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Abstract

This thesis presents a 4-channals FM Radio for Languages Translation which is modified from
cordless telephone narrow band FM radio to be used for international conferences. The radio is
designed to be able to operate at different frequencies, in the range of 46 MHz with 4 channels of
operation. The system operates at the maximum power of 20 mW, The transmitter offers 4
channels at the same time. Generation of frequencies in both transmitters and receivers are

controlled by Phase Lock Loop.
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(e

X, (t)= Acos 6(t) (2.1)
0(t) = w (1) + () 2.2)
aunsamamanuives X, Tagawieisuiiene 6(t) Mouduma
w2480 de® e
dt dt
11191 o(t) HAnedl w, = w,
d ;pt(t) foszoznfounnyeuduazaud wwumudae Aw

2.4)

Aw:‘wi—w

C | max

Aw  fleaudlsuuuniudvesmsUszauiFay

2.4.1 M3neagFUMIUWT 4az 72130 (Phase and frequency modulation)
- Phase modulation
= ) 40 | WANE
seegmssauvsaalupduwingiiouuy szvufudygInams
o(t) =K m(t) (2.5)
K, feaudguuumamanium)
= Frequency modulation

v w

v [ ' 9
seozmadeavuvesnnudluaiunime wwdududyainums

£ _ g,y 26
o) =K, [m () dr +o(t,) 2.7)

to

K, Aofudequuuniananudaiy m()

a { 1 2 a
o(t,) WuTHAUNAT t=1 Flasdnd (= colaz @) =0

]

Y .
m3rzaziusey 183 UaaulszauFayu (Angle modulation signal) #ail
X py (1) = Acos[w t + K m(t)] (2.8)

X (1) = Acos[w t + K [m)dh (2.9)
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3 ~ i Y A a
2.4.2 23R zne UA AN YITES VBITYRNMNNNBAGIANITIYN
(Fourier Spectra U89 Angle Modulated Signal)
4
INANNIIN (2.1)
X, (t) = Re(Ae!™"*V) = Re(Ae™ +¢e'*V) (2.10)

ﬁ'aﬂmimma e?® 94 Power Series ila‘:llﬁl

X ()= Re{Aej‘”“ {H—j(p(t)— (p;(lt)...+j“ (p“(t)“}}

n!

2 3
: t 0
= A{coswct —@(t)sinw t— —(%2coswct.. +%2smwct G } (2.11)
é A a N { o v
Fusrnziiu 1§ msdszauFamezlsyneudoadunde i 1ddssauuay

lﬁ' d' o L
aauNUszaunudy M T

2.4.3 msuam@m%’m%dguﬁmmu (Narrow band Angle Modulation)

max <<1

d' 1 I 1 9/
INTUNITN (2.1 1)mmmiawmu‘mumﬂﬂ

dmnd Jo(t)

X, (t) = Acosw t— Ao (t)sinw t {A12)
210ANA1SN (2.12) 158731 Narrow band (NB)

FamsUszanFauawauns

X \gpys (1) & Acosw _ t — AK ,m(t)sinw t (2.13)
t
X xrv (1) & Acosw t — A{Kf Jm()" ) dXJISinw -t (2.14)

2.4.4 maveagEIuLULFYa38d (Sinusoidal Modulation)
- Modulation Index:

Y 1 A A o
01110791 m(t) ﬂ@ﬂﬁuaﬂgﬂﬂﬂ”‘nﬁg
a_sinw _t iy PM
m(t) = (2.15)

a_ cosw, t dmivFM

INANNIT (2.5) Uag (2.6)

o(t) =Psinw _t
Kpa_  dwiuPM
b= K, A dmiu FM (2.16)
w

m
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B AeAwiinislszan
Modulation Index #5Unsiszamdauansan Idvinaunis

Aw
p===
Wm

Aw RGRNTIAIMGRRIGT At o
da ¢ a
24.5 L!.‘i.l‘i«!ﬂ')ﬂ‘i’]‘lli’)»iﬂ]‘iﬂi%ﬁ?lwﬂﬂu
(Bandwidth of Angle-modulation)

Y 2 4 ° v

ANUNINUBIUDUAIWNDAAU FM Tﬂaﬂs:mmmmm‘lﬂmﬂ Carson’s Rule
BW =2(B+1)w_ @.17)

Y

aumsifuan 18910 Carson’s Rule AIUAN %Power Spectrum sz 98% ¥e9
QRGEL

v
A o

dvn B <1 dyaniifedyan Narrow band ¥4 Bandwidth fifuiieumii 2 w_ (BW

[ k2 i
=2w_) Un@ B <0.2 Aweieziildaun1sillé Bandwidth veimiaeiiu Hz iy Aw = Af
oy Aw_=f_
dedlumsdendu FM aldauluing Annudgegeves v (t) ~ 3KHz uaz

Af = 13KHZ e NA1BW = 2(3+5) KHz = 16 KHz cdﬁﬁ‘nq%’u-dwzﬂgi“lu Narrow band FM

d Jd
2.5 loduuuaves FM
[ s a ° @ w
Tuszuy M duswenguaadisdyanugilmeisvine leaunuddnnuiveiud
A & A N QA HER MY fF #o < P
Weannmsdeuuuanuivesnine i lfinea1udsuvunue auesud laauuuad
(] 4 o < ] ° %o [
agvieaInANNINaNIN g dndvnadnunau ludessitists Fedans FM wwShrvua
9 P & 1 o P ' 1 s o St asivd,
Pasiaue Feanuoanwd ddsvesnauwmzdennszatwldegluloduuud  anudiiusg
a 4 4 g (Y o A ‘é @ A
yosn ey lsduuudluszuy FM Auegiudwsiinisuengian ilesninadyiinisueagaaiy
aiiiig = n I o w o 7 7 1 a
dimuatiuves lsauuuandiny  uozvinaveswmziu lsduuudas q (gzlh 2.4)
a d'i @ o I o = [ 1 < 1 n:'{ v A
eI LeNNAgAvRIAAU WML leduuuanAstinsuoagaaA1A1e 9 sifiuduiledydl
rd =1 1 4' 1 = [ [ d' I'd o (4‘{
nmsueagaaduguivzludadunmezeiiuden (i 1 mie) aau leduuudifugudiie

wiia At W 4 s A ¢ sg 2 ,
ﬂ%uﬂ)i“ﬂﬂﬂ&ﬁﬁl“ﬂmuﬂ’]uaulcﬁﬂllUUﬂ%zlwuﬂlu un’]ﬂ‘U@Qvl‘]fﬂ!lUuﬂﬂﬂgclﬁfymu HAUUIRN

¥
o

veanmeAufnas sunszisdviimsuengaaniiny 2.4 aduwmzeniiugud aeuiididaves
A q o ¢ d A O AP G

atu FM 9z Iegluladuuudnsau dedsiinsusaguamiudiudn adunvzfssla iy

8n (fusnunansiuaassiudwiuaeunsn iwu Wedwiimsueagamiiy 3.1 vinaves

] ' v
- ' o ' d o 1
Wz - 0.3 mihe) dunadafindunmeziluguiiuiieguaioga
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1.0 peyey
0.9 S <
0.8 2
N %,
g0 <
£ 08 b
2 o5 AL T
8 N - T
- 0.4 Y =
g‘ o3 % 2 A -
£ o2 p »\é*",,gei:q\ gPAN arh B
Sl }ﬁﬁ’»\ aaune, 3] il
S CaERELoy T L Gan
a 0 e —— a“ =
&> -0.1 Aoauuw
'F
8 -03 o
-0.4 B
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
- =
drfimIvagian

= a J o
517 2.4 nsnliaaueundsaveswmzias ladiuud luszuy FM

$ o { 4 1 g By L

aslugili 2.4 Wou1@luasadaansluaissd 2.1 e ligdodu Tunitisda
4 P Aa 9 1 c a o a 1 e~
lesuuuaniineunagaioondn 1 wesiFudvesnmeiay (Aeunsagaa) ven i Tagludiils
' 4 o %" o a [ {J 4 ot
19 iiledatinsueng@aiiiy 0.5 LBNNARAVRIN ML IZIMIIAY 0.94 Midy  lwAnuudy

a (- ] c{:// 1w v W { a Yo

usniiueunagaminy 0.24 wiie leAuuudnsgdasen llduaunasslineundgaminu 0.03

] o oA dyd a 9 @ ny Y A u oA d?
U llcmuuuﬂauuaﬂmnummm‘iagﬂuaﬂmmsnmm% INATUNITUIAYIAATIVU

J
2.6 399515111 (Resonance)
< a0 ' v o [ ~ o 3 =
WuaeasNdeTINTeneauivlszg (C) fuvaniamileatih (L) U9ATUI 10109580
4 Tl
9290715 Tostiuus 11299594 (Tune) H5039951514A (Tank) 1T uAY
° 4 @ 4 1A o [ o
20035 Tpuuggminnlfluniessunaziniesdingian . dredagdszasdli

o o A a Y v o A4 a g Y A oA 9
’Nﬂi!ii‘]ﬂmu‘ﬁ!ﬂuﬂ?!ﬂﬂﬂﬂ'J]lJﬂllﬁé‘iﬁlﬂuﬂ?ﬂ’]ﬁu@]ﬂ’ﬂllﬂ‘mﬂﬂ‘i]u 111!{'14?]’31“01156111

a3 [l = 9 1 =1 o 9 1 Qs aiiicl) =)
LﬂumdmummmmnumtmﬂimN%mTmmummui‘vmmmmﬂ‘umm‘uﬂﬁzq gy 2

: ¢
HUUAD ’JQ‘HSLSTW!!UU‘]?!!‘]JU@HﬂﬂJ (Series resonance) 1290515 T UUFI VYUY (Parallel

Q/ d’
resonance) muam‘lugﬂ‘w 2:5

T

¢ ¢
(M) 'mligﬂcmmuwuumgﬂm (V) 290515 T U UL LYUIUY

U1 2.5 29955 Tenuudunnls Lo
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TITNNAVE95 Tsuuudazgonliarmdamiriu1da Sondinidis Tauuud
& 4 ‘ﬂ = s 4 ' v < A
Fulatloun1 s Tsuuudunens Tsuuuduuueynsy assiaaziu Iduniga Taeiiuss
Auanasedlsdiga Hitfeundwdis Tonuudunisess Tsuuuduvuvuny nszndazsi
ny vy { o 1 { Aa 'a P
ldveege Taglussduanasenteesgeiiqa Taodndress Tauuudozdesiinuudiainoey
9/ { [ 3 a g ; M ' 4 4
Tanwddranssiuanuds Tsuuudnedugaazdudriuli 18ganils AdIs o
= <2 Ad da 'd £ 9 A J 1 o wva
HUUBININBNIAINANAIUITAADANLUAIAT  FeD199zn T enTouAUTURg A UnM AR
d:/’ 2 o = o ' 4 ° 13
¥89290313 Tauugiug eligasdinaunand sunumnsmilenihvessuaaiauazfil
' v d o o dy
MANNIYBIANA Y52 9ue 99915 Tauudaail

