B ol o

o ket e e e W e e

L) = } L) 14 o - o o
yanimustiiudunilvesmsfinnaundngasisnssumansiiaidia

o 4 ‘r
GNMBINANTI _ MITILUNMMANTIUS

MITteYa0 1NN 13 InA 18N 1UE VHF

' VHF TELEMETRY

1
- -
Rt  ———

m0340 4'

Tay
a J @ ar a
weg gand  Isnddunfie
e denssal 1S0ey

WY 9TUUN  151%ANTAY

M nsidnnsoind

|
’Ji‘i LY | b4 o
~gorq aoiunaluladnszeoundudnummsaianse s
g ims@nun 2541
1
LMY
~ 4
aynziony...34084
-~ 1 01, 2542

- 4 -
M, taou,




T e w— TR Gk KV ol mm dbme W i e

e e em haad P el e =

Tl Wy STl ofEbfier T WYY Y R
-

T mmeRes W VR

M IdadeyaaInN 13 InAIEA 1D VEF

VHF TELEMETRY

Tng
we gind  Tsuhiunfie 39013214
Wiy Seavasl 13oey 39013223
WY 9UUN 251¥ENSNe 39013224

M SENUTAE

¢
9138 Tz mng qITTO

SyanilnusdmivilSygnisnssumanstiuda
mamindidansoind
Az Iranssuenand

aontiuma luTadwssoumndudnammsaianss i

imsfny 2541



e a

e

M g e e e op v e R

-

LI .

o o e ek e

e T SR e wlee Y e s

madsdoyaninmsindaonad VEF
VHF TELEMETRY

wiw ging  TavibiunAs 39013219
ww drasaal 1fey 39013223

WY OIUUY  ITI¥ANIAY 39013224

¥
- L} A a
50IRRTL IRHIUNM SRS LUl nieuniveviimsaey'ld

(0. Yszmns gassae)

P
81915001 3nm



- e e

T B -y P A e

m — e

e ——

—

— o

fadnssuiszmna

nenwmiuil gimimivinedulseTowd wiedhumamedmivgadosmsdnm
uazHAI AnsumsszuuInsanasdmiudesledy 1didvedied Tn33WVHEF
TELEMETRY i dudeasldfidesvin@7uummieie 0 vin ewsd dseans qasses
Tivevounaun ® il ﬂaamuﬁﬁﬁduuiwv‘iﬂﬂﬂNamﬁ’ﬁu?mﬂﬁﬁnﬁw NIy

& b ) a @ o d o A y
aulsgneulnssnuntiviiinawiAanaiadsznsla megiavinvesdvll m Afiday

L And, Goldwm.

(neging  Tsvibiunde)

-------------------------------------------------------

(nwdmsael 13eay)

Aaa ﬂymS)Vu} ,L,

.......................................................

(WUIUUY  23¥ANENT)

o o

b4
ATy



—r e — P

- g e

o

e

- -

e

ol L T

I

aIdadeyaninmyiadian1ud VEF

wwgind Tavibiuniy
wwdraal Seay
o a aa
MWBIUUN 23 FANTNS
o
o. Usznins gasante (@1n13dMTnm)

fln1sfinun 2541

unfinge
- a ¢ o d ﬂ v o w d. 1 4
Uiggniinug wivil Wumsesnuuuszuuiv-dedgygunamudd o daunang
v v d
sufumai lldseynd fanaiiuszuu In s s(Telemetry)dmiuveslody  szuufisen
J’ o (Y o o ! 4 ] a
unudy emnsodu-dedygnaldndoudu 3 dyga Taoweunindigagauesresdygiun
[} A L4 1 d v LU )
118 200 Hz uazvesvssdygnuil 2 duvesdyg il 3fAe 100Hz  Tesldmdnms  dod
d ’ o o
manduvuuiaam (IoM) ihudyga@iaeating s in udriulfvuiiudeyaunueyn
'Y o a 1 a 4 ' 4 o o ' 4
Frwsanmnuuds 6400 dndeduil  inFesduazinssiuinyiuuuuediduluthiunind

v 4
VHF 46-49 MHz Taul§msdannednnudfaoadengllunsniuguaind



et = B

el TT O e

e )

-

e T

E L I

———— ™ e

. T

Il

VHF TELEMETRY

Mr. Suwit Rodnuntakit

Mr. Aza-one Reungchoo

Mr. Amon Voravetsittikit

Mr. Prapakorn Suwanna (Advisor)
Education Year 1998

Abstracts

The project presents the design of a low frequencies signals wireless transmission system,
suitable to be used as the ICU telemetry. The system is able to transmit 3 channels signals which
the maximum bandwidth of 200 Hz on channel 1 , and 100 Hz on channel 2 and 3. The
transmission is done by using the principle of the digital time division multiplex with 8 bits
resolution. The data are then transformed to serial by the rate of 6400 bits per seconds. The RF
transmitter and receiver are frequency modulation in the band of VHF 46-49 MHz. The
frequencies are controlled by the PLL synthesizers.
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apc) Hufuwia 8 fn uarennodaamdnddgymld Taslumatadmendes lguuy
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vndyguatneaiiudagynemnden (Digital to Analog Converter : DAC) #d2H142993n 799
AR (Low - pass Filter : LPF) xﬁaﬁﬂﬁﬁiym1mt‘s’uuuaz1né’1?wqﬁ'uﬁ'tyqnmﬁuuw
wnfige
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unuiiaeriousuiy ﬁ'afum:mﬁqmwwﬁﬁfmm:ﬂ'aﬁmﬁn'ir'ué’ai'udqﬁuuuuﬁ"iﬁaa'tfu
teiuiludeafinanlasdygnavinewndendludyaudinea e liszananauasfuda

- E [- 1 : @ 1w |
Tuvudggyntnea’ld vngilf 2.1 duvdenlassunsudursunsfudsdyguaiasan

& o
wlasnnindgygeeuiaen

Analog Sampler, Digital -Decoder and
information > quantizer »| communication | digital to
source and system analog
encoder converter
Continuous Discrete Discrete Continuous
random random random random
signal sequence . sequence signal

:l M v 1w aa Y d
714 2.1 dumeuudsdgygreitaeanndgygiuewasn

P 4 o P - 1 o
nngii2.1 diedgygudeyaifiuewmdeninudungnulasWilludyoedinea
[] U’ 1
(Digital - to -Analog Converter) IAU%2H14N13 Sampler , Quantizer 4a2 Encoder NMUNITH 1Y
o a [ - ] s a Y
dnvaAtneasen 1 naduiuneslidau Decoder udanntiufszuasnindyganiaea

v Tl udgynyieieuiden (Analog to Digital Converter) fivz I&dgygaewdennduandudy
2.1 astlasdagnaemomdentiuidnoa

v [ aa o o ' d o ' '
Tunmamlasdyguewndeniiudtneaiuiidunowiteg Adudeusgnemunis ni
‘Y o aa = t o o < ' 1 : o
widdygeuiluataeatifisfianan (eron) i1 HalavaIngudavedszneudarvdiuneud
4
thigyey 3 Tunou fie N13gY (Sampling) , MITATTAUNYD 1B (Quantizing) uaznindharia

L4 9y L 4
o o d
(Encoder) Inmianumiiudediumgugiug i lumsuasdygannendenduitaea
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2.1.1 NGUYAIIQH (Sampling Theory)

& ) Y d P T4 '
nnudnmavesmsgauniaunsoefinelddapil 2.2 dadluaindiSensenitemes

dygiafie x@) uaz NI

Electronic
switch

x{t)

qUf12.2 ndnMIvesN 3Gy (Sampling)

a a 4 dq w 3
nnglit 2.2 aladesiimandeunludnuadumunat i x@) saznmd da

d e a J " woa ﬂ o ' W lﬂ
ANUNINY f5 = 1/Ts Hz fINYICABNUDUNN x(1) 1ua T IMLazaenunIIAltuga

i Tuidasmuveamsgudi ¥ x @) Suermil iWnamsgudygabum xo uda x@)

-
UM

x,(t) = x(t).8(t)

Tauit S(t) Aedaygyiain gy (Sampling) urrAIRagLA 2.3

Output

Input
xg(t) = x(t)s(e)

x(t)

Sampling
function s(¢)

—>

i 2.3 uamsdygemsguso

(2.1)
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A a J & P ] . o v o o
flymitfindufte udadyaaiignnsd (Sampling) udaszndundivdyndadn

q ' g . W < o
Reie azmaer Warudoh lalumsgudygrasunannmeimednnauinadunld

. ¥ 4 .
vn x(t) uae x® awdduuazasen RunySuinnutedn (Fourier Transform) ¥04

L 4
AggIenneIria

vindoygya S Tuguiizs e sadou e glueyn suyFud(fourier series) 1Riiu

S=C+ zw: 2C,, cos(na,t)

n=1

Tauit C,=T/Ts , Cn=ftsin[nfT] uAL @=2mf
udaiierumsft 2.2 unuasluerunisd 2.1 w'ld
x,(t) = C x(t) + 2Cx(t) + 2C x(t)cos20t + ...

vinaumsil 2.3 Wyiuimsunefu (Fourier Transform) 9¢'1%

X(0) = CX(E) + C[X(E-£) + X(E+£)] + C,[X(E-2£) + X(E+2£)] +...

wiooulmildh

X(H= CXO+ 2CX(F 1)

n=—o n0

(2.2)

(2.3)

2.4

(2.5)

A o A = 1
s lfoumsit 2.4 uemslnaiives x ® Maviamagy x©Taostuglil 2.4

o o A [ 1 A - 1 -
Huanlnasuvesdggadmumsgannida x o wesuwm x¢) Tuounamd hiiy £ Bz e

£>2f Woy f<2f,
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X(f)
~fx 0 fx f
(a)
X {f)
: /-_\ fs2 % T
Vi | \ /_l_-\ /l—\ / | \ f
~2, -~ NN 714 2,
_(f;—fx) —f 0 fx fs_fx
{b)
XA fe <2f;

()

K AL AN AN A A
-2, ~f, ~f A %, 3, d
~f,—£) O fi—fe

411 2.4 uarmsernalng 391NN 135 Fregenncy domain)
(a) mlnaiuueIdunm x(t)
o P
(b) emlnasuves x () N £>2f

(c) nlnaduves x (1) i £ <2f

vingifl 2.4 veitudingdiil £ > 2t aalnedu X@® uae Xso) Auounamdlidy
£, Hz weildnuammiloudu Suifeaumamennanninaumsit 2.4 udrmunisdanezgnan
@umé’auuﬂnmaﬁ' cn  wewadwiunmgu  dumhealnadumenusnhilvigiFod
n3uve fudoundy (lnverse — Fourier Transform) iy IWdgyayin x(t) nfusndadu
ualunadifl £ < 26 uda Aagifl 2.4 ) laduuudvesdygoneamatudousuli
aunsnuundauves x@t) eennld  vhlWdyg aiGounduantaniufanaia(Aliasing)
unzdmiunadl £ > 26 Avedoeiiaeanaesnanieiiig (Low ~ pass filter) tenIBABURIIE
Yaslnaiuiidesms Afenseunmizaau x() veq x_(tj WewAvunduanes WRdoygno x

L .. )
AR
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aaiunun 1 lumaguezdeiin

f 22 Wio T, < 12f (2.6)

4 v d ] 4. o ' '
uazd lfmondmaguil 26, neAduilumandifosiigalumsgu  vefond
4 _ 4. v d o
“Nyquist rate” unzduulimwaumi 2.6 ud8ndenilsiidiyifeuvanudu (pass

42 ! s <
band) ﬂﬂuw:n:aammnmmuwé’mﬁunummn(B.W.) am

f <BW. <f-f Q.7

Y = & d ' v
Suihuluiseunisf 2.6 uaz 2.7 udadeyonan x Agnaudaudayam so S x ()
Y v a @ @ Qo - 1
udrezarmnsefunduuniiu x¢) IWduu TnolinawAanmavesdygaiemnnudiseiuey

L 4
fuduasumstnszaudggomasidhsviadndae

2.1.2 MINLAVGYGIY (Quantizing)
= : 4 A [ 9 o [] ] d‘ : o [
anduneunitsnad g nasnndygnawiunsguuudinfe TuaauMIIAITAY

(quantizing)yeadgyaes  Tavdgynadirumagunudassidnvasi hideddes  (disorete
signal) unziilesvindammiewidendaungjesildygusuniu (oise) tethandamauets
sufluredesmindygraundifeen e hildidanuianmaluntsd ssnanauyy
Awmsauavannth lihhavaldde

BN 135 (sammpling) AL 38R LAY (quantizing) ufrdeyafidhudyamemsen
wegnulfouthusdudgguinivewuasidnuas hidadeafiumiueeg fan fagui

a 4 14 o da a '
2.5 \1'lzl“u')’ln’zﬂ'ﬂ“ﬂlﬂﬁﬂ?n]ﬂﬂ'WiTlﬂﬂgﬁ?ﬂ
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mal
Actual value
of the signal
g e — e ——— 3:-
Mgy
Quantized value
of the signal
x, ————————————— —— e —— — e ——
I
msl X,(6T,)4 I b X, (6T,)
. !
= = - — ————— T ————— - — rEF——————
|
LY. !
4 |
. A 1 1 | LJ .
0 /:-/ 21, 3T, 4T, 5T, 6T, 7,
my
/
xz —————————— e o e e e e ——— e —— —
Maa
X P e e e e s  — — ——— o ——
m —>»{ Quantizer |}————
1 {X(kT,}} (Xq{kT,)}

A L L Q
31]1’\ 2.5 HAANIN1TIN ISR VOITRYTY 10!

