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Abstract
This thesis proposes the constructed of 64 kbps data transmission equipment via power line
220v. The 64 kbps input data is modulated asthe transceiver and transmitter via power line with

couple circuit and decouple to the receiver for demodulate to original signal.
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2.mmaqmm"ﬁuammammﬁ (Frequency Shift Keying : FSK)

3.MTUBYAATFUNYNIAUNE (Phase Shift Keying : PSK)
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2.5 FREQUENCY SHIFT KEYING (FSK)
2.5.1 FSK Transmitter
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2.5.2 FSK Bandwidth
Tuszuumsfemsdoyadodygiueraenniedyananiuiinunusliasiiudfides
(] ) 4 ¥ J 4
#nrsandlusuduus mile191n3Bn15v99 FSK aguuiugu@edduiuitnsves FM daiunis

oTuIdagnsag Aldmanmsves FM ynotg

FSK
Binary output Modulator > Anzlog output

tb th th th th th tb | tb : tb tb th th tb : tb

mpu | 1 O] 1 (O[T )OO  1T{O0O O0/0{1]0

et - Highest|
Fundamental

/ Frequendy /

A
Y

f=112 f=5fb/4

Ouput | fm | s | fm | fs |fm s fm , f5 fm | f5 fm | £ | fm . f5

1% 2.14 FSK Modulator
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L] i LY aa 1 9 t o & &
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104 Bit rate A0
fa_,, =bitrate/2 2.7

de fa,, Anudgegavesdyaunineaminivegan
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fiU (Space Frequency: f, )ﬁ‘dgﬂﬁ 2.15
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Deviation
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Mi= & (2.8)
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1o Mi g ATUNITVDALORN
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' “ Vet ¥ da_ & ¥ A & a 4 A =
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U ¥

T FsK wogian A1 AF (Fumsifivanunudgaga (Peak Frequency Deviation) U3
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2
e
aipIn = 1)/ 2 @1
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o

dio £, — f. : aviidlennugaga
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Tunisdadaiu FM 1l anundaveanuudint szl sduTavasadun Muswdeaniu
o o o ¥ A+ a ' A 1Y 4 s o P )
ffu FSK i1 M7 Taoiaq lezdnaiinidinds 1.0 e liidlu FM unudiay upudiss nuauiGoni

Minimum Nyquist Bandwidth (Fn)

A151991 2.5 Bessel Function Table

M JO 1 12 13 J4
0.0 1.0
0.25 0.95 0.12

0.5 0.94 0.24 0.03

1.0 0.77 044 0.11 0.02

1.5 0.51 0.55 0.23 0.56 001
2.0 0.22 0.56 035 0.13 0.03

2.5.3 FSK Demodulator

FSK Demodulator ilusasudayaiu Fsk sxflusuwndyag i luuSeenvinduygiu FSK
Tewauunilonl41495 Phase Lock Loop (PLL) Aa31lfi 2.16
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Binary Output

dc. error
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AnalogFSKIn .| . omp:f:tor . Binaéy tI:mta
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Volitage Controlled
Oscillator
PLL

71% 2.16 PLL FSK Demodulator

=

PLL 1 FSK Demodulator findnnissiaumiloudy PLL Tu FM Detector §ned1a A vzl
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= w o o -:i ar ar .: i o 9 o A o T n‘: é
guAafuiitioa 2 anwd £, du £, Aalu Awsdudadiies 2 ssduoiniudemunsounuday
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o o ¥ L=} =] [ Y
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2.6 minasduanuomnasnudyau@dnea (Analog to Digital converter)
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2.6.5 M5ININT (Coding)
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=] o ) a
2150z IAdyana PAM Nllvuiavenouna-

¥ o 1 3 o o 3/ a g P Qs -
paaeq fu dudi ldfedanteulng Tasdimualdszdumsaieulng duladeasedunie

1 - Y P LY - 31 LY a - a
IndifvaNgasuszuuiganuszuuvesuoundsaiiquun 14 @ud1sia (Coding) Aeznin

»
dyalun3 (Binary Code Signal) aTamuszsumsndteuIngiu q udivadseenllumoda

auyAIN IAfIMuARIvaIsHe (Code NumbenTildniuszdumsniouIndiisedudagfio -3.5, -2.5,

4 o w Y ow VoA [ A & & o
-1.5,-...,3.5 I'Jﬂﬁ !Fl!l'l-l 0, 1,2, ...,7 ayuamuia) mﬁ]qunnﬂﬂ DUUTNAD 1.3 I']aﬂ BIAITINVAI

voe3Hd 5 AntusWandsoenluiilumiswa (Code Word) vuia 3 9in fie 101 fedafiguunld

v @ - e o L ya A A o & Y w - o
DUALTDIAS 3.6 T')ﬁﬂ 5:ﬂﬂﬂ15ﬂ39u1ﬂ°ﬁﬂ1ﬂalﬂUQVIfIﬂ D 3.5 I']ﬁﬂ FIATINVAITHE 7 AIUU

sWerdaeonTuiilum1sa (Code Word) vuta 3 Gia e 111 15uiiifiudu Awanaiugalii 2.23

Volts
Code Quantizing 1
Number Level
7 O
7 T T T o et
6 2.5 S
B L LT T T
5 ) B N S Nt el O R PP PR
I R SR IR I NGO RO IO
4 0.5 = Eeepeemmip e e s P e e Time
0 >
3 ~0.5 N SRR A i St S
2 -1.5 N R R CEE CEREEE EEE P ST
1 2.5 b e e e LN e -
e 3 S Sttt i iy Bt il B
0 e T T e e e B e

Sample Value 1.3

Nearest Quantizing L5
Code Number 5
Binary Code 101

[ R T U S -

e mm e ey -

6 23 07 -07 -24 34

35 25 05 05 -25 35
7 6 4 3 1 0

1 110 100  OIl 001 000

gﬂﬁ 2.23 MSHING U Amplitude sambuszAvae 9 (Quantizing)
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Amplitude
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101+ 111+ 110 + 100 011
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» Time

3171 2.24 M319134d (Coding)

2.7 mamlnsdyavadneaiuiyanaeuinen (Digital to Analog converters)

D/A converters M30i30n410 9 31 DAC Wludutlassimavgiuaeaninnouiuneinse
sinsesasaealag MWnanfluszduusesdusuiaoniiinuduwuifuiavguaesfi DAC

o 9o s dw¥ 1 a 4 s o & dd W
munsoih I ivuginselifluemasnila iwu Tined, uewed, gunssinluguniosesfihuiny
as a > ] A 1 d = s 4 v 4 o 4 ; a ar
Fyayraufoain 15y inToadunouuNafdn 41 DAC Twinieaduneuunaaan Wugnlddmiy

a:; 9/ d‘ o - Y ooy [} ¥ ar = d'd
msnldsudeyanituindudygudiseavuiru co MWrmuiludygyrendvaniiqguaiwesnn
ao Sz Rnsamunnufafidifigyes DAC Sunnanwazi®uaves DAC 1oy 13
- o 1 ; H. =y A o L L] =

seauuseu lundazdufiednamuisondnoonut’ld Falinnuduius lasase Aesmouia

= a3 a = = = [ = &
ndmdunanlogluilvesswaluud DAac v 4 davziisunaiiaeg 4 Bunagvziinny

o o ¥

a "o ° ' o i
azIBuAIMINU 4 TTUIUVDITLULUAZANUUANA VDI TAUT YA IUBUIABNN AN IANA #I DAC
vua 4 fineansonaalaazlisumiu 2= 2*= 16 szdu WubtounuvdidygIuouIannnig
wiagamuagaunul3dauszduns iy 16 szAUfiiug DAC vue 8 dnansaidygy i

i ar a o - | o 1 ]
sutasnmadyafiiluszduus wu'ld 2° vio 256 seav ad1eiis Idimuudsdt Abc  Sivua
sunaiaui lsanuaziBoauazaugndosvesszatenasnmueidyai DAC annsondn’ld