Fpme—— (2.18)
> 274JLC
é‘( :; d A [ ad
e @ = anuas Tsuuus dnudaidudse (Hz)
L = amsmilenivesuaada indlaiueus (1)
@ = annuguesdufuisyy Hnieduvhia ()

= o o :/’ A ' d'd'al 9 row Y
Tugasneanuieens lyuuus  luunasudiensiuaANuanasImsud  uagdoad

' = ° Ae Y v d P u vy 1Y :3,
AINTIUAIA NN UIIUIUBDIUANIA 1158ﬂ1ﬂ31ﬁﬂ1]6\3@]?!ﬂﬂﬂ55? HIN lﬂmﬂiﬁliﬂa 11]11

ﬂﬁ‘l’ﬂﬂ"lﬂﬁmﬁﬂﬁﬁﬁlB\ﬁJﬂﬁiﬂ

s i L)
=1/(39.51£C)
=0.02531/(£’C) [H]  (2.19)

MIMUIIAAIAINgUesd RSy

C=1/(4T1'L)
=1/(39.51£'L)
=0.02531/(f’L) El - @20

[
1 I

1 a ‘3 't ° 1 =
ﬂ1ﬂ')TNﬂliicﬂl!uucﬁlﬂz‘Uu’ﬂfJﬂUﬂ'lﬂ’]i!'ﬂuﬂ?uW'E'N‘Uﬂﬂ?ﬂllﬁzﬂ']ﬂ'J"Illi!‘U@ﬂﬁ?lﬂU

Qq
[

Uszlusesis Touudfsihaudunnudnifeassldmamisniuazanugad deeld
J o nyo v Y = o A o o [ R4 A
299315 Twpuudyinanu Idrunaeanuddesddauniionimiedunuilszguuulsua1a e

{ 1 4 { 2 ' v $ o ¥ 1o
Taesifasusinnudis Tsuudauilsua 18 dauveunvavesnrwdis Tauuudyuegiu



8oy — L At S el |, Sl e
dUnYRENENtIN_WIveolinnIneesTn
i
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T

Agegauazdigavesgiasal 19050 dedunsdsuaimdnaadslugii 2.6
(M) HUUBYATY (¥) HUVVUIY

317 2.6 290315 TasnuudralSuan 18

Tusesinsessuinginezldrsess Tynuuduuuunu gy 299sgudenaudil
' a a a o A 9 :;I 1
a9 2esldsuanufeeadaames tazleasguauaihuna lumseunlsnuiueeg
i & o o 4
Tuguuuvesndfoutasanuige  FewaataszgniuBousnumeslsqa  msthaawdis Ty
o Y v A o4 3/ S & A yad 1 9
wuud llFaueelfimitenindwanlagnvaniiseamn vielsdsdensnanvienilasiuy

o % A v Ad'
WUUARIABDUIRYT ﬂ\izlh’l 297

P lr 3
DRI /| g

i
(N) HUULLINVARIN (V) llﬂﬂﬁ@llﬂﬂﬁlﬂﬂ?ﬂ

511 2.7 msthdyauaiutieanainaeess Tauuud

/“{ j out put

1 A d‘n
319 2.8 1AAI9DTIUABAAIINDINY

42630



2.7 M3ANBAGIA6 (Demodulation)
o & 44 oy o = v
msuendaaufdenisuenaudie idesmsesnnndyaundszaumdn  Tag
Fuanafitszamdunfusaunmediunnlunsessuingesiinaud 455 KHz Fuiluniud
nalumsiuuazisdides lduenaud 455 KHz senvindyanuumsndsyavun Tunis
H 4 e e A o 1
uenildes 1de1y Oscillator 1NNUBANHAAANNATIIAVANDTITIABINITUEABEN A2DE
vy Y B A s a a A v 9 a4
WUABINMIIYN 455 KHz dosldesadammasnanndiud 455 KHz sanie lUndenudd
'y V9o [} Ao A 9 Aa LoR] 9 v
lidesmsesn udrvzladyanainmsitunie msadesadammesdiunegldm Le

Oscillator 1ug1/msuyeIn1sABEYATUIAZNITABYUIY

- 1734999 Resonance HUUBYNITY
(Series Resonance)
R ! C

/Jii_____A\/ab/\Vr_______J”V’“’V’\_____j>}_____Mﬁﬁﬁ

A% ( ’A\L,/) R,

—

(]

AL
<

.

319 2.9 2995 Resonance H1UBYNTN

Tureesgiii 2.9 9214

vV, (s) - H(s) = R, (2.21)

v.(s) RS+SL+L+RL
SC

R, ‘S Resf"R{
_ RyRR, L

(2.22)
s? +s(_—~RS +RLj+ :

H(s)

T 5

K : Passband gain
R-+R

Anudguinan w, = — [R/s] (2.23)

Red f R

-3dB(BW):BW =— = [R/s] (2.24)

1 L
o LT
Re PRV E (2.25)
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o
499 Resonance !!UlJ"UuTLm?@?lWS!WNﬂ

(Parallel Resonance or Tank Circuit)

el
N
U;PU
AVAVAY:
=
L)
5
Ayl
/|
A
AVAVAY.
o<

3171 2.10 7993 Resonance HUUYUIY

113199939 2.10 9z IdAweniiuaud Y. azdisuilu

Vel SL +R +S’LCR
VoD o s S

kAL SLR
£ : < vy
%9 v, =iz, agh z, = 1/Y, 9214

1

o i1SLR LCR
& SIS AN ! 1R
LCR
{e)x]
A\
© =2(S)= : 1 (2.27)
‘ A S(—j o
RC LC
Rs[_l_j
¥ RC
Lok = ] 1 (2.28)
S+ — |+ —
(5e) e
w g __1__..
P \/EE (2.29)
1
ae'14 AL (2.30)
@
9, ° i (2.31)
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foe1a 29937 1181 Tunmiinu s luna Detector M1 192995 Quadrature tank

1 > SOk == 470 ud
255p

a
jj‘Lh’l 2.11 gﬂ’Ni)i resonance HUUUYUTU
1

]
g =
" 2mJLC k2251072 %470 x 107
f, = 460 KHz

1
BW = ;

27RC  27x39x10° x255x10™2
BW = 16 KHz
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YN 3

avilszneuvean3eIdInauINgsTUL FM

yaisuduveamsadingtiulszaeudas msaddyanuniumifisondt unsisesi
{UBISHU (Carrier generation) Wdyanudeyanseidodllueagan udrvehmsveedyy o
A 1 Y [ A asine A o da =) 9 o
iemeen lfemeememiednhaduiludygnuaiwding RF) Tagiesadndyys

q

QA a e | 9 P Al sasi [ &
WINCNABDDAYNUAIADT YIADIYONIUINUIIVIVYIYINBIWNNIAINIDBN Vll]ﬂllﬁ"lﬂ?]']ﬂ']ﬁ PIUI

v
Yo A

munsneduiedulszneuveunies dadaynn laaail
[ y d 1 a
1saNaduaNanauNY (Carrier Generator)  Tagaaumnazifluasesaianen
a 4 . & 9 o d'td' 9) 9/ ~ =1 =)
paaTAIAIABS (Crystal Oscillator) ¥49z I daamaIdRdeIn1s IAMssasaazliadesnm
~ 1 v A 1 o Jd Y P Aa I'd
3 Tasdnanniniinisaenasvneiivesidh luiwensnissesadamasioonain Tnaaiu
o a a4 A ' a I =
mstlesfumsnlasunnuiiissnam Inanvesissesadamnesimsnfasuntadlyl  uas

i

o o ° o a a a b 2 <
wen nuAde1din e R L.C Wudesagammesondas ludsygrinwuiildmatengllu

'

-

v = ¢
MsaseANRAAUIY
1995189 aAT Yy 1% (Modulator) msudasnuauiifuesdyaunme 14
o = Y] A A Ay '
anyuzaumsnlasunlavesdeyanie@oayanaeanisas
3 o [ YA o W P g o = A’/'
2995988 (Amplifier) Hunsverelugluuuan g ilidasiusdyuniudy Tudy
AeufiaeAufIei1TUNTVINMATATIenoufivzeen liidge 1A
a A J A F . 4 [~ &9 9, o A '
2199593 UAUBLNATA (Impedance Matching circuit) (J1299sn1ddmiuenaese
MINTVIIBAWDINYG (RF amplifier) Tundaymaiieldoreneasidelifanade 1114
A a . 3 Y ' o A Ly (v £ Yy
nnfiga M3z IfTimshendnumniganniesvnsganil ludenyaniazded
1 =y 4 1 v oAl el o 9 o U aliiey 4 A
Avessufiaudueda9asus AU BURIAUFUITIvesIesaa i) 29sBNALAUGINAT
o ) v q : { 1
Tagialt  ifunsesvesdniuazdnnuilszqy LC (Inductors and Capacitors) MR UinunIsee
1 o 1 ' 1 @ { <
99 g Tasaniogy L uagIassthegl T wSeerndundenagd Tarmidlunnunanan
) ¢ :
39 11MBIBEA (Toroid)
5 e o o a0 o
29930 ¥VIUNISITBS (Speech Processing Circuit) 11439958 nAIUN TN
d‘ % a d‘ 1 ' nﬂ' | a d' 9 o 7 7 u'/
Aeafudsdluszuuveaasesds 1wulumiesdserniinesilddmsvileenunisuengodu
waiu 1) (Over Modulation)  1138A28819893993NTTVIUMIALI 1FUNITTINAVUIAYSS

) b % £ YU a [ [ P}
o4 (Voice Clipper) #4149 la Toalunisaaueunagavesdyaian lunisueaqaadyyiuidos
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3.1 #ANN15¥1191%4989 Phase-locked loop
< d
madengiiszneudinafmames (phase detector) guHaI®S (loop filter) @z
, 2 a J ° { o

voltage controlled oscillator  (VCO) Funladmamesszsimihmssudsumavesdaya
a Y [ 9 [ A d 2 a v W
suwniuMavesdyamues veo uazldussdu (mienszua) mynaaivuiaulsfununa
1 o o/ u’:/l o 9 P 4'1 1 a LY a =1
anvearlr  dwmugviflamestiuszshmihiiemaAunasvesdygudunnINafivg

