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MONITORING OF WATER QUALITY SYSTEM

BY MR.KOSON PLUMJAI
MR.TOSAPOL PHURIPONGSATHON
MR.WATCHRAPONG THWINSARN
PROJECT ADVISOR  SAKREEYA CHITAWONGS

ABSTRACT

A continuous river warter pollution levelmonitoring system using a comprehensive
instrumention package coupled with microprocesser based data logger and telelink is described . The
instrumention paekage along with a power supply unit and a pP-based converter and transmitter set
are housed in a floating buoy and onshore receiving is effected through another [LP-based system A
retransmitssion is performed next and data are received at a station sufficectly remote from the rever

banks, Where the data are stored as will as processed for further use.

[\



nanssulszad
o o ot - 4 (R 2 R a ~ ¢ @

Y8UBUAY B1NIIANTN Fand WustrgeduiiuessdnlSaumSyginuialiy
¥y v
finltausiomdeludrudng uazlddnTandndumsilSygiinug

vououAw INDUSTRIAL ELECTRONIC LAB (NECTEO)fIanudomsludulvs
UInwuuzii aaensudeiNBona1s8198

4 A 4 '

yovoufuiiauq iTIemie lud e

9/ aHa d’ t ' < Yt L4 t A ]

Thegauesianssusemail veveumszgu quve quul Suilufilinrwdomiesdn

: o & o a 1=y o
nnadumdsle uazpulumsimlsygriinusg

Auzdtam



unfiage am1ing

UNAARYD MWIBINOY

panssulszme

unii

uni 1 né’nmsﬁmmmszuummﬂmmmfw

unit 2 maiiamsiudidoyadtaea FSK uazuuamensesnuuy g

3 HARMIMNUVDAUATDL TU-F9

=

un

4 MANMININIUYDI LCD

=,

un
uni 5 #ANAITMINUYES A/D
unfi 6 nanmsmauvessosi lulasasuInsames
d' [ Y- )
un# 7 wanmstiunndoya
un 8 unasluazHanIsnaaes
a A o
R CLRRGE
maruan 0. lusunsuduauny CPU
manuan v. Tlsunsudau mstuiin
¥
AARUIN A, TIUNDT TMINUAVBISSUY
mARuIn 4. gUamnaadua N9

MARUIN 9. DATA SHEET

11

35



unin
a 9 ¥ L4 e 1 a
msfemslutlogtiu  gniunldimedsz TousinmnolitezeglugInsdwd  aaidion
P A - ﬂ Y} - ﬁlu o 4’ :!y ﬁ ° ot o
Iy wio amileenomaiiudu Iassmsdldianvuni dumnieimamalulagumauiy
3 » »
msdemaielimemhandidszdniam nazazaanlumsduiiuon  msasnivguambife
[ 1 : & ar a @ A
msam anazveai deeziall 4 drdaeiude
1 4
\ 2. DONFIIUVDIN
1. 1 PH @nuitlunsa - an)
b d
3. Aguuaived
4. anuh Infhweni
9 1 [ Af o o 4{ a o ot a o o
wmhmstlszanarauazdesnemallfimanudy - Aimanuduneshimdyeuidald
v ] * ] ¥
swaadlundes pc wiamSosiufinml ey illudeyadmivnmandlowazir lugi
3 = et a J e ° 9 o
FalaruuTqnines lvgTaanieuilandely  Tasamsfihudissnsdiasiguuunsinneia

& ¥y A A . < & ay ), =t a a 4
cmm%:ﬂmmumaﬂ;auﬂaqﬂﬂsmmmumwainm'ima‘mmls:ﬁmmwmmlwu

Yaqulszaen
4 s/ = o v t
1. melinsutamshaulugiuas q 18943393
2. esuiteilam uazdimsudly

3. (NNYUNNYY



unil
HannI MO -

HANMITNUYBISTUY (5 ukeBnTY 2 a1y A

® mAds
® Masy
AT

[ 1 d’é v ] ] o [~ P
Tuduveamadeiliteguujuasslsznoudie 4 diudoiuawudenlaszunsuil 1.1

g
’ <
= :
Q
5 ;
| )
a (T
¥ =2
=
| < N
-} Y,
i = ! !
%!! s i i
¢ —=5
P =
] ) < =
7p)

3 ~
udenlaszunsui 1.1



[S0]

o pinsaiasvdunazladyanu
e msudasdyaunn ANALOG iy DIGITAL ( MULTIPLEXER A/D CONVERTER )
¢ 1lylasasulnsames ( MICROCONTROLLER )
° m?mﬁaﬁmtym ( TRANSCEIVER )

ginssinsedunaznlasdoyana

punsalasaedu fiegd 4 Aadedu fie
e snmniwenh ( ELECTRIC CONDUCTIVITY )
o danudunavenh (PH)
® fguunil ( TEMPERATURE )
® f198n%i9Y ( DISSOLVED OXYGEN )

Fegunsalashnsasndumdug 1 wlesmeemniudyanumaiiih uszduves
usady Taodsnd srdudoyapavesaduszegszniie o - 5 Taad Felulnsenmveusid ol
iludauves gunseinedy udlswsldszduusedy 0 - 5 Taad anuvdssedl awuenlag
auydithudayana wninaves gilnsainsieiy Tadsezldszauusedu o - 5 TaadonnundaTiih
meven suyAiudyana LHavennsainslety
msiasfyanamn ANALOG iilu DIGITAL

duianld 1c wed 0809 i 1C Auasdyanu 910 ANALOG uag DIGITAL Tasil
INPUT CHANNEL 8 CHANNEL Tufifiisl#iflus 4 CHANNEL vngtnsainsiedy neesi
g.19ufiud i CHANNEL 0 fa CHANNEL 3 %1 26,2728 uay 1 szaadhiugunsalan q aw
deu Lﬁaé'uﬁ'iumuwmu’hm..c?wﬁ'nmsﬁmwm IC #iNnaess i 16 uaz 12 A REF () 1oy
REF (+) rﬂumﬁ@fnﬁaszﬁuﬁ'wyymﬁumﬁrﬁﬁuﬁ'\’aé‘lm}dq"lﬁ1uﬁﬁ’rs1‘l%' 0 uaz 5 liad aw
Foygradunaiidin 0 10 dundymamnin Mz Teelddygnanvnmamsdyana
WM 12 MEz fiv1 18 vesda TuTasaeuInsamed Taold 1c wed 7492 naz 14 Hel Hudams
12 Y09

¥ Do - D7 luvuedna DIGITAL 8 bit #i s nmsilasdyane ANALOG Sunn e
waoddu PORT 0 vee lulasnouTnsaines

%1 ADD - A 1 ADD - ¢ dunfidendyanudunahifendysnunindunada1didh
ywnmsuydasdyano Tﬁsmwffﬂzgnﬂanf]nTﬂuluIﬂsﬂauTmataa%' Faaz1difos 2 01 fle v1 ADD
- A U@z ADD - P Inszisudoniies 4 CHANNEL

1 ALE Sufinaunuen v P13 ess1dd 1C ADC 0809 wawi Audoyarite TuTns

L d
aouTnsames sxfudoymiu deoly



4 4 v @ v
41 START iufignaauguain v P14 Tulasaoulnsames iufiuhezldd 1c Anc
o o
0809 usdadoyannms uand doyaen 13
] b ]

¥ Eoc Wudoyatidallds Tulasnoulnsawmes Augauds AD sxdedyanauively

asnasuiiva lulnsnouInsamed 1lSuudmieds
[ 1 1 4

41 ENABLE Fawndaana Eoc sl TuTasneuInsames szasudyapaiindian

Taulnsneulnsaiaed

L J a 14

dauveaminuquisld Ic aszaa Mcs - 51 wes 8752 Wuwilahil EPORM 8 Kbyte

4
molu Tudmiisnzwndlumsinuludiuves HARD WARE uaz SOFT WARE
1 4
HARD WARE 1lsenoudisnsaansuasaiuguiudiuan q Al
1 4 ]

PORT 0 ¥1wesweia 0 eunsaiuduyn wwiyn nien 2 edn Suiuusamsadudu
o . o Y 0 - o or ] . A ¥ a K. ¥ = 9
f 2 v wasadeyadmitanuiimouen dedutu dislfuuiludunm “17 deadeuldgn
3/ [ I’ o ar .’,' - o o 3 o o 9
foafunesa o uandlasTusunsy duiumsllansudameiduemiynis 2 dahildvasy

FLOAT ) oflunngledufiuaud nazndeduduynivivies

4 - < v o '
aieldiueniym vianddesTusunsudlu o Fwevidla FET ddwhldudeasnsiiud
L4 P [ " e .’f o 9 o 9 ¥ a A s/ o
wandnnuni T sunsuiiu 1 szdintasteganiuddumuyadndesswaein 1 eldwesa o du

o
LRYATY

TuTAsaUYBUT NEAARBALIDIANAYBIAINYB A/D uaziiva Poo - Po.2 uazdaldlums
ATUANYY ADD (BIABN channel 189 A/D Badaelasil R- PUTUP liuda PUTUP usadu
d a o ar o Aot 2 A 1]
PORT 2 o1 lfiilunesadunnieninn adrwiunesa 1 msléBnmanilnedueaase
Susugailudiveutuwesadududvemesa o funsamsaanudinmouen vimesa 2 o1
i - ar ] (4 Ve = 4 C4
nlaoulasdyanunuguueanss el luaguweiuoamsauuia 16 In wesa 2 uanyea
P ) o ' ' A a b4 a <t o a
wisregileniuiimouengnusaasauds: hiwadu 1 diediudunndeyadinsdinesa o Halu
dautlzfadony LD Wudiuuaaina uazndnnis@adosendn led AU microcontroller 15114

pFuw Tudiuued lcd uda

PORT 1 vweneia 1 Tl 2 mihil dusniynuandszds lasasafunanyes FET a1

%17495 FET H%8 “Internal FET Pullup” Hludmadnivan

Sidueinnuandgalsznoudis 1 sunsedudunnvenissmouenillu 1 Tasms
wadn 1 0 gailloudewand FET dadneuila dangdneslla uaznamniadudunmuedeime

wsmilu o



4

=1 =

' 1 A 4 4 o a ar
Fronnuomdevesmsninsaiafigaiy Weldvuilueniyn dadn FET molus:
et o d’ ar o
1ifi FET aasuvuuiuiu
FET 1 2 weillalutie 2 muvesesadaanesseniamsalaouaouzan “o” iy “1”
a a J 4 . o o
wlimuauladufiuaud ITrameuintiolfiiean Rise tmelunsmswiuiuszylulesnme
Q' d’ el 1 o b dv
uen Flulassuvesi s lfaadeny Lep sl
1 P 1.0 Hunddmuasgnmniseu wie deudoyadiezl¥sudy 41 RS uaz R/W
1 E 499 LCD
1 4 3 y o 1 .
1 P 1.1 fumsidoninzdiowiiesudoya Lep &1 rRw “17 Asziflumss uazdh
R/W “0” faziilumsi@ouit vIR/W v8s LCD
e A an o’ ' aat fo @ W At <Y
1 P 1.2 Wunildifenitanessznin SBmasimds fu SSamaeivoya
funisidendeya fn ks = “1” dumsidendeoya uaz rs = “0” Mumsifendds
1 P 1.3 iWunaindaana ALE 483 A/D .
1 P 1.4 Hlunmunudans START Y83 A/D
11 P 1.5 Wunarudaya s OF v83 AD
a o o s ¥ o a o
PORT 3 Wuduwniewiym adefuwesa 1 nidhitvesdunmuazieniynaunsollsunsy

v ¢ s A ' ¢ 3 g
muldmsaiunguupanesa 3 uany wislag SFR w9 wesa 3 dmmasadl

PIN ALTERNATE USE SFR
P3.0-RXD Serial data input SBUF
P3.1-TXD Serial data output 4 SBUF
P3.2-INTO | Extemal interrupt 0 TCON.1
P3.3-INT1 External interrupt 1 TCON.3
P3.4-TO External timer 0 input "~ T™MOD
P3.5-T1 External timer 1 input T™OD
P3.6-WR External memory writer pulse -

