T 150k 3K3
> 3 ]
RF 88.0-108.0
108.0 MHz - 1.5p
m 100n >
1000P 60 P
e 120n
82 P
Z1Ks () (@) (D (D) (3 () (9. ) | +
RF GND ~ DATA NON NV SQL SQL AF  DET QUAD
OUT INV N STS THS OUT LPF IN
TL431 ‘4 '
¢ COMP
S l 10/16 B MC
3356
%
TUNING
0 —25vV o
+ RF ’_—Qﬁc RE  MIX IF IF IF DET
HF;L GND E VCC OUT VCC IN ~ BYP BIAS VCC
10/1
DUHOOE
100K 20n [ 2
| 3
o
L
”} jwp 10p
7] 20‘0“,9' CF10J7 MHz 330Q
300
220n 330n
§ 1000)
470 i
L‘- +Vce
48— 6.0V

111 38 193v0aRTefIng FM

HUU C : FARAD

HUJY L : HENRY




N
9

339 Manmsvhanveunsosiuing

@ o { o o a ' a Y
HANMININLYD9I95AD oS UFyanaing 52999108 88.0-108.0 MUz 141

a

= o Ao 1 1 [ a s & '
NNV 20 YO IC MC3356  Fayaionangins rudezgndsse linadinsos TARIERIGNCY

a @ v

o @ ~ a S a
MC3356 Tﬂﬂﬂ:mwmﬁnmaiytymmammagaunmw”lﬁ'mﬂiaﬂaaaaﬁcmmaﬁ FINNUUAN VD

9

o 14

Tu939 98.7-118.7 MHz mmfuﬁaumunmzamwmmmﬂﬁﬂwaf WOONIINN 5 e IC
MC3356 meMﬂuauwmmmmmmmnWamaﬁ 10.7 MHz ua“lmmwmmm 10.7MHz
i 7 ve 1C MC3356 1gnndinmes cmaameflu IC MC3356 uag Idi01viumennu
vz gnuvuiy 2 ouNM 11gn1n Aleeas IR RIMAADS Iﬂaauwmwmmﬁmﬂmamﬁ1
wOsAMNNADS Tnusns g muauwwaawmmﬂmwﬁﬂ T 1 e 1C MC3356 4017
AIDAATUIDS AINAL ﬂas%WﬁwmiLﬂ%mﬁﬂuw\lmmz"lﬁgmﬁwwaaﬂmzﬂuﬁmmwmmmﬁtﬁm
9ONIITAN 13 Vo9 IC MC3356uawmﬂ1'5mmaammmmmmﬁﬁﬂmwwu finauouals

1903 dyanunNURFenzt1iv s ve 1c LM386 Uizl iwmeeniiv s g Tng



23

UNN 4

PIINAavIazHNaNIINAag

@ 4 1 Py o {5
4.1 39 Frequency Response Y99 Ceramicfilter zﬁ'ammmmmiTmmummzm BwW
(RAGGIRGHGEVITY

42 Jadyyruiininnieg VBINTOISUINGTLUY FM



41 Ja Frequency Response 494 Ceramicfilter

50Q Ry
—
O o 3R
Y Y
g‘ﬂ‘ﬁ 4.1 LLﬁN’N%‘iﬁiﬁHﬂﬁﬂ?ﬁ? Frequency Response U84 Ceramicfilter
M 41 1 gaem vo Tumiag MV 0% dB AAWEAYOS Vin 99 10.4-11.0 MHz
Vin ®2Vpp Rs=RL=150C)

F (MHz) Vo (mv) Vo (dB) F (MHz) Vo (MV) V (dB)
10.700 449 0.00 10.700 449 0.00
10.690 449 0.00 10.710 449 0.00
10.680 457 0.15 10.720 453 0.07
10.670 462 0.25 10.730 456 0.13
10.660 474 0.47 10.740 456 0.13
10.650 476 0.50 10.750 457 0.15
10.640 500 0.93 10.760 454 0.09
10.630 515 1.19 10.770 438 -0.21
10.620 512 1.14 10.780 405 -0.89
10.610 512 1.14 10.790 379 -1.47
10.600 506 1.03 10.800 357 -1.99
10.580 461 0.23 10.820 294.5 -3.66
10.560 354.5 -2.05 10.840 231.5 -5 15
10.540 229.0 -5.84 10.860 148.0 -9.64
10.520 137.6 -10.27 10.880 94.4 -13.54
10.500 86.4 -14.31 10.900 56.6 -17.98




10.480 56.4 -18.02 10.920 34.6 -22.26
10.460 39.6 21.10 10.940 21.4 -26.43
10.440 28.4 -23.97 10.960 13.6 -30.37
10.420 22.8 -26.19 10.980 10.2 -32.87
10.400 182 -27.84 11.000 7.2 -35.89
Vo [dB]=20Log| _ Yo'f)

Vo (10.7MHz)
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@ MOTOROLA = -

Wideband FSK Rece iver

The MC3356 includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature
Detector, Audio Buffer, Squelch, Meter Drive, Sq.ielch Status output, and
Data Shaper comparator. The MC3356 is design ;d for use in digital data
communciations equipment.
® Data Rates up to 500 kilobaud
® Excellent Sensitivity: — 3 dB Limiting Sensitivity

. 30 pVrms @ 100 MHz
® Highly Versatile, Full Function Device, yet Few External Parts are

Required

¢ Down Converter Can be Used Independently — Similar to NEG02

Figure 1. Representative Block Diagram
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= C {16
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Fiter 6 w5 | L L squelch
£ Comparator O Status
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Uiriar > == Buffer
8 13
| Squelch
N gl —omer—— 12 Adjust
R >< ¢ g (Meter)
10 T »

Quadrature Detector
r T Tank

S}

Vee L 3

MC3356 ~

WIDEBAND
FSK
RECEIVER

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 738

DW SUFFIX
PIASTIC PACKAGE @
CASE 751D 7
(SO-20L)