4

we$ Tasdanaeniymangiitanesesgnldifieniuan vco

- lunsdif Wi dyanuduwm Fyagraewiwmnngiflamesesidugud Fazeild
VCO 88a@AIAABYNAINA free-running

- iledyanadunnaand o, = 277, Tagit 7 fimlndfy £, fyanmen veo oy
synchronize 1) ﬁlﬂluﬂﬁfu 51!1‘!1’1

- lunsif PLL 11t lock agfudanuBunm amnwlvesdya n Veo £, = £,
Tasfinamaadingd ¢,

- 1 £ wAsudased g PLL Ssusafiezaniensuduyanadunn 14

- Lock range finga9amdfi PLL amnsosnuinisdensudaanasunn g

- Capture range #9929 MA7 PLL 01130 lock fudaynnadunnld (onanas
unlocked L%Wdﬁmw locked)

- Tawdn@ Capture range 121i08n31 lock range

- a3mAves VCo Q.. =a \HKV, (3.1

Ta El“ﬁ : @, = free-running frequency
K ,=VCO gain
V= error voltage fidu veo
- Output YDA phase detector
Vi=Kpp, =Kp(9, - ¢,) (3)
Tagfi K = phase detector gain
¢, = phase difference (@, —@,)

= Y
- Output phase Y84 vCO aansaidou 1didy

b0 (D)= 8, |-t [ @, (D)l

o KV,

A S

ose

$,(s) = (3.3)

~. VCO mu1599n§1a89msyaIuAIY integrator
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o I sK , AF(s)
JUU — =
¢, stk K AF(S)
:& sF(s)
K sk F(s)
iife K, =K K A

v W 4 1 [ Al
- w?ammr{uwuﬁssmw V, ny Aa)s (frequency deviation)

18
Ray, s on K

s

S K J(S)

3.2 1A50989 FM

9/
Tunmsihauvesmadeszlszasudigniaaig q dedneaisd

(3.4)

o Z :l_V_ve;:fL_[_F(L} (3.5)

total dc loop gain

3141 3.1 IHUNINYBINIAAY INYTZUY FM 11U Narrow Band

MOD IN
Mie Psr(e A Compress [ > VCO Vl‘ Buffer V2 ‘m
MC33110 2SC535 2SC535 7| AMP
LPF Vx
25C181'5%2
PLL
CH1 Tx MC145168
MOD IN
s Psr(e il Compress | » VCO Vl‘ Buffer & ‘m
LPF MC33110 Vx 2SC535 2SC535 7|Aamp
25C1815*2
PLL
CH2 Tx MC145168
MOD IN
I P8rLe s Compress I > VCO Vl‘ Buffer \ ;m
MC33110 2SC535 ] 2SC535 AMP
LPF VX
25C1815*2
PLL
CHn  Tx MC145168
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v
A o 7

3.2.1 malulnsivudSuend uazisesnsesnnudedimiu

e < v & ~ > i o et
mthivnedyyiannlulas Ty Gedlvinadaldlianuusediu fsawediezii'ly

% d‘ Jd [] ,:'1 4'{ v aq Y d'sl = d’a
HaeaanuUAAUNIN l!ﬁ%lﬂﬂﬁ'?ﬂﬁu\iﬂlﬂﬁ LPF lW@ﬁ@QﬂUNiﬁﬂ?'maﬂJN!ﬂfJ\i‘VI!ﬂWlﬂﬂﬂ"l‘i

o a o = o A o 4 .
veagradun iyl dyyraignueonda sdesgnirdanuudian Tavasesnsesaiunem
o a/ d‘

i Taglda993nseennuddriunuutiamesiisn suaud 3

[
v o oA

[ [ 54 )
Q1 svhmiiiaiiuisesvensuas dIunT89AINDE LB UALT 1

I~ atiig Ty v W $ 5 ' { o
Q2 Hlu95n30IAMAGIIU SUALN 2 Felarnnudaneerlszun 5 KHz

Vce
10uF:+ 124
‘ 2K
2>3K9 i |
> WA WV
180K 3K l 3K3 - Q
| 20 l— To COMPRESSOR
180p =
MIC 'T 2
B & L
¢ 3.3uF s Ql S ’
< 1K
T 2
—i‘ = 2SC1815*2

{ = ]
311 3.2 2995veanailsuendl naz LPF

3.2.2 mmmwwwa% (Compressor )

o 4 £ o
151993598 MC 33110 falugiin 3.3 GedudenyhnuluTvuaneumwsy oz

'
[ o/ I

o é o 1 2 1 $
Mouduiesvee Fwfusvannsvee Tavgasiuaudisssaudyanadimadr dunde

v o A s/ 4 o v 2 oV "o a
‘U?J\ﬁ%ﬁﬂﬁmuﬂﬁmﬂﬂwm'l %:Qmﬂaﬂmﬂu ]ﬂ@i\i Hadul 1ﬂﬂ3ﬂﬂuﬂ’]@ﬂi1ﬂ75ﬂﬂ‘]ﬂ Tﬂﬂllﬂ'«]'m

v o

4
UWUD
1 Vin
D)
[V = o A ] A o A
Aelugin 3.4 dyyranivinaan swgnues Tuvagidyauiianuussszgnas

v (3.1

¥

& = ° Yo 1 o [RSeY) a K [ a d
NnouU mwma'ﬂﬂﬂemmaummﬁmumuwmmﬁngnymi‘umuﬂ‘uu l!ﬁzﬁaﬂﬂUﬂWﬂﬂﬂTm'}'ﬂi
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D3 D2 =Dl DY CH# | f_,(MHz) +N | £, (MHz) +N | f,,(MHz) =N f,,, (MHz) =N
0 0 0 1 1 49.670 9934 35.915 7183 46.610 9322 38.975 7795
0 0 1 0 2 49.845 9969 35.935 7187 46.630 9326 39.150 7830
0 0 1 1 3 49.860 9972 35.975 7195 46.670 9334 39.165 7833
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NOTES:
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From PD /\/\ /\/ Jo VCo
vi v2

R2

I AA—

3191 5.4 LPF #1191y PLL

91112995 1UgN 5.4 azoun1sn 3.5

\% 1+St
) V, 1450t +1,)

t, =R,C, (5.3)

(5.2)
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T, =R,C, (5.4)
Aved T, 7, dunsanildein

K
Tita o= JK*C’Z (5.5)
Nmeanwn
_%

w

n

T (5.6)

4759/
3

K, =enifiveuadimames lunitliia= V. /4n V/Rad

K, =fnddivesveo= 277 yeomax ~ Fucormy) R/S
vco
ccoMAX VccoMIN V
ok a
N ean = 15N 1088 = /Ny Ny

v o

e
W, =Natural Frequency %84 Loop Iunisldamiilu  @duanziaind

27 F : 14 ¢
w, < ——loﬂ Tagd F, Aoamdnmutiveudafmames

¢ = damping factor ¥89521U PLL Taena ldazIdan & Uszua 0.7 94 1.0

[

= o1 <
MsAeUAUeIAIMAVIN3 Tugh 5.4 vzifludsgiin 5.5

IF(S)I
A
1
R2/(R1+R2)
wp Wz W
311 5.5 MsneuaUBIANAVEY LPF Tugilil 5.4
1
W, = Pole Frequency = ——— (5.6)
T.hT,
1 .
W, = Zero Frequency = — (5:7)

T,
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5

R2/(R1+R2) =
L
Wpt Wz Wp2 w
51/l 5.7 n1seeuTUBIAINAVEY LPF Tugili 5.6
o 9 A
Tagild w,, >> w,n3e C, >> C,
1
W, N (5.8)
Ty I T,y
laa  ©.=(R, +R,E (5.9)
. —R.C (5.10)
1
W, -~ (5.11)
T2
1
el (5.12)
p2
T3
4 1
Tagh 1, (5.13)
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oz (5.6) 1 w, ~5 RS uag S=19z14 7, = 3.9 Sec, 7, = 0.4 Sec

@donn  C, wzlddwes R,1H C, =22uF eld R, =18k uag
R, +R; #157.7K ¥ R,, =100k, R,y =56K

910 7, ~ 0.4 Sec 914 w, = 2.5 RIS W w,, ~10 w,, =250 R/S 9zld
C, = 0.1vF
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Date: 19/07/01 Time: 16:16 Date: 139/07/01 Time: 16:20

TRACE RA: Ch! Spectrun TRACE A: Chl Spectrum
zo&.,ﬂ&‘.'f.’.‘” 46 631 750 Hz 8.027 dbu R_Murker 46 632 500 Hz -0.323 dBn
aBrt : : dbi i i :
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: | - L
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y Ry

dBn: SISt % : i Jogs
Center: 46.63 MHz Span: 100 kHz

iyl

St A
B ]
-80:
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Foefi | Aawd MH2) | v (V) Po (mW)
1 46.63 0.89 15
2 46.77 1.00 20
3 46.87 1.02 20
4 46.99 1.28 82
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1.31
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41.43
41.58
41.79
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41.8
41.9
42.34
42.92
42.92
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32K 1.3 42.3
40K 1:1 40.82
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1
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MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1, MMBV2107LT1 thru MMBV2109LT1
MV2101, MV2103 thru MV2105, MV2107 thru MV2109, MV2111, MV2113 thru MV2115

C7. Diode Capacitance Q, Figure of Marit TR, Tuning Ratlo
VR = 4.0 Vdc, | = 1.0 MHz VR = 4.0 Vdc, C2/C3p
pF f = 50 MHz f = 1.0 MHz -
Device Min Nom Max Typ Min Typ Max
MMBV2101LTI/MV2101 6.1 6.8 15 450 25 2.7 3.2
MMBV2103LT1/MV2103 ;9.0 ; 10 1" 400 2.5 29 325
MMBV2104LT1/MV2104 10.8 12 13.2 400 25. 2.9 W ei32
MMBV2105LT1/MV2105 13.5 15 16.5 400 2:5 23 3.2
MMBV2107LT 1/MV2107 18.8 22 24.2 350 2.5 2.9 3.2
MMBV2108LT1/MV2108 243 27 297 300 k225 3.0 3.2
MMBV2103LT1/MV2109 29.7 39 36.3 200 2.5 307 3.2
MV2111 42.3 47 54.%, 150 2.5 3.0 3.2
MV2113 61.2 68 74.8 150 2.6 30 3:3
MV2114 73.8 - 82 90.2 100 2.6 3.0 3.3
MV2115 : 90 100 110 100 2.6 3.0 3.3

MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1 and MMBV2107LT1 thru MMBV2108LT1 are also available in bulk. Uso the device title
and drop the “T1” suffix when ordering any of these dovices in bulk. ;

1.

