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ABSTRACT

Remote monitor is the monitoring of the data which obtain from the sensors and convert to the
measuring standard signal. The standard signal is in the analog form which is converted to be digital, then the
digital signal is converted to audio frequency. The audio frequency will be sent to the receiver by the radio. At
the receiver,- the another radio will be used to receive the signal, the signat will be demodulated by demodulator

in to digital signal. The digital signal will be processed and displayed by the computer.
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foyniNleniu MCS-51

9]299ULL Dual Inline Package (DIP) 49viavum 40 11

W vee + 5 Taad anansossddugnenisednuuy TTL 1#Trunse

+

- Fwmdsgprudrdgmiullsunsunielunung 4 Alelud
- aDfyg R 11.0592 winzdsd
- finefMuuLIWNY (Parallel Port) §wiLdieyaidteandniou 32 Iin

- ganmdtaniwANMEaInLengaqa 64 Halu

P11 2 39 f P00
P12 3 38 hy Po.1
P13 J4 arh Po2
P14 ds 36 b P03
P15 6 35 Po4
P16 7 34 pros
P7gd8 _  33pPoS
RTJ9 & 32 k07
PIORND J10 2 31 hEA
PRIMXD 411 § 30FAE
PI2ANTO 412 § 29 1 PSEN
‘ P33iNTI J13 # 28f P27
P3.4110 (] 14 27 P26
P35M1 15 26 f P25
P36MWR d 16 25 | P24 .
P3.JIRD 17 24 P23
x1aL2 418 23 P22
XTaL1 4 19 22 [-P2.1
vss d 20 21 f P20

1w 2.2 laazunsnyyves 8051 wuw DIP

al .
WRNSIIUEaI MCS-51

X
vce iloulwides + 5
J ) -~ (& ! !

VSS 1iAefUNTAsIMaIsn Ty
Port 0 iflu wafnwuaa 8 fin Tnel¥liviamafirds Avumisuasdeyatumicunmdn Taumedn 0
J k4 -l o P v -~ . ¥ d‘v v !
Havsddayaiisedarusuiiy udraendunmiwimiudeyasie

- ° Jv ] t'
Port 1 Haviwihwiuuasdedayswiniu

»

Port 2 lddeAsiumidy wmisuerauqimeuen fideensasde uaslfiflunemivuasdedayaiy

neuen
Port3  P3.0/RXD ( Serfal Input Port ) iz nifudieysuuneynsy

P3.1 / TXD( Serial Output Port ) 1y ieedioyauuaynm



P3.2 / INT 0 { External Interrupt )- WFudigyguinuiadanarainnitusn

P3.3/INT 1 { External Interrupt ) MFuftyryatuindanazannisuen

P3.4 / TO ( Timer/Counter O External Input ) 1n§Ltyryrcuidintuléianas Timer / Counter0 ¥inwva
fiffudoualyBaresdtyrytaiTo 1 viedtyoyios wRn Aty

P3.5 / T1 { Timer/Counter 1 External Input | w"FuftyryrnudinludTimer/Counter 1 Faiinns
uwmileuiy TO

P3.6 / WR ( External Data Memory Write Strobe } 1néityrytuasusuninidisutdeyslifomion
pndndmiudeyanisuen 8051

P3.7 / RD ( External Data Memory Read Strobe | 1ndtyryrmuasuAunizautiayaanuiog
AmRdvFITiaystuen
PST

Pdnarlin@dnnmineunes 8051 fun RST nmalussiifadumussrswineniiiu
nrafindeudnierasdn 1 Aasimmndimmine Ssmnsasiedaiuusgniauenssudem
RST ALWiAE + 5 Tagsl e Power on reset
ALE ( ADDRESS LATCH ENABLE )

é’rutquﬁw:ﬁ'uanﬁuqﬂmd nuen 8051 dwm:ﬁé’mtynmﬁ Active (LOOIC 1) s¥iinnz
sofioyaiidlu 8 vansasiuminniastardieuen 8051 AikesnsRasesentimiemedm 0
quUnralneusnazlddtyoytos ALE Lateh Foxa Hanznein 0
PSEN ( PROGRAM STORE ENABLE)

windssflunedn 1 uideilusedn 0 ARense A ( Fetch Instruction ) Fasrinhl
Menananniseaaudn dwfullsunnuintuen 8051 wAnsdlgaudnds Fafuegniely 8081
drynynafiaz i /Augnnay
EA ( EXTERNAL ACCESS )

fuduaedn 0 fmn EA uamsdntilsunsafisesnnstdinegnifulinieuen 8os1 &

Wuaedng uasadrlilsunmdifesnimieugniinelu Rom 801
XTAL 1

Mrasns &y drdisnanauanaiurueostfivieudnniling feenaslinar sealaw

]
v ot

weimeululise Crystal saurfuAnBwmef FeilAavssunos 20 pF
witgaudmely 8051
wdatiausaniely 8051 utiveanitiu 2 wuy Ae
- wdatarmRndmTulusunan (Program Area)
- wiwanuddwmiuiudeys (Data Area)
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OFFF
FFFF FFFF
INTERNAL
60K
FF
BYTES
SFRs 64K
. EXTERNAL 64K DIRECT BYTES
' ol BYIES ADDRESSING EXTERNAL
1000 EXTERNAL 80 | OMY
7F AND»~4
OFFF
axerres Drecs
INTERNAL ADDRESSING
0000 0000 00 - 0000

U7 23 uameAreIiaEAYINSY 8051

1 o o ~ [ g d ' o [ -3 o i

misgaudrdmividsunsy umdosrrudan 8051 dwiuiulisunsuneiezadi

8051 asvvmueGuilewliieeldiiy 8051 Jombssarmdrdmiullsunsuil  @rnsnienlsian
silumsiagaondnfiagniely 8051 senasuen 8051

whganudrdmideyan 8051 Wdmiuimrenndayarzudansinem Sanisaay
. do
AU 2wy

- wuuiivihiinuna 128 i agnnelu 8051

- wuuhigeeiiwne 64 K luvi dessesndudalinatuen 8051

mend 24 dhnictesudnniely 8051 Seilaunm 128 byte IasiiAnsnuiszeanio
i Aoud 00H fa 7FH Tmnurieendiu 3 ngu fal)

1. Register bank 0, bank 1, bank 2, ua¥ bank 3 4R MiNEANATT 00H B9 1FH
Tanissagudouiiuseenidu 4 9 qART 8 Byte wiargadundn BANK usiay Byte lu 1
BANKazTidnu84 Register 41 RO, R1, R3, R4, R5, R6, R7, Reguster ,mdﬂﬁa:ﬁ%éﬁﬁunn BANK
Tnesaiid Auwmnisseamieanudt lunisldauss W infas 1 BANK vy Tasmatavuasn
u Register PSW m13797t 2.4 1flu Register WARY BANK ULRYANATUMINTENMUIEANAN

2. Bit Address Area umintiA NS AWMU 20H T 2FH wmieansausAssiin
WAl vannsonmsseieddn 1 wie 0 launnslsunm ualuudasiinvestoyalu
wianmudtseiiAAumisiely Memory Map AIWT 25

3. Scratched Pod Area udoauiianAoadnsumis 30H B9 7FH  sissmanadnlutash

annzolfenlumaiiudieyaviall gy Stact Pointer
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MWW INYIY  €——— 266 | 7F | E ; 7D
2EH ” 76 15 4 7 T2 n 70

c Fy:) RS 0 keI

aNnunasy
204 6F €€ 6D 6C [3:] 6A .1+ 6€E

> P
‘vo:‘{amu‘lu 8051 2an| 67 [ ee | 6s | 64« | 63 | 62 | &1 | <0

284 SF SE s0 sC 58 5A 50 58

281, 57 56 55 54 53 s2 51 50

20H 4F 4E 4D 4C 48 4A 49 486

28H € 46 &5 4 43 42 a1 40

H 3F 3E £30 ac e JA 39 a8

26H kg 36 as M a3 32 a3t 30

25H 2F 2€ 20 2c 28 2A 29 28

24H b4 26 25 24 23 22 21 20

234 ¥ i€ 0 1c 18 1A 1 19
224 ” 1w 15 AL n 12 n 10
2 OF 3 ©0 oC 08, OA o o8
20H o7 06 os 04 03 02 o1 00
WH
Benk 3
®H
H
Baok 2
104
OFH
- Bank 1
o8H
OrH
Bank O
00H

AN 2.4 wdagaauannelu 8051

MEMMORY ADDRESS
REGISTER
BANK 0 BANK 1 BANK 2 BANK 3

RO 0 8 10 18
R1 1 9 n 19
R2 2 A 12 20
R3 3 8 13 2
R4 4 C 14 22
RS ) D 15 23
R6 6 E 16 24
R7 7 F 17 25

ANTNT 2.5 UAAIAILALNMLIEAIININTAA AR T



Flag Register
. i 3 @ i - Z ) o
{flu Register AdifiuanaziifatuszwdrenisAuans  vitesrdiden Bank veq 8051
. ‘& <
Register fina PSW Program Status Word flaum 8 1in

PSWO TN 0 Ae Party bit lntazldiuandalu Register Acoumulator & 1 ludtuaugvide

-] d'
TUIUA
psw.1iin1  Dmdldlaldeu
f - a‘ o ‘;’a © v o o 3 )
PSW21im2 #Aa Overflow Flag (fuiinfivennisinuanniu M liiAadanasulusendng

© L : oy -y dl ar Ly d'
nzduatamaiiiaan finh 6 Tlgaiinh 7
<y o - o -1 ] o a‘ - . -1 i’ .
PSW3Tn3  dwsy 2 Tnil axldensanduiedlusavendraneilld Register RO T R7

1 BANK 1o fiamnsnedinesng

PSW.5 dueunilseasd
PSW.6 Aa Auxiliary Flag
PSW.7 Ao Carry Fiag
[ (MSB) (LSB)
[cv T ac [ 0o [ RSt [ R0 [ ov | — | P |
Symbol, Posltion Name and Significance Symbol Position Name and Significance
CcY PSW.7  Carmryflag. ov PSW.2  Overflow flag.
AC PSW.6'  Auxiliary Carry flag. (For Gt PSW.1  User definable tiag.
BCD operations). P PSW.O  Parity flag.
FO PSW.5  Flag O (Available to the Set/cleared by hardware
user for general purposes) each instruction cycle to
RS1 PSW.4  Register bank select indicate an  odd/even
RSO PSW.3  conliol bits 1 & O. Set/ number of *one” bits in the
Cleared by software 10 Accumulator, ie., even
determine working register parity.
bank (see Note). Note :
The conlents of (RS1, RS0) enable the working
register banks as follows :
{0.0)~-Bank0  (OOH-07H)
(0.1)-Bank 1  (08H-OFH)
(1.0)-Bark2  (10H-17H)
L (1.1)-Bank3  (18H-1FH)

U 2.6 ugAd Flag Register

Spectial Funtion Register, SFR

1

T 8051 3 Register MawiLldenuaniy Aedayaiigninliiulilu

. X
Register (MATUIRTH

PIVUNELENNTAIU8S Register  InBUsiaz Register aziifnumisrassioiues Augaaiuniredag

f19 FIANAITNALUARY Symbol LATTBUD Register uﬂ:ﬁaqqmﬁqﬂﬁﬂ ATUNLTDY Register




et e e et e . . oo+

in 4 (RBI) ﬁ'nﬁ' 3 (RBO) Register bank address
0 0 0" 00H-07H
Q | ] 08H-OFH
1 0 2 10H-17H
1 1 3 18H-1FH

mmﬁ 2.7 u&mINT Enable Working Register Bank

Symbol Name Address
*ACC Accululator OEOH
‘8 B Register OFOH
PSW Program Status Word ODOH
sp Stack Pointer 81H
DPTR Data Pointer 2 Bytes
DPL Low Byte 82H
DPH High Byte 33H
*PO Pot O 80H
*P1 Port 1 . 90H
‘P2 Port 2 OAOH
*P3 Port 3 OBOH
P Interrupt Priority Controt oBsH
*E Interrupt Enable Control OABH
T™MOD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 88H
*+T2CON Timer/Counter 2 Contiot 0C8H
THO Timer/Counter 0 High Byte 8CH
TLO Timet/Counter O Low Byte B8AH
TH1 Timer/Counter 1 High Byte 80H
T Timer/Counter 1 Low Byte 8BH
+TH2 Tumer/Counter 1 High Byle OCDH
+T2 Timer/Counter 2 Low Byte OCCH
+RCAP2H TIC 2 Caplure Reg. High Byle OCBH
+RCAP2L T/C Capture Reg. Low Byte 0CAH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
PCON Power Control 87H
*IOCON (1) 1O Control FBH

+80C52and 83C1S4'0only . *bit addressable
(1) 83C154 only

WIT'N‘?; 2.8 Symbol , Name WaY Address 193 SFR

i (4 H 1 ° ) - ' 5 & ' .
ua:m‘mqﬁ 29 uﬁmmmLmuwmﬂm'mmum:umwn;ﬂi’wmquq:mmﬁ Register

273 ) 1 . A [ v
SFR aslderuanisetinalaedae SFR @nsnsauddeuuy Bit Address (A9 1T luNNIRTIRGELIANY

. v (- z
st Fsmdatu.
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8 Special
la);&d Function
Register
Adaiess Bd Address Symbot
(MSB) [(R:))
4 WOT T32 SERR 1ZC P3IHZ P2HZ PIHZ ALF
5 oFeH | FF [ FE [ FD | FC [ FB | A | 9 | F8 ] 1OCON

oFoH [Fr I Fe [FsTFa JF3[FR2[F [F0]) B
ocoH [ €7 [ €6 [ €5 [ €4 [ €3 [ E2 [ €1 [ €0 ] acc

CY AC FO RS1 RSO OV Fit P
ODOH [ D7 [ O6 [ DS D4 [ D3 [ D2 J Ot J D0 ] Psw

OCDOH Not Bit Aodressable TH2
OCCH Not Bit Addressable T2
oCBH Not Bt Addessable RCAP2H
OCAH Not Bit Agdressable RCAP2L

1F2 EXF2 RCLK TOLK EXEN2 TR2 CN2 O3
oceH [CFJCEJowJcCTcos[cafcafce] tacon
PCT P12 PS PT1 PXI P10 PXO
0B8H | B | - | BO ] BC[ BB [BA[BI[BE] ®
o6oH [ B7 [ 86 [ B5 [ B84 [ 63 [ B2 B1 [ BO] P3

EA ET2 ES ETt EX1 ETO EX0
oa8H [AF ] - JTAaD[ACTAB [AATAS T AB] E
oOAH [ TAas[As M AATR[AITA] P2
99H | Not Bit Addressable ] sBuF

SMO SM1 SM2 REN TB8 RBS TI
98H L9F]9€190]9C]98J9A[99]j SCON
90H [97 J96 ] 95 T94 939291 [90] ps

8DH Not Bit Addressable TH1
8CH Not Bit Addressabile THO
BBH Not Bt Adgressabie T
8AH Not Bt Addressabie TL0
89H Not Bil Agdressable TMOD

TR TR1 TF0 TRO IE1 M1 €O MO
88H 6F [ 8E ] 8D [ 8C | 8B [ 8A |89 [ 868 | 1CON

B7H Not Bit Addressable PCON
83H Not Bit Addiessable OPH
B82H Not Bit Addressable DRt
81H Not Bt Addressabie sp
80H 87 [ 86 [ 85 [ 8¢ [ 83 [ 82 [ 81 [ 80 ] PO

dl (P4 ] ] © 3 <x
IL"VI 2.9 LAAIATATLUUIVUILAINUITUARTUN

N159119U 184 Special Function Register
1. Accumulater Register Haum 8 fin AlddwiumsAunasiiuAg sl uen

kA
=

veudayaannntuen Teseding Register 1
2. B.Register a1l Register NlfdmIuN1sANL waznIns Int Register B AziiufgnIUAL

&~ o < o y o [ . < o
HEAaNT LN 8 N 15 ‘h‘lﬂqa/\]ﬂ']?qm ATUTUNITNNT Register B RUNUAMMTURTHNANITUNT
3. Programs status word AINNAIINIURD

4. Stack Pointer Register HariuAwnisrasniopacndinely 8051 NlFRUAWM

ArreallzunsnriouinuAida CALL uaz PUSH
H . . X . L7 i . ¢¥ o
5: Data Pointer Register {8l Register Alauns 12 Bit wiiahues Register ulgdm

v o

AU

Tuminime1uan
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6. PORT 08 3  unilddsseiudaysanaiauandty 8051

7. Serial Data Buffer

Serial Data Buffer

Reawefiiinne 8 On usslanahumdludsdtamedll 2 fRifodatufavik
dmiufufeysfissdasuueynsunenain 8051 uasBndauilidiuiideysuneynmudun &
11t Serial Port 984 8051 Seindniinnmine iy Full Duplex wnzansagaasiudeyaliluean
FeofuifesinTiRamefdviudauesiuueneenaintu  deyafiresnmazdeeaniliiulisada
e SBUF ufadeanilidetoyseanin deyaliddames azdudeentanduanin 0 & 7 aw
iy drdeyaifayndium RED AazgnifulifhiFdameAilnuiedndeysinuniidnunie
in 0 Serial Port qzsnsonualinisinau U - de daysuvueynsul® 4 Tua (MODE) Tatinns
AualiF3awmes SCON (Serial Port Control Register) uAasTug N13199189 Serial Port figail

MODE 0 'I.uTum"fq:ﬁmﬁw?ﬂd«'fﬂqauuuaqn‘mmqm RXD uazn TXD avdadoynynod
Clogk M wiuideu (shify dayn 1 gavaviiayaazilrzneusisdoys 8 DninfuuazarFunsiy
defiayn - defoyaaniin 0 suthiin 7 auddu Samnsdediayauuuaynauaziaiy 1712 win

raeANDS Yy U R s 1L 8051

Least Significant bit Most significant bit
{ {

0 1 2 3 4 5 6 7

Start bit DATA Stop bit

il 210 qedayeaynsuluiuun 1

MODE 1 fiayafi - de 1 qalulvumiiazi] 10 On Humaemn RXD uez TXD mndndudEx
Fun133 - de dloyasan Start bit 1 bit (weAniu 0, daya 8 fin (Fwaaniin 01, Stop bit 1 bit (983N
nnsdedeyatunniiiisen) 2.10 HeAdayreynmudnndeys 8 inazgniiuluidawmes SBUF uaz
Stop bit axgrifLl3Aiin RB8 hiFdames SCON Tumsdedoyasaniiaz@audeyafifnenisdehlied
Immes SBUF dnmnisdedayslubmsiianunsosmmsléanadenisiaeasiuiuninia Overfiow

U Timer 1
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MODE 2 msfu - slefiayaradiuum 2 1 geasil 11 dn doysqzdinantiumee TXD uaz

Fudanvinem RXD SeyaudnzymazFufiudon Start bit 1 bit, Teya 8 In (Fuaniiv 0, deysdivi
o - . - - 4 4 : o '

9 47mau 1 Ivuaz Stop Bit 8n 1 dndieysini 9 fazdenaniianunsonmvualddnazifiu 1 vide 0

- L4 ) : 4 o
garnsdediayaarimunliidu 132 viie 1/64 winsespauddoynrnuninldiu 805t

Least significant bit Most significant bit

t , t

o 1f2)3]|4fs|6]71]38

Start bit ﬁY*I

9 Stop bit
,‘% 1 gRvaItoNa ol
] « ']

717 2.1 qadioyseynailuluum 2

J £ o ) o« o’
MODE 3 nsdediayatuuail 1 gadl 11 fin wilewiulvue 2 ynuszmsuandnaiunsedne
] 'V’ o k73 X g ‘! L
nsdedieyaviniy fe damnirdedayalulin 3 Usunsoriuualdausienis taessuiums

{fim Overflow 1 Timer 1 ilauriutvng 1
SCON (Serial Port Control Register)
FRawad SCON Hmum 8 On WhwmFupmauntsduasidayatiunig Serial Port  wsiaL

L4 ]
Tinvaefioyahifdawmedil Haroumunugwisaiqlil 2.12

SCON ; SERIAL PORT CONTROL REGISTER BIT ADDRESSABLE.