RF Ground E E RF Input
OSC Emitter E 19| Ground
OSC Collector E 18| Data Output

Mixer Output E

IFvee [ 6 E] Squelch Status
Limiter Input | 7 E Squelch Control

PIN CONNECTIONS

RFVce E

_Tl‘ + Comparator

16| — Comparator

Limiter Bias E

Limiter Bias [ 9 | 73] Demoduiator
Filter

E Quad Input

E] Buffered Output

Quad Bias E

ORDE\RING INFORMATION

Operating
Device Temperature Range Package
MC33560W SO-20L
Ta =-40to +85°C
MC3356P Plastic DIP

MOTOROLA ANALOG IC DEVICE DATA



MAXIMUM RATINGS

MC3356

Rating Symbol Value Unit

Power Supply Voltage Vce(max) 15 Vdc
Operating Power Supply Voltage Range (Pins 6, 10) Vce 3.0t09.0 Vdc
Operating RF Supply Voltage Range (Pin 4) RFVce 3.0t0 12.0 Vdc
Junction Temperature Ty 150 °C
’T‘)perating Ambient Temperature Range TA —4010 +85 <
Storage Temperature Range Tstg —-65to + 150 °C
Power Dissipation, Package Rating Pp 1.25 w

ELECTRICAL CHARACTERISTICS (Vog =5.0 Vdc, fg = 100 MHz, fogc = 110.7 MHz, Af = +75 kHz, fmod = 1.0 kHz, 50 Q source,
Ta = 25°C, test circuit of Figure 2, unless otherwise noted.)

Characteristics Min Typ Max Unit
Drain Current Total, RF Vo and Vg e 20 25 mAdc
Input for — 3 dB limiting = 30 - pnVrms
N - - Vi
Irzut for 50 dB quieting (ST‘] ) 60 pyms
Mixer Voltage Gain, Pin 20 to Pin 5 2.5 e -
Mixer Input Resistance, 100 MHz h - 260 - Q
Mixer Input Capacitance, 100 MHz - 5.0 - pF
Mixer/Oscillator Frequency Range (Note 1) = 0.2 10 150 =2 MHz
IF/Quadrature Detector Frequency Range (Note 1) 1 0.2 1050 - MHz
AM Rejection (30% AM, RF Vi, = 1.0 mVrms) - 50 - dB
Demodulator Output, Pin 13 ~ 0.5 - Vrms
Meter Drive = 7.0 - pA/dB
Squelch Threshold — 0.8 - Vdc
NOTE: 1. Not taken in Test Circuit of Figure 2; new component values required.
Figure 2. Test Circuit
Squelch
Status
Data Output 1
ar SaK 130k 33k
100 MHz ‘ 0k 30k
RF Input o 1L oo P
( 390 k 3.3k
| VWA~
51 20519 18 T‘? | 16 15 14
= RFinput  Ground Data Comp(+) Comp(-) Squelch Squelch  Demod Demod Quad
= Output Status  Conrrol Out Fitter nput
L1-110.7 MHz, 0.4 uH r——7
7T #22, 3/16 Form . !
wislug & can 150 IT i3
L2 - 10.7 MHz, 1.5 uH i ’ .
: RF 0sC 0sC Limiter  Limiter Limiter ~ Quad 8
20T #30, 3/16 Form 6rd  EM coL. Inpt  Bas  Bias  Bias IL
wislug & can ; > : = 7 5 = -
T1 - muRata l_,l
SFE10.7 MA5-Z l +—) . . 0(1""
or  KYOCERA = 350 } £ 4
KBF10.7MN-MA 150F 2= - &0
EE {m
MOTOROLA ANALOG IC DEVICE DATA 8-67




MC3356

Figure 3. Output C ymponents of Signal,_
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GENERAL DESCRIPTION

This device is intended for single and double conveision
VHF receiver systems, primarily for FSK data transmission
up to 500 K baud {250 kHz). It contains an oscillator, mixer,
limiting IF, quadrature detector, signal strength meter drive,
and data shaping amplifier.

The oscillator is a common base Colpitts type which can
be crystal controlled, as shown in Figure 1, or L-C controlled
as shown in the other figures. At higher V¢, it has been
operated as high as 200 MHz. A mixer/oscillator voltage gain
of 2 up to approximately 150 MHz, is readily achievable.

The mixer functions well from an input signal of
10 LVrms, below which the sguelch is unpredictable, up to
about 10 mVrms, before any evidence of overload.
Operation up to 1.0 Vrms input is permitted, but non-linearity
of the meter output is incurred, and some oscillator pulling is
suspected. The AM rejection above 10 mVrms is degraded.

The limiting IF is a high frequency type, capabie of being
ooerated up to 50 MHz. Itis expected to be used at 10.7 MHz
in \nost cases, due io the avaiiability of standard ceramic
resonators. The quadrature detector is intemally coupled to
the iF, and a 5.0 pF quadrature capacitor is internaily
provided. The -3dB limiting sensitivity of the IF itself is
approximately 50 pV (at Pin 7), and the IF can accept signals
up to 1.0 Vrms without distortion or change of detector
quiescent dc level.

The IF is unusual in that each of the last 5 stages of the
6 state limiter contains a signal strength sensitive, current
sinking device. These are parallel connected and buffered to
produce & signal ctrer.gth meter drive which is fairly linear for
IF input signals of 10 1V to 100 mVrms (see Figure 4).

A simple squelch arrangement is provided whereby the
meter cdrrent flowing through the meter load resistance flips
a comparator at about 0.8 Vdc above ground. The signal
strength at which this occurs can be adjusted by changing
the meter load resistor. The comparator (+) input and output
are available to permit control of hysteresis. Good positive

Figure 4. Meter Current versus Signal input
700 7T ‘l Y
||

|

600 !