A o o = | o aa
1NN 2.5 Soyayimemden x() Lﬂumummﬁagawmﬂauuni‘lumutmmﬂwaauaz
] o AA W’ L) L4 L.
gneudasdanamdimuzeny uda 18iflu XqTs) nimiu ssgninssdudavsedy
m,, m,, ...m, Taomafimuaseaunananddeimuan
X&T)=m 1 x, < X&T) <x, (2.8)
d
Tagh X= -0 , X, =+0®
4 Y o ﬂ o W o d o
it Ik nnmatassdveiiludiuvesssdudygint (sequence of levels) ngnia
o« =
gaunda Xqt) Tnoh
XM= X&T) , kT, < t < (T, (2.9)
A .3 4 1 o . L A A
nngin 2.5 dygramnmunistassaunuds selidnvadyanamyszansweenin ¥
' ' ' A= [l ] - o ) o 4 @
wiusuinsdeadidufifianain (eror) agdasnsaninUAANMIARINT 1Y wuegiuy
o A @ -3 . o ] =
x UAYy mi sﬁuﬁmmum’é‘nammﬁmtymnnﬁe nuALIBUR (Resolution) vesAauasfin

innnziiwauinvesdulas swuendaiinusedudygsfe



R TR Tvow LT SRR

- e

Rt o

10

TuITALdYYIEQ) = 2° ; nfistuauin (2.10)
Funi¥faudasnne 8 in fuviedyysemdeniigega 10T2ad widiuou
sRudgygoumny = 256 seAu Fuuri1vemilaiind1us (Least Significant Bit :LSB) %2
Aufiu
fiwilsiindiud = ussdudagegenn / Saussdudyg e (2.11)
Tuwianiuseeifon LSB 1 "Step Size” Int1¥dydnuaiaindulas 8 iia uazvine
doygyns 10Taan vedien A =0.039 V. uderufousunislunisnin A 18w
A = Full Scale Signal / Q (2.12)
it fauiindunnd A setnas sy iR Annananas ldauTned
anuAANAIRIzEgIEnIn 0 §1 A2 FshfAanaeveiluguididyymeurdenilieg

ad -
NFAMINDINDA

2.1.3 MININT (Encoded)

Tumadhaviadygadiium sduuaza‘mzﬁumuﬁ’ﬂfu dulngrzudasfeglugy
ve3sHaAda Y INEBY (binary code) udalAsumindeyauvuvumildiduuuveynsuie
aunmanvesdgyglumdeteyaliiviefusvesdgansursnld

mudhdygnaewden x@ Svnaqegregit + 4 Vpp uaslsaninisguiiiiu 2
i vesmamiigega JAQ = 16 dahuded A=osV. udyasedy x wegi 4,353, 2.5
yerrs0sers2.5,3,3.5,4 V. Uazusaduszamioymemiyeiily -3.75,-3.25,..,3.25,3.75 V anud sy

viamswdl 2.1 wuaasdnum i vesszAuuIRunnm sguuagiunIin
srhusrdudygeanud: Fiissduusaudiiigeedfadivaugiuaes 0000 dauszdu
ussrugfigafedisdmdumugiuees 1111 fudu

a131af 2.1 usrmamadhawerdygna:

wwAvussy | nmimuiovgiuoes | szduusedu siilunugumes
375 0000 025 1000
-3.25 0001 0.75 1001
-2.75 0010 125 1010
-2.25 0011 175 1011
-1.75 0100 2.25 1100
-1.25 0101 2.75 ‘ 1101
-0.75 0110 3.25 1110
-0.25 o111 3.75 1111
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vndunewisnuaveamanlasdygaewdenduitaeaiu  mawisadimua
o 4 d o . o
anuAINIanTeRsinIn(quality) lunisumladld Aweilviuniisfidngunide "auazida
3 to o - o ] - o ad d
(resolution) » FeTueguinauiniuesdlumsfausiudadsdiidesnanudalunulas

4 " :
andaguazi Wavdaiidunlasegumuningnday

2.1.4 Successive Approximation ADC
- v < g ’
291 ADC witndl Wiumamndlns i sgndfdesmsnmudaunanauassien

'Y o o d & s
Haguiumahautudnvaensfleundudaviontresunsulugdil 2.6 umasilesusegiu
y
ADC yilafl neunusmeitzneunFoudfiuneinnain DAC fuewasnduym Vin to1viym
< ‘q-
1z1ﬂﬂ1‘1]fjuSuoessive Appoximation register (SAR) wuilu 18 Mst (Midium Scale Integrated

. advwve - 4 .o A
cxrcmt)ﬂllﬁ’ﬁﬂﬂ'lﬁﬂﬂﬂllﬂﬂlﬂu‘l’uﬁﬂlwaﬂTﬂﬁ'mﬁ.[ﬂﬂmww

START cLocx

I [ ENO OF CCMVERSION
CONTROL &

TINING
wAUT A4
— successive

APPROXIMATION
REGISTER

COMPARATOR [

DIGITAL OP

SWATCH TREE

4}

OAC
R-2A LADDER

Vel

d, g
114 2.6 vdenlABUN 32Y89 Successive Approximation ADC

31 2.7 uamsIndislnezunsuves ADC Aflszduewiann 0.625V clock #1141
gyl MsB in 4 iy 1 yadndudenadiu o DAC wilfuuemiynuessar fuewn
fien nFvufvusudyguemiensunn SwamuSoufeufinounusmeivenitosnd:
Suyni neimbuihu iwdnann e Winhudhy o vindhmmageuindalyay
iy 1 minsasnvesassinudeinudannndriyh imbuiy o widifeun¥ng 1
1 udmareuiindaluamnsmisiandnsunamadinuonnineniyndisnn vin i

1NU1LSB
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A

1.0
0.75

12,

(110)

(101)

o
§ Analog Voliage(v)

0.5 7

0.25 -

(100)

(100)

" Digital

output

2‘ 9
gﬂ‘n 2.7 uerAs laezun sua1199n 1991911

fioiadssmanidadmivmslfonie  dymmemdensuymezdensiilusas
paiimsdounasdygulanydfonidlbiniu % LsB 2093 ADC uuuitensavhan
ReresTnun Ao TnuaiviaruTauBa sz (Free run) uay Tnuafl sofi1d start conversion 110N
wennai Wlumsufvudayaldnr1) gnusswad cocklnvclock gnusnezlflunisiidm

» .
Fameinulu gahugunmussszuussTusjiunuinimuss DAC Tuszuuifusdbs

2.2 msvafmanaiuuinianal (TDM)

s d [
A1IAAINANHUUULLAIA Time-Division Multiplexing
1 . 1 i A 1
wawe IR lumsdsdeyanSedygannvay q uwas  MWannsedald 1@ lunilares

dgga Tasl¥iEnmamisamuiemina diuudasvesdgygalasmavinuwes TDM

uamsd1on Ragild 2.8

LPF

X,

LPF

X,lr)

LPF

Xalt) L

Rotary Rotary

Transmission

Synchronized

X}

LPF

switch switch ‘; LPF
‘/ svstem /
>

™M) duitmnielu

(o

X,le}

Xyle}

X, it

LPF

X, l)

A L o 1
41 2.8 uAINANNISTDM 184 ARyl 4¥89
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K
1ﬁﬁwtg1m§uwqu 4 dygedinnudncgalifiu £, Taoididuyneziiaeinses
nandding1i%ae vingUit 2.8 ainduyu Rotary sw.) suiludadeniiszdadyyomes
seslasenlinisnnadygarsesainddandiiscganiugu TaodygounfniFaeed
dygrudafisynoyda ldfudgygsudastesdas  Taomedmiufedidiwdidadindng
(Demultiplexing)Bavziiiuer IndmapuswRnafuandauasszdesiauduiui(Synchronized)

o A [ 1 []
Hutmasiaeandestunindide uasedesfidiunondafesnsnday

JITOTITT

TTHITTOIT

le—one_,.|

frame Multiplexed

T,/M PAM waveform

1t 2.9 o 1UTDM
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2.3 ADCO80S : 8 bit A/D with Multiplexer

la#iues ADCOS08 i‘iﬂuqﬂnsa"iﬁmmmuﬂmﬁtytymemﬁamﬂuﬁ?mawm 8
fin aunsefudugnld 8 YewaviAmdnddymyeildte munssdedendylulnsTls
enwe T 1A 1578naulasny successive approximation sw1sadenugUnsal TTL uasviam
Tudnwais TRI - STATE 1§

~ START cLock
. -]

{ peeeee— e e e onee - — —— e o e c— —
(o run'm 1
‘°"" | o IND 7 CORVERSION
o~—i | CONTROL & TIING © anTEanurn
|
Lo | A
| o e | }
* BANALDQ HRPUTS —f s ,
. O—i  SWTCHES SAR }
& —0
A :co-mmn = - —o
o= A sane® Lo
ouTPUT S6IT OUTIUTS
o—i | tatex [0
~ | . | sursen o
0 | | l—o
| SWITCH TREE !
o—1 ! |
amanonen 0— L - :
o— o = fi. |
ADDRESS o] ARD -
LATCH ENARLE OECOnER |—{ 288 RESISTOR LADDER I
| l
I | 3
Ve GND  REF(4) AEFi-) DUTPUT
ERADLE

4
7117 2.10 vdenlaeznan IC # ADCOS08

dnuaiefidhfgyuss IC # ADCO808
dedeudy tuTns Tl armae iyniwed g6
-350USunsAudede 1dlurs s vbe
Safindnd 18 8 Y9820 address logic
-useduBunm 0 &1 5 v uaz Mundeiudead s v
-uzssusviymiiiu TIL
-8 luguww I # 28 vy DIP
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fuieruAfd g ves IC # ADC0808
Auazdua (resolution) 8 bits

AIRANDIAIABYSYNIS U2 LSB udz +1L1SB

-unasnIuAY 5VDC
a o w . a
-uia I deim 15 mWatt
-Conversion Time 100 ps
Bplipipinipipipininininl
sranT m;l SK:

st e | a
e S

anaros \ Tan.
wr AT t

i | | X X
- / \

ENABLE

) ek . =

Sl

o 5
1 2.11 leezunsunainisvile1uves ADCOS0S



T by oA e meben

AT e >

-~

K

<

MINBAAALAZANBHAANNAIIND

MINOYANIIAITUD (Frequency Modulation : FM) T dygaiideimsdande
ARy 1UV17e113 (message signal) wivitlfnaudweandumy (carier wave) Aamanldoy
wlas ﬁﬁtutmmﬁfiu’i‘lw'Jnf'f'u::m‘lﬁﬂimﬁmaQﬂé'uwﬁt:(q%u uaziledygyeuiivaufesi
Tmndvesndunsianas wielummssiudin sdufle nnevesdygranzdivdni iy

4 4 ¢ d
anudveIndunIRilavulag

3.1 dyey I FM

o a o d a 4 14 4 4 o
aggs FM fe atytmammmmmsua@mmmﬂauummﬂmaaﬂauwmmmmﬂ

o 1 L A 1 o~ 1:1 -
vosdygudnms Taodygrairunisuegian wilgdaunily fe
x(t) = A cos[@ t + ¢(t)] 3.1)

= 4 v < a
ﬂ11uﬂﬂ!ﬂl$1ﬂ'llmzﬂuﬂ(mstantaneous frequency) VAINYYTHNGNUDGIAATINTINYYU

N
o) =doM/d = o, +] d(‘l)(t')/ dt] (3.2)

A J A d o W
Taon  ¢@®) uaz dd@ydt Aie mnudisauuveunauaznI MDA A 1AL (phase and
. . v o P ' d v o4
frequency deviation) ANLTINTUMIA 3.2 dauwes o, wasil uavduiidanislAsunla
d
Mo dd(tydt
4 Y = ] ~ o o
vingih 3.1 usAsdnvyszYeInIINEgAN1IIAIND (FM) niTsufouny AM wiu
s ' d ' dd d > 1 v
Tvwnvedyg e FM dnnsfiue  ssliudnudnlfouulasmudgygauimaminiu
' o o A A & L 1]
daudgyea AM wilvnavesdygandunidilfvuulawmudyaninams uinnude

4
nan lavaasanal
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a4

v I [

100 | 130 |

+v A

i 4

51 3.1 gUnduvesdygy o Em
(a) Yy 112013
(b) Fygy e FM
(c) ARy 1oL AM

3.2 ludnuudiesuuuianves FM

QANRA

t (C)

AJ & ) A . g o
Tuiidl seinsendygaiamanitiugyland (sine wave) Tnovziin leduuudsinay

o v d ¥ ) - a P - ' o &
wueua uazTudgyg i FM seflvinanTeueundgansiiane Favanenamwd « fidaves
A ) ' o o 4 .Y J
nduvdeunszvisllegluladuund anuduiuivesnauwsitulawuuudly FM 13y

e W . 4 LY ¥ o o
aynvmﬁm:uagmm (modulator index) ” mmmnmﬁmiuaﬁmmﬂumnmummawm
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3.2.1 A¥iimogan
Tudgyga AM seiadhulefitumsuegian udlu FM wifind “Swiimsueqan”

Hiinfe
m=fd/fm (3.3)

o ' 44
Tﬂﬂﬂ fd ﬁa FIINTUDUYUDU
. - = o P
fm fi® ﬂ?TUﬂﬂﬂQﬁﬂui’mﬂfﬂﬁhuﬂﬂlﬁﬂ

L4
t ] : W [ o [ ' ¥ W
1 m eefifge @udunlefivumsueganlu AM fsandusznitg 0§ 1) duiu
' 4 1w A o P ’ o wa a
naumafi 33 M m seduegtumandvesdygediidnmegen e il iaudation

v o ' 4 L . < Y 1 : a4
'Jmﬂuamﬂmum:muamu (diviation ratio) mawzsﬂuamﬂmmzmwmmmnmmuqaqn

