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ABSTRACT

The degree composes this is the lead presents using waves is thin the NIC in distance
measurement profoundly will use a robot in bringing is thin the NIC goes to the temple the
distance in the area at will can not go to appreciate such as , in the area where is come dark

By the degree will compose this divide the all work gees out to are the part is , software
part , hardware part , consist of IC microcontroller AT89C52, Port RS232,A camera wireless

quickly , The circuit controls small stump hill , Profoundly the all supervision uses Visual Basic

language program and the C programming language
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A 1 o o/ o I's
munvoudeglnsaimeusnidifuneufinneidlvai DBY

3 TXD D 3 3 XD TXD 3
2 RXD RXD 2 ‘2 XD AXD 2
7 ATS RTS 7 7 RTS RTS 7
8 CT8 CTS 8 B CTS €15 8
4 DTR DTR 4 4 DTR DTA 4
6 DSA DSR 6 5 DSA DSR 6
5 GND——————GND 5 5 GND—————GND 5
msi¥onnagunsainieuenku DBY msdegUnsaimoueneu DBY
1U1! Null modem 1Y 3 18

319 2.24 uamsmaFouseginsainousnidrfuneuiunesd10a1 DBY

2.4.1 MIMNUYLINTYY I DBY

D Hhuniiilddsdoyn

rxD (Huniilfsudoya

DTR uaasanmewoiautlaldau ,Dsr ﬂ5:mﬁam'1was’mﬁﬁmiaﬁum’ﬂm;ju?a
liiifeidlanesnoyniy ¥1 DTR 12 ON e ldgUnssildsunsiuihdesmsaa
Aedoluvaiziderfudvzasivaeuyl DSR gUnsdwiounio

RTS uansamiznesahidesmsdedoyn CTS asnaouimedafinndesgdoins
dedoyanie liiiodoensdedoryaut RTS oz ON uazazsefoynoeniiviTxD
ideduadefes OFF luvazi@eiufissastvaeun CTs Tgunsaidesnisiie:
fafoyanielu

GND 91 ground

2.4.2 609101383900 (Baud rate)
1. Arsaveanissu-aedeya Wi wondnaeuriiru 300, 1,200, 2,400, 4,800,
9,600 ,14,400,19,200, 38,400 ,56,000 Lﬂuﬁu ’
2. n15Lﬁaﬂ5ms1ﬂ1ifhi’faqa'ifuﬂgiﬁnwﬁﬂummaﬁ'ngtymt, spozmigpasinm

AYgIUIUNIY
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317 2.26 uamsmsRemsuyude lasiia

2. msfemsuuueedalnsie (Asynchronous) n1s3udsdeyalaeii hisufiudesdi
Foyapmunims wdoudee 1 ifdunsdaiuiisasdedoyaiinihiu
1. gindeyauvuezds Insiialsenoudae 4 dou fle
1. finSudu (Start bit) vl da
2. indoya (Data) Hua 5,6,7 w30 8 ia
3. RS9 AOUWITA (Parity bit) HUu1A 1 DAV 14l

4. linniya (Stop bit) vwa 1, 1.5, 2 1in

1 2 3 4 5 6 7 8 9 LU L B
] ]

] ]
] ]
----- )
1 ]
1 ]
{ ]
T

WAIT STAGE .+ START
'\ BIT

oo ¢« D1 ! D2 » D3 b4 ! D5 : b6 ' D7 'PARITY! STOP ;STDFE
' 1 ' ' + BIM 5 BITZ

»] 1,152

' Snhahals it
g )
r -3

51U 2.27 uamsmsdemsuu oz e Ins e

e lfintsdsdoynn daa sziigoziluladn 1" wieaouznynse  (Waiting
stage) tioEududedoynvzliun dam duladn o Wudwon 1 n Senhiadudu (Star
bit) s ududedoyalavdindrluden LsBUEmmArewadn (axiivTe luf'ld
ﬂ'{uagjf‘i’unnﬁm‘i’aﬁwaaﬁaﬁmﬁhu) gamoamAwladn "1 ethefon 1 da (T 1, 15,

. »
w38 2 i) Meuanshiugadoya

3. msSuuesdadoyamneynsuduiesniudnyazns190uld 3wy Ae
4
1. nuLFuwand (Simplex) umsds wSeTudeyauvufiemafvauviniu

2. iuudviguand (Half Duplex) unsdaaziudeyauniaduiude
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9 A 1 A 1 Y o Qr 1 ar |
Wedmniladednduniiaiudhesuadudu lannsosu-delunm
eyl

L4 @ (] o
3. wuuWggWand (Full Duplex) @nnsoiu-dedoyalunandsaiuld

2.5 lulnsneulnsamesnszga MCS-51

Ty Tnsneu Insainednszga MCs-51 idaefunmueitusu Tnssedemeluvesiy
naweszimiwanusineludhswy RoM e fuuuy EPROM 1navest RAM
mulu 128 lud newesT 256 Tud by FeeazBoamunsofnn18nngioldTaonss

HAZANHAIZUBIVIAY IEIHilouny

2.5.1quEiART NGB MCS-51 SIei
1. fiv1iaea21u81 ROM 4 Kbyte, 8 Kbyte, 20 Kbyte
2. ineANu$1 RAM 128 byte
3, 5iNe3N VO 1A 8 iin 4 wosn
4. 3 Timer 16 1in 2 /2
5. ANSDBUINBI TN 19 5 umas
6. 99700 aTAIAABT AL T IRNILUTN
7. fiweimeynsufirunsnudedeyauuy Full Duplex §20AMUS 9
8. Shavineanudi ldsunsumeusn’ld 64K
9. $remineanuioyanteuenif 64k
10. annsndszaanniazin 14
11. swsedrneanydwuuiiald 210 dwmia
12. nile¥ginsmidsiunanlszana 1 Tulashurfvaeiharudas Clock
11.0592 MHz
TuTnsnouInsainey MCs-51 aeliyamids (Instruction Set) oS unmitsdmiy
é’mﬂﬁ’ﬁmudnq uazifioe9In MCS-51 wilszunanauuy 8 Oa samuuasosezdiuuie
8 finde FayamrdaasilBsmagegn 2* = 256 yamds Mdurazddorndivum 1, 2 ve

3 lud
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o
ozumsdnudoyavenumieloudoyad U Avanua 7 Tnuafio Register, Direct,

Indirect, Immediate, Relative, Absolute 182 Index

2.5.2 MCS-51 azutiaynvesdrdseenld s dssion 1dun
1. Arithmetic Instructions iungudsivenduadamand 5
ADD, SUBB, INC, DIV iijuéu
2. Logical Instructions Fdnyaizmstaund e Boolean Operation @9
annsansziuuy ludne luavieindeda’ld wu ANL, ORL
3. Data Transfer Instructions (Sunguédsfiidlumunfoubudanendoya
Serunsafanefuniauaus Idnaewu 19U MOV, XCH, XCHD
4. Boolean Instructions 1% ANL, ORL, CLR, SETB
5. Program Branching {fungudidsdmiudali Tusunsunsz Inaluvhan
Tudumisidosnisutiauiunguiond 2 nguie nse Tanuuuilidou'ly
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2.5.3 Memory Organization in MCS-51
Logical separation of program and data memory
#M5Y Microcontroller MCS-511iugnaenuuunifiimizeanuiidmsudu

L] -] (-] o A o o d
Tasunsa (Op-code) uazmizsarwhdmiuiudeyaiuenoonaindu Kagali 2.20

PROGRAM MEMORY DATA MEMORY
(READ ONLY) (READAYRITE)
FFFF FFFFP
EXTERNAL ()
EXTERNAL
Pt
[ 1
INTERNAL
FFH;
EA=D EAs1
EXTERNAL INTERNAL
0000
0000
7 Ll T T
| i N
ARG WA

PSEN

<
3UM 2.29 waasnusanuiiseuuaziLAU§IMIY

4 2 o
A1500NLUYYDY Data memory nuwnvenuitsziiidmaunsoSonidouldTaeld

26

= 1 Il’l é L] 3 1 =
Address 1#ied 8 Bit iy vz 1de195a521u cPU fitlu 8 Bit uein1s 19 Address 1fina

b4
8 Bit M 17d1984d 119U Internal data memory 181#84 256 Al in (00h — FFh)
Fefvanedmiunsldlumaiauves Ilsunsuvuadnuddrdosns ey Data

o &
memory $13uIINezABUTUNMIF11v04 External data memory Famusnldnisdens

AuMLe Address 11V 16 Bit Taa1d DPTR: Data Pointer (Data memory address register)

FFF FFF A FrA
ax 5 4
BYIES BYTES
EXERV EXTHRAL
K K
00, - BYIES ALY ? BYIES
EXERVL EXHEHRNL
il
4B &BYTES
0117 I P |1} S G JOID

514 2.30 namamusanuiwsunely Mcs-51
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#2184 Program memory eeiifuminsanusiiiens 1Bisedadomazannsodlld
Fanun 64K dumsiadmsy Mcs-s1 Iunuuif Program memory melufiozsiftuilumaiiy
Tesunsun1elu IC 104 4K, 8K, 16K %30 32K Address (autuaiuas IC #114) § ¥y Address
wmnmmﬂﬂ%ﬂu Progm.m memory AeUDAEIY MCS-51 w"lam Internal program memory
GRRGE Program memory "r‘NmJﬂi] agmuuanﬂmmmsmu External program memory uu

Mcs-51 ¢ 1dndeygres PSEN ( Program Store Enable )

1. External Data Memory

113 External data memory Fsenansaflvzeunodioudoyansly1&fezi Address
#10nD8N1IN Program memory uaziidWNUIVEY  External data memory @R emun 64K
Address Tun13AARGRY External data memory 114 MCS-51 v 1ndyanas RD uae R
°lunstfiﬁé’aams'l°i’f External program memory i10i¢ External data memory 5 quﬁmfmzﬁﬂﬁ
Taomahdgene PSEN uae RD snswiulaold AND gate az'lddgenailunisdw
External Program/Data memory

2. Program memory

ey
( (0033H)
— OB
e | — o0zH
< — o1BH
— mtau:E’ BYTES
— O0IBH
N — 0003H
RESET— oM

d o .
717 2,31 ueAAaf MU Program memory

o + A 4 & a ] o o 4
Program memory TudumiaSududaile CPU ISuMIiaundanInnisReset Auzisu
o ['] e'l A o A 1 3 L] d ]
NMIMINUMUAITIN Address 0000h UazdIMTU Address 'Vlllﬂ’ﬂwlﬂ3111!1\!%35&1!&111!31139‘"06

ISR:Interrupt Service Routine Inuns#131uw09 Interruptlu MCS-51 lianadgyg el Interrupt
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dhaniufeznsy Taamshanunda T sunsuludusnisidmuad oUWV SUInterrupt 0
yInAevenile Mcs-s1 185 udyana Interrupt fiufznsz Taamsyhanndailsunsuly
Address 0003h unsd M3 UInterrupt AfiA2IA Timer 0 Avznsz Taamsraunialilsunsuly
Address 000Bh MazInterrupt 1 9nateuenieense TaamsviaumdaTusunsaly Address
0013h Tuusing Address Sviualddwsy 1SR TussiiulumaiuTysunsu'ld 8 Address
Fofr 1SR AdpsmafuTsunsuiidu Avzamnsolddhlu1duddrudiu 1sr forsnnudad
w1 Taon13 19815 Jump T8 Tsunsuidesn1sndi

3. Data memory

v
Data memory U894 MSC-51 Wuvzntiveoniu Internal data memory LAE External data
 d ¥ [
memory 1Avn15 149114909 Data memory Maaead muilozll Address Auanvinudae Mcs-51

with 128 bytes Internal Data memory («fw) MCS-51 with 256 bytes Internal Data memory (Y1)

INDIRECT
ADDRESSING ONLY
FFFE[~" " """ 80H TO FFH FFFF{™ ™" 7
. | LI P ,-
FE SFRs FF[SFRs J ‘, .
DIRECT DIRECT
ADDRESSING 84K ADDRESSING l 84K
go[ONLY BTLES 80 JONLY > EXl?I’Yl::rENsAL
7F| DIRECTS EXTERNAL 7F |DIRECTS R
INDIRECT INDIRECT i
ADDRESSING : ADDRESSING [
60| ] _'ooool _  __ .| el 1 'ooo0 i

< o
gﬂ‘n 2.32 ueIA9AY Internal data memorytlfig Extemnal data memory

4, vilwaudiiniwly (Internal data memory)