METER CURRENT, PIN 14 (nA)

-

n
8
g ===

1 1.0 10 100
PIN 20 INPUT (mVrms)

action can be obtaired for IF input signals of above 30
uVrms. The 130 kQ resistor shown in the test circuit provides
a small amount of hysteresis. Its connection between the
3.3 kresistor to ground and the 8.0 k pot, permits adjustment
of squelch level without changing the amount of hysteresis.

The squelch is internallv connected to both the
quadrature detector and the data shaper. The quadrature
detector output, when squelched, goes to a dc level
approximately equal to the zero sigral level unsquelched.
The squelcn causes the data shaper to produce a high (Vce)
output.

The data shaper is a complete ‘floating” comparator,
with back to back diodes across its inputs. The output of the
quadrature detector can be fed directly to either input of this
amplifier to produce an output that is either at Voc or VEE,
depending upon the received frequency. The impedance of
the biasing can be varied to produce an amplifier which
“follows” frequency detuning to scme degree, to preveni data
puise width changes.

When the data shaper is driven directly from the
demodulator output, Pin 13, there may be distortion at Pin 13
due to the diodes, but this is not important in the data
application. A useful note in relating high/low input frequency
to logic state: low IF frequency coriesponds to low
demodulator output. If the oscillator is above the incoming
RF frequency, then high RF frequency will produce a logic
low (input to (+) input of Data Shaper as shown in Figures 1
and 2).

APPLICATION NOTES

The MC3356 is a high frequency/high gain receiver that
requires following certain layout techniques in designing a
stable circuit configuration. The objective is to minimize or
eliminate, if possible, any unwanted feedback.

\
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Figure §. Application with Fixed Bias on Data Shaper
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APPLICATION NOTES (contirued)

Shielding, which includes the placement of input and
output components, is important in minimizing electrostatic or
electromagnetic coupling. The MC3356 has its pin
connections such that the circuit designer can piace the
critical input and output circuits on opposite ends of the chip.
Shielding is normally required for inductors in tuned circuits.

The MC3356 has a separate Vg and ground for the RF
and IF sections which allows good external circuit isolation by
minimizing common grounad paths.

Note that the circuits of Figures 1 and 2 have RF,
Oscillator, and IF circuits predominantly referenced to the
plus supply rails. Figure 5, on the other hand, shows a
suitable means of ground referencing. The two metihods
produce identical results when carefully executed. It is
important to treat Pin 19 as a ground node for either
approach. The RF input should be “grounded” to Pin 1 and
then the input and the mixer/oscillator grounds (or RF Voo
bypasses) should be connected by a low inductance path to
Pin 19. IF and detector sections should also have their

bypasses returned by a separate path to Pin 19. Vg and
RF Vce can be decoupled to minimize feedback, although
the configuration of Figure 2 shows a successful
implementation on a common 5.0 V supply. Once again, the
message is: define a supply node and & ground node and
return each section to those nodes by separate, low
impedance paths.

The test circuit of Figure 2 has a 3 dB limiting level of
30 uV which can be lowered 6 db by a :2 untuned
transformer at the input as shown in Figures 5 and 6. For
applications that require additional sensitivity, an RF amplifier
can be added, but with no greater than 20 db gain. This will
give a 2.0 to 2.5 pV sensitivity and any additional gain will
reduce receiver dynamic rarge without improving its
sensitivity. Although the test circuit operates at 5.0 V, the
mixer/oscillator optimum performance is at 8.0 Vto 12 V. A
minimum of 8.0 V is recommended in high frequency
applications (above 150 MHz), or in PLL applications where
the oscillator drives a prescaler.

MOTOROLA ANALOG IC DEVICE DATA
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Figure 6. Application with Self-Adjusting Bias on Data Shaper
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APPLICATION NOTES (continued)
Depending on the external circuit, inverted or Figure 5 circuit can then be changed to a circuit configuration

noninverted data is available at Pin 18. Inverted data makes
the higher frequency in the FSK signal a “one” when the local
oscillator is above the incoming RF. Figure 5 schematic
shows the comparator with hysteresis. In this circuit the dc
reference voltage at Pin 17 is about the same as the
demodulated output voltage (Pin 13) when no signal is
present. This type rircuit is preferred for systems where the
data rates can drop to zero. Some systems have a low
frequency limit on the data rate, such as systems using the
MC3850 ACIA that has a start or stop bit. This defines the
low frequency limit that can appear in the data stream.

as shown in Figure 6. In Figure 6 the reference voltage for
th2 comparator is derived from the demodulator output
through a low pass circuit where t is much lower than the
lowest frequency data rate. This and similar circuits will
compensate foc small tuning changes (or drift) in the
quadrature detector. )

Squelch status (Pin 15) goes high (squelch off) when the
input signal becomes greater than some preset level set by
the resisiance between Pin 14 and ground. Hysteresis is
added to the circuit externally by the resistance from Pin 14 1o
Pin 15.
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NNational Semiconductor

LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a pcwer amplifier cesigned for use in low ® Voltage gains from 20 to 20C

voltage consumer applications. The gain is internally set to  ® Ground referenced input )
20 to keep external part count low, but the addition of an m Self-centering output quiescent voltage
external resistor and capacitor between pins 1 and 8 will
increase the gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one half the supply voltage. The quies- App[ications
cent power drain is only 24 milliwatts when operating from a

® Low distortion
m Eight pin dual-in-line package

6 volt supply, making the LM386 ideal {or battery operation. : Szdr:;?er?:; t:::;gesnp“ fiers
Features a Intercoms
m Battery operation = TV sou.nd WRK
= Minimum external parts : S{:rii:(;l:\’iirfjdvers
m Wide supply voltage range 4V-12V or 5V-18V & Small servo-drivers
| ® Low quiescent curient drain 4 A X