) A o :1
AendgIgA ety tidinneqan (fm, )

72 e (3.9)

A= Llmm

o U’ A A ¥ A [ A
aaiu luszuy FM dlemiuvnavesdygafidunueqan s ldmadvuuu

d 4 d g . d 4
adndumnlsunvuwndu Tavluszuudngnsenodos FM swimualfaudidvaun

YBATTUUFIA BN 75 kHz

3.2.2 Twduuuaves FM (sideband of FM)
a4 . LY Y o o
mam"n:mmfﬁmmaqsammammmzuﬁa li'lﬁ‘.‘:ﬂ'lﬂ'lﬁﬂﬂ'l‘l‘lfﬂu‘ljuﬂ‘llﬂ\i FM 1#

Taovingiil 32 dledsfimsueguadiugul wilidndunienadvminiy  fofy o
wdssduguitay uddedsiinmegeaiudy witldinnulsuudifudutae uay
uauwﬁ;maa‘lmﬁuwﬁﬁw‘lmﬁﬁu uduendgavesmenduidngs yunseansuegian
iy 2.4 adummzendiugud waediideves iM ve'lilog i lduuudviodu deduiing
usgaARuIuen  aduniiieinmudusn @urauumasiuvansadhutuneuuan)

o ' d 4 Jﬁ /o a
ﬂﬂlﬂﬂ?'l]ﬂ'nﬂﬁuw'l“l uﬂuuuu uag“fﬂﬂ“ﬂ
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ST
o'a N :
' N1
0.7 S
0.6 : - L
0.5. ¢:’(\" P . T
0.4 ¢\;,\>°°°G\ o N T T ™
0.3 NS e ol LT ml
0.2 d N ég\\o}\"@ A } N Ny N
’ > n e ha
. » y) - U“G\ b a2
auy - Qb o 5
0.1 = Mo P\ e
0 . =
o1 g auunan 6
<z e
~0.4 R
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
drfnmIvagien

4 4 ¢ ¢
31 3.2 nanluerasueundgavesnduniiuas laduuud lussuy FM

o a o o sde a '
M3 3.1 uammm:z'nwﬂaummmz'lmﬂtmuﬂm FUNITUBYLEAAN AL 9

¥,

.~ T ——
Nodundgr o5, i

&

il ) e A g o P g AR
002} — | — | = | =] =] = | =} —~ | —
0.08} 0.02) — - —_— - — —_ —_—] -
6.0 0.15 1 0.281-0.24 0.11] 0.36{.0.36{ 0.25] 0.13f 0.06] 0.02] — - — —_ —_ _— -
7.0 0.30 1 0.00]-0.301-0.171 0.16] 0.35] 0.33] 0.23} 0.13]0.06{ 0.02| — | — | — | — | — | —
8.0 0.17 ] 0.23-0.11{-0.29{-0.10} 0.19] 0.34{ 0.321 0.22( 0.13| 0.06{0.03] — | — | — | — | —
9.0 -0.09 | 0.24] 0.141-0.18{-0.27-0.06 | 0.20{ 0.33] 0.30{ 0.21] 0.12{0.06] 0.03. 0"61 - -] -
10.0 -0.25 { 0.04}0.25{ 0.06}-0.22}-0.23{-0.01{ 0.22] 0.31] 0.29| 0.20]0.12| 0.06 0.0310.01 | — | —
12.0 -0.05 1-0.221-0.08  0.20} 0.18]-0.07|-0.24{-0.17] 0.05] 0.23{ 0.3010.27] 0.20 0.1210.07 {0.03{ 0.01
15.0 -0.01 | 0.2110.04] 0.19{-0.121 0.13] 0.21] 0.03[-0.17{-0.22]-0.09]0.10| 0.24 0.28 (0.25{0.18(0.12

d v o a ) a4 -
nNAsIeh 3.1 eedin leduuudndueundyadound 1 wedud vewndumiiay

(founegian) oon 'l Tashimilsd




20

v

3.2.3 uuusIATives FM (Bandwidth of FM)

Tuszvy M laduundguandimnu@niity fo+ fm laduuisigiaesiinaminin
fo £ 2fm uomTANdBUY AniuuuuAIavves FM Aeanseunguitiuluduuudfishdy
NNAQ sufle uuuﬁ’mﬁw{ua;jﬁuﬁﬁﬂmsuaz)mﬂuazﬂ'nuﬁﬂmﬁammﬁxﬂmaqmﬂ uay
Vindylinsuegan m = fd/ fm Aol mnsmansdidounuasadvesdyyoe
qian infwnuudlan &

i et vesdygeudusfliduequaiin 3 k2 uazman@iSuaumndu 18
ez e iiShy 183 =6 udiidi m = 6 T i Tumnedl 3.1 szfudndle
fyilnsuegaaminy 6 Srauladuuudeedeg o f udamuuuiiad 1Ay

BW = 2fm x Sidebands (3.5)

4
Ay uuuddavieviin 2 x 3kHz x9 = 54 kHz ualwmalfidudesiivumuaum

4 ' ' P ° ° o
s ariuuutlszinanine f uasm fm Taodgi hisulludesminnuleduuud fe

BW = 2(fd__ + fm_) (3.6)
uaznn gastreduey Wuuudlaiin 2x(18+3) = 42kz Fefszmdeunisinim

P 1 & . s J a ’ '@
MNIINAUN TN 3.5 uﬂﬁzﬂﬂf]u?u‘lmﬁuuuﬂlwUQUﬂ 7 ﬂumm

33 IEmsduliadgygin FM

TumsfutianToaedgyga FM uTamia liseiniseen 14 2 35 1ug) 4 fie Tasma

o d
ATIUATNIBBY AT

3.3.1 3ouiia FM lasasa (direct FM)

1$uvsesadamne inmugudaoussduidiudedyga FM Taundnnisves
24913 VCO (Voltage Control Oscillator )  vwlfndnmavesniunylalen (Varicap Diods) %9
wilouulasmnay i anussdulusadounduiiannioudaiu feu minauns

' 4d
MAN1NDVOI1995 VCO fiB
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1 . .
f=——— 3.7)
2nyLC
4 44 4 ' Y 9 . a
dlemnnupfoudsei Iinandnffounlasan ity i ldmansaduiia

Y y da 4 d ' d
dygnoe IM 18 TEmsardauuil ddedniivimadvanunindindi wilifedeio aand

o ' A ° . 3 A o d =
wpsavivies ireons?t Seiutludeamiuisesaduiitiusnmnanud i

3.3.2 s uiiu FM lagdeu (ndirect FM)

swvin1sasdygeueLnInEunY (Narrow Band FM : NBFM) Frunden Tavld
ANSOGAALUUNAIND (Balance Modulate) udni1cigygyiss NBFM aanau vy
dygrawounuindia WBFM 1in NBFM Iﬂu‘lﬁ"msgmmmﬁ Tavszorfundnnisves
gunsaifhiduBudy Nontinear device) INTUARNINIINTBINIMAUVVIUAINA 101

mwizdaan ifau
3.4 n1sanegian FM (Demodulation of FM)

nngifi 33 uaasudenlaevunsuveanishveqma FM Fewalszneudavdaues
NVIATAMD S (Limiter) ,  291INIBWOUAIMARIUERE) ,  2vsanileisuiemed
(Ditterentiator) , 48z AMNIABJ (Envelope Detector) lavdauveevsaviosusiomsinazd
mnined wwidunsuiudi Aendiuned discriminator) FeaviiudaufiAvudogo Fv

ndvaniludgygnadnms Audy

=31 Limiter P> BPF > iff i > Envelope
(2) i o Differentiator ) detector

Yd (¢)

4 d
111 3.3 uden laezunsumsdnegan FM
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3.4.1 dfinmod (Limiter)
TuszumeniSunndvesiamus s fuundygam dmswiadiined
cwe  weumsfunlivesnnavesanmsssdeuianndusuniufivietiedis Al
meftuilugUnsaifinnlumsiitamafunl svesvnaveafuesunauld 1vsddnmes
foenuyuiie Wussduneenduiudtuussiundidegdl 3.4 ddggmniddivnad:
n1szA Ui Atmiting level) v03dlnmesT deygaiviesnszusmndgygsvudimndsems
et lsfimumuinAvnavesdmmzinezinsnnndissdviavesdinmed  waveants
rudiiame Jer 18 gnduneenidiunduaung (square) dlonduaunifrinunieansesnand
FHIMUBUADTND (bandpass filter) ﬁuau“lﬁmmﬁvfumwaaﬂé‘uaum's'vhu'lé’winfu wld
dygnauneenvensvinseaiiundulniiafy  Twsrnddiamefuarasesnsesdiuuoy

d Y 3 o ' d 4
anudlssneuduiiuginasiiuRuaiu Talisunsaiuginduaundd

; v
LN 1

domnamioen

_____________

1
]
]
]
P | N e
o<
Ly

Juaonn LA

4 L & A 13 - o
31 3.4 dnvavesdgygnauliomuiinmed

342 Aana3fiunsd (Discriminator)

Yszneudavdannlszney 2 dau fie daunsnitluasesfudasdygauediduvndiid
nenad W IRdg g aneenfifivnaiulsauaa e lnvseniivestainme  daud
asailuavsdimnmed 'd'mﬁ'wvimﬁﬁﬁiuﬂmwgﬂﬂﬁuua'uwﬁgﬂluﬂmmmﬁmusn 1N
azrnudr i sesnssauaunadsiu widdygnadamamudeams gl 3.5 uams

o [-] o d a
dnuurauiAveuewiduAanitinuae nandlugaunduay el §ia
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Qutput Slope = &,
voltage

Input frequency

P o e a o a o
gﬂ'ﬂ 3.5 aNNUTTUUAYBIANA TUINRO T

P a - o d 4
nngif 3.5 WhinsEuAvesianiineed Ae uzsduiemeznldounlaaiiuig
@y Auanudidnemaduym Tau Kd fie fnsivesdaniliume? deamuiAuanaiagy
P ] a a - @ d -
# 3.5 dnlszansWduvesdanIinune fiflulawgaunduds dygraimudvivesusie

Y »
@ o o ) >
weill wesnuniludyga AM 12 nndufwhmumsBmnmefluuuy AM  Rdgyge:

V1IN INAUAULIAAUAL
3.5 52uumMsYy - a9 FM

351 ande
' a o \1 o P S ﬂ & « o P
negIUey FM szugen ﬁazunmmgilﬂ 3.6 I8 ﬂlﬂﬁﬂﬂﬁﬂ“uﬂ]u Iﬂﬂ'ﬂzﬂ

d A ﬂl J v L °
gnsgludnned (Varactor) demuisonldvumaugmuussdudoundy shidnamdves

osc ildvuulas @iThudyses FM uduhuninune RE udadeeenly

AF
VARIABLE
—® REACTANCE ™ osC —> RF AMP

4 g .
117 3.6 usmaudenlaszunsy nnds FM
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wingi 3.7 dunnfunlénssitguefisamelsatenl Falszneuday 293w

RF (RF Ainp), Iniye3 (MIXER), 29939070 IF 2993 Taneaseadainwed (local oscillator) ,

fdiufusagaa uaznnvnoio

_ OUTPUT
MDER F107 | ol UMTER |—p»{ DEMOD |—»

o g v
U9 3.7 uamsvden laezunsuvesnindy FM

A ar Aw L | A o
nngin 3.7 dggramividnnmeeimeezilewdigierswny RF evimsvo
t 4
s 1 L3 - o A L3
dogneiifivnagediu uddandnasineed ssvimbhiinaudygisniniiesvnys RF
v o o a o o i duwaa d s qya
fudagsininianslaneaseadammed 2evsinyeferiamlursiilidiled vildidana
Y Jﬂ o d ] o e = & o A’Il = ] a Y
anfiludygramnudradisiudygunnudnasandsdanily  anuduadiseeinumiiy
d_ 4 a ; y |
A1 IF dafin 10.7 MEz flewdgaeeseviu IF ey IF o W rvnudenanud
At A s P 1’ d o o Aq d o
fimanudguinmanad lidunesyuisesny RF mesudyg annudlanam dygie
= = o ' I ' d
Taneaseadaawme N 1naufiasesineed sedealidinefuas radnieenuiiiane
Py 1 4
Havzmunue IF = 10.7 MHz @38
o P o« o do P
dogeueafiosnunnnaeiwny IF sumdeunudygpamnividiaceswy RF
] 'Y ] A 4 4 o [ a
Matugnudssanasnnnud RE funimd IF uayndaninisesvne IF feziluieesd
a o« A o @ d do 1 - s d ' @ 1 a
dmmed meditavnavesdygalasinamddunudy  vinduneziu liisduiuegan

A q - u » A o u U
%3 ldeTunulnvaziBun liudar dermunishnegaaudanss lddyg anmnduniaud



uni 4

MIFUNTIETININDE 1Y VHF 28 PLL

4.1 vdnn13veatadengy

mardengueLL) Afle szuumsfloundustiamils Feedback systerm)suiu #avingyl
fi 4.1 xi’luu%an'lﬂazunsm‘fugmﬂm Phase-locked loop (PLL) lavlsznoudie voltage-
controlled oscillator(veo) , phase detector LA loop filter #IF1 gain YBINIA VCO 1NN
1MUY Kveo (rad/V-sec) , fi1 gain Y9400 phase-detector iluensfimuday X , (V/rad) unz

loop filter UNHAY Laplace Transform : F(s) #3141 Emsing (1]1 beat-note voltage HTAT