UPPER | ACCESSBLE ACCESSIBLE
128 BY INDIRECT BY DIRECT
ADDRESSING
g ADDRESSING _
BOH | gy PORTS
7FH f ~801 sTATUS AND
ACCESSIBLE . SPECIAL [ CONTROL BITS
LOMER |  BYDIRECT ~. FUNCTION TIMER
128 AND INDIRECT REGISTERS ~ REGISTERS
ADDRESSING { STRACK POINTER
aon L ACCUMULATOR
(ECT)

‘J L 1 o
10 2.33 uaasdanuleanudinely
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fan13Sausaiuiives intomal data memory vzslugagil 2.33 Haiusegaurisooniiiy
3 daudaufu Ao Lower 128, Upper 128 182 SFR #02910A157 Internal data memory yug
fioe 256 FummiariniuiIfn1s$1e Address amsa18Tasldifvs 8 Bicuddaemaiin
wpan138 s wnisdoyn (Addressing mode ) YR 1AA MUY Internal data memory
Fanue 384 bytm'inuﬁm?wﬁayagmﬁi Address 80h — FFh 5151«5\1%@1";1 Address &uq
4203509 Direct addressing  fivg 1adoyaflunnauazdaufunisreddoyail Address
Bearurfud35vee ndirect addressing mngﬂﬁ 2.33 91t 1831 Memory Tudauves Upper
128 Aozl Address 138271 Memory Tudauves SFR usve 1§35nadhiadoyaiunndrfiu

TG

5.Lower 128 bytes of internal data memory

7FH
FH -
BANK SELECT 2 BIT-ADDRESSABLE SPACE
BIT IN PSW J‘ (BIT ADDRESSABLE 0-7F
| b |
v 1FH
18H |
17H
10 4 BANKS OF
104 5FF 8 REGISTERS
01 RO-R7
oe G7FT 4—|— RESET VALUE OF
00 0 STACK POINTER

<
g‘lJVI 2.34 A3 Lower 128 bytes of internal data memory

Internal data memory 128 ﬁumﬂammzﬁagfmﬁauﬁ'm‘i’mm“lu MCS-51 MUV
Tavazimsdauiedsgfl 2.34 Tudnves 32 bytes usnozldanuiiy Register 4 ya yanz 8
register fio RO-R7  demrnsaSonldon WWandidaien maienyaves Register oz ld
sz lnsifaonizvesdoya 2 Bit foglu PSW: Program Status Word niseenuuuly
Snuae i ind Opode Mi3on1d Register yud1RI191n Register bank B0 16 Address 92

4 d d w "
WuuinudeyaiawisoSonidauluszdy Bit 14 128 bit Tavezii Address dnfums
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dl 1 Id'.d. = o d' . Ll A = 4;1
‘nmum‘lnnﬂnmiwmmmﬂﬂau Wireless BUNNUINFIVT UM TATIIADIHYNYULIAS

InMsnaIegaAuYa

2.6.1 ATUAINDINGAINTIY HomeRF
- [] ) [] é = T A o

wasguasevin1imednedaniluSendi HomeRF  Feoonuvuiinuaidiy
= 4 ™ o 1 P
gumediila Broadband Ha1nthudalifinisid11¥uindevsvesesdnidagiuny fe
IEEE802.11 13910 HomeRF gnoenuuunseeiunslidiuuenniinduda Tud@aiutiu
uazsImMAgaflda1utiu HomeRF #aaldieuf 2.4 GHz 1SM band 19 FHSS 1 50-100

& 4 ' o i a _a ' 1
Hops per second Fauaouses 50-100 ASIA0IUIN (n?amnn’n) Qﬂﬁ 1 994 HomeRF (1.0)
wamnIndasdoyagegadt 1.6 Mbps uazszuznIa 150 WA YT 2 Y89 HomeRF (2.0) 19w
A -3 e l: ’ r A L
1314 10 Mbps FaldmasInddedesndi 10 mW uazdpi¥on TCPAP edhadughnmazil
A [ a e
NNARANTIVBT 01UYBY HomeRF 3033unenMiiesInd Wire-line Tnoanasg1uuisn Digital
o i o o 1
Enhanced Cordless Telephony (DECT) g1niai HomeRF 1u9ﬂﬁ 3 ’muwusaﬁuamﬂmﬁaqa
J i A' ] :ly d' -~ [] = 1]

20Mbps  TagA1vsiFulull 2002 # amsaumalulat HomeRF 1750918 HomeRF (30071
Broadband Internet Home 1l3tnoudasyiiavsigUnseinainuaie 1$u Laptop (A-node),
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2.7 ET-RF24G V1.0
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weindeatsoynsy RS232 vinvRX udunlaadludgyanunid(Grsk) deeenlyluens
wazlumaenduiu luTnuamsvianuundy (Receiver) ga ET-RF24G V1.0 fiszimifines
asaviudeyafiogluzivesdygnunaud (GFSK) vindw RE mewlasnduiiudeyauin
RS232 deoon 1Umev TX 19420
A v o : L) ) L) L4
Fovzu W hyaudaedygna ET-RF24G VL0 uemusmhlddeldauswdu
‘4 4 gy . :
wosafomsoynsuuuy  Rs232 iNeldemiludnvaizveansdomseynsuun 1oy
(Wireless Transceiver) 14 launsa lavaziidednfoaunsoiudidoyaiuldluszozmaii
TnanRs232zvauidanasszmsdngie lusududed ldmodggnandud nhdggu
v 9 - 4 o 1
ma It lumsdemsdeyafurifaunsondouunmiondoutugasudetoyald
A a ’ H. ar g = L]
aaoana Aduilumsivdloyadiosyun Rs232 unvil$wdgaponiuszifennugaen
»
TunisAadsemodggnaudiuediann
3 4
eg1elsnmumsivdsdeyalaslfommiludnmslunsdomaniuiidosriiams
) r L] 4 A ] A‘ - - o 1 o J L) -~
dszmamilouiuTaummizednsausownnuiudeiovesdeyanivdeiudail Temafanain
(] ¥
wiogaymuldmiloudu  ieannlumsdrdeadeoymiuly1dldmodyapauiiudnanaly
o ] | e [ ] é { o
asfudefoyaudlformmiudnanlunsivdedoyaumu  dsfiTemanidoyasuiiams
] ] ] ¥
sumunindggudug  Alidanudlndfosiundh ddoyaiamiow 1y 1dthaniloudu
P Y 4 < o w i
Feszuumstanmsdeyaveunies ET-RF24G VL0 Wuliszuumsdisiaunzosasiadoyad
P A o ' dda 1 a P ' Ha & 1w o
finnniuFedooylunasindadinf lavdeyoudns Byte Alimsiudafuiueziinisasisaey
] » [
anugndeavesdoyalidrudalavdoyaisuldeindm RE wusubsziuldindudoyaiil
¥ L]
anugndsariueu used i lstmumssudideoymiviiTomafianmaiuFeosvesmsgyme
g Y o ’ A "J =
vosdoyathumniloudy iieswnnalnalumsiudsdeyaveunies ET-RF24G V1.0 1y ezl
3 e & ) a a & &
miasavaeudeyann Byte Wiuldon RF wue Fwuhiinnudanaranadusziafoya
o 4 do 3 o s ' )
Byte 11l Fadldnasiinalnalumsnssaevdoyafifudetudmsudiuntolida damn
" a a 4 dq vy 3/ct v oW o 22 - o &4 d
wuniinsgymovesdeyaiaiuniiesveldiimsdedoyariugniug Inusnadmilaney

annsaud lvilgmdsnanld



34

THuamMIhaY
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2.72 m3l¥anunTes ET-RF24G V1.0 Ty Setup Mode
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Configuration# 99 dmfuAIuguMsThamveunies ET-RF24G V1.0 Rzl luvasfimios
191m0g 11 Run Mode Taslun1s Setup A1 Configuration whmtfue:ﬂszﬁﬁmﬁﬂﬂmﬂm
“ET_RF24G_V1.EXE” v899fifigaiiom3os ET-RF24G V1.0 ¥ uTnun Setup uda oz
Funaiiunoea IMuansraugmsmaunie LED STATUS Aaaindegaasaia usiile
imsdeenmadoudoyoduuesaanemsiiauves LED STATUS Sasznszniumy

Sanazvesnsivdsdeyn uddda hifini fudadoyadiu LED STATUS seArdnoganenim

© 9 ¢ )
POWER STATUS
RUN
Hd— SETUP MODE SELECT SETUP MODE STATUS
SETUP
o

31N 2.0 warmamsden Tnuamsfirnmdmiudmuast Configuration (Setup Mode)

#9113 HUARIConfiguration i FUET-RE24G vi.ovuszResnseiluvasinunios
waegly Setup Mode miuden Switch fmunTnuanedw Setup 1R THIH
T A TAuA1vDaConfiguration A199 &uazqni%’ﬁm%’mﬂmﬁau'lm"lumsﬁmu
489 ET-RF24G V1.0 uvaizfiogly Run Mode FufurounsBuduldoundesluadausn
ugesdiuedudidosimasmuamues Configuration #1399 1gndeauazasatunny
Aosmsfiezfamudedon Taudlovmsdmuamaaufonduques  Configuration Boudon
udaensanffou Tnuanshevesiunsonduiihi Run Mode wioufunisilanfisa
1A fusiniee (Power-OFF) S1vmegnianntiuiedudus o Midtudunioaln (Power-ON)
Amwseldn ET-RF24G V10 @mA1wes Configuration #ismual3udaldmufilaon
fIDNAN¥BIConfiguration ﬁ"lﬁ'ﬁmuﬂ'l%'uf’n'aﬂzgmﬁu’l’3'ﬂw°lu€|"nﬂ'§"mmi1m11i Daudn
szl Iihmase W idsuRunteadaian suhudeimsdmuam Configuration A199)
Bovdooudr A luinswdnuasiowlvmsinuvesianissiiallvndouludui 14

e a] 1o 0 o 3 . 1 (IR ] 3 ol
fmualiudan lisududeshmsdmusdiConigurationlmidnudedisla lnoynqaiaf



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



37

1 J L4
s lumsiudedoyad RF uie RF Data Rate Ansuimiuionua dedrimuan

A msuse lirmnsefudedeyaiu iR dmsananudlundedeyatisiinade
rozmensfudedoyadasdsdildamnilumsdege (1Mbps) szhldisdimsiuds
doyaEszeemaduawndi$aamaluns fudadeyaiithas sokbps) szl 185w
ar35udalnait TauAt REDataRate awsadmuald 2 i1 fie
2.1 250 Kbps
2.2 1 Mbps
3. RF Operation Mode 1§ mivfimuaTnuanmisviaiuves ET-RF24G V1.0 Faomnsn
smuandhiimathan1d 3 uuy daefude
3.1 RF Receive Only ilumsimuald ET-RF24G v1.0 h i iifusheseSudoya
ndwRE ienlfouiudeyauuy RS232 nardseen Tlmed e TX v
RS232 aaeArIa
3.2 RF Transmit Only ifumsswual¥ ET-RF246 v1.0 domhitidludhesesudoyn
mafu RS232 vinv RX enlaouiiiudeyauuy GFSK wazdsenlunediy
RF AQ0A1AT
3.3 RF Auto Direction 1iun 13/ mua Tnuansmea Wiy Half Duplex 2 fisma @
amunsoady Tnramihaussniumiiuazdadeya ldes Tassalul@ Taslu
Tnuamsvh ilindes ET-RF24G V1.0 9z70a3290uyanenind iy RS232
LazA1u RE agnasaia lnet 1dTudeyanindiu Rs232 feedmsudawds
depenmisdu RF smifufiozdmunlidm re nduunihurheseTudeyamuian
unzite IR Sudoynaindu RE Avzulnaiufeynudadsasnlumedu Rs232
Tawda Tuia
4. RF Power Gain unsdmuaih Sdevo93993 RF Power 719 lun1sdedfoyaTlno+0dBm
iumidadsgeganan —20 dBm ifusmmdadediga Taoeunsodmuald 4 ssdufio
4.1 -20dBm (Mdsdied1gR)
42 -10dBm
4.3 -5dBm
4.4 +0dBm (fMaadagaga)
5. RXD ID Codetilus#t ID Code y01n309 ET-RF24G V1.0 TuInuavasmsiudoyanin RF