Power converters

Equivalent Schematic and Connection Diagrams

Dual-In-Line and Small Outline

TL/H/6976-3

~O Vs Packages
; O i
GAIN ——i — GAIN
~INPUT —2— ,— BYPASS
s 3 6
O Voor +INPUT —— — Vg
4 5
GND — — Vour
- IKPUT
. TL/H/6976-2
Top View

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

S ) S cnn See NS Package Number
. TUHESS. 1 MOBA or NOSE
Typical Applications
Amplifier with Gain = 20 Amplifier with Gain = 200
Minimum Parts 10.F

TUL/H/6976-4
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LM386

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Soldering Information
Dual-In-Line Package

Office/Distributors for availability and specifications. Soldering (10 sec) +260°C
Supply Voltage (LM386N-1, -3, LM386M-1) 15V Sr%a“ 0‘2"‘1‘; P?ggage) —
apor Phase (60 sec
iupily cht‘ag.e (L'Maeb(jN-:i) 22V Infrared (15 sec) +220°C
ackags Dissipation (ot 1) (tnggg:ﬁ) é?]g‘x See AN-450 “Surface Mounting Methods and Their Effect
¢ ) : on Product Reliability” for other methods of soldering sur-
Input Voltage 0.4V face mount devices.
Storage Temperature —65°Cto +150°C Thermal Resistance
Operating Temperature Cc°Cto +70°C 64c (DIP) 37°C/W
Junction Temperature +150°C 644 (DIP) 107°C/W
0 4c (SO Package) 35°C/W
0,4 (SO Package) 172°C/W
Electrical Characteristics 1, = 25°c
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vs)
LM386N-1, -3, LM386M-1 4 12 \
LM386N-4 5 18 \
Quiescent Current (Iq) Vg =6V Vjy=0 4 8 mA
Output Power (PoyT)
LM386N-1, LM386M-1 Vs = 6V, R = 80, THD = 10% 250 325 mwW
LM386N-3 Vg = 9V, R_ = 8Q, THD = 10% 500 700 mW
LM386N-4 Vg = 16V, P = 320, THD = 10% 700 1000 mwW
Voltage Gain (Ay) Vg =6V, f=1kHz 26 dB
10 pF from Pin 1 to 8 46 dB
Bandwidth (BW} Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vs = 6V, R = 8%, Poyt = 125 mW 0.2 o
f = 1 kHz, Pins 1 and 8 Open 4
Power Supply Rejaction Ratio (PSRR) Vg = 6V, f = 1kHz, Cgypass = 10 pF 50 dB
- Pins 1 and 8 Open, Referred to Output
Input Resistance (Rin) 50 k2
Input Bias Current (Igjas) Vs = 6V, Pins 2 and 3 Open 250 L nA

Note 1: For operation ir ambient (amperatures 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 ambient for the dual-n-line package and 2) a thermal resistance of 170°C/W for the small outiine 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 kQ resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 1 to 8, bypassing the 1.35 kQ2 resistor, the
gain will go up to 200 (46 dB). If a resistoris 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 internal feedback resistors to tailor the gain and
frequency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
ries RC from pin 1 to 5 (paralleling the intemal 15 kQ resis-
tor). For 6 dB effective bass boost: R = 15 k{2, the lowest
value for good stable operation is R = 10 kQ if pin 8 is
open. If pins 1 and 8 are bypassed then R as low as 2 k)
can be used. This restriction is because the amplifier is only
compensated for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is abe'it 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 resistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled. \

When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to
bypass the unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 pF capaci-
tor or a short to ground depending on the dc source resist-
ance on the driven input.
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Typical Performance Characteristics
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LM386

Typical Applications (continued) -

. Amplifier with Gain = 50 Low Distortion Power Wienbridge Oscillator

30
—A\V

Vim

ML

ELDEMA <
CF.5-2158 g

IV-15mA

10&

f=1kHz
TL/H/6976-6

TL/H/6976-7

Amplifier with Bass Boost

Vo

Vo

TL/H/6976-8 f=1kHz

TL/H/6976-9

Freguency Response with Bass Boost
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Typical Applications (continued)

AM Radio Power Amplifier

Cc

FROM
DETECTOR

Note 1: Twist supply lead and supply ground very tightly.
Note 2: Twist speaker lead and ground very tightly.
Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire

FERRITE
8EAD 250,
—_— 3
L—AAA—¢ 19
4 SPEAKER

TL/H/6976-11
Note 4: R1C1 band limiis input signals.

Note 5: All components must be spaced very close to (C.
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Programmable
Precision References

The TL431, A, B integrated circuits are three—terminal programmable
shunt regu'ator diodes. These monoalithic IC voltage references operate as a
low temperature coefficient zener which is programmable from Vref to 36 V
with two external resistors. These devices exhibit a wide operating current
range of 1.0 mA to 100 mA with & typical dynamic impedance cf 0.22 Q. The
characteristics of these references make them excellent replacements for
zener diodes in many applications such as digital voltmeters, power
supplies, and op amp circuitry. The 2.5 V/ reference makes it convenient to
obtain a stable reference from 5.0 V logic supplies, and since the TL431, A,
B operates as a shuni regulator, it can be used as either a positive or
negative voitage referance.

e Programmable Output Voltage to 36 V

e Voltage Reference Tolerance: +0.4%, Typ @ 25°C (TL431B)
e Low Dynamic Output Impecance, 0.22 Q Typical

e Sink Current Capability oi 1.0 mA to 100 mA

Equivalent Full-Range Temperature Coefficient of 50 ppm/°C Typical

* Temperature Compensated for Operation over Full Rated Operating
Temperature Range

e | ow Output Noise Voltage

ORDERING INFORMATION

TL431, A, B
Series

PROGRAMMABLE
PRECISION REFERENCES

SEMICONDUCTOR

TECHNICAL DATA J
Z, LP SUFFIX
PLASTIC PACKAGE
CASE 29 ) )
(TC-92) Pin 1. Reference
2. Anode
1 3. Cathode
2
3
IS P SUFFIX
PLASTIC PACKAGE
= CASE 8626
1
DM SUFFIX
8 QJ PLASTIC PACKAGE
?" CASE 846A
(Micro-8)