A ' o
qaLe loop agluntazien

Vveo(t) = Ep sin (wycot + Byco)
o

vr(t) = Ey sin (w,t + 6,)

Reference d:the z::steor vco
source K
Ks veo

Vpeut (1) = Epsin ¢ _‘_®
Loop

filter
F(s)

El g 'Y
111 4.1 uanauden lnezin suNU§11V84 Phase-Locked Loop

Tuar mazﬁamz'lé’ Em = (half of the phase-detector range) x K¢ 4.1)
uaz $=0r-Oveo  rad

161N range 189 phase deteotor T + 1 rad AaNY fIIGAAVO beat-note voltage

sy Em=Ky V. (4.2)

o 4 d
Anssnvasiudulaolugiil 4.1 open flgn A uFaneld
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Af=fr-fo (43)
Tay fo' 18 AINA free-running 189 VCO
At fie aanuifieemnein output ¥84 phase-detector

- E
fr 18 AUNYIN reference source

Fimaioludouei flednusvensysinmediues Fuhilife Capture
range 983 PLL 'nmfuv'hm: close loop "leﬂﬂ A Rgat beat note ﬁlﬂ‘u ac w10l uas
phase-detector ¢ Nﬁmssﬁ'nu:qq'u‘lﬂmuﬁan1muqnmmé1nawco‘lﬁ pmazden:fo Tavee
ATINUAITUUANAIIVOY phase VYBIAGD 18181989 (reference source) NUAYLY TN VCO #IN

t r w & Y o : v (Y
phase TmM1iunsedl error voltage 191 VCO sunMuduay Phase Yo aMsasIdyyqIBuvIiY
) d
Whgantazaen

4.2 Transfer Functions of PLL

W 9 o A
vinnguveansileundinimn 1§ luss uy phase-locked loop AYg1lH 4.2

Phase detector

Kyco ©,(s) /

F(s)

o
719 4.2 usmauden laBzun 33¥84 Phase-lock loop 14 s-domain

uaznnnguimsdeundues1d forward gain iy K¢KveoF(s)/S 1azhi open-loop gain

@39% transfer function Y8953V PLL 9 &y

®o(a) _ Kﬁ KVQDF‘(s)

= (4.5)
O, S+KKppF,
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Tuviue uyariu transfer fanction ¥843@ 1,2,3 9 output veiilu

transfer function 911§A 199 output = Krooley . (4.6)
S+ K Ky Fig
- K
transfer function 910§A 2 3 output = e @7
S+ K Ky
= 1
transfer function ¥IN§A 3 01 output = F (4.8)
9
1+ [K , Kyeo —;—]

Taowaldseuy PLL ¢4 First-order 1ae Second-order PLL Tatg1 F(s) = 1 wziilu
“first - order PLL™ IN31271897049 S 14 denominator 184 transfer function 1114 1 #3314 transfer
function Y84 first - order PLL 9243y

®, | KK, !S
[ ® I (4.9)

®, (s Jﬁm., TS+, Ky ! S)

oodd s o , o d
dnedlanilancding Ao MINNIIBNDY bandwidth Tagnsanfl 3dB : B, nieth
NIBONAIND NAD crossover frequency : fc NUYUIAUDI open-loop gain 11 1

Taonnmguvesmafloundy ew'ide B, 1w

— K‘ KVCO
3dd 2”

Hz «10)

uasiaE i sadoy iy

K.K
i . (4.11)
w

¢

v o - K‘ KVCD

AU fe Hz (4.12)
2z

1 A ] = &
10U VBY Capture range AB FINNUDILH IS free-running 189 VCO i

dd o v @
andfegluanizden Aniuee1d

AD,yre = DOy iy = K Ky, rad/sec (4.13)
o 2 K. K
Aatiy O e = W vooin =~ Hz (4.14)

2z
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: o e A4 _
@9 118z fiv1380 Second-order PLL Tauszuana@13Aun F(s) 49 transfer function Y89 F

+

(s) 14 Second order wzzﬂu

_1+7,8

= 4.15
© " 1+ 7,8 (4.15)

' v P P ] d 4 o @
Taufif T1 uae T2 usasRagiil 43 ASund1 second-order PLL Atilaavindidsgaga

¥84 S 1 transfer function i 2 udaee ¥ trangfer function Y83 second-order PLL ﬁ]u

r®a(s) 1 _ K, Ky (1/ 7, )0+ 7,5) @16
@ J... i S Q7)1+ Ky Kyo7,)S + (K y Koo [ 71) ‘
20 log | F(fw) |
(dB)

R, L ~

o— A~ ° N T2
K, 0 | log w

E, ko 6 dB/octave
«
T 20 log (R"?R!) o
jﬂﬁ 4.3 U999 Low-pass filter {l}¢ amplitude response

wldh 7, = (R, +R,)C (4.17)
uay 7, =R,C (4.18)

o o 4 4 a4
syuy PLL S ldfimswmunie W lFnuldnfevnsuasazaintedy Taunsfiuau
“« . o A A ] l; o o
Divider +N ¥l dsgUit 4.4 Fedauflveitludamsnaudifnnsin veo thewld Digi
. . 4 g .. o - 4
Divider ¥u1niteveziToniilu  “Digital Phase-Locked Loop” filé wamannsnulavy

A A ) o d
AU fout 'léﬂﬂumm]auum -+ N A30UN1I9 4.19
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fref f
> > fout
Divider "| Phase .| Low-pass VCO R
N1 | Detecter "|  Filter " "
Divider
N

41 4.4 uarmsudenlABin sy Digital Phase-Locked Loop

11n31|ﬁ 4.4+ fue =Nfy (4.19)
f
lay === (4.20)
74 N,

»
1n%iuve 1@ transfer function U849 digital PLL ‘l‘nmﬂﬂ\

Oote) _ 7K 4Ky (42
@,(s) S+ (IEK* WKy / N)F(s)

1 L. 43 o A LA K s
Tun1IN91IBIAIAIN q 989 digital PLL finviuyuRuatuiuyiandalsidl Divider +N

r & .. [ a 3
oausiieiu digital PLL udafifnrsenmen 1N msudh I B auminiy

4.3 Capture & Lock Range
f2
,-_ c -l / ATl
vd o a)
— . fo

.

Vd o
l/fo f A

fa

< wa
110 4.5 wermsnaierulidvey Capture & Lock Rang
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3-f1
f2-f4

Capture Range (4.22)
Locked Range : (4.23)

Capture range 88 I uflunamdila q Aegniolu Lock range uazi'j’ua;jﬁ'mmuwmm
LPF ﬁll5?!51‘lltl'lUgﬂﬂﬂ(Clos&Loopgain)‘UﬂQiz‘l]‘lléﬂﬂ’.\'mﬂ'lmSﬂﬂmgﬂ‘luﬂ'lﬂmzf‘ﬂﬁu
dygadumiedugariffuandmumniim sdon(Sdectviynanidveagiiiay

wifulumazden (Lock Range) ﬁﬁaﬁﬁmamﬁﬁﬁﬂuﬁnmwg'ﬁmmﬁﬂ?i’uﬁq N8R
ﬁﬁoi‘fqﬂmmmmusavﬁ'tymmﬁwn‘lﬁ"lwmsﬁqﬂa;}'lum'wﬁaﬂ #dvlunnzdennie
Lock Range florndonh tracking range 138 hold-in range i 4 Feinammnuinanudvesg

' d ' ' 4 4
ﬂ’“ﬂﬁﬂ‘z‘lﬂﬁ“'lﬂgﬂﬂ‘h.h1ﬂﬂ11nmﬂu{lna1\11ﬁlﬂ1‘lﬁ tracking range ﬁﬂ‘llﬁuﬂﬁQ”uQ‘UaQ Lock

range
44 1m'soaaiammai'umumaﬁnﬁ

= d - )
vingii 4.6 iuvdenleezunsuverisvsesadaaiae? Tavdauveno o gan iy A

LAZeIUfeedback T factor 1 B

Amplifier
A

Feedback
network

B

= o a
317 4.6 uden lnevunsuve1rvoTFARIABT
a - ' 4 1
Tﬂﬂm:imﬂaaamamma‘s'uaz'lnﬁmﬁmﬂmﬂﬂﬁﬂmﬁa
AB=1+]0 (4.24)

L 4
[ | (3 - (Y a W r
aniudmveamsileundusedeaudy jo feeldmihsined 2 uardusnmed 1 @ a9

dlundnmsvesesesafamaesuvuneaing (Colpitts oscillator) Ralugi 4.7
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3t

Amplifier

I |
o L

P Y a a
7191 4.7 winmaeeadmmme Iuvuneaindg

Snuarfinusavenicnsesadaameiyiiaiifetnn i haniluned dmiy
msfleundudynaegetiadanm fagilfl 4.8 c2 uax o1 Ysznevfutudiusesituned tu
danveamstaludaldaseszimualaoniiudeanisves of output power Int Rf uaz Cf
il 17T low-pass filter 1Ty B+ isolation e C Tugal#t 4.8 iy ac bypass capacitor Hana10sd

- d o
18933990051 alAlND snmuﬁ'lﬁ’mn

3 G RF _output
) o

= (_'2

=G,

.|H.

< - a
311 4.8 1vsesadaame SuuunsaRnd
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1
- (4.25)
7, 2n3/[(lm
C,C,
= —_— 4.26

Tay C,=Cpnt CiC, (4.26)

ay o A c,
uaziidefmimuadnii hy = ol 4.27)

1

o2 4. . o
auinlumsfisinniszgndiiiugges VCo (voltage-controlled oscillator) 833337
@ d o [ o P P
annsodfumnfessiseadanmei idalouswnldass Alemadiue C, ¥338msh
d a A v o = o 1 a d . d
¥hfe wldmihanlaleauuvesisdah niehdundud 113uAl (varicap) wie usn
4 . a da_ o v
@eF  (varactor) Henaennidvesialoardafifomanhduaudesulsiumuussau i3
7] v v w > : a4 = d o @ o
Gefitleuldtudniues dviudlenldon ¢ duruinae? ToiWlguennidlunislfu
d v o d ' d J 4 d ¥ A w
anud 14 Taunsmuguizduusay i fianaiouauinnes Fane1ezAsslinsliy

o
nlasuaestha

4.5 lulnsnoulnsaasd Mcs-51

4.5.1 gasouifveilulasnoulnsamed MCS-51

- iy 8 i Anaugaidi

- Wummhauaeinafsas 1a e

- wdunauazednaliiuy 32 fu Midenusamsausndiamn vinduld

- fiusnwssy Pawluvinm 128 1ud wie 256 n

- 2gvsdanm / 2avstiuileng 2.3 wie 16 n

- inuadiy UART (Universal Synchronous Asynchronous Receiver Transmitter) €4
Joaynsuldansfiona '

- Buweiind uvaflv 2 528y nin 5 wle 6 umas

- fidgygnannfmegnisludia

- ﬁﬂﬁwﬂ'a1uﬁ1ﬂm:"mﬁnﬁagamu‘lmmm 4 wo 8 nlaluA@wnIou 8751 uas

8752)
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- fusnmsavesmizenamd e SufuTusuun sy fnwianua 647 Talud
- fusmmsaveamiamansdmiwfudoya fuawtinun 64 ATalud

- frdaiamund 111 s

- YA uR g T sasgIHaUmN

-dalamyuudniieua 8 ilalud

Ao & a 4 o a o o> a o
- uﬂTﬁmﬂw'WUQQﬂTﬂlﬂﬁﬂ"‘lﬁﬁ']"’ﬂau'lxﬂuazlﬂ'lﬂuﬂ AITUHLU uagaulﬂailﬂﬁ

HuuaYNIU
-lumed ATS9C2051,ATR9C1051 seanvumauvdsun 20 v1 Tagli ROMmulu

$1U3% 2 kbyte uaz 1 kbyte mud 1wy Tavsehaifi Port 0, Port 2, ALE , PSEN , EA tazRD

A o o ) 1]
ma«nﬂ"lé’aﬁ‘lﬂmﬂ*m‘1‘3'1umué’11nma1f"fw'lu‘lﬁ‘l§q1u

4.5.2 Inssad a1 daanssuvss MCS-51

REGISTER

R W % X

»
]

PrO-P1?