P3.7-RD External memory read pulse -

Timidsuduwesa o, 2 fiewsaszimihfimsinuduteasameousn waziaguiinues

o : =y A = L4
NOIATNNULA 8 UM Wenldoums 14

11 INTO funFudayana Eoc oN AD flumsasivasunnugnastvesdygu




11 TXD e eynsu FeazdaTui FsK

¥ X1 uag X2 Wundmiude CRYTAL

1" EAVP wilezdedy LOGIT 0 dumse i isunsunolu

¥1 RESET 13idavzlivhasTidamsihauesszuy aelussidiniumudsssnien
drunsnd tileudygadidanzasin 1 dhnileziiunsiisanshauveszuy Fodua
eIAgY 6.1

ndnnsmanuees HARD WARE latlulasaouInsawes sedsdamnuninu P100 -
P02 (ioidon CHANNEL w8e A/D Tagasder 000 fumsidien CHANNEL wnifu Tulnsneu
Tnsamed dedygnuladndildan ALE 000 A/D uield AD uand ddouall uatfesds
Fuyanaifa START ves A/D dedoyadi uans 147 PORT 0 misthéudeyaliliszurana
uduiuBudaftendowily CHANNEL Salisunsu 4 CHANNEL dionsu 4 CHANNEL uéa
TuTnsaouInsamed i)qu-ﬁ'agaﬁq 4 CHANNEL 00niaaiianiy LCD dauniliuazosn PORT
oynsu Faludruvesmsdadoyama port synsumsde uazmsiuiindoyauazeynsy sos1 fi
vAnredoyasynsulacldiiames SBUF udeya scoN AUANATIADMS PCON ATUANSA
{foya uazv1 RXD (P3.0) uay TXD (P3.1) Asfiuinseviwdoyaeynsy
P )

SBUE iieg 2 S9aaes sunilslidou uazifudeyaiiszdiesnves 8051 dw TXD Sodqld

L% t

» E 4 ¥
s tazifudeyaiiiusnaousniu RXD Seameinsaosiifiueamsea 9oh

HTnuafi Tlsunsu1dmun 4 Tuwa dmsumsfomsdoyaoynsu FufenTasiin SMX
1u SCON dau Baud rate AmualaoTnuaiild Tavludauveus1nld Tnua 0 Tumssudedoya
gy FudeluTnua o s doya 1 yaszlsznoy Joya sin

" sdemsdoyaeynsuihimuaunsiith  Woamee  msec  dsluddoyaurandeya
pynsuegly SCON ievolinsdmaziufilse@iam  Funadrwhmsdedoyangmoldnig
auquuesTusunsy udnssudeyaliounsamd uazfufinanlad] Fweguenmilentsaiugy

Moldsunsy

urlandeyaoynsulu SCON TI uaz RI sziwmile luadeyagnds (TD nieiy ®D uraney

¥ ¥ 1
OR fueadunsdumessmilsunsy  Tusuunsudessnudanmdrfiimenaungmsdu
fo o ° s & & ] = ] Aa do v do d’; s 4
mesTiuazimndosudan e lumilouuandenindoidaues madnidutivudulusunsues

P ] < & o [y b4
nezwouiu MMsamstuuandeyasynsu

1 A ¥ a s = A o y o
mseiindeyaeynsy Sudulaodoyagniivuas sBUF T1 waillu 1 WedeyadeSeudss
ud uaz SBUF Tuuazdoyadn ludaunsods1d Sildsunsufanaalunisudan T1 uwanifowiu

SBUF vazitfoyaludnsumaiding wafe launsomamdfisziald



6

wanmsTamues SOFT WARE ludauvesTisunsu 5119 Tisunsy a1 ¢ complies

) 1 4
assemby - 51 FMIIUMNITY 0FNoAW FLOW CHART Adil

START

INTIAL AND PORT SELECT

INPUT DATA FROM ADC

!

YES

TRANSMIT DATA

EXIT

sunfi 1.1 FLOW CHART mnd4

NO




InTosdeRyann
nndya e DIGITAL vessynsy fidwnenlulasasalnsames dsuihdynnu
1 w1 FSK w7 2206 Fududadalasduiiald “1”du 10 KHz uaz “0”lu 5 KHz s Q Wu
“17 semlfifanuddlli eutaenadng war Q dMu“1” Mldsumnmenaintilamitida
[] 2 »
aua 10 KHzew Thins MODULATE fwinSesds FM 27 MHz udadshiluenmaiy Twaeil
sevhmsdadoya uda “0” dumhid Fsk drdn lilimsdadeyaseny
il 1C FSK modutor Tasfmuald “0” H2 uaz “0” iilu 1500 H2 u&de’ly) modulator
- ¢ 4 9y ar
inFosdadedsonnamalinniude 1y
o ? é s c; \ d’l o
Sndunilwesdygnuiisennn lulnsasuInsames suffumsdumusunuieh
v ¥ H [
Tiaasrine Lep luduildoyahidsdsTaoasaftl port 2 voe lulnasaouInsamed Hahidu

vaunsods 15114 efueluiideveunseds



masy

. .
[} a 1 Y] @
Tudruvsimasuiise lldsenoudas 3 daudeduauuasnlasunsun 1.2 Ae

REC PC
LCD

O
>
X
e

ydenlasuinTun 1.2



® 1n3835Y
o lulnsnoulnsmes
[ L
o dhuysamsiuiindesya
iy
13893y
Fyoruiidannnnissiuanud 27 MHz 9¥gn DEMOD dyanulagdiu FSK
v [ b 4
DEMOD ulaindunndyanuniutindiudaapudtasamiouenld cPU nswihmeuiifinisds
A ] M o o [ 1 (]
foyanszdanuding 1dd 8 TulnsnouInsmed wisundeudmiviudoyaiiovdan
Tulnsneulniand
dyana DIGITAL RX eynsufigninlasnduszgadsinudunludilulnsnoulns
g 9 3 4 ar o 9/ o as d'
wosiihen iy Iulasaeulnsawes scisswanadugpuiduuasthdyaunldenms
Uszananari1 I uaawaiiee LCD daunilwazdnduniiusnhliufiinuy pc Taold Tusunsuy
#Fepdludniuiindoya
t 4
#aNMITMaMYeY HARD WARE ludauvesmasuil szmifoutumeduniads awan
fuasimanniueeSudyauegnsudiman RX Taolhidesdiaes oD msehidyguiignas
1191915 DEMOD 489 FSK sziffudayana DIGITAL uuu egnsy Suaudiy Siinfudeya
3/ a o =3 Lo o as
®REN) lu scoN wailu 1 yalnua ondulnua o RI dpamdusiiiu o udandumesswimssu
foya RI szirandsnnsudoyaudaluynInua mswm REN sziffunsauguldsunsulasasuvh
4 ’ v .
Ty aasehisudeyanilidesns rRI deuflu o ulwue o eflesiunisfudeyalmisund

Tusunsuezsudoyant uasiisa RI

msuannsasudululnue 1, 2, 3 §1 R wadeindegasynsuzuling RI dosSiam
[ o a ) ar - o’: 9 Y] [ [
TaoTsunsunsudilingamosz iy laziudeyaszgywme deyameluluaunsodald SBUF wu
A > * [
adeyaiingaroe 185y elimsdadoyaiuannsosiuein SBUF vasiilimssudoyalnid
Tulnsaealnsamesmunsmi ludssuranaldiae uazludiuvesnisdadenugunsal te1vinm ey
¥
anumads ludiuvesmsiiudindeya wintu
o L3 r g 1 1 A o
wanmMITUYes SOFT WARE luduveimaiufezdumeds Smsiauannse
oSue1dlas FLOW CHART



START

INTIAL AND PORT SELECT

NO

YES

'REDEIVE DATA

INCREASE DATA

NO

DATA COUNT OVER

YES

CALL PC RAC

STOP

JUn1 1.2 FLOW CHART mafu

10



uni 2

11

o [ LS as v
IMAUANITUTIVIYaNINBA FSK uazummamia0mmu’lmm

Py [l 9/ [ aa o el M At
nsiu-dy doyaluplvesdygnuainea awsanszhld 2 FBAe Fmsmaluund

v
=4

(Binary)fi® dnypnuAlasazgnadeen lidnlmemaldiug Taglidesusuaumsumlasdygna

usstala §a31fi 2.1(n) nazimsmesindendeundiSagnasesn luldalama dagilii 2.1(v)

et [ L3 Y] d'd ~ ] :: Y o
a3 ludnyaizusneensoi ludnuusilinisandelussoeniedy 9 wazlinnusiaEa

nenh @it ludnyaendssunodedlifednsuemaidouloadink  Fygnaudriuszuuie

v b v
a5 q T dnwaeis 2 Tuasedagii 2.1

T VA
input Digital I |~ 1+ Digital |
Thenmital i
Interphase |
input Analog} Anal MY i
og to Digital
f\_j . Converter i !
input Digital™ ¢+ [ | {7 | Digital
| Radio
{ Therminat
| Analog to Digi X
ny Converter !
—

51 21 msgaddnea

Oighal | pigtal | _T1 -
Transmissior 9 _ [ Output Digitai
rl Therminal
VLR
i Interphase pr——m—— g + Dict
R ' Digital to Analog‘—& igttal
Wire I—‘ e ! Converter \/\
1
Digital Digital ~ + ~ WL Cutput Digiital
Modutation . Radio
s .
[P ! Therminal |
iar . ..
maw | Digital to Anaiog ~ Output Digital
————  Converter
Rl ___Jﬁf



12

vizumsuasfyanandsneaiiudyanuenuiden (Digital to Analog Converter :DAC)

lumsahsdyapuendeniifuvainnndyanudinea wiedygrudnmsluglou e

ar g Acd =)
Tannudnmsuguesddsns 3 uuu fe

1. MANNTYBIUBNNAYANBAIIN(Amplitude Modulation)

HANMTUBINTIAIUFUBAIAN(Frequency Modulation)

N

3. ManMIYBANANDgIaN(Phase Modulation)
Taodyanufiezdieen hl (dyaudinea nie dyguynasan q) ssgavegian luma
dwda uazfuoganmaduiy et msiAuiidaneenndyguni (Carrer Signal) mniln

M swdgUMIATABA(DIgital Modulation Techniques) figniiunidediiniuasde

1. uUU FSK %30 Frequency Shift Keying
2. WUY PSK %378 Phase Shift Keying
3. WUY QAM Y38 Quadrature Amplitude Modulation

INTANA . 2
Input Digital _~ v _ | Transmitted
“FSK /1 Output
i FSK Analog
t
_Analog to Digital| i l
i Converter } i ‘

Logic 1 +v N Fm
f Y
i
LogicO___ Ovi TR 6N 'Fs
S -
input Binary—— 0 7 ¢ &5 o 77 0
—— —
b "*\/\'/‘\ l: nlf\ I_n rif\_ '[\ !
Oupatanaiog 17 AR 417 A
A A NV U VA At

.Fs,Fm,Fs.Fm! FS|F!‘I’!| Fs,Fm.

Fm:mark frequency  Fs:space frequency

51 2.2 ndnmanasFyanuduyn 1$1ynyes FSK



13

L4

fMinuiaduy FSK(FSK Generator)

v v

& o a o o v v @ . 3 o Y $ 1 4
dafuliadygnu FSK Ao dadedaygnar FSK (FSK Transmitter) Banlindnnisiiuile

9/ t [ aa A o 3 & o 9/ 4 4 A P
soyailludygradiasaniidovasiiudeyaluudshldamtidouniedisauulilawns
=t 9 o = 3/ Y o : s 14 ar
affouwnlasvesdeyaluuiamwnmsnitouvesdoyaluinindun  Anludyanumaeimusid’
fuila FSK ezeglugdvesnnudiiimsn/founlasedadeniss (Frequency Continuous) tiiedoya
Tuuaduduynaldouudainanuzladn “1” dulaln “0” mIslumndudufieladn “o”
~ 9 ar o =3 A = ] o LY A Py a
fuladn “17) dyanaueniynnn FSK Asziounnudsznin 2 amiddedu As anwdlain

€9

1” w3e Mark Frequency (fm) uazanuanlasn “o” wio Space Frequency (fs)

annfaouulas  (uiemsidem) YBIIMNAIRDLAT NIRRT Moz e Tasndu
fwanadSeuulaniufe sasnsnlfouaesdyauesnssniusannsnioundas
fwapansh  FalufSeea m)ﬂ"m"}'uu"’u sanmafuuntawwesdyanaduduymues  EsK
Generator 9250011 “Sasriin” nfe Bit Rate Hmbuiluindounil ®ps) dansarmsndou
ifneveadagaduieniMuel ESK Generator (Funh “Shs1weda” 1ie Baud Rate faiiulunis

defeyadiomaiia FSK dastiinsznhiusasusiacue

FSK Bandwidth
. ¥
Tuszuumsdeesdoyadudyanaemndsnnsedyananudiy  UUAIn  (Bandwidth)
a4y a v @ & At ' & da o o adg
l‘ﬂuﬁdﬂﬂ’t)dwmimnﬂuﬂuﬂmﬁﬂ HD3INIENISUBY FSK E)l_muﬂug‘mmﬂ’mum]’:lﬁmi‘um ™M