2.

PARAMETER TEST METHODS

CT, DIODE CAPACITANCE L
(CT = Cc + Cy), Cy is measured at 1.0 MHz using a
capacitance bridge (Boonton Electronics Model 75A
or equivzalent). 3

TR, TUNING RATIO
TR is the ratio of CT measured at .0 Vdc divided by
Ct measured at 30 Vdc. .

. Q, FIGURE OF MERIT

Q is calculated by taking the G and C readings of an
admittance bridge at the specified frequency and sub-
stituting in the following equations:

2xiC

=

(Boonton Electronics Model 33AS8). Use Lead Length
~ 1/16", :

4.

TCc, DIODE CAPACITANCE TEMPERATURE
COEFFICIENT

TCc is guaranteed by comparing Cy at Vg = 4.0 Vde,
f = 1.0 MHz, Tp = —65°C with C1 at VR = 4.0 Vdc, f
= 1.0 MHz, TA = +85°C in the following equation
which defines TC¢:
J oC1l{+85°Cl&CT(#65°C) 106

85 + 65 Cp(25°C)
Accuracy limited by measurement of Ctto = 0.1 pF.

TEL



MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1, M
MV2101, MV2103 thru MV2105, MV2107 thru MV2109,

TYPICAL DEVICE PERFORMANCE

FIGURE 1 — DIODE CAPACITANCE versus REVERSE VOLTAGE

MBV2107LT1 thru MMBV2109LTH1
MV2111, MV2113 thru MV2115
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. : BB204B
BB204G

FOR DETAILED INFORMATION SEE THE LATEST ISSUE OF HANDBOOK SC01 OR DATASHEET

SILICON PLANAR
VARIABLE CAPACITANCE DOUBLE DIODES

The BB204B and BB204G are double diodes with common cathode in a plastic TO-92 variant, primarily
intended for electronic tuning in band 11 (f.m.). They are recommended for stages where large signals
occur (e.g. oscillator circuits). :

QUICK REFERENCE DATA

For each diode:

Continuous reverse voltage VR max. 30 V
Junction temperature T max. 100 ©°C
Reverse currentat Vg = 30 V Y < | 50 nA
. : BB204G_ | BB204B
Diode capacitance at f = 1 MHz
VR=3V Cy 34 — 39 | 37 — 42 pF
VR=8V CH 22 — 27 | 24 — 29 pF
. C GV pi=i3 WA
Capam}tance ratioat f = 1 MHz m 2,5t02,8
Series resistance at f = 100 MHz
VR is that value at which Cq =38 pF 49 zp' gi g
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-92 variant.
; : ) R ﬁ—i 040
1 3 : — ] min
2
~—52 max —+~|+——— 127 min —m8M8M
- — ] ]_.f 0.49
e, max
4.8 SR el
max B J
I ]

7270994.3
diameter within 2.5 max_*' ’
Is uncontrolled :
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TECHNICAL DATA
Low Yeltage Compander

The MC33110 coniains twwo varia
compressing and expanding the dynamic rang
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| Name = Pin I ption

l Vot 1 Normaliy this pin is not used and s Iefi open. it can be uscd to make limited

i .

| adjustmenis to the 0 dB levei. Any noisc of icakage at thes pin will affect the 0 dB leve!
l and gain tracking.

{ ~NC 243 NO connection. Thasa pins arc NG nier: connecied

% Zxpancer Friter 3 Connect io an cxternal czpacitor to fiiter the full wave rectifier’s outputi. This capacitor

affecis atlack and decay inmes, as weil as 10w frequency accuracy.

4 Ouiput of the expander amplifier.
2 The inout impedance is nominaily 3.2 A Nonungi signal range is 3.16 mVrms to
31 mVrms. Nust Be canacdor coupied 10 the signal source.
\ 5
: - H 3 . o \ : s
Vi 6 | An interneai reference voitage, nomunaiy Voci2. Thas is an AC ground and must be well
) SO SURDLY TPACLCn and low Crossiaik.
1
Grourne i 7 Sower suppivgrount
g ad rectiier. Normaily the signal is
! Cinout impedance is neminatly 3.2 k().
| 5
! ]
!
! iC | Theinputimpedance s nomunaily 12 Nominai signai rangeis 100 uVrms 1o 1.0
1
VZ i ifier’s outputl. This capacitor
1
i . L §
! Ps iR/ and 7.0 V.

TRANSEEREUNCIHEN S EXPANDER
COMPRESSION EXPANSION
s —
S A2
13¢5 3
063 s
2 4 i
2 i
.r ! -
Wy H N
= e Y N
‘1,:_: = : \lr‘ = 1—2 £ RS—‘—'X ‘l‘,inz
ot T o a
T fi) x Ry x lief
= il x ‘-"mz




ABSOLUTE MAXIMUM RATINGS

[ Rating

! Symbol ! Value
T -
| V¢ Suppiv Vohage E s
: :
High Input Voltage (Pin § & 10) Vi e sis 00
Lows Input Voltage ViL i =05 ide
: Ouiput Source Current {Pin & & 11) Ig- | Set:Limue
i Cutput Sink Current i9==a 20 AL
= * H
! Junction Temperature | Ty 1 -65 +150 ! C ;
Devizes shouwd not be operated at these values. The “Reconimended Operating Conciticns™ 1abic
Nrovides condions for actual device operation.
RECOMMENDED OPERATING CONDITIONS
! Characteristic | Symboi in i Typ ! fax Unit !
! : . 1
Voitage i Hals 20 | = 7.0 Vide 2|
2 1
: A : : ; i Vrms !
‘ : B o i 10 i E
s} , — | 2.25 i
3] = } J.216 ;
: H
o Z = i R T 1
Apul Froqucncy 7 5 — : 23K Higen
: D G 3 i [}
; 128 mV) 356 _e ; P
! el — 7 H i
P = .3 — R8s teea
W = L S 3 oS 3
SirgF < i Typ i Slax :
: = : ! I ma
; e ‘ 5 35 : :
e oy i - :
) i :
5 i 2.5 2.6
o . #Yec? = :
U L : d P d
R : ! i Co i
4 i i £ : ;
- | 0 ! Wy : !
. i i \ s
3 5 5 s
Gic - | HI0RC e
: — = ]
4 = L mVems, euipet rataiive o Gieo) — -20 ! — i :
- S et 10 G,coj : -3 =305 -2 :
ot i Digtortion T \ ! o
: : 5 0.1 i | |
i i I et
i : I 43 i
1 1
1 —— 4 22 — i !
et — 6.0 — Loms
H il ! — 20 i — , ms i
3 i = ; ; {
Pin 10 i Sin i — 10 — i 138!
PinIg ; — 3.2 — |
Pin i1 i i — 0.3 A I omA
leeveaia ! I mvdc
i i -150 0 4150 ‘l
| H
| | - 50 -




ELECTRICAL CHARACTERISTICS (Vg = 5.CV.f = 104

L umiess oshervase noted, Ta = 25°C, sce fgure )
s
Characteristic | Symbol l Min I Typ Mar | Unit I

r—-‘
G

EXPAIDER
0 d8 Gain ' S(e0) |
(Via = 100 mVrms, Pin i = open) | -15 0 1.5 g
Gain Tracking i Gy B
@ Vin = 316 mVrms, ouiput retative to GieQ) E +13 +20 +21
@ Vin = 31.6 mVrms, output relative to G(EQ) i — -20 —
j !
|
i

@ Vi = 10 mVrms, ouiput reiative 1o Gz Q) — =401 ==
@ Vi = 3.16 mVrms, output retative 10 GEQ) - 61 - 60 -se
Total Harmonic Disioriion THD %
Vian = 100 mVrms, { = 1.0 vH2 0 0.08 5
Power Supoly Rejection I = 1.0 xHz, Cug = 10 wf) 1 pSRA i 37 o iR
Alack Time (Capacitor @ Pin 3 = 2.2 uf) RS = 19 S 1 ms
é Decey Time {Capacitor @ Pin 3 = 2.2 ufF) : Tty — : 20 — ms
i Lo — N\32 . 0
: - Bt [ 00 -— mA
i 1 oTa) 9 mVdc
i ctto Pin€, N0 SIGNAL l - 150 0 +150
i SIGNAL {0 316 mVamsiat input | — 25 —
Ay , lpd B
: 12,5 0 SpAS
bo25 0 +2.5
e 0 L eSHE 1
o et i B
/ !
! |
E 43 a3 - |
1 = 66 =~
507 i0 Exppfder BB nve o gl B1'%Pin 4 | |
1.0 Vems, = 1.5 sy P65 107 e
1.0 M s, O3 a2 i e ild 5 |
| !
FIBURE 1 — TEST JACUIT
Comprassor
Output

p
c _J‘ gias &
2R Aterence

Gensiator

Compressor
Input




EXPANDER
FIGURE 3 — EXPANDER TRANSFER CHARACTERISTICS

COMPRESSOR
FIGURE 2 — COMPRESSOR TRANSFER CHARACTERISTICS
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FIGURE 14 — ATTACK AND DECAY TINES (COMPRESSGOR] FIGURE 15 — ATTACK AND DECAY TIHAES (EXPANDER)
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COMPRESSOR

FIGURE 20 — COMPRESSOR CAIN TRACKING
versus TEMPERATURE
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FIGURE 22 — CONPRESSOR THD versus TP ERATURE
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FIGURE 21 — EXPANDER GAIN TRACKING
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FUNCTIONAL DESCRIPTION

introduction

The MC23i11C compender {CONMipressor and
exPANDER) is composed of tvwo wvarigbie gain Circulls
which provide compression and expansion of the signal
dynamic range. The compressor witi taxe 2 signal with
an 80 dB dynamicrange (100 1V ic 1.0 Vrms], and reduce
that to a 40 dB dynzmic range Dy aticnuating sirong sig-
nals, while ampliiying low level signals. The expander
does the opposite in thai the 40 GB signal renge is
increascd to e dynamic range of €0 d2 by amplilying

sirong signals and atienuating iow level signeis. The 0 &8
level is internally set at 100 mVrms — that is the signal
level vinich is neither amplified nor attenuated. soth cir-
cuits coniain the necessary precision full wave rectifier,
variabie gain cell, and temperature compensaied refer-
ences required for accurate and stable performance.

Note: Ali dB values mentioned in this data sheet, unless
othenwise noted, are referred to 100 mVrms.