1171 4.9 Tnssadramuluves MCS-51
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vss VCC RST/VPO

14
i\

\_J . . XTAL1 ]
Pr.oC 40[Jvcec _E._’ )
P1.1C]2 30 Jro.0 - = T
P1.2C43 3s[Jro.1 T ) — <
P13+ a7 P02 XTAL2 — o ANDIR O .
Pi.4]s 3s[—Jro.3 [
PI.s[Je a5 JPo.4 EA/VDD ———of
pr.e]7 34 ras ’ 7
P1.7{8 33fJro.e = : "
woRsT o gOgq 32 ro7 8051 —- :
Pro/mOJ10 g351 31fJvoo/ER . 8351 |T—= ?Wa{ﬂ 1
Pa. 1/} 1 8751 30[—JPROG/ALE ALE/PROG +—— 8751 [
P3.2/INTO L 12 20{1PseN -
PAAANTIC] 13 28{1P2.7 e——
PaarmOCJ14 27f3r2.6 :g_’ N
m.ﬁﬂ: 15 20P2.5 o
P3.6/WR[] 18 . 2W/[IP2.4 . « wh S
pa.r/ro 17 24 P22 WOIR 39 o] I >WE]§G] 2
xTAL2( ] 18 23l r22 TP | DI
XTALY 19 22P2.1 Wi ——— e
vss[T] 20 ‘211 3r2.0 A - lo— -

31071 4.10 dmsisnvesdil luTnmeulnsamef MCs-51

4.6 IC PLL MC 145162

4 o 4 : o <4
nuavBuafvatuiiomznanfimsvinm IC wed Mc 145162 Huflu IC aseqa

mardengl uaziliusialedeiy Taoligudnya ey Assznaridadeld
4.6.1 gauiiiues MC 145162

‘1‘[ -1 El @ El ’ ]
Mcussie2 iuwledfiadeonguilddunsvinandey 2 gU Fwerunsoirl
o s - :

Urzynd il Insdni mouazamnsansslsegnddiuedadu iddnuavetisanns
d__ o dd 4 ;o
frzduniesinnudnniud 60 MHz nisdind

' < o 4 o J J '

JAIAUTBY MC 145162 anuisadive Tlsunsuniimeimeduiy inmwmeimediuds

l=l l=l - - o
nmiae iAnudadedalaonssume Siady luInsTil svawe fuuveynsuMc145162
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Jszneu'l1¥au Phase Detecter 2 91 fipvsamisdhudaasdiusy Tavldnadesadamaei
st naclynafenanddiess 2 g Swuanniae 4 vea MC 145162 fisedl

B yhaufiusedusznine 25 M55 v

B vihnufigumglsznie 408 7sc

W Aundanudi3mafi2as v

n mmmv‘iwmﬁmmﬁqaqﬂ 60 MHz fiB4%n 200 mVpp VDD = 2.5V

W aunsosumeimaiyulnsTdsrmeuun 3 nuas 4

B aunsoadedggmanim WivluTas Tdusawes Tavadisvinaauagbs

Taumams 3 uag M3 4

B 'y TnsTolsaeire fennsonaunu ey luamaz Power Saving Mode

B aunsodie¥niwdesadammeinnmuouen #aldnvinaTadageda 16 Mz

M 3 N veumimednandsiesannsamsasglurie 16 e 4095

B f3m3 N wsumimed weameduiuannsamsluris 16 8165,535

B & N veumfmeivssmaduasaunsamsluyia 16 81 65,535

osce —L 12-8IT PROGRAMMABLE
n REFERENCE COUNTER
8 <| | 14-8IT PROGRAMMABLE 0
05Cout AUXILIARY REFERENCE ————————0
COUNTER ~
5 1 TRANSMIT
MCUCLK +¥+-4 12-BIT SHIFT | | 14-8IT SHIFT SELECT Tx
REGISTER REGISTER —o PHASE |5 TuPDgy
T t o] DETECTOR
ADp 2 o
ax MCU INTERFACE PROGRAMMING
. ? MODE CONTROL
0y ———— 16
. CONTROL REGISTER >0
ENE ]
13
TxPSMTy 4———] -
RxPSA| 1
-— |
Ax 16-8IT SHIFT REGISTER
T 4 16-8IT Tx PROGRAMMABLE RECEIVE Ax o
COUNTER SELECT PHASE  |— RxPDgy
_O\o_ DETECTOR

—o
- 16-BIT SHIFT REGISTER

9 16-8IT Rx PROGRAMMABLE v
1, Do = PIN 12
R COUNTER VggPING

<
319 4.11 Block Diagram a1t IC MC 145162
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5.1 11'50016!03!“113]11001?]10@1Nﬁ@ﬂuﬂ

1 (] ' Er ° [ -3
ﬂ]nmqvﬁwugmmumq 9 NHIUIN mmmmmm‘smnmﬂﬂﬂsww'lﬁ Tavuden

: \ gt ’ @& A o W
TaezunsuvesInsanunanndaumemnsy uﬂmm;ﬂ‘n 5.1 uag 5.2 muany

5.1.1 vdon lnasunsuangy
- ' qd Y 1 a o o
vinudenlrezunsuninds  sewuh  iniudggrarhifhiiemennniesdieda

dygieciithinmoriiadien  uasimswnodygeddtvnatmngmmud:  Taouoy
mwﬁqaqﬁﬂaqﬁmﬁmmmﬁ 1fle 200 Hz unzvessesdagad 2 fuvesdomad 3 fe
100 Hz M 3 vosdgymanzinsiiined, anvsnsewnandduin unsfufuasssnsedy
vosdgygalttudaasnndyymemiendudtneaanc)snda Feveuwde
ﬁ'tunpm?fq 3 o9 ssgnulfoududygnuRtaeasing 8 da wieuduiadmdnuuy
uviaaar (TDM) Taul¥ ADC0808 Fedfyg e ¥ lumsnaia (SCAN) dygiavesusiasyes
widdygsnfnimssafinnnssesadame i l¥niada dygudtnenvue s Oa
vsaarves srgnitdvuiiudeyanuueynsudasannanuda 6,400 Sarieundt
del¢dygeddueynautudygadiiuds fwdilidauvesmauegian Fsk
eoudasnndgyystreaiduewiden udwegmanuuevidu hutuna A VEF46-49 MHz

& d d 4 '
Tasl#msdunnednaddumaasngl lumaniuguaind udrdsesneimeeenlyl

5.1.2 vionlaszunsuaaiy
d o o o ) ‘ o
ninuden laezunsumndy wivdgygramnmeinaudHiuviunisveunisiy
d a ) ' 1 4 ) 4
1BNI0Y Raeandsanunings A Tutiunud VHF 46-49 MHz Tnul¥msdunsizdinind
d Py . A4 -]
Fruardenguidulansaseadamiani (Local Oscilator) dierumsfnegame fuuda fse
o Aﬂ [- o o LY 4 ] P-1
Wengaudeyaniiuewaen uduundygpadeyasennindgygadd  fumdusgan
L A o - -
uuy FSK esniiiudgyasiAtneanilszneudiudeyaeynansdgyguded dogradan

y o ¥ ‘f «a A o
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e IWdygedeyaeynsundunuda  fendnidiideyauupvinudadn 9
sasuavinuau n1n1fuﬁuzuﬂaafﬁuqnmw1‘uﬁimea 8 fn Wiludgygaewden Tauld
DACO800  Fuziitvieifinuguieyavewudacsesidnssiuvesdygaiidnn - Faiv
Mai’ﬁqnﬁnﬁqnﬂmqum:ﬁnmﬁaum:mmﬁ'q;tmmnn'm:wﬁnmmﬁu‘um?ﬁﬁa

dowmlauiudygnauiivewndenuda ﬁmmm:eﬂ‘luﬁnvmzwuumﬂE?’af‘i 3des
1ae3nsesnaudidmiy 1ﬁe1ﬁﬁtyty1mnﬁuu11ﬂuﬁmm1mﬁs1m‘:’uu (Smooth) Radeysyadft

dhinfisunmesaninda dudy
5.2 MTHIITHYBIII0ININAY

) [} ' o [l v a d ¥
Tushuvesvimadezilszneudas 4 daudauiy fie daudadmanddygyio, e

o A " . 1
qian FSK , uegian FM uaz 19v3vnedgygns: FM #avzusnefinoudazdivde 1l

5.2.1 M311914Y832395 Time Division MUX

wnglfl 53 UAA9I91INIATIme Division MUX Fanediduyn 3 Suynfilidnyaw
miloudu 23 lushududuil wilszneveetluond) 2 d Farldiued TLo62 Fufueen
uonilludnwaieg (Dua) TMIC uyu DIP 8 N aavsdawilenyimihd 3 dssnsdauiudle v
29931MiMe3 (Buffer) touAN3IAA Loading , Hua993nsesnaudissy (LPF) moru il
dygramandguiy 200 Bz Unbudmunasiiddy o vimdhinnszdudyganma
GND Wegfi +2.5V.

TumaunseAudygsdanaia fmaisf ADC0808 1terimsadiaussnudade Iy

v o A a a
UTUR Vref(+) = +3.75 V. uay Vref-) = +1.25 V. Mfoez'ldn1mazidon (Resolution) 1A

he

Funnndudu dey figpfanatavestussRuananfwedi +2.5 v. Saiududesimsun
sAuvinga GND Wegh +2.5 V. Tavlumsadhaussdudredaliiu ADcosos wiff TL431
#aily Programable Precision Reference 3¢ Wn1sinmazauussdufinefindinis1#&meila
Teauazdsennsaimuasisiu 1denday
Tunisadadgygaufni(Clock  Generator) 'u:‘li’s"m:ﬁuﬁwﬁmmmﬁﬁn?ﬁﬁmﬂu
Fraedysymuazimuaniud i XTAL] veiifi1 10.24 MHz uazdl R16, R15 uaz c4 dlu
RC time constant ¥ Wifidygennd 10.24 MHz 711 6 ves IC43  vintuszgnua
AmdRa0 IC5A 1wed 74HC390 wgnn1sdau 10 miie 1024 MHz uaznandnediy

dd v 4 . .
nnudntlouldiu ADC0808 iNenIuguTIMITNIsYIIIY
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Tau ADCO808 31 uanmnnsv‘hm’iﬁﬁ"mm:uﬂaaﬁmmmmpamﬁamﬂuﬁinaauﬁa
Gafinthlum siadmdnddygyednde Taolddgyemnnamen 107 wed 4017 %
f?tutmmn11ﬂ1‘3’izﬁmmﬁ'lumimm (SCAN) i 200 Hz udfidaygnweedl 1 aefimanam
avsnferentsy i biinamAtumanaed 400 Hz msTzRvesdymad 1 # veduounand
QA 200 Hz vt

dedggaugnuilaaiiuatasaunsiadndnduda  fegnuasnndeyauuunny
dludeyaunueynsy & 109 wed 74HC165 Kavdasuda 6,400 Tndedurit Tav Ic9 1214
Foygauniniman 6,400 Hz wwin IC6 wed 4040 #aﬁmiymwﬁnw‘famh ICS, IC6 uag
1c7 wimahauiwdeudu e Wdygeuiuwveynnnnudfedweluiinn Fsx
Modulate 911l Tnusedalndoududogaifefives CHI nawdl 2008z uavdgaranniing
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Bandwidth FSK = 2[ (£, - f,) + data rate ] (5.1)
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Bandwidth FSK = 2[ (f; - f;) + data rate ] (5.2)
=2[(3.2k-0)+800]
= 8kHz

1 4
o L A L ) L]
Autuuounnudvesdygudeyatregluyie 0Hz il 8kHz
4
undoygst FSK 99 2 daudiedu segnilmnsannusiu9es Summing Amplifier

udaatere 115323935 FM Modulate 8 11/

5.2.3 MINMUY832383 FM Modulate
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amnsaTsunsummamsnand dvindeyauvueynsy Tavningrwidunin X°TAL 10.24
MHz segnv1sdaodamsviin 12 bit Taofmuadnusizmsvinuuasimuasivesdans 14
VInMIdcontrolyausnuazyafiaesffuMC14sie2  Fefilfdayusnfie s (Test
bit:Normal , Aux data select:No Adin , REFout:--4 , TxPD:No Power Down , RxPD:Power Down
, RefPD:Power Down) Hevziiunisiinunsusudusian an:qﬂﬁﬁawzﬁ‘lumsrimuﬂfhm:
wismandaandemfilfdsgaficesilo 28004000H (Aux Ref ENB:Not ENB , Tx-0
select:Selected , Rx-0 select:No select , 12 bits Ref Freq:800H , fr1-S1: 0, fr1-S2: 1, 14 bits Aux
Ref Freq:00H) IAuX’TALIzgnm13diaunt 800H e una18 81989 Phase Detector

Tumseld  control  data ‘lﬁﬁuMCMS1621fmzﬁa‘lwmuaqnmTﬂum:efwz'lfB'
microcontroller A72QR MCS-51 lunsmugumadsdeya unzninfileus +N Fudueen'ly
Hafir N usnida ey £0=46.000 MHz fifidelfe 23EsH Feiwananiidyinns
naasutdvy v ldnmdmudeans uarluvasifvatumicrocontrollerszdscan Ui
NANBLUARIMIAITNAT seven-segment BNAIY futumatloust =N . mafufifnadhuuie
nlfvunaudunsmina i fuanseondl seven-segment vwibalinwduRuFunraIsiuday

. P y P "y
microcontroller MCS-51 R1¥uTInseauiisefiued ATsoc2051 #uthuveifdediuann



T TV ot et e e At e y

AT

. W — g

.