Operating

Device Temperature Range Package
TL431CLP, ACLP, BCLP TO-92
TL431CP, ACP, BCP Plastic

Ta =0°to +70°C
TL431CDM, ACDM, BCDM Micro—-8
TL431CD, ACD, BCD SOP-8
TL431ILP, AILP, BILP TO-92
TL431IP, AIP, BIP Plastic
Tp = -40° 10 +85°C

TL431IDM, AIDM, B'OM Micro—8
TL431ID, AID, BID SOP-8

- (Top View)
D SUFFIX
PLASTIC PACKAGE & %
CASE 751 °
(SOP-8) 1

Cathode ﬂ Reference
-~

o
m{ g o e
ne. (4] NC

(Top View)

SOP-8is an intemally modified SO—8 packege. Pins 2,
3,6and 7 are electrically common to the die attachflag.
This interal lead frame modification decreases power
dissipation capability when appropriately mountedon a
printed circuit board. SOP-8 conforms to all extenal
dimensions of the standard SO-8 package.
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Symbol
Cathode
x)
Reference
R
Anode
(A)

Representative Block Diagram

TL431,

A, B Series

Reprecentative Schematic Diagram

Component values-are nominal

Cathode (K)

Referercc
R)

150
Reference r— _‘ Cathode 10k
(K)
Anode (A)
This device contains 12 active transistors.
MAXIMUM RATINGS (Full operating ambient temperature range applies, unless
otherwise noted.)
Rating Symbol Value Unit
Cathode to Anode Voltage VKA 37 \%
Cathode Current Range, Continuous 'K —100 to ~150 mA
Reference Input Current Range, Continuous lref —0.05t0+10 | mA
Operating Junction Temperature Ty 150 16
Operating Ambient Temperature Range TA “C
TL4311, TL431Al, TL431BI —40 to +85
TL431C, TL431AC. TL431BC 0to+70 |
Storage Temperature Range Tstg —65 to +150 “C
TotalPower Dissipation @ Tp =25°C Pp
Derate above 25°C Ambient Temperature
D, LP Suffix Plastic Package 0.70
P Suffix Plastic Package 1.10
DM Suffix Plastic Package 0.52
Total Power Dissipation @ T¢ =25°C Pp w
Derate above 25°C Case Temperature
D, LP Suffix Plastic Package o
P Suffix Plastic Package 3.0
NOTE: ESD data available upon request.
RECOMMENDED OPERATING CONDITIONS
Condition Symbol Min Max Unit
Cathode t¢ Anode Voltage VKA Vref 36 \
Cathode C irrent | IK 1.0 100 mA
THERMAL. CHARACTERISTICS
D, LP Suffix P Suffix DM Suffix
Characteristic Symbol Package Package Fackage Unit
L Trermial R sistance, Junction—o—Ambient RgJA 178 114 240 °CW
[jhermal Re sistance, Junctiono—Case RaJc 83 41 - °CW
MOTORO!- A ANALOG IC DEVICE DATA 5-18




TL431, A, B Series

ELECTRICAL CHARACTERISTICS (Tp =25°C, unless otherwise noted.)

TL431I TL431C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Reference Input Voltage (Figure 1) Vref v
VKA = Vref, Ik = 10 MA
TA=25°C 2.44 2.495 2.55 2.44 2.495 2.55
TA =Tiow to Thigh (Note 1) 2.41 - 2.58 2.423 - 2.567
Reference Input Voltage Deviation Over AVref - 7.0 30 - 3.0 17 mv
Temperature Range (Figure 1, Notes 1, 2, 4)
VKA= Vref, Ik = 10 mA
Ratio of Change in Reference Input Voltage AV, mVV
to Change in Cathode to Anode Voitage AV e
Ik = 10 mA (Figure 2), AVKa = 10V to Ve KA - -1.4 27 - -1.4 2.7
) AVKA=36Vto 10V = -1.0 2.0 = -1.0 -2.0
Reference Input Current (Figure 2) Iref HA
Ik=10mA, R1 =10k R2=w
Ta=25°C #~ 1.8 4.0 ~ 1.8 4.0
TA = Tiow 10 Thigh (Note 1) - - 6.5 - - 52
Reference Input Current Deviation Over Alref - 0.8 2.5 % 0.4 12 HA
Temperature Pange (Figure 2, Note 1, 4)
IK=10mA, R1=10k R2 =
Minimum Cathode Current For Regulation Imin — 0.5 1.0 - 0% 1.0 mA
VKA = Vret (Figure 1)
Off-State Cathode Current (Figure 3) loff > 2.6 1000 = 26 1000 nA
VKA =36V, Vief=0V
Dynamic Impedance (Figure 1, No‘e 3) 1Zkp! - 0.22 0.5 - 0.22 0.5 Q 1
VKA = Vref, Al = 1.0 mAto 100 mA
f<1.0kHz |

NOTE 1: Tjgy = —40°C for TL431AIP TL431AILP, TL4311P, TL431ILP, TL431BID, TL431BIP, TL431BILP, TL431AIDM, TL431IDM, TL4318IDM

= 0°Cfor TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CD, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM,
TL431ACDM. TL431BCDM

Thigh = +85°C for TL431AIP, TLA31AILP, TL431IP, TLA31ILP, TL4318ID, TL431BIP, TL431BILP, TLA31IDM, TLA31AIDM, T1.431BIDM
= +70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM, TL431ACDM, TL431BCDA

NOTE 2: The deviation parameter AV e is defined as the difference between the maximum and minimum values obtained over the full operating ambient
temperature range that applies.
Vref Max [»