4 4 1o \ 4
Touiionies ET-RF24G V1.0 dwdsesiimrdsdoyacanTinmg RF duseiimassy



38

ALY ID Code w838 135 2 Tt ugadoyadoauelauifonies ET-RF24G V1.0 fieg
madmiuimsivdeyanind RF 18 Susuusniusssmsinsudivyusde ID Code i
sanfudeyaiisuin1dimssfusiaves RXD ID Code dmualiludaniuniohi dadh
pndesflazunieunmzdauvesdeyaiisudun Wifen/foududoyauuy Rs232 ud
dapon'ln1ad1u TX vos RS232 uAd sl ID Code sy 18 linsaffuswer RXD ID Code
fifmunl¥inTes ET-RF24G V1.0 i:ﬁﬁl’ayaqﬂﬁumﬁumﬂu% RXD ID Code 111
annsadmua 14 256 mlugiluvuvesavymdumn (00H-FFH)

6. TXD ID Code 1ilus¥al ID Code Ymumitvedadeyalumi Taofinios ET-RF24G V1.0 fi
gnimualiimihidhieddeyaiudietumnsaiudeynnn Rs232 Wudahuazih
nrstherdeyminlifrsWasaufy TXD ID Code ffmual3 udadseenluniadm R
Tas¥iaves TXD ID Code fimubiessia RXD ID Code vosthusuiidesmsdedoyalum
yhuesTaus TXD ID Code tuamnsasmua’lé 256 A luglunuveaavgmdumn (00H-
FFH)

7.RF Frequency Channel umstmuarwestasmmnidfies1dlumssudedoyniulag
asaifontmuatosnnuidgaqaunis 125 vos (0-124) Tasmsitindeq ET-RF24G
vi.owwimsfuddeoyaiu fussdosimuatesnimdinssfunnz196annuds R
Data Rate irfud0 Sefiousaidontmuayenmme RF Frequency Channel Yrfuezdl
sz Tomfifuesrannlunsdifiinis 1faminies ET-RF24G V1.0 Sraumanes aguly
ViR lndRssiu Tao Wi muasesnindues ET-RF24G V1.0 nguitesdomsdeyn
i"mﬁ”u'1’3'ﬁeimmwﬁtﬁmﬁ'u?huﬂfjn suqfidendmuatesnnuanuandstueenll

4 .
monailgminssuniuny

2.8 fiiasledustiadeunuasNounas
Zx-21 UHINTIAsNTUMTadsuvvasRounasidsmdvukusiade 18 uaunnu

azidvs 20 sarmsunue Ay dyeuRadredu Ty InsnouInsanes



39

fmyfumasiouduniusa  wheduan  wivsvade 1suoy

317 2.42 uamsdansndusvadeuvudsiouuds

7
ENCODER
PULSE
—% = IC2/1-C 212
*C T4HC14
1

0.1mf
63v

iIc1
QRD1114

117 2.43 uaaasesdmsaedusiadenuuasiounas

yirlswesumaneesiine fMnsniuvumazRoududsusauazudusiade Taoums
Surlsusafideennindaasnsusrasfeusunausamanuuaudduasazfoud IW 14
nimdFaneiiuRierildifansin «17 delufnssadyguaineadalsznoudy
fonunn 2 Mdes it muivviemiduzdamsasfeunaann M Idnsdmans
mawlddiiaaedn «0” aﬁaf’quu'lllwlﬁﬂmmzv’fnuufmﬁﬁﬁuﬁ'mﬁﬁuﬁ e lddyanuiad

devenioanadidenyu 1 seuszldvad 9 gn 18 veudynu



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



& P Yo [ N ~ = ' ' Y o N o -
wnanstduenansianuhdmiunislsanuiionsfnwimiu lweygalnilulsslesuaiunism

lunsdlla visdu dnnamuiilnsnudadiien wagnedonsdisaivetenalsynasaninisiluly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnansiiiwenarsianubdmsunislynuienisnyiniiu lweygislmilulydsslesuaunisan

luansdlla visdu Bnnamuilndaudadiien wazmetonsdeisarvadenalsynasaninisilvly



wnanstduenansianuhdmiunslsanuiionisfnwimity lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



wnanstduenansianuhdmiunslsanuiionisfnwimity lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



A5 4.2 uaaemndald

STUEMI (IHUALAST) Aiiald ANUAANDIA (%)
25 25 0
50 50 0
75 75 0
100 100 0
125 122 2.40
150 144 4.00
175 167 4.50
200 191 4.50
225 215 4.40
250 230 8.00
275 263 430
300 297 1.00
325 311 430
350 333 4.80
375 357 4.80
400 405 1.25
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Robot.c
#include<reg51.h>
#include<defay.c>
#include<lcd2l.h>
#include<ultrasonic.c>
sbit servoL = P270;
shit servoR = P271;
sbit encode = P242;
shit LED1=P177;
unsigned int value=0;
unsigned char timerL,timerR step;

unsigned char encode_count=0,encode_last,encode_lastl;

f/

p
void Senddata(unsigned char datas) //Send data
{
SBUF = datas;
while(~TI);
TI=0;
}

I
void serial_port{void)interrupt 4 //interrup serial port
{
unsigned char dataR;

int x;

if[RI==1)
{
while(~RI);
dataR = SBUF;
RlI=0;
ifidataR == 'R")  //start bil control
{
while(~RI);
dataR = SBUF;
RI=0;

step = dataR; /fstep control



if{dataR ='C")

{
encode_count=0;
}

if{dataR == 'D")
{

Senddata('D');
Senddata(value);
Senddata(’E");
Senddata(encode_count);
H

//send distance to PC

/fsend distance to PC

//send encode to PC

/

if(dataR=—="F")

{

for (x=0;x<90;x++)
{
timerL. = 1;
servoL =1,
DelayMs(timerL);
servoL = 0;

//LEFT 90

l/servoL = 1ms,servoR = 1.5ms

DelayMs(20-timerL);

//LLEFT 90

/iservoLl. = 1ms,servoR = 1.5ms

/LEFT | STEP

}

}

if (dataR="Q")

{

for (x=0;x<91;x++)
{
timerR = 2;
servoR = 1;
DelayMs(timerR);
servoR =0;
DelayMs(20-timerR);
}

}

if (dataR="H’)

{
timerL=1;

servoL=[;



DelayMs(timerL);

servoL = 0;

//servoL = Ims

DelayMs(20-timerL);

}
if (dataR=="T"
{
timerR = 2;

servoR = 1;

DelayMs(timerR);

servoR = 0;

/RIGHT  STEP

//servoLl = 2ms

DelayMs(20-timerR);

H

if (dataR=—"X")
{

LED1=0;

}

if (dataR=—"Y")
{

LEDI=1;

EA=1;

J
void main()

{

unsigned int datadiv;

unsigned char i;

unsigned char datashow1[16] = "Distance

unsigned char datashow2[16] = "Encode

EA = 1;
ES = I;
SCON = 0x50;
PCON = 0x80;
TMOD =0x21;

TH1 = 0xFD;
TRI=1;

/Main Program

// Serial Port Mode 1 (N,8,1)



TI=0;

RI=0;

step="0";

inti_icd() ; /fset ted

fed_set(0x80);
for(i=0,i<16;i++)
{
led_display(datashow1{i]); //show "Distance "

}
led_set(0xc0);

for(i=0;i<[6;i++)
{
led_display(datashow?2[i]); //show "Encode "
H
encode_last] = encode_last;
while(1)
{
switch(step)
{
case '0": //STOP
servol = (;
servoR =0
break;
case ‘1" /GO
timerL = I;
timerR = 1;
servoL = [;
servoR = 1;
DelayMs(timerR); /fservoR = Ims
servoR = 0;
DelayMs(timerL); /fservoL = 2ms
servoL = 0;
DelayMs(18);
break;
case 2", /BACK

timerl. = 1;



timerR = 1;
servoL =1;
servoR = 1;
DelayMs(timerL.); //serveL = Ims
servoL =0,
DelayMs(timerR); ffservoR =2ms
servoR =0;
DelayMs(20-timerR);
break;
case ‘3" //LEFT
timerR =1;
servoL = 0;
servoR = 1;
DelayMs(timerR); HfservoL = Ims,servoR = Ims
servoL=0;
servoR =0;
DelayMs(20-timerR);
break;
case '4"; /RIGHT
timerR = 2;
servoL=1;
servoR =0,
DelayMs(timerR); /fservoL = 2ms,servoR = 2ms
servoL =0,
servoR =0;
DelayMs(20-timerR);
break;
case '5": //LEFT >>
timerR = 1;
servoL = 1;
servoR=1;
DelayMs(timerR); /iservol. = 1ms,servoR = lms
servoL =0;
servoR =0;
DelayMs(20-timerR);
break;
case '6": /RIGHT >>
timerR = 2;

servoL =1,



servoR=1;
DelayMs(timerR); /fservoL = 2ms,servoR = 2ms
servolL =0,
servoR = 0;

DelayMs(20-timerR);

break;
}
iflstep =="'0')
{
value = distance(); //read data from ultrasonic
led_set(0x8a) ; /Iset start show lcd

datadiv = value%1000;
led_display((datadiv/100}+0x30);
datadiv = datadiv%100;
led_display((datadiv/10)+0x30);
datadiv = datadiv®10;
led_display(datadiv+0x30),
led_set(0x8e) ;

led_display(’c);

led_display('m');

Senddata('D"); //send byte start 'D' to PC
Senddata(value); //send distance to PC
Senddata(’E'"); // send byte start 'E' to PC
Senddata(encode_count}; //send encode to PC
DelayMs(400);

}

if(step 1="0")

{
value = distance(); /fread data from ultrasonic
led_set(0x8a) ; /fset start show led

datadiv = value%1000;
led_display({datadiv/100)+0x30);
datadiv = datadiv%100;
led_display((datadiv/10}+0x30);
datadiv = datadiv%10;

led_display(datadiv+0x30);



led set(0x8e) ;
led_display('c");
led_display(m");

Senddata('D"); /fsend byte start 'D' to PC
Senddata(value); //send distance to PC
Senddata('E'); / send byte start 'E' to PC
Senddata(encode_count); #/send encode to PC

//DelayMs(400);

iflencode_lastl != encode_last) //check encode

{

encode_count = encede_count+1; {/count encode
led_set(Oxca) ;
datadiv = encode_count341000;
led_display({datadiv/100)+0x30);
datadiv = datadiv%100;
icd_display((datadiv/10)+-0x30);
datadiv = datadiv%10;
lcd_display(datadiv+0x30);
led_set(0xce) ;
led_display(c');
led_display('m’);
encode_last] = encode_last;
}

if (encode =1)

{encode_last = 1;}

eise

{encode_last=0;}
}



Ultrasonic.c
#include<repS1.h>
sbit echo = P213;
sbit trigger = P2°4;
void Delay_ultra_Us(int us)
{
int i;
for (i=0; i<us; i++};
}
void trigger_pulse(void)
{
/funsigned char i;
trigger = 1;
{Hor(i=0;i<10;i++);
Delay_ultra_Us(10);
trigger = 0;
}
unsigned int distance()
{
unsigned int mc;
trigger = 0;
echo = 1;
/TMOD = 0x01; //set at main Program
THO = 0x00;
TLO = 0x00;
TFO=0;
TRO=0;
trigger_pulse();
while('echo);
TRO=1;
while(echo);
TRO = 0,
TFO =0
mc = THQ;
me <<= §;
me += TLO;
return(mc/56);
H
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Option Explicit

Const WM_CAP As Integer = &H400

Const WM_CAP_DRIVER_CONNECT As Long = WM_CAP + 10

Const WM_CAP_DRIVER_DISCONNECT As Long = WM_CAP + ||

Const WM_CAP_EDIT_COPY As Long = WM_CAP + 30

Const WM_CAP_SET_PREVIEW As Long = WM_CAP + 50

Const WM_CAP_SET_PREVIEWRATE As Long = WM_CAP + 52

Const WM_CAP_SET_SCALE As Long = WM_CAP + 53

Const WS_CHILD As Long = &H40000000

Const WS_VISIBLE As Long = &H10000000

Const SWP_NOMOVE As Long = &H2

Const SWP_NOSIZE As Integer = |

Const SWP_NOZORDER. As Integer = &H4

Const HWND_BOTTOM As Integer =1

Dim iDevice As Long

Dim hHwnd As Long

Private Declare Function SendMessage Lib "user32" Alias "SendMessageA" _
{ByVal hwnd As Long, ByVal wMsg As Long, ByVal wParam As Long, _
|Param As Any) As Long

Private Declare Function SetWindowPos Lib "user32" {ByVal hwnd As Long, _
ByVal hWndInsertAfter As Long, ByVal x As Long, ByVal y As Long, _
ByVal ex As Long, ByVal cy As Long, ByVal wFlags As Long) As Leng

Private Declare Function DestroyWindow Lib "user32" (ByVal hndw As Long) As Boolean

Private Declare Function capCreateCaptureWindowA Lib "avicap32.dit* _
(ByVal IpszWindowName As String, ByVal dwStyle As Long, _
ByVal x As Long, ByVal y As Long, ByVal nWidth As Long, _
ByVal nHeight As [nteger, ByVal hWndParent As Long, _
ByVal nID As Long) As Long

Private Declare Function capGetDriverDescriptionA Lib "avicap32.dll" (ByVal wDriver As Long, _
ByVal IpszZName As String, ByVal cbName As Long, ByVal IpszVer As String, _
ByVal cbVer As Long) As Boolean

Private Sub CmdControl_Click(Index As [nteger)

Dim bufOut As String

Select Case Index

Case 0t

labelstatus.Caption = "GO!"
bufQut="R1" 'GO!