42

e 1C v2oveiniy TaveunansaTysunsand l s 148 2 kbyte SovirWaauile
faallediannlavdmniianaslifufite dauuean Address g Data Manundaiite Port
0 unz Port 2 maziiesaTusunmuegmuluudavumarin1u 18188 nuas Tuviie ooy
EA , vWR (P3.6), MALE uaz vPSEN Azl 1ivuin viil¥inde 20 1 uavdauilé
nuffle Portl uazPor3 Haar i lumadedeyauuueynayliiniugu 1c Mc14s162 Wlums
:"uﬁﬁmsnm'ﬁmﬂﬁuummﬁuazuﬁmnaaanseven-segment daulsunsufilgsaldtuic s
oy lumanuan 0,

| wing1lil 5.5 veihansveoilde aufuMC145162 uadauves Low-pass fiter Taudau
veaLow-pass filter 11l3znenliléa R6 , RS uaz C4 ¥s input Y8Low-pass filter 9211010
Phase detect¥BIMC145162 (loLow-pass filter dynmuissdunainndousinPhase detecta

d
nsesvuiiulinsalinununandvesises veo
[ o 1] A L4 ¥ o A
A VCO 1 FuLIInunING 11 Low-pass filter Hevziiluusadufiounduldiy D1 &

SurusnmedlnTeawes Mv2109 fuiudlousedudii®an Low-pass filter fimay/@vwnlas
fazr e ¢ veapufamanuuudasfesyii anudifamsnlouanlas g
doygefignmisdaunn N devider fuwgmﬂ?umﬁuuﬁ'wmmﬁnmsgm‘lumﬂ
Phase Detector Mty MC145162 udadiefiman/fuuaam@nnnisnafiiidun Syl 1c
MC145162 1ivush N v 1 aansduasie vesniuivaaesdt input Y89 Phase detect LN
dtu sy Wifaussdunmeandensl Phase detect uazgneta lfannLow-pdss fiter (il
nsssmanidgesen luazdiviaseflentifusn  veo e lnudfiduputes  veo
nvumumanafitihdesnsaaniofuninuasdonnudlifee Witfeam
Wivumamdndumme Wimun 10 Mnadamu1gTsunsuer 3 '
dygnedvadminisuegannnis FSK s C13 @iy Varicap D2
navwalashnauy IS Wamomdvenns  veo  afsulasllmunnaves

g A 9 L4 U’ ' L4 A
dygainnnieg FsK W lddgem FM senn simfusedsdgnnufiuegion FM

udr ld e svnedgapawie



-

Bt iibs o binadl oy T ey

R R

i i T prp—
~

43
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YoInE frfluens (MHz) | fiiia (MHz) % error
0 | 46.000 45.997 0.0065 %
1 46.500 46.497 0.0064 %
2 47.000 46.997 0.0064 %
3 47.500 47.497 0.0064 %
4 48.000 47.998 0.0043 %
5 48.500 48.498 0.0042 %
6 49.000 48998 | 0.0042%
7 49.500 48.498 0.0041 %
8 50.000 49.998 0.0041 %
9 50.500 50.499 0.0021 %
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H CONTROL MC145162
; VHF TELEMETRY
; PLL SYNTHESIZERS

; Software by AZA-1

DIN " EQU PLS5
CLK EQU PL6
ENB EQU P17

UP_KEY BEQU P3.2
DOWN K  EQU P33

LSB N EQU 20H
MSB_N EQU 21H
DISBUF EQU 22H

ORG 0000H

; FIRST SEND DATA CONTROL 8 BIT

:  SEND DATA 80H

FIRST CON: MOV A#82H
SETB ENB
LCALL D_OUT
CLR ENB
CLR CLK
CLR DIN

LCALL DELAY
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; SECOND SEND DATA CONTROL 32 BIT

; RO,R3

SECOND C: MOV RO,#04H
MOV R3,400H
SETB ENB

SECL: MOV AR3
MOV DPTR,#SEC_BUF
MOVC A,@A+DPTR
LCALL D_OUT
INC R3
DINZ RO,SEC1
CLR ENB
LCALL DELAY

; INITIAL FREQUENCY,VALUE OF N

INITIAL: MOV DISBUF,#00H
MOV LSB_N,#23H
MOV MSB_N,#0E6H
LCALL DIV_N
LCALL DELAY

. CHECKKEY ? UP OR DOWN

CHK_KEY: LCALL DISPLAY
MOV P3,40FFH
MOV C,UP_KEY

INC UP_CH

: RX use 1B
3y RX use 8A



MOV
MOV
INC

3

P3,#0FFH
C,DOWN_K
DOWN_CH

LIMP CHK KEY

; DISPLAY FREQUENCY TO 7 SEGMENT

DISPLAY: MOV RO,#DISBUF
MOV A@RO
ANL A,#00001111B
MOV PLA
LCALL DELAY
RET
UP_CH: MOV R1,#DISBUF
CINE @R 1,#09H,UP_S00K
ATMP EX_UP
UP_S00K: MOV RO,#DISBUF
MOV A,@RO
ADD AHO01H
DA A
MOV @RO,A
LCALL INC_N_S00K.
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EX_UP: LCALL DISPLAY
MOV P3,40FFH -
MOV C,UP_KEY
INC EX_UP
LIMP CHK_KEY
DOWN CH: MOV R1,#DISBUF
CINE @R1,#00H,DOWN_500K
ATMP EX_DOWN
DOWN_S00K: MOV A,DISBUF
CLR cY
SUBB A#01H
LCALL DECIMAL
MOV DISBUF, A
LCALL DEC_N_500K
EX DOWN: LCALL DISPLAY:
MOV P3,#0FFH
MOV C,DOWN K
INC EX_DOWN
LIMP CHK_KEY
INC_N_500K: CLR cY
MOV AMSB N
ADD A#64H
MOV MSB _N,A
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MOV ALSB N
ADDC A#00H
MOV LSB N,A
LCALL DIV N
RET
DEC N 500K: CLR cY
MOV AMSB_N
SUBB AH64H
MOV MSB_N,A
MOV ALSB N
'SUBB A#00H
MOV LSB N,A
LCALL DIV N
RET
; DIVIDE BY N
DIV _N: CLR ENB
MOV ALSB N
LCALL D_OUT
MOV AMSB_N
LCALL D_OUT
MOV A#00H
LCALL D_OUT
MOV  A#00H

LCALL D OUT



CLR
CLR
SETB
LCALL
CLR
LCALL
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CLK
DIN
ENB
DELAY
ENB
DELAY

; DATA SERIAL & CLK TO MC145162

D _OUT: MOV R2,#08H
CLR cY
D_OUTL: RLC A
MOV DIN,C
CLR CLK
LCALL DELAY
SETB CLK
LCALL DELAY
DINZ R2,D_OUT1
RET
; ADJUST DECIMAL
DECIMAL:  CLR PSW.6
ADD AH#06H
JNB PSW.6EX DE ;PSW.6=AUX CY
CLR cYy
SUBB A,#06H
EX_DE: CLR cY
SUBB A, #06H
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; DELAY FOR SEND DATA TO 162

DELAY: MOV R6,#0FH
DELL: MOV R7,#0FH
DINZ R7,$
DINZ R6,DEL1
RET
R TABLE DATA
SEC_BUF: DB 38H,00H,40H,00H

END
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National
Semiconductor
Corporation

AD00808 ADC0809 8-Bit uP Compatible A/D Converters

with 8-Channe| Muitiplexer

. General Descrlptlon

The ADC0808, ADC0809 data acquisition component s a
monolithic CMO$ device with an 8-bit analog-to-digital con-
verter, 8-channal multiplexer and microprocessor compati-

" ble control logic. The 8-bit A/D converter uses succossive

approximation as the converslon technique. The converter

: {eatures a high impedance chopper stabllized comparater, &
- 258R voltage divider with analog $witch tree and a succes-

sive approximation register. The 8-channel multipiexer can
direclly access any of 8-single-ended analog signais.

The device eiiminates the need for external zero and full-
scale adjustments, Edsy Interfacing to microprocessors Is
provided by the latchéd and decoded muitiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most deskrable aspects of severaf A/D
conversion techniques. The ADC0808, ADC0809 offers high
spead, high accuracy, minimai temperature dependence,
excellent long-term accuracy and repeatebility, and con-
sumes minimal power. These féatures makq this device
Ideally sulted to applications: ftom process and machine
control to consumer and automotive applications. For 18-
channel muitiplexer with common output (sample/hold port)
see ADCO818 data shéet. (Sée AN-247 for more Informa-
tion.)

Features

¥ Easy Interface to afl micrdprocessors

® Operates ratiometrically or with 5 Vpg or analog span
adjusted voitage reference

8 No zero or full-scale adjust required

8 8-channei muitiplexer with address logic

B 0V to 5V Input range with single 5V power supply
u Outputs nteget TTL voitage level spectlications

® Standard heimelic or moided 28-pin DIP package
= 28-pih molded chip carer package

‘Key Specifications

® Resolution 8 Bits
2 Total Unadjusted Erfor +14, LSB and £1 LSB
a Single Supply 5 Voc
B Low Power 15 mw
= Conversion Time 100 ps

Block Dlagram
s START  cLocx
- ;
| peee———t e em e — ————
. nm 7] 1
P— | o [NDEF CORVERTON
° CONTROL & TIMING < {INTERRUPT)
o |
- ©=—1{ §CHARNELS |
SARALOS INFUTS B e e
R o—f smrcHEs LAR.
5 | 2
o I COMPARATOR | —o
~ - ™ —
mn® s
outrer 48T 0BTPYTS
O—rdg aren 9
~ . l mrren [0
—0
0 L=
SWITCH TREE !
357 ACORERS -| O | |
o1 ADORESS I————.I ﬁ '
LATCH . < (
ADDRESS Axg - |
DECODER .
LATCH ENABLE 1R RESISTOR LAGDEN | ] See Ordering
I ll l N Information
Vec OND RER T T ReR) durur
NABL|
TUH/SET2-1

3-48




National
Semiconductor
Corporation

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog

Converters

General Description

The DACO0B800 series are monolithic 8-bit high-speed cur-
rent-output digital-to-analog converters (DAC) featuring typi-
cal settiing times o:ﬂ ns. When used as a mulliplying
DAC, monotonic performance over a 40 to 1 relerence cur-

The 'DAC0800, DAC0802, DACO0800C, DAC080IC and
DAC0802C are a direct replacement for the DAC-08, DAC-
08A, DAC-08C, DAC-08E and DAC-08H, respectively.

rent range is possible. The DAC0800 series also features Features
high c_ompliance complementary currenl' outputs to allow g Fagt settling output current 100 ns
difterential output voltages of 20 Vp-p with simple resistor o £t scale error +11S8
loads as shown in Figure 1. The referance-to-full-scale cur- = Nonfi it ' t \ +£0.1%
rent matching of better than + 1 LSB eliminates the need for onlinearity over lemperaiure > °
{ull-scale trims In most applications while the nonlinearities = F':’" scale current f”"‘ +10 ppm/°C
of better than +0.1% over temperature minimizes system ™ High output comptiance ~-10v o +18V
error accumulations. » Complementary current outputs -
The noise immune inputs of the DAC0B00 series will accept ™ Interface directly with TTL, CMOS, PMOS and others
TTL levels with the logic threshold pin, Vic, grounded. ® 2 quadrant wide range multiplying capability
Changing the V¢ potential will allow direct interface to oth- = Wide power supply range +4.5V o £18V
or logic familles. The performance and characteristicsof the  m Low power consumption 33 mW at £5V
device are essentially unchanged over the fullz4.5V to  m Low cost
+18V power supply range; power dissipation is only 33 mw
with £5V supplies and Is independent ot the logic input
states.
Typlcal Applications
' tov
OGITAL INPUTS &
L 1] Lse :‘
St 82 83 &4 85 B3 87 B8 i
10 "o
N ? Y ? ? ? ? ? Tour W
1o § "stylounu. o)
DACENG Vour 1020Ves
L1}
15 s
I ] 18 13 1 2 —O
= [R1"3 |-] P.r.}: lout
"-.Ei e |']="
V= asTuF v
TLIH/5686-1
FIGURE 1. %20 Vp.p Output Digital-to-Analog Converter (Note 4)
Ordering Information
der Numbers
Non-Uinearity Ter:‘perature Order Numbe
snge J Package (J16A)" N Package (N16A)° SO Package (M168A)
£01%FS | —55°C < Ta < +125°C| DACO0802LJ | DAC-08AQ
+0.1% FS 0°C < Tp € +70°C | DAC0802LCY DAC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
+£0.19% FS | -55°C < Ta < +125°C | DACO0800LJ DAC-08Q
+0.19% FS 0°C < Ta g +70°C DACO0800LC. | DAC-08EQ | DACO800LCN | DAC-08EP DACO800LCM
+0.39% FS 0'C < Tp < +70°C DAC0801LCJ | DAC-08CQ | DAC0801LCN | DAC-08CP DAC0801LCM

*Devices may be ordered by using seither ordar number.
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Programmable
Precision References

The TL431, A, B integrated circuits are’ three—lerminal programmable
shunt regulator diodes. These monolithic IC voltage references operate as a
low temperature coefficient zener which is programmable from Vet to 36 V
with two external resistors. These devices exhibit a wide operating current
range of 1.0 mA to 100 mA with a typical dynamic impedance of 0.22 0 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

TL431, A, B
Series

PROGRAMMABLE

PRECISION REFERENCES

SEMICONDUCTOR
TECHNICAL DATA

:

obtain a stable reference from 5.0 V logic suppiies, and since the TL431, A, Z LP SUFFIX
s X " PLASTIC PACKAGE
B operates as a shunt reguiator, it can be used as either a positive or CASE 29
negative voltage reference. (TO-92) Pin 1. Reference
2. Anode
® Programmable Qutput Voitage to 36 V ) 1 Caihogs
2
3
* Voltage Reference Tolerance: 20.4%, Typ @ 25°C (TL431B)
. i tput Impedance, 0.2 Typical
Low Oynamic Qutput Impe 2 Q Typical ‘. P SUFFIX
& Sink Current Capability of 1.0 mA to 100 mA ; BLASTIC PACKAGE
. CASE 626
® Equivalent Full-Range Temoerature Coefficient of 50 opm/*C Typical .
o Temperature Compensated for Operation ovér Full Rated Ooerating DM SUEFIX
Temperature Range ,% PLASTIC PACKAGE
e Low Output Noise Voltage ‘ 1 CASE 846A
{Micro-8)
—_—
Camode | 1119 E] Reference
xe.[2] HE
ne. [3] 6] anote
ne.[7] g
(Top View)
D SUFFIX
PLASTIC PACKAGE @
CASE 751
ORDERING INFORMATION (SOP-8) s
’ QOperating
Pav|" Temperature Range Package Cathod E o B Ruferencs
TL431CLP. ACLP. BCLP TO-92 aooce E _T_] arcde
TL431CP. ACP, BCP o teaT Plastc ] 6]
a Q +
TL431CDM. ACDM, BCDM A Micro-8 ne. (4] [$]ne.
TL431CD, ACD, BCD SOP-8 (Top View)
TL431ILP, AILP, BILP TO-92 SOP-31s an internaily moctfied SO-8 package. Pins 2,
3, 8 and 7 arw electrically common to the die attach flag.
TL431IP, AIP, BIP Plastic This internal lead frame modiication decTeases power
Ta = —40° to +85°C dissipation capability when sopropristely dona
TL431I0M, AIDM, BIOM Micro-8 printed clrcuit board. SOP-8 contorms t0 4 extemal
TL431ID, AID, BIO SoP-8 dimensions of the standerd SO-3 package.
5-18 . MOTOROLA ANALOG IC DEVICE DATA
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TL431, A, B Series