AVref = Vref max

=Vyef min
ATpa=Tp-Ty
Vref min

- |

o Ambient Temperature 32

The average temperature coefficient of the reference input voltage, aVye is defined as:
(Lvre_l_o__) X 106
v Vier @25°C _ BV g% 106
ref °C AT, AT, (Vi @25°C)

Vet can be positive or negative depending on whether Vegf Min or Vief Max occurs at the lower ambient temperature. (Refer to Figure 6.)
Examp!2: Avref = 8.0 mV and slope is positive,

6
V. @ 25°C = 2.495 V,AT, = 70°C _ 0.008 x 10° _ o
ref A @ Vet = 0 (zags) - 58 pPm/°C

AV
X . e _% VA
NOTE 3: The dynamic impedance ZKA is defined as IZKAI T lK
When the device is programmed with two extemai resistors, R1 and R2, (refer to Figure 2) the total dynamic impedance of the circuit is defined as

. A1
Zy )l ~|ZKA|(1+R—2)

5-20 MOTOROLA ANALOG IC DEVICE DATA



TL431, A, B Series

ELECTRICAL CHARACTERISTICS (Tp = 25°C, unless otherwise noted.)

TLA31AI TL431AC | TL431B
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Reference Input Voltage (Figure 1) Veef \Y
VKA = Vref, Ik =10 mA i !
Ta=25°C 2.47 | 2.495 | 2.52 | 2.47 !2.495 | 252 | 2.483 | 2.435 | 2.507
TA = Tiow 10 Thigh 244 | - | 255 (2453 | - |2537|2475 (2495|2515
Reference Input Voltage Deviation Over AVief - 7.0 30 e 3.0 17 - 3 17 mV

Temperature Range (Figure 1, Notes 1,2, 4)
VKA= Vref, Ik = 10 mA

Ratio of Change in Reference Input Voltage Avref mV/N
to Change in Cathode to Anode Voltage XN
Ik = 10 mA (Figure 2), AVKA =10 V 10 Vegf KA - | 14 | 27| - -1.4 | 27 - -1.4 | —27
AVKa =36Vt 10V - -1.0 | 2.0 - -1.0 | 20 - -1.0 | =20
Reference Input Current (Figure 2) Algef HA
. IK=10mA,R1=10k R2=w
Ta=25C - 1.8 4.0 = 1.8 4.0 = 1.6 3.0
Ta=Tiow t0 Thigh (Note 1) - - 6.5 = = 5.2 - o= 4.0
Reference Input Current Deviation Over Algef — 0.8 275 - 04 1.2 = 0.4 1.2 HA
Temperature Range (Figure 2, Note 1)
Ilk=10mA, R1 =10k, R2= o
Minimum Cathode Current For Regulation Imin = 0.5 1.0 = 0.5 1.0 . 0.5 1.0 mA
VKA = Vrof (Figure 1) :
Off-State Cathode Current (Figure 3) loff = 260 | 1000 = 260 | 1000 3 230 500 nA
VKA =36V, Vief=0V
Dynamic Impedance (Figure 1, Note 3) 1Zk Al ' 0.22 0.5 — 0.22 0.5 ~ 0.14 0.3 Q
VKA = Vref. Al = 1.0 mA to 100 mA :
f<1.0kHz

NOTE 1: Tjgy = —40°C for TLA31AIP TL431AILP, TL4311P, TL431ILP, TL431BID, TL431BIP, TL431BILP, TLA31AIDM, TL4311DM, TL431BIDM
= 0°C for TLA31ACP, TLA31ACLP, TL431CP, TL431CLP, TL431CD, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM.
TL431ACDM, TL431BCDM
Thlgh =+85"C for TLA31AIP, TL431AILP. TL431IP, TL431ILP, TL431BID. TL431BIP, TLA31BILP, TL431IDM, TL431AIDM, TL431BIDN
=+707C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD. TL431BCP, TL431BCLP, TL431CDM, TL431ACDM, TL431BCDM

NOTE 2: The deviation parameter AV is defined as the difference between the maximum and minimum values obtained over the full operating ambient
temperature rangc that aoplies.

NG e AVief = Vigf max
=Vref min
b ATp=Tp-Ty
Vygf min |
|
T T
Ambient Temperature ?
The average temperature coefficient of the reference input volttage, aV,qf is defined as:
_eer. X 106 ’ 7
v el =S 7 A Vig X 106 f
f o T . = <
ref °C 4T, A Tp (Vg @25°C)

aVref can be positive or negative depending on whether V¢ Min 0 Viof Max occurs at the lower ambient temperature. (Refer to Figure 6.)
Example :Avref = 8.0 mV and slope is posttive,
6
v °C = 2.495 V,AT, = 70°C = 0.008 x 10° _ o
e G2 g 2 AT, a Vg 70 (2.495) ~ 45.8 ppm/°C

A Via
NOTE 3: The dynamic impedance Z, 1, is defined as IZ | = ———=
R KA A |K

When the device is programmed with tw* external resistors, R1 and R2, (refer to Figure 2) the total dynamic impedance of the circuit is defined as:

. R1
Zypt = 125l ( 1+ 81 )
NOTE 4: This test is not applicable to su ace mount (D and DM suffix) devices.