SMO SM1 SM2 REN TB8 RB8 TI Ri

SMO  SCON.7 Serial Port Mode Specifier. (NOTE 1)

SM1  SCON.6 Serial Port Mode Spscifier. (NOTE 1)

SM2 SCON.5 Enables the multiprocessor communication feature in mode 2 & 3. In mode 2 or 3. if SM2
is set to 1 then RI will not be activated if the received 9 th date bit (RB8) is 0. Inmode 1. it
SM2=1 then RI will not be activated if a valid stop bit was not received.in mode 0.5m2 Should be

0. (See Table 9)
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REN  SCON.4 Set/Cleared by software to Enable/Disable reception.

88 SCON.3 The 9 th bit that will be transmitted in modes 2&3 Set/Cleared by software.

RB8  SCON.2 In modes 2&3. is the 9 th data bit that was received. In mode1.if SM2=0.RB8 is the stop
bit that was received. in mode 0. RBS8 is not used.

Tl SCON.1 Transmit Interrupt flag. Set by hardware at the end of the 8th bit time in mode Q. or
at the beginning of the stop bit in the other modes. Must be cleared by soffware.

RI SCON.O Receive interrupt flag. Set by hardware at the end of the 8th bit time mode 0. or
halfway through the stop bit time in the other modes {except see SM2) Must be cleared by
software.

NOTE 1
SMO | SM1 | Mode Description Baud Rate

3 0 0 0 Shift Register ;:osc./12
0 1 1 8-Bit UART Variable
1 0 2 9-Bit UART Fosc./64 OR
Fosc.f32
1 1 3 9-Bit UART Variable
SERIAL PORT SET-UP;
t MODE SCON SM2 VARIATION
0 10H
1 S0H Single Processor
2 90h Environment
3 DOH {SM2=0)
0 NA
1 70H Multiprocessor
2 BOH Environment
3 FOH (SM2=1)

A3197 2.12 Serial Port Control Register (SCON)
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: - g - i - A [ 4
lumied 212 in Rl sziluBeresiin 0 uaz SMO azfluiinh 7 vediaames SCON e

ANV EUTEN TN NTUIBIUARETINTIAAT

RI Receive Interrupt Flag
- 1 a ' 4 v ‘o" -
Dinilazgninuusiag anfauaflitidndlu 0 vie 1 Tasdluntsfudayaluus 0 viuiin RB8 &

fiinihy 1 defifayadiwnaruns 8 in daluluuntuiin RBS sy 1 Arededeyadinniea

ATaniiaes Stop Bit .

TI Transmit Interrupt Flag
Arluiin T azgninvuslfiflu 1 vide 0 fapanfauef Taelunisdediayautueynauiuus 0

inil aziflu 1 Wisazuendindadiayalifiawes SBUF eenlimenefmeynsuasuia 8 in wsitn

flunsdsdiayauiiaynaluvunau avinlideyalutin Ti iy 1 WeGunnrde Stop Bit

RBS

4 a v v

WalimmavusWiiudeyaluluus 2 war 3 <<l4iinil

a k4

K~ A\ Y
wmidudeyaind 9 Adame
nem

aynsy fouluum 1 uliviiazifiu Stop bit el 1 Tuiealulunm 0 Tnilachignlden

va o o P A '
88  lunsdedleysuuiaynsulvue 2 uar 3 axliintifudeysiing 9 doulmumduarbilfay

a &
unu

REN Receive Enable

Fuiinfiar e Winnefdeyednnannmemaieyn sifebiimiliu 1 fecfy
Fayaudnn widudlu 0 Aazhifudeyed RXD
SM2

WufimdrvFusuaunnirnuresadaurasinWion Al D 1 viel lunsdifitn sM2
i 0 Avluiin R Aesdulnadiliesinenuds udesdn R withiin sM2 = 1Tuum 2 uae 3
UnAudsin Rl ez 1 e sM2 {1 uda RIazdlu 1 fAsiedle deyaindl 9 Adnandidudy |
drdayeding ¢ dhand 0 szl ltn Al At 1l 1 n R S eteys
Stop Bit Wnanafmeynsugndiaeusidh Stop Bit Bidundweimeynsu dusisiniaanilycy

v
wilumsdedeysudolin R afidndy 0 Wluue 0 Tndiaziidnduy 0 wue

SMO, sM1
= : v ] v 3 o o - . g - A:I‘
du 2 Snitldedaiuiesmusimnteanisiu-dediayasemeimeyntu flu 2 finli

e v e “i’
aznuniuun st



SMO SM1 MODE Description
0 0 0 Shift register
0 1 1 8-bit UART
1 0 2 9-bit UART
1 1 3 9-bit UART

mevnueausasiuunssiifslutasaly

TIMER Register

Tu 8051 axfineas Timer @ 2 @ Av Tme O uay Tme 1 14 Time usarqe a:il

Register 1uns. 8 i a¢ 2 Aadaiusnniuges Timer 1Hgeqats 16 T lu Timer 0 734
l“: E « (-3 U (e - t

waFiiRs THO, TLO wuazlu Timer 1 Aedaqwmad TH1 TLT Tix aziiuAizen sty 8 iinausy

THx |TNUATTEINATIL 8 Tinuu

TMOD Timer / Counter mode register

GATE CfT M1 Mo GATE CfT M1 MO

3

TIMER 1 TIMER O

GATE  When Trx (in TCON) is set and GATE = 1. TIMER/COUNTERx will run only while INTx pin is high
(hardware control). When GATE = 0. TIMER/COUNTERXx will run only while TRx = 1 (software
control).

cm Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for
Counter operation {input form Tx input pin}.

M1 Mods selector bit (NOTE 1)

MO Mode selector bit (NOTE 1)
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NOTE 1:

M1 MO Operating Mode

0 0 0 13-bit Timer
0 1 1 16-bit Timer/Counter
1 0 2 8-bit Auto-Reload Timer/Counter
1 1 3 {Timer Q) TLO is an &bit Timer/Counter controlled by the
standard Timer O control bits. THO is an 8-bit Timer and is

controlled by Timer 1 control bits.

1 1 3 {Timer 1) Timer/Counter 1 Stopped.

g‘dﬁ 2.14 TMOD Timer / Counter Mode Register
GATE  wiluiiniWmounsld Timer vneniel Srimilves Tmer X gnaadu 1 asinl
Timer ¥ ufisiediafisn INTx Reantezesdndhu 1 uaxiin TRx hiddawes TCON
Wy 1 A
c/T  Ivillidwiu@ennisineaes Timer d1exlfidlu Timer e Counter
MIMO 2 Sviildfauiufie@enTmaniminemizes Tmer nasvnemiumnm 0, 1 uay 2

284 Timer 0 azwiaui Timer 1 wilulus 3

M1 MO AN

.0 0 | e 0 FRqwmef THX usy TIX vinsaludony 13 snmniy 8 finuu

12N 8 finwes THX uazdin 5 dnannann 6 dindwaedaamed TX tny
7l 3 Tnuy vee TIX azhifessulawee

0 1 Tus 1 F3awmef THX usz Tix vinsiadludaiiu 16 TinAranniaiy 8 finaghis

Aawmed THX uavAranmniy 8 fivdweghistawmas Tix

1 0 Tum 2 lunsuredaames TLX 1unn 8 Tndjeiutrngegana FrH devin

. nsdurellazifiantg Overflow ufafiaz “Reload” wrdayaann THX il

1 TIX aluAGuslunisiuafsall

~

1 1 T8 3 AYIN9TUEER Timer 0 Uay Timer 1 azAiuANsznasaly
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TCON Timer Control Register
- - : . . . 1
Rawefrun 8 v Dldmuagumaitnuuar venanazeed Timer 0 UaE Time 1 WA

- 3 g-s' ° . [ {
Dingesframe R uANIuUAIANINT 2,16

]

TF1 TR1 TFO | TRO [EQ T {EO IT0

i

TF1  TCON.7 Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflow. Cleared by
hardware as processor vectors to the interrupt service routine.
TR1 TCON.6 Timer 1 run control bit. Set/Cleared by software to turn Timer/Counter 1 ON/OFF.
TFO TCON.5 Timer O overflow flag. Set by hardware when the Timer/Counter O overflows. Cleared by
ﬁ hardware as processor vectors to the service routine.
TRO TCON.4 Timer O run control bit. Set/Cleared by software to tum Timer/Counter 0 ON/OFF.
IE1  TCON.3 External Interrupt 1 edge Flag. Set by hardware when External interrupt edge is detected.
; Cleared by hardware when interrupt is processed.
Tt TCON.2 interrupt 1 type control bit. Set / Cleared by software to specify failling edge / flow level
triggered.External Interrupt.
IE0  TCON.1 External Interrupt O edge flag. Set by hardware when External Interrupt edge detected.
Cleared by hardware when interrupt is processed.
iT0 TCON.O Interrupt O type control bit.Set/Cleared by software to specify failling edgeflow level

triggered External Interrupt.

mrwﬁ 2.16 TCON Timer Control Register
IE Interrupt Enable Register

o o e 4 4 3 Y J J e .
mriadarrnmieudunmiidyyinmviofesduntion asilinimitnunindnfzes

Wrunsugnindenazlu 8051 avannrndadavasfandyyiniann 6 unasiagn 217
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0
>
0
1
INTERRUPT
TF1

' A O

m——] >—————
EXF2

(BOC52 AND 83C154 ONLY)

d‘ ‘. @ - o
g 217 wndainiindryrutadouns

fyyruiindaazit 5 luplit 217 avaansoinlifansindonadls 238 Ae fideysidn
wmaineynsuiuegniRainef SBUF uaznadindeyalu SBUF demenlumenefmeynsuvun
t A ° vV -~ L o X
uda Bidanadila q Mialinanrindamaziu

PCON (Power Control Register)

Syimbol  Position Name and Function

SMOD PCON.7 Double Baud rate bit. When set to a 1. thebaud rate is doubled when
the serial port is being used in either modes 1, 2 or 3 .

HPD PCON.6 Hard power Down bit. Setting this bit alfows CPU to enter in Power
Down (83C154 state on an external event {1 to O transition] on bit
T1 (P.3-5} the CPU quit only ) the Hard Power Down miode when bit
T1 (P.3-5) go high or when reset is activated.

RPD 'PCON.5 Recover from idle or Power Down bit. When 0 RPD has no effect.
When 1 ( 83C154 RPD Permits to exit from idle or Power Down
with any non enabled interrupt only Jsouice {except timex 2) In this

case the program start at the next address. When interrupt is

enabled the appropriate interrupt routine is serviced.
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Symbol  Position Name and Function
- PCON.4 {Reserved)
GF1 PCON.3 General-purpose flag bit.
GFO PCON.2 General-purpose flag bit.
PD PCON.1 Power Down bit. Setting this bit activates power down operation.
IDL PCON.O Ide mode bit. Setting the bit activates idle mode operation.

ﬂ’l?’ld# 2.18 PCON : Power Control Register

gos1  ihibilastiisneulnafiafrdusanmatuledifesuy CHMOS uae HMOS Feuun
CHMOS idednniiliradeinduuy  HMOS  Auiusiehluswunandeszlusianiziu CHMOS
Wit uanaaniiude 8051 seiiferanmssfiannmannisldindeinasldlagniaminnulu ide Mode
uaT
Power Down Mode 1 Ide Mode 1 frynnuuniniseanainesadainimeiasiionliianizdou
Interrupt, Serial Port W& Timer IugoudusififyunfinrluSes uAstinAEs Wisumndaulu
amnslrndan3aamaann ol Power Down Mode T easdaiainef axmgmineuinbilil
é’tyrmmmﬁmﬂﬂtéﬂ«hu’lm 1 tuanasuideyanahifdsmeiasiiag aybigoywield e
azBuavausiasiunayidnarosiehl

sMOD T 7  dhiimildsaluntsiovusdasnisdedoys Baud Ratel  HuMneaynIy
Folunsdude deyatimaanefmeynsn a1 wer 3 azannsoivuadasnisdeieyals
Nz Overflow Tu Timer 1 vy 1 ﬂ:ﬁ’\‘lﬁﬂ“ﬂﬂmtdﬁiﬂymﬁu‘ﬁu 2 Wih 18

viBuandedioyatinunaimaynin

MefauasSuUtayYALLLBYNTUNTY 8051
dmfu MCS 8051  gnansndeusriudayaeynsuuuy  Universal Asynchrous Receive

Transmitter (UART) WLl Full Duplex #ieninsaianguisunlunisfuedaldte 4 uuu
dmitlulareuldidanlinisdauasiudoyslu MODE 1

Least Significant Bit Most Significant Bit

Start Bit DATA Stop Bit

037310
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Tae Jona@izuds 90 fauan 10 I

Start  bit 1 fin (Logic 0)

DATA bit 8 iin

Stop  hit 1 i (Logic 1)
uazdaramF unnsdetiayaiiAdiu 9600 bfs .

Tngdrrpuialunsivdedons Arwauldaanannis .

Baud rate = 2 SMoo X Oscillator Frequency
32 2 x [256-(TH1) ]

sanlasegmldiomuald Timer 1 M uln Mode 2 uazmem@ssuuwindy 11.089 MHz iin

SMOD = 0 uadL Register TH1 = FDH. (253) D

0
Baud rate = 2 X 11.059 MHz
32 12 x [256-253]
Baud rate = 9600 b/s

.

unminlunsdaussiuieys  wazdnmanudalumsdedeyasssiamionisldew SR

1 ) d"
AY ] AU

SCON (Serial Port Control Register)

SCON il Register toAILANNsduazIdeyauLIL Serial Port il 1savun Tu
nsfugadiayarinanily MODET Tnedays 1 9n Tlauaa 10 v TeussneudaeStar Bitt In (Logic
0), Data Bit 8 {in uaz Stop Bit 1 Tm (Logic 1) wazillu Register e MINsFLdayaEmmAY RXD.
TMOD ,(Timer / Counter Mode Register)

TMOD 1 Register imiiiaTuANNMTiITe a3 Timer Wi Counter Tunnsldamuiiatvua
Wbl Timer 1 wasiBannimineueed Timer 1 W Mode 2 Taemineruuuy “Reload” uas
du Register Mdusatmualy 2easlunsfi-darinay
TCON iTimer Control Register)

TCON lu Register WaldmmanoUENITNTHNMTEY Timer WARE Register
flunsamaseuinifeyadnaume RXD visel uazlimreagerlunisdedioys
{E {Interupt Enable Register)

i

IE vlu Register MdAauAnluNIg Interupt
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PCON (Power Control Register)

PCON 1iu Register finauaunisliden tugtliasniseanndenu uardasuialuntsdadaya

Registertamaafing nasniiazf sminanifaeandastunundeasinlnsiugdayauuy
Universal Asynchonous Receive Transmitter (UART) vneuludmemeaida (Baud Rate) fifiawun 'lugﬂ";;
219 1 Diagram 899947 Timer 1 11 8051 Awinanilu Mode 2 Feazlilunnsiomuadnamanause
unsdeunsiudeyn Tannnminausesiavuslu Register SFR. naNwiuA Baud Rate 1 IBrvun
A THT 482299719711 Mode Timer 1 TatinuaRion C /T Iaumanud OSC azgnassnmns 12
mmﬂfﬁ;:Control Fatiunng START Tiaeaminau ﬁ??umjﬁn Output 184 AND Gate #3l Logic “1” T

gnaduANsaE TR1 UAY Gate %38 INT

osc | ~12-——l
CT=0

y el - /l (aréi,ts) »{ 1F1 ‘= INTERRUPT
I C/T- 1 {
T1PIN | CONTROL
—p—— e} -~
RELOAD
GATE TH1
(8 Bits)