Symbol Representative Schematic Diagram
Component values are nominal
Cathode
® Cathode ()
Patararce 4
] 0—4
00 800
Anods Reference
A (A) . m 20pF S
Representative Block Diagram
P n gra S 150 i
— ——— 40k
a e B3 200F
(R ‘_ V‘ -—| Ca::de 24%x S 12k ¥ \_‘
I L | 108
g o [
B_M A é
Anode (A}
This device contains 12 active transistors.
MAXIMUM RATINGS (Full operating ambient temperature range applies, upless
otherwise noted.}
Rating Symbol Value Unit
Cathode to Anode Voitage VKA 37 v
Cathode Current Range, Continuous Ix ~100 10 +150 mA
Relerence Input Current Range, Continuous Irat =0.0510 +10 mA -
Operating Junction Temperature Ty 150 °C
Operaung Ambient Temperature Range Ta -C
TL431), TL431AL, TL431BI -40 to +85
. TL431C, TL431AC, TL431BC 0to +70
| —
| Storage Temperature Range Tstg -85 to +150 °C
Total Power Dissipation @ Ty = 25°C Pp w
Derate above 25°C Ambient Temperature
D. LP Sulfix Plastic Package 0.70
P Suffix Plastic Package 1.10
DM Suffix Plastic Package 0.52
Total Power Dissipation @ Tc = 25°C Pp w
Derate above 25°C Case Temperature
D, LP Suffix Plastic Package 1.5
P Suffix Plastic Package 3.0
NOTE: ESD data available ipon request.
RECOMMENDED OPERATING CONDITIONS
Condition Symboaol Min Max Untt
Cathode to Anode Voitage VKA Vrel 36 Y
Cathode Current 1" 1.0 100 mA
THERMAL CHARACTERISTICS ,
D,LP Suffix P Suffix DM Suffix
Characteristic Symbol Package Package Package Unit
Thermal Resistance, Junction—to-Ambient RgJA 178 114 240 oW
Therma! Resistance, Junction—o—Case Rayc 83 41 - ow

MOTOROLA ANALOG IC DEVICE DATA
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' XR-2206

Z* EXAR
the analog plus company™ Function Generator

A_WI"”"III

FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stabillity, éOppm/"C. Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Contrals

Wide Supply Range, 10V to 26V

Adjustable Duty Cycle, 1% TO 99%

June 1997-3
APPLICATIONS

® Wavelorm Generation

o Sweep Generation

o AM/FM Generation

e V/F Conversion

& FSK Generatlon .

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency madulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generatar applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/*C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
rango with an external contro! voltage, while maintaining
low distortion.

ORDERING INFORMATION

Qperating
Part No. Package Temperatura Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C
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R2 "— Shaper STO

o ©; ————3() mo

waveat (13)

waveaz ()

svmat {s)
sYMA2 (&)

Figure 1. XR-2206 Block Dlagram
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Vee
37-: 1"F 3
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::-E i A Vee
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Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Output Swing - See Figure 3)
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Flgure 13. Sinusoldal FSK Generator
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XR-2211

FSK Demodulator/
Tone Decoder

—'""”"’ﬂ

FEATURES

Wide Frequency Range, 0.01 Hz to 300kHz
Wide Suppiy Voitage Range, 4.5V to 20V
HCMOS/TTL/Logic Compatibility

FSK Demodulation, with Carrier Detection
Wide Dynamic Range, 10mV to 3V rms
Ad|ustable Tracking Range, +1% to 80%
Excellent Temp. Stability, +50ppm/°C, max.

June 1997-3
APPLICATIONS

e (Caller Identification Delivery
e FSK Demodulation

e Data Synchronization

e Tone Decoding

e FM Detection

o Carrier Detection

GENERAL DESCRIPTION

The XR-2211 Is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It Is particularly suited for FSK modem
applications. It operates over a wide supply voltage range
ot 4.5 to 20V and a wide trequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventionai DTL,
TTL, and ECL logic familles. The circuit consists of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
FSK democdulation. External components are used to
independently set center frequency, bandwidth, and output
delay. An intemal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperafure ranges.

ORDERING INFORMATION

Operating
Part No. Package Temperature Aange
XR-2211M 14 Pin CDIP (0.300%) -55°C to +125°C
XR-2211N 14 Pin CDIP (0.300%) -40°C t0 +85°C
XR-2211P 14 Pin PDIP (0.3007) -40°C to +85°C
XR-2211ID 14 Lead SOIC (Jedec, 0.150") -40°G to +85°C
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BLOCK DIAGRAM

GND NC
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i @
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Figura 1. XR-2211 Block Dlagram
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Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211
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Figure 3. Gensrallzed Clrcuit Connectlon for
FSK and Tone Detection



@ MOTOROLA MC13135

. 131
FM Communications Receivers MC13136

The MC13135/MC13136 are the second generation of single chip, dual
conversion FM communications receivers developed by Motorola. Major im-

provements in signal handling, RSS! and lirst oscillator operation have been DUAL CONVERSION
made. In addition, recovered audio distortion and audio drive have improved. . NARROWBAND
Using Motorola's MOSAIC™- 1.5 process, these receivers offer low noise, .

high gain and stability over a wide operating voltage range.’ FM RECEIVERS

Both the MC 13135 and MC 13136 include a Colpilts oscillator, VCO tuning
diode, low noise first and second mixer and LO, high gain limiting IF, and
RSS!, The MC13135 is designed for use with an LC quadrature detector and

has an uncommitted op amp that can be used either for an RSS! buffer or as d

a data comparator. The MC13136 can be used with either a ceramic discrim- .

inator or an L.C quad coil and the op amp is internally connected for a voltage Y@ P SUFFIX

buffered RSS! output. PLASTIC PACKAGE
These devices can be used as stand-alone VHF receivers or as the lower u CASE 724

IF of a triple conversion system. Applicalions include cordless telephones,
short range dala links, walkie-talkies, low cost land mobile, amateur radio

receivers, baby monitors and scanners. DW SUFFIX
TR PLASTIC PACKAGE
CASE 751E

® Complete Dual Conversion FM Receiver — Antenna to Audio Output ' (S0-241)
® Input Frequency Range - 200 MHz )
® Vollage Bufiered RSS! with 70 dB of Usable Range ORDERING INFORMATION
® Low Voltage Operation - 2.0 to 6.0 Vdc (2 Cell NiCad Supply) Operating
® Low Current Drain — 3.5 mA Typ Device | Temperature Range{ Package
® Low Impedance Audio Output < 25 {2 MC13135P Plastic DIP
® VHF Colpitts First LO for Ciystal or VCO Operation MC131350W SO-24L
* Isolated Tuning Diode woamer | AT e o
® Buffered First LO Output to Drive CMOS PLL Synthesizer MC131360W SO—24L
PIN CONNECTIONS -
MC13135 MC13136
Varicap . Vari
15tLO Base (1] " 124 vaeapc 151LO Base (7] a"c.[an 2] Varcap €
15t LO Emitter [2] 23] Varicap A 1stLO Emitter [2] L°-L2’__3] Varicap A

172] tstMixer tn 1 1stL0 Out [J] [38] 15t Mixer In 1

2] 15t Mixer In 2 vee! [
78] 1stMixerOut  2nd LO Emilter (51— 20410

1stLo out (34
vee! 4]

2nd LO Emitter (5]

Veet
121 15t Mixer In 2

(20] 15t Mixer Out

Veea

9] vee? 2nd L0 Base[E] > T-_79] vee2
(18] 2nd Mixer In 2nd Mixer Out (] < 18] 2nd Mixer In

2ndLO Base E
2nd Mixer Ot (7]

' AF
vee [ 7] Audio Out vee B l——4>—L1_7) Aucro Out
Umiter In 31— [16] Op Amp Out Linter 1 (9] - [16] Butfered RSS! Outout
Demod Derﬂ} / 5
Decouple 1 (0] Lirmuter 2 {5} opAmpin- Decouple 1 (10 Limiter 2_[75] OpAmpin-
Cecoupte 2 [11] —iH (1] OpAmpin + Decouple 2 [11] T {14] Umiter Output
rsst (2] . [13] Quad Coil RSS! {i2] 1 (13] Ouad nput
1 1
Each device contains 142 active transistors.
* Motorola, Inc. 1995 Rev2
MC13135 MOTOROLA
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MAXIMUM RATINGS

Rating Pin Symbol Value Unit
Power Supply Voltage 4,19 . Yci {max) Vde
RF Input Voltage 22 RFin Vims
Junction Temperature - Ty +150 °C
Storage Temperature Range - Tstg -6510 +150 °C
RECOMMENDED OPERATING CONDITIONS
Rating Pin Symbol Value Unit
Power Supply Voltage 4,19 vee 201060 *|*Vvdc
Maxdmum 1st IF - fiFt MHz
Maxmum 2nd 1IF - fiF2 MHz
Amtient Temperature Range - TA ~4010 + 85 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C,VcC=4.0Vdc,lg=49.7MHz, iop=1.0kHz, Deviation=+3.0kHz, {1511 0 =39MHZ,I2ng

LO=10.245 MHz, IF1 = 10.7 MHz, IF2 = 455 kHz, unless otherwise noted. Allmeasurements performed in the test circuit of Figure 1.)

Characteristic Condition Symbol Min Typ Max Unit
Total Drain Current . No Input Signal Icc - 4.0 6.0 mAdc
Sensitivity (Input for 12 dB SINAD) Matched Input VSIN - 1.0 - uvims
Recovered Audio VRF=1.0mV AFo mvrms
MC13135 170 220 300
MC13136 218 265 365
Limiter Qutput Level VUM | mvms
(Pin 14, MC13136) - 130 -
1st Mixer Conversion Gain VRF = - 40dBm MXgain1 - 12 - dB8
2nd Mixer Conversion Gain VRF = - 40 dBm MXgain2 - 13 - dB8
First LO Butfered Output - VLo - 100 - mvims
Tota Harmonic Distortion VRF = -30dBm THD - 1.2 3.0 %
Demedulator Bandwidth - 8w - 50 - kHz
RSEi Dynamic Range - RSSI - 70 - dB-
First Mixer 3rd Order Intercept TOMix1 dBm
(inout) Matched - -17 -
Unmatched - -11 -
Seccnd Mixer 3rd Order Matched TOIMix2 dBm
Intercept (RF Input) Input - -27 -
First LO Bufter Output Resistance - RLo - - - Q
First Mixer Parallel Input Resistance - R - 722 - Q
First Mixer Parallel Input Capacitance - Cc - 3.3 - pF
First Mixer Qutput Impedance - Z0 - 330 - Q
Second Mixer Input Impedance - Z) - 40 - kQ
Secend Mixer Output Impedance - Z0 - 1.8 - kQ
Detector Qutput Impedance - Z0 - 25 - Q
MOTOROLA MC13135
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TEST CIRCUIT INFORMATION

Although the MC13136 can be operated with a ceramic

discriminator, the recovered audio measurements for both -

the MC13135 and MC13136 are made with an LC quadrature
detector. 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 céramic discriminator. On the MC13136, an
extermnal capacitor between Pins 13 and 14 can be used with
a quad coill for slightly higher recovered audio. See Figures
10 through 13 for additional information.

Since adding a matching circuit to the RF input increases
the signal level to the mixer, the third order intercept (TOI)
" point is better with an unmatched input (50 Q from Pin 21 to
Pin 22). Typical values for both have been included in the
Electrical Characterization Table. TOl measurements were
taken at the pins with a high impedance probe/spectrum ana-
“lyzer system. The first mixer input impedance was medsured
at the pin with a network analyzer.

Figure 1a. MC13135 Test Clrcuit

455 kHz
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N
L~ 2
|
J( [Xll:] % lI oﬁm L e2pF
RF
211 0.2pH E 180 C Input
Vel p
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20} ) :
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nd Lo [ D Filter
Vee? 1 10.7 MHz
T
10.245 |7 ; :‘!f 0.1
MHz Xtal L I I = 260
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Cerami¢ * U 8 t AN
Filter | |
= |

|
I Limiter
oL L o I 161 =
:L: T : |11 it l
L |
01T | 154 39k
!12 14 |
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0. f l s 13 | 3k
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MC13135:
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MOTOROLA

== SEMICONDUCTOR —_—
TECHNICAL DATA
MC3356

| Advance Information ]
WIDEBAND
FSK
RECEIVER
WIDEBAND FSK RECEIVER
- . includes Oscillator, Mixer, Limiting IF Amplifier, Quadraturs MONOLITHIC SILICON

Detector, Audio Buffer, Squeich, Meter Drive, Squelch Status out- INTEGRATED CIRCUIT
put, and Data Shaper comparator. The MC3356 is designed for
use in digital data communications equipment.