Case 1:
labelstatus.Caption = "BACK!"
bufOut="R2" 'BACK
Case 2:
labelstatus.Caption = "LEFT"
bufOut="R3" 'LEFT
Case 3:
labelstatus.Caption = "RIGHT"
bufOut="R4" 'RIGHT
Case 4:
Jabelstatus.Caption = "STAND BY"
bufOut="R0" 'STOP
Case 5:
labetstatus.Caption = "<<LEFT"
bufOut="R5"  ‘<<LEFT
Case 6:
labelstatus.Caption = "RIGHT >>"
bufOut ="R6" 'RIGHT >>
End Select
Call senddata{bufOut)
End Sub
Private Sub cmdExit_Click{)
*--=--- Close Preview Camera '--—---
ClosePreviewWindow
cmdStop.Enabled = False
cmdSave.Enabled = False
cmdStart. Enabled = True
End
End Sub
Private Sub CmdL1step_Click{)' LEFT | STEP
labelstatus.Caption = ™ LEFT 1 STEP"
Call senddata("H")
End Sub
Private Sub CmdR Istep_Click{) 'RIGHT 1 STEP
labelstatus.Caption = "RIGHT 1 STEP"
Call senddata("1"})
End Sub

Private Sub cmdRead_Click() '—-----=- ULTRASONIC ~=--==-=-

Iblultrasonic.Caption =0



Iblencode.Caption =0

Call senddata("D™)

End Sub

Private Sub cmdreset_Click(} '------- ~- ULTRASONIC ---=------

Call senddata("C")

End Sub

Private Sub emdSave Click()
Dim bm As Image
SendMessage hHwnd, WM_CAP_EDIT_COPY, 0,0
ClosePreviewWindow
picCapture.Picture = Clipboard.GetData
CommonDialog1.CancelError = True
CommonDialog1.FileName = "Webcam]1"
CommonDialog|.Filter = "Bitmap *.bmp"
On Error GoTo NoSave
CommonDialogi.ShowSave
SavePicture picCapture.Image, CommonDialog | .FileName

NoSave:
cmdStop.Enabled = False
cmdSave.Enabled = False
cmdStart. Enabled = True

End Sub

Private Sub emdStart_Click()
iDevice = IstDevices.ListIndex
OpenPreviewWindow

End Sub

Private Sub cmdStop_Click()
ClosePreviewWindow
cmdStop.Enabled = False
cmdSave.Enabled = False
cmdStart.Enabled = True

End Sub

Private Sub Command!_Click()

Cal] senddata("X")

End Sub

Private Sub Command2_Click()

Call senddata("Y")

End Sub

Private Sub CmdSavetxt_Click()




Dim Total As Variant

Total = Val(lblultrasonic.Caption) + Val(Iblencode.Caption) + 16

Open "C:\Encode.txt" For Append As #2

Print #2, Total

Close #2

End Sub

Private Sub Form_Load()

Forml.BorderStyle =3
t=m—====-——- ULTRASONIC

'MSCommI.PortOpen = True
MSComm1.RThreshold = 1
Iblultrasonic.Caption =0

Iblencode.Caption = 0

LoadDeviceList
If IstDevices.ListCount > 0 Then
IstDevices.Selected(0) = True
Else
cmdStart.Enabled = False
IstDevices.AddItem ("aA2%°;Aél§ WebCam")
End 1f
cmdStop.Enabled = False
cmdSave Enabled = False
End Sub
Private Sub LoadDeviceList()
Dim strName As String
Dim strVer As String
Dim iRetumn As Boolean
Dim x As Long
x=0
strName = Space(100)
strVer = Space(100)
Do
iReturn = capGetDriverDescriptionA(x, strName, 100, strVer, 100)
If iReturn Then IstDevices. AddItem Trim$(strName)
x=x+1
Loop Until iReturn = False
End Sub

Private Sub OpenPreviewWindow()



' Open Preview window in picturebox
hHwnd = capCreateCaptureWindowA(iDevice, WS_VISIBLE Or WS_CHILD, 0, 0, 640, _
480, picCapture.hwnd, 0)
' Connect to device
If SendMessage(hHwnd, WM_CAP_DRIVER_CONNECT, iDevice, 0) Then
'Set the preview scale
SendMessage hHwnd, WM_CAP_SET SCALE, True, 0
‘Set the preview rate in milliseconds
SendMessage hHwnd, WM_CAP_SET PREVIEWRATE, 66, 0
'Start previewing the image from the camera
SendMessage hHwnd, WM_CAP_SET_PREVIEW, True, 0
' Resize window to fit in picturebox
SetWindowPos hHwnd, HWND_BOTTOM, 0, 0, picCapture.ScaleWidth, picCapture.ScaleHeight, _
SWP_NOMOVE Or SWP_NOZORDER
cmdSave.Enabled = True
cmdStop.Enabled = True
cmdStart.Enabled = False
Else
' Error connecting to device close window
DestroyWindow hHwnd
cmdSave.Enabled = False
End If
End Sub
Private Sub ClosePreviewWindow()
' Disconnect from device
SendMessage hHwnd, WM_CAP_DRIVER_DISCONNECT, iDevice, 0
' close window
Destroy Window hHwnd
End Sub
Private Sub Form_Unload(Cancel As Integer)
' If cmdStop.Enabled Then
' ClosePreviewWindow
' EndIf
ClosePreviewWindow
cmdStop.Enabled = False
cmdSave.Enabled = False
cmdStart. Enabled = True
End Sub
Private Sub senddata(ByVal data As String)



MSComm1.Qutput = data

End Sub

Private Sub cndRead_Click() '-----—- ULTRASONIC -----=----
Iblultrasonic.Caption = 0

Iblencode.Caption = 0

Call senddata("D")

End Sub

Private Sub L90_Click() ' LEFT 90 DEGREE
labelstatus.Caption = "LEFT 90 DEGREE"

Call senddata("F")

End Sub

Private Sub MSComm!_OnComm() *---------- ULTRASONIC --------—
Timeri.Enabled = True

End Sub

Private Sub R90_Click() 'RIGHT 90 DEGREE
labelstatus.Caption = "RIGHT 90 DEGREE"

Call senddata("G")

End Sub

Private Sub Timer!_Timer() *-~----— ULTRASONIC --—-----
Dim start As Integer

Dim buf_in As String

On Error Resume Next

Timerl.Enabled = False

buf_in = MSComm.Input

If buf_in <> "" Then

start = InStr(1, buf_in, "D")

Iblultrasonic.Caption = Asc(Mid(buf_in, start + 1, 1)}

start = [nStr(1, buf _in, "E")

Iblencode.Caption = Format(Asc{Mid(buf_in, start + 1, 1)) * 1.1666667, "#0.00")
Else

End If

End Sub



Delay.c
i

/ Delay function
!l www. GetMicro.com

IF

I

{f Delay mS function
/’I

void DelayMs(unsigned int count)
{ // mSec Delay 11.0592 Mhz
unsigned int i; I/ Keil v7.5a

while(count)

{
i=115;
while(i>0) i--;
count--;
}
}
1

// DELAY at 11.0592MHz crystal.
/! Calling the routine tzkes about 22ys, and then
// each count takes ancther 17us.

/f test with KEIL C51 V7.5

1/
void DelayUs(int us)
{

int i;

for (i=0; i<us; i++);



REGS51.H
”1

REG51.H

Header file for generic 80C51 and 80C3 | microcontrotler.

Copyright (c) 1988-2002 Keil Elektronik GmbH and Keil Software, Inc.
All rights reserved.

*/

#ifndef _REGS!_H__
#define_REGS] H__
/* BYTE Register */

sfr PO = 0x80;
sfr P1 = 0x90;
sfr P2 =0xA0;
sfr P3 = 0xB0;
sfr PSW = 0xD0;

sfr ACC = 0xEQ;
sfrB = 0xFO0;
sfr SP =0x8I;
sfr DPL = 0x82;
sfr DPH = (x83;
sfr PCON = 0x87,;
sfr TCON = Ox88;
sfr TMOD = 0x89;
sfr TLO = 0x8A;
sfr TL1 = 0x8B;
sfr THO = 0x8C;
sfr TH1 =0x8D;
sfrIE = 0xAS;
sfrIP = OxBS;
sfr SCON = 0x98;
sfr SBUF = 0x99;
/* BIT Register */
/* PSW */

sbit CY =0xD7;
sbit AC = 0xDe6;
sbit F0 = 0xD5;



sbit RS1 = 0xD4;
sbit RS0 = 0xD3;
sbit OV =0xD2;
sbitP = 0xD0,
/* TCON ¥/

sbit TF1 = Ox8F;
sbit TR1 = Ox8E;
sbit TFO = Ox8D;
sbit TR0 = 0x8C;
sbit IE1 = 0x8B;
shit ITY =O0xBA;
sbit IEO = 0x89;
sbit [TO = 0x88;
* IE */

shit EA =0xAF;
sbit ES = (0xAC;
sbit ET1 =0xAB;
sbit EX1 = 0xAA;
sbit ETO = 0xA9;
sbit EX0 = 0xAS8;
/M~ Ip */

sbit PS = 0xBC;
sbit PT1 =0xBB;
shit PX1 = 0xBA;
sbit PTO = 0xB9;
sbit PX0 =0xB8;
* P3 ¥/

sbit RD = 0xB7;
sbit WR = 0xB6;
sbit T1 = 0xBS5;
shit TO =0xB4;
sbit INT1 = 0xB3;
sbit INTO = 0xBZ;
sbit TXD = 0xB1;
sbit RXD = 0xB0;
/* SCON */



sbit SMO = Ox9F;
sbit SM1 = 0x9E;
shit SM2 = 0x9D;
sbit REN =0x9C;
sbit TB8 =0x9B,;
sbit RB8 = 0x9A;
sbit TT = 0x99;
sbit RI = 0x98;
#endif
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WENSHING
TRW -2.4GHz Radio Transeceiver

Conditions; VDD = +3V, VES = 0V, T = - 40°C 10 + 85°C

Symhol |Parameter (condition) Notes Min. Typ. | Max. | Units
Operating conditions
VDD__|Supply vollage 9 3.0 3.6 v
TEMP  [Qperating Temperature -40 +27 +85 °C
Digital input pin
Vi HIGH level input voltage ¥DD- 0.3 VDD v
Yy LOW level input volinge V'ss 0.3 v
Digital output pin
Voy HIGH level output voltage {lop=0.SmA} VDD- 0.3 VDD v
Vor LOW level output valtage {Ig.=0.5mA) Vas 0.3 Vv
General RF conditions
for gimﬁng frequency 1) 2460 2524 MHz
Af Frequency deviation +156 kHz
| Rame  |Data rate Shack Burs(™ >0 1009 kbps
Transmitier operation
Pgr Maximum Quipul Power 4) 0 +4 dBm
] Pax_ RF Power Control Range 16 20 dB
] Peog  |RF Power Control Range Resolution +3 4B
P 12048 Bandwidth for Modulated Carrier 1400 kHz
Porm  |2™ Adjacent Channel Transmit Power 2MHz -20 dBm
Pers 13" Adjacent Channel Transmit Power IMHz -40 dBm
fvpp Supply current @ 0dBm output power 5) 13 mA
[ Supply currem &; -20dBm output power 5) 8.8 mA
lvon Average Supply current i@ -SdBm output 6) 0.8 mA
power, Shock Burst™
lynp _|Average Supply current i stand-by mede 7t 12 WA
lypn___|Avernge Supply curient in power down 1 uA
Receiver operation
lunp | Supply current one channel 250kbps 18 mA
‘ hon Supply current one channel 1000kbps 19 A
L_ bpp  |Supply current iwo chonnels 250kbps 23 mA
Ivon Supply current two channels 1000kbps 25 mA
RXsens  |Sensitivity at 8. [%BER ((@250kbps) 90 dBm
RX Sensitivity at 0. 1%BER ((d) 1000kbps) -50 dBm
e JCA Co-channel 6 dB
Chigr ¥ Adjacent Channel Selectivity CA IMHz -1 dB
i 2™ Adjacent Channel Selectivity C/1 2MHz -16 dB
Cllyen |3 Adjscent Channel Selectivity CA JMHz -6 dB
RXy  IBlocking Dala Channel 2 -4] dB




WENSHING

« TRW -24GHz Radio Transeceiver

ShockBurst™

The ShockBurst™ technology uses on-chip FIFO to clock in data at a low data rate

and transmit at a very high rate thus enabling extremely power reduction,

When operating the TRw2.46 in ShockBurst™, you gain access to the high data rates

(t Mbps) offered by the 2.4 GHz band without the need of a costly, high-speed micro

controller {MCU) for data processing,.