NTO PIN

' oo
7U7. 2.19 laazunsuyes Timer 1 T 805171711971 U Mode 2
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71 220 1T Diagram veslasea¥wnielu 8051 NlumsFunardediaya wfeu Timming Diagram

ign s AR Z o _ZTMRS TR IRTERRACHYS —

ovEmMiow OvVERFLDW

wo

AQOCKY A A 1 A A ) 1 ) § [ 1 ) { ) {
MWULIV SOK, =
T LD ST
i E’l LN (15 A T

} 141 & AT ) | A y 1 A 2. 1 A el
1 IJIZE'__

W:"o(u | TN T

-18 1
A Q00 5 A q A A A A

Serial Port mode (

nevirerulum 1

nsAiays
[anguiin SMOD azifludaidendn dnygyans Timer 1 Overflow Migallfaeasmns 16 axgnuns

2 rieuneli 81 SMOD i 1 dryryacu Timer 1 Overflow azlignuns uddn smoD v 16tygyand
Timer Overfiow azgnunz 2 reuszdinsanng 16 mrdedeynaduannsfiigids Fuudiayatl
fli7aaimeT SBUF ariidtyryntu Write to SBUF lﬁﬂ%ﬂl‘ﬂﬂﬁfﬂiﬂﬁﬁﬁn Internal Bus AMuUWhlSUETAR
\eF SBUF uazvinliiowinnaes D FLIP FLOP wdneses SBUF Handlu 1 wezidluiind 9 vesnnsss
dayadtyoyns Wiite to SBUF fladaluéia X Control #iat ﬂm:ﬁﬁﬂya'luwﬂmﬁ 16 TAfluarlsld
narwAsazmmaundtiayalunsenns 16 duiduniingegaudoundudu 0 Aefanizundy

nliGumrddieyannan S1P1 reslaiRsrroedall (Mededeyaesnasdiniusiuniniia Overflow

i
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Tuneaning 16) deyeyaos SEND aan TX Control ilitugnnazasanidlu 0 ué’ot’éudqiﬂqaﬂtﬂu Start
Bit (0) aen') dinde Start Bt aenluda9ess X Control fazvintiidtynyimu DATA iy 1 daideu
Hiayaly SBUF san'yl Guandn 0 quiedindl 7 mﬁ‘dﬁﬂqa'ﬁq:Lﬁmﬁmﬁﬂd’mm'\m TX Clock wlanu
aouzdon 0 il 1 Aalugui 36 vusiideyagnideuseniuifu axil 0 gnideuimsihtredia
wnaf SBUF Lﬁﬂﬁwm&‘ﬂuﬂﬂn’lﬂﬁ'ﬂ 8 v udafinil 9 Fedhu 1 Lm:muﬁuﬂfjw\ﬁmqmzqnLﬁ'ﬂum
agluAuwiigavinen e resFRawmes SBUF uasnedrtreeudniiaci 0 et 8 I lu SBUF v
I Zero Detector Fiilufiayaiingaieudafideeen  lnsasiidyqrannuandines  TX Contrd
#an 1ile TX Control dhafityrynns Shif sanliflunnsdedioyaiingarine @n 7 eanll favsedn 1
TX Clock (Bit Clock) fiazvinl¥un TXD dediayn Stop Bit (1) eanw &fynyru DATA Faflantazaedn
dhi 1 mstfquviﬁ'*udqi'mgaﬁwo fasnduidis 0 usyin T axiu 1 evenmsfuganizdedoyn

:: 4 d - H - 3 1 “‘ a
vanumasBugaaailadtynyins TX Clock loAsh 10 Hussusdyoynnd SEND wlasusgnizesdniiu 0

ne5utays

o~ z L o - lx L 1 - -
nrfudiayassuiudnesaniaiia Overflow lu Timer 1 ugauas 2 wia birufuAeslin SMOD

'
2

dynrnsiiaghlidnasanne 16 wasifusanwusdnmnsiudeys nsfudieyaaziingingsas 1-70-0
Transtition Detector wudndtyaynufinn RXD wltuann 1 1 0 Fevnefefidioyn Start bit han ms
nﬂqaﬂuﬁﬁznnﬁ'}ﬁoﬂé’ﬂmﬁmﬁudrytyﬂm‘fiLﬂ'\fms‘m? 16 dlenunsulasuaniuzasandt RXD
fazunsiudaye yuziiaFiinasanns 16 Wilduiu 0 WeaFndtyoyaos AX Clock Wifindamaz
{Synchronous) ﬁui’ﬂgaﬁtﬁquﬂﬂﬁ’zymwm RX Clock ez 1 uilanamiumesasasuns 16 Healu 15
uziasaning 16 il 7, 8 uey 9 axiineameseuipyeiidnaniduni Silunamsaey St
BitudanLinAanarn Aebidu 0 AsFdinmninuiellamessunisu@susaiuzantdi 0 vas
Hayadien AXD i uAdmu Start Bit faziudeyarovuafidnanlauReuteyadinliea Input Shift
Reister ﬁﬁd’mmwmmmaumﬂgﬂuiﬂga (Shift) @aunaan RX Control 'luﬂﬂufi'*uﬁumﬁuiaqmzﬁ
nndtudiays 1FFH Tuiuly tnput Shift Register 20usd i’ﬂqaqméﬂutﬁﬂﬂm«mwm Input Shift
Register f1axdl 1 gnieusantumsiremnaiiiidieyadnan de St it #Fudmngnieniuteie
#AY9Y Input Shift Register fiazildtynyrnslluan RX Control Clock wasandiayaiingavinudranugon
zlvfn (Load) tondiaye 8 Dvlfinhiddawes SBUF wiewiha Set Anluiin RI use RBS va<3ia
waf SCON winsiaadayaliiuiissfatuliisedte

1. Bl =0 uas

2. SM2 =0 vitedh SM2= 1 asiesl#Fu Stop Bit 1w 1

Ehiflanndlaanamiidinoude  JeyeRiudantargnicileliineeiiul3ia
wef SBUF dhilaninsdenanagnsies Stop Bit sxgninlUiiuhiiawmes RBS uaz v Rl azdlu 1us

Lidwis 2 nedlazdmidebiflazndullgnimnsasniaznfowain 1 du 0 finn RXD WeFudieyade
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Wunfudeyswmeynaiiwunt 1 Sasmzdedioyausasiin (Baud Ratel arBufLEATINTTNA

Overflow 1 Timer 1 fiagunng

‘ SMOD
Baud Rate = 2 x ( Timer 1 Overflow Rate }

32

Tuanisil Timer 1 Wufafvua Baud Rate Hazfies Disable bilifansindaunziiinan
a1z Overflow Timer 1 8194 ulungag Timer 1138 Counter F1% FaifioiuhuddameFniufirgegn
wdanduanidhu 0 faziAin Overflow duFEaMy uAlatnALdaLld Timer 1 iluBmnves Timer 7
NIV Auto Reload T 2 iednileslunniuisedaames TU1 fergegaiiaziuananli

e TH1 ¥y T dwiudumGuduniniuselSy Baud Rate axiimn

SMOD
Baud Reat = 2 X Oscillator Frequency

. 32 12 x [ 266 - (TH1) |

{me# SMOD ulvuiialiFdawmas PCON 1uRINDIataataIaAaFvAT 11.059 Mhz Tin SMOD =

0 FRawes THT A1 E8H, Timer 1 neilulius 2 aLlddndmanisds-Fudoyauuueynaa

6
= 2 X 11088 x 10
32 12 x [ 256 - 232 }
6
= 1 X 11059 x 10
32 12 x 24

n

1200 1w/ Su#

22 wnguij INPUT/OUT PUT PORT Tnely 8255

SHIFT 8255 Tled LS 1u1m 40 10 sy 222 Fousadmumnianesnnsing 4 ¥ 40 19

o [ ¢

amFunii 221 wasumutanelues 8255 33 8265 Tiiwamduiufudedayaagfoniu 3 wain i

Yo - - é’ . P -~ I '
Ioll wai A B uar C latimesw C Uazutiveeniiiu 2 €ou Ae wam C uu (CLO) Muwedm C 8
o -« J 1 o i o -« - o .
(CHI) uszfiaiiBnwaiuiia Toimwiiacuaunisiueawem A, B uar C Inefufrdanain CPU
[ 4 J 1 [ 4 L4 [ Ld L4
wamil Gundmamacunu (Control Port) naainautsanaimazgnivuaiag CPU ae CPU avganig

ATLALMNIAFTA (Data Bus) Witriwafnaouaumdineessing 4



25

CS (Chip Select)
Wlunndandnazli s2ssinivinaaielilnudldFuasan oaninli 8255 Fenseudai
TTULLARNN ] 189 CPU waduduae’dn 1 avagj@n1qe High Impedance
RD (Read Enable)
&n1#Fuaedn 0 uay CS 1FFunedn 0 iuru udmedn 8255 inasedasjaainnesi cpu
FaamsRasodaeiuliun CPU memdnia
WR (Write Enable)
& WFunedn 0 wiearL CS uda 8255 azsadiayaanmnAnTares cPU sanlifawesil cPU
Avunld
RESET N1 Reset 8255 inglunaBumn vn 7 wein ussinfefaniursing 4 184 8255
DO-D7 il Data Bus #14Fusediasuriu CPU

A0-A1 Ao 1usamsan M lunsiRenne i CPU fasnisimsia

00 = wam A
01 = wai B
10 = wain C
11 = wafmaauAx

PA0-PA7 ilundtynuitutesnaim A
PBO-PB7 \lusndtynuncunesnaim B
Pco-PC7  Wumdtygreuveanaime Taauandhs PCO-PC7 uay PC4-PCT Tassnunsoutnmisineuld

nefase

|
H@
:
Q

szgt .
11
¢

L TRTV P S

e
LI

i

|
i}
1}

.
Coming,

ve
v eegeree

| I
T
1

717 2.21 uamsusudannely 8255
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a3 -/ @) ras
a2 : "mf] ras
PIN NAMES rar (1o n[Jras
— - *an (e »{)ear
[ =g b=
Glall a5 ey
& CHi sILECT -
LU RUAD theru3 ok Doy
wh WRITE INrUT Qe »Do,
A0, Al POAT ADOR(ES sl u[]o
rarra0 | roRT AT < e »Do,
787 re0 PFOAT 8 (02T} sl RHA 4Ny
£ ]
3] i
- +C0 r:):oc‘(:m § s (]2 no,
< 3 ~a [: 1 » D [’
OND € VOLTS .
"o T o
Liku ! »Iv
e nlieer
s <3G 2e D roe
N s n)re
"1 2] res
100 nr

717 2.22 usaesnuMNETBiNNT] T84 8255

wainauAu ( CONTROL PORT )
Wuwamnisiauanimicemtes 8255 TaumauRuain CPU Tae CPU vinnsdasaaaun

shunnmdiniasnfnemacugutes 8255 iaAwANLTiTUIA 1 TuW Funda Control Byte uazluus

azfindanumngiawizdaes Al 2.23
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Tuum 0

< [y - ' H : A : N
dulmusdunmizewninmeiatinlastrails J9dundr Simple 1/ 0 Port uazdunzn

melévia 3 wadn Re A, B, uaz C

Tuum 1

< .« 1 1 -4 i o « 4 o
Wulmsduymitaewinnadnlastdimiie T9iuuUy  Handshaking T98HN30¥iN97u
IHanznem A uas B nMsmiuuuL Handshaking fiABsTwdn CPU fumafussqunaniniuen
Wy susiifudediayaiu uenanasiudeyadiuude feadidygraitunmmeuiuluwdiscaistenis

Fudetioys Tnegfuiugdesiavinnuduiuiiuneanicat Tnenafn A uss B Mlunrfudedinys

dounain C azilufuuasdadunrunounn Amnsntnans

ouT IN
PCO INTR, INTRg
PC1 IBF, OBF,
PC2 STB, ACK,
PC3 INTR, INTR,
PC4 STB, 1/0
PC5 IBF, 1/0
PC6 1/0 ACK,
PC7 110 OBF,

Tuum 2

Tulvun 2 Wiflunisfudedioyauun Handshaking i Taeluluunil azldwefmAvinduly
il wazwein A tulwauell Duldieduwn uazieiyimeim (Bidirectional) uazldwaim C
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PORT C LINE DEFINITION
PCO /0
PC1 1/0
PC2 110
PC3 INTR,
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PORT C LINE DEFINITION
PCa STB,
PC5 IBF,,
PC6 ACK,
PC7 OBF,
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8 bit Fen1snnamnatluuiin Soccessive Approximation 1HAMMFILIUINATN UATANITIENANGIURT

ADC 0808 &I Analog Input T4 8 Channel Tegnunsaseriudnynins Analog  Msiaamzulasiiutieys

£
Digital 18t 8 deediyryrou Tneifien Multiplexluniziden Analog Input ¢ 3 11 Ais ADD AADD B, ADD

C, faphilulares¥wnnelu ADC 0808
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| Block Diagram
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| |
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| { w0
STATE o
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| SWITCH TREE - !
l |
| |
—
| |
|
256R RESISTOA LADDER
I L o i l
VeL  GND  REFH) REF(<} DUTPUT

TRESTATE' ig 4 registered (rademarh of Nationst Semiconductor Corp.
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51/ 2.24 TAsea¥eres ADC 0808
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fanuuzdAty
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- uvsednel 5 vDC
- 8 Channel Analog Input ey Multiplex With Latchd Control Logic
- dntlunsraldey uae Interface MU Microprocessor
- UM - 20° Cto + 85 C V38 -55 Cto+ 125 C
- Latched TRI - STATE Output
ANWULTRY ADC UL Successive Approximation Register (SAR)Iael ADC nehudluuuy 256R

Ladder Network Tmeikini Switch Three TntyAUIANAIN SAR Resistor Ladder and Switch Tree

CONTROLS FROMS.AR,
1WA
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\
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. . . -
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] - . .
X8 \} L
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n9YIuTeITN ADC 0808
INO - IN7
{luwn Analog Signal Ranunsasedtymyins Analog 'I# 8 dtuayis ADD AB war C ilum

Multiplex &Ucy 04 Analog Input muﬁs‘x’ﬂqmmﬂmd’mmnm Analog to Digital
ALE ( Address Latch Enable )

T Input AELdtyRIOaife Latch fayatu 3 bit fiwn ADD A, ADD B, ADD C, tietunz

Multiplex,

START (Tt Input fefudtyoyradlunig START 16 ADC 0808 sinanulunisur/asdyoyany Anslog
iy Digital

2 . 27 luvvastioya Digital muna 8 {in
OE ( Output Enable)

Lﬂumi"';muquiimga Digital Tune 8 1in drfaanraasidiaannaen Output 189 ADC
0808 vz i
EOC( End Of Conversion )

(Tt Output ‘i';qquﬁ’ryrmmtﬁﬂmno"\m?ﬁﬁmuﬁm ADC 0808 ﬁmmﬂm-ﬁazgam'ﬁué’q
vitafaanTara¥ieres ADC 0808 Szwudq ADC 0808 3 Analog Input @¢j 8 Channel figmns0seAnalog
Signal Wefiazuaadiy Digital 8 fin 1§48 Channel uazlunis Multiplex Channel famsinnag

wlas azfiaenmuadeyanuna 3 Iin Wifuen ADD A, ADD B ua ADD C, Famngiil 2.27

SELECTED ADDRESS LINE
ANALOG CHANNEL C B A
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H L
IN7 H H H

7171 2.27 uAna Multiplex Channel fiazvinnsutlasdiays
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SuRBuNTIII

1. AMuAChannel 184 Analog Input ﬁﬁ'ﬂ\:mﬁ"ﬁmaﬁﬂmﬂuﬁtytmm Digital 3 {in \infian ADD A
ADD B8, ADD C,

2. fleuiaduandiian ALE ( Address Latch Enable ) iRe¥innns Latch fioyatunn 3 on?l fleu
infian ADD A, ADD B, ADD C ue23a3aziinis Multiplex Analog Channel mnwdiayn 3 Tm sy
A9 ALy

3. fleaiaduaniian START Welinsamienuiadaye ‘

4. dlevmudunend 1,2 uae 3 (&5% ADD 0808, axiansi@an Channel it Analog Signal
A Data3 bit M1eiaeaznieu Wiy Comparator In dynyand Analog fiazgnvinntsudadludiyeyac

Digital Tneifianim 8 fin vaurFvinnisurlaedtynyroaffien EOC ( End Of Conversion ) 9% Active Lowau
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nrzieressnelunlesdiygonuads  EoC  AazuRsuanzdy  High Huuaneindayaiinn
weailudtyoao Digital Fuufaeuda

5. OUTPUT ve3 ADC 0808 Tmtil 3 @tz Tmtnn@azegantur High Impedance ot
Ao ADC usssteyasanvne Of P Aidtlewwaduoniinn Output Enable A7 Output IVURAIAT
ﬁﬂzgaﬁtﬂu Digital aanunlae Output AuamsAMLT AT iltuﬂq'ﬁum'lun")"uwmﬁ'a{uqnﬁﬂﬂu'lﬁ
#l97 OE (Output Enablel

s e 2987 19 / A peuefiaef aunsaracsasls sl

Vee
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/ DIGITAL QUTPUT
VRer - P Oour REFERENCED TO
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Vin $ O— E
O 1,3
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v
&——{ GND Q N
OUT™ Vaer
ADC0808 475V <sVocoe VREF 5 5.25V

Ground Referenced Conversion System with
Reference Genersling Vo Supply

' 77 2.28 szuunasudsquuuiudnedau

QIngUT 2.28 19z 31 Ref (+) Hedinfuumgesay (Veo) uaz Ref () seidnfy Ground ¥in
Wi temlsludasdnda Aa input Afleuidnunazegszuinaunsesng Veo) fUw Grounddmiiinas
vl mlunas interface s Microprocessor Ty qzuﬁmﬁapﬁ’x 2.29 Tﬂulun:rﬁi‘iqyiﬁqaqﬁqnwt
waedtyno %e%'l"ﬁﬁtutpqm Write 410 Microprocessor 8 WinnAe Latch Channel AiazAaanisuaq
uaswievinne  Stet uasien EOC  Feidlilusstemilunag Interrup  Micropiocessor W
Microrprocessor ‘FU%"J"NNZ{I asaslvinrulasdiynnnaiadoviosuda wezile Microprocessor
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I INYERRUPY
500 kHz—1 CLK OF
EQC 9 INTERRUPT

ADDR 5.000V—{ V 3
DECODE o M v
{AD4-AD1S)* 0.000V ~—— VReF(-) i
2=t ——> 087 MSB
STARY 2-1—> D86
ALE -} —©p 085
FRITE 2
24— 084
ADS—] A —_— 2~ }———>p DB
A
AD1—18 ADCO809 2‘E —> DB2
ADZ—C -1 }— D81

¢ F——> 080 158

5V SUPPLY T
Vee fay—Vind

GND B
0-5v
GROUND = . ANALOG
/ INPUT RANGE
laG — Vin !

