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Abstract

The wireless measurement and control system is designed and proposed in this project.
The proposed system can be controlled the process parameters, and displayed the status of the
process variable via a computer’s screen. The communication between microcontroller MCS-51
and computer is based on the use of a radio frequency of 433 MHz. As an-application example,
he cold conditioner system in two step press.type is used which the control results are closed

agreement with the desired valve.
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s1
1/50V == RESET g
RST *%V
R1
10k MCS-51
= R22 2R3
4k7§= E 2 16
P1.0 ; :i SDA P7 ——g
P1.1 4 ScL P6 —'"10
2
1C2 el
PCFB574A Pars
3 ' I}
- P2 o
20 ‘ T{AL Lt S
£ g 20 PO
18 19 il
J
€3 C4 o
33pFI I33pF
= XTALLT
11.0592MHz

4 d s o s
511 2.6 299sfhethanisnelulnsneulnsatass MCS-51 Hugilnsaiscuinia

517 2.6 ugasvsiedamsae lulasaouInsames Mess1 ihiuszuuTe IC 911993
vz 19 wesa P1.0 Wuw SDA uaz P1.1 v sCL gilpsainimsdndedvie leduoonesadunn
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2.6 mavaullsunsufanelia I'C

Budugremsaeanzinasgnvestia 'C Suilszneudas amizBudu annsdugants
dadoya anznga tasdgygauufiniuuw SCL Msad a1z

ilodvsmsnyaddoyassdosdsaanzngason’yl Tay

1. #osfmualian SCL uay SDA uasdn 0" Hagreu

o 9 = = [ = =
2. fmualdan sCL tasdnilu <17 Tag SDA danaliaosmilu «o»

¥ '
| [ o =

¥
-7 o = ) A o s s 1 ar
3. w1 SDA Naednidlu “17 g idszuuliandudaia199nase niouioy

U

SunSedavoyans il

m3dsdayaasdn “0” Marandn «1”

ndniniimsdadasudunds siduasliie ssdosddeyanmunudanduvuumsves
2890 “0” azvapdn “1” dwSmsdsdoyaanin <07 Apsiuiunisaudhineudal

1. i l#tan sbA dlu «0” dAmsumsdadeyaasin «0”

2.l seL iy <17 dmsums tenduygmannin luuasiiv spa Swady <07 ad

¥
3. v 19T SCL ndumadeniziiiuassn “0"milouay
A 1 o = = 3 o :3?’
luvszinsdlioyaanin “1 > HUugauaall
o 9/ a o o ar rog =
1. 1 SDA fiaedmilu «1” dansunsasdoyanoin <17

o L o s " o a 1 s {
2. T scL il <1 msums dedeanaiui lvaefin SDA G “1"ag

¥
o o 9 s a
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2.7 S3mA0IMIUANMIMNNUYRINGIADYAIN (Serial Port Control Register)

Fmaesarugumsmnuvemasaoynsu SCON hisimmosmmeiiimihnaiuguinua

° i o a a @ T a =

mamnuvemesaeynsy uaniluiidudeyaiaf 9 vesmssudidoya (lia TBS uaz RBY) uazdl

urlanvesmsTosuedumes sSnupanasnoynsusWBGAI MIAIURUMIIIUREMMUATIndA199
Aa P A b ) A qUo W 4 A Jda dyy A aa s
hiSimaesdiidoidams Touthedayanioldddimsmansomaes dan lalewinsdmmes

SCON S1admuanuuia 18dan1319n 2.1

M5 2.1

hit 7 bit & bit 5 hit 4 bit 3 bit 2 bit 1 bit 0

SMO SM1 SM2 REN TBE REE Ti R1

SCON : Serial Port Control Register

£
ANURINBYBTIan19e Jus Sames SCON 1iludal
SMO Uag SMi: Al infmua TuansMOuIe e Ae YN suEl 4 Tnuamsiauag

a13199 2.2

SMO | SM1 | Tvwa | ns¥item PRI
0 0 0 shift register A
0 1 1 8 bit UART Variable
1 0 2 | 9bitUART|f, /32 W3 f_ /64
1 1 3 9 bit UART Variable

M5 19N 2.2
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sm2 : ifludianruguldiauludayazmsidoude lulasaou Insameswaredudndrefiud1-viy
¥
ms iy Tnua 2 nioTnua 3dludsil
sm2 = 1 sz IdTiuandwaes Sndmadusy @D lignasaiioSudeyarduudatisdah 9
i 0 (agTuiia RBS) dmsumsiaululnua 1 dusa SM2 = 1 udandumessnamamusy uan
rD) 3¢ higaavindeyansudinlui stop BIT msldnuluinua 0 desdmuali sM2 =0
A A 14 4 ¢ o o 9 o i L
REN : wav3oswadioyedauasiiludnugumssudeyavemesneynsudail

Y a9
1 = lvumssuteua

U

as

0 ="Tlil#lmsFodoya

.