Compressor

The compressoris an operational amplifter with a fixed
input resistor and a variabie gain cell inits feedback path
as shown in Figure 24.

FIGURE 24 — CONMPRESSOR
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The ampilifier ouiputis semplad by
which, in turn, supp(ins a DC s:gna:
tative of the rectifier’s AC signai, :
The reference current {ige) is an int2rnaliy generaiea pre-
cision current. The eifective impecance of the varia
gain celi varies with the ratio of WO currenis, and
decreases es IConirgl increases. tnareby providing
comprassion. The cutput is rei tSaine, NG/ fine
{oilowing equation:

Vour = 93162 x WVin {EQT 210 m i

In terms of ¢B levels, the relatiorzro is:

Vouilds) = 0.5 x VinidR)

vihere 0 €8 = 160 m¥Yrms (see Figu-s

The inputs 2nd cutput are ;
Va (Vg2 end must therefore be
external circuitry. Pin 10 input impzlance is nominally
10 k01 (= 20%), and the maximum iunciional mpu sxg..al
is shown in Figure 18. Bias curren:s required by the ¢cp
amp ang ihe variabie gain cell are intarnaily su;,p.lsd.
Due to ciamp diodes at the inpui {to Y¢c and ground),
the input signal must be maintaingc Datween the suppiy
rails. If the input signai goes more than 0.5 V above Voe

or below ground, excessive currents will fiow and dis-
toriion wiil show up at the output.

When no AC sigrals are present at the input, the var-
iable gain cell wiil aitempt te set such 2 high gein that
the circuit may become unstable. For thisreason resistors
R1 and R2, and capacitor C1 are added to provide DC

ability. The pcle formed by R1, R2 and C1 should have

o
~

[Q]

acitor coupiac t
y

O- = Cuisut
VI :— é}f}(
2
5 W0k |
A2 Wi
|t

coie ireguency no more than 1/10th of the iowest fra-
ncy of interest. The poie frequency is cziculeied from:

(Equation 3)

component vaiuves shown, the ccie frequency is

beiween Pins

cted such in conjunction

ance at Rin g (-‘32"-3 N, ‘20°/\

2ncy IS NO Mor2 i :

With the \_ompomnts shc~.~m, :he poie {re-
ed

ise, the cans

305205 from:
- 1 Z : 4
P (Zquztion 4)

27Na3: 20 % €

The output of the rectifier is filtered by the capacitor at
Pin 12, which, in conjunction with aninternal 10 k resistor,
orovides the time consiant for the attack and decay times.
Figure 14 and 16 indicate how the times vary with the
apacitor value. The attack time for the compressor is
aiways faster than the decay time due 1o the fact that the
reciifieris fed from the output rather than the input. Since
tne output is initially larger than expected (immediately
after the input has increased), the external capacitor is
charged more quickly during the initial part of the time
constant. When the input is decreased, the time constant
is cicser to that calculated by t = RC. If the attack and
decey times are decreased by using a smaller capacitor,
periormance at low frequencies will degrade.

0O



Expander

The expander is an operational amplifier with a fixed
feecback resisior and a variable gain cellin its input path
as shown in Figure 25,

FIGURE 25 — EXPANDER
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~Cinputsignal, to the varizy
i (‘.,ef) is an internally ga:
iective impedance ¢
. ine retioloi the \\

o= G e a2 S CUadie O
the relaticnship is:
{¢3) (zguation €}
wirzme 0 d2 = 100 mVrms (sce Figure 3 and 3)

~e inpuis and ouiput are internal: ia
; : therr ore be capeciior coupied to

. ine input impedance &t Fin 5 is nom-
{=20%), ar :.' the maximum {unciional input
Figure i8. Bias currents required by
varizbie gain celi are internaliy sup-
p dioces at the input {10 V¢ end
groundj, ing input s ig'\al must be ma:niainad between
e suppiy rzus. If the input signal goes more than 0.5 V

Caicol

or be‘ow ground, exXCESSIVE Currents wii 1oy,
n will show up 2t the output.
of the rec imar xs xlh"f&d oy m cap

alue f the attack and decay timss
cv usmg a smalier capaciior, performancs
es wiil degrade.

n2 ViC33110 requires a power supply voliags s
2.1 2ngd 7.0V, and a nomina! current of 3.5 mA.
s<ouiv voiizge should be well filtered and ires oif rizzia.
minimum of 4.7 uF in paralie! with a 0.01 uF capzaciior
zcommended for filtering and RF bypass.
= {Pin €) is an internally generated mid suppiv
2 2, 8ndis used internally as an AC ground. The ex
pacitor at Pin 6 filters this voltage, and its v
s ith2 power supply noise rejection as shown in
:‘1 ough 9. This reference voltage may be usa< 0
ternal circuitry as long as the current draw is lim-
<i0 A,




APPLICATIONS INFORMATION

Signal-to-Noise Improvement

Among the basic reasons for the original development
of compander type circuits was 1o improve the signal-to-
noise ratio of tony distance telecom circuits, and of voice
circuits which are transmitted over RF iinks (CBs, walkie-
taikies, cordless phones, etc.). Since much of the noise
heard at the receiving end of a transmission is due to
noise picked up, for example, in the ainvay pertion of the
RF link, the compressor was developed to increese the
low-level signais at the transmilling end. Then any noise
picked in the RF link would be a smailer percentege of
the trensmiiied signal level. At the receiving end, the
signalis then expanced back Lo its original lever, reisining
the same high s:gnal-to-noise ratio. While the above
expianalion incicaies it is Not necessary 1o alienuaie
strong signais {ai the transmitiing end), abenrafitof doing

thisis the recozed dynamicrange which must be hancied

by the system transmitter and recciver. The MC33110was
designed for a two-to-one compression and expansion,
i.e. 2an 80 dB dynamic signal is compressed to a 40 dB
dynamic range, transmitted to the receiving end and then
expanded back to an 80 dB dynamic range.

The MC33110 compander is not limited to RF or long
distance telephony applicaticns. It can be used in any
sysiem requiring an improved signal-to-noise ratio such
as teiephones, speakerphones, tape recorcers, cigital
reccrding, and many others.

Sccond Expander

nould the application require it, the MC331
cred as two expandars by reconfiguring ne com-
pressor side as shown in Figure 26.

ilican He

O\ el 8 AT ER

: 7 4 SR S O N
i

p ==

Power Suppiics, Grounding

The PC bozrd layout, the quality of the power suppliss
ancd the ground system at the IC are very imporiant in
orderto obtein progzr operation. Noise, irom any source,
coming inio N2 cevice on Vg¢ or ground, can cause 2
distorted outout, of incorrect gain level.

Ve must oe decoupled to the appropriaie ground at
the IC (within 1" max) with 2 4.7 uF capacitorand a C.C1 pF
ceramic. A tznialum capacitor is recommended for the
lerger value if very high frequency noise is present since
electrolytic cepacitors simply have too much inductance
at those freguencies. The queaility of the power supply
voltage shouid be checked at the ICwith a high frequency
scope. Noise spikes (always presentif digital circuits are

: this IC) can easily excead 400 mV, and i ¢
int0 tne iC, the output can have noise or distor:

reduced by inserting resistors and/or infuciors
~z2n the suppiy and the IC.
if swvitching power supplies are used, there wiiiusuaiiy

or

be scikes of 0.5 V or greater at frequencies of 57 kHz 10
1.0 /Hz. These spikes are generally more dificult 1o
recuce because of their greater energy conient. !In
exireme cases, a three terminal requlator (MC72L05ACP),
with appropriate high frequency filtering, shouic b2 used
and cedicated to the analog portion of the circuit.

Trhe ripple content of the supply should not zliow its
magritude to exceed the values in the Recommended
Operating Conditions table.




The PC board iracks supplying V¢ 8nd ground to the
MC33110 shou!d preferebly not be at the tail end of the
bus distribuiion, aiter passing through 2 maze ol digite
circuitry. The anzlog circuitry containing the MiC33110
shouid be close 1o the power supply, or ihe connecior
whare the suopiy volizges enter the board. 1V is sup-
plying considarable curient 1o oiher paris of the bcard,
then it is prefareble 1o have dedicated lines from the
supply or conneacior direcily 0 the MC33110 and asso-
cigied circuitry.

PC 3oard _.‘.on_.
Aithough this G

& zulio

~300 kHz, and can therefore oscillate at frequencies out-
side :re voiceband should there be excessive stray capac-
itance or other unintended feedback loops. A solid
~~r\u1d plane is strongly recommended to minimize cou-
oling of any digital noise into the analog section. Use of
wire wrapped boards should definitely be avoided.
Since many applications of the MC33110 compander
involve voice transmission over RF links, care must be
12ken in the design of the product to keep RF signais out
of the MC33110 and associated circuitry. This involves
srooarlayout of the PC boards, the physical arrangemant
of ine boardgs, shielding, propar 8F ground, etc.

frequency ci
GLOSSAR
LR 85 ¢G-n — indicates @ d8m measurament relative 10 3.0 2N
~ow2ar iovei into 600 .

s&F =T enis JOIBBT = &3

dBm — An indicaticn

600 0 or 0.775 V rms,
telscom zZoiications.

AR g
Com oYl

I

20 x iog {Vrmsi0.773}, or

G3m
te] 120 x log {(Vrmsi) = 2.22.

m

It

«

olitude (incrzz

aft pasalr‘ » zn amplifier, ¢
age UsuaHy n d8, an increzsz2 is 3
scs.uive number and @ decraass is @ negative nuimler

3@‘.«:’% SUPPLY REJECTION RATIO — The azitv ¢l 3
1o raiect outputling noise, cr ripple, which is oras-
.’. e power supply ines. PSAR is usually exorassed

SIGNAL-TO-NOISE RATIO — Thz retio of the des’
unwwanted signais (noisei within a de
range. The larger ihe number, the betier.

VOIiCEBAND — That portion of th
~s=2Z forireansmission across ine
¢, it is 300 to 3400 Hz.

2 zudio frequen
telephone sysiem. T




MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance [Information
Dual PLLs for 46/49 Mi-iz

Cordless Telephones
CMOS

These devices are dual phase-locked loop Irequency synthesizers intended
for use primarily in 46/49 MHz cordless phones with up to 15 channels. These
pars conlain two mask-programmable counter ROMs lor receive and transmil
loops with two independent phase detecl circuils. A common reference
oscillator and relerence divider are shared by the receive and transmit circuils.