* Address latches needed for 8085 and SC/MP Interfacing the ADTO808 10 a microprocessor

7U 2.20 N3 Interface U lilnstnamed

2.4 ngufjn1? Modulation and Demodulation TaeldinaTia FSK
garmuaktyotu FSK (FSK Generator)

gianutiadtyrynns FSK AiRe Aodedtyryins FSK ( FSK Transmitter ) éqﬁuﬁnm?ﬁdmﬁ'ﬂﬁagaﬁ
tﬂué’tytyﬂiuﬁamﬂaﬁﬁﬁnamxxﬂuﬁwa‘lum? sz AL dewAesunlamunnalaou
uﬂm'um'ﬁmga‘lum?ﬁtﬁ'\m Fatudy v wineesdaia@e  FSK q:ﬂq"tu;tﬂﬁmmquﬁﬁﬁ
n1zulfeuutlasetinaraiies (Frequency Continuous) u‘jﬂﬁﬂga'lum?ﬁﬂu‘éuvgwLﬂ%"ﬂuuﬂmmnam
uzlaan “17 uladn “0” ( vinlunenduiuAeladn “0” dluladn “17 ) dygyrnueniymann FSK
Aazideundnufizendng 2 ponidnniy Aamaudladn “17 1ite Mark Frequency (fm) LATANTTIR

- 4 d‘ -] .ﬂ' ‘i' ! o 5 v‘. J t-l'
an “O" viTe Space Frequency (fs) NITLUREUULISY (MTANITIADU) TONAUOUAATATIALINATU LI
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sozrestadniudygraudhufnuusniufie ﬂ“mﬁmnﬂgﬂuuﬂmd’ryrmmaﬂm:whﬁué'mw
n'mﬂé'lﬂuuﬂmd’mm'\mﬁw Feluanes uﬂmqmi"m%uﬁnﬂmnﬂ’é‘lﬂuuﬂawaqd’mmﬁmﬁmﬁunw
189 FSK Generator a¥Fndn “smsrin” via Bit Rate Iwiawiiluinsedund (bps) dausmesnns
ul?\"ﬂuu1Jawmd’rutmmﬁ'qmmﬁwmm FSK Generator 3tndn “&msnuesa” si3e Baud Rate Aty

nrdetiayasatmatia FSK dasimazviniudnmuniagun

FSK Bandwidth
4 v v @ - o Y -~ - y oy
urruunmsteansfieyadondygyiusunonmidadyyinnnuiiy wudfiad Dudedisies

- [ A < el [} X L) o [ :: @ 4 ¢
Reraundududuuen dassndiinizees FSK aguuiugmiReedy FM fafunisefinetegrasng o
Aldudnnizes FM ynage angUit 2.30 uaastieda FSK waguames Taliudnnadaaiuiy FM we
« . 3 -« A 3 d
gineihe 1udnnrue VCO (Voitage Control Oscillator) azwuindnmnasuwlaeuulasiiFangases
- - A’ d v o o & L3 :
dynndurnaziintuiledeysluuFildnwuzdu “17 uar “0m adumdeife dygraudmd
Wwies { Square Wave ) mndaatinelugii 230 udynadlugee Tt aoautivdnusrfudivasnss
o 4 P w -!. ‘4’ . o~ 3 v_ - a‘ o =l [ - } 3 d’
HAwviiuATrileres Bit Rate AwnutfiarsnAradvanReetvBeuds  Audgegare
fyryrAIneaifesnainnuegEanuuy FSK szwvinfuaTeuilanes Bit Rate An
= BitRate/2

0 max

F

P d' d’ L d' v.
LD FOmax = ANMNOFNRALD YYIUAIRBRNITUINND AN
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Binary input — 1 modulnor f—o Aralog output

m {vCo} J\ X

lt,l',lv.t:hlt.lt.{!.lt.:t_lt,it.;t,lt,l
Inpul‘l of1jofifolo 11 o{o{o 1] o
. 1 M
1 1T o ! I
Por, ! b | oo
e
| i b oo |
| i AU 1 | Hahest v
pd I /:\ —+—— forcimenst |
O DY e
I | ] N R R B
tevrz) 1 | eeral 11 ) } :
S R O A 1O IO A O O O P
¥ { ! | ¢ 1
oulpun,”rlrnlrlr_,r,r,lr,,r,,,,r”r‘r}r”r

-
e
-
-
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13

m'mﬁ'nmq (Center Frequency = fo) 183 VCO qzﬂfﬂuﬂ'mwﬂqnmwzudw Mark Frequency
{fm) U Space Frequency (fs) ﬁ’qgﬂ'ﬁ 2.31

Tedn “17 Fiduynazideuaanufives VCO an fo il fs azifuinmnlAnuulasres
daye toundiuduwmann «17 T “o” wide «0" Tl «1” azvnliroadiewimues VCO @ewiia
doulian sowing fm f fs daernfingraanudadn Fsk ﬁ'uﬁammﬂqmwwu FM Fod dadh
17BN ( Modulate Index = M ) Tu FSK fvinl#aan FM #is

Mi= AF/Fa

4 o o=
e Ml = ATUNITHBALAN

AF = mafleninueetanaila  AnAMNTNaTe (Hz )
o o
Fa = posneednyyniitinuegen (Hz)
fm fo fs
L A 'S
le A E
f¢ (Hz)

o3

Deviation
71l 231 nandewnanud

' 1 L4 v ' i ° v -y < v : ¢ - A’ 4
A M Teanlidligegane Ar MI Finliuuumadniwiige Gesfinnuie ns
d' [} . l. .
diswuresrdgnuegianuds uazarnnreinyyniinuegianiiAngegn
. o ' »
u FSK uegien A F Wunadieanieesnnsngega ( Peak Frequency Deviation )

saedtynniignueganuda TeflAwinduacmuansessndne fo fu fm wFe fo fu fs A AN
WHIBIRMNUANANTENIN fm L fs WUAR

AF = fs-fm
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mnﬁﬂ\nuummqw?iqqqm‘%umﬁiﬁ'u-umm?ﬂLtﬂuw§3ﬂﬂﬂa&'ryryﬁmﬁﬁﬁu'\uﬂqmvn
(Reyoyrtunanes) Slaaousmeladnifu 17 AesliusfussnunAmiiiadiinnuaous (du 5 vide
fuihiladn “o” farliunssueaninasilussAuladn 0" dui (i 0V ) Fnfusniddissumses
FSK upmanaziieining ua:mj‘lusm’un’mﬁﬂqtuuﬂﬂqnoﬂuﬁqmﬂtﬂuﬂ Fa uaanfindenesde
yaluuidiugumm Feariuumagnirefigaiiia Fa = Bit Rate / 2 wirthunmzazfusannn
A1 M1 1ann
Ml = fs-fm / fb

2 2

Mi

fs - fm
fb
e fs-fm = Aonidifieaiugega
b = daminesluuisdumn

Aunsdadyoyros FM Taevia 1 1 Arundnresnuufing srusiuasiudn M
FatuiAtany FSK #irn Mi Taevia q lazfeciidndingd 1.0 ey M uuuwey ( Narrow Band
FM ) muuuﬂ%ﬁ;uﬂuﬁqmﬁﬂndq Minimum Nyquist Bandwidth (Fn) siastinaidunisgadiayauuy FSK
firanatinans (fo) = 7 kHz AanBaul (fs ) = 8 kHz uaEAIMENNTA (fm ) = 6 kHz FeyalunTdu

wnil Bit Rate = 2kHz &nynsow Fn 19isal

Ml = fs-im
fb
Ml = 8kHz-6kHz =10
2 kHz

. 1 4 [l
QINANTN Bassel Function lumnsad 232 wie M = 1.0 arlfuoumeudng |
Sideband Frequency ) aanind ey 3 Aol InausazANRaTiieaINANDNgA ( fo ) 12T 1 kHz

@A FB /2 (il b Ae Bit Rate = 2 kHz ) anunsn@eudusdaniumanndldfenla 233

Mi JO J1 J2 J3 J4
0.0 1.00

025 098 012

‘05 094 024 003

1.0 077 04 OM 0.02
15 0.51 056 023 006 0.0

20 022 088 035 013 003

#1797 2.32 Bassel Function Table
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Tatnduna Ae MI AfiAregszudng 05 T 1.0 sz luuumasiiAnlszinn 2 - 3 wises
Bit Rate ta.8
077V
044V 044V
0.11V 011V

0.07 V 0.07V
P | , |

»
L

v

Minimum Bandwidth = 60 MHz

717 233 allanfumonnfyasdetinefing o

FSK Auaguanimasd ( FSK Demodulator )
FSK Demodulator AafafLftynyans FSK { FSK Receiver ) sxiflufoutindtynyindliniizesnaan

foyryonu FSK Tneiousnnazdneas PLL ( Phaselock Loaps ) Aiaguft 2.34
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t 1
1 i |
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Ve =} 1
B.n-..y ] 1
[ZO R Se e e - = g0V

71l 2.34 PILL - FSK Demodulator

PLL W4 FSK Demodulator fudnniminemmileudy PLL Tu FM Detector  Yjnetinsfe
timuinFFuTlowinfie Center Frequency ( fo ) usrlumnizfimgnudunnee PLL @euhlin
semde fm M s sevnlfiRausefunaaraeulinse ( DC Eror Voltage ) Taifunssnsannisulfau

. _ . o .
(e ( Phase Coeparator ) 189dityrynaudunm (Hiaainponidunniidanie PLL Tes 2 Ao
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AB fm UAY fs AN ATUNAUAINGDY JINIREN 2 TEALIYINIU Tegrunsaunusatiadn “1” uazla’dn
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WHINNNNTBBNUUL FSK tRal1u

At linsudmsnnisusrsuas@aneenisil - €1 fayasat FSK inaanaosudn
fugieninh i elumalfid - Tefde waseanuuuasas FSK Wetnals Wadeuniseenuuy
a9a7 FSK azldgunsnitlszinmeBames uazqinsainigdvsing q sdedusas FSK iasui
uwazdy wrliasanilaquiumaluladisnuled ( integrate Circuit ) T llann vinlianunsosanaas
A 1 didneiuuussanialudidn « i loT eetluen] o3 PLL dlusu

v ‘c’/ ° v ° . [ 4 ° v ]

Tunreenuuududaiiunanfusiesiamas fm uas fs fawieasimmuawails wiluna

UfiRshudauepiineiovue fmouss fs el SnasidulyuluGesacunanflutauacnis

AMuUA fm UKy fs T9FNI7 FSK Band uazazuanAWiuAN Band Rate AIANIH 2.35

75 Band fm =1110 Hz
fs = 1170 Hz
300 Band fm = 1070 Hz
fs = 1270 Hz
1200 Band fm = 1200 Hz
fs = 2200 Hz

FN9147 2.35 FSK Band
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frynynnnsguniedalugtivesnssuatiin 420 fedusuulf mA) azgnuasulyidu

fyqywlumemdmessna 8 fin wuusum wazagnileulierlugtdyunueynndnd udo
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2.dqﬁ’:yty’nrumuqmﬁﬂw"1n'wﬁﬂViﬂﬁummﬂ'a;aué’tyrquﬂxmﬁﬂnLﬂud’tytmmﬁama
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4udndyaoi®ng - (Clock)  WlrouAunIsinetessnaulasdynrussundeniy
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etleudiinylaans

Anndadiyns (Transmitter) mptieziAngfeansiderian dwiudeleyafignulasly

aglutuanutidu nedygodeyasrgndauninszaneagusenlylueniagirresiu
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LINE N
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MAnEATHRANG@EY  (FSK  Demodulato)  asneamiaandtyryiniaanaididelsniu
Ay IURIAGS Wadalinnasrananauasuanina (Processor & Display) s iAteanasiiamafin

nastrzanalaslilsunty uasiinan AuILAAHNUAD LARIHA TN ABNRILAB T

3.3 NFATUIUUATNITRBNULIL
3.3.1 mnLﬂ%‘ﬂuitg:mmazmﬁamﬂuﬁ'zyrmmi?maa (Analag to Digital Convertor)
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+VCC
/ ‘zl 11
PAD N 26
= NO
PA1_] gv N1 |20 g};
PA2 | 3¢ w2f2 cH3
PA3 | ., [YEY CH4
PAd 1 5 natZ cHs
PAS | 23 INS
PAG] 3, nel 3 poby
TO < PAL 2! U5 N7 CHS8
8255
ADC0808 L1
<SS S LSS SRAACK
CELCE S <
PB7 | o >3 >SS & 25048
PB4 3 ApDA 1
PRS | app8
PRS } appDC l
ngc START CcLK 10 -_—
ALE +wee
N "2 eoc 7] 3 vry
4ls < ™
16] 13 7 3
3 e
o U8 [, $=rs
> 1K
= 555 [z] §
1 ;=4'7:;IF
CLK by Programing
From P1.0of 8031 -

CPU Controfler

71l 33 manddaudynruesundendudyyunanes

3.3.2 MNRANAN
lefiuad ADC 0808 arfuSuwmainmn INOIN7 dlasnisiavusadtynyrnusunialiium

ADDRESS 18459574 fam139T 3.4

* Address Input

cC B A Selected

0 0 0 IN.O ]
0 0 1 IN.1

0 1 0 IN.2

0 1 1 IN.3

1 0 0 IN.4

1 0 1 IN.5

t 1 0 IN.6

11 1 IN.7

A13797 3.4 WAAINAT Multiplex Chennel Haziitnisutlaetioya

<

-~ U -~ d‘ . A &
pondiiufzEuIusAuBuuesdtyg ey seananlieudnynnniesungen

Pudtygrusines
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1 14 1
wrAUNAUNN aztuagiudynrnnszua 4-20 Tafuanudlf mA) WRTAIANFUN LTINS
irsznineuBunm wrazandunsad TeasinifinussunnsseniaBumm fgunisinens
; o d‘ oy v nll - a <t
WRNAUAIAUNN = AMIFUNIUTITNEUNN x NITUABUYN (420 MANTE
Vin = Rinx lin
Tuaearraslnrsudanifaaudnmiuming 250 tevin saduasusiununisdumm

avduala

Vin = 260 x lin

250 x {420 mA)

1-5 Volts-

fienimauaudmiRvedladuas ADC 0808 RFkEA R AN NN TuANHIZIBAURY

g 2 Aftfwdsiumuussduirdunniidnn TaotAsduizeassgduudaslifienin ds

AUNTENAN

8
Anevinn lumictreusigudy =

= WRSUTINBUNY x 2

LA - v ~ Vv a v
WINAUANAIATULAN - LIAUANIATURL

]
nig
8
Decimal Output = Vinx 2
[vref+] - [Verf]
UFAUSWBIAULIN = B V.
v v = v
LINAUDNENAUAY = 0V
INFIZRUNY Decimaloutput = Vin x 266 = Vin x 256
5-0 5

3.3.3 mawlredyauaisesuuurunudyonualneauuuaynss

N1l 35 asasdautianlszneudonleiues 0831 duledhilnzneulnsained Fadusaudn
Wit 4 fil

1. mé'mty'xmﬁﬁuuﬁq%uvgwﬁs”mqmﬂﬁmmﬂﬁlauﬁtyzy'\mﬂ:méﬁnLﬂu‘m‘ﬁmﬂa

2. ded’ryty']mmﬂgmv?iaﬁ'\m?ﬁmsiaﬁummﬂéﬂummeﬂzmé‘ﬂmf]uﬁ%ﬂﬂa

3. fufeyaransauuurumanulestiudygrunireautueyniy



l
<

10

0 |

U2
T4HCT373

- -

717 35 WuaserrsaniemununsulasdygrasdneswuuminlUidudineauuueynau 8 CH

( B
10W\\ 11 {cPu

-

T\ AtS

aND : 18

VvCC: 16

(o
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4. uARFYnIUURNA (Clock) WinAulsadygresundenitudynussnes e
ALIANSIMITNIINNY

Trunsupugummineuredlefllasreulnawed axgnifulilu EPROM wef 27 HG256
lefins 74 HC 373 Vwlidiuand (Latch) deyadumnis (Address) #ililasperinsaiaenseriy
gunsnintuan oWt Ao EPROM wef 27 HC 256 uex led wef 8255 FainmiAiBumefing

reuing Tulnsaeuinsanes fuledwes ADC 0808

J (=3 '
3.3.4 ananS lumsdetayairunainaynsa

Tunssedioyanulaaiudeyasynsniudelubiue 1 laaarnaialumsdedayatuun 1

A’ ngaunig

Baud Rate = 2 B X Oscillator Frequency

32 X 12(256-TH 1)

3.3.5 sluuurastaysitldlunssu-da

$ouaTldlunsindeszudnmefaeynauedhilasnoulnsamefiunendogireyns RS
232 weaAtaspaiiawef Hudeyarlla 10 in szneudoninGusu (Start Bit 1 In Tndesya (Data

Bit) 8 in Dvmeym (Stop Bit) 1 Bit Fazulit 3.6

Start Bit Stop Bit
e A Y, Data s 7
| D Pl o) |

< ‘ qya . <
¥ 36 plunndieysnlifnsasenitanaimaynay

foyasnnanldnudynussndendunanesssgninieglupluvsynminouiniiu

Nibble gauaz Nibble Anaaztinisaniudeyrynisinumia (Address) Asgiil 38 n. uezgilfi 38 1.