¢ Data Rates up to 500 kilobaud

® Excellent Sensitivity: —3 dB Limiting Sensitivity
30 uVrms @ 100 MHz

® Highly versatile, full-function device, yet few external parts are

required .
P SUFFAIX
PLASTIC PACKAGE
CASE 728
FRGURE 1 — FUNCTIONAL BLOCX DIAGRAM FIGURE 2 — PIN CONNECTIONS
AF
vee * \/
? 20y, aF RF Ground E E RF Input
L] 770 inpt
—————— T T T QSC Eminer{ 2 19
} “L —q Ground ™ .'E ]G’m
i == . 0SC Catlector [ 3 E Data Output
L Shannd 7 Oata Shaping joo?,::"
———— Comparator 7 AF Voo E E « Comparator
—O Vee
- i i 18 Mixer Outpu(E E ~ Comparator
Canamic
Fiter 15 £ S;u-ich IFVee E E Squeich Status
tatus
14 Hysieresis Limiter Input E E Saueich Control
I "; Limiter Bqu E] Butfered Qutput
A
Squeich
Ag, i Demodulato:
K 12 %, lM.l:'::, Limiter ElnE E Fitten J
k-2
" Quad 8ias E E Quad trput
Quidrature Oetector
| Suhaetdei ] Tank
! |
P Ly
1
) i i
cc [ S |
This is ach inf on 8 new i ion and specifications sre
subject 10 change without notice.

MOTOROLA TELECOMMRINICATIONS DEVICE DATA
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MAXIMUM RATINGS

Rating Symbol Vailue Unit
Power Supply Voltage VeCimax) 15 Vde
Operating Power Supply Voltage Range (Pins 6, 10) ' vee 3.0to0 9.0 Vdc
Oparating A.F. Supply Voltage Range (Pin 4) R.F.Vce 3.0t0 12,0 vdc
Junction Temperature Ty 150 c
Operating Ambient Temperature Range Ta -401t0 +75 *C
Storage Temperature Range Tstg_ ~65to +150 °c
Power Dissipation, Package Rating Pp 1.25 w

ELECTRICAL CHARACTERISTICS (Vg = 5.0 Vde, fg = 100 MHz, fgsc = 110.7 MHz, Af = =75 kHz, frod = 1.0 kHz, 50 2
source, To = 25°C, test circuit of Figure 3, unless otherwise noted.) :

Characteristics : Min Typ Max Unit
Drain Current Total, RF Ve and Ve — 20 25 mAdc
Input for -3 dB limiting —_ 30 — uVrms
Input for 50 d8 quieting (S ; N) - & - uVrma
Mixer Voitage Gain, Pin 20 to Pin 5 - 2.0 3.0
Mixer Input Resistance, 100 MHz - 260 - 1}
Mixer Input Capacitance, 100 MHz — 5.0 - pF
Mixer. Oscillator Frequency Range (Note 1) - - 200 MHz
IF/Quadeature Detector Frequency Range (Note 1) 0.2 —_ 50 MHz
AM Rejection {30% AM, RF Viq = 1.0 mVrms) — 50 - d8
Demodulator Output. Pin 13 — 0.5 — Vems
Meter Drive — 7.0 - pA/d8
Squeich Threshold -_ 0.8 — Vdc

Note 1: Not taken in Test Circuit of Figure 3; new component values required.

FIGURE 3 — TEST CIRCUIT

Saueich Demod
Status Qut
Data Qutput T ?
a a7 130k 33k
'
3 8 - 18
100 MMz — 0% .
RF Input ALY ._{i 470 4
00t = : oy &
790 001 31k s | OFY 18k =
1 EN l .
= ¢ 20 19 13 In 16 15 14 13"; 12 11
RFnput Ground  Oata Compt-) Compl - Sauekn Squelch Demod Demod Quad
Output Siuatus  Control Out Filter  Input
L1 — 110.7 MHz, 0.4 uH
7T #22, %e Form ——--1‘
wisiug & can 1 !
80 pf 1
L2 — 10.7 MHz, 1.5 pH L el
207 #30, %e Form ARF 0sc  OsC RF Mixer Lemiter  {imiter Limiter  Quad !
wislug & can Gnd EM.COL  Vec  Ouw vee  lnout  Bias  Bias  Bias -
T1— Murata !' EVEE . s & |7 \l{(_’ s
b
SFE10.7 MAS-Z ! oA oF om — 201
or  KYOCEKA 18 oF AR T E'—I' 3%
KBF10.7MN-MA t u vee | T
0L e . :0.01
?
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SEMICONDUCTOR TECHNICAL DATA

Advance Information
60'MHz and 85 MHz Universal
Programmable Dual PLL

Frequency Synthesizers
CcMOS

. The MC145162 is a dual phase~locked loop (PLL) frequency synthesizer
especially designed for CT-1 cordless phone appiications worldwide. This
frequency synthesizer is also for any product with a frequency operation at
60 MHz or below.

The MC145162-1 is a high frequency derivative of the MC145162, for
products with operating frequencies of 85 MHz or below.

The device features fully programmable receive, transmit, reference, and
auxiliary reference counters accessed through an MCU serial interface. This
feature allows this device to operate in any CT-1 cordless phone application.
The device consists of two independent phase detectors for transmit and
receive loops. A common reference oscillator, driving two independent
reference frequency counters, provides independent reference frequencies for
transmit and receive loops. The auxiliary reference counter allows the user to
select an additional reference frequency for receive and transmit loops it
required.

» Operating Voltage Range: 2.5t0 5.5V
» Operating Temperature Range: — 40 to + 75°C
* Operating Power Consumption: 3.0 mA @ 2.5 V
* Maximum Operating Frequency:
MC145162 — 60 MHz @ 200 mV p—p, Vop=25V
MC145162-1 — 85 MHz @ 250 mV p-p, Vpp = 2.5V
» Three or Four Pins Used for Serial MCU Interface
* Built-in MCU Clock Output with Frequency of Reference Oscillator <-3/+ 4
¢ Power Saving Mode Controlled by MCU
Lock Detect Signal
¢ On-Chip Reference Oscillator Supports Extemal Crystals to 16.0 MHz
-Reference Frequency Counter Division Range: 16 to 4095
Auxiliary Reference Frequency Counter Division Range: 16 to 16,383
Transmit Counter Division Range: 16 to 65,535
¢ Receive Counter Division Range: 16 t0 65,535

This int

REV 2
a5

MC145162.
MC145162-1

s" P SUFFIX
y PLASTIC DIP
® CASE 648
1

g DSUFFIX
s\@ SOG PACKAGE

CASE 7518

1

ORDERING INFORMATION
MC145162P  Plastic DIP
MC1451620  SOG Package

MC145162P1  Plastic OIP
MC14516201  SOG Package

PIN ASSIGNMENT
Ck(j1e 16 10
ADy (] 2 15 [ TxPDyy
Dl 3’ 14 6T
ENB ] 4 13 I TxPSity,

MCUCLK (] & 12 1vpp
Vssll 6 11 {] RxPSIFRy
oscn ] 7 10 [J RxPOyy

0SCout 8 8 R

00 a new product Spectfications and information herein ara subject 1o changs without notice.

MC145162.MC145162-1
2-668
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BLOCK DIAGRAM ?

7 - 12-81T PROGRAMMABLE
0SCin y REFERENCE COUNTER
8 14-BIT PROGRAMMABLE
0SCoy *— AUXILLARY REFERENCE
COUNTER .
s | l TRANSMT-
MCUCLK *—0<HE|— 12-8ITSHIFT| | 14-8IT SHIFT SELECT ol
REGISTER REGISTER *—0 PHASE |3 TxPOgy
T t "o DETECTOR
ADjq 2———» o
ax MCU INTERFAGE PROGRAMMING
; ’ MODE CONTROL .
Oin ——p] . —— |0
. CONTROL REGISTER
T
13 |
TXPSityy
1"
RuPSfigy +—————— 16-8IT SHIFT REGISTER
VAVA
e 1 16-8IT Tx PROGRAMMABLE F,‘SEE‘EE’(‘:’TE B |y
! COUNTER . PHASE  |—.RxPDqy
—0\0_ DETECTOR
- L— o
L—w! 16-8IT SHIFT REGISTER
9 16-3IT Rx PROGRAMMABLE Vop=PIN 12
A COUNTER Vsg=PING
—
MOTOROLA MC145162¢4MC145162~1
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CONTROL REGISTER IDENTIFIER = 1

Cn

Ene

CONTROL REGISTER DATA

—

MS8

TxPD RxPD REFPD
DATA
LS8

NOTE: ENB must be high during the serial transfer.

Figure 8. Programming Format of the Control Register

Tabie 1. Control Register Function Bits Description

Test Bit

Set to 1 for TX/Rx channel counter test mode
Set to 0 for normat application

Aux Data Select

Set to 1 for both ADin and Djp, pins inputting the transmit 16-bits data and receive 16-bits data

respectively.
Set to 0 for normal application interfacing with MCU serial penpheral interface. Does not use ADjn pin;
tie ADjn to Vss.
REFgut + 3/+4 If sat to 1, REF oyt output trequency is equal to OSCoyt +3.
If setto 0, REFgyt output is OSCout +4.
TxPD Enable It set to 1, the transmit counter, transmit phase detector, and the associated circuitry is in power—
down mode.
Tx PSAry Is set “High™.
RxPD Enable If set to 1, the receive counter, receive phase datector, and the associated clrcuitry is in power—
down mode.
. Rx PS/py is set “High™.
Ref PD Enable It set 1o 1. both 12-bit and 14-bit reference {requency counters are in power~down mode.
Table 2. Control Register Power Down Bits Function
TxPD RxPD REFPD ° Reference
Enable Enable Enable Tx-Channel Counter Rx~Channel Counter Frequency Counter
0 0 0 - - -—
0 0 1 -— - Power Down
1] 1 0 - Power Down -
1] 1 1 - Power Down Power Down
1 0 0 Powar Down — —
1 0 1 Power Down _— Power Down
1 1 0 Power Down Power Down -
1 1 1 Power Down Power Down Power Down
MC145162.MC145162-1 MOTOROLA
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REFERENCE FREQUENCY COUNTEA

REFEAENCE
IDENTIFIER =0 REFERENCE FREQUENCY REFERENCE AUX REFERENCE
FREQUENCY COUNTER FRECUENCY FREQUENCY COUNTER
SELECT OIVIDE RATIO SELECT DIVIDE RATIO
/—_A N/ A N A N\ .
AUX _
per Y Te0 \/ Ax0 12-81TS REF FREQ a1 a1 14-8ITS AUX REF FREQ.
Cin ENABLE |\ SELECT j SELECT DATA st 2 DATA

P2

ENB

NOTE: ENB must be high during the serial transfer.

Figure 8. Programming Format of the Auxiliary/Reference Frequency Counters

Oin
Mcu
USING o UNIVERSAL PLL
SERIAL PERIPHERAL
INTERFACE PORT AUX DATA BIT 20
ENB
Figure 10. MCU Interface Using SP!
—  ADy —
Oin
MCU, UNIVERSAL PLL
USING
NGRMAL YO FORT o AUXDATABIT=1
ENB -

Figure 11. MCU Interface Using Normal /O Ports with
Both Din and ADjp, for Faster Programming Time

——

MOTOROLA

MC145162.MC145162—1
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Features

* Compatibie with MCS-51™ Products

* 2K Bytes of Reprogrammabie Fiash Memory
— Endurance: 1,000 Write/Erase Cycles

* 27V to 6V Operating Range

* Fully Static Operation: 0 Hz to 24 MHz

* Two-Levei Program Memory Lock

* 128 x 8-Bit nternal RAM

* 15 Programmabie /O Lines

*» Two 16-Bit Timer/Countars

* Six Interrupt Sources

* Programmable Serial UART Channel

¢ Direct LED Drive Cutputs

* On-Chip Analog Comparator

* Low Power idle and Power Down Modes

Description

The AT89C2051 is a low-voitage, high-perfarmance CMOS 8-bit microcomputer with
2K Bytes of Flash programmable and erasabie read only memary (PEROM). The
device is manufactured using Atmel’s high density nonvaiatile memary technolagy
and is compatible with the industry standard MCS-51™ instruction set. By combining
a versatile 8-bit CPU with Flash on a manalithie chip, the Atme! AT8SC2051 is a pow-
erful microcomputer which provides a highly tlexible and cost effective solution to
many embedded cantral applications. J

The AT89C2051 provides the fallawing standard features: 2K Bytes of Flash, 128
bytes ot RAM, 15 /O lines, two 16-bit timer/counters, a tive vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip osciflator
and clock circuitry. In addition, the AT8SC2051 Is designed with static logic for opera-
tion down to zera frequency and supports two software selectable power saving
modes. The Idle Made stops the CPU while aliowing the RAM, timer/caunters, serial
part and interrupt system to continue functioning. The Pawer Down Made saves the

RAM contents but freezes the ascillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
U
RSTNPP ] ¢ 20 [1 VCC
(RXD) P2.0 ] 2 19 O pe7
(Txp) P31 3 18 I P16
XTALZ O 4 17 dp1s
XTAL1 O] § 16 0 P14
(NT0) P3.2d 6 16 (1 P12
(NTi} P33 7 14 1 M2
(TO) P3.4 5 8 13 [0 P1.1 (AINT}
(THHyPe.s5 g 12 1 P1.0 {(AINO}
GND [ 190. 11 [ pas
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