MOTOROLA ANALOG IC DE'ICE DATA 5-21



Figure 1. Test Circuit for VKA = Vref

Input O—VWA—9——0 Vg

Viel

I

-
1l
| g

TL431, A, B Series

Figure 2. Test Circuit for VKA > Vref

Input O—"VW—

Figure 4. Cathode Current versus

I—© Vka

Figure 3. Test Circuit for lof

Input ——O VKA
v lof

1l
L)

Figure 5. Cathoda Current versus

Cathode Voltage Cathode Voltage
150 T S —p 800 T T ‘
I~ VKA = Vref VA= Vref
= Ta=25°C = Ta=25°C
E 100/— Input VKA = 600} Input VKA IMin
= - v 5 ¥ Ik
& i =37y /
C 50— & 400
= o /
o | < 3 =
3 S )4
I o X
< =
S 4 3 i~
¥ =50 // XD
100 / 200 ]
-2.0 -1.0 0 1.0 2.0 3.0 -1.0 0 1.0 . 2.0 3.0
VKA, CATHODE VOLTAGE (V) VKA. CATHODE VOLTAGE (V)
Figure 6. Reference Input Voltage versus Figura 7. Reference Input Current versus
Ambient Temperature Ambient Temperature
2600 = e l I [I&ad ]
s ng: =
E 2580 “KVKA = Vief 1 1 k-l
o s " Vyef Max = 2550 mV L ~
8 2560 | Vrery LEN, =100 ref m = 2_.5 ~_]
52540 ——T & ——
g / > 20 ;\
g 2520 2 T
T 2500 VreMQS mv _| § 3 e S
= — — 1 S 15—
g 2000 = w =10mA
& 2460 § 101 Input _+o Vka
w w | IK
& 2u0 e Vg Min = 2440 mV- s LSy
- @ :
s 2420 [ l\ < T
= 2400 = gL -
-55 -25 0 25 50 75 100 125 -55 -25 v 25 50 75 100 123
Ta, AMBIENT TEMPERATURE (°C) Ta. AMBIENT TEMPERATURE (°C)
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Figure 8. Change in Reference Input
Voltage versus Cathode Voltage

g’ '
& IK=10mA _|
2 Tp=25C
a-80
e N
E
po)
4 16 Input o-wv——0 VKA B
@ Yig
w R o
Dl .
C3 Re Vref
s L ¥
> L
o0 L
0 10 20 30 40
Vica. CATHODE VOLTAGE (V)
Figure 10. Dynamic Impedance
7 versus Frequency
100 =
_E 1.0k Ta=25°C
o = O Qutput Alg=1.0mAto 100 mA
\LJ N ) 50 L@ﬂ + IK
z e
@ iC E T Grd 4
= } i &
(8]
= | [
=
£ 0 A
(=]
=
b
B |
|
.1 |
1.0k 10k 100k 1.0M 10M
{, FREQUENCY (MHz)
Figure 12. Open-Loop Voltage Gain
versus Frequency
80 T
. _l_ m 0 Qutput
59 M K
= 9.0 yF 15"(‘] 230
- N SSags
= 40 N
= N 5 8.25K
= N — Gnd
R N s
L% & N I
o A
=
QgL lk=10mA
Tp=25°C N
| jHEL
0 T
N
-0 I o
1.0k 10k 100k 1.0M 10M

f, FREQUENCY (MHz)

1.0k

z = 8

loff. OFF-STATE CATHODE CURRENT (nA)
o

0.01

0.320

0.300

0.280
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1ZKAL DYNAMIC IMPEDANCE (€2)

0.220
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Figure 9. Off-State Cathode Current
versus Ambient Temperature

e

.

- Input Vka
d Yot

-25 0 25 50 75 100 125
TaA. AMBIENT TEMPERATURE (5C)

Figure 11. Dynamic Impedance
versus Ambient Temperature

T T 2

VKA = Vref

Alg=1.0 mA 10 100 mA
f<1.0kHz

S

=55

8u

60

40

20

Ik, CATHODE CURRENT (mA)
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Figure 13. Spectral Noise Density

I

I/

VKA = Vet L
lk=10mA
Ta=25C

Input o~ . o Output ]

IR R Lo1aaa

100 - 1.0k 10k 100k
{, FREQUENCY (Hz)
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VULIAGE SWING (V)

TL431, A, B Series

Figure 14. Pulse Response

Figure 15. Stability Boundary Conditions

T 1 140 e
Tp=25°C |-
30 |-A%: Input A) Vica = Vret ‘ \Sl""b‘e
~ *Aonitor Output = 120} B)Vka=50Ve@Ik=10mA
Output Q 220 5 E C)Vka=10Ve@lxk=10mA || A
20 = 5 0 D)¥KA;51§CVQIK=10mA _
Generator |3 50 rq c 3 A= UL lB B
10 f =100 kHz 2 8 Im T
: L T —o w Stable c
= Gng § 60 f
0 I E & D
———— S
5.0 t 2 y // \
j Input l 20 yalb N
° AT
0 \
0 40 8.0 12 16 20 100pF  1000pF  001pF  O.1pF 1.0 uF 10 uF
t, TIME (p1s) CL, LOAD CAPACITANCE

Figure 16. Test Circuit For Curve A
of Stability Boundary Conditions

V+

V+

150

Ky

:

R,

|
=e
Vi
I

CL

&

Figure 17. Test Circuit For Curves B,C,And D
of Stability Boundary Conditions

150

TYPICAL AFPLICATIONS

Figure 18. Shunt Regulator

R1

R2

|
iy
/I\

|

Vout

Vou = (

R1

0

1+ ﬁ) V|¢!