Y 1

g a 9 a A A A dy i
TBS : iiluiindoyaiian 9 ndvanrsasuTnua 2 uag 3 AmsawanTonasialsaondils
a 4 i o a A o o o °
RrBS : fludaudeyansaudmndan o luTnune 2 uaz 3 dvsumsieululvue 1 mndmuald
fin SM2 = 0 1 RBS peiilus1ues STOP BIT Niud i dwmiuTvua o lusimsld RBS
a o dY & P ¢ 2 s v =
T1 : ilanveansdumes swadmudoya uanilozgnisadasesaunsilovimsdedoyaiini 8 Tu
¥ v £ ]
Tnua 0 nioiaEududesTOP BIT-Tuluia 12 v38 3 (11deundsiunaniifaesandnis e
TlsunsuapudueInsdwness navesn1s aAadoyaia)
a do  dY  w @ ¥ 7 s A 9 a 4 w9 A
R1 : uvlandumessnadiusudoyn gnisanasas alas wodoyaiiah 8 Tulnua 0 goiudnnie
1 ¥ ¥ ¥
die sTop BIT gnfuduniuasinmusnluluua 1.2 n5e 3 151deunaos ulantiayTilsunsu iile
wlilsunsuapuauesnidinesindvesmsdedoyaida manen Inuemshauysmesag 1m0

o " YV o ~
ﬂ1ﬂuﬂiﬂuﬂ¢l1§l"’| nlﬂﬂ\‘lﬂ’l‘i NN23
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MODE | 53ames SCON | 1ia SM2 Variable

0 10H

1 50H Single Mode
Environment

2 0.H (SM2 = 0)

3 DO H

0 NA

1 70H Multiprocessor
Environment

. iy (SM2=1)

3 FOH

MTWN 23

2 o 3y

msd e fudoyntaInesaeyns weilivames i mihmSulagHtolaog 1dRes daans
1 as o o T a
SBUF msdatayanenlilfanesasynsuveslulasaeuInsamesilasmslddeyaaslusiammes
SBUF m3e1udeyaiinmouenisudiuinianesaouns e 1uans dainas SBUF 3ufiu 1993
amfuszlitmleiauwe 1 ludnvunhimudeyaisudumlsznouagatelu (mstidvmessy
9 o q U o w 3 g4 £ @ A Y s 9 ¥ Sy v
Foyadh Iddwsuannsafudeyaludi 2 Whin lddufindsindoya ludus nduudauidalign

g1ueen hiluadweyaludnsnda ligndiunsuntdeyaludn 2 wwiinnasudeyaluai 2 szgnonian)
Trua 1

T¥mssudadoyauuy 10 da Fedoyaeynsy 10 Ta 1MI1301 RXD uazdeyavuia 10 da

dwwenuuueaynsunewl TXD Taodeya 10 dailsznoudls 1 Stat bit (71 0), 8 ladeya (MsTu/d

v

pi5uIndARIAOU) 1A 1 Stop bit (A1 1) ATusudayasz1iiai Stop bit NFuw N 11l luiia RBS Neg

v

T33mans SCON dasmssudidoyaluTnuaiicunsadmualdawdons
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msfudaoyalulnue 1

v £

msddoyadmau 10 ia szdseenlifiivn TXD wazfudeyadnmaeu RXD doya 10 Oa

9

A w N

U520 1 Start bit (A1AD0 0) Yoyaswiu 8 Ta (LSB denFesunamn) iag 1 Stop bit (A1A0IN 1)
= o o a A v s <
Tunsdivesmssudeya Stop bit vxgmindrliituludia RB8 Neglu3Tmaes SCON AWIE?
a v gl o o : A i A o 3 o s &
lumssvdsdoyaszimualaslones IWaIves Timerl 130 Timer2 H3DAMMUADINNA 2 A (AN
o w 9 L £ o o 9 s
dmfudude dmiladmiumuiv)

mydsfoyarzudundmnimuamniasluiimmesvoya SBUE Adaaz Idayg e Write to

o

"
- ]