NNBIN

P =2 o P 3 P} ar  as =3 s A 9/
9031 23 uaasdia ESK wegiawes dildmdnmnidsiduiuienduveaames fe 19
s 3 J 4 {d A [ a
#ANAITUBY VCO (Voltage Control Oscillator) 9z1ftundasimsalfounisifigavesdyanaudunm
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910A1519 Bassel Funcion IUAISNA 1 /o MI = 1.0 9z lauouauddy <Sideband

1 \ 4 L 1 * é
Frequency> samnteaz 3 Al Taoudazanufezvisninainudnan <o > $9as 1 KHz i

fie FB 1ile Fb fi® Bit Rate = 2 KHz> annsadoudiuniinasunnud1ddegli 25
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Bit Rate (U8

Ml |JO J1 2 I3 J4
00 {10
0.251 098 | 0.12
05 (094 024 0.03
1.0 1077 | 0.44; 0.11 | 0.02
1.5 {0.51 | 0.56] 0.23 | 0.06] 0.0l
20 |0.22 ] 0.58] 035 | 0.13] 0.03
751991 1 Bassel Function Table S,
0.77T
044 0.44
0.11 0.11
OT)Z 0f22
4 5 8 7 8 9 10
Fo = 6KHz 1

11 2.5 milandunnudvesdaediah
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31l 2.6 PLL-FSK demodulator
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msaaniuy FSK Generator
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Fufnlsegsendnan 5 Auw 6 aveglugaa 1,000 pF - 100 uf

AR UMY R1 U0y R2 9904 14T 4K - 200K

Tumsonuuudmidaiunsutiudosimua fm ez fs dou Tezdmuaedld udlu
mqﬂﬁﬁﬁv?auﬁ'zmaﬂ?’qmsn°muﬂ fm laz fs Ao ez dmuaned 1@ uAlumalfifeseds
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FSK BAND Lac9ziand N uaIy Band Rate A901519% 2

i 4

=t =t 9 ¢ o o 9 v ° [l
NUITIGAITE ALY FSK ATUAINATIUIETIVDIUBYD 1,200 Band mmmm'lé'aumﬂs

9INMIN FSK BAND (@157 2) AanuS1vesmssy - o 300 Band fm = 650 Hz, fs =
800 Hz Wens 1w fm tae fs Aanniomeidduiulssgszniheud fun 5 dhu 0.01 oF ( daog

lussnfinua)

VINTAUMST
fm=1R1C

Rl = 1/fmC

R1 = 1/650* 0.01*10E-6
R1=153K
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1. Signal Pre-Amp finthisaviwavesdyanuduyn Wegluanlszinet 2 mV ms.
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uazvnednaanituiie Iilludyanuszdugs

2. VCD < Voitage Control Oscilator > fiiwa fmmuans Wuaausn Taseniynez 1Al
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o w 3 [ -3 ar
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mn’mﬂugﬂﬁ 2.10 Qﬂﬂiﬂfﬂ‘muﬂﬂﬁﬂ RO CO 9 Set Free runing frequency M38 Centre
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fo = (fm+£s)/2
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Co = 1/foRo
4. W R1 (fi#q Bandwidth 910
R1 = Rofo/(fs-fm)
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#include <stdio.h>
#include <son51l.h>

#define NORMAL 0x00

#define READ BUSY_LCD 0x02

#define WRITE RAM .0x04

fdefine MASK_BIT;7 0x80

#define DATA 0xF4 /* data check OME */
#define CH_MAX 4

void delay(unsigned int time);

void check busy(unsigned char lcd _num) ;
void display(unsigned char show);

void init_led();

void calculate() ;

void recv_data();

void check() ;

/* void send data(); */

idata unsigned char rs_rw,status,analog[CH_MAX];
idata unsigned char buf dls[zo] channel

idata float buffer (CH_| MAX] ;

idata unsigned int i= 0;

idata unsigned int n=0;

J* mmmmmmmmmae BEGIN = memme———-

void delay(unsigned int time) {
do
time--;
} while (time > 0);

void check busy(unsigned char lcd num) {
idata unsigned char tempO0;

Pl = lcd _num|rs_xw;
Pl = 0x00|rs_rw;

P2 = OXFF;
temp0 = rs_xw;
rs_rw = READ BUSY LCD;
do {

Pl = led_num|rs_rw;

status = P2 & MASK BIT 7;

Pl = 0x00|rs_xrw;

} while (status != 0); /* check busy */

rs_rw = tempO0;
Pl = lcd_num|rs_rw;

}

void init_led()



delay (1) ;
rs_rw = NORMALj;

P2 = 0x3c¢c;

Pl = 0x01l|rs_rw;

PQ = 0x00|rs_rw;

delay (1) ;

P2 = 0x3c¢;

Pl = 0x0ljrs_xw;

PL = 0x00|rs_xrw;

delay (1) ;

P2 = 0x3c;

check _busy(1);

P2 = 0x3c; /* function set */
check_busy (1) ;

P2 = 0x08; /* display off */
check busy (1) ;

P2 = 0x01; /* display clear */
check _busy(1);

P2 = 0x06; /* entry mode set */
check_busy (1) ;

P2 = 0x0C; /* display on */
check_busy (1) ;

delay (1) ;

void display(unsigned char show) {
idata unsigned char c;

rs_rw = NORMAL;

P2 = 0x80;

check_busy (show) ;

rs_rw = WRITE_RAM;

for (c=0;c<16;c++) {
if (buf dislc] <

\ 0x20)
buf dis(c] 0x20;
if (c == 8) {
rs_rw = NORMAL;
P2 = 0xCO;

check busy(show) ;
rs_rw = WRITE_RAM;

}

P2 = buf dis[c];
check_busy (show) ;

P2 = OxFF;
for (c=0;c<i6;c++) |
buf_dis(c] =0x00; }

void recv_data()
idata unsigned char SYN;

channel = 0;



SYN = 0x00; /* init data check */

PCON = 0x00;
SCON = 0xS0;
TMOD = 0x20;
TH1L = OxAOQ0; /* baud rate = 300 */
TRL = 1;
i = 0;
while (RI==0) {
i++;
check () ;
}
SYN = SBUF; /* receiver data */
RI = 0;

if (SYN==DATA) {

channel = 0;
while (channel < CH MAX) {

1 =0;

while (RI==0) {
i++; |
check () ; |

analog[channell = SBUF; /* receiver d
RI = 0;

channel++;

i =0;

}
}

void calculate()
channel = 0;
while (channel < CH_MAX) {
buffer[channel] = (f£loat)analog{channel]*5/256;
if (buffer({channel] >= 4.971)
buffer({channel] = 5;

channel++;

void check() {

if (i >= 10000) {



if (n==0) {
sprintf (buf_dis, "SEND SYSTEM FAIL

display(1);
delay(20000) ;
n=1;
else {
sprintf (buf_dis, " "
display (1) ;
delay(20000) ;
n=0;
}
}
}
/* void send data() ({
idata unsigned int i; ’
PCON = 0x00;
SCON = 0x40;
TMOD = 0x20;
THL = O0xF4; { baue 2.4K }
TRL = 1; :
TI = 0;
SBUF = analog{channel];

while (TI==0) {
} */

main() {
idata unsigned int ch; ;-

delay (100) ;
init led();

ch = 0;
channel = 0;
RD 1;
WR 1;

|

while (1) {

recv_datal() ;
calculate() ;

if (WR==0) {

1£f (RD==0) ch = 0;
else ch = 1;



£ (WR==1) {
1£(RD==0) ch = 2;
else ch = 3;

sprintf (buf_dis,"0/P = %¥.2f Volt",buffer(chl);
display (1) ;

/* channel = ch;
send_data(); */



Tdsunsumivgu CPU masy
#include <stdio.h>
#include <son51.h>

#define = NORMAL 0x00

#define READ_BUSY_LCD 0x02

#idefine  WRITE_RAM 0x04

#define MASK_BIT_7 0x80

#define  DATA 0xF4 /* data check OME */
#define CH_MAX 4

unsigned char putch(unsigned char c);
dataout(char chl,char ch2,char ch3,char ch4);
delay(unsigned int time);
check_busy(unsigned char lcd_num);
display(unsigned char show);
init_lcd();

calculate();

recv_data();

check();

send_data();

idata unsigned char rs_rw,status,analog[CH_MAX];
idata unsigned char buf_dis[20],channel;

idata float buffer[CH_MAX];

idata unsigned int i=0;

idata unsigned int n=0;

f* e BEGIN = —eeemeeee */



delay(unsigned int time) {
do {
time--;

} while (time > 0);

check_busy(unsigned char lcd_num) {

idata unsigned char temp0;

P1 = led_numlrs_rw;

P1 = 0x00irs_rw;

P2 = OxFF;
temp0 = rs_rw;
rs_rw = READ_BUSY_LCD;
do {

P1 = led_numirs_rw;

status = P2 & MASK_BIT_7;

P1 = 0x00Irs_rw;

| while (status != 0);  /* check busy */

rs_rw = temp0;

P1 = lcd_numlrs_rw;

init_lcd() {

delay(1);

rs_rw = NORMAL;
P2 = 0x3c;

P1 = OxOlirs_rw;



PO = 0x00lrs_rw;

delay(1);

P2 = 0x3c;

P1 = 0x0llrs_rw;

P1 = 0x00lrs_rw;

delay(1);

P2 = 0x3c;

check_busy(1);

P2 = 0x3c; /* function set */
check _busy(1);

P2 = 0x08; /* display off */
check_busy(1);

P2 = O0x01; /* display clear */
check_busy(1);

P2 = 0x06; [* entry mode set */
check_busy(1);

P2 = 0x0C; /* display on */
check_busy(1); ;
delay(1);

display(unsigned char show) {

idata unsigned char c;

rs_rw = NORMAL,;
P2 = 0x80;
check_busy(show);
rs_rw = WRITE_RAM;
for (c=0;c<16;c++) {
if (buf_dis[c] < 0x20)
buf_dis[c] = 0x20;



if (¢ ==8){
rs_rw = NORMAL;
P2 = 0xCO0;
check_busy(show);
rs_rw = WRITE_RAM;

P2 = buf_dis[c];

check_busy(show);

P2 = OxFF;

/*  for (c=0;c<16;c++) |
buf_dis[c] =0x00; } */

recv_data() {
idata unsigned char SYN;

channel = 0;

SYN = 0x00; /¥ mit data check ¥/
PCON = 0x00;
SCON = 0x50;
TMOD = 0x20;
TH1 = 0xAOQ; /* baud rate = 300 */
TR1 =1;

i=0;

while(RI==0) {



SYN = SBUF; [* receiver data */
RI =0

if(SYN==DATA) {

channel = 0;

while(channel < CH_MAX) {

i =0;
while(RI==0) {
i+

check();

analog[channel] = SBUF;
RI=0;
channel++;

1=0;

calculate() {

channel = 0;

while(channel < CH_MAX) {

/* receiver data */



buffer[channel] =((float)analog[channel]*5)/255;

channel++;

check() |

if (i >= 20000) {
if(n==0){
sprintf(buf_dis,"SEND SYSTEM FAIL");
display(1);
delay(20000);
n=1;
}
else {
sprintf(buf_dis,” 0%
display(1);
delay(20000);
n=0;
}
}

dataout(unsigned char chl,
unsigned char ch2,
unsigned char ch3,

unsigned char ch4)



send_data() {
idata unsigned char s,d=0;
idata char buffer[3];

PCON = 0x00; [* init serial port */
SCON = 0x40;

TMOD = 0x20;

TH1 = OxAO0; /* baud rate = 300 */

TR1 =1;

putch('!");
for (channel=0; channel < 4; channel++)

{

sprintf(buffer,"%02X", analog{channel]);
putch(buffer[0]);

putch(buffer[1]);

putch(,);

unsigned char putch(unsigned char c)
{

TI =05

SBUF = ¢;



while (TI == 0)

main() |
idata unsigned int ch;

idata unsigned char x;

delay(100);

init_led();

channel = 0;
RD=1;

WR = 1;

while (1) {

recv_data();
calculate();
RD =1;

WR = 1;

if(WR==0) {
if(RD==0) ch = 0;
else ch=1;
}
if(WR==1) {
if(RD==0) ch = 2;
else ch=3;
}



b

sprintf(buf_dis,"O/P = %.2f Voli\",buffer[ch]);
display(1);

delay(1000);

send_data();
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#include <stdio.h>
#include <stdlib.h>
#include <bios.h>
#include <conio.h>
#include <Itime.h>
#include <ldate.h>