D7 D6 D5 D4 D3 D2 D1 DO

le e . N
" “Nibble High '+ Nibble Low !

71 37 nswtiadieagaifludau Nibble gauaz Nibble sin



1 %4

fiayadau Nibble gauazdau Nibble Adiasaniudtyqynusaumia (Address)

fayadiuuy
I— *“1” Selected Data Nibble High
SRl 1 | A2 | A1|AO | D7 | D6 | D5 | D4 | stop
Address Data Nibble High
717 3.8 n. dayadau Nibble g9 lasaniuALMLY
Hayadouang

I— “0™ Selected Data Nibble Low

START O | A2 A1 |A0 | D3 | D2 | D1 | DO/ stop

Address Data Nibble Low

771 38 1. iludoutlsznavtassaireunansideya



START

4

fuum ADDRESS
3asu

I

&4 ADDRESS
e AD

Jannaiiudays
Wieglugluuy
2l
Anmungean
nafeynsu

1A ADDRESS
Anving 2

3.3.6 IlFatsanigvnuraslulrsraulnsaiaas 8031
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AN ADDRESS
- A
AN

77 3.9 Madefansinenizeslulazaaulnsaiaad 8031




OO ~J OV N o W DD

b e e B e B n B LD LD W W W W WL WL N DN RN DN BN — L — | e
\:csm-mump—-cs.oooxac\m.a-wNn-onooo\zoam—wwr—-gxog\:';m:wzzso

3.3.7 Wsunsudmiunisrnusaddulnrsradinsaiaes 8031

0008
000B

0030
0030
0033
0036
0039
003C
003F
0042
0044
0046
0048
004
004D
004F
0050
0051
0054
0055
0058
0054
005B
005D
005E
005F
0061
0064
0067
0069
006A
006A
006D
006E
0070
0073
0075
0076
0078

2500 A.D. 8051 Macro Assembler - Version 4.01d

Input Filename : projct2.asm
Output Filename : projct2.obj

0000
0001
0002
0003

02 00 30

02 00 9C

75 87 00
75 98 40
75 89 22
75 8D A0
75 8C FE
75 A8 82
D2 8C
D2 8K

78 08

79 00

90 00 03
74 91

FO

ES

90 00 01
1]

90 00 02
74 FO

FO

74 00

FO

E0

F5 -20
3000 FA
90 00 01
74 80

FO

90 00 00
EO

F5 21

90 00 01
74 00
FO

E5 21

54 OF

PORTA
PORTB
PORTC
PORTCON

EQU
EQU
EQU
EQU

ORG

ORG

00001
0001H
0002H
0003H

0000H

LJNP SETUP

000BH

LJMP CLOCK

ORG 0030H

SETUP:

SET:

HOV PCON, #00H
HOV SCON, #40H
HOV THOD, #22H
HOV TH1, #OACH
MOV THO, #FEH
MOV IE, #828
SETB TRO

SETB TR1

HOV RO, JO8H
HOV R1, 00K

HOV DPTR, #PORTCON
MOV A, #91H

HOVX €DPTR,A
HOV 3,R1

HOV DPTR, #PORTB
HOVX €DPTR,A
HOV DPTR, #PORTC
HOV A, #FOR

HOVX €DPTR,A
MOV A, #00H

HOVX €DPTR,A
HOVX A, €DPTR
HOV 20H,A

JNB 0,WT

HOV DPTR, #PORTB
HOV A,#808
MOV €DPTR,A

HOV DPTR, JPORTA
HOVX A,@DPTR
HOV 21H,A

MOV DPTR, #PORTB
MOV A, J0OH

HOVX €DPIR,A
HOV A,21H

ANL A, fOFH

47



48
49

51
52
53
54
55

57
58
59
60
61
62
63
64
65
66
67
68
69
70

007A
007B
007D
007F
0081
0082
0084
0086
0087
0089
008B
008D
0090
0092
0094
0095
0097
0098
009A
0092
009C
009E
009F

Lines Assembled : 70

49

7B 02
01 8B
E5 21
C4

54 OF
F5 21
E9

44 80
45 21
F5 99
30 99 FD
C2 99
DB EB
B9

24 10
F9

D8 B6

01 46
B2 90
32

HI:

STX:

LOOP2:

CLOCK:

48

ORL A,R1
MOV R3,#02H
AJHP STX
MOV A,21H
SWAP A

ANL A, #OFH
HOV 21H,A
MOV A,R1
ORL A, #80H
ORL A,21H
HOV SBUF,A
JNB TI,LOOP2
CIR TI

DJNZ R3,HI
MOV A,R1
ADD A,#10H
MOV R1,A
DJNZ RO,SET

AJHP STRT
CPL P1.0
RETI
END

Assembly Errors : 0
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3.3.8 MeuARRtUUIIUIRNIRIN IC 656

d’tytmtumﬁmﬁ'l‘ﬁmuqum?ﬁqmuﬂmmmuﬂmﬁmmﬁmﬂzmﬁﬂn dhudyoyruRdaneass
11870 2 unaddneiuAe annamneuanilsunsn redlularrauinsaisaflinadedynyinmnfing
ganmanesa 1 n 0 uazanuasaramdaderlunmeflatld IC 555 edRmNeiMunAIRE

Auanla/nn

oo L
F ’ I:;<,VR1
i SM

> R15
> 1K

CLK From CPU 3
—>e

[. €7
[ 47pF

7111 3.10 2aza¥wdynyranRnadimiu ADC0808

3..3.9 ngANIUNITRanuuy FSK Modulator
Tunseenuuy FSK Modulator Wit ladues XR 2206 dallululuasareiduitaiunininas

ffagaduevinnFiendumend nANARENARLAMREN vieunnT (Ramp) Taeitnumand
Fausi 0.01Hz 14 1.0 MHz

Tunsdifinac ¥ xR 2206 dufainfiapduglmemlludnees FSK Generator Taeildlnifidd
SM1R0F VR3+R7 uey VR4+RE TIRDITWINetN 7 UAXIn 8 funsnfRINgnAy Tneidtyenoanead
Heuntiar 9 vedled Susadwmuadygrouanim @1 2) e 9 aglusoruzasasdavized Vin >
N ufa VR3+R7 azfhuiarinmuslmFiaiuiilssafidensauszndnen 5 fumn 6 vdelu
YieanfLUudngn 9 3 Vin < 1V uda VRa+R6 azdludarvualniie sutudafulszeszvdnen s
fum 6 Bz Jeiliaonidienimazeglutasszwing im iU fs Taeta fm uas fs axdas
siafu uavannsnlasulaspand dlaanisi@anda ( VR3:R7 ) vita ( VR4+RE ) Auanntsies

fs 1

VR3 + R7

fm 1

VR4+ R6

Fawiunlszqszudne 5 Ay 6 azaglutae 1,000 pF - 100uF WATHFIUNIY VR3+R7  URY
VR4+R6 arvagludaq 4k - 200K
mnaumﬂﬁ"ﬂ'lﬁdﬁﬂ'lumqﬂﬁﬁﬁwum'lﬁ C8 = 0.022uF W1AN VR3+R7 AT VR4+RE 1i'e

AMMUR fm = 1200Hz ues fs = 2200Hz
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VR4+R6 = 1 = 1 = 37.88KQ

fmC8 1200°0.022*10°
[Hesnnidesannsotfuredldtar: sohdadlmdlelines 50 KQ Aessuine 7
funsae
VR3+R7 = 1
fsC8

= 1
-6
2200*0.022*10
= 20.66 KQ
Wasniadesginroliuanut laagsy sniudadllmuilaiiined 50kQ  sevdaaen 8 du

na9f wasauifudsgi 311

Binary Input
+12
g
$rrs
::5«"( ;gf 2 R10
XA 3 14
A A A4
tousy A5 & RO I 2 A ¥
Canl
£ 51k ¢ | XR2206 12
c8 E9
-022uF 7 10 1€ 1uF
¢ [ T
vl ] Ll T N
K2 i: 50K I
R7 < € re X §
16K > > 30K FSK Output

=

gﬂ‘?; 3.11 2997 FSK Modulator

medfuussszataminninag
o~ o -ll « ) . e v (Y3 4"

seAuuRAUinAsTIT e (11 2) ariidnlagdssinaviriuussuludann 3 aanwasas
WIMITLNAUAT 3 A2 1ARINNITULULTAUTEVINANA MUY RBRY (51KQ) gavsnruusesuin
3 - [vi A‘ o a < <
weatlreanos 6V Weusssuideatusessdiu +12v ussanunsadiulasluwmuhlediimes VR2 ( 50KQ)
Peynaufiun 3 Anfunnlfden 3 Adunmslfussiuresdyyioueninne 2 Weglussaud
#aeng

v - & P ¢

malfumsiaRauglaARuTedygieinn

11 13 uar 14 TdwiulFuusiagladu welfunisiiaien (Distortion) vevgLdadnyryans
[ %4 d' - a‘l’ - t 1 .7 1 7 t ¥
fuilsanannsfiaeureanfiuiin Inanirsasiausiunudnllsouane 13 way 14 usili

[Tt

fte XR 2206 wuzthlililden 200 @ Taghifinnlfuussusiatioals
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- ? da o
NRNTUNATMULUAIAL

3 - 4 J o ) .
Tunmuuusaniuaungadnfludoan fm , fs uaz Bit Rate dalAanmga 300 bps 111
w1 Fn 1Agail

2N M = __A_f"
fa
da  af - | fs-fm | = | 2200-1200
fa = 300
&l M = TkHz = 333
300

, 3.3.10 nsaanuuy FSK Demodulator

lun1reenuuy FSK Demodulator Tiinenledwes xR 2211 Fuilululudsamiasengy Tnad
. A 1 4 3 ]
tiumrinnuns 1 HusIs 0.01Hz audia 300 kHz

b4 - s >~ <
Tnnafranelureslediued XR 2211 Useynsiasasiiiu FSK Demodulator aziludegiii 3.12
doutlsznauvdnaas PLL Tu XR 2211 wsznaudiag 2 day Aie

. H o - 4 1

1. Signal Pre-Amp fiwtinidanisdtynynBunm AllAszanns 10 mvms 84 3 Vims Taenag
' T

veednyeyrouive Widudyorunilssiugs

¢
$10€ R
——AAA————+—AAA—O
Rq
(e 4L 100¢ ] v
o bel 1] #sk
C (o Outout
I% .;l_: J 7Sk
3 3 Ry 3 Cempatator
2 S B4 tzernal
— veo 0 11 Zeference
01 f Phpui IOOI :
ot 1ezmp »
. e fre L T,
©
= 1 = Lock
Detect
Quag Ouiouts
o-Det
e H
Setent 0
Rid {e=seae
LN i

2117 312 TaseaFranaluzes FSK Dmodulator

2. VCO (Voltage Control Oscillator) Hing@mewmafifluniausn Tasaninnaslsidu
4 i 1 d o ¢ A
ANANALIN UAZANDNGAI A 2f UAT OHz Aud sy Wiemadmeegluaoius uauan Aslf
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N ¢ - i 1] A L) { Lol Q'
DC Voltage aanilfia VCO tamuaunmsn@naadeaninAmii Tuaniaztinfimanaingiuile (1)

av set AlmmAosumu R, uazaidwed C, lasdurtumcufinman R, Tesmnsown f

1#aan

R, C, Tnei¥i R, A8 (VR + R7)

= ct
Rt <& LED1 I°‘“'F

330 $ DATA

-
LOCKL s 1 cs
FSK Input A\ 4 0.027uF
] e 2 “
poLy 3 "_l
ol [ . U1 _&“‘ I
B %
ok r2 |« |XR2211 [,
o ATk S 10 2re 3N
: W Loae | fm T
10.01uF
- L tuf >
RS :: o1 i: VR
= 100K 29.0027sF 10K
—AAA : le___4
o !
510K _—
A 4

Binary Output

71I¥ 3.13 2993 FSK Demodulator

nnarlugin 313 gunsalnanuen Ae R,Cy A% Set Free running frequency W78 Center
Frequency (f, ) 189 PLL : Re SEENULUAIAT |, Cq fin Damping Factor Vi3 Filter time constance,
C, uar R, dwfuuiv Data FSK Output AIAINSIUMAM R, ( 510KQ) sudnen 7 fiudn 8 lusia

] 1 4
teunduniauaniive i Transition Time 18410 WWN FSK 153U

v
o« & v 1 &~

AU N17RBNULLNAIREHEY WiAgUnsalmauaniiasinunsesil Ae

1. ATUNUAT Center Frequency (f, ) T84 PLL /7N
fp =fm + fs = 1200Hz + 2200Hz = 1700 Hz

2 2
2. @8N Timing Capacitor (C, ) t‘?‘v'a\i'm'lummm]‘ﬁtﬁﬂn
Co = 0.027uF
3. wA1 R, ( anfl R, = VR1 + R7) a7n
Ry = 1 = 1 = 2178KQ
f,Cq  1700%0.027*10°
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Waasunm 10kQ  Aeeynaniut)muileliae 18 KQ

+ v
4. WA Ry WEAY Bandwidth aOn

R, = R F, e aF 4F - F,
AF

3
18*10 *1700

[

2200 - 1200
30.6 KQ

{®ANAI Ry = 30 KQ

1] v
5. A" C; (WasA Dampling Factor 87N

Dampling Factor = 1 Cq

4 Cq

Tﬂﬂ‘/‘i”)']‘lﬂ Dampling Factor finuus il 1 /2

S B 6
wsasiy G = Cg = 002710 = 001 pF
4 4

1]

6.wM C, il R, = 100KQ ; Ry= 510KQ azw1 C, lésn

¢ = 3 Wk
Baud Rate
= 3 = 0025 pF @&anld 0.0027 wF
1200

. <
7.mA1 C, W R, = 470KQ

= 1 = 00125 uF

1700%470%10°

aindenidiAn 001 pF



3.4 MAUSTNIRNALAZUARINA (PROCESSOR & DISPLAY)
nnlszanadayeiiiFesniafuaznssinlas Wanndusiasnenfawmeflag il sunsy

¥ " " . 4 € = [ 4 1

Aqaa WAN Visual Basic) TeIrgamimiazlilsunsaiifell

3.4.1 IS5 AN NUTBRIMALSENIRRALAZUA AINA

dndayadniflufeya
Tuisne?

Fudiayadn
1 1w

) e
Anumnbesdayazlund
o L
PRumilauny

YES

AuouAndaya
Afugn

fapniAalA

T ugneuanay
oy d .
Aumbinnaasials

END

o o
U7 3.14 A FANN NN ALTTNIRRAURS LARING



55

BRNMLN TVUNMY LBUILMNGY BhLRUnsfagstNeen 12




Dim
D@m
Dim
Dim
Dim
Dim
Dim
Dim
Dim

FOO3VPPV.Caption = "TEST8"

End

Private Sub Command2 Click()

End

End

Sub

Label3.Caption
Label4.Caption
Label5.Caption

End

Sub

MSCOMM1.PortOpen = Not MSCOMM1.PortOpen

PV_STRING As String
START MAS As Integer
PV_VAL As Integer

a0 As Integer

a00 As Integer

al As Integer

all As Integer

a3 As Integer

a4 As Integer

Sub Commandl Click()

TOl1PV.Caption = "TEST1"
,FO0l11PV.Caption = "TEST2"
FO02PV.Caption = "TEST3"
YO001PV.Caption = "TEST4"
FOO1PV.Caption = "TEST5"
LOO1PV.Caption = "TEST6"
FOO3PV.Caption = "TEST7"

Sub

Sup

Form_Activate(5

"o C "

" Temp "
L1} PV ¥ "

Sub

Form Load()

START MAS = 0

End
Sub
End
Sub

End

Sub
End

Sub

Label2.Caption = "Date/Time " + Format$ (Now)
PV STRING = MSCOMM1.Input

Sub
Label3 change ()
Sub
MSComml OnComm ()

Sub

TO11PV_Change ()
Sub

Timerl Timer ()

If PV_STRING <> "" Then

PV VAL

Labell.Caption = PV VAL
GoTo 10

10:
a0

= Asc(PV_STRING)
If a0 < 128 Then PV_STRING

= Asc{PV_STRING)

56

MSCOMM1. Input



al = Asc(PV_STRING)

Else
Exit Sub
End If
al = al - 128
a00 = a0 And 240
all = al And 240
If a00 = all Then
a00 = a00 / 16
a0 = a0 And 15
al = al And 15
al = al * 16
a3 = a0 + al
ad = (a3 - (4 /
If a00 ='0 Then
If a00 = 1 Then
If a00 = 2 Then
If a00 = 3 Then
If a00 = 4 Then
If a00 = 5 Then
If a00 = 6 Then
I1f a00 = 7 Then
Else
Exit Sub
End If
End Sub

VERSION 4.00
Begin VB.Form Forml
BackColor

Caption
ClientHeight
ClientLeft
ClientTop
ClientWidth
FillColor
ForeColor
Height

Left
LinkTopic
Picture
ScaleHeight
ScaleWidth
Top

Width
WindowState

mowonon o

wmnn N
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20 * 256) * 100) / 256 - (4 / 20 * 25¢)
TO1llPV.Caption = a4
FO1l1PV.Caption = a3
FOO2PV.Caption = a3
YO01PV.Caption = a3
FO001PV.Caption = a3
LOO1PV.Caption = a3
FOO3PV.Caption = a3

FOO3VPPV.Caption = a3

&H00808000¢&
"REMOTE MONITOR"
5640

60

1515

9600
&§HO0CO00CO0&
&HO00000080%
6045

0

"Forml"
(Bitmap)

5640

3600

1170

9720

2 'Maximized

Begin VB.CommandButton Command2

BackColor
Caption
Default
Height
Left
TabIndex
Top
Width

End

&H008080004&
“EXIT"