SBUF auguldinmslda 1 asludiniisvesiinh 9 ¥99 Shift Register Amad nazisuhmsdadoya
494 TX Control Unit msasdoyasonzsuanluaiwat Sipl- vewdulyfanazdade T
famzussdasmuadastaiiuieinlenos 10adwes Timerl %59 Timer2 1115420 16
19 A v P O] oA Ay () = e
mydsdeyasyFuamensdadyana SEND Tieaiin ieGudunisdetoyatausneanlin
TXD aziiavosloynszgadeniuoon i laenis 191U Shifi Register 90211013
v ¥ 3 ¥
meudayalil 1 AMunusnusinypdns1dlidunds TX Clock tilodindoyanmuagn
iousen llmarareeil o Whnmadudhe aunseidadeyagege (MSB) sonliagiodnaves
o - < 9 [ '
Shift Register 9211 afi 1 Al Tnaah lueeusuauludunin 9 Fiagmidiviioves MSB way
tdadnshognednevesdian o 1T 0 vismue disifaieuludsnarzdid TX Control Unit H1ms
[ ¥ ¥
meudayasen linmevndn 105 Huaigaro uaadndadayaa SEND taziauvan T1 = 1 1an
msdadoyavzanlugie Clock gah 10 veadugsinmididoya iawIATidQgIal Write to SBUF
mysudeyaszSuauilodaguivt RXD Wasuann 1 1o Tasdfygezimsasngevde
3 v o < o 9 A A Y1 A Lo ) 9 o -
ANMWIST 16 1 vaedasIATus 2 lumssudeya tilediyas 9deu lvadios dedayathan aziimss
wdd&y 1q Yo o da g .:I;v 1 o Y ar
@953 16 udmesudululdduiussodoyafidu ey 1FFH swwgniinualiiy SHIFT
REGISTER Q11351
mssudeyasyiimsasleaeudadayaiiat RXD 3 asalugasdia RCLK #17, 8 uaz 9 1dun
" 3 ¥ ]
Turesms 16 Tavezldmfisuldnn 2 T3 asedludoya msiusuilimemiadyausuniu

aon mnasaeuluiiaiah 0 vea RCLK Yoyah RXD Tiflu 0 299sdusuzSmandy



TalsemanlAousiiin: RxD 910 1 14 0 Tnai msiusuiiietlesiumsiianainve Start bit Wi
Start bit gndes szihimsieudeyadnlilu shift Register uazsosudadeq 'l Taotiadeyaszidin
M13U21994 Shift Register taza1 1 AifmualunouSuazgnidoulimadronmuddy o start bit #
dungnideulumadheiioqaues Shift Register 35¥11% RX CONTROL BOX ¥imsiaeudn 1 afa
Hunsagqaie uazthelu shift Register Uil TuSTaines SBUF oz RBS uazmawaunan RI 9
Aetundinndeudeyaniigaadaidedienldmmun

1) RI=0(azAeundes RIndanni ldsunsuswdoyaliudd) uay

2) SM2=0w3aldsu STOP BIT=1

o 9 a

3 ¥ T 1 ¥
windouluiis 2 TivTe doyasudnnszgnandn Auteuluis 24ifue3a STOP BIT 9zgn

iliifAulu SBUF uay RB8 grse 1eessudeyaszndulilassedeumin RXD we resudeoya

Tudlniaely

2.8 MSMHUADAIISUAY (Baud Rate Generator)

a ) 1 o (=1 1 [ Y A = & o @

dassudteyadiuanudalumsdsoyalumite | daAwin . Fusransatdimuasni
sudanuananiulaluInue 1 vasTvua 3 dwmsusassunalulnua 0 szasiauluivua 2 @en
14 2 s ms

sasr5vdateyaluTnm 0 v lddyaanitnuesszunluiasaeuInsames uguie

sas s udalnua 0 = arwd ldduanaurivnves luiasasu Insamas/2

9 o

dasrsudainua 2 @onld 2 Sasnawsa Yuegiuia SMOD Megluiiaiaes PCON iilu
a A
Fudon

fila SMOD = 0 (1T uA 1899105 156)

AT TuA 2= 1/64 wesdga e




. e 17
dninveayANE N WIiToMAdIaImnT=Ts

fhile SMOD =1

oag 1T Irua 2 = 1/32 hveadygauINn,

o @ a o L) ° v Ed Yo a
dmsudasimsSunasdedoyalulnua 1 nazTnua 3 swimualdmudesms Tasldgasimsfa
o = v o = A d? o o 1

T Ia1uee Timerl %30 Timer2 Wudafmua (8052 § Timer2 MnAU) Sasimssuiazal
o . = o [ 2 o - @ <
Foyamusafivualdein Timer2 w30210M1 2 Aa-@mitlsdmivddnddmiuivdeya) anuea

Tumsiuuazdadeyanraimualiminuld

M3 14 Timerl 31980315089

diold Timer! WudredresasmisudedoyavemeimounsuluTnua 1 uisTnim 3 do
augulild  Timer1  dedagpaisiiae; Swdda1msTuuas dudoynizinnndasinmaie le1ies
TWaawes Timerl uavA1veadn SMOD, fogluiTmans PCON Giames PCON Tumrnnsass
sumsuida msaam T nolnuesms OR 131 ORL PCONA01111111B Whiunts

a Jda o ar o o o 4”
189U 7 ¥9d PCON) mﬂmmaﬂi"rmmﬂmu“a"lﬁﬂau

smod

oassuaalulvua 1nag 3= *(Timer1 Overflow rate)