4
WUINVY

§9311910AWAZIBEAYDI DAC 15192 ITANH NaudIgan1I2v99A7 Scatting Time
pnawdhdannzads dumwenariiszduussueragadiganiazasiiiies o luuiinduna
wasumlashl TanlnAwAafidygiuniueidnanaiilugis +/-1/2 ¥o9 LSB(Least Significant

. 1 C‘ r o ar ~ = d' : . d’
Bit) veaaiaainziilundnnsaluou’d meduduyanlfouhhiununeanuiludouls

< e = =4 ol or o 1 A L : J r L3

voamsUfiiasiueis q danuduiuisumduiiuedluvuziude LSB vesdiues &1 DAC

vu1a 8 Tafivrmssdunaeranaeglug o-10 mnaudiganzadiinniosndi 10 Tiad

* t o s v A & A = 1 ()
snuminduiuuninesidWgydndanilaves DAC Tuloululad  Awnumiudives

a v U -] ar A o L] o 1
DAC 719 +/- )0 9 M1 1/2 B3 2 A0 LSB d iy DAC FaliAnnuuiudy +/- 1 A1LSB

o o e A ' = b 3 =4 ar o ] ’
ussdweanaamnsonlasunaslylunia + n¥e —Awea 1 {ia & DAC fussdworanasglugas
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as o o - ' a 1 4 = a o * ]

ussdmewaasonldoumiadliluma + n¥e - fMves 1 Ua 61 DAC BussiumAnaag YN

~ ] = Voo < 8 = LK) o '
0 84 5 Toad finnwazdoamifu 8 iia LSB adsazilu 5/2°) 59 0.01953 Taad dmiunn q i1

= ¥ 4 o A . oA ¥ s ¥ o
yaalnIned e anaus wue Iz gansedIn A mmarue’1d 0.01953 Taad i DAC
@orfuiimnnuuiuiiidy 172 An21NgeAes LSB Anetmwaszawnsaiananlyla +-

v ¥

0.01953 = 0.009765 Taad BamauiudioumilsArnnuaziBuaszuniunin wazaziin

Indirvaiuauerdnaing 13 nawtiidianlalinsasfuiauitvemsiddoudyyudinea

Titudyaywemaenlulassauiieznai 2 33msdauiu

2.8 wa‘fﬂmgnﬁmmums‘!aa — 232 ( Serial Port RS-232-C)
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A ° T At v ; d
nnnazszozn lumsfemsdeyariildunnudimsdadenuveynsuriuma dueziinnwib,
3 ’ ) v .:; ’ Yy
TumsiFoured1nin Parallel Port uagUnsainld Parallel Port vziisimumwand) uazezdesld
o ' r W . > A e ) " ﬂ
MoFygnuunndl Msdideyanny Seral Port Wulwnioandezldunsgu RS-232C Fuilu

nasgumsaadayaszoznaliiiu 15 was dwFuildlumsnrugumsianuniudionldsso
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UART w3edafinanmlntediausu 16550 UART Fallmswmamhiadu siiedeaimnudle
nasgilfog merh Wdszynduaz 19auauanudesns1a
= o T 9 4’ Vo oy
TaoUnanesaoynsu RS-232C sxmwsaaemuldoni 50 Yalavdszina Yuegny viia
Y9 Modwaw, szoeng, uaz 151 dygiu suniu

- wosmoynuvea PC azilunaitinmosuuy DBY Aaf (Male)

71/l 2.25 wesmoynsuaI PC  DBY @I (Male)
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A1519% 2.6 UOAMUAYBINIATFIU RS-232C

Specifications

RS-232C

Mode of Operation

Single — Ended

Total Number of Drivers and Receivers on One Line

1 Driverand 1 Receiver

Maximum Cable Length 50 FT.
Maximum Data Rate 20 KBPS
Maximum Driver Output Voltage +-25 V

Driver Output Signal Level(Loaded Min)

+-5V to +/-15V

Driver Output Signal Level{Unloaded Max) +-25V
Driver Loaded Impedance (€2) 3k to 7k
Max Driver Current in High Z State (Power On) N/A

Max Driver Current in High Z State (Power Off)

H-6mA@+-2V

Slew Rate (Max) 3ov/ius
Receiver Input Voltage Range +-15V
Receiver Input Sensitivity +-3V
Receiver Input Resistance (Ohms) 3k to 7k
A13197 2.7 DB-9 #1f nedunouiund

Pin Signal Direction Description

1 CD D Carrier Detect

2 RxD — Receive Data

3 TxD — Transmit Data

4 DTR — Data Terminal Ready

5 GND - System Ground

6 DSR +— Data Set Ready

7 RTS D —— Request to Send

8 CTS - Clear to Send

9 RI - Ring Indicator

13
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Signal Full Name Originator Function
TxD Transmit Data DTE dudoyafiazinen DTE Tl DCE
RxD Receive Data DCE Sudayaiiaziianin DCE Tlda DTE
CTS Clear to Send DCE A3199UdYImIN DCE TM3ow
w5udeyasn DTE
CD Carrier Detect DCE ielsfinsndayaanefiam
vosmweri Iidya e Active
DSR Data Set Ready DCE won DTE 31 DCE wioufiszmauuda
DTR Data Terminal Ready DTE o UYIUIN DTE vanld DCE
i3 uuwiou
RTS Request to Send DTE dy1m91n DTE vonld DCE
wioumSeudiezsuteya
RI Ring Indicator DCE asvdudauvesdw Insdwi
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unn 3
MIDINRVLNATAHTD ﬁ%’N

3.1 Insandn

RS-Z32
Companter i> MAX 232 HTJQ FSK
Modulation P T Line
2igﬁ /O ﬁv Interface
:D P S X N
Analog to Digitat —] Parallel to Serial A .
Converter Converter Pg;voe‘;' klcr:le

A[nlog

Z'%' Digital to Analog <:: Serial to Paratel 4: FSK

Converts C rte|
voriar onverar Demodulation

Power Line
/O 1 intertace

Computer és; MAX232 K

ar ]

51/ 3.1 Tassadvesszuumsdadygamumodaias Wi
3.2 Smwmvernvinlasdganaonaemiludyaddnea (Analog to Digital Converter)
L4 [ LY oy 9 =] o A

Tudmveamanasdyanwonaenifudyanudinea 214 ledues ADC 0804 Fuily
Tedulasdygruouaeniludyg udiaeauuy cMos vune 8 Ja 1narlunmsmlasdszuu
100 s FATMIMNUUVD Successive Approximation Panuauisalumsinuimualanoluda
. o d . e
fiuea Taolivnlslumsiaudail

9171 191 CS (Chip Select) 9zgnanans12a e Iy Tnuamsihnudisaues

412 91 RD (Read) 9:90A02305134 o iTuTnuamshaudisawes

4171 3 ¥1 WR (Write) sxgnae llfadyananniim fadalavlefiues CD 4047

N4 ¥1CLK IN (Cock In) Hhuvnidmussmnnudvesdyarnurinnelu lodiwes

¥ ¥ o = ] & ar LYY o U A LY

ADC 0804 thdamsmsmaunldsuniasdeiiio s Tud@asamnsodmuamaiudgagald 640
KHz

911 591 INTR (Interrupt) 9zgnde lidavt WR e limsulasumlawazmsdsdoya
mouoniiulif1dedada Tuilia uosfineruaiadains g el lumsTan