#include “serial.h”

#define ENTER 13

#define ESC 27
#define FALSE 0

#define TRUE ('FALSE)

void initscreen(void);
void main(void);

void border(int fg, int bg, int x1,int y1, int X2, int y2);

sk ¥ xx*/

class equip
{
private:
int X, Y;
unsigned char ch[4];
FILE *fi;

char filename[20];

public:
equip(int x, int y);

void get();



void displz_iy();
void savefile();
char *getfilename()

{

return filename;

equip::equip(int X, int y)
{

Time T;

Date D;

X =x;

Y=y;

sprintf(filename,"%02d%02d%02d.txt", T.hour(), T.minute(),T.second());
fi = fopen(filename,"wt");
fprintf(fi," File %02d%02d%02d.txt \n\n", T.hour(), T.minute(),T.second());
fprintf(fi," Time: %02d:%02d:%02d\n Date: %02d/%02d/%02d\n\n",
T.hour(), T.minuté(),T.second(),D.Day(), D.Month(), D.Year());
fprintf(fi," Channell’ Channel2 Channel3 Channeld\n");
fclose(fi); .

void equip::get()

{
int i; ’
char buffer{50];
char tmp = 0;

serial s(COM2, 300, NO_PARITY, 8, 1);



N

gotoxy(2,25);
printf("Try Reading... ");

while('kbhit() && tmp !="1")
{

$ >> tmp;

while(kbhit())
getch();

for (i =0; i < I5; i4++)
{
while(kbhit())
{
§ >> tmp;
if (tmp != -1)
break;
}
while(kbhit())
getch();

buffer(i] = tnp;

buffer[16] =0;

sscanf(buffer,"%02x,%02x,%02x,%02x" ch, ch+1,ch+2,ch+3);
gotoxy(2,25);

prian("Succssful Reading %c",T);



void equip::display()
{
for(inti=0;1<4i++)
{
gotoxy(X,Y+i);
cprintf("Channel %d : %35.2f Volt", i+1, (((float) ch[i])*5.0)/255.0);
}

void equip::savefile()

{
Time T;

fi = fopen(filename,"a+t");
fprintf(fi," %02d:%02d:%02d  %8.2f %8.2f %8.2f %8.2f\n",
T.hour(),
T.minute(),
T.second(),
(((float) ch[0])*5.00)/255.0,
(((float) ch[1])*5.00)/255.0,
(((float) ch[2])*5.00)/255.0,
(((float) ch[3])*5.00)/255.0);
fclose(fi);

void border(int fg, int bg, int x1,int y1, int x2, int y2)
{

int i

window(x1,y1,x2,y2);



textcolor(fg);
textbackground(bg);
clrscr();
window(1,1,80,25);

for (1 = x1; i < X2; i++)

{
gotoxy(i, y1);
putch('D");
gotoxy(i, y2);
putch('d");

}

for (i = yl; i < y2; i++)

{
gotoxy(x1,1);
putch("";
gotoxy(x2,1);

putch("1);
}

gotoxy(x1,y1); putch("H");
~ gotoxy(x2,y1); putch('ll');
gotoxy(x1,y2); putch('f");
gotoxy(x2,y2); putch(#’);

void main(void)

A

unsigned char EXIT = FALSE;



unsigned char WROTE = FALSE;
equip eq(42,12); // start comm port

/! Clear screen and draw new screen
_setcursortype(_NOCURSOR);
textcolor(14);

textbackground(1);

clrser();

border(14, 3, 1, 1, 80,24);
border(14, 1, 3, 2, 78,5);
border(14, 1, 8, 10, 26, 14);
border(14, 1, 40, 10, 65,17);
border(14, 1, 8, 16, 26, 18);

textcolor(14);
gotoxy(14, 3);
cprintf("MONITORING OF WATER QUALITY Copyright(C) 1995 KMITL");

gotoxy(10,10);

cprintf(" Time ");
gotoxy(42,10);

cprintf(" Data ");

gotoxy(10,16);

cprintf(" File );

gotoxy(10,17);

cprintf(" %s ", eq.getfilename());

// Begin main loop
while ({EXIT)
{



Time t;

gotoxy(12,12);
cprintf("' %02d:%02d:%024 ", thour(), t.minute(),t.second());

if (t.second() %10 = 0)
{
if {\WROTE)
{
WROTE = TRUE;

eq.get(); // Get data from Comm
eq.display(); // Display data to screen
/i if (t.second() == 0) // Write to file every 1 minute
eq.savefile();
} / if {WROTE)

}

else

WROTE = FALSE;

if (bioskey(1))
{
switch(bioskey(0) & Oxff)
{
case ESC:
EXIT = TRUE;
break;
default:
break;
} /f switch
} IAf



} // while

textcolor(7);

textbackground(0);

_setcursortype(_ NORMALCURSOR);
clrser();
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ADC0808, ADC0809 8-8it uP Compatible A/D Converters
with 8-Channel Muitiplexer

The ADCOS08, ADCO809 data acquisition component is a - Easy interfacs to all microprocessors

monoithic CMOS device witht an 8-bit analog-to-digital con- & Cperates ratiometrically or with § Vpg or analog span
verter, 8-channel-multiplexer: and microprocessor compatl--- sdjusted voitage reference

ble controt logic. The &-bit A/D converter uses successive . No zero or full-scale adfust required

approximation a3 the conversion techniqua. The conventsr g gchannel meitiplexsr with address logic

features & high impedance chopper stabiilzed comparator, a ¥ OV to 5V input range with single SV pawer supply .l
256R voltage divider with analog switch tree and a succes- lamummmvdngolwdsm&ﬁuﬂons
sive aoproximation register. The 8-channel multiplexsr carr xS | Mmoided i OIP o
directly access any of 8-single-ended analog signals. / X 28-pin packag
The device eliminates the need for extsmal zero and full- W 7t figided chip CREgackege
scale adjustments. Easy interfacing to MiCTOProcessors is :
provided by the latched and decoded muttiplexer address Key- Specaﬂcations-

. 5
General Description Features: i

inputs and latched TTL TRI-STATE® outputs. B Resolution 8 Bits
The design of the ADCT808, ADCOS09 has been optimzed 8 Total Unadjusted Error =% LSB and =1138
by incorporating the most desirable aspects of several A/D W Single Supply S Voo
conversion techniques. The ADC0808, ADC08Q9 offers high X Low Power 15 mwW
speed, high accuracy, minima! temoeraturs dependence. m Conversion Time 100 ps

axcetient long-termr accuracy and repeatability, and con-
sumaes minimal power. Thess features make this device
idealty suited to appiications from process and machine
control to consumer and automotive applications. For 16~
channet muitiplexer with common output (sample/hold port)
see ADCC816 data sheet. (Sea.AN-247. for more informa-

tion.} ;
Block Diagram S ]
: saT  cuoex
4 ?
|
H
x 1 |
ENG OF CONVERDION " ;
ol CONTRGL & THwg © axteansem (
=1 mitneaes = :
1 ARALDE IPUTS ~
[ : p——0) .
| 1L T 4
= st Lo
auTHT 48T OUTPUTE
\O-—l LATON P—0
! susFER O
—_—
T -
SN TREE }
ot
mnnuam{&— 10 |
o~ pmes fr
SOORESS  oud fd
LATEN ENaTE 9ECO0ER | 1sensensTon Lacoen ! See Ordering
I l ll I Intormation
[ I
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<LpAbsotute Maximunr Hatungs (Notes1 82

uperaung Lonaitions (Notes 142)

__._...._..._.....

r¥ 'm/mwm devices: are required, Temperature Range (Note 1) TMINSTASTMAX
i m.; National Semiconductor Sales Office/ ADC3808C) ~55'CETaS +125°C
availability specifications.
y oe 4 and ADCOS08CC, ADCO808CCN,
; o °"‘°‘g°°“"°‘° ) oo 8.5v ADCOS09CCN ~aCSTAS +85C
Yoitage'at Any “l —0.3V1a (Vg +0.3V) ADCOB0SCCV, ADCUB0SCEVY  —40°C < T < +85°C |
- Excopt Control Inputs Range of Ve (Note 1 4.5 Vpe 0 6.0V i
Ry mttcommunn.ns . —0.3Vto +15v cot ’ e o |
%.:’. (START, CE, CLOCK, ALE, ADD A, ADOD 8, ADD C)
;' o Storags Temperatze Range ~§5'Cto +150°C
‘i Package Oissipation at T, =25'C 875 mwW
. Temp. (Soldering, 10 seconds) ’
“4%: Duakin-Line Package (plastic) 260°C
' Ouai-in-Line Package (ceramic) 300°C
;'x _3 Moided Chip Carrier Package -
S Yapor Phase (60 seconds) 215°C
.+ &. Infrared (15 seconds} 220°C i
"~ ESD Suscentibiiity (Nots 11) 400V
‘7’4- !
Electnml Characteristics l
L Converter Specifications: Yec=5 Vpc=VYrer+. Vrer(—)=GND, Taan<Ta<Tumax and fax-ew kHz unless otherwiss
statad.
Parameter Conditions Min Typ | Max Units
ADC0808 !
Total Unadjusted Emror 25°C =Y Lsa
{Nota 5) Tamin 10 TMAX =Y, LS8
ADC0809
Total Unadjusted Emor 0*Cto 70°C =1 LSB.
(Note 5) TMmin t0 Tmax =1, LS8 i
input Resistance "1 *From Ref(+) to Rei{—) 1.0 - 25 ’ Qg
Analog Inout Voltage Range- | (Note 4) V(+)or{—) | GND—-0.10 | Vec+0.10 | Voo
Volage, Top of Laddsr Measured at Ref(+) Ve Veg+0.1 v
Vottage, Center of Ladder Vee/20.1 | Veo/2 | Veo/2+0.1 v
Voitage, Bottom of Ladder Measured at Ref(—) -0.1 0 v
Comparator input Current fo = 640 kMz, (Note 6) -2 ~0.5 2 nA

ctrical Characteristics~

Ele
 Digital Leweis. and DC Spectificstions: ADCU808CJ 4.5VSVeg<SSV.
ADCOS08CCL, ADCOB08CTNy ADCO808CCY, ADCO80SCCN and ADCOBOSCCV, 4.75< Voo <525V, —40°C<TA< +85°C une

—55"C<Ta< +125°C uniess otherwise noted

less otherwise noted
= | e—
Symool | Parameter Conditions Min- | Typ | Max | Units:
& ANALOG MULTIPLEXER
* lofrie OFF Channei Leakage Current Voo=5V, Vin=5V¥.
TA=25°C 10 200 nA
— - TN 10 Tiuax 10 . mA
lorr(~y OFF Channet Leakage Current Veg=5V, Vin=0.
Ta=25C -200 -10 nA
—_ T 10 Tiyax —-1.0 WA




Electrical Characteristics (Contnueq)

Digital Levels and DC Specifications: ADC0808CJ 4.5VSVec <58V, —55'C<TA< +125°C uniess otherwiss .
ADCO808CCJ, ADCOBOSCCN, ADC0808CCV, ADCO80ICCN anq ADCOB0SCCV, 4.755Veg<5.25V, —'«_ﬂ;sTAs-l-
lass otherwiss noted

Symbot | Parameter- | congons |  mMin_ | Typ | Max | u

CONTROL INPUTS
Vien | Logical "1" Input Voitage Vec—15 | 2
Vinio) Logical “0" Input Voltage A i 15 vﬁq
gy Logical “1* Input Curent Vig=15V ° - : ‘1.0 AL
(The Control Inputs) _ = i O
w0y Logical “0" Input Current Vin=0 -1.0 3
{The Controt Inputs) ™R
lec Suppty Current Itk =640 kHz 0.3 3.0 mAZS K
DATA OUTPUTS AND EOC (INTERRUPT) BN
Voury | Logical “1" Outout Voltags io= =360 pA Veg—0.4 | vz
Youtm Logical “0” Outout Voitage ig=1.6mA | o4s v
Vouto Logical 0" Outout Voltage EOC lo=1.2mA 0.45 :
lout TRISSTATE Output Current Vo=5V 3
Vo=0 i3
Electrical Characteristics .
Timing Specifications Veg = Vagr(+) =5V, VRgr(—) = GND, t =t =20 rs and T4 =25°C unless otherwisa noted.
Symbol Parameter Conditions | Min | Typ | max
tws Minimum Start Pulse Width (Fiqure 5) 100 | 200-
WALE Minimum ALE Pulse Width (Figure 5) . 100 200
te Minimum Address Set-Up Time (Figurs 5} 25 50
W Minimum Address Hold Time (Figure §) i 2577 (" 30
o Analog MUX Delay Time Rg =00 (Figure 3) 1 25
From ALE
twt.tio | OE Control to Q Logic State Cu=50 pF, Ay, = 10k (Figwre 8) 125 250
Yy ton | OE Controt to Hi-Z Co= 10 pF. Ry = 10k (Fiawe &) 125 250
te Conversion Time fo =840 kHz, (Figurs 5) (Note 7) % | 100 118
fo . Clock Frequency , 10 | 640 1280
teoc EOC Delay Time (Figure 5) 0 8+24S
Cin Inout Capacitance At Control Inputs 10 15 -
Cout TRI-STATE Output At TRI-STATE Outputs, (Note 12) 10 15
Nowe 1: A Ratngs mmmmnmmmm&mwmmdmu-mmmm
T dovice beyond ity g .