32

A g9 Y w o v 9 o o et 3 A Pl T .
Weold Timerl adedasmsSunazdetoyazaeuirIi ilimssosedunpssNATAATIN Timerl
Aaa o o Y o as @ v v
(Tasmsaruguisdmaes 1) 151914 Timerl hemludnuuzvoidipnamisanivedislaseis
& T : o [ gl o ° v 2 o o o
nilaluTnuadieans 3 Tvua dmsumslsnmialidiseedmuald Timerl- o ludovazveadd

¥
o A

a ~) 4 @ w 1
FunarluTnua auto-relode (HmMsnuguleTMOD = 0010XXXX) Faaz 1ddas1msudideyadsil

onsIMsiudveslvua 1 uazlvua 3 =

g mod Oscillator
*

62858



w1041 Timerl Hdansudsdinnasin1dTaoldld Timerl auludnyazvosdity
pawul 16 i ([@sweensarugylu TMOD = 0001XXXX) taz 1AM sduAessWAIN Timerl

msmmuassuduIni (relode) WsudITuNa Fadumsiaundluu 16 Ua
2.9 gaanidvedlulnsneuinsaaes

aumuiain 1lvesluTasnouTnsamey SrwazBuadidndade i

-umasw i +5v

- miaeau$1 T1l5un3a (program memory) U11a 4 A la'ludd T inues 8051 8031 1az8032
Nifmisonmsigail dati 8032 Tntheainéids 8 Alalod Twilsenuiidmsuiiudoya ( data
memory) Y119 128 Tuddv$1-8052 Hide 256 Tud

- weanuid oI5 uns wuazaId (program memory A% - data memory LUNPIANUBE 1Y
az 64 Alalud)

_dd i Wnantesfigadssing 1 ps diovhamiinn 12 vz

- §i timer/cotiter YA 16 1A 2 A (F115U 8052 i 3 ) H1a1u 184 Trina
- SUDMIARI NN 1A 6 Ui 5 nines
- Twesasudedoyaounsy (UART) 2/ wosa fesunnvdahuiimifuaiuld (fun duplex)

" ¥
Aenmssudald 4 Tnialisidalinsi AND, OR #1358 complement TNyl 8 Tauaz 1.1a
2.10 Tnssaramelues McCs-51
MCs-51 1gmaluTas luniananuitl NMOS ttag CMOS 1193 8032 11228052 921 ROM

BASIC agnioluieazadn dwSulilsuasmuas Noz@ouTalsunsudionuuian lasadndmsy

o3 8051 dauaaslugili 2.7 uaz 2.8



PO 0-PO 7 P2 0-P2 7
AAAAAAAAL AAAAAAAL
YYVYVVYY YVYVYVVYVYYY
VCC_| [ PORT O | I PORT 2
VSS DRIVERS DRIVERS
14
e § g | |
= =37
Z5 - PORT 0 PORT 2 m
L LATCH LATCH

PSEN<

i

<

T

ALBe

A

(o

RSF

PROGRAM
ADDR <‘|r
@ @ REGISTER
AGC STACK BUFFER @
POINTER
<| |7 PC
PCON SCON TMOD TCON INC_IBEERN‘EN QZD
B TMP 2 TMP 1 T2CGON THO TLO TH1
REGISTER i P A do WIS T2 JECAREHT PROGRAM <}:>
RCAP2L* SBUF IE IP COUNTER
ALU INTERRUPT SHRIAL
WACHDOG* PORT AND TI%R
BLOCKS
744 e KLl
-
TAE:
TIMING |55 &
AND |3 g
» CONTROL & )
b0 ic
» z LATCH
_M—
I DRIVERS
h LA A AA LA AAAAAI
—i— YYYYYVVY YYYVYYVYY
P10-PL7 0-P3 7

51l 2.7 vienlnezunInved MCS-51




8 | B8 8 | Ag* 8 | 8 8 | 88
P IE TMOD TCON
8 | EO* 8 | FO* Register Register Register Register
F B Interupt Registers Timer Control Registers
Register Register
Math Registers 8 | s 8 | 8 8 [so 8 [se
THO TLO THL TH1
Counter Counter Counter Counter
Timer/Counter Registers
7F
Gengeral- RES 8 [ 99 8 | 87 8 | Do*
Purpose SCON SBUF PCON PSW
Area Register Register Register Register
30 7F Serial Data Registers
2F Bit Bit Addresses for this RAM Area
Address Only
20 Area 00 8 | 81
1F Register
Bank Stack
18 3 Pointer
17 Register
Bank
16 2 8 J 83| 8 | 8 16 LNOAddress
0F Register DPH DPL Program Counter
Bank
08 1
07 R7
06 R6
Register 05 'Ez 8 | 80* 8 ]90* 8 ]Ao* 8 IBU"‘
bank [ 3 Port 0 Port 1 Port 2 Port 3
0 o Latch Latch Latch Latch
01 R1
00 o Direct Byte Address
Byte Internal Number of 1 *Indirfts Bit
Addresses RAmM Bits Add ble