Other features include a lock detect circuit for th2 transmit loop, illegal code
delault, a bulfered oscillator output for mixing purposes in the system, and a

5.0 kHz tone outpul.

o

Maximum Operaling Frequency: 60 MHz & Vi = 200 mV p-p
Operaling Temperature Range: —40 to + 75°

Operaling Voltage Range: 2.510 5.5V

On-Chip Oscillator Circuit Suppors External Crystal
Operating Power Consumption: 3.0 mA @ 3.0V

Lock Delect Signal

Standby Mode {or Power Savings: 1.5 mA 2 22V

* Two Versions:

MC145168 — Up to 15-Channei RCHi it
Channel Pair Selection
MC145169 — Up lo 15-Channel ROM w.1!1 Szrial Interface for Channel
Pair Selection
Custom 20-Channel ROM Versions of the 1.iC" <
Consull Faclory

=~ <-3it Binary Code incut for

5169 are Possibie;

PIN ASSIGNMENTS

MC145168
MC145169

P SUFFIX
PLASTIC DIP
CASE 648

DW SUFFIX
SOG PACKAGE
CASE 751G

ORDERING INFORMATION

MC145168P
MC1451680W

MC145163P
MC145169D0W

Plastic DIP
SOG Package

Plastic DIP
SOG Packag=

MC145168 11C145169
0SCou [ 1o 2% 2550 OSCouif e 16 ) 0SCiq
MODE (] 2 13 1- “np MODE (]2 15 JVpo

s8( 3 RN 383 14 0 liny
5k(] 4 :3?901 sk 4 13 [J POI
00 (] 5 zzij 'S5 patA (] 5 12 JVss
Dif] 6 nbpoz Clk (] 6 1 [ PD2
02( 7 wbl__o NC (7 10 L0
03(l 8 3042 eng (] 8 9 D fin2

NC = HO CONNECTION

This document contains formation on a new producl. Specificalions and information here:n are subject lo change without nolice.

REV 1
8/95
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2
CSCout

S5k

BLOCK DIAGRAM

'V
PHASE
Q 14-BIT DIVIDE-BY-H et = POI
(>o RECEIVE COUNTER
Iy
\ 14
VoD
RECEIVE
ROM
LOCK £
TRANSHIT DET e
RQOM }———————» D)
| AT e =i e i |
1 1
! ! N 1
1 i
1 1
1 !
1 1 [
Q, ! z 1
] . PHASZ et
i | | DET 2
1 1
1 ' :
1 1
| VRS e !
AAA
16 4
O3l —= ] MO2E
~ Shad o Shalete ™)
L] S5 1
) 1
5 t DO 1
COUNTER 11 8175 i s
DIVIDE-BY-2043 5kHz 1 | (FORMEAKIMUM
OECODE iy 7 tUP O 15
~ S i 02 ! CHAMMELS)
LOGIC ' ' =20l
i a. 1
03!
1 1
e e e e T e 2 |
i ot R 1 e i i i aah e = |
1 1
1 1
/] : BIT LATCH B E :
4 5- H NB
= PiIN12 = Vgg : :
Pi 15 = Vpp : ' MC15 159
: ! (FOR LIAXINIUM
: LS L UPTO 20
! I CHANMNELS™)
1 1
: 6 )
! e——— CLK !
: 5-BIT SIR 5 :
i e——— DATA|
1
: !
} B loeploion chok b Uhgh e it o ki s Sl A B A i f o

* On—chip pull-down.
** The standard MC145169 is 15 channels; see Tables 1 and 2. Custom versions up to 20 channels are possible.



MAXIMUM RATINGS"* (Voltages Relerenced lo Vss)

Symbol Rating Value Unit This deyice conlains protection Ci(CL.Jilry to
guard against damage due 1o high stalic volt-

Voo OC Supply Voltage -0.510+6.0 \ ages or eleclric fields. However, precautions
Ve Input Voltage, Al Inputs =056 Vpp 05 v mus! be taken to avoid applicalions of any

voltage higher than maximum raled voltages
ln. lout | OC Current Drain Per Pin 10 mA lo this high-impedance circuit. For proper opera-
tion, Vin and Vg should be constrained to
the range Vgg < (Vin or V1) € Vpp.

Ts!g Storage Temperalure Range - 6510 + 150 °C Unused inpuls must always be tied to an
appropriate logic vollage level (e.g., either Vss
or Vpp). Unused outputs must be lelt open.

100. Iss | OC Current Drain Vpp or Vgg Pins 30 mA

*Maxmum Ralings are those values beyond which damage lo the device may occur.
Functional operalion should be restricled lo the limils in Ihe Eleclrical Characterislics
lables or Pin Descriplions seclion.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg. Ta = 25°C)

Guaranteed Limit
Symbol Characteristic Voo Min Max Unit
Voo Pov:er Supply Voltage Range — 2.5 5:5 \%
VoL Oulput Voltage 0 Level 25 = 0.0§ \Y
(lout = 0) 55 - 005
VoH (Vin=Vpp or 0) 1 Level 2.5 2.45 —
855, 5.45 —_
ViL Input Vollage 0 Level 2.5 o 0.75 A\
(Vout = 0.5V orVpp - 0.5 V) 55 — 1.65
ViH 1 Level 243 75 —
< 1] 85 —
IoH Output Current (Vo =22 V) Source 2.5 -C.18 — mA
Voui=50V) 55 -055 £5
ioL (Vour = 0.3 V) Sink 25 0.18 2=
(Vout = 0.5V) 55 0.55 —
L Input Current OSCin. lin1. fin2 25 — - 30 pA
(Vln =0) Bug — - £5
DATA, SB. Mode 25 — -005
5.5 — -0 11
IH (Vin=Vpp - 0.5) OSCin. fint. fin2 2.5 < 3 nA
315 — £5
DATA, 5B, Mode 25 — 50
) — 121
Cin Input Capacitance — — 140 pF
Cout Output Capacitance = — 8.0 pF
10D Standby Current, SB = Vgg or Open 25 — 1.4 mA
5.5 — 35
l4d Operaling Current 2:5 — 2.8 mA
! (200 mV p-pinput at fin1, fin2, SB = Voo) 55 — 62
: loz Three-Stale Leakage Current 55 — 3150 A
(Vout=0Vors55V)




SWITCHING CHARACTERISTICS (Tp=25°C. C=50pF)

: Guaranteed Limit
Figure
Symboi Characteristic No. Voo Min Max Unit
TLH T)ulpul Rise Time 1.5 3.0 = 200 ns
5.0 - 100
TTHL Output Fall Time 3 1215 3.0 — 200 ns
5.0 — * 100
(P Inpul Rise and Fall Time, OSC, 2 3.0 — 5.0 s
5.0 — 4.0
tmax Input Frequency OSCin 3.0-5.0 — 12 MHz
lnput = Sine Wave 200 mV p-p fin1 3.0-5.0 — 60
fin2 30-50 — 60
loy Setup Time (MC145169) DATA to CLK 3 3.0 100 — ns
5.0 50 —
ENB to CLK 3 3.0 200 —
5.0 100 —
Ih Hold Time (MC145169), CLK to DATA 3 3.0 80 — ns
5.0 40 —
lrec Recovery Time (MC145169). ENB 1o CLK 3 3.0 80 — ns
5.0 : 40 —
s Input Pulse Widih (MC145169). CLK and ENB 4 3.0 80 — ns
5.0 60 —

SWITCHING WAVEFORMS

(st —_—— | {— TG e s e Bl
THL ‘ I*— r f { -—1]
\ Oscml "1", 0%
R 74, 0%

Figure 1. Figure 2.
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' I

CLK

ANY
ouTtPUT
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ENB

PREVIOUS

5 T
Figure 3. DATA LATCHED

ENB, ¢
CLK ¢ ]

o
=)
Iy
52
'

Figure 4.



PIN DESCRIPTIONS

INPUT PINS

0SCih/OSCqyyt
Reference Oscillator Input/Output (Pins 16, 1)

These pins lorm a relerence oscilialor when connecled lo
an exlernal paraiiel-resonant crystal. For a 46/49 MHz cord-
less phone application, a 1024 MHz cryslal is needed.
0SCin may also serve as input for an exlernally generated
reference signal. This signal is typically ac coupled to
OSCin. but for larger amplitude signals (standard CMOS

logic levels) dc coupling may also be used. In the exlernal”

reference mode, no connection 15 required for OSCoyt-

t1ODE
tode Select (Pin 2)

tdode 15 for delermining whether the par is 1o be used in
Ine base or handscl of a cordless phone. Internally, this pin is
used in (he decoding logic for selecting the ROM address.
YWhen high, the device is sel in the base mode, and when
iow, itis sctin the handsel mode. This inpul has an internal
puli-down device.

S8
Standby (Pin 3)

The standby pin is used lo save power when not transmit-
tng. When high, both the transmit and receive loops are in
cperaiion. When low, the transmil locp is disabled, thereby
reducing power consumption. This input has aninternal pull-
cown device.

D0 -D3 (MC145168 Only)
Data Inputs (Pins 5, 6, 7, 8)

These inpuls provide the 4-bit binary code for selecling
the 1 of 15 channels for the transmit and receive loops.
V/hen address data other than 1 — 15 are input, the decoding
logic defaults to channel 1. The frequency assignments, with
reierence lo Mode and DO — D3. are shown in Tables 1 and
2. These inputs have internal pull-down devices.

fint. fin2
Frequency Inputs (Pins 14, 9)

lint and fijno are inputs to the divide-by-N receive and
lransmil counters, respeclively. These signals are lypically
cerived (rom the loop VCO and are ac coupled. The mini-
mum inpul level is 200 mV p—p. For larger amplitude signals
(standard CMOS logic levels), dc coupling may be used.

DATA, CLK (MC145169 Only)
Data, Clock (Pins 5, 6)

These pins provide lhe binary input by using serial channel
programming. A logic high represenls a 1. Each low-to-high
transition of the clock shifts one bit of data into the on—chip
shift register. Data is entered MSB first (see Figure 3)

ENB (MC145169 Only)
Enable (Pin 8)

The enable pin conlrols the data transfer from the shifl reg-
isler lo the lalch. A posilive pulse transfers the dala. This pin
should normally be held low to avoid loading erroneous dala
into the latch.

OUTPUT PINS
5k
5-kHz Tone Signal (Pin 4)
This is a 5 kHz lone signal derived from the relerence os-
cillalor. This pin is a push-pull oulpul.

LD
Lock Detect Signal (Pin 10)

The lock delect signal is associated with the transmit loop.
The lock oulput goes high to indicate an out—ol-lock condi-
tion. This is a P—channe! open—drain oulput.

PD1/PD2
Transmit/Receive Phase Detector Outputs (Pins 13, 11)

These are ihree-state oulputs of the transmit and receive
phase deleclors for use as loop error signals. Phase delecior
gain is Vpp/4 n vells per radian.