-1 'True
495

0

9

3360

1215



Begin VB.CommandButton Commandl

Width

End
Beg

End
Beg

End
Beg

BackColor
Caption
Height
Left
TabIndex
Top

o nn

|1}

in VB.Timer Timerl
Interval =
Left =
Top

in VB.Label Label5
BackColor
BorderStyle
Caption
BeginProperty Font
name
charset
weight
size
underline
italic
strikethrough
EndProperty
ForeColor
Height
Left
TabIndex
Top
Width

{11 [ | R (A

in VB.Label Labeld
BackColor =
BorderStyle
Caption
BeginProperty Font
name
charset
weight
size
underline
italic
strikethrough
EndProperty
ForeColor
Height
Left
TabIndex
Top
Width
End

&H00000000¢&
"TEST"

495

0

0

2520

1215

54
0
4800

&HOOFFFFFF&
1 'Fixed Single
"Label5"

"MS Sans Serif"

= 1
= 700
= 9.75
= 0 ‘False
= 0 'False
= 0 'False
&H00800000&
375
4800
14
3960
495
&HOOFFFFFF&

1 'Fixed Single
"Labelq"

"MS Sans Serif"
1

700

9.75

0 'False

0 'False

0 'False

{1 S S (1 A

&H00800000s&,
375

1440

13

480

650

bmnonuon
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Begin VB.Label- Label3

BackColor = &HOOFFFFFF&
BackStyle = 0 'Transparent
Caption = "Label3"
BeginProperty Font
name = "Courier New"
charset = 1
weight = 400
size = 9.75
underline = 0 'False
italic = 0 'False
strikethrough = 0] 'False
EndProperty
ForeColor = &HO008000004&
Height = 255
Left = 2040
TabIndex = 12
Top = 120
Width = 250
End
Begin VB.Label Label?2
BackColor = &HO008080004&
BorderStyle = 1 'Fixed Single
Caption = "Label2"
ForeColor = &HO00000080&
Height = 615
Left = 7680
TabIndex = 11
Top = 240
Width = 1800
End
Begin VB.Label LOO1PV
BackColor = &HOOFFFF00&
BackStyle = 0 'Transparent
BorderStyle = 1 'Fixed Single
Caption = "LOO1PV"
ForeColor = &HOOFFO0000¢&
Height = 255
Left = 3000
TabIndex = 6
Top = 3940
Width = 495
End
Begin VB.Label Labell
BackColor = &HO00808000¢&
BorderStyle = 1 'Fixed Single
Caption = "Labell"
ForeColor = &H000000804&
Height = 375
Left = 6720
TabIndex = 10
Top = 240
Width = 615
End

Begin MSCommLib.MSComm MSComml

Left = 480
Top = 4800
_version = 65536
_extentx = 847
_extenty = 847
_stockprops = 0
cdtimeout = 0
commport = 1
ctstimeout = 0
dsrtimeout = 0
dtrenable = 0 ‘False
handshaking = 0



inbuffersize
inputlen
interval
nulldiscard
outbuffersize
parityreplace
rthreshold
rtsenable
settings
sthreshold
End

w0 nnn

60

16

65

0 'False
128

"?Il

0

0 'False
"300,n,8,1"
0

Begin VB.Label FOOBVPPV

BackColor
BackStyle
BorderStyle
Caption
ForeColor
Height
Left
TabIndex
Top
Width

End

Begin VB.Label F003PV
BackColor
BackStyle
BorderStyle
Caption
ForeColor
Height
Left
TabIndex
Top
Width

End

Begin VB.Label FOOlPV
‘BackColor
BackStyle
BorderStyle
Caption
ForeColor
Height
Left
TabIndex
Top
Width

End

Begin VB.Label YOOlPV
BackColor
BorderStyle
Caption
ForeColor
Height
Left
TabIndex
Top
Width

End

(1 T | 1 I | S |

LI T (O |

&HOOFFFF00&

0 ‘'Transparent
1 'Fixed Single
"FOO3VPPV"
&HOOFF0000¢&

255

6720

8

3650

495

&HOOFFFFO00&

0 'Transparent
1 'Fixed Single
"FOO3PV"
&HOOFF0000&

260

4920

7

3650

495

&HOOFFFFFF&

0 'Transparent
1 'Fixed Single
"FOO1PV"
&HO00C00000&

255

4560

5

2310

495

&HOOFFFFFF&

1 'Fixed Single
"Y001pv"
&HOOFF0000&

255

4440

4

1520

495



End

Begin VB.Label F002PV
BackColor
BackStyle
BorderStyle
Caption
ForeColor
Height
Left
TabIndex
Top
Width

End

Begin VB.Label F011pPV
BackColor =
BackStyle
BorderStyle
Caption
ForeColor
Height
Left
TabIndex
Top
Width

End

Begin VB.Label TO011PV
BackColor
BackStyle
BorderStyle
Caption
ForeColor
Height
Left
TabIndex
Top
Width

End
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L1 1 R Y R Y 1
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&HOOFFFFFF&

0 'Transparent
1 'Fixed Single
"FOO2pV"
&HOOFF0000&

255

2040

3

1410

495

&HOOFFFFFF&

0 'Transparént
1 'Fixed Single
"FO11lpv"
&HOOFFO0000s&

255

4560

2

120

495

&HOOFFFFFF&

0 'Transparent
1 'Fixed Single
"TOl1pV"
&HOOFF0000&

255

1680

1

120

375
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Port B AWMU E021H
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National . AtoD,DtoA
Semiconductor

ADC0808, ADC0809 8-Bit P Compatible A/D Converters
With 8-Channel Multiplexer

General Description Features

The AOCOBOB ADCO0809 data acquisition componentisa M Resolution — 8-bits

monolithic CMOS device with an 8-bit analog-to-digital  m Total unadjusted error — + 1/2 LSB and = 1LSB
converter, 8-channe!l multipiexer and microprocessor
compatlble control logic. The 8-bit A/D converter uses suc-
cessive approximation as the conversion technlque The )
converter features a high impedance chopper stabilized ® Single supply — 5 Vpc

comglarator, a 256R voltage divider with analog switchtree 8 Operates ratiometrically or with 5 Vpg of analog span

B No missing codes
f Conversion tima — 100 us

and a successive approximation register. The 8-channel adjusted voltage reference
multiplexer can directly access any of 8-single-ended ana- 8 8-channel multiplexer with latched control logic
log signals. ® Easy interface to all microprocessors, or operates

The device eliminates the need {for external zero and full- “stand alone”
scale adjustments. Easy interfacing to microprocessors  ® Outputs meet T2L voltage level specifications

is provided by the latched and decoded multiplexer ad- ®m OV to 5V analog input voltage range with single 5V
dress inputs and latched TTL TRI-STATE® outputs. supply

The design of the ADC0808, ADC0809 has been optimized B No zero or full-scalg adjust required

by incorporating the most desirable aspects of several R Standard hermetic or molded 28-pin DIP package

AID conversion techniques. The ADCO808, ADC0809 of-  m Temperature range —40°C to +85°C or -55°C to
fers *high speed, high accuracy, minimal temperature +125°C

dependence, excellen} lpng-(erm accuracy and repeatabi- o Low power consurnption — 15 mW

lity, and consumes minimal power. These features make o
this device ideally suited to applications from processand '™ Latched TRI-STATE® output
machine control to consumer and automotive applica-

tions} For 16-channel multiplexer with common output

(sample/hold port) see ADC0816 data sheet. (See AN-247

for more information.
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Absolute Maximum Ratings (votes 1ang 2)

Operating Ratings (votes 1 ang 2)

Supply Voltage (Voc ) (Note 3 6.5v Temperature Range (Note 1) TMIN S TA = Tiax
Voltage at Any Pin -0.3Vio(Vee +0.3v) ADC0808CY ~55'CsTp s +125°C
Except Conltrol Inputs ADC0B08CCY, ADCO0808CCN,
Voltage at Control Inputs ~0.3V1io + 15V ADCO0809CCN ~40°C 5Ty < +85°C
(START, O, CLOCK, ALE, ADD A, ADD 8, ADD C) Rangeol Vo (Note 1) 4.5Vpc106.0Vpg
Storage Tempetature Range -65'Cto +150°C
Package Dissipationat Tao=25C 875mw
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics
Converter Speclfications: Vee=5Vpe= Vaer(+y Vagr-)= GND, TminS TAS Tygax and fo g = 640 kHz
uniess otherwise stated.
Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C +1/2 LsBs
(Note 5) TMIN to TMAX +3/4 LS8
ADC0809
. Total Unadjusted Error 0°Cto70°C +1 LS8
(Note 5) + Tyin to Trmax +11/4 LSB
Input Resistance From Ref(+) to Ref(~) 1.0 25 kQ
Analog Input Voltage Range (Note 4) V(+) or V(~) GND-0.10 Vee+0.10 | Ve
Vaer+) Voltage, Top of Ladder Measured at Ref(+) Vee Vee+0.1 v
‘L&Eﬁt’%ﬂ;’ Voltage, Center of Ladder Veel2-01 | Veerz | Vegi2+01| v
VRer(-) Voitage, Bottom of Ladder Measured at Ref(-) -0.1 0 v
Comparator Input Current fc =640 kHz, (Note 6) -2 *=05 2 pA

Electrical Characteristics

Digital Levels and DC Specifications: ADC0808CJ 45V =Veex<5.5V, —55°C<Tas + 125
ADC0808CCJ, ADCOBOSCCN, and ADCOS0SCCN 4.75 < Vees5.25V, ~40°C<Tys +85

*C unless otherwise noted
*C unless otherwise noted

Parameter Conditions Min l Typ l Max I Units
ANALOG MULTIPLEXER .
loFr(e) OFF Channel Leakage Current Vee=5V, Viy=5V,
Ta=25°C 10 200 nA
T t0 Taax 1.0 uA
lorsi-) OFF Channel Leakage Current Vee=5V, Viy=0,
Ta=25C - 200 -10 nA
Thain 10 Tiax -10 #A
CONTROL INPUTS
Viney Logical *1" Input Voltage Vee-1.5 v
Vingy Logical 0" Input Voltage 1.5 v
Ly Logical 1" input Current Vin= 15V 1.0 rA
(The Control Inputs)
oy Logicai “0" Input Current Vin=0 ~1.0 A
{The Control inputs)
lec Supply Current ok = 640 kHz 0.3 3.0 mA
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Electrical Characteristics (continued)

Digital Levels and DC Specifications: ADCOBUBCJ 4.5V sV 5.5V, —55°CsTy< +125°C unless otherwise noted
ADCOBOBCCJ, ADCOBOBCCN, and AQCOB09CCN 4.75 Vg <5.25V, —40°C s Ty s +85°C unless otherwise noled

Py

Parameter I Conditions l Min I Typ I Max ] Units
T 1 , 2 T -

DATA OUTPUTS AND,EOC (INTERRUPT).

Vout Logical “1" Output Voltage lo= - 360 pA Vee-0.4 v

Vouto Logical 0" Outpul Voltage lg=16mA 0.45 v

Vouto Logical “0" Output Voltage EOC | lg=1.2mA 0.45

loyr TRI-STATE® Output Current Vo=5V 3 wA
Vo=0 -3 . M.

0

Electrical Characteristics

Timing Speciflcations: Voo =Vagr(4)= 50 VRer(~)=GND, t,=1;=20ns and‘TA =25°C unless otherwise noted.

t
'

Symbot Parameter Condiions Min Typ Max | Units
tws Minimum étarl Pulse Width (Figure 5) 100 200 ns
twaLe Minimum ALE Pulse Width | (Figure 5) 100 200 | ns
s Minimum Address Set:Up Time ] (Figure 5) 25 50 ns
th "Minimum Address Hold Time | (Figure 5) 2% 50 | ns
to Analdg MUX Delay Time Rg =00 (Figure 5) 1 25. 1 &s

From ALE
tur tho 9 OE Control to Q Logic State C_=8%0pF, R = 10k (Figure 8) 125 250 ns
tud Lo OE Control to Hi-Z C_ =10 pF, R, = 10k (Figure 8} 125 250 ns
tc Conversion Time f. = 640 kHz, (Figure 5) (Note 7} 90 100 116 us
fe> Clock Frequency 10 640 1280 | kHz
teoe EOC Delay Time (Flgure 5) 0 84 2us| Clock

4 Periods
Cin fnput Capacitance At Control Inputs 10 15 of
Cour TRI-STATE® Output At TRI-STATE® Outpits, (Note 12) 10 15 pF

. Capacltance

Note 1: Absolute maximum ratings are those values beydnd which the life of the'device may be impalred,

Note 22 All voitages are d with P 1o GND, unless otherwise speciiied,

Note 3: A zaner diode exists, Intarnally, from Vo 1o GND and has a typlcal breakdown voltage ot 7 Vpg-

Note 4: Two on-chip diodes are tied to each analog input which wilt forward conduct for snatog Input voflages one diode drop below ground or one diode drop

greater than the YV supply. The spec altows 100 mV forward bias of either diode. This means that as long as the analog VN does not excead the supply

voltage by more than 100 mV, the outpul code wlli be correct. To achieve an absolute 0Vpg to5 Vpg input voitage range will ftore requite a um sup-

ply‘volune of 4.900 V¢ over temperature varlations, Initial tolerance and loading.

Note 5: Total unadjusted errorincludes offset, full-scale, linearity, and multiplexer errora. Sas Figure 3. None of these A/Ds requires a zero of full-scale adjust.

However, if an all zero code Is desired lor an analog input other than 0.0V, or If a narrow futl-scale span exists {forexample: 0.5V to 4.5V full.scale) the relerence
.r ges can be ad} to achieve this, See Figure 13.

Note 8: Comparator Input current Is a blas current Into or oul of the pper stabllized tor. The bias nt varles directly with clock frequency and

has little temperature dependence (Figure 6). Soe paragraph 4.0,

Note 7: The outputs of the data regi are updated one clock cycie belore the rising edge of EOC.
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* Functional Description

Multiplexer: The device contains an 8-channel single-
ended analog signal multiplexer. A particular input chan-
nel is selecled by using the address decoder. Table |
shows the input states for the address lines to select any
channel. The address is latched into the decoder on the
low-to-high transition of the address latch enable signal.

TABLE|

SELECTED ADDRESS LINE
ANALOG CHANNEL c[BJ[A
B (S R
IN1 Ll L|H
IN2 LiH]L
i IN3 Ll H|H
iN4 HiLftL
INS H| L |H
: ING_ H| HL
- IN7 H|H|H

, CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
. Bbitanalog-to-digital converter. The converter Is designed

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitloned
Into 3 major sections: the 256R ladder network, the suc-
cessive approximation register, and the comparator. The
converter's digital outputs are positive true.

The 256R ladder network approach {Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotoniclty, which guarantees no missing digital codes.
Monotonicity Is particularly important in closed loop feed-
back control systems. A non-monotonic retationship can
cause oscillations that will be catastrophic for the
system. Additionally, the 256R network does not cause
load varlations on the reference voltage.

The bottom resistor and the top resistor of the ladder
network in Figure 1 are not the same value as the
remainder of the network. The difference in these
resistors causes the output characteristic to be sym-
metrical with the zero and full-scale points of the transfer
curve. The first output transition occurs when the analog
signal has reached +1/2 LSB and succeeding output
transitions occur every 1 LSB later up to full-scale.

The successive approximation register (SAR) performs 8
iterations to approximate the input voltage. Forany SAR
type converter, n-iterations are required for an n-bit con-
verter. Figure 2 shows a typical example of a 3-bit con-
verter. In the ADC0808, ADC0809, the approximation
technique is extended to 8 bits using the 256R network.

CONTROLS FROM S.AR,
{

REF(4) Ommmey

e ™
—

4R

256R 3 o

%R

T0
. & COMPARATOR
INPUT

REF(-) O

FIGURE 1. Reslistor Ladder and Switch Tree
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Functional Description (continued)

The AJD converter's successive approximation register
(SAR) Is reset on the positive edge of the start conversion
(SC) pulse. The conversion Is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new Start conversion putse.
Continuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an exiernal start conversion pulse should be
apptied after power up. End-of-conversion wili go fow be-
tween 0 and B clock pulses after the rising edge of start
conversion.

The most important section of the A/D converter is the

comparator. it is this section which is responsible for the
ultimate accuracy of the entire converter. It Is also the

m

7
= FULLSCALE

110 IDEAL CURVE ;——-2  ERROR - 1/2 LS8
a et
o
o
- 180
>
2
5 :
5 ~} Le-nonUNEARITY = 172 LSE
£ a0 -
< NONUINEARITY = ~1/2 £SB
o

000
/8 /8 278 e 4/8 5/8 6/8 I
Vi AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit A/D Transier Curve

“ERROA

INPUT OV
VOLTAGE

oummzmc{

A

comparator drift which has the greatest influence on the
repeatabllity of the device. A chopper-stabilized com
parator provides the most effective method of satislying
all the converter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed threugha
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter axtremely
Insensitive to temperature, long term drift and input offsel
errors.

Figure 4 shows a typlcal error curve for the ADCO0808 as
measured using the procedurgs outlined in AN-179.

INFINITE RESOLUTION
m PERFECT CONVERTER
10 +172 LS8 —-— IDEAL 3-81T CONVERTER
w TotaL P
S 101 | uwaosuster™ i
ERR |
5 100 & —1158
& ~— ABSOLUTE
2 on ACCURACY
g e -1/2 158
QUANTIZATION
801 ERAOR

000 Vin
o/8 178 2/8 38 4/8 5/ 68 1N

ViN AS FRACTION OF FULL.SCALE

FIGURE 3. 3-BIt A/D Absolute Accuracy Curve

REFERENCE LINE

FULL
SCALE

FIGURE 4. Typical Error Curve
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Typical Performance Characteristics
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Applications Information
OPERATION

10 Ratlometric Conversion

The ADCOBO8, ADCO0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion
systems. In ratiometric systems, the physical variable
being measured is expressed as a percentage of full-scale
shich is not necessarily related to an absolute standard.
The voltage input to the ADCO0808 is expressed by the
equation

Ve _ Dy
Viy—VYz  Duax = Dum
Vv =Input voltage into the ADC0808
Vis= Full-scale voitage
Vp=Zero voltage
Dy = Data point being measured
Opax = Maximum data limit
Dy = Minimum data timit

M

A good example of a ratiometric transducer is a poten-
tomeler used as a position sensor. The position of the
wiper is directly proportional to the output voltage which
13 ratio of the full-scale voltage across it. Since the data
15 represented as a proportion of full-scale, reference
requirernents are greally reduced, eliminating a large
source of error and cost for many applications. A major
idvantage of the ADC0808, ADCO809 is that the input
witage range is equal to the supply range so the
tansducers can be connected directly across the supply
and their outputs connected directly into the multiptexer
mputs, (Figure 9).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc.,
are sullable for measuring proportional relationships;
however, many types of measurements must be referred
to an absolute standard such as voltage or current. This
means a system reference must be used which relates
the full-scale voltage to the standard voll. For example, if
Vee = Vaee = 5.12V, then the full-scale rangeis divided in-
to 256 standard steps. The smallest standard step is 1
LSB which s then 20 mV.