By putting all high speed signal processing related to RF protocol en-chip. the
TRw-2.4G offers the following benefits:

e Hghly reduced current consumption
. & Lower system cost (facilitates use of less expensive micro coniroller)
¢ Greatly reduced risk of ‘on-air’ collisions due to short transmission time

The TRw246 can be programmed using a simple 3-wire intertace where the data rate
is decided by the speed of the micro controller.

By allowing the digital part of the application to run at low speed while maximizing
the data rate on the RF link, the nRF ShockBurst™ mode reduces the average current

consumption in applications considerably.

ShockBurst™ principle

When the TRW-24G is configured in ShockBurst™, TX or RX operation is conducted
in the following way (10 kbps for the example only).

Y —>
B-bit Continuous 10kbps TRW-2.4G _D_ _J:I-
MCU ”I[”II:H[H Fl

FO
T ShockBurst™  1Mbps

Figure 4 Clocking in data with MCU and sending with ShockBurst™ technology

Without ShockBurst™, running at speed dictated by 10Kbs MCU

< 10mA periode >

—7—]1- 10mA period  10Kbs MCU with ShockBurst™

) 20 40 60 R8O 00 1200 40 16d 180 200 20 240
Time mS

Figure 4 Current consumption with & without Shock Burst™ technology
2



WENSHING

- TRW-24GHz Radio Transeceiver

uContrallar
Loading ADDR
ard PAYLOAD
data

Data content of registers:

ADDR

PAYLCAD

i

TRW-24G
Calculating CRC

Maxinm 256 bits

ADCR

PAYLOAD

Pra-
amble ADDR

PAYLOAD

CRC

1. When the application MCU has data to send. set CE high. This activates
TRW-2.4G on-board data processing.
The address of the receiving node (RX address) and paylead data 1s
clocked into the TRw-2.46 . The application protocol or MCU sets the speed

2.

Input FIFO nol Emply

Figure 2 Flow Chart ShockBurst™ Transmit of TRW-2.46

nRF2401 ShockBurs(™ Transmit:
MCU interface pins: CE, CLK 1, DATA

<1Mbps (ex: 10kbps).

¢ RF front end is powcred up

RF package 1s completed (preamble added, CRC calculated)
Data 1s transmitted at high speed (250 kbps or 1 Mbps configured

by user).

¢ TRwW-24G return to stand-by when finished
3

MCU scts CE low, this activates 2 trw.24g ShockBurst™ transmission.
TRW-24G6 ShockBurst™:
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WENSHING

TRW -2.4GHz Radio Transeceiver

—br

Dalects
PREAMBLE and

Data content of registers:

incoming Data

Corract
ADDR?

YES

TRW-2.40

Receivas Dala
and

Checking CRC

TRW-24Q

Set Data Ready
{DR1/2) high

l

Sets Data Ready
{DR1U/2) loaw

Figure 3 Flow Chart ShockBurst™ Receive of TRW-2.4G

Pre-
amble ADDR PAYLOAD CRC

ADDR PAYLOAD CRC

ADDR PAYLOAD CRC

ADDR PAYLOAD CRC
PAYLOAD
PAYLOAD

Output Register Empty




WENSHING
° TRW-2.4GHz Radio Transeceiver

TRW-24G  ShockBurst™ Receive:
MCU interface pins: CE, DR1, CLK1 and DATA (onc RX channel reccive)
I. Correct address and size of payload of incoming RF packages are set when
TRW-24G s configured to ShockBurst™ RX.

2. Toactivate RX, set CE gh.
3. After 200 ps settling, TRw2.46 ts monitoring the air for incoming
. communication.
4. When a valid package has been received (correct address and CRC found).
TRW-2.4G rcmoves the preamble, address and CRC bits.
5. trw2.4G then notifies (interrupts) the MCU by setting the DR 1 pin high.

6. MCU may (or may not) set the CE low to disable the RF front end (low
current mode).

7. The MCU will clock out just the payload data at a suitable rate (ex. 10

. kbps).

8. When all payload data is retrieved TRw.2.46 sets DR1 low again. and is
ready for new incoming data package if CE 1s kept high during data
download. If the CE was set low, a new start up scquence can begin, see
Figure 12



WENSHING

- TRW-24GHz Radic Transeceiver

DuoCeiver™ Simultaneous Two Channel Receive Mode

In both ShockBurst™ modes the trv24c can facihtate simultancous
reception of two parallel independent frequency channels at the maximum data rate.
This means:

*  TRW-2.46 can receive data from two | Mbps transmitters (cX: TRW-2.4G or
TRW-2.4G_) 8 MHz (8 frequency channels} apart through one antenna
mterface.

* The output from the two data channels is fed to two separate MCU
mterfaces.

e Data channel 1: CLK1, DATA, and DR1

¢ Data channel 2: CLK2, DOUT2, and DR2

s DRI and DR2 are available only in ShockBurst™.
The TRW-2.46 . DuoCeiver™ technology provides 2 separate dedicated data channels
for RX and replaces the need for two, stand alone receiver systems.

TRW-2.4G
Tx/Rx

TRW-2.46 |:_:>

Tx/Rx
<j TRW-2.4G
Tx/Rx

Figure 4 Simultaneous 2 channel receive on trwo46

There is one absolute requirement for using the second data channel. For the TRw-2.46
to be able to receive at the sccond data channel the frequency channel must be 8MHz
higher than the frequency of data channel 1. The TrRw2.46 must be programmed to
receive at the frequency of data channel |. No time multiplexing is used in  pp2.40
to fulfil this function. In direct mode the MCU must be able to handle two
simultaneously incoming data packets if it 1 not multiplexing between the two data
channels. In ShockBurst™ it is possible for the MCU 10 clock out one data channel at
a time while data on the other data channel waits for MCU availability, without any
lost data packets, and by doing so reduce the needed performance of the MCU.

_"\‘
Clock ADDR, ™ DR1
Free [ Recovery, e CRC [—#= CLK1 > Data{Fgp,)
DataSlicer Check |—pel DATA —4
Clock ADDR, | DR2
Fr=Frei*8MHZ |— Recovery, Hw{ CRC [— CLK2 > Data{Fy)
DataSlicer Check |l DOUT2
—

Figure 8 DuoCeiver™ with two simultaneously independent receive channels.



WENSHING

. TRW-24GHz Radio Transeceiver

DEVICE CONFIGURATION

All configuration of the Trw.2.4g s done via a 3-wire interface to a single
configuration register. The configuration word can be up to 15 bytes long for
ShockBurst™

Configuration for ShockBurst™ gperation

The configuration word in ShockBurst™ enables the TRW-2.46 to handle the RF
protocol. Once the protocol 1s completed and loaded into  TRW-2.46 only one byte,
bit[7:0], needs to be updated during actual operation.

The configuration blocks dedicated to ShockBurst™ is as follows:

» Payload section width: Specifies the number of payload bits in a RF package.
This enables the TRW-2.4G to distinguish between payload data and the CRC
bytes in a received package.

o  Address width: Sets the number of bits used for address in the RF package.
This cnables the TRW-246  to distinguish between address and payload data.

s  Address (RX Channel 1 and 2): Destination address for received data.

s CRC: Enables nRF2401 on-chip CRC generation and de-coding.

NOTE:

These configuration blocks. with the exception of the CRC, are dedicated for the
packages thata TRw.2.4G Is to receive.

In TX mode, the MCU must generate an address and a payload section that fits the
configuration of the TRW-2.4G that is to receive the data.

When using the TRw-246 on-chip CRC feature ensure that CRC is enabled and uses
the same length for both the TX and RX devices.

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 10 Data packet set-up
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* TRW -24GHz Radio Transeceiver

Configuration Word overview

Bit | Number Name Function
position| of bits
= 143:120 4 TEST Reserved for tesling
" % o112 8 DATAZ W Length of data payload section RX channel 2
E 111:104 8 DATAI_W Length of data payload section RX channel 1
g 103:64 40 ADDR2 Up to 5 byt address for RX channel 2
E 6324 40 ADDRI Up to 3 byte address for RX channel |
E 23:18 6 ADDR_W Number of address bits (both RX channels).
% 17 I CRC_L 8 or 16 bit CRC
. 5 16 ] CRC_EN Enable on-chip CRC generatiom’chwldug.
15 1 RX2_EN Enable two channel receive mode
§ 14 1 M Communicatton mode {Direct or ShockBurs ™)
g 13 | RFDR SB RF data rate { IMbps requires 16MHz crystal)
% 12:10 3 XQ F Crysial frequency
‘.
'g 9:8 2 RF_PWR RF oulput power
=
a 7:1 7 RF_CH# Frequency channel
0 1 RXEN RX or TX operation

Table 1 Table of configuration words.

The configuration word is shifted in MSB first on positive CLK | edges. New
configuration is enabled on the falling edge of C'S.

NOTE.

On the falling edge of CS, the TRW-246 updates the number of bits actually shifted in
duning the last configuration.

Ex:

Ifthe TRw.2.4g Is to be configured for 2 channel RX in ShockBurst™, a total of 120
bits must be shifted in during the first configuration after VDD 15 applied.

Onge the wanted protocol, modus and RF channel are set. only one bit (RXEN ) 1s
shifted in to switch between RX and TX.
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. TRW-2.4GHz Radio Transeceiver

Configuration Word Detailed Description

The following describes the function of the 144 bits (bit 143 = MSB) that 1s used to

conﬁgure the TRW-2.4G
- General Device Configuration: bit[}5:0]
ShockBurst™ Configuration: bit[ 1 19:0]
Test Configuration: bit[143:120]

vy

TEST
Di42 | D141 | Digo | D19 | D138 | D137 | DI36

Reserved for testy
o [ o [ o | 1 11 1 [T o

MSB
D143

1 ]

Dofmall |

" a8 TEST

D138

Dixt_| D3| bz | Disi_] Diw_] Did ] iz ] nizr ] mize | mizz ] iz | mia | Dizm | o

2] ]

Reserved for testi

Pl miX

9 Jo Te Jo t1 o e Jo {Jo o Joa 1 1!

|1 0 J|o

Defmf |

DATA2 W

" D11% |D118 I D117 ID]IG | D11s |Dllr[ D113 | D112

Data width channel#2 in # of bits excluding addr/ere
o ] 0o | 1 ] 0 | o 0 | o | o
DATAI W

DL IDIIO!DMD | Digs | Dlo7 | Dlos { D16s | DLgd
D idth channel#1 in # of bits excludi c

@ | o | 1 | o | o | o 0 ] ¢

Detmk |

Detmb ]

DR2
DI | DIo2 | DIOI ~| D71 D70 | D69 | D68 | D67 ] D66 | D65

Channel#2 Address RX {up to 40bit}

S I O U I T ] 0 | o0 ] 1 | 1

Dt |

ADDR1

D6 D31 D30 D3I D28
Chanuel #1 Address RX {up to40kit)

D27 P26

o | o [T o [ .. 1 1 [ 1 g [ o I 1 T 1

Dedmolt l

ADDR_W

- | o231 p22 | D2t [ D20 | D19 | D18
Address widih in # of bits (both chanmels)

o [ o J 1 T o] oo

Nefimb 1

CRC

D16

CRC 1 = enable: 0 - disable
1

BI7
CRC Mode 1~ L6bit, 0 = 8bit
]

]

RF-Programming

58

nis b4 13 [ D12 [p1l [plo [ Do [DS

D7 Jos o5 Ipd [ D3 oz |o1{Do

Two Ch. BUF | oD X0 RF Pover Clianne] selection

RXEN

0 0 o 1o [1v [t Fir It o To Jo Jo Ta

i Jo 0

Bofmh |

Table 2Configuration data word

The MSB bit should be loaded first into the configuration register.
Default configuration word: hXE08. 1€ 20.2000.0000.001:7.0000.0000.1:721 .0F04.
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ShockBurstt™ configuration:

The section B[119:16] contains the segments of the configuration register dedicated to
ShockBurst™ operational protocol. After VDD 1s turned on Shock Burst™
configuration is done once and remains set whilst VDD s present. During operation
only the first byte for frequency channel and RX/TX switching need to be changed.