1191 6 11 Vin(+) unfleuduanuduwadmuin Sudyapadius 1dqua 0-5 Toad

11 7 w1 Vin@-) utloudygrudunadiuan

471 8 U1 AGND 1Huv1ns 19 v0Id Il AC 92ABAINT1IA 90T

= o ¥ a A Y o '
VN9 NV _. /2 L‘ﬂuﬂl’llﬁﬂﬂuﬂ‘lﬂﬂﬂ maﬂzgﬂﬂﬂﬂﬂﬂﬂmmas IM 336

ref
§ 4 o aa J
‘U'lﬁ 10 1 DGND !ﬂﬂﬂ]'lﬂ‘i'l')ﬂﬂ]’t)iﬂﬂgfg'lﬂlﬂﬂﬂﬂﬁ ‘il:ﬂi‘)ﬁﬂﬂ'ﬂ')ﬁ’)ﬂi]'i

474 11— 18 DBO - DB7 iflunidatoyasentinlod Tnvdududoyavuiu 8 ta
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114 19 91 CLK R (Clock Receive) ifuvidmuannudvesdyananiim1¥suiue cLr

1 20 91 Vee 92ABINOUTIAU 5 Vdc

c2
O.1uF 4 5 ek DBOIIZ—
7 VIN DBl ——.16 < D1 >
= s DR2 ——< D2 >
VIN+ pB3E—<BE >
8 1 s 14
i J oy DBa
, DBS
1 N RD DB6 12
. <O WR o7l BT >
2k
S | S (REF) -
ol 3 Ve
== =
touF Ri LM3B6— 2.5 crxr P22
10k AL V
ADC0804
AN
s i | 10k
= [ 1s0pF
Ra L
4.7k
2 3
1
ca r74[ SO8

10pF

—)

317 3.2 2vsmlmdgyguowaeniludyyudaea

3.3 amvenavsnasteyaunyvumiutoyauyueinsy (Parallel to Serial Converter)
ludamvesmsudasdoyauuvvunuiudoyauvveynsy a1 lodiues 74Ls165 Fuiu

msdeudoya naz1¥leFwes 74Ls169 iufudnunumaidouna: Inanrvesfoyalavis

woonuuyldgadeyaudazgaidaicy (Sart Biy uazdasy (stop Bin Mldyadeya 1 yaexd

o =) 1 o = A o o = 4 4
fmudaniy 10 Ga ¥aezldledwed 7415169 Tumstudygruuinn iiensy 10 gniin

»
RCO (Ripple Carry Output) %04 lodnazilani1ae “0” vonu udusduhaanziinaadinun

SH / LD wodledios 7415165 twoviims Inaamdoyaln
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—ICSHIIE
AfoLkmn _ |,
— (LK OH DI—
ot a2
i ) L S,

B g

e OH Hp opt—

ﬁ D CIR

T E

EHYF T4LSTa

@G

G H

L 7415165
Lm
v +% . WQ 1
3 i wP  Reo .
ot ¢ 4 “b% Py UsA Ut
CLK 08| 5
¥ B;A P JaLsos 6B
s B oo 74521 10 sc
g o T e
7aL5169 Faisos L e

J\}

o 3
71l 3.3 2esdeyavunuiiueynsu
1 q' =Y q' ) F) o a ) et = b
dulumaiutiasuasday 151 dvusinsuduldianidziu <o” uasdawnldi
o 2 P .
annziu <17 TnsmsadniaGudu ez 19 loFwes 741574 duilu D FlipFlop Taviraniz
«0» yifloud1fuur CLR (Clear)  wod'lodFiued 741574 2z 1 iRaan1zinded vildwn
O (Outputy Tz “0” uifedaSuduiues Tavanse «o” fuflouldduu CLR iu'ldun
nnhiled 7aLs165 Minmsudgaiuuriniasy 10 gn wwildn 0, - Q, vedleSeliani:
4 v a ¥ o 2L ot n:l' ° ] . A o y'ﬂ 9 P
«0110” Futluasudulunindy is3aheiluiinigde Logic Gate thavi Ididluaniig <o dedh
:y R—— = 4 a a o A a 4
fuw CLR voaleFued 741574 oadniiasudniues uazdionlanuiiuanig «1” ledwed
741874 fazvinamaluaniizlnd
daulunisadhadiasvvesgadeyn szawnsoadaldnnmeluled 7aLsies Tavims

. P 4 4 oA
Houannz «1” Widuw SER dafian1iz “1” senmaieiana dadiuiinvuiiuea

3.4 ¥IUY992995 FSK Modulator
1] é
TudIUVD92995 FSK  Modulator 9219 /C 100 XR2206 % iU Monolithic Function
P o & W 4 a a o
Generator 3@ oRuladgygunduglyed jlemmaouuaz il divdon AM FMuasFsK

Tuy19n 30 0.01Hz- IMHz
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+1_gV

ut

Cco 1
R3 AMSI SYMA2 ———
51k 0.1uF s

E ot P

RS

e 47k +1vp—4 Vee WAVEAZ |12

5.1k 5 | T1C1 GND 12
E——COG'mF & 1c2 SYNCO - -

——
20
2o
A%,

r]l

1w
7 1R BIAS
R > |
R1 R1 c2 =
XR2206
1uF

J;20!( lZUk

1% 3.4 2995 FSK Modulator

Tunsditiisne1¥ 71c xR 2206 Wudduiladygruanoiludovus FSK Taganso
AMvuannuivesdygudunaan1iz “1” n3e  f, (Mark Frequency) uazauivesdyyiw

- ‘é = ? o’ -] ﬂ’
Sunaaauz “0” 150 £, (Space Frequency) ¥uiludaszaoiulavaunsadmualanmaunisil

1
frn - RICO

1
e

Taoannusegineszndnan 7C1 uaz 72 9zoglug1953M 113 100pF-100uF 11AH)
AMUMU R, uaz R, faofiv) TR1 uaz TR2 mudwuazediugia 44Q -2006Q Tumssenuuy

SWIMUARIR £, 255kHz Uag £, =205kHz Tamsdmuadauiuilszy C, = 1nF

1 1

R = = . —— = 7.69kQ)
£.C, (130x10°)(1x10™)

1 1
R2= = 3 Y =9
£C, (110x10°)(1x10™)

09k Q2

a @ o L4 oo e o P
TagmunsadSuszidygyrmuoianafidadunuiidodifuy MO (Multiplier Output)
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3.5 3IUUD12195 FSK Demodulator
Tudauv092993 FSK Demodulator 9219 1€ 1004 XR 2211 %11 FSK Demodulator/Tone

Decoder TU%29A210D 0.01kHz - 300kH:

4
k3

s

H
|||_'
-

ﬁ;‘ljﬁ 3.57393 FSK Demodulator

MIDONULUAINNTAIHIN U Data Sheet

1.) f‘immfhmmﬁgluﬁnma (f;) ¥oaPLL 910

Jo =Tt

o fy = J(130x10")(110x10° ) =119.58k 2z

2) 1@eNMIR,=10kQ naz R = 10k



3) fwmAIC, 910

1
JoRy

0

o ]
° (119.58x10°)(15x10%)

=557pF

4) AMUIUAI R, 9D

g, = Holo
&f

2x(10x10°)(119.58x10°)

R = =119.58kQ

: (130-110)x10°
5) A1MUAA1 Damping Factor ¢ = 0.5

6) A C; 1n

1250C
C = 20
ng
1250(557x1077)
C, = _=23.28pF
(119.58x10°)(0.5)
7) ANWUIUAIR, 910
R, =5R

- R, =5(119.58x10%) = 598kQ2

8) AIUIUATIR, N

40



SR, =5(598x10%) =2.99MQ

9) AWMINAIR ,, N
— (RF + R )RB
" (R +R.+Rp)