Frequency f, > fr or fy, leading: negative pulses

Frequency fy < I; or fy lagging: posilive pulses

Frequency [y = fr and phase coincidence: high-impedance

state

NOTE: Iy is lhe output of the N counter. fris the outpul of

the reference counter.

POWER SUPPLY
Vpp (Pin 15)

This pin is the posilive supply potential and may range
from +2.5 10 +5.5 V with respecl lo Vss. .
Vss (Pin 12)

This pin is the negalive supply polenlial and is usually
ground.



Table 1. Handset Frequencies of Each Corresponding Channel in a 46/49 MHz

Cordless Phone for the Korean Market

Channels RX Ereq I Receive (Note 3) TX Freq Transmit
D3 D02 Dt DO |CH= (MH2) {01 (MH2) =N (MHz) fin2 (MHz) =N Mode
0 0 0 1 1 46 610 35 Q15 7183 49,670 49.670 9934 0
0 0 1 0 2 45 670 35935 7187 49.845 49.845 9969 (o
0 0 1 1 3 46 670 35975 7195 49.860 49.860 9972 0
0 1 0 0 4 £6.710 36015 7203 49.770 49.770 9954 0
0 1 0 1 5 46 720 36 035 7207 49.875 49.875 9975 0
0 1 1 0 6 46.770 36 075 7215 49.830 49.830 9966 0
0 1 1 1 7 6830 36135 7227 49.890 49.890 9978 0
1 0 0 0 8 46.870 36175 7235 42.920 49.930 9086 0
1 0 0 1 0 45930 36 235 7247 49.990 49.990 Q098 0
1 0 1 0 10 4£.870 36 275 7255 49.970 49.970 9294 0
1 0 1 1 1 48,510 35815 7163 49,695 49.695 2939 0
1 1 0 0 12 46320 35.835 7167 49.710 49.710 Q242 0
1 1 0 1 13 46530 35 855 7171 49.725 49.725 2345 0
1 1 1 0 14 45570 330675 3| 7175 49,740 49.740 2948 0
1 : 1 1 15 48320 ey 7/ £112 | 49755 49.755 2951 )
NOTES:

1. 0=logic low, 1=logic high.

2. Power-up and iilegal inpuls are defaui
3. FirstIF frequency of receive is 10 5095 }4=

~

Tabic 2. Base rreguencies of Each Corresponding Channel in a 46/49 MHz

Cordless Phone for the Korean Market

Channels RX Freg Receive (Note 3) l TX Freq Transmit
D3 02 Di pdl licue (MHz) fint (MHz) | =N | (MHz) fin2 (MHz) =N tiode
0 0 0 1 1 ¢9570 . 8.9/ M 735 WLk 7 45.618 46.610 9322 1
0 0 1 0 2 40.8¢5 PUS0AN " 88 /B ¢d530 46.630 2325 1
0 0 1 1 3 49,8580 39.165 7833 | 46570 46.670 2334 1
0 1 0 5 4 49.770 39.07s | 7815 46.710 46.710 2342 1
0 1 0 1 5 49.875 39.180 7835 45.730 46.730 2345 1
0 1 1 0 6 49.830 39.135 7827 46.770 46.770 2354 1
0 1 1 1 7 49890 39.195 7832 46.830 46.830 9356 1
1 0 0 0 8 49.930 39.235 7847 46.870 46.870 9574 1
1 0 0 1 9 49.990 39.295 7859 4G.930 46.930 0386 1
1 0 1 0 10 49.970 39.275 7855 46.970 46.970 9394 1
1 0 1 1 11 49,695 39.000 7800 46.510 46.510 9302 1
1 1 0 0 12 49710 39.015 7803 46.530 46.530 2306 1
1 1 0 1 13 49725 39.030 7806 46.550 46.550 2310 1
1 1 1 0 14 49.740 39.045 7809 46.570 46.570 9314 1
1 1 1 1 15 49.755 39.060 7812 46.590 46.590 2318 1
NOTES:

1. 0=logic low, 1 =logic high.

2. Power-up and illegal inpuls are defaulled (o channel 1in the MC14

3. FirstIF frequency of receive is 10.695 MHz: second IF is 455 kHz.

4. =N = (lin/1;e() where fin is the VCO frequency and f;qf is the reference frequsncy (5.0 kHz).

5169. llegal inputs are delaulted to channel 1 in MC145168.
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FM Communications Receivers

The MC13135/MC13136 are the second generation of single chip. dual
conversion FM communicalions receivers developed by Molorola* Major im-
provements in signal handling, RSS! and firsl oscillalor operation have been
made. In addition, recovered audio dislortion and audio drive have improved.
Using. Molorola’s MOSAIC™ 1.5 process. lhese receivers offer low noise,
high gain and stability over a wide operaling vollage range. .

Bolh the MC13135 and MC 13136 include a Colpilts oscillator, VCO tuning
diode, low noise lirst and second mixer and LO, high gain limiling IF, and
RSSI. The MC 13135 is designed for use wilh an LC quadralure deteclor and
has an uncommitled op amp thal can be used either for an RSS! buller or as
a dala comparalor. The MC 13136 can be used with either a ceramic discrim-
inalor or an LC quad coil and the op amp is inlernaliy connected for a vollage
bulfered RSS! oulput.

These devices can be used as stand-aione VHF receivers o: as the lower
IF of a lriple conversion syslem. Appiications include cordiess ielephones,
shorl range dala links, walkie-!aixies, low cosl iand mobile, amaleur radio
receivers, baby monilors and scanners.

e Compiele Dual Conversion FIM Receiver — Antenna lo Aucio Outpul

® Inpul Frequency Range - 200 MHz

Voilage Bullered RSS! with 70 d8 of Usable Range

MC13135
MC13136

DUAL CONVERSION
NARROWBAND
FM RECEIVERS

P SUFFIX
PLASTIC PACKAGE
CASE 724

<

DY SUPFIX
PLASTIC PACKAGE
CASE 751E
(SO-24L)

24

ORDERING INFORMATION

v Low Voilage Operation - 2.0 1o & O Vdz (2 Cell H:Cau Sucoly) Qockaling
| o Yo
® | gvw Currenl Draiff =3.5"MA Typ Device Temperature Range Package
® Low Impedance Audio Oulpul < 25 (2 MC13135P Plaslic DI?
* VHF Colpills First LO for Crystal or VCO Operation MC13135D0W i 5 o SO-24L
a i i =—40" lo +857
® Isolaled Tuning Diode MC1313G6P A o Plastic DI?
¢ Bullered First LO Oulput to Drive CHOS PLL Synthesizer MC13136DW SO-24L
v =&
PIN CONNECTIONS
MC13135 MC13136
—QSI Lo Yancap 1stLC Varicap :
15100 Base (T}——=1 28] Vancap C 151L0 Base [T |——f —[21] VaricapC
] Py
151 LO Emiller [Z_ 23] Varicap A 151 LO Emiller E L-_Z—_J] Varicap A
tstL0.0ul-[Bi——— 22 15t MixerIn 1 1sitoout 3 E“‘A 22] st MixerIn 1
NCe Vee! J-<-|\
vee! T]— 12 15t Miserin 2 veo! @ 7] 15t Mizer In 2
2nd LO Emitter [5 ] 2nd LO T 120] 1sl Mixer Oul 2nd LO Emilter 5 2nd LO 120] 15 Mixer Oul
cc Veea
2nd L@ Base E—-fi > s [E1 R v ; 2nd LO Base[__s—% T vee2
2nd Kixer Out (7] <l ]—A—FE 2nd Mixer In 2nd Mixer Out 7 <] (18] 2nd Mixer In
AF
VEE E___L > 117] Audio Out VEE E——_L _{>—E Audio Out
Limiter In [T +—1 = E 116] Op Amp Out Limiter In (81— 16] Bullered RSS! Oulput
2mo! lDemod'
Decouple 1 [10 Limiler 1) Op Amp In - Decouple 1 (10} Limiler —£_[15] OpAmpin -
Decouple 2 [11] =t H 4] Op Ampin+ Decouple 2 11, ] 1l [14] Limiter Outpul
12 B il
RSS! (12 i 73] Quad Coil Rssl [12 % 73] Ouad Input
Each device conlains 142 aclive transistors.

© Molorola, Inc. 1995 Rev?2




MAXIMUM RATINGS

Rating Pin Symbol Valu—c B Un:ﬂ
Power Supply Vollage 4,19 Vee (max) 65 i -_-
RF Inpul Vollage 22 RFn - 10
Junction Temperalure = Ty 4150
Slorage Temperature Range - Tslg - 6510 +150 il
RECOMMENDED OPERATING CONDITIONS

Rating Pin Symbol Value Um'.ﬁ
Pov:er Supply Vollage 4,19 ‘;’CC 201060 : Vo_‘cw
Maximum 1stIF - F=2 21 L2
Kaximum 2nd IF - | 1) 30 SIS P
Ambienl Temperalure Range = T, -401to + 85 £C

ZLECTRICALCHARACTERISTICS (74=25"C.¥co=4 0Vdc.l5=49.7MHz,l150p =1 0kHz, Devialion= +3.0kHz. 1151 L0=39MHz. 1704
= +1s2 noted Allmeasurements parformedin the testcircuitof Fiqure 1.)

| Characteristic % Condition Symbol Min “WYp Max Unit
| Tolal Orain Current b t1510put Signal I . 4.0 60 mAdc
} Sensihivity (Input for 12 ¢3 S!HAD) : Ltatched Input Vsin - 1.0 - pVrms
! Racovered Aucio L, NI=F 1 O AFQ mVrms
i MCi3135 170 220 391
i MC13136 h o o g el 255
Limiter Output Level | RV mVrms
(Pin 14, MC13136) - 130 =
1st Mixer Conversion Gain , vas ==40dBm ngavrﬂ - 12 - dB8
2nd Mixer Conversion Gamn i Ya==-40d8m P.1)<gaxn2 - 13 - daB
: Fust LO Butlered Oulput ! - VLo - 100 - mVrms
é Tetal Harmonic Distortion Ynzi=\-30dBin THD - .2 30 %o
Oemodulalor Bandwidth - B/ - 50 - kHz
| ASSI Dynamic Range , - RSS! = 79 z g8
{ First Mixer 3rd Order Intercept ! TOyx1 dBm
(Input) | Matched "~ =177 i
Unmalched - -11 -
Second Mixer 3rd Order *Matched TOIpIx2 ¢Bm
Intercept (RF Input) Input - -27 -
Fist LO Butfer Qulpul Resistance = RLo 5 = i Q
First Mixer Parallel Inpul Resistance - R - 722 - Q1
First Mixer Parallel Input Czpacitance - o = 3.3 - pF
| Fust Mixer Qulpul Impedance - 20 - 330 - Q)
Second Mixer Input Impedance - Z) - 40 - k{2
Second Mixer Oulput Impedance - ZO - 1.8 2 k(2
Deleclor Qutpul Impedance = Z0 - 25 - (9]




TEST CIRCUIT INFORMATION

Although the MC13136 can be operaled wilh a ceramic
discriminator, the recovered audio measurements for both
{he MC13135 and MC 13136 are made wilh an LC quadrature
deleclor. The typical recovered audio will depend on the ex-
ternal circuit: either the Q of the quad coil, or the RC matching
network for the ceramic discriminator. On the MC13136. an
exlernal capacilor between Pins 13 and 14 can be used wilh
a quad coil for slightly-higher recovered audio. See Figures
10 through 13 lor additional information.