PLL_CTRL
PLL CTRL
D121 | D120 PLL
{ 0 Open TX/Closed RX
1] )| Open TX/Open RX
1 0 Closed TX/Closed RX
1 ; Closed TX/Open RX

Table 10 PLL setting.

Bit 121-120:
PLL_CTRL: Controls the setting of the PLL for test purposes. With closed
PLL in TX no deviation will be present.

DATAx W
DATA2 W
119 11 J117 Yue Jus g s 112
DATA1 W
it1 J1ie {10 Jes J1oz Jios J1os | 104
Table 4 Number of bits in payload.
Bit119-112:

DATA2_W: Length of RF package payload section for receive-channel 2.

Bit 111 - 104:
DATAI_W: Length of RF package payload section for receive-channel 1.

NOTE:
The total number of bits i a ShockBurst™ RF package may not exceed 256!

Maximum kength of payload section is henee given by:

DATAx _W(bits)=256~ ADDR _W - CRC
Where:
ADDR_W: length of RX address set in configuration word B[23:18]
CRC: check sum, 8 or 16 bits set in configuration word B[17]
PRE: preamblc, 4 or § bits are automatically included
Shorter address and CRC leaves more room for payload data in each package.

10
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ADDRx

ADDR2
103 fro2 {101 | ... F 71| 70 | 69 | 68 | 67 | 66 | 65 | 64

ADDRI
63 | 62 | 61 | .. [ 3y [ 30 | 2 J 28 | 27 ) 6 | 25 ] 24

Table 5! Address of receiver #2 and receiver #1.

Bit 103 — 64:
ADDR2: Receiver address channel 2, up to 40 bit.

Bit 63 — 24: ADDRI1
ADDRI: Receiver address channel 1. up to 40 bit.

NOTE!
Bits in ADDRx exceeding the address width set in ADDR_W are redundant

and can be set to logic 0.

ADDR_W & CRC

ADDR W CRC L | CRC EN
23 ) 22 } o f 20 ] 19 ] 18 17 16

Table s Number of bits reserved for RX address + CRC setting.

Bit 23 - 1R:
ADDR_W: Number of bits reserved for RX address in ShockBurst™
packages.
NOTE:
Maximum number of address bits is 40 (5 bytes). Values over 40 n
ADDR_W are not valid.
. Bit 17:
CRC_L: CRC length to be calculated by TRW-246 in Shock Burst™.
Logic 0: 8 bit CRC
Logic 1: 16 bit CRC
Bit: 16:

CRC_EN: Enables on-chip CRC generation (TX) and verification (RX).
Logic 0: On-chip CRC generation/checking disabled
Logic 1: On-chip CRC generation/checking enabled

NOTE:
An 8 bit CRC will increase the number of payload bits possible in each
ShockBurst™ data packet, but will also reduce the system integnty.

11
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General device configuration:

This section of the configuration word handles RF and device related parancters.

D12 D11 D10
0 1 1
Table 8

17

Modes:
' RXZ EN_| CM_| RFDR SB XO_F RF PWR
1S 14 13 12 1 11 | 10 1 8
Table 7 RF operational settings.
. Bit 15:
RX2_EN:
Logic 0: One channel reccive
- Logic |: Two channels recerve
NOTE:
- In two channels receive, the TrRw-2.4G6 receives on two, separate
frequency channels simultancously. The frequency of receive channel
I is set in the configuration word B[7-1], receive channel 2 is always §
channels (8 MHz) above receive channel 1.
Bit 14:
Communication Mode:
Logic 1: nRF2401 operates in ShockBurst™ mode
* Bit 13:
RF Data Rate:
Logic 0: 2.TRW2:46
Logic 1: 1 Mbps
NOTE:
- Utilizing 250 kbps imstead of 1Mbps will improve the receiver
| sensitivity by 10 dB. IMbps requires 16MHz crystal.
Bit 12-10:
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Bit 9-8:
RF_PWR: Sets trw.24g RF output power tn transmit mode:

RF OUTPUT POWER
D9 DS P [dBm]
0 0 20
0 1 ~10
1 0 -5
1 1 0

Table o' RF output power setting.

RF channel & direction

RF CH# RXEN
7lelslaf3l2]l 0

Tablc 10 Frequency channel + RX ¢ TX setting.

Bit7 - 1:
RF_CH#: Sets the frequency channel the nRF240) operates on.

The channel frequency in transmit is given by:
Channel,,. = 2400 MHz + RF _CH# 1.0 MHz
RF_CH #: between 2400MHz and 2527MHz may be set.
The channe! frequency in data channel 1 i given by:
Charmely,. = 2400 MHz + RF _CH# 1.0 MHz (Receive at PIN#R)
RF_CH #: between 2400MHz and 2524MHz may be set.

NOTE:
The channels above 83 can only be utilized in certain territories (ex: Japan)

The channe] frequency in data channel 2 is given by:

Channelg,. = 2400 MHz + RF _CH# 1.0 MHz +8MHz (Receive at PIN#4)

RF_CH #: between 2408MHz and 2524MHz may be set.
Bt O:
Set active mode:
Logie 0: transmit mode
Logic |: receive mode

13
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DATA PACKAGE DESCRIFTION

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure ; Data Package Diagram

The data packet for both ShockBurst™ mede and direct mode comununication is
divided into 4 sections. These are:

1. PREAMBLE - The preamble field is required in ShockBurst.
* The address field is required in ShockBurst. mode.

2. ADDRESS - 8 to 40 bits length.
- Address automatically removed from received packet in

ShockBurst.mode

- The data to be transmitted
3. PAYLOAD * In Shock-Burst mode payload size is 256 bits minus the
following:(Address; 8 to 40 bits, + CRC 8 or 16 bits).

4. CRC - 8 or 16 bits length
) » The CRC is stripped from the received output data.

14
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L

IMPORTANT TIMING DATA
The following timing applies for operation rm";v'-ﬁzf 4‘G" :
TRW-2.4G Timing Information
« nRF2401 fiming Max. | Min. Name
VDDOFF *» ST_BY mode 3ms Tpd2shy
VDD OFF = Aciive mode (RX/TX) 3ms Tpd2a

ST_BY < TX ShockBurst™ 19515 Tsby2tx3B
ST_BY = TX Direct Mode 202us TshyxDM
ST_BY < RX mode 202us Tsby2rx

- Miniiruen delay from CS to data. Siis Tes2data
Minimum delay from CE to data. Sus Tee2data
Minimnm delay from BR1/2 to dk. 50ns TdrZelk

- Muoximum delay from clk to dain. S0ns Telk2data
Delay batween edges 50ns Td

. Setup time 500ns Ts
Hold time 500ns Th
Delay to finish internal GFSK data lidam rote | THI
Minimun input clock high S00ns ) ‘Thozn
Ret-up of data 10 Direct Made S0ns Tsdm
Minimum clock high in Direct Mode 300us Thdm
Minimum clock low in Direct Mode 230ns Tldm

Table ,,” Switching times for RW.2.4G

When - ~™7*101 is in power down it must always seitle in stand-by (Tpd2sby)

before 11 can enter configuration or one of the active modes.

VDD e
CS
CE
a CLK1
DATA
g

Figure ” Timing diagram for

Tpd2sby

1of  1rwo46

15

' {or VDD off) to stand by mode
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VDD —
CcS

CE J

* CLK1

DATA XO000GC0000000C

Tpd2a

Figure © VDD off to active mode

Note that the configuration word will be lost when VDD is turned off and that the
device then must be configured before going to one of the active modes. If the device
is configured one can go directly from power down to the wanted active mode.
Note:
CE and CS may not be high at the same time. Setting one or the other decides
whether configuration or active mode 1s entered.

1A
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Configuration mode timing
When one or more of the bits in the configuration word needs to be changed the

following timing apply.

vDD
cs
CE
CLK1
DATA

L -

|
I

| [
el L
LLIEEN T~
~ -‘-""ﬁ-..‘
\ -
CS |4
CE hm
CLK1 /
paTA LK M?B X
Ts'ﬂTh

Tes2data #

Figure 10 Timing diagram for configuration of TRW-2.4G

If configuration mode is entered from power down, CS can be set high after Tpd2sby

as shown in Figure 8

17
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(.

ShockBurst™ Mode timing

ShockBurst™ TX:
=0
a | I
VoD ]
cs WM
. CE ___Jl :
cur W VYW= ===
) pata WEY VOO ----

ANT1/ANTZ
AN —~— Tm Tos
ICAN -
N ~—
N ~—_
| |
cs| ]
| |
CE A Ty |
. CLK1 L__/_\ﬁ_l
L
DATA F)E )<_':
) ‘é Ts Th '
B

- Figure 1 Timing of ShockBurst™ in TX

®  The package length and the data rate give the delay Toa (time on atr). as shown in the
equation.

T.,. =/ datarate - (#databits +1)

18
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ShockBurst™ RX:
e=0
| |
VDD | |
| |
CS [ |
] T
CE / T _ T
I |
DR1/2 ] __
| I
CLK1/2 :f\f\fV\/"""fU"\NV\__
DATA/DOUT2 WASTSSTEREEER)S S8 S
[ I
ANTVANTZ mlﬂlﬂL I
- |
Td  Tsby2am /l N
f"'f \
- N

\
—

¢
i

DATA/ |4
DOUT2

5
E“'L
)
%ﬁ

Tdr2clk

Tak2data |

Figure 12 Timing of ShockBurst™ in RX

The CE may be kept high during downloading of data, but the cost i1s higher current
consumption {{8mA) and the benefit is no start-up tume (200ps) after the DR1 goes

low.
Output Power adjustment

Power setting bits of | RF output power | DC corrent
configuring word consumpfion

11 0 dBm +3dB 13.0mA

10 -5 dBm +3dB (0.5 mA

13 -10 dBm 23dB 9.4 mA

0D -20 dBim +3dB 8.8 mA

Conditions: VDD = 1.0V, VS8 = 0V, T, = 27°C’, Load impedance = 400 £2.
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Features

« Compatible with MCS-51™ Products
* 8K Bytes of In-System Reprogrammable Flash Memory
* Endurance: 1,000 Write/Erase Cycles
* Fully Static Operation: 0 Hz to 24 MHz
* Three-level Program Memory Lock
« 256 x 8-bit Internal RAM Y )
* 32 Programmable /O Lines
* Three 16-bit Timer/Counters
+ Eight Interrupt Sources
* Programmable Serial Channel 8-bit
* Low-power Idle and Power-down Modes
Microcontroller

Description .

P with 8K Bytes

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device Flash
is manufactured using Atmel's high-density nonvolatite memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.

The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU AT89052
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.
Not Recommended
Pin Configurations P'ﬂ" for New Designs.
TQFP an,rods awpvee
i Rttt R o Use AT89S52.
SERT mags 38[JP0 1{AD1)
BE §g§§ P1aCs 1 P02 (an2)
- =1 -t P14L|5 381 Pa3 (aD3)
tezseydfeese rsds 35[0 P04 (AD4)
32952835883 errds bof Staddvad
mag RPeodADs) RST(® 32[1P0 7 {ADN)
Pia02 321 PO.S (ADS) FXD)P3.0 110 NOEAVPP
[ g B du K 31 Pog ADg) MM P3ITIN 301 ALEPROG
RrRoTe 30 1PO.7 (ADT) (NTO) P2 12 2 PSEN
(Rxp) P300S 2abeaver INT)P33]13 2B ra7 s
NcOe ZBETING (Lol Bin RE] 27TAP2B (A4}
mmyraidry 27 D ALEPROS g)mgw nhP2sa)
(iNTO} P32 (|8 28 D PBEN wiesed1e 5IP24(A12)
Ry Paade 2511727 (A1S) (RD)PATOY17 24[IP23(A1H)
mopzad 1o 24D P28 (A14) 1Az 18 nhrz2a0)
mP3sgn BOP28 ALY XTAL1I[ 19 R2AP21AN
eND 20 211P20 (A7)

P27 (a1s)
b rae (are)
hPz2sai3)
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Block Diagram

P0.0 - PO.7

»

PORT 2 DRIVERS

QUICK

PROGRAM
ADDRESS
REGISTER

BUFFER

PROGRAM
COUNTER

DPTR

4—P»

PORT 2

LATCH

PORT 0
LATCH

STACK
POINTER

RAM

T™MP1

RAM ADDR.
REGISTER

T™P2

A

A 4

4
- - u
8o Sl
mm £ E e
(1]
N g e
e T
>
e
- 2 e
=Y 5 % e
® z mw ) Ml L g
4 _mg._lv“
PEEY
<>
o w
g8 :
2.8 | o |0
mmm 81T

P3.0 - P37

P10 - P17

AT89C52 mmessessssssesssssss———————



s AT89C52

The ATBIC52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 /O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

vCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port O also recelves the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current () because of the intemal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 {external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. Duning accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Spedial Function Register.
Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port3

Port 3 is an 8-bit bi-directional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are wrilten to Port 3 pins, they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled tow will source
currert (1, ) because of the pullups.