[(598x10°)+(119.58x10°) ] (2.99x10°)

_ =578.69kQ2
" [(so8m10) (1195810} (209107

10.) AUIUAC . 1N
0.25
R, x BaudRate

F

0.25
C. = =6.75pF
" (578.69x10°)(64x10°) ?
11.) 8N R ,=470kQ
12.) ANUAIC , 90
c, >3 10
Af
6
16x10 = 800 pF

S Cp >
?(130-110)x10°

36 i'hu'ummsuﬂmi’aymmuagmmi‘lu{faymmmmu (Serial to Parallel Converter)
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) Y Y Y o & R ¥ .
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= =Y = = a = =Y = o : o @ =
Joya 1 ga Fedoyavzdsznouduiindeya 8 U asu 1 Ua uaziavy 1 Ua duiwsitshidadia

Q. = é * 1o Q’
Suuaziiaey ¥ hilydadoyanaly
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Joya Tnvszordusosdeszn siinsuuaziiny ldamuadumisiuduvodoyadaszing
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Sz «1” aneanat delidyauduniivg CLK Swziimsideudeya “1” vinn D Tl Q
Wianaz <17 el lunmsadedygiumnimnduiunasindodiiu And Gate vzdAsudhfiu

o =

9/ o Y - ¥ o = o o 3
Fugnamin ud1e1ANAves And Gate suiudyyennimilouliivlofives 74Ls164 1114
A 1d [ LY
ToFues 74Ls164 inoudoyauvveynsuiilunyuvuuaely uazloFiwes 74Ls169 vzviimsi
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duaunin Weriuasy 9 ga s ldan @, — @, vedleFeiian1ie “0111” Fuilususudu
Tumsiy snihminiiniide Logic Gate o liduaniiz <17 1dfeuldv CLK vodle®
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1wes 7415373 iWodadoya 8 Ta uuvvuuiiuleFiwes Dacosoo Aol uazaniaz «17 1 vzl
1w o o 1 . o o 2
Apfvuv1 CLK %404 D Flip-Flop e 0s vzao 1Uv1 CLK %94 D Flip-Flop AN a03 Fal5lunts
1 . o o a o o » o o wad "o
T D Flip-Flop Musniaannzindes i liiodnaeenidluanie «0» Tausa Tuiaraoogiu And
o R P '
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-/ /

FEATURES

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

¢ Waveform Generation

¢ Low-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20ppm/°C, Typ. ¢ Sweep Generation

& Wide Sweep Range, 2000:1, Typical o AM/FM Generation

o Low-Supply Sensitivity, 0.01%V, Typ. e V/F Conversion

® Linear Amplitude Modulation .

o TTL Compatible FSK Controls * FSKGeneration

e Wide Supply Range, 10V to 26V ® Phase-Locked Loops (VCO)
o Adjustable Duty Cycle, 1% TO 99%

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 modulated 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 generator 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
range with an external control voltage, while maintaining
low distortion.

‘ORDERING INFORMATION
Operating
Part No. Package Temperature 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

©1972

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 @ (510) 668-7000 # (510) 668-7017

1

TEM
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. Shaper
FSKI @—
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Figure 1. XR-2206 Block Diagram
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AMSI e 6] SYMA2 AMSl = 1 = 1] symaz
STO 2 15| SYMA1 STO = 2 15|/ SYMA1
MO 2 4] WAVEA2 MO = 3 1l wavEA2
Voo .4 13 WAVEAA1 Voo — 4 133 WAVEA1
Te1 & 2] GND TC1 = 5 2fm enD
TC2 & 1] sYNCO TC2 = &6 1 SYNCO
TR1 7 10] BIAS TR1 = 7 10 BIAS
TR2 |s] 9 | FSKI TR2 — 8 9 FSKI
16 Lead PDIP, CDIP (0.300") 16 Lead SOIC (Jedec, 0.300")
PIN DESCRIPTION
IPin# Symbol Type | Description

1 AMSI | Amplitude Modulating Signal Input.

2 STO o Sine or Triangle Wave Output.

3 MO o Multiplier Output.

4 Vee Positive Power Supply.

5 TC1 | Timing Capacitor Input.

6 TC2 | Timing Capacitor Input.

7 TR1 0] Timing Resistor 1 Qutput.

8 TR2 0 Timing Resistor 2 Qutput.

9 FSKI | Frequency Shift Keying Input.

10 BIAS 0] Internal Voltage Reference.

11 SYNCO 0 Sync Qutput. This output is a open collector and needs a pull up resistor to V.

12 GND Ground pin.

13 WAVEA1 | Wave Form Adjust Input 1.

14 WAVEA2 ! Wave Form Adjust Input 2.

15 SYMA1 | Wave Symetry Adjust 1.

16 SYMA2 | Wave Symetry Adjust 2.

TOM'




'XR-2206 7 EXAR
DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Vce =12V, Tp = 25°C, C = 0.01uF, Ry = 100kQ, Rz = 10k, R3 = 25kQ2
Jnless Otherwise Specified. S1 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. I Typ. ! Max. | Min. I Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \'
Split-Supply Voitage +5 +13 +5 +13 \'
Supply Current 12 17 14 20 mA Ry > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz |C=1000pF, Rqy=1kQ
Lowest Practical Frequency 0.01 0.1 Hz C =50uF, R1=2MQ
Frequency Accuracy 1 +4 +2 % offy [fo=1/R4C
‘ Temperature Stability +10 +50 +20 ppm/°C | 0°C << Ty << 70°C
Frequency R4 = Ry = 20kQ
' Sine Wave Amplitude Stability2 4800 4800 ppm/°C
| Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Vi = 20V,
R1 =Ry =20kQ2
Sweep Range 1000:1 | 2000:1 2000:1 fu=f |fq @Rq=1kQ
fL @ Ry = 2MQ
Sweep Linearity
10:1 Sweep 2 2 % fi = 1kHz, fy = 10kHz
1000:1 Sweep 8 8 % fi = 100Hz, f,; = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5
Timing Resistors: Ry & R, 1 2000 1 2000 kQ
Triangle Sine Wave Output’ Figure 3
Triangle Amplitude 160 160 mv/kQ | Figure 2, 51 Open
Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S4 Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 05 05 dB For 1000:1 Sweep
| Sine Wave Distortion
™ Without Adjustment 25 25 % | Ry = 30k
With Adjustment 04 1.0 0.5 1.5 % See Figure 7 and Figure 8
Notes

! Output amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

ATV AV L VAL

TOM’
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DC ELECTRICAL CHARACTERISTICS (CONT’D)

~ XR-2206

XR-2206M/P XR-2206CP/D

Parameters Min. I Typ. I Max. | Min. I Typ. | Max. | Units | Conditions

Amplitude Modulation

Input Impedance 50 100 100 k2

Modulation Range 100 100 %

Carrier Suppression 55 55 dB

Linearity 2 2 % For 95% modulation

Square-Wave Output

Amplitude 12 12 Vp-p | Measured at Pin 11.