Now 2: All wortages are messured with respect to GND, uniess dthewsse specrfied.
nenta-mmmmm.mvmnemmm.wmmuww
chr-mmnmmmmmmmuMmummmom&w‘mmmwm
CPesany i 1he Vern suoply. The soec alows 100 mV forward bigs of eaher aiode. nhnmmuwummvnw.mmmw
Sy more vwn 100 mV, the cuttat coas wl be correct. Tammmovmwwmmwmwmmnmmm
4.900 Vo over irvend and joaaing,
Noos &: Tomt orror o offaet, fult i Y. and orcrs. Ses Fgaw 3. Nons of these A/D3 reuwes & Tero or ul-ecale
Hm.lmummhmmmmnmmmo.ov.mnamwua-wmmucrmo.svnt.svu-cm)m
2GS CIR DS a0k, to ris. See Figure 12,

Note & CIMparsior nout current is a bizs curent into or out of the Mmmmmmmmwrﬂ_
HI® ISMONRE® CEONNTANCe (FLre 51 See caragrach 4.0.

Mhmmmmmmmmmmmmwmmmmdeoc.
Note & Hemen 0oay macel. 100 OF ciscname== “e—= « 1 % kil resistor.




. Muitiplaxer. The devica contains an 8-cnannel single-end-
:gauwgmmm.Apmw!mcnmmas
:wodbyuﬁ'qtfladdmdm.Tabhlmthﬁ
Zinout states for the address lines to setect any channel. The
’{mmamimmgdeeod«onmolow-«o-ugnm
+slon of the aadress latch enable signal.

-?.; TABLE |
i SELECTED ADORESS LINE
t ANALOG CHANNEL [od B A
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
N4 H L L
INS H L H
ING H H L.
IN7 H H H
CONVERTER CHARACTERISTICS
The Convertar

The heart of this single chip data acquisition systam is its 8-
bt analog-to-digital converter. The convertar is designed

@ gve 1ast, accurate, and repeatable conversions over 2
wide- range of temperanxes. The converter is: partitioned
imo 3 major sections: the 256R ladder hatwork, the succes-—
sive approxanation register, and the comparator. The con-
vertar's digial-outputs ars positive-true..

The 256R kadder network approach: (Figure- 1) was chosen
over the conventional R/2R ladder because of its inherent
monotoniclly, which- guarantees no missing digital codes.
Monotonicity is particularty important in closed loop faed-
back contral systems. A non-monotonic retationship can
=ause osciletions that will be catastrophic for.the system.
Additionaily, the 256R network does not cause loed varia-
tions on the reference voitage:

The bottom resistor and, the top resistor of the ladder net-
work in Figeee 1 are not the same value as the remainder of

the network. The difference in these resistors causes the,,

output charecteristic to be symmetrical with the zero and
fuill-scale points of the transfer curve. The first output tran-
sitton occurs when the anaiog signal has reached + ' LSB
and succeeding output transitions occur every 1 LSB fater
up to fuil-scaie.

The successive approximation register (SAR) performs 8 it-
srations to approximate the input voltage. For any SAR type-
converter, n-iteratdons are raquired for an n-bit convener,
Frgure 2 shows a typical examote of & 3-bit converter, in the
ADC0808, ADCQ808, the approximation technigue is ex-
tended to'8 bits using the 256A network.

CONTROLS FROMS.AR.
1

AREFiM Ommmmmy

e
-

it

IR

. ° . L—.
. . T0
R 5 . . o COMPARATOR
. 5 inrut
a ° . N Need
* . .
a . . .
. L
>
%R :>
[ W——
AEF{=) Ommmmnd

TL/H/%872-2

FIGURE 1. Resistor Ladder and Switch Tree
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funcuonal LDescripuon (Conunusa)

The: A/D' convernars succsssive approximation register:
(SAR) is reset on the positive edge of the. start conversion-
(SC) puise: The conversion-is begun on the failing edge of
the start conversion puisa. A conversion in-process willbe
interrupted by receipt ot 2 new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (ECC) output to the SC input. If used in tis-
mode, &0 extemal start conversion pulse shouid be appled
' atter power up.. End-of-conversion will go low between 0
and 8 clock puises after the rising edge of start conversion:
The most important sectionr of the A/D converter is the
comperstor. it is this section which is- responsibie for he
ultimate accuracy of the entire converter: It is also the

m -
=-FULLSCALE

118 EAROA = 12138
a e
-3
.
» 108
2
3
= Mm 2
s L MONUINEANSTY = 1/2 LS8
S o
2 NONLINEARITY « -1/2 LS8

o e

~=f |- ZERG ERRCR = -1/4 1S3
[ 10 in

[TCRRY: 7 T Y BT B e/
Vin AS FRACTION OF FULL-SCALE

FIGURE 2. 2-Bit A/D Transter Curve

ERRCR
INPUT OV
YOLTAGE

~=

/ FIGURE 4. Typical Error Curve~ &4

WWMMMMMGD&
repeatability of the device. A CoOmoresd)
Mummeﬂocdwnmmbfuﬁshﬁngdmm‘.
vertar requirements. - T A.
Thodwpp«mhed'mmrcommu-DCm
signal into an AC signal. This signal is then fad throught'%
high gain AC ampiifier and has the DC.lavei resored. THe
technique limits the drift component of the amglifier sinox
the drift is a OC component which is not passed by the AC
amptifier. This makes the entire A/D converier exremely-
inssnsitive to temperaixe, long temm drift and imput offset
errors. ":
Figure 4 shows a typical emor curve for the ADCOS08 ax:

measured using the procedures outiited in AN-178. ;.

w

INFINITE RESLITION:-

m PERFECT COWERTER

1 “1/2158 IDEAL 3-81T COMERTEN
u roraL_ A A
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EARGR | Ky
5 . ~1Ls8
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2 m © ACCURACY
g ne -2
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- . ERACA
ﬂ" Vin
VI U R AR
Vin AS FRACTION OF FULLSCALE

FIGURE 3. 3-8t A/D Absciute Accuracy Curve




tconnection Diagrams o ~. !
":,r .

r

z Dusi-in-Line Package Moided Chip Carrier Package
. - §883TLL |
Nd=42 pag o0 1 | O S |
NS4S 26 b0 25 24 23 22 11 20 39
NE—4 28 =400 A NG 428 18427
w75 24p=1008 4 s .
START —{6 23}a00 ¢ N2-128 16/ Veer (=)
coc~47 2bmas N3y 1542
7548 2p=7""usa W2 1427
OUTPUT BARLE—8 2042 NS —t3 13¢=GHN0 .
aocx—d1o 2273 He—4 2peYer (-
Veu i1 P W N, S 8 7 3 3 105t
&« " T T 11 1%
Vm(‘)"“z 17§==27% 58 E 3 Q9 ; % ;‘
@No—14 16 =Voer (=) a0 23
i 15pm24 =
2
: TUWSET2-11 3
Qrder Number ADCOSOSCTN, ADCI809CCN, TUHssTZ-12
ADCO808CCJ or ADCO808CS Order Number ADCG802CCV ar ADCUS09CSY
See NS Package J28A or N2BA 2 See NS Package V28A
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' Typical Performance Characteristics
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TRI-STATE Test Circuits and Timing Diagrams
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OPERATION .

} 5 RATIOMETRIC CONVERSION

e ADCC808, ADC0809 is designed as a compista Data
\cquisition Systam (DAS) or ratiometric conversion sys-
sms. In ratometuic systems, the physical varable being
neasured is expressed as a percentage of fuil-scale which
s not necessarily related to an absociuts standard. The volit-
e input ta the ADC0808 I§expresed by the equation

Vin Oy -
Vis—Vz Omax—Omin .
Vin = input voltage into the ADC0808
Vig = Full-scale voitage
Yz = Zaro voitage
Oy =0ata point being measured
Orax = Maximurm data limit
Dmin > Minimum data limit

m

A good exampie ot a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
cirectly proportional to the output voltage which is a rato of
e full-scale voitage across it Sinca the data is represent-
od as a proportion of full-scale, reference requirements are
greatly reduced, etiminating a large source of error and cost
for many aopiications. A major advantage of the ADC0808,
ADC0809 is that the input voltages range is equat to the suo-
ply range so the transducers can bs connected directty
across the supply ana thew outnuts connacted directy into
S1e muttiplexer inputs, (Figure 9).

Retioretric transducers™ such as potsntiometes, sirain
gauges, themistor bridges. pressure transducers, o, are
suitable for measwing proportional retationships:. however,
many types of measurements must be referred to an abso-
lute standard such as voitage or current. This meens a sys-
tern reference must be used which refates the full-scale
voltage (o tha standard voit. ' For example, if
Veo=Vaes=5.12V, then the full-scale range is divided into
256. standard stsps. The smallest standard step is | LS8
which is then 20 mV.,

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the rasistor ladder are compared ‘o the
selected into 8 times in a cormersion. Thess voitages are
coupied to the comparztor via an analog switch tree which

is referenced to the supply. The voitages at the top, center -

|
!
{
i
1

'
i

and bottom of the ladder must be contolied to maintain™

proper operation.

The top of the ladder, Ref(+ ), should not be more positive
than the supply, and the bosom of the ladder, Rei(—),
should not be more negative than ground. The canter of the
ladder voltage must 2is0 ba near the centscr of the supply
because the analog switch twe changes from N-channet
switches to P-channel switchea. Thesa limitations are auto-
matically satisfied in ratometric systsms and can be easily
met in ground referencod systems.

Figure 12 shows a ground refessnced system with a sepa-
rate supply and referencs. in his system, the supply must
be trimmed to maich the reference vottage. For instance, if
a 5,12V is uged, the supply shouid be acjusted to the same
voitage within 0.1V.

i Vee
L [—. REF{H s
<= le?
. DIGITAL
% N\ 4 ouUTPYT
b Toyt PAOPORTIONAL
® TO ANALOG.
- NPT
..
» ind
Yin VIN
T l—- REF(-} 53 Qout= Tnes" Voo
- L Gno 47V Voo =Rgp 3525V
= ADCO808 * Ratiometric trasaducers

TL/H/S8T2-7

FIGURE 9. Ratiometric Conversion Systsm



Applications Information (contnuea)

The ADCG808 needs less than a milliamp of supply current
so devsioping the supply from the refersnce is readily ac-
compiished. In Figure 11 a ground.rgferenced system is
shown wnich generatag the supply from the referenca. The
buiter shown canr be an op amp of sutficient drive o supply
the mitfamo of supply current and the desired bus drive, or it
a capacttive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12,
The LM301t is overcompansated to insure stability when
loaded by the 10 ufF output capactor. .

.« |
The top and bottom ladder voitages cannot exceed VQ‘,‘
and ground, respectively, but they can be symmetricaity i
than Ve and greater than ground. The center of the o
voitage shouid always be neer the center of the supply. H
sensitivity ot the corverter can be increased, (Le:, sizecnle:!
the LSB steps decreesad) by using & symmetrical >
system. In Figure 13, a 2.5V reterancs is symmetricaily l
tered about Veg/ 2 since the same current flows in i i1
rasistors. This systam with a 2.5V reference aliows the.LSg’!
bit to be haif the size cf a 5V reference system. I

Conversion System Using Trimmed Supply
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FIGURE 11: Ground Referenced Conversion System with
Reterence Genersating Voo Supply
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ET.:OMMMMWNWN+1 is givea

1~ ou= { ot gz < vom |+ v
The center of an output code N is given by:

: "N{ (Vmﬂ-vm-ﬂ[%l =Vm}*vnaw-) @
The outt code N for an- aibitrary input are.the integers
{ within the range:

Vig=Vags -
£ N-ﬁ;:xmtmw
where: Vi = Voitage at comparator input
Vﬁm.'.,-vonlq. at Ref(+)
Vgg;(_.)-vomg. 4t Ref(—)
Y1ue = Total unadiusted error voitage (typicasy
Vagp(+)+512)

a

[

!

e,

The dynamic comperator input current is caused by the peri-
odic switching of on-chip stray capacitancas. These are
connectsd aitemately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.,

The average value of the comparator input curent varies
directly with clock frequency and with Viy as shown in Fig-
ure 8.