Port 3 also sarves the functions of various speciat features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (seriat input port)

P3.1 TXD (serial output port)

P3.2 TNTO (external interrupt 0)

P33 TNTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P35 WR (external data memory write strabe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output puise for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external

AIMEL 3
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fiming or clocking purposes. Note, however, that one ALE
pulse Is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to extemal data memory.

X Table 1. AT89C52 SFR Map and Reset Values

EAVPP _

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volit programming enable volt-
age {(Vpp) during Flash programming when 12-volt
programming is selected.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator armnplifier.

OFgH OFFH
OFQH 8 OFTH
00000000
OE8H OEFH
ACC
OEOH | oo 0ETH
0D8H ODFH
PSW
0DQH 00000000 ODTH
ocan | T2CON T2MOD RCAP2L | RCAPZH 2 ™ oCFH
00000000 XXX X00 00000000 Qp000000 00000000 00000000
0COH 0CTH
0B8H P 0BFH
XX000000
P3
0BOH | 44111111 087H
0ABH I OAFH
0X000000
Pz
OADH | 14411111 OATH
SCON SBUF
98H | goooo00D | X00000KK 9FH
P1
8OH [ 49411111 a7H
ga | TCON T™OD T T THO TH1 o H
00000000 00000000 | ©00D0CCOO | 00000000 | 0DODGOOD | ©O0ODODO
S0H PO Sp DPL DPH PCON | o
11111119 00000111 00000000 | 00000000 0XXX0000

4 AT89C52 mssasesssssss————————————————
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR}) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general retumn
random data, and write accesses will have an indetermi-
nate effact.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON - Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are

in the 1E register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0CBH
Bit Addressable

Reset Value = 0000 00008

¢ Bit

TF2

EXF2

RCLK

TCLK

EXEN2

CPRI2

7

6

-l

0

Symbol

Function

- | TF2

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10orTCLK =1,

EXF2

Timer 2 extemnal flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
{DCEN = 1).

RCLK

Receive clock enable. When set, causes the serial port 1o use Timer 2 overflow pulses for its receive clock in seriat
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

- | TCLK

Transmit clock anable. When set, causes the serial port to usa Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows 10 be used for the transmit clock.

EXEN2

Timer 2 external enable. When set, allows a capturg or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used o clock the serial port EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

Start/Stop control for Timer 2. TR2 = 1 starts the timer.

CiT2

Timer or counter select for Timar 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

- | cPRLZ

Capture/Reload select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RI2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location abave
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction

accesses the SFR at location 0AOH (which is P2).
MOV OAOH, #data

AIMEL 5
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address OAOH, rather than P2 (whose
address is 0AOH).
MOV @RO, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the ATB9C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
mades are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK ( CPRL2Z TR2 MODE
0 o 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (off)

In the Counter function, the register is incremented in
response to a 1-to-0 fransition at its cormesponding external

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively, In addition, the transition at T2EX
causses bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

6 AT89C52 memssssssssssssssssessse———
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Figure 1. Timer in Capture Mode

AT89C52

osc +12 _
c2 =0
—o/o———-l TH2 e | e |-
T CONTROL OVERFLOW
] T cr2 =1 TR2 B [—‘\{
T2 PIN CAPTURE
RCAPZH | RCAP2L
TRANSITION
TIMER 2
DETECTOR MER 2
T2EX PIN D_T T 4)//0 EXF2

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXENZ2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAPZL. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
elther by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

ANDEL

| conTRoL
N2

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value In
RCAP2H and RCAP2L to be reloaded Into the timer regis-
ters, TH2 and TL.2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 overflows or

underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not fiag an interrupt.
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

0sC +12

T2 PIN TIMER 2
INTERRUPT
RCAPZL
s e TF2
TRANSITION
DETECTOR
TZEX PIN [ ——n  n_ o/ o * EXF2
| conTROL
EXEN2
Table 4. T2MOD - Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX008
Not Bit Addressable
- - - - - - T20E DCEN
Bit 7 6 5 4 3 2 1 0
Symbol Function
- Not implemented, reserved for future
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)

(OOWN COUNTING RELOAD VALUE) TOGGLE
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Figure 4. Timer 2 in Baud Rate Generator Mode
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N
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or fransmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLX puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Timer 2 Qverflow Rate

Modes 1 and 3 Baud Rates = 6

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when itis used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _
Baud Rate

Oscillator Frequency
32 x [65536 —~ (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a roflover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L} to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL.2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but shouid not be written to, because a write might
overiap a reload and cause write and/or reload errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

) - T2 TH
K . -
!
TR2
\ )
RCAP2L | RCAP2ZH
e GfT2 BIT
pof” ) '
N N - O\O
T20E (T2MOD.1)
TRANSITION
\__ DETECTOR
praf \ : TIMER 2
it < %/C EXF2 INTERRUPT

EXEN2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
far 1/O pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
ar to output a 50% duty cycle clock ranging from 61 Hz to 4
.MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MQD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-

guency and the reload value of Timer 2 capture registers

(RCAP2H, RCAP2L), as shown in the following equation.
Osclllator Fequency

4 x (65536 - (RCAP2H,RCAP2L)]

In the clock-out mode, Timer 2 roli-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simuita-
neously. Note, however, that the baud-rate and clock-out
frequencies cannat be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT82C51.

Clock-Out Frequency=

interrupts

The ATB9CS52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are afl shown in Figure 6.

Each of these Interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position IE.6 is unimple-
mented. In the ATB9C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overfiow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at 52P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(MSB) (LSB)
[ea |- Jer2 |es [ert [ext [emo [exo |
Enable Bit = 1 enables the interrupt.
Enable Bit = ¢ disables the interrupl.

Symbol Position Function

EA IE.7 Disables all interrupts. If EA =0,
no interrupt is acknowledged. If
EA = 1, each interrupt source Is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE4 Serial Port interrupt enable bit.

ET1 IE3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IE.1 Timer 0 interrupt enable bit.

EX0 IE.O External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 6. Interrupt Sources

T s

Rl - _‘,;D >
2 - -
EXF2 --m——m—---:j > B *
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Oscillator Characteristics

XTAL1 and XTALZ are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemal clock sourca, XTALZ should be left
»unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
Is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

{n idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algarithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpacted write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power-down Mode
In the power-down mode, the oscillator is stopped, and the

is restored to its normal operating level and must be held
active long enough to allow the oscitlator to restart and
stabilize.

Figure 7. Oscillator Connections

c2
)k———I——- XTAL2
ci l
XTAL1
GND

llIl

Note:  C1, C2 =30 pF 10 pF for Crystals

= 40 pF +10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR ———— X7AL1
SIGNAL

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis- ‘L

ters retain their values until the power-down mede is =

terminated. The only exit from power-down is a hardware -

reset. Reset redefines the SFRs but does not change the

ori-chip RAM. The reset should not be activated before Ve

Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External o] 0 Float Data Data Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LBY1 LB2 LB3 | Protection Type

1 V) u U No program lock features.

MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
Intemnal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

2 P v U

Same as mode 2, but verify is
also disabled.

Same as mode 3, but extemnal
execution is also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. if the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The ATB9C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
{Vce) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user’'s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers,

The AT89C52 is shipped with either the high-voltage or
low-voitage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp = 12V Vpp =5V
Top-side Mark AT89C52 AT89C52

20X WO - 5

yyww yyww

VFP =42V Vpp= 5V
Signature {030H) = 1EH {030H) = 1EH

(031H) = 52H (031H) = 52H

{032H) = FFH {0321) = 05H

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the antire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the

AT89C52, the address, data and control signals should be

set up according to the Flash programming mode table and

Figure 9 and Figure 10. To program the AT89C52, take the

following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EANV,, to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.
Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PRQOG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

AIMEL &
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Reading the Signature Bytes The signature bytesare  Programming Interface

read by the same procedure as a normal verification of .

locations 030H, 031H, and 032H, except that P3.6 and  EVery code byte in the Flash array can be written, and the

P3.7 must be pulled to a logic low. The values returned are  ©ntire amay can be erased, by using the appropriate combi-
nation of control signals. The write oparation cycle is self-

" as follows.
(030H) = 1EH indicates manufactured by Atmel timed and once initiated, will automatically time itself to
(031H) = 52H indicates 89C52 completion.

- (032H) = FFH indicates 12V programming All major programming vendors offer worldwide support for
(032H) = 05H indicates 5V programming the Atrmel microcontroller series. Please contact your local

programming vendor for the appropriate software revision.

Flash Programming Modes

a | Mode RST PSEN ALE/PROG EA/V;:x P26 P2.7 P3.6 Pa7
Wirite Code Data H L H12v L H H H
~_
h ]
Read Code Data H L H H L L H H
+ Write Lock BHi-1 H L HM2v H H H
y, ~
Bit- 2 H L H12v H H L L
" N
Bit- 3 H L HM2v H L H L
~
Chip Erase H L ) HM2v H L L L
= V
Read Signature Byte H L H H L L L L

- Note: 1. Chip Erase requires a 10 ms PROG pulse.
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Figure 9. Programming the Flash Memory Figure 10. Verifying the Flash Memory
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+5V b\
ATB7F52 ATB7F52
i appR. 20 AT) by Ves —T ADDR, 22 -ATt p Voo —_——T
OOOOHAFFFH PGM OOOOHMFFFH PGM DATA
v P20 - P24 PO [4—— pam s RS P20 - P24 PO _'guus&u}lgg)
. r——— P26 ——»| P26
SEE FLASH + ——»| P27 ALE [¢—— PROG SEE FLASH | —»f P27 ALE [«
PROGRAMMING PROGRAMMING
MODES TABLE L"—* P3.8 MODES TABLE | — ¥ P36 o
——» P37 ——»| P37 |
T - | XTAL2 EA j¢—— V Ve | I { XTAL2 EA |«
- !
3-24 MHz | 324 MHz _
Y l )
- =
y l E_‘ XTAL1 RST [¢—— v, - l~ - { XTAL1 RST j&——— Vy,
A GND PSEN .J___ b GND PSEN -l_.—
Flash Programming and Verification Characteristics
T, =0°Cto70°C, Vo = 6.0 +10%
Symbol Parameter Min Max Units
i Vppt® Programming Enable Voitage 15 125 '
lppt" Programming Enable Cumrent 1.0 mA
© o Mee Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t 0
tonax Address Hold after PROG 48tc ¢y
tovaL Data Setup to PROG Low 481
taHox Data Hold Afler PROG 48Bte o
tensH P2.7 (ENABLE) High to Vi 4Big o
N topar Vep Setup to PROG Low 10 ™
tons M Vqp Hold after PROG 10 ps
* | taten PROG Width 1 110 Us
tavav Address to Data Valid 481 ¢,
teLay ENABLE Low fo Data Valid 481g, ¢,
tenaz Dala Float after ENABLE 0 4Bl o
tomaL PROG High to BUSY Low 1.0 Hs
twe Byte Write Cycle Time 20 ms
Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
_ P20 - P24 4 ADDRESS JF—‘—} ADDRESS >
- tawav
PORT 0 DATA IN = —{"DATA OUT P
- — tover  torpx
tavaL taHax
ALE/PROG N\ /
< » t
tshaL Spp—— GHSL
R Vep | LOGIC 1
. 2 A VT N IR
(2)

o t
P2.7 EHSH teray — *— tenoz
- (ENABLE)
tog —®

P34
) (RDY/BSY) BUSY READY

twe

Flash Programming and Verification Waveforms - Low-voltage Mode (V,;=5V)