Rise Time 250 250 ns CL=10pF

Fall Time 50 50 ns CL = 10pF

Saturation Voltage 0.2 04 0.2 06 Vv I = 2mA

Leakage Current 0.1 20 0.1 100 WA Vg = 26V

FSK Keying Level (Pin 9) 0.8 14 24 0.8 1.4 24 Vv See section on circuit controls
1 Reference Bypass Voltage 29 3.1 3.3 25 3 35 v Measured at Pin 10.
Notes

! Qutput amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.
2 For maximum amplitude stability, R; should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply . ....c.coiiiiii 26V Total Timing Current ........................ 6mA
Power Dissipation ....................... 750mw Storage Temperature ............ -65°C to +150°C
Derate Above 25°C . ..................... 5mw/°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCQO), an analog muitiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

ARV L S8 S5 LT

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

al’l
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Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
Temperature,
Vee
0
1T wF
4
1 16
1 5
- J_ Mult. 15 S, Closed Fer Sinewave
C veo And
T Sine 14
6 = Shaper S,
9 13 -~ 200
P.
! cht"int I— 2 Triangle Or
- R4 1K S_ wiches *+1 Sine Wave Output
- " Square Wave
- H/—/ Output
R 10]12 |3 XR-2206
= Rs ok UL
+ <, 50K
1uF
:L: 5‘ * Vee

5.1K 5.1K

Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
{See Figure 3 for Choice of Rj)
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1 1 Symmetry Adjust
5
= Mult. 25KE: Ra t
1 c e And 15 - 54 Closed For Sinewave
F= RC T Sine 14
6 S
Shaper S R
[s] 130/ A
o2
;-_ l 500 A
Current 3 2 Triangle Or
Ry 1K &l Switches Sine Wave Output
— 11 Square Wave
) N/ L Output
R 02 |3 )
L Rs XR2208 ¢ (101
+ 50K
WF
j:: ¢ * Vee
10uF
Voo o—rnr— |

51K 5.1K

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R Determines Output Swing - See Figure 3)
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Figure 13. Sinusoidal FSK Generator
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24k
1uF
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Voo o—Aanr—- I
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Rq and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
potarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. if Pin 9 is
open-circuited or connected to a bias voltage > 2V, only
R4 is activated. Similarly, if the voltage level at Pin 9 is
<1V, only R, is activated. Thus, the output frequency can
be keyed between two levels. {1 and f;, as:

f1 = 1/R4C and f = 1/R,C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V-

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of ~ V*/2.

ATV SV EE S

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R4 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V-, For split-supply operation, R3 can be directly
connected to ground.

™
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With External Adjustment:

The harmonic content of sinuscidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12, The potentiometer, R, adjusts the
sine-shaping resistor, and Rpg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Ry at midpoint and adjust Ra for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., S1 open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R1 and Ry; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V.

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9} is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of R4 and R,. The values of Ry and
R5 should be in the range of 1kQ to 2MQ.

XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

f0=7.\,%Hz

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ2 < R <200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, i1, drawn from Pin 7 or 8:

_ 3201,{mA)

f= “CuF) Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controlled by applying a control voltage, V¢, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

_ 1 R4 _Ye
f= RC(1 + Rc( 3))Hz

where V¢ isin volts. The voltage-to-frequency conversion
gain, K, is given as:

K= aff3V, = -%—3% Hz/V
c

CAUTION: For safety operation of the circuit, Ir should be
limited to << 3mA.

TOM
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Maximum output amplitude is inversely proportional to
the external resistor, R3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
Ra. Thus, for example, R3 = 50k would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

11

@ L

15v2 §

"

22 BEXAR

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vgc/2 as shown in
Figure 6. As this bias level approaches Vg /2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the cuiput amplitude now becomes
a function of V.
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Base
Plane

16 LEAD CERAMIC DUAL-IN-LINE

(300 MIL CDIP)
Rev. 1.00

s i W s B e B M |

Fm
1

-]

8

U J JJJdJdd

-

Seating
Plane

%ﬂerl!.

I
D >

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.100 0.200 2.54 5.08
Ay 0.015 0.060 0.38 1.52
B 0.014 0.026 0.36 0.66
B4 0.045 0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.740 0.840 18.80 21.34
E4 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 15° 0° 15°

Note: The control dimension is the inch column

XR-2206
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16 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00

— e ) ey o = ——

16 gl t
D Eq
R
Ay
0
B1
INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.145 0.210 3.68 5.33
Aq 0.015 0.070 0.38 1.78
Ay 0.115 0.195 2.92 4.95
B 0.014 0.024 0.36 0.56
By 0.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
0.745 0.840 18.92 21.34
E (0.300 0.325 7.62 8.26
E4 0.240 0.280 6.10 7.11
e 0.100 BSC 2.54 BSC
epn 0.300BSC 7.62BSC
eg 0.310 0.430 7.87 10.92
0.115  0.160 2.92 4.06
o 0° 150 0° 150

Note: The control dimension is the inch column
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16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00

HFHHH’T

1

s J
Hd444444

Plane _.l el._ -.“‘- ;‘:1_

—-IE
—
VL:

INCHES MILLIMETERS
SYMBOL MiN MAX MIN MAX
A 0.093 0.104 235 2.65
Ayq 0.004 0.012 0.10 0.30
B 0.013 0.020 0.33 0.51
C 0.008 0.013 0.23 0.32
D 0.398 0.413 10.10 10.50
E 0.2 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
l L 0.016 0.050 0.40 1.27
o 0° 8° 0° a8°

Note: The control dimension is the millimeter column
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NCTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (¢) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1972 EXAR Corporation
Datasheet June 1987
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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XR-2211

FSK Demodulator/
Tone Decoder

June 1997-3
FEATURES APPLICATIONS
® Wide Frequency Range, 0.01Hz to 300kHz e Caller Identification Delivery
e Wide Supply Voltage Range, 4.5V to 20V e FSK Demodulation
& HCMOS/TTU/Logic Compatibility
& FSK Demodulation, with Carrier Detection * Data Synchronization
e Wide Dynamic Range, 10mV to 3V rms ¢ Tone Decoding
e Adjustable Tracking Range, +1% to 80% ® FM Detection
& Excellent Temp. Stability, +50ppm/°C, max. e 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
of 4.5 to 20V and a wide frequency range of 0.01Hz to
:300kHz. It can accommodate anatog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. 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 demodulation. Extemal components are used to
independently set center frequency, bandwidth, and output
delay. An internal 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 temperature ranges.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.3007) -55°C to +125°C
XR-2211N 14 Pin CDIP (0.3007) -40°C to +85°C
XR-2211P 14 Pin PDIP (0.300") -40°C to +85°C
XR-22111D 14 Lead SOIC (Jedec, 0.1507) -40°C to +85°C

©1992

TEOM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 & (510) 668-7000 ¢ FAX (510) 668-7017
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BLOCK DIAGRAM
Vee GND NC
I\PreAmpllﬁer @ o0
INP { 2 Loo
I 6-Det @ LDF
TIM C1 @ .
Detect
c t
Vo . Comparator @ LbOQ
TmMc2 \J3 Quad
6-Det (5) tooan
TMR (12
Intemal .
VREF @ VReF @ .
Reference FSK Comp
COMPI @

Figure 1. XR-2211 Block Diagram
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PIN CONFIGURATION

Vee
INP
LDF
GND

LDOQN
LDOQ

14 Lead CDIP, PDIP (0.3007)

bO

XR-2211

Voo = TIM C1
INP — TIM C2
LDF =— TMR
GND L— LDO
LDOQN =< VREF
LboQ — NC
DO — COMP |

14 Lead SOIC (Jedec, 0.150”)

PIN DESCRIPTION

Pin# Symbol Type | Description
1 Vee Positive Power Supply.
2 INP | Receive Analog Input.
3 LDF o] Lock Detect Filter.
4 GND Ground Pin.
5 LDOQN o] Lock Detect Qutput Not. This cutput will be low if the VCO is in the capture range.
6 LDOQ 0] Lock Detect Output. This output will be high if the VCO is in the capture range.
7 DO 0 Data Qutput. Decoded FSK output.
8 COMP | I FSK Comparator Input.
9 NC Not Connected.
10 VREF o Internal Voltage Reference. The value of Vger is Veg/2 - 650mV.
" LDO 0] Loop Detect Output. This output provides the result of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This pin connects to the timing resistor of the VCO.
13 TIM C2 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 TIM C1 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.