2.0 Resistor Ladder Limitations

The voltages from the resistor ladder are compared to the
selected Input 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlled 1o malntain
proper operation.

The top of the ladder, Ref( + ), shoutd not be more positive
than the supply, and the bottom of the ladder, Ref(~),
should not be more negative than ground. The center of
the ladder voltage must also be near the center of the
supply because the analog switch tree changes from
N-channel switches to P-channel switches. These limita-
tions are automatically satisfied in ratiometric systems
and can be easlly met in ground referenced systems.

Figure 10 shows a ground referenced system with a
separate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. For in-
stance, if a 5.12V is used, the supply should be adjusted to
the same voltage within 0.1V.

Vee
L REF(+) Mse

Ta?

. BIGITAL

5 0uTPUT

L Qgyr PROPOATIONAL

* TO ANALOG

. INPUT

-

ts0 % %

REF(-) s Q N TIN

I oo OUT= Vrer ™ Voo

-L 4.75V sVee = VRer S5.25V
— ADC0808 Ratlometric transducers

FIGURE 9. Ratlometric Conversion System




Applications Information (continued)

The ADC0808 needs less than a milllamp of supply current
so developing the supply from the reference s readily
accomplished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to
supply the milliamp of supply current and the desired bus
drive, or if a capacitive bus is driven by the outputs a large
capacitor will supply the translent supply current as seen
in Figure 12. The LM301 is overcompensated to insure
stability when loaded by the 10 xF output capacitor.

[

The top and bottom ladder voltages cannot exceed V¢
and ground, respectively, but they can be symmetricalt
less than V¢ and greater than ground. The center of th:
ladder voltage should aiways be near the center of th-
supply. The sensitivity of the converter can be increasec
(i.e., size of the LSB steps decreased) by using a syr
metrical reference system. In Figure 13, a 2.5V referency
is symmelrically centered about Ve/2 since the sam
current {lows in identical resistors. This system with :
2.5V reference atlows the LSB bit to be half the size of :
5V reference system.

Vee
SuPPLY Vee
Mss
VREF REF(+) DIGITAL
ouTPUT
Qoyt REFERENCED
O—q la7 o -
Vin{O—{ ¢ GROUND
-
O (]
I——- REF(~) Lse
Vv
= GND o IN
OUT= Vher
ADCO308 475V VoG = VRgF S5.25V

FIGURE 10. Ground Referenced
Converslon System Using Trimmed Supply
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+
VT mse
DIGITAL DUTPUT
Vaer (— @ REF(+) tout REFERENCED TO
REF{+) O a7 GROUND
Vin { O— 3
O la0
1—— REF(-1 Lse
&—— cnp Qo N
OUT" Vrer

FIGURE 11. Ground Referenced Conversion System with
Reference Generating Vcc Supply
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Applications Information (continued)  10-15 voe
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FIGURE 13. Symmetrically Centered Reference

3.0 Converter Equations

The transition between adjacent codes N and N+1 Is
given by:

N @

Vin=1{ (Vagr(+)— Vaer- ))[——

256

1
— jxV +V -
+512J TUE REF(-)

The center of an output code N Is given by:

N
Vin={ Vaer+) = Vaer(-)) [23'6] = Viuef+ Vaer-) @)

The output code N for an arbitrary Input are the integers
within the range:

ViN—V -

N= IN REF{-)

2 e — 20 X 256 x Absolute Accuracy
VRer(+)— Vaer(-)

(4)
where: Viy = Voltage at comparator input
Vagr(4+)= Voltage at Ref(+)
Vner(-)= Voltage at Ref(~)
Vyue = Tota!l unadjusted error voltage (typlcally
Vaers) + 512)

4.0 Analog Comparator Inputs

The dynamic comparator Input current Is caused by the
periodic switching of on-chip stray capacitances. These
are connected alternately 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 current varies
directly with clock frequency and with V,y as shown in
Figure 6.

if no filter capacitors are used at the analog Inplts and the
signal source impedances are tow, the comparator input
current shouid not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out
belore the comparator output is strobed.

if input filter capacitors are desired for nolse reduction
and signal conditioning they will tend to average out the
dynamic comparator input current. It will then take on the
characteristics of a DC bias current whose effect can be
predicted conventionally.




Typical Application

READ
INTERRUPT
5§00 kHz CLK /]
ADDRESS 5.000V =V EOC INTERRUPT
DECODE REF(+)

{AD4-ADI5)* 0.000V —1VRgr(-)

2~ }=— 087 Mss

START 2-2f——— D85

ALE -3t 8BS

WRITE ? .
24— 08¢
ADO~ A =5 > 083
ADCO808
ADI—B  apcessy 2-Sp—— D82
AD2—]C 2-7 jom——p DB1

2-8—> 080 Ls8

sv SUPPLYT

Vee In7=—Vin e
GND " )
0-5V
GROUND = 3 ANALOG
INPUT RANGE

fd [ Vin ¥

© Address latches needed for 8085 and SC/MP Intertacing the ADC0808 to a microprocessor

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMRA MEMW INTR (Thru RST Circuit)

8085 RO WR INTR {Thry RST Circult)

2-80 RO WR iNT (Thru RST Clrcuit, Mode 0)
SCIMP NRDS NWDS SA (Thru Sense A}

6800 VMA-¢ 2-RIW VMA-02 W RQA or TRQB (Thru PIA}

Ordering Information

TEMPERATURE RANGE —40°C to +85°C [ ~55°Cto +125°C
Error * 1/2 Bit Unadjusted ADCO808CCN ADC0808CCJ ADC0808CJ
=1 Bit Unadjusted ADCO0809CCN
Package Outline N28A Molded DIP | J2BA Hermetic DIP | J28A Hermetic DIP




Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is 3 monolithic function generator inte-
grated circuit capable” of producing high quality sine,
square, iriangle, ramp, and pulse waveforms of high-stability
and accuracy. The output wavelforms can te both amplitude
and lreauencv modula(ed by an external voitage. Freouencv
of operanon cgn 0 be sel selected externally over 3 range oTO‘O'I
Hz to more than l MHZ,

The ciscuit is ideally suited for communications, instru-
mentation, and function generator applications requiring
sinusoidal tone, AM, FM, or FSK generation. It has a typical
dritt specification of 20 ppm/°C. The oscillator frequency
can be linearly swept over a 2000:1 frequency range, with
an external control voltage, having a,very small alfect on
distortion,

FEATURES

Low-Sine Wave Distortion .5%. Typical
Exceltent Temperature Stability 20 bpm/°C, Typical
Wide Sweep Range 2000:1, Typical

Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controts
Wide Supply Range
Adjusiable Duty Cycle

0.01%V, Typicai

10V 10 26V
1% 10 99

APPLICATIONS

Waveform Generation
Sweep Generation

AM/FM Generation

V/F Conversion

FEK Generation

Phase- Locked Loops {VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation 750 mw

Derate Above 25°C 5mw/°C
Total Timing Current 6 mA
Storage Temperature -65°C to +150°C

FUNCTIONAL BLOCK DIAGRAM

%

wett [1]

SoTRT E
MULTIPLIER
MULT. OUT E e -«E ]
SHAPER

<
v [a] 5] |
g E:ﬂ{ 2 e
L [s] 1] &2,
b o)

N lr E 2 h E s

MING
RESISTORS CURRENT
SWITCHES 9 l A

ORDERING INFORMATION

Part Number Package Operating Temperaan
XR-2206M Ceramic 55°C 10 «128°C
XR-2206N Ceramuc 0°C 10 +70'C
XR-2206P Plastic 0°C 10 +70°C
XR-2206CN Ceramic 0°Co0 +70°C
XR-2206CP Plastic 0°Co «70°C
SYSTEM DESCRIPTION

The XR-2206 is comprised of four lunctional bicxs s
voltage-cpatrolled oscillator (VCO), an analog muit'e
and sineshaper; a unity gain buffer amplifier: and g
of current switches,

The VCO actually proguces an output frequency toe
tional 1o an input current, which is produced by iy
from the timing terminais 10 ground. The current s.s.m‘
route one of the timing pins current 10 the VCO contse &
by an FSK input pin, 1o produce an output frequency, K3
two timing pins, wo discrete output frequencies wr »
independently produced for FSK Generation Aoplicm

v
” EMR Integrated Systems, Inc., 750 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732-7970 * TWX e16.2
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SRITMCAL CHARACTERISTICS

g@_}.?-cwhbm: Test Circuit of Figure 1, V¥ = 12V, Ta™ 25°,C =0.01 uF, Ry =100k, Ry = 10k§), Ry =25k
unless otherwise soecified. Sy open for triangte, closed for sine wave,

XR-2206M XR-2206C
PARAMETER MIN, | TYP. | MAX. | MIN. | TYP. | MAX. | UNIT CONDITIONS
ORARACTERISTCS
10 26 10 26 v
25 13 5 213 v
12 17 14 20 mA M >i0ken
)
0s 1 05 1 MHz C=I10000F, Ay =1k
0.0t 0.01 He C*50uF. Ry =2MN
3] t4 t2 % of g o= URC
£10 150 £20 nom/*C 0°C < Ty < 75°C,
Ry = fy=20k0 !
Q.01 0.4 .61 %IV Viow = 10V, ViigH = 20V,
Ry = Ry =20k 0 !
1000:1 | 2000:1 2000:1 f= g M@ Ry =1kn
W @Ry =2Mn
2 N * f = 1 kHe, iy = 10 kH2
8 6 % 1L = 100 Hz, tyg = 100 kHz
0.1 c.1 % 2 10% Devistion
0.001 100 0.001 100 uF See Figure 4,
1 2000 1 2000 L X1
See Note 1, Figure 2.
160 g 183 mv/xn Fgure 1, Sy Open
40 &0 80 60 mv/k Fgure 1, Sy Closed
8 6 Voo
600 600 ke
1 1 %
05 05 a8 For 1000:1 Sweeo
430 2800 pom/*C. See Note 2.
25 25 % =300
0.4 1.0 13- 15 % See Figures Sand 7.
S0 100 50 100 N
100 100 %
55 55 d8
2 2 % For 95% modulation
12 12 Voo Mesaurad at Pin 11,
250 250 faec C = 100F
S0 S0 asec Cy = W00F
02 0.4 02 08 v L="2mA
0.1 f-o] 0.1 100 rA V4g = 26V
o8 1.4 24 08 14 2.4 v Sas saction on circult controls|
29 31 a3 25 3 33 v Massured at Pin 10,

(0 Oann srolinude is directly proortionat 1o the resistance, A3, on Pin 3. See Figure 2.
3 Fo wusimum amolitude stadility, Ry shoutd be s positive temoecature coefficient resistor,
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Figure 1:  Basic Test Circuit. Figure 5: Normalized Output Amplitude vermt ¢
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Resistor, R3, at Pin 3. Resistor.
" i : I
/ AN R
= / \\4 g e ¢ |
wn
1 LT N 2, :
Y T s Ll P 2 5 |
V[ T %7 i, i
|4 s
" IL//: ‘
',/l >men ' 4
" | R S
» . | i 1
[ [ ] " - » »”» " - - - -t - -
Yoo PAEOVENCY P
Figure 3:  Supply Current versus Supply Voltage, Figure 7:  Sine Wave Distortion versus Operviny |
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Figure 8: Circuit Connection for Frequency Sweep.
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, By and Rz, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity of the logic signat at Pin 9, either one or the other
of these timing resistors is activated. Il Pin 9 is open-
circuited or connected 1o a bias voltage 22V, only Ry is
activated. Similarly, if the voltage level at Pin 9 is <1V,
only A3 is activated. Thus, the output frequency can be
keved between two levels, f; and {5, as:

13 = 1/R1Cand {9 = 1/R,C

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

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same 3s the dc bias at 22_3' In Figures 10, 11 and 12, Pin 3
is biased midway between V* and ground, to give an
output dc level of =V */2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection lor generating a
sinusoidal output from the XA-2206. The potentiometer,
Ry 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 10 can be converted to split-supply
operation, simply by replacing all ground connections with
V=, For split-supply operation, Ry can be directly connected
to ground.

With External Adjustment:

The harmonic content of sinusoidal output canteea
to =0.5% by additioral adjustments as showninfen "
The potentiometer, Ry, adjusts the sine-shaging ez
and Rg provides the fine adjustment for ihe arrm
symmetry. The adjustiment procedure is as {ollows:

1. Set Rg at midpoint, and adjust Ry for reme
distortion.

2. With Rp’set as above, adjust Rg 1o furire s
distortion.

Triangle Wave Generation

The circuits of Figures 10 and 11 can be convermt
triangle wave generation, By simply open-<ircuitig s
and 14 {i.e., S; open), Amplitude of the triangle s o>
mately twice the sine wave output,

FSK Generation

Figure 12 shows tne circuit connection for sinuxcs f§
signal operation. Mark and space frequencies can e
pendently adjustea, by the choice of timing tessns
and Ry. the output is phasecontinuous during Irrsas
The keving signai is applied to Pin 9, The circut
converted to split-supply operation by simply 2
ground with V~,

Pulse and Ramp Gesneration

Figure 13 shows :ne circuit for puise and rame war>
generation. In this mode of operation, the FSKiane
minal (Pin 8) is shorted 1o the squarewave ouiput ifr ~
and the circuit automatically frequency4hift ten w|
between two separate frequencies during the poyt
and negative-going output waveforms. The cuise wer
duty cycle can be adjusted from 1% to 99%. by ren
of Ry and Ry. “The values of By and Ry shoudtee
range of 1 k2 1o 2 MQY,



SBCES OF OPERATION

g2
htm of Controls

'.-:1 of Operstion:
2w tsquency of oscillation, 1, s determined by the
smrrat Lming capacitor, C, across Pin 5 ana 6, and by the
¥y reusior, R, connected 1o either Pin 7 or 8. The fre-
“BaPCY 6 given as:

o = -R—C—' Hz
€ O e adjusied by varying aither R or C. The recom-
s values of R, for a given Irequency range, are shown
BFgse 4 Temoerature stability 13 optimum for 4 k1 <
801 0. Recommendea vaiues of C are from 1000 pF
810pfF,
fwamency Sweep 3nd Modutation:
Fsaency of oxcillation is proportional 1o the total timing
8wk crawn from Pin 7 or 8:

32017 {(mA)
C (uF)

Wmrg temunals (Pin 7 or 8) are tow-impegance points,
o8 oy creenlly biasea at +3V, with respect o Pin 12,
Famarcy varies linearty with Iy. over 3 wide range of
‘W values. llom 1 pA 1o 3 mA. The irequency can
® wrwoiled by applying a conteot voltage, Vg, to the
EB uming 0in 35 shown in Figure 9, The frequency of
.&mmemm 10 Ve as:

{=

: Ye
:'.‘ |._ =
z RC I‘R i 3 b
v{‘ [/

where \ is in volts. The voltage-to-frequency conversion
gain, K, is given as:

0.32

RcC

K= 3l/dVg == Hzrv

CAUTION: For safe operation of the circuit, Iy should be
limited 10 K3 mA,

28,

Qutput Amplitude:

Maximum oulput amz:itude is inversely proportional to ine
external resistor, R4, zcnnected to Pin 3 (see Figure 2). For
sine wave Qutoui. am s .tude is approximately 60 mv peak
mi‘ior ir-angle. ihe peak ampITUOE 1§ 3pPIOXs-
mately 160" mV peac ser kQ of R3. Thus, !or examote,
Rq = 20 k 2 wouid crcouce approximately 3V sinusoidal
output amplitude,

Amplitude Modulation:
Output amplitude can se modulated by applying a dc bias
ana 3 modulating sigrat to Pin 1. The internal impedance at
Pin 1 is aoproximaterv 100 k. Ouiput amplitude varies
linearty with the appied voltage at Pin 1, for vatues of de
bias at this pin, within 24 volts of V*/2 as shown in Figure
8. As tnis bias leve! approaches V*/2, the phase of the
Oulput signal is reversed, and the amplitude gces through
zero. This property 's suitable for phase-shift keying ana
suspressed-carrier AhY generation, Total dynamic range of
amplituge modulation .5 3oproximately S5 dB.
Pt

CAUTION: AM conwol must be usﬂd‘in conjunction with
a well-regulated supc.v, since the outout’ amphlude now
becomes a function of V¥, !
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FSK Demodulator/ Tone Decoder

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications. It is
particularly well suited for FSK modem applications. it
operates over a wide supply voltage range of 4 5 1o 20V
and a wide frequency range ot 0.01 Hz to 300 kHz, It can
accommagate analog signals between 2 mV and 3 V.and
can interface with conventional DTL. TTL. and ECL logic
families. Thg girgyit consists of a basic PLL for tracking an
input signal within the pass band. a3 Quadrature phase detec-
tor which provides carrier detection, and an FSK voltage

comparator which provides FSK demodulation. External -

components are used to independently set center frequency,
bandwidth, and output delay. An internal voltage reference
proportional to the power supply provides ratio metric
operation for low system performance variations with
power supply changes,

The XR-2211 s avaiiable v 14 pin OTL ceramic or plastic

packages specified for commercial or military temperature
ranges.