g o = d
511 2.8 furrisveT doune AN 9

3
g
g
g

P3.21INT0
P3.3ANTH
P3.4/TO
P3.5M1
P3.6/'MWR
P3.7/R0
XTAL2
XTAL1

51 2.9 msdaravives MCS-51

ROM

20
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2.11 WO3AUDA 8051

8051 iWuluTasaeuInsamaivuia 40 mﬁagﬂﬁ 2.9 daflnds q Gait
-Vee (U1 40) @enl +5V
-Vss (9120) 1T GND
_PORT 0 (11 32-39) fianua 8 iafe (P0.0-P0.7) 1 1398514111 open drain bi-directional 13

weraalugali 2.10

ADDR/DATA = CONTROL

A.Port 0 Bit

51l 2.10 Ins9a313 wesa 0 (in)



£ ¥
- WB9R 0 (11 32-39) Ttanua 8 11a Av (P0.0-P0.7) 14911 1A 2 mihide daeawsauazad

pon lillduissanusineuendionims@oudeyanslumiisanusineusnaiugualss control

o { = P 4 1 . o a o
1317 2.10 Uszreunazdanthiivilinthiidfe duwesa io Srdeamslimanuiiuduyanesades

&

deandn « 1~ Tldawasatl sxlinald O wes D-FF ilu « 0~ %11 FET Aarsliornius OFF dey

W

g ¥ = o o Y o A ¥ A =
ldorubunynneia PIN (Wosn PO.X PIN) 9z 1%dwy0 10t READ LATCH 1iI9gnn3squn Tri-State

Buffer AU

- Wase 1 (11-8) WNavua 8 fiafAe (P1.0-PL7) Nlasiadwads wesa 0 udvzlénny

dununoluyadwiunu (Internal Pull Up Reggister) 3 1n5 343 1edegali 2.1

READ Y b/ [ Vee
LATCH D
e \ |
| '} !
{0 L INTERNAL
=7 ; PULL-UP*
INIBUS =7 — D /@ ! 6K
WRITE SRy, \\ __E‘ |
TO T enn 5 ) |
LATQIT, N LR T ; |
i 7
READ j
PIN ¥
B.Port 1 Bit

51 2.1 Tassadwveanesa 1 (Ha)
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- Wosa 2 (11 21-28) Haviua 8 Ta Avv1 (P2.0-P2.7) i 1assaiande wosa 0 Taull FET @1
andReduddmuuldanudununasnuni(nternal pull up)wos ailiiau 2 vihnAeaNso
Mdlunesadmiudwoanasa 8 dauu (A8-A15) waziilu vo wedaldaunalil e 1duiy

= o 9 1 = = o :!wr A a @ 9 il ar P
Bunanesa Aoadeanin“ 1 7 mnwesatnewetisdulv FET agluaniiz oFF Awaasluziln

2.12

k4

- WO3A 3 (W1 10-17) Tavua 8 1a few (P3.0-P3.7) Hlassadwadie wesa 1 wosailm

1 7 2 ¥ .o - v 2 9 9 " v .
wihidlu vo wesa dazliwesatiilu Vo PORT Adsandn « 1 ~ nnnesatiuazdnvinnilane aq
¥
v =

"
dagnuniuauesnin uazsudyanouda bl Tyanaare lisa

&

ADDR/DATA | CONTROL

Vee
READ g _D_[ INTERNAL
LATCH 1 : PULL-UP*
\l E
z P2.X
SET i Za
INT.BUS R
WRITE P2x ! "UXJ
LATCH : P\
TO R (0
LATCH | |
e
READ &
PIN ;
C.Port 2 Bit

51 2.12 Tnseadaveaneda 2 (in)
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o

P3.0/RXD (serial input port) 1Tunh 145 udeyauvveynsy

U

P3.1/TXD (serial output port) iU 14dsdoyanuueynsu

P3.2/7N7 0 (external interrupt) 195 udayanadadavizainnieusn

L

o o o o

P3.3/mr 1 (external interrupt) 195 udagnudadamizainmouen

ar 9 s

P3.4/T0 (timer/counter 0 external input) M3 uFayaaud 11532995 timer/counter 0 A MTINITY

a

L) = o d’ A o a gy ¥
doyana lnfavesdayanu T1 InSedyanauuninnla
P3.5/T1 (timer/counter] external input) 15U mﬂtymh’fﬂﬂﬁ'& timer/counter] Haln15HIUMITOU
TO