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter erors, as the tran--

sient cregtad by the capacitance discharge will dis out be-

fore the comparator output is strobed:

If input filter cacacitors are desired for noise reduction and
signaj conditioning they will tend to average out the dynarmic
comparator input current. It will then take on the character-
isics of a OC bias current whose effect can be predicted
conventionaity.
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XR-2211
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FSK Demodulator/Tone Decoder

GENERAL DESCRIPTION

The XR-2211 is a monalithic phase-locked: loop (PLL)
system especially designed for data communications. it
ig particularty weil suited for FSK moderr applications.
t'operates oves a-wide supply voltage range of 4.5 t0
20V and a wide frequency range of 0.01 Hz ta 300 kHz.
(t can accommodate analog si tween 2 mV and-
3V, and can interface with conventional OTL, TTL, and
£CL logic families. The circuit consists of a basic PLL
lor tracking am input signal within the pass band, a
quadrature phase detector which provides carrier de-
tection, and an FSK voltage comparator which provides
FSK demodulation. External components are used to in-
dependently set center frequency, bandwidth, and out-
put delay. An internal vaitage reference propartional to
the power supply provides ratio metric operation for low
system performance- variations with power supply
changes.

The XR-2211 is available in 14 pin OTL ceramic or plés-
lic packages specified for commercial of military tem-
perature ranges.

FEATURES

Wide Frequency Range

Wwide Supply Voltage Range
DTUTTUWECL Logic Compatibility
FSK Demodulation, with Carrier Detection

Wide Dyramic Range 2mVte3Vmms
Adjustable-Tracking Range (=1% ta £80%)
Excallent Temp. Stability 20 ppm/°C; typ.

0.01 Hz to 300 kHz
45Vto20V

APPLICATIONS

FSK Demodulation .
Data Synchronization

Tona Decoding .

FM Detection

Carrise Datection

ABSOLUTE MAXIMUM BATINGS

Power Supply 20V

Input Signai Level .3V rms

Power Dissipation

Ceramic Package 750 mw
Derate Above Ty = +25°C 6 mv/°C

Plastic Package
Derate Above Tp = +25°C « - 5.0mwi°C

FUNCTIONAL BLOCK DIAGRAM-

[ WL,
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) T
r‘ REF
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ORDERING INFORMATION

Part Number Package Opsrating Tempersturs
XR-2211M Cearamic ~55°Cta +125°C
XR-2211CN Ceramic 0°C ta +70°C
XR-2211CP Plastic 0°C ta +70°C
XR-2211N Ceramic —40°C 10 +85°C.
XR-2211P_ Plastic —-40°C to +85°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed {rom
an input preamplifier. analog muitiplier used as a phase-
detectar, and a precisionr voltage controlled oscillator
(VCO). The preamplifier is.used as a limiter such that in—
put signals above typically 2MV RMS areramplified to a
constant higir level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. its output
(unfiltered) produces sunt and difference: frequencies of
the input and the VCO output, f input +{ input (21 Input)
and f input - f input (0 Hz) when the phase detector out-
put to remove-the “sum’” frequency component while
passing the differsnce (OC)j component 10 drive the
VCO. The VCO Is actually a current contratled oscillator
with its nominal input current (fg) set by a resistor (Rg)
to ground and its driving current with a resistor (R1)
from the phase detector. ,

The other sections of the XR-2211 act to: determine it
the VCO Is driven above or below the center frequency
(FSK comparater), produced both active high and active
low outputs to indicate when the main PLL is inclock
(quadrature phase detector-and lock detector compara-
tor).



XR-2211

ELECTRICAL CHARACTERISTICS

Test Conditions: Test Clrcuit of Figure-1, V+ =V = = 6V, T = +25°C,C = 5000 pF Ay = Ag =R3 = Rg = 20 k@

A == 4.7 kQ. Binary Inputs grounded; S¢ and Sz closed, uniess otherwise: specified.

»

XR-2211/2211M XR-2211C
PARAMETER MIN |TYP |MAX | MIN hI'Ylf“ MAX | UNITS CONDITIONS
GENERAL
Supply Voltage =~ — 45 20 45 20 v
Supply Current 4 7 5 9 mA Rg = 10 k. See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy =1 =3 =1 % Deviation from fg = 1/RgCq
Frequency Stability Ry = 112
Temperature +20 | £50 =20 ppm/°C | See Fig. 8. N
Power Supgly 005 | 0.5 0.05 - %N V+ = 12 1V. See Fig, 7.
0.2 0.2 %N V+S %= 0.5V. See Fig. 7.
Upper Frequency Limit 100 | 300 300 kHz Rg = 8.2kQ, Cg = 400 pF
Lowest Practical
Qperating Frequency 0.01 0.01 Hz Ag = 2MQ, Cq =50 uF
Timing Resistor, Rg See Fig. 5.
Operating Range S 2000 5° 2000 k2
Recommended Range | 1S 100 15 100 kQ See Figs. 7 and 8.
LOOP PHASE DETECTOR SECTION P
Peak Qutput Current =150] =200 £300| =100{ =200} =300 BA Measured at Pirr 11.
Qutput Qffset Current =1 =2 | BA
Qutput Impedance 1 1 MQ
Maximum Swing =4 | =5 =4 | =8 v Referenced to Pim 10.
QUADRATURE PHASE DETECTOR Measured at Pin 3.
Peak Output Current 100 | 150 150 uA
Qutput impedance 1 1 MQ
Maximum Swing 11 11 Vpp
INPUT PREAMP SECTION Measured at Pin 2.
Input Impedance 20 20 kQ
Input Signal |
Voltage Required:ta:
Cause Limiting. . 2 10° 2 mv-
ms
VOLTAGE COMPARATOR SECTIONS'
Input Impedance 2 2 MQ Measured at Pins 3 and 8.
Input Bias Current 100 100 nA
Voltage Gain 55 70 55 70 d8 R = 5.1kQ
Qutput Voltage Law 300 300 mv Il =3mA
Qutput Leakage Current 0.0t 0.01 uA Vo = 12V
INTERNAL REFERENCE
Voltage Level 49 |53 )57 |475 |53 |5.85 v Measured at Pin 10.
Output Impedance 100 100 Q

W
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Refersnce Voltags, Vg (Pin 10): This pirris intemally biased
at the reference voltage- level, VR: Vi ==V +/2.- 650
mvV. The dc voitage- level at this pinforms an imernal
reference for the voltage levels at Pins 5, 8,11 and 12,
Pin 10 must be bypassed to ground with a Q.1 uF ca-
pacitor for proper operation of the circuit.

LooP OATA
MIER FLTER . PSR
cuTRyT
FSK
coms;
3 ————-
- veo
INPUT b |
PAEAMS M
- ] . LOCX OETECT
i< 0ET. & TS
LOCK DETECT  LOGCK OETECT
FILTER come-

Figure 1. Functionai Block Diagram of a2 Tons and FSK
Decoding System Using XR-2211

Loap Phase Datector Qutput (Pin 11): This terminal provides
a high impedance output for the loop. phase detector.
The PLL loop filter is formed by Rq and Cq connected
to Pin 11 (see Figure 2). With no input signal, or with no
phase error within the PLL, the dc levet at Pin 11 is very
nearly equal to VR. The peak voltage swing available at
the phase detector output is equal to =VR.
510 XIT Ry L

100 it Ag Yo
LooP
" - (3
ay
. =
: 12
b veo |-
sl s M{'T 13 Sap
s -~ = LoCx ogTECT
Suan. =
outruTS
mouT +-O€T.
$IGMAL 3 .
LOCX e
L] 5 =t
= "o cous

are co
X1
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Figure 2. Generalized Circuit Connection for FSK and Tone

Detection ~
VCO Controf Input (Pin 12): VCO free-running frequency is
determined by external timing resistor, Rg. connected
from this terminal to greund. The VEO free-running fre-
quency, {g, is:

Hz

fa =
0 RoCo

where Cq is the timing capacitor across Pins 13 and 14,
For optimum temperature stability, Ag must be in the
range of 10 K22 to 100 KQ see F?gurioax—'—"—"

XR-2211

This terminal is a low impedance point, and is intemally
biased at a dc level equal to VR. The maximunr timing.
current drawn from Pirr 12 must be-limited to <3 mA for
proper operation of the

~ " YCO Timing Capacitor (Pins 13 and 14): VCO frequency is
inversety proportional to the external timing capagcitor,
__Co, connected across these terminals (see Figure 5).
Cq must be nonpolar, and in the range of 200 pF to 10

[y
VCO Frequency Adjustment: VCO can be fine-tuned by

connecting a patentiometer, Ry, in series with Rg at Pirr
12 (see Figure 9).

VCO Free-Running Frequancy, fg: XR-2211 does not havea.
separate VCO output’ terminal. Instead, tneHVCO out-
puts are-intemally connected to the phase detector
sections of the circuit. However, for_set-up or adjust-

ment purposes, VCO ing_frequen e
measured at Pin 3 (with Cp disconnecteq), with no in-

put an Al 2 shortea te Pin 10.
S— L ———

- "+ DESIGN EQUATIONS

(See Figure-2 for definition of components.)
1. VCO Center Frequency. o

fo = 1/ROC0 Hz

2. Internal Reference Voltage, VR (measured at Pin
10):

VR = V+/2- 650 mV
Sl Loop Low-Pass Filter Time Constant, .
r = R1Cq
4, Loop Damping, {:

| /S
= 1/4 —
¢ c

5. Loog Tracking Bandwidth, =aAl/g:

Atffg = Rp/R4
TRACHENG
BANOWITH
R .
L 1 ! s d
w N » " e
6. FSK Data Filter Time Constant,
7+ = AFCF

7. Loop Phase Detector Conversion Gain, Ka: (Ko is
the differential dc voitage across Pins 10 and 11,
per unit of phase error at phase detector input):

Ké = 02VR/r volts/radian

8. VCO Conversion gain, Kg: (Kg is the amount of
change in VCO frequency, per unit of dc voitage
change at Pin 11}

Kg = —1VRCoRy Hztvolt



XR-2211 . -

9. Total Loop Gan; K
KT = 2xKéKg = 4/ICqy rad/secivait
10. Peak Phas; Detector Current [A:
IA = VR (voitsy25 mA .

APPLICATIONS INFORMATION
FSK DECOBME=-

Figure 8 shows the basic circuit connection for FSK de-
cading. Witlr reference to Figures 2 and 9, the func-
tions of external components are defined as follows: Ag
and Cg set the-PLL center {requency, A1 sets the sys-
tem banawiath, and Ci sets the loop filter ime con-
stant and the loop damping factor. Czand Re form a
one-pole post-detection filter for the FSK data output.
The resister 8g (= 510 KQ) frem Pin 7 to Pin 8 intro-
ducas positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Hecommended component values for scme of the mast
commonly used FSK bands are given in Table 1.

Design Instructions:

The circuit of Figure 9 can be tailored for any ~3K de-
coding aoplication by the choice of five key circuit com-
ponsents: Ag, Ry, Cq. C1 and Cw For a given set of FEK
mark ana space frequencies. fq and fp, these parame-
ters can be calculated as follows:

a) Calculate PLL center frequency, fg:

=f1 + i

b} Choose value of timing resistor Rg, to be in the
range of 10 KQ to 100 KQ. This choice is arbitrary.

v.
e\ TOPMASE
""""' : E_"_; 3 ..~ ogrEcron
%""
v [ “‘(__r:'_]
Vagr AA
=V 200

Vi M eV [
PrEAR)

Figure 3. Ossensitizing Input Stage

The recommended value- is Rg = 20 K. Thie final:
value of Rg is normally fine-{uned with the senespo—-
tentiometer, Ax.

¢) Calculate value of Cq fronr des:gn equaﬂon (1) ar
from Figure.6:

.. Co = 1Mgfg

d) Calculate Rq to give-a Af equal to.the mark spacaes
deviation: :

Ry = Rolfolts =12l
e) Calculate Cq to set loop damping. (See design eizua-':
tion No. 4.): .