TOM’
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ELECTRICAL CHARACTERISTICS
Test Conditions: Vge = 12V, T = +25°C, Rg = 30KQ, Cq = 0.033uF, unless otherwise specified.

“Parameter Min. Typ. Max. Unit Conditions
General
Supply Voltage 4.5 20 \'
Supply Current 4 7 mA Rg > 10KSQ. See Figure 4.
Oscillator Section
Frequency Accuracy +1 +3 Y% Deviation from fg = 1/Rg Cq
Frequency Stability
Temperature +20 +50 ppm/°C | See Figure 8.
Power Supply 0.05 0.5 YolV Vee =12 +1V. See Figure 7.
3 0.2 %V Vco = +5V.See Figure 7.
l Upper Frequency Limit 100 300 kHz Rp = 8.2KQ, Cp = 400pF
| Lowest Practical Operating 0.01 Hz Ro=2MQ, Cg= 50pF
Frequency
Timing Resistor, Ry - See
Figure 5
Operating Range 5 2000 KQ
Recommended Range 5 KQ See Figure 7 and Figure 8.
Loop Phase Dectector Section
| Peak Output Current +150 +200 +300 pA Measured at Pin 11
{ Output Cffset Current 1 RA
Output Impedance 1 MQ
Maximum Swing +4 +5 vV Referenced to Pin 10
{ Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 uA
Cutput Impedance 1 MQ
{ Maximum Swing 11 Vpp
Input Preampt Section Measured at Pin 2
Input Impedance 20 KQ
Input Signal
Voltage Required to
Cause Limiting 2 10 mV rms
Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production test and guaranteed over operating temperature range.
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2211

Test Conditions: Vcc =12V, Ty = +25°C, Rg = 30K, Co = 0.033pF, unless otherwise specified.

Parameter | Min. | Typ. I Max. Unit | Conditions
Voltage Comparator Section

input Impedance 2 MQ Measured at Pins 3 and 8
Input Bias Current 100 nA

Voltage Gain 55 70 dB R = 5.1KQ

QOutput Voitage Low 300 500 mvV Ic = 3mA

Output Leakage Current 0.01 10 uA Vo = 20V

Internal Reference

Voltage Level 4.9 5.3 5.7 v Measured at Pin 10
Qutput Impedance 100 Q AC Small Signal
Maximum Source Current 80 uA

Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowerSupply ......... ... ... ol 20V
Input SignalLevel ........................ 3V rms
Power Dissipation .. ..................... 900mWwW

Package Power Dissipation Ratings

CDIP .. 750mwW
Derate Above Ty =25°C ............... 8mw/°C
PDIP .. e 800mw
Derate Above To=25°C .............. 60mw/°C
SOIC ... ... R 390mw
Derate Above T4 =25°C ............... 5mW/°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phase
detector and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that
input signals above typically 10mV rms are amplified to a
constant high level! signal. The multiplying-type phase
detector acts as a digital exclusive or gate. Its output
(unfiltered) produces sum and difference frequencies of
the input and the VCO ocutput. The VCO is actually a
current controlled oscillator with its normal input current
(fo) set by a resistor (Rp) to ground and its driving current
with a resistor (R4) from the phase detector.

The output of the phase detector produces sum and
difference of the input and the VCO frequencies

BTV AT A S AL

5

(internally connected). When in lock, these frequencies
are fin+ fyco (2 times fyy when in lock) and fiy - fyco (OHZ
when lock). By adding a capacitor to the phase detector
output, the 2 times fjyy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCO is
driven above or below the center frequency (FSK
comparator). This will produce both active high and

active low outputs to indicate when the main PLL is in lock
(quadrature
comparator).

phase detector and lock detector

™
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PRINCIPLES OF OPERATION

Signal Input (Pin 2): Signal is AC coupled to this
terminal. The internal impedance at pin 2 is 20KQ.
Recommended input signal level is in the range of 10mV
rms to 3V rms.

Quadrature Phase Detector Output (Pin 3): This is the
high impedance output of quadrature phase detector and
is intemally connected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
connected to ground through a parallel combination of Rp
and Cp (see Figure 3) to eliminate the chatter at lock
detect outputs. If the tone detect section is not used, pin 3
can be left open.

Lock Detect Output, Q (Pin 6): The output at pin 6 is at
“low” state when the PLL is out of lock and goes to "high”
state when the PLL is locked. It is an open collector type
output and requires a pull-up resistor, R, to V¢¢ for
proper operation. At “low” state, it can sink up to 5SmA of
load current.

Lock Detect Complement, (Pin 5): The output at pin 5 is
the logic complement of the lock detect output at pin 6.
This output is also an open collector type stage which can
sink 5SmA of load current at low or “on” state.

FSK Data Output (Pin 7): This output is an open collector
jogic stage which requires a pull-up resistor, Ry, to V¢ for
proper operation. It can sink SmA of load current. When
decoding FSK signals, FSK data outputis at *high” or “off”
state for low input frequency, and at “low” or “on” state for
high input frequency. If no input signal is present, the logic
state at pin 7 is indeterminate.

FSK Comparator Input (Pin 8): This is the high
impedance input to the FSK voltage comparator.
Normally, an FSK post-detection or data filter is
connected between this terminal and the PLL phase
detector output (pin 11). This data filter is formed by Rf
and Cg (see Figure 3.) The threshold voltage of the
.comparator is set by the internal reference voltage, Vger,
available at pin 10.

Reference Voltage, Vger (Pin 10): This pin is internally
biased at the reference voltage level, VrRer: Vrer = Ve /2
- 650mV. The DC voltage ievel at this pin forms an internal
reference for the voltage levels at pins 5, 8, 11 and 12. Pin

2 EXAR

10 must be bypassed to ground with a 0.1uF capacitor for
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by Ry and C,4
connected to pin 11 (see Figure 3.) With noinput signal, or
with no phase errorwithin the PLL, the DC level at pin 11is
very nearly equal to Vrer. The peakto peak voltage swing
available at the phase detector output is equal to 2 x VRgr.

VCO Control Input (Pin 12): VCO free-running
frequency is determined by external timing resistor, Ry,
connected from this terminal to ground. The VCO
free-running frequency, fo, is:

_ 1
fo = R, C. Hz

where Cg is the timing capacitor across pins 13 and 14.
For optimum temperature stability, Rg must be in the
range of 10KQ to 100KS2 (see Figure 9.)

This terminal is a low impedance point, and is internally
biased at a DC level equal to Vrer. The maximum timing
current drawn from pin 12 must be limited to < 3mA for
proper operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14): VCO
frequency is inversely proportional to the extemal timing
capacitor, Cg, connected across these terminals (see
Figure 6.) Cp must be non-polar, and in the range of
200pF to 10pF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Ry, in series with Rg at pin 12
(see Figure 10.)

VCO Free-Running Frequency, fg: XR-2211 does not
have a separate VCO output terminal. Instead, the VCO
outputs are internally connected to the phase detector
sections of the circuit. For set-up or adjustment purposes,
the VCO free-running frequency can be tuned by using
the generalized circuit in Figure 3, and applying an
alternating bit pattern of O’s and 1’s at the known mark
and space frequencies. By adjusting Ry, the VCO can
then be tuned to obtain a 50% duty cycle on the FSK
output (pin 7). This will ensure that the VCO fp value is
accurately referenced to the mark and space frequencies.