P36/ R (external data memory write strobe) V1R TMAINRUNsIAsUToYa i
Wi idmiudoyaniousn 8051

P3.7/R D (external data memory read strobe) mt“r’muigmmuaum‘st‘hu%’aaﬂgammﬁaﬂﬂqmﬁw

dmiudeyanisuen

4 o :
Tnseniaues wosa 3 iaaglnasgin 243

ALTERNATE
SUTTT
READ FUNCTION Tee

LATCH ] :

< INTERNAL

PULL-UP

INTEUS D e
WRITE . -

PIN ALTERN.LTE
INFUT
FUNCTION

51 2.13 Inseadraveanesa 3 (in)
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T o ar 9 4 7o A
ALE @1 30) dhndealasudmsuldlumsuaadusamsa luidr (A0-A7) Nds@anNeIn
(we3in 0) dyanativzueaiivinn q 2 ade lu 1 uwydulada (1/6 vesdyanannin)
PESN (11 29) dhunilddealasudmiusudoyann  program  memory MI8UON
¥ 4
(miheanuinlsznn ROM EPROM) dyanaiazasennin 2 assluudazunsdulanfauadudums
v ¥
81U internal program memory %31H§ﬁﬂgf§1m®ﬂﬂﬁm1u
EA (11 30) tiifeuasin « 0 » WhuNniiFRgeze AN program memory MBUBNTW
Ve 5 9 a a2 v a
mniu uadgniloudsasin « 1~ Hagow Tisunsumolugn
] =} 1] 4 =y H "S’ 1
RST(N 9) WluniSisadiigezSiaa landeiilo touaodnr«1” Whanhunilediados 2 nuyiy
a A Am =1 v o o
laxifa iedfiggniidaniae o hislmaeila 9
XTAL1 (V1 19) l¥#onsananivuen tnafhudunadigiaseoddiames

XTAL2 (11 18) Janensensantousn laufluduwadigasasooadiames

T L5

Wiy

3.5k

511 2.14 msaeuEN] A 8051



2.12 jﬂ‘ﬂﬁﬂ%’1ﬂﬁmm1mu1ﬁﬂﬂlﬂﬁ 8051

M3ne299s a5 dyananitmilegdaoiu 2 juuuy Aeuvumelutazuuunsusnuaass

1851 2.15

%

QUARTZ - TALZ pog-51
CRYSTAL —I— HMOSE
OR CERAMIC }I OR CHMOS

L XTALL
RESONATOR ,
E13
ML
EXTERNAL [ e
7 45 OR CHMOS
SIGNAL 1Y b
Vo

A HMOS OR CHMOS

EXTERNAL Lt
CLOCK P
SIGNAL A
OR CHMOS
XTALL
in Vs
B.HMOS ONLY
(Nc}-———-—j HTALZ prec oy
HMOSE
OR CHMOS
EXTERNAL s
CLOCK

SIGNAL - ik

C.CMOS ONLY

270251-12

270251-13

270251-14

51l 2.15 Wesa i udyanauWnived 8051
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2.13 dsdayenanIardng (CPU Timming)

s:szz s3| 4| ss|ss| s1|s2|s3| ssf ss5| s8] st
osc P1 P1 PZIP1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2 P2
ecae) [UUTUTUUUUTUUT
ALE ] : I : ] T
: READ OPCODE. geap NEKT 5
: OPCODE :
: (DISCARD). — READ NEXT OPCODE AGAIN.
__________ Ly E
| s1]®2 ["S3]| saTss]se| | | .
---------- d-1-1-F-F ¢
(A) 1-byte, 1'-cycie instruction, e.g., ING.A. '
READ OPCOBE. E
READ 2ND BYTE. :
'I_ : READ NEXT OPCODE. !
__________ : Y /by \ ]
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Tlsunsumsaams

Dim DATA(5)

Dim DATA1

Dim Datax, D As String

Dim Datay As String

Dim Dataz As String

Dim Sp As String

Dim Qx, a33, se, sel, se2, se3d, seel, see? As-Double

Dim Qy As Double

Private Sub Command1_Click()

If Timer1.Enabled Then
Timer1.Enabled = False

Command1.Caption = "&Stop"
Else

Timer1.Enabled = True
Command1.Caption = "&Start”
End If
If MSComm1.PortOpen = True Then
MSComm1.PortOpen = False
Else
MSComm1.PortOpen = True
End If