P10 - P17 PROGRAMMING j VERIFICATION
P20 - P24 ' ADDRESS »—j ADDRESS  >——
N [*— tayav
PORT 0 DATA IN D DATA QUT $————
. > towe.  tonpx
taveL [« *| toHax
ALE/PROG TN
t
SHGL ¢ tGLGH ’
— LOGIC 1
EAVee L LOGIC_0
— tensy
- P2.7
(ENABLE)
toHeL —
- P3.4

(RDY/BSY)
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Absolute Maximum RatirLg_js*

Operating Temperature -65°C lo +125°C *NOTICE: Stresses beyond those listed under "Absolute
Maximum Ratings” may cause permanent dam-
= | Storage Temperature...............ccovreevvveeinreanieens -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
« | with Respectio Ground.......ccceorcenierienennenes -1.0V to +7.0V operational sections of this specification is not
‘ implied. Exposure to ebsolute maximum rating
Maximum Oparating Voltage ..........ccvveevcreniieniniisncnesinns 6.6V conditions for extended pericds may affect
device refiability.
DC Quiput Current.........ccocecvevenrucne 15.0 mA

- DC Characteristics

The values shown in this table are valid for T, = 40°C to 85°C and V. = 5.0V £20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
v Input Low-voltage {Except EA) 05 0.2 V0.1 v
Vi Input Low-voltage (EA) 05 02V.03 v
Y| viu Input High-voitage {Excapt XTAL1, RST) 0.2 Vect0.0 Vect05 v
’ Vi Input High-voltage (XTAL1, RST) 0.7 Ve VeotD.5 v
. | Ve Output Low-voltege®™ (Ports 1,2,3) | I =1.6mA 045 v
Vous Cutput Low-voltage'™ lo =3.2mA 045 v
(Port 0, ALE, PSEN)
Vou Cutput High-voltage loy = 80 pA, Ver = 5V £10% 24 v
(Ports 1,2,3, ALE, PSEN) \o = 25 A 075 Vg v
- loy = 10 pA 0.9 Vee v
Vot Output High-voltage Lo = -H00 pA, Voo = 5V £10% 24 v
(Port 0 in External Bus Mode) oy = -300 A 0.75 Ve v
) Ton = 80 A 0.8 Ve v
" Logical 0 Input Current (Ports 12,3} | Vy=0.45V -50 A
I Logical 1 to 0 Transition Current V=2V, Ve = 5Vt 10% -850 HA
(Ports 1,2,3)
Iy Input Leakage Current (Port 0, EA) | 0.45 < Viy <Vec $10 pA
RRST Reset Pulldown Resistor 50 300 KQ
« | Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 oF
lee Power Supply Current Active Mode, 12 MHz 25 mA
[dle Mode, 12 MHz 6.5 mA
) Power-down Modal! Voo =6V 100 A
Vee =3V 40 HA
. Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum lg, per port pin: 10 mA
Maximum !g, per 8-bil port:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
N Maximum total |, for all output pins: 71 mA
If Ig_ exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranieed to sink current greater

than the listed test conditions.
ATMEL 7
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for ali other

outputs = 80 pF.

-

External Program and Data Memory Characteristics

AlMEL

- 12 MHz Oscillator Variable Osciflator

Symbol Parameter Min Max Min Max Units
Moo Oscillator Frequency 0 24 MHz

i ALE Pulse Width 127 24540 ns

tavie Address Valid to ALE Low 43 to o 13 ns

|ty Address Hold Afler ALE Low 48 tora-20 ns

LTEY, ALE Low 1o Valid Instruction In 233 401 065 ns

- | tam ALE Low to PSEN Low 43 tac-13 ns

toLpn PSEN Pulse Width 205 310 0120 ns

- teuv PSEN Low to Valid Instruction in 145 ey 45 ns

torax Input Instruction Hold after PSEN 0 0 ns

. | texz input Instruction Float after PSEN 59 torc-10 ns

toxav PSEN to Address Valid 75 terc 8 ns

taviv Address to Valid Instruction in 312 o159 ns

PSEN Low to Address Float 10 10 ns

trurs RD Pulse Width 400 Bt o -100 ns

" WR Pulse Width 400 Bl -100 ns

triov RD Low to Valid Data In 252 5te1ey -00 ns

* | truox Data Hold After RD 0 0 ns

truoz Data Float After RD 97 e 28 ns

tuov ALE Low to Valid Data In 517 Bley o -150 ns

L Address to Valid Data In 585 9t 1 -165 ns

twe ALE Low to RD or WR Low 200 300 3tgy o -50 3t o +50 ns

v Address to RD or WR Low 203 Mepo-75 ns

" | tovwx Data Valid to WR Transition 23 tere 20 ns

tovwH Data Valid to WR High 433 Tloie-120 ns

= | twhox Data Hold After WR 33 terei-20 ns

traz RD Low to Address Float 0 0 ns

. b H RD or WR High to ALE High 43 123 tc o -20 toc ¥25 ns

18

AT89C52 messsssees——————————




' AT89C52
External Program Memory Read Cycle
‘ tay —
. ALE ST N -
Y 1 e : toLpu
. AVLL ) bye M— LLv
) PSEN 7 N ey O
— e toaz tpxa
tyax N toxiz te——
toxix —
PORT 0 >—K__A0-A7 K INSTRIN AD-A7T >
b —— tyy— ]
PORT 2 X A8 - A15 X _AB-A15

«f External Data Memory Read Cycle

. tii—
— bwHLH

PSEN e o —— ™~ -

le— tRLRH —»
- — Y —»
RD N /
- tai —» triov RHDZ
M tRLAZ"_’ t
—] RHDX
PORT 0 _ (A0 - A7 FROM Rl OR DPLX_) (DATA IN JoX(AD - A7 FROM PCL>< INSTR IN
l‘——_— tAVWL
tAVUV
PORT 2 X P20 -P27ORAB-AIS5FROMDPH > A8 - A15 FROM PCH

AINEY



: AlNEL

External Data Memory Write Cycle

tLHLL—-P
- ALE _ /l: \ _ ‘_____/{ e S
) ™ - bwrLn
. PSEN _ TN
— tuw —sle—tyam —»
T N
WR —-t ax — -~
le— tann L —»] tavwx < —* 1 twnox
1
PORT 0 __ > A0 - A7 FROM RI OR DPL DATA OUT )X A0 - A7 FROM PCL><INSTR IN
[ - = Lo, ]
| 4 PORT 2 X P20 - P27 OR AB - A15 FROM DPH A8 - A15 FROM PCH

External Clock Drive Waveforms

— touex ——* ooy —> ¢ S
V.n - 0.5V —— : LCH tehed
cc ™V :“ E . / N
= 0.7 Vcc A‘.—
74—/ 02 Vgg- 0.4V \\ - \\

. 0.45V —— “ | / N—
“_ torex —
b} tact >

External Clock Drive

* | symbol Parameter Min Max Units

. l Mo Osclllator Frequency 0 24 MHz
" | o Clock Pericd 41.6 ns
torex High Time 15 ns
. torex Low Time 16 ns
' toren Rise Time 20 ns
. torol Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V¢ = 5.0V £20% and Load Capacitance = 80 pF.

" 12 MHz Osc Variable Oscillator
) Symbol Parameter Min Max Min Max Units
teo Serial Port Clock Cycle Time 1.0 124000 Hs
n
tavin Cutput Data Setup to Clock Rising Edge 700 10tg 0 -133 ns
txnax Qutput Data Hold After Clock Rising Edge 50 Aoy 0 -117 ns
tyox Input Data Hold After Clock Rising Edge 0 0 ns
“ tyuov Clock Rising Edge to input Data Valid 700 10tg; ¢, -133 ns
-
\ Shift Register Mode Timing Waveforms
A ]
~  INSTRUCTION | 0 4 1 | _ 2 | 3 | | -5 | 6 T | 8 1
) e LTIy e e e
—T
ol CLOCK 1 1L riyri1r1rrr
tavx |
—] J— toiox
- WRITE TO SBUF, ~__ 01X 1 2 X 3 X 4 X 58 X 8 X 1
; — t
OUTPUT DATA boow [+ [+ boix SETTI
. CLEARRI , @ -
v
INPUT DATA

-

. AC Testing Input/Output Waveforms'"

Voo~ 08V ™ 0.2 Voo + 0.9V /
TEST POINTS '
0.2 Ve - 0.1V
0.45V ce

" Note:

1. AC Inputs during testing are driven at V¢ - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V,; min. for a logic 1 and V;, max.
for alogic 0.

VLOAD

Note:

AIMEL

Timing Reference
Polnts

. For timing purpases, a port pin is no longer floating

when a 100 mV change from load voltage cccurs. A
port pin begins to float when a 100 mV change from
the toaded Vqu/Vq level cccurs.

21




Ordering Information

Speed |  Power
{MHz) Supply Ordering Code Package Operation Range
- 12 5V £20% AT89C52-12AC 44A Commercial
' AT89C52-12JC 44) (0°Ct070°C)
,.) ATB9CS52-12PC 40P6
. AT89C52-12QC 44Q
ATBIC52-12A 44A Industrial
AT89CS52-12J1 44) (-40°C to 85°C)
ATBIC52-12PI 40P6
ATB9CH2-12Q! 44Q
16 5V £20% ATBICS52-16AC 44A Commercial
ATBIC52-16JC 44) (0°C to 70°C)
‘ ATB9CS52-16PC 40P6
AT89C52-16QC 44Q
- ATB9C52-16Al 44A Industrial
- ATB9C52-16JI 44) (-40°C to 85°C)
AT89C52-16PI 40P6
4 ATBIC52-16Q 44Q
20 5V 120% ATBICSH2-20AC 44A Commercial
v AT89C52-20JC 443 (0°C to 70°C)
ATB89C52-20PC 40P6
AT89C52-20QC 44Q
ATBIC52-20Al 444 Industrial
ATBIC52-20J1 44) (40°C to 85°C)
ATBIC562-20PI 40P6
) ATB9CS2-20Q 44Q
L 4 24 8V £20% ATB9C52-24AC 44A Commercial
’ AT89C52-24JC 44) {0°C to 70°C)
A ATBSC52-24PC 40P6
AT88C52-24QC 44Q
ATBIC52-24A| 44A Industrial
AT83C52-24J1 44) (-40°C 10 85°C)
AT89C52-24PI 40P6
AT89C52-24Ql 44Q
i
»
g Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
| a4y 44-lead, Plastic Jleaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

AT89C52 messsssssssessssssssessees———




Packaging Information

AT89C52

-

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad

Flatpack (TQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-026 ACB
FIN 11D —1'1%"3;(2:;3) sa
80l 1 %’ % % - Ao
0.83{0.031) BSC 35(0,
10.10{0.384) sa
9 80{0.388)

,— 1.2010.047) MAX

=T
}%iuMJM@QT

0.45(0 018) 0.08{0.002)

Controlling dimension: millimeters

44), 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-018 AC
4501 14) X 48°  PINNO.1 04501 1) X 30 - 45" pya1 305
S ;P.EE‘J” Fob 7 ootz
LL :| 65818 Nea. . ! smorian
032(813) ]—E F 830{18.9) e } sw0(iE0)
e ! T IS
| b esira®® L O
Tl'. i : f- F‘...___-—
050120 TYP  Trooird a1 - - e .043(1.!
f——— | 5OO(12T)REF SO ! 020{608)
b 1205
Tt L e
d r:__, T85(4.18)
= ,:- n

EWEMWJMWWWM

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Milimeters)

. 207(28)
2.04(51 8 ﬁﬁ

__T
588{14.4)
630(13.5)

.090(2.29
1800(4526)REF—:1|_— e

—-1 I-— 005(127)
085(1-35)
‘J 015 361)
.085(1.65} 02(559)
aI(1.09)

630(16.0)
|’.5m(15.0)"

B Rer
OGB(.ZOC!] St 1) g

£30(17.5)
I’“ 310(15.5)*“

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

1345 (0625) gy
12.851(0.506)

PiNt D

0.80(0.031) BSC
—J_
r

10.10 {0.384
“B.ED (0.35 “}s

I}
0.7 (0.007 7

0.13(0005) -
I L\ —.lL 103 (0 041)

o 78 (0.030)
Controlling dimension: millimeters

'r— 2.45 (0.088) MAX

E 025 (0 010) MAX

AImEL
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