FEATURES

0.0Y Hz 10 300 kHz
45Vio20V

Wide Freauency Range

Wide Supply Voltage Range
DTL/TTL/ECL Logic Compatibility
FSK Demodutation, with Carrier Detection

Wide Dynamic Range 2mV1o3Vrms
Adjustable Tracking Hange (1% 1o +80%)
Excetlent Temp. Stability 20 ppm/*C. typ.
APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Derection

Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 20V

Input Signal Level 3 Vrms

Power Dissipation

Ceramic Package 750 mwW
Derate above T4 = +25°C 6 mv/C

Plastic Package 625 mw
Derate above Ty = +25°C 5.0 mw/C

FUNCTIONAL BLOCK DIAGRAM
xR 2201 \J

l SIGNAL l
“vee | 1 PRE AMP 14 :‘um
INPUT I 2 vco
LOCK
OETECT I 3
FILTER
GROUND I 4
LocK .J

32

>

(=]

2] =]
282 #%

mEEE

INTEANAL v 3
Loex o 8 aererence[] 10| Yaua i
DETECT

DATA FS%
outPuT | 7 Jo 18] cow

i A ead

FSK COMP
ORDERING INFORMATION 4
Part Number Package Operating Temperiioyd)
XR-2211M Ceramic -55°C 10 +125°C &}
XR-2211CN Ceramic 0°Cio+ 18°C I
XR-2211CP Plastic 0°C1o + 75°C §i
XR-2211N Ceramic -40°Cto + 85°C
XR-2211P Plastic -40°C 10 + 85

SYSTEM DESCRIPTION

The main PLL within the XR.2211 is constructes
input preamplitier. analog multiplier used as a phar
tor, and a precision. voltage controlled osciilator |
The preamplifier is used as a limiter such that jopus
_2bove typically 2MV RMS are amplified 1o a cons
level signal, The multipiing-type phase detector
digital exclusive or gate. Its output {unfiltered)
sum and difference frequencies of the input and trfi.
output, f input + t input (2 f input) and { input - ,
{0 Hz) when the phase detector outpul 10 reraff:
"sum’ frequency component while passing the o

(DC) component to drive the VCO. The VCO isa!
a current convrolled ascillator with its nomimsjy
current (Ig) set by a resistor (Rg) to ground and i3if
current with a resistor (R 1) from the phase detecta§

The other sections of the XA-2211 act 10: determm™.
VCO is driven above or telow the center frequan

comparator): produced both active high and activ®
puts 1o indicate when the main PLL is in lock (o8

phase detector and lock detector comparator). [‘

N/
IA‘ EMR Integrated Systems, inc., 750 Patomar Avenue, Sunnyvate, CA 94086 * {408) 732-7970 * TWX 92
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' RICTRICAL CHARACTERISTICS

" tesContitonr; Test Ciecuit of Figure 1, V* = v« 6V, Ta = +25°C, C = 5000 pF, Ay =Ry =Ry
8unary 1nputs grounded, Sy ang S3 closed unless otherwise specified.

*R3 =20k A =47 KL

XRA-2211/2211M

XR-2211C

PARAMETERS UNITS CONDITIONS
MIN, TYP. MAX, MIN, TYP, MAX.
A Aay
Sty Voliage 45 29 a5 20 v
$cory Cutrent 4 ? 5 9 mA Rg 210 X{L See Fig. 4
JOLLATOA SECTION
Inquancy Accuracy B3] f=) n % Deviation trom 1g = 1/RgCo
$~q.mncy Suoility Ry=% .
Tenowraturs £20 250 *20 eom/°C See Fig. 8,
Power Suopty 0.35 0.5 Q.05 kY44 V¥ =122V, SéeFig, 2,
0.2 0.2 RV V¥ =5205V, See Fig. 7.
ow Fraquency Limit 100 300 300 KMz Ag = 8.2 KSL Cg » 400 oF
* Lowmt Practical
Oowating Frequency 0.01 0.01 Hz Rg » 2 ML Cg = 50 1F
T~ Revior, R Sce Fig. 5.
Ooeratng Range 5 2000 5 2000 kQ
Ascommenaed Range 15 100 15 100 3¢} See £iy. 7 ang 8.
0P PaSE
JTCI0R SECTION
A Gotout Curreny 2150 =200 2300 2100 2200 2300 BA Measured 3t Pia 13,
Ovout O*tser Curtens £ =z HA
O iImpegance ] 1 [¥19]
Wrwmm Swng 24 5 %4 - v Aeterences o Pia 10,
AAALILAE
Past CETECTOR Measureqg at Pin 3,
A Gutout Current 100 150 150 HA
Ovovt impasance 1 1 MO
Upromum Svnng 1 " Vv oo
NPT PRESMP SECTION Megniiag a1 Pin 2,
| PO bmomsance 20 20 31
ros Spn
VYorage Requirea 10
Cane Limiting 2 10 2 mV sy
YOLTASE COMPARATOR
YAS
rou ImoNanCe 2 2 YY) Measured at Ping 3 ana 8,
Yot 2 Current 100 100 nA
Yoruge Gain 55 70 55 70 a8 RL =51 k2
Ovonst Voliage Low 300 300 mv ic *3ma
O Leatage Current Q.01 0.01 HA vgri2v
wTRNAL REFERENCE
Ywug Levet 49 83 57 4.75 5.3 5.85 v Measures st Pin 10,
Ovaaa imosdance 100 100 Q
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Figure 1: F al Block Diag of a Tone and FSK Figure 2: Generalized Circuit Connection for FSX wd

Decoding System Using XR-2211

Reference Voltage, Vg (Pin 10): This pin is internally biased
at ihe reference voliage level. V. Vg = V+/2 - 650 mV.
The dc voltage levei at this pin forms an internat reference
for the voltage levels at Pins 5. 8. 11 and 12. Pin 10 must
be bypassed 10 ground vath a 0.1 pF capacitor for prooer
operation of the circuit,

Loop Phase Detector Output {Pin 11}; This terminat provides
a high impedance output for the loop phase detector. The
PLL 1oop filter is formed by Ry and C; connected 10 Pin 11
Isee Figure 2). With no input signal. or with no phase error
within the PLL, the dc level at Pin 11 is very nearty equal
10 V. The peak voltage swing available at the phase detec-
10r output is equal 1o 2V,

VCO Control input {Pin 12): VCO free- -running frequency
is determined by external timing resistor, Rp. connected
from this terminal 1o ground. The VCO iree-running fre-
quency, fg, is:

fo'—-— Hz

RoCo

where Cq is the timing capacitor across Pins 13 and 14, For
optimum temperature swability, Ro must be in the range of
10 K 10 100 K12 see Figure 8).

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

Tone Detection

VCO Timing Capacitor {Pins 13 and 14} VCO {requency ¢
inversely proportional 10 the external timing caoacitor G |
connected across these 1erminals (see Figure 5), Cg mustze §
nonpolar. and in the range of 200 oF 10 10 uF.

§
VCO Frequency Adjustment: VCO can be fine lun!d"' .

connecting a potentiometer. Ry, in series with Rg a1 P 1)
(see Figure 9).

{Veco Free-Running Fragquency, fo: XR-2211 does not
a separate VCO output terminal, Instead, the VCO ouipwa '
are internaily connected 10 the phase aetector secx-omd
the circuu, However, for set-up or adjustment purposm, |
VCO free-running frequency can be measured at Pin 3 bwa

\\CD disconnected), with no input and with Pin 2 shoriede
Pin 10.

DESIGN EQUATIONS
{See Figure 2 for definition of components.)

1. VCO Center Frequency. fo:
'0 = ”ROCO Hz

2. internal Reference Voltage, Vg (measured at Pin it}
VR = V+/2 —~ 650 mV

3. Looo Low-Pass Filter Time Constant. r:

/16y




L L9 Pruse Detector Conversion Gain, X¢: (K¢ s the
3% snwwl de voltage across Pins 10 and 11, per unit
44" of phase error at phase aetector input)

z. |

5. L« - Vg/r volisiadian

S

hl
&AKD Conversion Gain, Kg. (Kq is the amount of

2 B 0 VCO Irequency, per unit of dc voltage change
» A i1

e
?:o--wncoa, Hztvon

s

=

L e Looo Gain, Ky:
A

1 2Ky = 41CoR) radfseaivort

b 124
2 A Pruse Cetector Current 1 4.
[
o
& 13 ° vg [onsi/25 ma

BPUCATIONS INFORMATION

s

M OECOOING:
3

$928 1 $hows the basic circuit connection fos FSK decod-
Iy W reference 10 Figures 2 and 9, the functions of
By comoonents are aefined as follows: Rg ana Cy set
R AL anter irequency. Ry sers the system banawidth,
8 Cy w5 tre loop filter time constant and the loop
Py i, Ce ana R form a one-pole post-detection
B &7 e FSK dawa output. The resistor Rg (= 510 KQ2)
mMIping introguces positive feedback across the
M orovatr 10 facilitate rapid transition between
S < st

Smereand comoonent values for some of the most
ey L FSK tands are given in Table 1,

Daesign Instructions:

The circuit of Figure 9 can be tailored for any FSK decoding
application by the choice of five key circuit components:
Rg. Ry. Cg. Cy and Cg. For a given set of FSK mark and
space frequencies, fy and fo, these parameters can be catcu-
lated as follows:

a} Calculate PLL center frequency, fg:

{y +f§
o=tz

2

b}l Choose value of timing resistor Rq. to be in the range
of 10 K2 10 100 K. This choice is arbitrary. The
recommended value is Ry = 20 K€L, The final value of
Ro 1s normally fine-tuned with the series potenu-
ometer, Ay.

¢} Calculate value of C from design equation (1) or from
Figure 6:

Co = V/Rofg

d} Calculate Ry 10 give a Af equal 10 the mark space
dewvianion.

Ry = Rolfg/th) -1l

e)l Calculate C; 10 set loop damping. {See aesign ecuation
no.4)

Normally, { = 1/2 15 recommenced.

Then. Cy = Cpla for { = 172

) Calcutate Data Filter Capacitance, Cg.

For Rg = 100 KQ2, Rg = 510 K. the recommenced
value of Cg 1s:

Cg = 3/iBaud Rate) uf

Note: All calcutated component values except R can be
rounded 1o the nearest standard value, and R can be
varied to finetune center frequency, through a series
potentiometer, Ry. {See Figure 9.)
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R "qnl: Circust Connection for FSK Decoding

Do £ ampte:

B 8aa FSK cemocutator witn marx space irequencies of
NLUD Ny

Be! Cicudie i g ="(1110 = 11701 {1/2) = 1140 Hz
$e2 (o Rg = 20 KN (18 KN Lixeq resistor in series
Y win5 K potentiometer)

943 Ciculate Cg trom Figure 5 Co = 0.044 puF
Jwi Cleuae Ry Ry = Ry 12240/60) = 380 KQ
-_hs Coxutate Cy Cy » Co/4 = 0.01) uF

hl &1 \awes except Rg can oe rounded to nearest
"1 voine

ded C Values tor
Commoniy Used FSK Bands.

{See Circuit of Figure 9.)

3K BAND COMPONENT VALUES
X5 Sa Cg=0039uF  Cg =0.005uF
Yel0H: | C) =001 uF Ry =18 KN
Qe R | Ry=100KQ

o8 C9=0022xF  Cg=0.005uf
heniSHL | C)=00087pF Ry=18KN
Hed25H: | Ry =200kM1

X Sna €3=0027uF  Cp =0.0022 uF
WetMOH: | Cy=001pF Ag = 18K
Yo 0 He =30 KN

P

X DECODING WITH CARRIER DETECT:

T e setech secucn of XR-2211 can be used as a carner
o icion, for FSK decosing. The recommended circun
wecson for this application is shown in Figure 10. The
B a1 lock detect output, Pin 6, is shorted 1o data
S 70 1, Thus, data output will be disabled at “‘fow”
W i there is a carrier within the cetection band of
MM 40 the Pin 6 outout goes “high,”
t 1 Y=V§

1o enable the

The minimum vatue of the lock cetect filter capacitance Cp
is inversely prooartional 1o the capture range, tAf.. Thisis
the range of incoming frequencies over which the looo can
acquire lock and is always less tnan 1he tracking range. It is
further limited by Cy. For most applications. Afc > Al/2.
For Rp = 470 Kf1, the approximate minimum value of
Cp can be determined by.
Cp (uF) > 16/capture range in H2.

With vaiues of Cpy that are 100 smail, chaiter can be ob-
served on the lock detect output as an incoming signal
frequency approaches the capture bandwidih. £xcessivety
large values of Cpy will slow tne resoonse time of the lcex
detect oulout,
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Figure 10: External Connectors for FSK Demodulation
with Carrier Detect Capabi'lily

Note: Data Qutput is “Low' When No Carrier is Present.

TONE DETECTION:

Figure 11 shows the generalizeo circuit connection for 1one
aetection. The ngic outputs. Q ana 8 at Pins 5 ana 5 are
normaily at "hign” and “low" logic staies, respeci.vely,
When a tone 1s present within the cetection bana of tne
PLL. the togic state at these outouts become reversea for
the guration of the input tone. Eacn logic output can sink
6 mA of load current.

Both logic cutputs at Pins 5 ang 6 are ooen coilectzr tvoe
s1ages, and require external putl-uc resisicrs Ry qang Ra.
as snown n Figure 11,.

Figure 11: Circuit bonmction for Tons Detection.




With reference 1o Figures 2 and 11, the functions of the
external circuit components can be explained as follows:
Rg and Cg set VCQ center frequency: Ry sets the detection
bandwidth; C, sets the low pass-toop filter time constant
and the loop damping factor. Ry j_and Ry 9 are the respec-
tive pull-up resistors for the Q and Q logic outputs.

Dasign Instructions:

The circuit of Figure 11 can be optimized for any tone
detection application by the choice of the 5 key circuit
components: Rg. Ry. Cg. Cy and Cp. For a given input,
the tone frequency, fg, these parameters are calculated

as follows:

a) Choose Rq to be in the range of 15 K2 10 100 KQ.
This choice is arbitrary.

b) Calculate Cqy to set center frequency, fg equai 1o fg
(see Figure 6): Cg = 1/Rglg .

¢} Calculate Ry 10 set bangwidth $Af (see design equa-
tion no. 5}:

Ry = Rqllg/al

Note: The total detection bandwidth covers the fre-
quency range of g ¢ Af.

d) Calcutate value of C; for a given loop damping factor:
Cy =Cg/186{2

Normally { = 1/2 is optimum for most tone detector appli-
cations, giving Cy = 0.25 Cq.

Increasing Cy improves the out-ol-band signal rejection, but
increases the PLL capture time.

e} Calculate value of filter capacitor Cp. To avoid
chatter at the fogic output. with R = 470 KR, Cp
must be:

CoWwFl 3 (16/capture range in Hz)
increasing Cpy slows down the fogic output response time.
Design Examples:
Tone detector with a detection band of 1 kHz $ 20 Hz:

3} Choose Rg = 20 K2 (18 KR in series with 5 KN
potentiometer),

b) Choose Cg for fg = 1 kHZ (from Figure 61: C = 0.05
uf,

Figure 12: Linear FM Detector Using XR-2211 and »
External Op Amp. (Ses section on Onp

s Equation for Comp t Values.)

¢} Calculate Ry:R = (Rg) (1000/20} = | MQ.

d) Calculate Cy:for § = 1/2, C; = 0.25, Co = 0.013¢.

e} Calculate Cpy:Cp = 16/38 = 0.42 pF,

) Fine-tune center frequency with 5 Kf1 potentiomey
Ryx.

LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detector for a wt
range of analog communications and telemetry application
The recommended circuit connection for this applications
shown in Figure 12, The demodulated output is taken fron
the foop phase detector output (Pin 11), through a pos:
detection filter made up of Rg and Cg. and an exiow
bufter ampltifier. This buffer amplifier is necessary becan
of the high impedance output at Pin 11, Normally, 3 ros
inverting unity gain op amp can be used as a buffer amoe
fier, as shown in Figure 12,

The F\ detector gain, i.e., the output voltage change pr
unit of FM deviation can be given as.

Veut ® By VR/100 Rq Volts/Mdeviation
where Vg is the internal reference voltage (Vg = Vifl-

650 mV). For the choice of external components Ry By
Cp. Cy and Cg, see section on design equations.
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NRCPLES OF OPERATION
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Dot gt (Pin 2): Signal is ac coupled to this terminal.
B vewral impedance at Pin 2 is 20 KQ. Recommended
Wt pyrel level is in the range of 10 mV rms 10 3 V rms.

Subuwars Phase Detactor Output (Pin 3): This is the high
Parce ouiputl of Quadrature phase detector and is
#8nety connected 10 the input of lock detect voltage com-
w1 lone detection applications, Pin 3 is connected
€ gond tvough a paraltel combination of R and Cpy
[ #a¥eue2) 10eliminate tne chatter at lock detect outputs,
"8 #a tre Getect secuion is not used, Pin 3 can be left open
o,

%

1 demct Output, Q {Pin 5). The output at Pin 5 is at
W@ sate when tne PLL is out of lock and goes to “low"
r’m-m siate wnen the PLL is lockea. It is an open
8Mrxy type outsul and requires 3 pull-up resistor, R.10
P W proowr overation. Al “low™ state, it can sink up 10
ol of toad cursent.

¥ X1

Lock Datect Complement, Q (Pin 6): The output at Pin 6 is
the logic complement of the lock detect 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.

FSK Data Output {Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, R .10 V+for
proper operation. It can sink 5 mA of load current. When
decoding FSK signals, FSK data output is at “‘high* or “otf*
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 Comparitor tnput (Pin 8): This is 1he high impedance
input 1o the FSK volitage comparator, Normaily, an FSK
post-detection or data filter is connected between this
terminal and the PLL phase cetector output (Pin 11), This
data fitter is formed by R and Cg of Figure 2. The threshold
voltage of the comparator is set by the internal reference
voliage, VR, available at Pin 10,

EQUIVALENT SCHEMATIC DIAGRAM
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