Nonnall)", t = 1/2 is recommended.
Then: Cq = Cg/d for ¢ = 1/12
f) Calculate_Data Fiiter Capacitance, Cg:

For ARF = 100 KQ, Ag = 510 KQ, the recommendeg*
vajue of Cg is:

Cg = 3/(Baud Rate) uf

Note: All calcutated comgonent values except Ag can
be rounded o the nearest standard value; and Rg cam
be varied 1o line-tune center frequency, through a se-
ries potentiometer, Ax. (See Figure 9.)

L P
A

surrLy CURRENT, (mA)
8

/1 o
: /.’;, fuammonsmese®
'—4’/ Ag>108K

4 L} 3 109 12 18 1% 18 = 2 28
SUPPLY YOLTAGE, Y (YOLTS)

Figurs 4. Typical Supply Cusrent vs V+ (Lagic Cutputs
Open Clrcuitsd)



XR-2211

- N\
N b N N "s’
\ ”.
N N\ N

J
.
NN \’_J N TN N
0 N\\ - ~S
N e O \H\ | \Q%,‘, \\

\ 4
Y SRR
S \\\ ) ‘]\ ~

NN

Rg (X1))
§
P
)
/]

S tenrp
3
-

°J

/e
)
L/
VY
/
|1
@
0 {\g‘
/1
///
P

[7 Ry

100 1000 10,000 ] 1000 10,000
1o (") g ()
Figuse §. VCO Frequency vs Timing Resistor Figurs 6. VCO Frequency vs Timing Capacitor
1.02 7 T 0 -
g =1 ey H :. ' uu
. : - 10 mg 1 3 w = 10K I /
5 £\ e0d l L
é /‘/ z § ///ﬂ' x
EH 3 9 Rg = SO K
3 § ] —_——_}:’;‘ 0 X
E - \J
3 cuave Ry z Re ;a;/ —t ox
2 o —
g 1 s K S o
3 2 10K L] 7 i Ve = 12V
3 0K 2 Ro = t M0 Ry = 10 R
4 1o X 2 4 L tg = 1uME
097 3 Xox g 1o
4 [ 10 12 14 18 18 ks 2 24 -50 -25 L] 28 50. 73 108 128
Ve (VOLTS) =~ v TEMPERATURE (C}
. 1
Figurs 7. Typicat fg vs Power Supply Characteristics Figure 8. Typleai Center Frequency Drift vs Temperature-
N Yo ) .,
4 (X 4
H
= a8 18 3_{ vea
Fg-TUNE
= saa
el C 221t
ve - C
nsex |
[ b4 -
OATA
outeut ny
i Sl'l'l:l -
= {
")

Figurs 8. Clreuit Cannection foc FSK Dacading
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Design Exampiae:

75 Baud FSK demodulator with mark space-
frequencies of 1110/1170 Hz:

Step 1: Calculate fg: fg (1110 + 1170) (1/2) =
1140 Hz

Step 2: Choose-Ag - 20 K2 (18 KQ fixed resistor in
series withr 5 KQ potentiometer)

Step 3: Calculate Cg front Figure 6: Cg = 0.044 uF
Step 4: Calculate Rq: Ry = Aqg (2240/60) = 380 KQ
Step 5. Calculate C1: Cy = Cg/d- = 0.011 uF

Note: All values.except Rg can be rounded %o nearest

standard value.

Tabie 1. Recommendad Componant Yalues for
Commonly Used FSX Bands.
(See Clreuit of Fiqure 39.)

FSK 8AND COMPONENT VALUES

300 Baud Co = 0.039 yF Cg = 0.005 uF
vly = 1070 Hz [ Cy =0.01 4F Rg = 18 KD
F2 = 1270 Hz | Ry = 100 KQ

360 Baud Co =0.022 4F Cg = 0.005 uF
fy = 2025 Hz | Cy = 0.0047 4F Rg = 18 KO
fp = 2225 Hz | Ry = 200 KQ

0.027 uF Cg =-0.0022 uF
0.01 uF Ro = 18 KQ
30 K

1200 Baud Co
f1 = 1200 Hz | Cy4
to = 2200 Hz | Ry

[ A}

FSX DECODING WITH CARRIER DETECT:

The lock detect section of XA-2211 can be used as a
carrier detect option, for FSK decoding. The recom:-
mended circuit connection far this application is shown
in Figure 10. The open collectar lock detect cutput, Pin
6. is shorted to data output (Pin 7). Thus, data output

0.1 oF Ve
Ny ~
0t W !

" weur o= F—C]

XR.22%1

. s10xn
OATA OUTPUT VA

< | =

Figurs 10. External Cannectsrs for FSK Dsmodulstion with
Carrier Dstact Capability

Nate: Data Qutput is “Low’* When Na Carrisr is Prassnt.

will be disabled at "low’* state; until there: is a.carrier
within the detection band of the PP%_and the Pin & out-
put goes “high,” ta enable the dataoutput.. __

The minimurnt value of the lock detec? filter capacitance-
Cp is inversely proportional to the capture range, +
afe. This is the range of incoming frequencies over

" which the loop can acquire lock and is always lessthan

the tracking range. It is further limited by C1. For most
applications, Afg > All2. For Rpy. = 470 K, the approx-
imate minimunr value of Cgy can be-determined by: ..

)

Cp (uF) = 16/capture-range in Hz.

With values of Cpy that are toa small, chatter can be ob-
sarved on the lock detect output as an incoming signat
frequency approaches the-capture- bandwidth., Exces-
sively large-values of Cpy will slow tha responge time of
the lock detect output.

TONE DETECTION:

Figure 11 shows the generalized circuit connection far

tone detection. The logic cutputs, Q and Q at Pins S and

6§ are normally at “high’* and “low™ logic states; respec-

tively. When a tone is present within the detection bang-
of the PLL, the lcgic state at these outputs beccme re-
versed far the duration cf the inputtane. Eacly logic out-

put can sink S:mA of load current.

Both logic outputs at Fins § and & are open collectar
type stages, afd require-external pull-up. resistors Ay i
and R 2, as shown in Figure 11.

Figurs 11. Clcuit Cannection for Tone Dstaction

With referencs to Figures 2 and 11, the functions of the
external circuit components can be explained as fol-
lows: Rg ang Cg set VCO centar frequency; Ry setathe
detection bandwidth; Cq sets the low pass-loop filter ,
time constant and the.loop damping factor. Ry 1 and i
ﬁcrz are the respective pull-up resistors for the Q and .

Q logic outputs.
Design Instructions:
The circuit of Figure 11 can be optimized for any tone

detection application by the choice of the S key circuit
components: Ro, A1, Cg, Cy and Cp. For a given input,



+ tone frequency, fg, these parameters are calcuy-
ed as follows: -

Choose Rq to be in the range-of 15 KQ to 100 KQ.
This choice is arbitrary.

Cilculate Cq o set center frequency, fg equal to fg
(see Figure 8): Cg = V/Rols

| Calcliate Rq to set bandwidth =Af (see design
equation No. 5):

Ry = Rolfo/AD
pte; The total detection bandwidth covers the fre-
quency range of fg = Al

4 Calcuiate vaiue ot C4 for a given loop-dgmping
factor;

ormally ¢ = 1/2 is optimum for most tone detector ap-
sications, giving Cy = 0.25 Cq.

ncreasing Cq imoraves the out-of-band signat ‘ejec-
son, but increases the PLL capture time.

4 Calculate value of filter capacitor Cp. To avord chat-
ter at the logic outout, mth Ap = 470 KQ, Cp must
be:

Colwr) = (16/capture range in Hz)

Increasing Cp slows down the logic output response
f 0
ime.

fesign Examples:
Tone detector with a detection band of 1 kHz = 20 Hz:

a) Choose Rg = 20 KR (18 KQ in series with S K{ po-
tentiometer).

Ames

b} Choose Cq for fg = 1 kHz (from Figure &): Cg =
9.05 uF.

¢) Calcylate Ry: Ry = (Rg) (1000/20) = 1 MQ.

d) Calculate Cq: for { = 1/2, Cq = 0.25, Co =
0.013 ur.

¢) Calculate Cp: Cp = 16/38 = 0.42 ;LFf

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

LINEAR &M DETECTION:

XR-2211 can be used as a linear FM detec?or for a wide
range of anailog communications and telemetry acoti-
cations. The recommended circuit connection for ihis
aoplication is shown in Figure 12. The demodutated
output is taken {rom the loop phase cetector outout (Pin
11), through a post-detection filter mace up of R and
Cg and an external buffer amgtifier, This buffer amolifi-
er is necaessary because of the high impedance outout

XR-2211

at Pin 11. Normaily, a non-inverting unity gain ocp amp
can be used as a buffer ampiifier, as shown in Figure
12.

-,

Figure 12. Unsar FM Detector Using XR-2211 and an External
; Op Amp. (See Section on Design Equatien for Com~
ponent Values.)

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

Vout =Ry VR/100 Rq Voits/% deviation

where VR is the internal reference voitage (Vg = V+/Z
- 650 mV). For the choice of external components Ry,
Rg. Cp. Cy and Cg see section on design equations.

PRINCIPLES QF OPERATION

Signal Input (Pin 2): Signal is ac coupled to this terminal.
The internal impedance at Pin 2 is 20 KQ.- Recom-
mended input signal levet is in the range of 10 mV mms
to 3V rms.

Quadrature Phass Detector Qutput (Pin 3): This-is the high
impedance output of quadrature phase detector and is
internally connected to the input of lock detect voltage
comparator. in tone detection applications, Pin 3 is con-
nected to ground through a parailel combination of Ap
and Cp (see Figure 2) to eliminate the chatter at lock
detect outputs. If the tone detect section is not used,
Pin 3 can be left open circuited.

Lock Detect Output, @ (Pin 5): The output at Pin 5 is at
“high” state when the PLL is out of lock and goes to
“low"” or conducting state when the PLL is locked. it is
an open collector type output and requires a pull-up re-
sistor, P, to V + for proper operation. At “low” state, it
can sink up to 5 mA of l16ad current.

Lack Oatect Complement, T (Pin 6); The output at Pin 6 is
the logic conplement of the jock dstect output at Pin 5.
This output is also an open collector type stage which
can sink 5 mA of load current at low or “on” state.
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FSX Data Qutput (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor; R, taV+
for proper operation. It can sink 5 mA of load current.
Wherr decoding” FSK signals, FSK data output"is at
“high' or "off" state for low input frequency, and at
“low™ or "“on" state for high input frequency. !f no input
signal is present, the logic state at Pin 7 is indetermi-
nate.

EQUIVALENT SCHEMATIC DIAGRAM

LY

FSK. Compariter 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 (Pir 11).
This data filter is formed by Rg and Cg of Figure 2. The
threshold voltage of the comparator is set by the inter-
nal reterence voltage, VR, availgble at Pin 10.
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XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION

The XR.7200 & a monotithic function penerator intes
prowed Circuit caoanie of (voducing higt  cuality sine,
1Quare, tTianoie, ramno, and Duite wavetorms of high1adbility
0na sccuracy. The DUtDUt wevelorms can be both amolituce
ang Irequency modulsted by on externsl voltage, Fresuency
_of oneration can be sciected externatly over 3 ronge nf 0.01
THI 10 more thare 1 MKy, 4
The circuit 15 ideatly wited for communicstions, “ingtru.
mentation, snd funclion generstor 2001iCations requiring
situs0icsl 1one, AM FM, or FSK generation, 11 het 3 typscat
gritt specilication of 20 oom/ €. The owillstor frenuency
Can be-fingsrly swent Over 3 2000:1 Irequency range, wilh
an extrrnasl contol voitage, howing & very smsil allegt on
gistorvion,

FEATURES ™~

: S%. Typical
20 pom/*C. Tyowcst
2000-1. Tvowesi
0.01%V, Tvoxcsi

Low.Sine Wave D-uoc!ion - -
E xcetlent Temoerature Stabliity
Wide Sweer Rorne 1
Low-Sundty Semitivity

Linear Amoliiude Modulnion
TTL Comnstible FSK Controls
Widge Sucoty Rarge "D -
Adjusiable Duty Cycie

10V to 26V
1% 10 99%

APPLICATIONS

Wavelorm Generanon -
Sween Generation

AMSF M Generstion

V/IF Cormversion

FSY. Generation

«Prase-Lockeo Coveos {(VCO)

ABSOLUTE MAXIMUM RATINGS

Power Suoply
Power Ditsiostion

Derste Anove 25°C

Total Timing Current
Stor ape Tempersture

26V

750 mW
Smw/C

S maA

-65°C 10 +150°C

FUNCTIONAL BLOCK DIAGRAM

st 1 1 I
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ORDERING INFORMATION

Part Number Pschage Overnting Temoersturs
XR.2206M Ceromic 55°C 10 +125°C
XR.7206N Ceromic 0°Cio+20°C
XR.2206P Plstic 0°'C 10 +20°C

YR J305CM Ceramic 0°C1o«76°C.
XR Z206CP Plassic 0°C0o+20°C
SYSTEM DESCRIPTION

Tie XR.9706 it coommmined of four funcuional blozhs: o
volispe-controlied oacillssor (VCOS, an snaiog. multiolier

- and Lnesra0e”: 3 unay gain buller amollicr: and a2 set

of current switzher,

The VCO aztusily produtes 3n ouibut (1e3uency porpor.
tions! 10 #n innut crerent, which it produced by a resisior
from 1he uming terminals 10 ground. The cureent ywithes”
rose’one ol the Lmsine P Lureent 10 tree VCO controtied
by 3n FSK Input pin_ 16 woduze #n OULDUL treuency, With
Iwo trming DNt two divitete OUIDUL Hreguein can be
indepencently produccy for FSK Generarion Applications.