TEOM
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Loop

Data
Filter Filter FSK
Output
e oot [y ™
FSK
Comp
of |
VCO
Input 1
Preamp
¢
" Lock Detect
—3 Det[=> DZ ! | i Outputs
Lock Detect Lock Detect
Filter Comp

Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Vee
Rg
— e ANNN——————
Loop 1 Rg 8 7
— Phase |FO AN O A
Detect J— Cy —_—Cr
L I > FSK
= - Comp.
R4 10
2 12 Intemal
Input >_| VCO [ O Reference
Signal 0.1uF I
0.1uF 14 i{ ﬁ 13 Ro =
Co = 6
>—_|_ Quad = —{+ LDCQ
L ua
= — Phase -~ LDOQN
Detect 3 lock 5
Detect
Comp.
Rp

Figure 3. Generalized Circuit Connection for

FSK and Tone Detection
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DESIGN EQUATIONS

(All resistance in @, all frequency in Hz and all capacitance in farads, unless otherwise specified)

(See Figure 3 for definition of components)
1. VCO Center Frequency, fo:

1

fo N Ro'Co

2. Internal Reference Voltage, Vrer (measured at pin 10):

V
Vier = (—2‘1: )—650mv in volts

3. Loop Low-Pass Filter Time Constant, t:

7 = C;Rpp (Seconds)

where:

_ Ry Re
Rer = (R1 + R )
if Rg is oo or Cg reactance is oo, then Rpp = R1

4. Loop Damping, <:

¢ = 1250-C,
a R1'C1

Note: For derivation/explanation of this equation, please see TAN-011.

5. Loop-tracking

bandwidth, += A?uf
af _ R
fo R,
Tracking
Bandwidth
Af Af —>

T fi

8
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6. FSK Data filter time constant, tF:

_ Rs - R
(Rs + Ry

72 EXAR o XR-2211

T -Cr (seconds)

7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

K. = Vieer = Ri[ _volt
¢~ 10,0007 | radian

Note: For denvation/explanation of this equation, please see TAN-011.

8. VCO conversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of DC voltage change at pin 11):

K. = 2n _ [ radian/second
o VREF 'CD' R1 - VO”
9. The filter transfer function:
= ?1 = =
F(s) = T+ SR.C, at0 Hz S=Jdwandw =0

10. Total loop gain. Ky

o _ Re 1
Kr = KgKiF(s) = (5,000.(30.(,?1 + RF))[seconds]

11. Peak detector current |a;

,A VR EF

= 20,000 (Vger in volts and 1, in amps)

Note: For derivation/explanation of this equation, please see TAN-011.
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APPLICATIONS INFORMATION

FSK Decoding

Figure 10shows the basic circuit connection for FSK decoding. With reference to Figure 3 and Figure 10, the functions
of external components are defined as follows: Rg and Cy set the PLL center frequency, R4 sets the system bandwidth,
and C; sets the loop filter time constant and the loop damping factor. Cr and Rg form a one-pole post-detection filter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Design Instructions:

The circuit of Figure 10can be tailored for any F SK decoding application by the choice of five key circuit components: Rg,
R4, Cg. C and Cr. For a given set of FSK mark and space frequencies, fo and f1, these parameters can be calculated as
follows:

(All resistance in Q’s, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Caiculate PLL center frequency, fo:

fo = /FyF,
b} Choose value of timing resistor Ry, to be in the range of 10K to 100KQ. This choice is arbitrary. The recommended

value is Rg = 20KQ. The final value of Ry is normally fine-tuned with the series potentiometer, Ry.

Rx

Ro= Ro+

c) Calculate value of CO from design equation (1) or from Figure 7-

_ 1
CO— Ro'fo

d) Calculate R1 to give the desired tracking bandwidth (See design equation 5).

R, = Ro'fo

= ) 2

e) Calculate C1 to set loop damping. (See design equation 4):

Normally, ¢ = 0.5 is recommended.

_1250-C,
B Ri- ¢?

G

TEOM
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) Theinput to the XR-2211 may sometimes be too sensitive to noise conditions on the input line. Figure 4 illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rxis chosen by the equation and the desired minimum signal threshold level.

Viv minimum (peak) = V.=V, = AV & 2.8mV offset = Vagr g 20,000

— VREF_
7000 + R or Ry = 20,000( 1)

avVv

Vi minimum {peak) input voltage must exceed this value to be detected (equivalent to adjusting V threshold)

To Phase
I ——— Detector

Vb

20K

I
|
|
) |
VReF E
|

Figure 4. Desensitizing Input Stage

g} Calculate Data Filter Capacitance, Cg:

R - (RF + R1)'Ra
M (Ry+ Re+ Ry)
- 0.25 ; 1
Cr= (R, Baud Rate) Baud rate In <o onds

Note: All values except Ry can be rounded to nearest standard value.
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20 1.0 | I '
Ro=5KQ
< AN A
E 15 N W TN
£ N N
: T s NN
© 40 = NN\ Ry=20KQ |
] = 0.1 R
4 L] S ARNTAN
- L1 - \ \ =
e //4/ —'R‘QILCLK_I—Z_ " Ro=40KQ
@ 5/;, N I\UK\ NN
= wl P, Rg>100K N Rp=80KQ {— N IN
B | NN N
Ry=160KQ
0 0.01 LN IN N
4 6 8 10 12 14 16 18 20 22 24 100 1000 10000
Supply Voltage, V* (Volts) fo(HZ)
Figure 5. Typical Supply Current vs. V+ Figure 6. VCO Frequency vs. Timing Resistor
(Logic Outputs Open Circuited)
1,000 AV AN
\,\ Co=0.001uF
] 1.02
\\\ = \\\ fo = 1kHz 5
N AN & 1015 Rr = 10Rq !
Cg=0.0033uF & =y Vg
N 3 4&\ —a Z
g 100 N g 00— s
¥ N | I\ L "]
S Co=0.01uF 3 4
& \ NN N 099 3////
[ Co=0.1uF N AN E I / Curve| Rpy
an 5 i 3|8
\\ M ce=0.03310F N Z 098 3|3
Cy=0.33uF \+\ 0.7 5 [300K
10 . 4 6 8 10 12 14 16 18 20 22 24
0 1000 10000
V4 (Volt
folHz) (volts)
Figure 7. VCO Frequency vs. Timing Capacitor Figure 8. Typical fg vs. Power Supply

Characteristics

D o

b I 1MQ
s v{):mr( /
£ +05 I ///
a |~ B0k
e Ro=50K 1

o 0 }

& Ro=500K \----...:Eﬁ
H '05/_' v+ = 12V

5 Ro=1MQ2 Rt=10Rg

E fo=1kHz

5 -1.0

4

50 -25 0 25 50 75 100 125
Temperature (°C)

Figure 9. Typical Center Frequency Drift vs. Temperature
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Design Example:

1200 Baud FSK demodulator with mark and space frequencies of 1200/2200.

3tep 1: Calculate fo: from design instructions

(a) 1, = V1200-2200 =1624

Step 2: Calculate Ry : Rg =10K with a potentiometer of 10K. (See design instructions (b))

(b) Ry= 10 + (-129) = 15K

Step 3: Calculate C from design instructions

_ 1 -
© Co= T5o007628 ~ 22

Step 4: Calculate R, : from design instructions

— 20000-1624-2 _
(@ Ry = “2200-1200) = >1-900

Step 5: Calculate C4 : from design instructions

(€ & = 510000.52

Step 6: Calculate Rf : R should be at least five times Ry, R = 51,000-5 = 255 KQ
Step 7: Calculate Ry : Rg should be at least five times Rg, Rg = 255,000-5 = 1.2 MQ
Step 8: Calculate Rgypm

_ (Re+ R)Rs _
Rsum = (Re+ R, + Rg) 240K
Step 9: Calcutate Cg.
Cr = 0.25 = 1nF

~ (RguwBaud Rate)

Note: Ail values except Ry can be rounded to nearest standard value.