End Sub

Private Sub Command?2_Click()

f-1



If MSComm1.PortOpen = True Then
MSComm1.PortOpen = False
End If
End
End Sub

Private Sub Form_Load()

se1=0

se3=0

Timer1.Enabled = False

D="0"

MSComm1.CommPort =1
MSComm1Settings = "9600,n,8,1"
MSComm1.RThreshold = 1

Form1.Visible = True

MSChart1.ColumnCount = 2

MSChart1.RowCount = 200

MSChart1.chartType = VIChChartType2dLine

MSChart1.Plot. Axis(VIChAxisidY).ValueScale.Auto = False
MSChart1.Plot. Axis(VIChAxisIdY).ValueScale.Minimum = -50
MSChart1.Plot. Axis(VtChAxisldY).ValueScale Maximum =50
MSChart1.Plot. Axis(VtChAxisldY).ValugScale MajorDivision = 10

Fori =1 To MSChart1.RowCount - 1
MSChart1.Column = 1
MSChart1.Row =i + 1
MSChart1.DATA ="0"
MSChart1.Row =i

MSChart1.Column = 2



n-3

MSChart1.Row =i + 1

MSChart1.DATA ="0"

MSChart1.Row =i

Next i

MSChart1.Column = 2

MSChart1.Row = MSChart1.RowCoun
MSChart1.DATA = "0"

End Sub

Form3.Show

End Sub

Private Sub mnu

Form2.Show

If MSComm1.PortOpe
MSComm1.PortOpe
End If

End Sub

Private Sub mnuExit_Click()
If MSComm1.PortOpen = True Then
MSComm1.PortOpen = False
End If
End
End Sub

dy I dl Y o L ¥ d‘ = 1 35 1 ¥ o 4 6 Y ¥
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Private Sub mnuStart_Click()

Timer1.Enabled = True

Command1.Caption = "&Start"

MSComm1.PortOpen = True

End Sub

Private Sub mnuStop_Click()
Timer1.Enabled = False
Command1.Caption = "&Stop"
If MSComm1.PortOpen = True Then
MSComm1.PortOpen = False
End If

End Sub

Private Sub Timer1_Timer()
Dim a, b As Integer

On Error Resume Next
MSComm1.DTREnable = False
MSComm1.DTREnable = True
MSComm1.InputLen =1

start:

Forn=1To3
Do
DoEvents
MSComm1.Output =D
Loop Until MSComm1.InBufferCount > 0



DATA(n) = Asc(MSComm1.Input)
Debug.Print DATA(n)
If DATA(1) <> 255 Then GoTo start

Next n

If DATA(2) = 255 Then
DATA(2) = se1

Else
se = DATA(2)
End If

ProgressBar1 = se2
ProgressBar2 = se
Fori=1 To MSChart1.RowCount - 1
MSChart1.Row =i + 1

b = MSChart1.DATA
MSChart1.Row =i
MSChart1.DATA=b

dy I dl Y o L ¥ d‘ = 1 35 1 ¥ o 4 6 Y ¥
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Next i

MSChart1.Column = 1

MSChart1.Row = MSChart1.RowCount
MSChart1.DATA = seel

Fori=1To MSChart1.RowCount - 1
MSChart1.Row =i + 1

¢ = MSChart1.DATA
MSChart1.Row = i

MSChart1.DATA =c

MSChart1.Row =
MSChart1.DATA

End Sub
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WENSHING
TRW -2.4GHz Radio Transeceiver

-1

Conditions: VDD = +3V, VSS = 0\, T4 = - 40°C to + 85°C

Symbol [Parameter (condition) | Notes | Min. | Tvp. | Max. | Units
|Operating conditions
VDD [Supplv voliage 1.9 3.0 3.6 V
TEMP  |Operating Temperature -40 +27 +83 .
Digital input pin
Vi HIGH level nput voltage VDD- 0.3 VDD v
VT LOW level input volage Vss 0.3 v
Digital output pin
Vo HIGH level output voltage (ley=-0.5mA) VIDD- 0.3 VD \%
Var LOW level output voltage (1o =0.5mA) Vss 0.3 A
General RF conditions
Top Operating frequency 1) 2400 2524 MHz
Al Frequency deviation 156 kHz»
Reisk  |Data rate Shock Burst™ A 1000 kbps
P —— .
Fopanng Channel spacing | MHz
Transmitter operation
Py Maximmum Qutput Power 4) 0 +4 dBm
Py RI" Power Control Range 16 20 dB
Preg JRF Power Contral Range Resolution 3 dB
Py 20dB Bandwidth for Madulated Carrier 1000 kHz
Pryes 2" Adjacent Channel Transmit Power 2MHz -20 dBm
Py 3" Adjacent Channel Transmit Power 3MHz -40 dBm
Ivpp Supply current i 0dBm sutput power 5) 13 mA
lvpn Supply current ‘@ -20dBm autput power 5) 8.8 mA
lvon Average Supply current @' -SdBm output 0} 0.8 mA
power. Shock Burst™
v Average Supply current instand-by muaile 7) 12 UA
lypi Average Supply current in power down 1 uA
Receiver operafion
hpp Supply current one channel 250kbps I8 mA
o Supply current ane channel 1000kbps ] mA
lypp Supply current two channels 250kbps 23 mA
hpp Supply current two channels 1000kbps 25 mA
RXNsins | Sensitivity at 0. 1%BER (@ 250kbps) -90 dBm
RXgine  [Sensitivity at 0, 1*4BER (7 1000kbps) -80 dBm
Cleg €T Co-channel o dB
C'lisy 1" Adjacent Channel Selectivity C/1 1MHz -1 dB
Cilagy  [2™ Adiacent Channel Selectivity C12MHz -16 dB
Cllipn 3" Adiacent Channel Selectivity C71 3MHz =26 dB
RXy Blocking Data Channel 2 -4 dB
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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 TRW-2.46 1n ShockBurst™, vou gain access to the high data rates