Figure 19. High Current Shunt Regulator

Vout

524
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Figure 20. Output Control for a
Three-Terminal Fixed Regulator =

MC7805
V+O——In Out ———4——0 Vgt
Common
R1
EJ
R2
(e O

_ Ri
Vou = (‘ e R_Q) Vre(

Vout min = Vref + 5.0V

Figure 22. Constant Current Source

RcL

7 R = g, L

C
o

Figure 24. TRIAC Crowbar
Vi O\ _o—o

- > Vot

R1

¥
o

R2
—o0

1+ R
vouturip) - (1 ! RQ) Vre(

J

Figure 21. Series Pass Regulator

V+ Vout

R1

= R1
Vout = (1 + ﬁ) Viet

Voul min = Vre( + Vbe

Figure 23. Constant Current Sink

‘

Isink

<

]

‘Sink

D
w

B

=

Rs

Figure 25. SRC Crowbar

Vi 0=\ _p—s

Vout

: - Rt
\‘om(trip) B (1 * Rz) Veet
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Figure 26. Voltage Monitor Figure 27. Single-Supply Comparator with

Temperature—Compensated Threshold

V=

O Vout V+
| R1 R3
D
Eﬂ EJ —0 Vou
— L/
Vin N
.
% R2 R4
O,___L S |
o —0 Vin | Vout
L.E.D. indicator is ‘on’ when V+ is between the Vih = Vret v [V
upper and lower limits. ref
o >Vref | =20V
Lower Limit = (1 + ﬁ) Vrel
imit = R3
Upper Limit = (1 + FM) Vre( "
Figure 28. Linear Ohmmeter Figure 29. Simple 400 mW Phono Ainplifier
%V 38V
1N5305
¥ 20mA T)=330108.0 Q2
|
50k 50k 10k Ll
1% 1% Calibrate
10kQ 80Q H
bV
1.0kQ
v Vout
é) s * Thermalloy
-5.0Y THM 6024
L 193 Heatsink on
Rx = Vou ® v Pangg LP Package
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Figure 30. High Efficiency Step-Down Switching Converter

150puH @ 2.0 A
Vin=10Vto20V wus—
o = TIP115 Naaaal
L 47k 47k 1N5823
x
. 4 0.01uF 100k
AT~ 2200 pF T
Eﬂ 0 470 uF A
0.1uF
22k % 10 Stk
G
Test | Conditions Results

Line Regulation

Vin=10V1020V, lo= 1.0

A | 53mV (1.1%)

Load Regulation

Vin=15V,lp=0At0 1.0A | 25mV {0.5%)

QOutput Ripple

Vin=10V,lg=1.0A

50 mVpp F.AR.D.

Output Ripple

Vin=20V,lg=1.0A

100 mVpp PA.R.D.

Efficicncy

Vin=15V,1g=1.0A

82%

Vout=50V
loot=1.0A

MOTOROLA ANALOG IC DEVICE DATA



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

- -
High Frequency Transistor _
NPN Silicon MPS5179
Motorola Preferred Device
COLLECTOR
3
2
BASE
1
EMITTER
1
MAXIMUM RATINGS %3
Rating Symbol Value Unit
. 3 12 Vde CASE 2304, STYLE 1
Calloctor - Emitter Voltage VCEO TO—92 (TO-226AA)
Collector—Base Voltage VeBoO 20 Vdc
Emittor - Base Voltage VEBO 25 Vdc
Colloctor Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Tp = 25°C Pp 200 mw
Doritte above 25°C 1.14 mw/°C
Total Device Dissipation @ Tg = 25°C PD 300 mwW
Dorate above 25°C 1.71 mW/-C
Storage Temperature Range Tstg —-55t0 +150 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

l: Characteristic Symbol l Min l Max I Unit J

OFF CHARACTERISTICS

Collector - Emitter Sustaining Voltage

VCEO(sus) 12 y Vide
(Ic = 3.0 mAdc, Ig = 0)

Coilector - Base Breakdown Voltage

V(BR)CBO 20 7 Vde
(Ic - 0.001 mAdc, Ig = 0)

Emittor - Base Breakdown Voltage

V(BR)EBO R.5 s Vde
(g = 0.01 mAdc, Ic = 0)

Collector Cutoff Current IcBO oo pAdc
(Vcp = 15 Vde, Ig = 0) y. :
(Ve = 15 Vde, Ig = 0, Ta = 150°C)
ON CHARACTERISTICS
DC Current Gain
(lc = 3.0 mAdc, Vcg = 1.0 Vdc)

hrg 25 250 —

o
Collector —Emitter Saturation Voltage

VCE(sat) = 04 vde
(IC = 10 mAdc, Ig = 1.0 mAdc)

Base —Ermitter Saturation Voltage
(Ic = 10 mAdc, Ig = 1.0 mAdc)

VBE(sat) = 1.0 vae

Preferred dovices are Molorola recommended choices for future use and best overall value.
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MPS5179
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)

E Characteristic T Symboll Min J Max l Unltj

SMA! L-SIGNAL CHARACTERISTICS

Current—Gain — Bandwidth Product(1) T 900 2000 MHz
(Ic = 5.0 mAdc, VG = 6.0 Vdc, f = 100 MHz)

Collector-Base Capacitance Ceb — 10 pF
(Vcg=10Vdc, Ig =0,1=0.11t0 1.0 MHz)

Small Signal Current Gain hie 25 300 —
(Ic =2.0 mAdc, VGE = 6.0 Vdc, f = 1.0 kHz)

Collector Base Time Constant 'Ce 3.0 14 ps
(Ig =2.0 mAdc, Vg = 6.0 Vdc, f = 1.9 iHz)

Noise Figure (See Figure 1) NF — 5.0 daB
(lc = 1.5mAdc, VCg = 6.0 Vdc, Rg = 50 ohms, = 200 MHz)

Common-Emitter Amplifie: Power Gain (See Figure 1) Gpe 15 — ds
(VCE = 6.0 Vdc, I = 5.0 mAdg, f = 200 MHz)

i

1. f7is defined as the frequency at which ihye! extrapolates to unity.

TYPE
1N3185

oC 3
20-10 TOS50¢€Q
COMMOL LOAD
FROM 50Q

SOURCE g0 4F

+Vee

L1 1-3/4 Tums, #18 AWG, 0.57 L, 0.5" Diameter
L2 2 Turns, #16 AWG, 0.5” L, 0.5” Diameter
L3 2 Turns, #13 AWG, C.25" L, 0.5” Diameter (Position 1/4” from L2)

Figure 1. 200 MHz Amplifier Power Gain
and Noise Figure Circuit
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