M
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Vee
N R
1.8m 5% 5.1K
Loo
—4 Phaspe > 7 5%
Detect | Data
~FSK Output
Comp.
Input 2 9 Intemal
i >_| L Reference
Signal 01uF T
14é| I—§13 =
> co

—

6
+ LDOQ
Quad
Phase L
Detect

Lock 2
Detect
Comp.

Figure 10. Circuit Connection for FSK Decoding of Caller Identification Signals
(Bell 202 Format)

Vee
Rg E
— A Ry
Loo| 1 R 8 5.1k
= Phaspe —O A o—{3 I{
Detect L Cy ==c; |-
m. L FsK
& - Comp.
R 10
12 Internal
Input 2 VGO
Signal >_| 0-1MFI_EO Reference
0.1uF 14 4)_‘ ‘_é 13 Ro =
>_—L— Co
) Rx
= 6 Lpoa
- *
Quad
| e
etec
3 Lock 5 LDOQN
cD:etect
RD Co omp.
Between 400K and 600K

Figure 11.

External Connectors for FSK Demodulation with Carrier
Detect Capability

ANV AT S A AELE .
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XR-2211

Loop 8
~| Phase -O—1+ 7
—\\N— Detect
[ FSK
Comp.
10
2 1% Intemal
>—| 0.1 “EEO Reference
0.1pF 14 ;E
: Vee
Tone C
Input >—_|_=_ VCO
B Fine
Tune RL2 RL3
51K § 5.1K
6 LDOQ I
Quad * Logic Output
— Phase -
Detect 3 5 LDOGN g
Lock
I?:etect
Cp omp.
4'3,%,( 80nF
Figure 12. Circuit Connection for Tone Detection
FSK Decoding with Carrier Detect
The lock detect section of XR-2211 can be used as a frequency approaches the capture bandwidth.

carmer detect option for FSK decoding. The
recommended circuit connection for this application is
shown in Figure 11. The open collector lock detect output,
pin 6, is shorted to data output (pin 7). Thus, data output
will be disabled at “low” state, until there is a carrier within
the detection band of the PLL and the pin 6 output goes
“high” to enabie the data output.

Note: Data Quiput is “‘Low” When No Carrier is Presemnt.

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, +Afc.
This is the range of incoming frequencies over which the
loop can acquire lock and is always less than the tracking
range. itis further limited by C4. For most applications, Afc
> Aff2. For Rp = 470KL, the approximate minimum value
of Cp can be determined by:

Cp > lT?r CinuF and fin Hz.
CinuF and fin Hz.

With values of Cp that are too small, chatter can be
observed on the lock detect output as an incoming signal

Excessively large values of Cp will slow the response time
of the lock detect output. For Caller I.D. applications
choose Cp = 0.1pF.

Tone Detection

Figure 12 shows the generalized circuit connection for
tone detection. The logic outputs, LDOQN and LDOQ at
pins 5 and 6 are normally at “high” and “low” logic states,
respectively. When a tone is present within the detection
band of the PLL, the logic state at these outputs become
reversed for the duration of the input tone. Each logic
output can sink SmA of load current.

Both outputs at pins 5 and 6 are open collector type
stages, and require external pull-up resistors R, and
RL3. as shown in Figure 12.

With reference to Figure 3 and Figure 12, the functions of
the external circuit components can be explained as
follows: Rg and Cg set VCO center frequency; R4 sets the
detection bandwidth; C4 sets the low pass-loop filter time
constant and the loop damping factor.
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Design Instructions:

The circuit of Figure 12can be optimized for any tone detection application by the choice of the & key circuit components:
Ro, Ry, Co, C1 and Cp. For a given input, the tone frequency, fs, these parameters are calculated as follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Choose value of iming resistor Ry to be in the range of 10KQ to 50K€. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended value is Rg = 20KQ. The final value of Ry
is normally fine-tuned with the senes potentiometer, Ry.

b) Calculate value of Cy from design equation (1) or from Figure 7 1g = fo:

_ 1
CO B Ro'fs

¢) Calculate R4 to set the bandwidth +Af (See design equation 5):

RD' f0'2

Y

Note: The total detection bandwidth covers the frequency range of fp A f
d) Calculate value of C4 for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.

1250-C,

€ = Ri¢?

Increasing C1 improves the out-of-band signal rejection, but increases the PLL capture time.
e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

1 .
CD>A—(?r CinuF

Increasing Cp slows down the logic output response time.

Design Examples:

Tone detector with a detection band of + 100Hz:

a) Choose value of timing resistor Ry to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended value is Ry = 20 K. The final value of Rg
is normally fine-tuned with the series potentiometer, Ry.

b) Calculate value of C from design equation (1) or from Figure 6 fg = fo:

Cp = =1 1 = 50nF

R,f. _ 20,000-1,000

M
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c) Calculate R4 to set the bandwidth +Af (See design equation 5):

_ Ryfy2 _ 20,0001,000-2

Ro= =37 = 100 = 400K

Note: The lotal detection bandwidth covers the frequency range of fp +Af
d) Calculate value of Cg for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.

¢, = 1250Cy _ 125050102

R<Z  200,000057  025PF

Increasing C4 improves the out-of-band signal rejection, but increases the PLL capture time.

e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470K, Cp must be:

-
(=]

16
= —66 = 80nF

Cp =

[
-

Increasing Cp slows down the logic output response time.

f) Fine tune center frequency with 5KQ potentiometer, Ry.

Vee
o
Rr
100K
Loop 1 8 a
—| Phase '_CJ_ O + 7 Cr
Detect c ] T Demodulated
I >~ FSK =

Output
Comp Ly

R, 10 [ O
Intemmal
’._é_l> VCO 12 0.1pF] O Reference =
L
0.1nF 14 13 Ro =
Input 6
A Co L _><o; LboQ
ua =
— Phase = LDOQN
Detect 5

Lock
Detect
Comp.

1

W

Figure 13. Linear FM Detector Using XR-2211 and an External Op Amp.
{See Section on Design Equation for Component Values.)
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Linear FM Detection

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry
applications. The recommended circuit connection for
this application is shown in Figure 13. The demodulated
output is taken from the loop phase detector output (pin
11), through a post-detection filter made up of R and Cf,
and an external buffer amplifier. This buffer amplifier is
necessary because of the high impedance output at pin
11. Normally, a non-inverting unity gain op amp can be
used as a buffer amplifier, as shown in Figure 13.

The FM detector gain, i.e., the output voltage change per
unit of FM deviation can be given as:

R1' Vier

100°R,

Vour =

where VRis the internal reference voltage (VRgr = Vo /2
- 650mV). For the choice of external components R4, Ry,
Cp, C and Cgf, see the section on design equations.

| }
: ' L
| Qutput  jnput I ' Lock I |
010 l 2 ! N, Detect | [
| | { B Filter | |
F
| £ o o g 3 | L,
1 B’
| 5 | } vt _g | | Lock Detect
| 20K | I A | | Outputs
| | | Lo Z | o 5
| | | | |
B L@ , © @™ |
- _ __ _ T _—_ - — D ) I
Internal Voltage Input Preamplifier Quadrature Lock Detect
Reference and Limiter Phase Detector Comparator
oo e e T T |— == W
| | | |
| I I |
| I I |
! Cg?f.-;gl or I n | Fsk |
| o —o | Loop | Comparator !
| 13 o 14 | Detector| input 7
f B B’ Output l
[ | | Fsk
| | | | Data
| | | | Output
I - 12 % | @ |
Timi 8K |
ol (" Tgg,, | Y | ¥ |
Ground| _ o B »
Voltage Controlied Loop Phase Detector FSK Comparator

Oscillator

Figure 14. Equivalent Schematic Diagram
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