- . .
/.:A’ EMR Integrated Systenms, Inc,, 750 Palomar Averwse, Sunnyvale. CA 02086 © 1408) 732-7970 © TviX 9103399233
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ELECTRICAL CHARACTERISTICS
Test Canditlonm: Tes Circust of Figuie 1, V* =12V, T4, = 25", C =001 wF, Ay =100 0121 Ry 105 2, Ry = 25 402
: uniess Otherwise 1oecilicd. Sy open lor trisngie, CICK0 10 e wove,

XR-2206M- XR.2206C
PARAMETER MIN. | TYP TMAX. | MIN_ | TYP. | MAY. | UNIT CONDITIONS

ClNnENAL CHARACTERISTICS v_

Swyie Sucoly Venege | 10 6 10 EL] v

S0l Svoniv Veltage 15, 11l 18 113 v

Seooly Coseomt - a2 O\ w20 4 mae Ay >80 .

OSCILLATOR SECTION

Mes. Oowetmg Frequency ot 1 0S8 1 ey C=1000pfF K =100

Lowwts Prociical Frenuency - 00t om " C=9%0sf Ay =2M0

Framauwency Accwacy 0l ’e 12 » ol fy, 1o = VRYC

Temonrarmns Stamility 230 150 120 ppem/tC 0°C < Ty < 75°T,
Py~ Aya200 8

Swosly Somaivity 001 6.1 “om v VLOW * 10V, VG = 20V,
Ay nye0rn

Swesp Ronge 1000:1 2000:1 J000:1 LTER % i@ o100
IL®Mme2MA

Swoen Lineersty .

10:1 S~weo ©2 2 x. fp = Vame fy=100mr
1000: 1 Swveun 3 [ x Iy = 100 He, lyg = 100 brer
£8 Dinsonien . 0 v. 0.1 Al 1 3 3 10% Devroran °

Aecommensed Thning

Comosnen 1
Timing Cococar: € -~ - | 000V 100 0 oo —1 b | See Fipwea,
Timing Rminere: B & Ay 1 7000 1 2030 '

Tewngte Sone Wove ODvpan Sewtione 1, Flgure 2.
Tt longie Amptsute- 160 160 mvaA N Fopase 1, S5y Ooon
Sine Wews Anpikvoe 40 80 80 (%] mvie Q) Fowe 1,3y Clown
Meon, Output Suving. 4 [ 3 Vo
Ovtout imneasnce 00 0 n
Trwrngie Linestery- - 1 1 p 5
Amotnwos Susiity- 0s -3 [ 4 Foe 3000:1 Seween
Sone Waew Amoiitude Slability . 4300 40 som/*C SowNere 2.

S Wove Dissonisen = -

WaDDus idpssarment 38 2 | & Ry = 2000

Win Adpwerment 0.4 10 of 15 = See Fipwem Bans 7,
Amatisuye Meduisiion- . - -

Ao tmosience . 0 100 - 0 -0 (Y]

Maduietion Range- : 100 . 100 %

Correet Supprorsan s s -

Lines sty H 2 2 ['¥% for $5% mosuianon

Souers-Wewe Owvionnt . .

Amoutvoe 12’ 12 vos Megswend ot Pt T,

Acse Time 250 230 e C_ = 100F

Fali Tome %0 0 e C, = 10 0F

Setainn Veuasss 02 o4 02 os v LeZma

Lesnage Cumront 0.1 2 0.1 100 A Vyy = 28V
FSR Kevwy Lowt (Pin 0} (-] ] 1.4 2.4 o8 1.4 24 - v Se@ 1ocuon on e-_eui\enmim‘
Aclerovcs Brpew Voilsge 23 3t 33 25 3 3 v Measwrod 33 Pin 10, .

[N
Ness 11 Oviows smoRiuoe b Girectiv Oraoornons! 10 the fnistencs ., Ay, 0nPind. See Fupwe?

Nete 2:

£ o maswnum smelius Rabilny, A INOuUG De 8 DOLITIve 1eo-resain e COTIICInt teusiar.
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Froquency-Shitt Keying: X

The XR-220§ rsn be operaied with two sepaeate” ming
reusions, Ry ano Re, connecied 10.theimng Pin7 anc B,
reroecively. 23 shown in Figuse 12, Depenthng on the

* polerny Of the 109:C sgnal at Pin 9, ssther one 07 the other

ot inese Mg [N e, i Pin 9 is ocpen-
cwaanied Of connected 10 & biss voitage D2V, only R; is
scivated  Simularty, il the vollage levet ot Pn 9 is <1V,
onty Ay is activeles Thus, the oulput -lrequency Can be
Leyea Doiween 1w lavelt, {y 90d 1o, a4

ty = 1A Cono ige 1/RLC

For 100NNty COBNON, The Loving voilsge oi Pin O 4
televenced 1o V™,

Output DC Lavel Controi:

The oc tewel sl Ihe ostout (Pin 2] is snproaunatety 1he
sanie 92 1he OC Lias 31 Fin 3, In Figures 10, 11 00 12 Pin 3
it Disted mMiOway Detwern V* jnd grownd, 10 give an
vuIDUL OC level Ol =V 12,

APPLICATIONS INFORMATION

Sine Wave Genesation

Without External Adjusument: —-

Figure 10 shows the circuit connection for genetatng &
sinssoical oupul from the XR.2206, The pofentiomettr,
R; st Pin 7, provides the oeured frequency twamng, The
mazunwn outpul Twing it greater than V*/2, and the
wosat cutontion (THD) it <2.5X. I Tower sine wive

" Qistortion is Oewred, 330ilions! adjusiments can be provided

a3 0e35T10ed in the 10110wing section,

The circwit ol Figure 10 can be cofwerteo 10 sotit4unply
cperation, simely by restaing_ sti ground connections with
V. Forsolit:sunoly uperation, Rz cande dinacily connecied
10 ground.

XR-2206

With Externel Adjuntment;

The haremone content of $inus0sCa.  stDut Can be reduces
10 #0.5% Sy sathuonat sdjusiments as shown in f gwe 11,
The potentomerer, Ry, 2011t INE- UAE-INI NG fEMIOT,
ol R! p 3 he hive a2y {osr the wawciorm .
tymmetry. The s0pnimen procedure 1s 33 10110ws. v

1. Set Rg a1 migooint, 370 sowit Ry Tor munsmum
oistoron.. . - S )

2. With Ry 1e1 2% sDOve; 20iunt Ry 10 urtiwr redwce
Oisiorhion,

Triangle Wave Generation

Thee cirguets i Figues 10 ana 11 can Le conwenied 10
angie wave generaiion, by umoly onen<uciniing Pun 13
ang 14 {i.e . Sy coen). Amoluae of the trunyie is aninosi-
Mately 1w g INE LNE wave LiINDVL,

F.Sl.( Generation

Figute 12 Prows Ihe cucuit connaction lor smusowal FSK
sgnal ooeration, Mark 3nd snact lrepuencies Can be ince-
penaently sdwiiec. by the choxce ol Lnung ressiors. Ry
ond Ry, the Outpul it Dhate-CONtINUOLY Cuaing 1IBMLLON.-
The: beving spnab it suoked 10 Pin 9. The cucuil can de-
comvesied 10 10li-wpply ODeTaNLA Dy wMply replacng
ground with V=

Pulse and Ramp Generation

Figuse 1] theavs the cutunt 100 Dulse anG tamo waveliorm
generation 1n iy mooe ol opctdtwn, the FSK Lrvmg tev.
mingl {Pin S} is shorted 10 1N QU Ewer OulpUL (P 11),
and the cltCurl auiomaiisily 1reguenCy sniit keyy nself
Detween 1wO 1DIrIE {eQUEnCies Cuwring INE DOLILIVE QNG
NG Negative 90ing.outpul wevelorma. The pube v.idth and
Guty CyCle Can be saunied from 1% 10 99X, by ine Chewce
of Ry and Ry The vsiues of Ry and Ry ouia be n tne
rangeof 1 k5110 2 M0,
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PRINCIPLES OF OPERATION
D.:;ctiptioa of Controls

Frequency of Operstien: .
Tise ireavency of oscillation, l,, it Octermined by the
essernat himing capacitor, C, actoss Pin § ona 8, and by the

Quenc-is grven a1, -

—e -_'=!'ac_ pro .~

anO can be adumed by verying euthar R o¢ C. The recom-
menoed velues ot R, (0r 3 given irequency range. p1e shown
‘in Figure 4. Temperature 1180skty is OOtnum: for-d A 5] <
R < 200 L£1. Recommenoed values of Care from 1000 oF
100 100 ufF. . .. . .. -

Freq v $ 9 ond Modulats d
Freauency of osilietion is preoortions! 10 the total timing
cuerent, Hr, otown from Pin 7 or 8.

Y 3201y {ma) e

C uF) -

Timing terminals [Pin 7 or 8) are low-imoedance points,
and see internally biswed at +3V, with resnect 10 Pin 12,
Frequency veries linaarly with Iy, over ' wide ‘rangs of
current velues, Trom ) pA 10 3 mA. The frequency can
be conirolied dy soplying 3 conwrol voltage, Ve. 10 the
Clivered Liming Din a3 shown in Figure §, The irequency ol
orilavon is retated 10 Vool . e

1

1imeng resistor, R, connected 1o sither Pin 7 or 8. The fre-”

where Ve is in vohs The vollnﬂo-lrmemv cnmmo«
gin, K, is given a3: .

X+ HAVE -~ -"—:-g—m/v

o

CAUTION: For sale comanon ol ine cucust. it $10uid D
 limited 10 <3 mA.

Output Amolltude:
M3 oulow litvoe iv inversely PFOOONIONIE 10 the-
eatkrral reusior, Ry, connecied 10 Pin 3 Lee Figwe 2). For
1ine wove Sulout. amplilude 41 300rOsimaicly 50 iV peat
per 1.6 ot A3 for uiangie, the Desk sMOLILGE it SNOTLRI
matety 160 MV pesk per k1 o1 Rq, Thus, fo¢ caamoie,
Ry 50 1 {2 woul0 pIOOUCE 30O1ORMMALElY 23V sirunowdel
outoul smglitude.

Ampllwd:Moduluioa:
Quisul #mdhitudr tan be MOSUNIED Dy ISDIVING 3 OC Diss.
ana 3 moduiating signal 10 Pin 1, The interral smoeuance 5t
Pin | is aoorozwmately 100 k{L Ouiputl amohtuoe vares
lincasly with 1he 30plied voltage 3t Pin 1 lor veiues of dc
Di2s 81 10is DIA, within 24 volts ol V*/2 a3 shown in Figure
5. As iy bias fevet aoproaches V /2, tne phae of the -
outbul signal i3 reversed, and the ampDlituoe goes IVough
2ero. This procerty it suitable tor phasesnilt keying snd
—woueucnwmr-*u-qmmn Totwal dvnemic range f
£5d8. -~
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CAUTION: AM comfol Mt be used in cmyncuon weihh
3 wellveguiated wonly, unce the sulpul mumoc 0w
. becomes a lunction of V*

AV,
PR PRURILEG DA ST V£ of
EEA A \Ci* SN
EOUIVALENT
SCHEMATIC
DIAGRAM - -

=<




XR-2206 .

Figure 9:  Clrevit Connection for Fraguency Sweep.
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Figure 10: Circuit for Sine Wave Generstion without
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Figure 13: Ciecult for Pulse and Remp Generation.
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Figure 1%: Circuit 10; Sine Wave Gonerstion with
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