Since adding a malching circuit 1o the RF inpul increases
the signal level to the mixer, the thied order intercept (TOI)
point is beller with an unmatched inpul (50 Q from Pin 21 to
Pin 22). Typical values for both have been included in the
Eleclrical Charactenzation Table. TOI measuremenls were
laken al the pins wilh a high impedance probe/speclrumana-
lyzer system. The first mixer input.mpedance was measured
al the pin with a network analyzer.

Figure 1a. MC13135 Test Circuit
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Icc . SUPPLY CURRENT (mA) |
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Figure 2. Supply Current versus Supply Voltage
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Figure 6. Signal Levels versus RF Input
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Figure 3. RSSI Oulput versus RF Input
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Figure 8. Op Amp Gain and Phase
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CIRCUIT DESCRIPTION

The MC13135/13136 are complele dual conversion re-
ceivers. They include two local oscillalors, two mixers, a limil-
ing IF amplifier and deteclor, and an op amp. Both provide a
vollage buffered RSS! wilth 70 dB ol usable range, isolated
luning diode and bullered LO oulput for PLL operalion, and a
separale V¢ pin lor the lirst mixer and LO. Improvements
have been made in the lemperature performance of both the
recovered audio and the RSSI.

Vee

Two separate Vc lines enable the first LO and mixer lo
continue running while the rest of the circuil is powered down.
They also isolale the RF {rom the rest ol the internal circuil.

Local Oscillators

The local oscillators are grounded coilector Colpills, which
can be easily crystal—controlled or VCO conirciied wilh the
on-board varactor and exlernal PLL. The first LO lransisloris
internaliy biased. bul the emiller is pinned-out and IQ can be
increased for high frequency or VCO operation. The colleclor
is not pinned oul, so lor cryslal cperalicn, the LO is generally
kmited lo 3rd overtone cryslal lrequanciss: typizally around
€0 MHz. For higher frequency oparation, the LC can be pro-

wided externally as shown in Figure 16.

Buiter

An amiphifier on the 1st LO culpul coavens ihs single—en-
¢2d LO oulput o a differential signal to griva the mixer. Ca-
pacilive coupling between the LO and the ampifiar minimizes
the elfects of the change in oscillalor current on the mixer.
Bullered LO outpul is pinned-out 21 Pin 3 foruss with a PLL,
»iln a lypical output voltage of 320 MV~ 2! Voo =4.0V and
with 2 5 1 K resistor irom Pin 3 to grouna. As s=2n in Figure

14, the bulterad LO ou!put varies v:th the sun cltage and
zsmalier external resistor may be neaded fcric s voltage op-
erztion. The LO buller operaies up 2 €2 L=z, typically.
~bove 60 MHz, Ihe ouiput al Pin 3 rcils oif at agproximalely
€0d Bpnroc(ave Since most PLz_sr equire zbout 200 mVpp
dive, an external amplifier may be requirec

Figure 14. Buffered LO Output Veitage
versus Supply Voltage
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Mixers

The first and second mixer are of similar design. Both are
double balanced lo suppress the LO and input [requencies 10
give only the sum and dillerence [requencics oul. This conlig-
uralion lypically provides 40 to 60 dB of LO suppression
New design techniques provide improved mixer linearity and
third order intercept without increased noise. The gain on the
oulpul of the 1st mixer starts o roll off at about 20 MHz, so
this receiver could be used with a 21 MHz lirst IF. It is de-
signed for use wilh a ceramic filter, with an oulpulimpedance
of 330 2. A series resislor can be used lo raise the imped-
ance lor use wilh a cryslal lilter, which typically has an inpul
impedance of 4.0 k(). The second mixer inpul impedance 1s
approximalely 4.0 kQ; il requires an exlernal 360 € parallel
resislor {or use with a standard ceramic filler.

Limiting IF Amplifier and Detector

The limiler has approximately 110 dB of gain, which slaris
rolling off at 2.0 MHz. Although not designed for wideband
operalion, the bandwidlh of the audio frequency amplilier has
been widened to 50 kHz, which gives less phase shill and en-
ables lhe receiver to run at higher data rates. However, care
should be taken not to exceed the bandwidth allowed by local
regulations.

The MC 13135 is designed for use wilh an LC quadralure
¢etector, and does nol have sullicient drnive |o be used wilh a
ceramic discriminator. The MC 13136 was designed lo use a
ceramic discriminalor, but can also be run with an LC quad
coil, as menlioned in the Test Circuil Information section. The
data shown in Figures 12 and 13 was taken using a muRala
CDB455C34 ceramic discriminatlor which has-been specially
malched to the MC13136. Both the choice ol discriminators
and the external malching circuil will alfect the distortion and
rzcovered audio.

RSSI/Op Amp

The Received Signal Strenglh Indicator (RSSI) on the
*4C13135/13136 has about 70 dB of range. The resistor
nzeded lo translale the RSSl current to a vollage oulpul has
been included on the internal circuil, which gives it a lighter
lolerance. A lemperature compensaled reference currenl
also improves the RSSI accuracy over lemperalure. On the
t4C13136, the op amp on board is connecled to the oulput lo
provide a vollage bullered RSSI. On the MC 13135, the op
amp is not connecled inlernally and can be used lor the RSSI
or as a data shcer (see Figure 17c).



Figure 15. PLL Controlled Narrowband FM Receiver at 46/49 MHz
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Figure 17a. Single Channel Narrowband FM Recelver at 49.7 MHz
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17b. PC Board Component View
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NOTES: 1. 0.2 jiH tunable (unshielded) inductor

2. 39 MHz Series mode resonant
31d Overtone Crystal

3. 1.5 pH tunable (shielded) inductor

4. 10.245 MHz Fundamental mode crystal,
32 pF load

5. 455 kHz ceramic hiter, muRata CFU 4558
or equivalent

6. Quadrature coil, Toko 7MC-8128Z (7mm)
or Toko RMC-2A6537HM (10mm)

7. 10.7 MHz ceramic filter, muRala SFE10.7MJ-A
or equivalent

Figure 17c. Optional Data Slicer Circuit
(Using Internal Op Amp)
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Figure 21. MC13135 Internal Schematic
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Process 42

b T0O-72 2N5179
T0-92 2SC535 (ECB), MPS-H10 (BEC)

PARAMETERS 4 TZST CONDITIONS MIN TYP MAX UNITS NOTES

PG 10 13 d8 Fig. 1

NF i 3.0 5.0 dB Fig. 1

Pois el 50 m\/ T0-92
f Fig. 3
! ?q 5= 2280 gL oy s 22 27 ¢B Fig. 2

o ‘re =30V 1p =2 mA

NF % C 2.0 35 d8 Fig. 2
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VCesaT) i lc =iCmA iz =5 mA 0.07 0i2 \%
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Process 42 NPN RF Amp

DESCRIPTION

Process 42 is an overlay couble diffused silicon
epitaxial device.

. APPLICATION

This device was ‘designed for use in low noise
UHF/VHF amplifiers with collector current in the
100 ‘A to 10 mA range in common emitter or
common base mode of operation, and low fre-
quency drift, high output UHF oscillators.

PRINCIPAL DEVICE TYPES
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SILICON EPICAP DIODES

...designed in the popular PLASTIC PACKAGE for high volume require- 3
ments ol FM Radio and TV tuning and AFC, general {requency control and
tuning applications; providing solid-state rellability in replacement of
machanical tuning methods. .

Also available in Surface Mount Package up to 33 pF.

e HighQ

e Controlled and Unilorm Tuning Ratlo

e Standard Ceapacitence Tolerance — 10%
e Complete Typical Design Curves

MAXIMUM RATINGS

MMBV2101LT1
MMBV2103LT1 thru
MMBV2105LT1
MMBV2107LT1 thru
MMBV2109LT1*
 MV2101--
MV2103 thru MV2105
MV2107 thru MV2109

NMV2111°
MV2113 thru MV2115%

MV21XX| MMBV21XXLT1 CASE 318-07, STYLE 8 \93
: . SOT-23 (TO-236AB) g
Rating I Symbol Value Unit 2 Y
Reverse Volisge VR 30 Volts 3 X O
Cathods Anode
Forwaid Cutrent Ig 200 mA
Forwerd Power Dissipation Pc ! CASE 182-02, STYLE 1
@ TA = 25°C 280 200 mwW (TO-226AC)
Oe¢rate above 25°C 2.8 2.0 mwWrC
Junctlon Temperature Ty 25 E 20—{j¢——o01
Storage Temperature Range Tsig ~5510 + 150 °C Calpete Fgode <
DEVICE MARKING /@85 300 pF,
AL MR T B JYOLTS .
MMBV2101LT1 = M4G MMBV2105LT1 = 4 =
MMBV2103LT1 = 4H MMBV2107LT1 = 4W 2 VOLTAGE-VARIABLE
MMBV2104LT1 = 42 MMBV2108LT1 = 4X CAPACITANCE DIODES
a *MMBV2101LT1, MMBV2105LT1,
MMBV2109LT1, MV2101, MV2104,
MV2108, MV2109, MV2111, MV2113
and MV2115 are Motorola
designated preferred devicss.
ELECTRICAL CHARACTLRISTICS (TA = 25°C unless otherwise noted)
Characteristic Symbol . Min Typ Max Unit
Reverse Breakdown Vollage V(BR)R 30 — —_ Vdc
(g = 10 pAdc)
Reverse Vollage Leakags Current IR s — 0.1 nAdc
(VR = 25 Vdc, Tp = 25°C)
Diode Capacitance Temperature Coelficient TCc — 280 — ppm/°C
(VR = 4.0 Vdc, { = 1.0 MH2)