(1 Mbps) offered by the 2.4 GHz band without-theneed of a costly, high-speed micra

controller (MCU) for data processing.

By putting all high speed signal processing related to RF protocolon=chip. the
TRW-2.4G offers the following benefits:

e Highly reduced current consumption
o Lower system cost (facihtates use of less expensive micro controller)
o  Greatly reduced nsk of “on=air’ collisions due to short transmission time

The TrRwe24c can be programmed using a simple 3-wire mterface where the data rate
1s 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 ratc on the RF link. the nRF-ShockBurst™ mode reduees the average current
consumption in apphications-eonsiderably,

ShockBurst™ principle

When the TRW-246 15 configured-in ShockBurst™, TX or RX operation 1s-conducted
in the following way (10 kbps for the example only):
e >

Continuous 10kbps TRW-2.4G
8-bit ﬂ_ ﬂ

MCU HINRNNNRERER EIE

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 >

T 10mA period |~ 10Kbs MGY. with ‘ShockBurst™

0 20 40 60 80 100 120 140 160 180 200 220 240
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TRW246 [}

ShockBurst™
TX (CE=hi)?

YES
Data content of registers:
uConlrciler
Loading ADDR
and PAYLOAD ADDR PAYLOAD
dala
l Iaximym 256 bits
/ by N
TRW_F-Z.dG
Calculating CRC ADDR PAYLOAD CRC
NO
YES
TRW-2.4G
Adding Preamble a':g"e ADDR PAYLOAD CRC

I

YES

TRW-2.4G
Sending
ShockBurst™
Package
{250 cr 1000kbps)

Sending
completed?

Figure 2 Flow Chart Shock Burst™ Transmit of TRW-2.4G

Input FIFO not Empty

nRF2401 ShockBurst™ Transmit:
MCU mterface pins: CE. CLK 1. DATA

I~

.l;. LYY S

TRW-2.4G on-board data processing.

The address of the receiving node (RX address) and payload data is

When the application MCU has data to send. set CE high. This activates

clocked into the TRwW-2.4G6 . The application protocol or MCU sets the speed

SAMbpsdexi-10kbps):

o RF front end 1s powered un

MCU.sets CE low,this activates a spwo.ag ShockBurst™ transmission.
TRW-2.46 ShockBurst™:
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TRW24G I
ShockBurst™
RX?

TRW-24G
Detects
PREAMELE and
Incoming Data

TRW-24G

Receivas Dala
ancl
Checking CRC

TRW-2.4G

Sat Data Reacly
{DR1/2) high

L

uController
] Clocks out
Payloal

NO

TRW-2.4G
Register
Empty?

TRW-24G

Rets DatacReady
(DR1/2) low

NO

Data content of registers:

Pre-

amble REER

PAYLOAD

CRC

ADDR

PAYLOAD

CRC

ADDR

PAYLOAD

CRC

ADDR

PAYLOAD

CRC

PAYLOAD

PAYLOAD

Output Redgister Empty
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TRW-2.4G ShockBurst™ Receive:
MCU nterface pins: CE, DRI, CLKI and DATA (one RX channel receive)

[VE I (]

Correct address and size of payload of incoming RF packages are set when
TRW-2.4G 15 configured to ShockBurst™ RX.

To activate RX. set CE high.

After 200 s settling, TRw-2.4G-1s monitormg the air for incoming
communication.

When a valid packagehas been received (correct address and CRC found).

TRW-2.4G removes the preamble. address and CRC bits.

TRW-2.4G6 thennotifics (mnterrupts) the MCU by setting the DRI pin high.
MCU may (or may not) sctithe CE low to disable the RF front end (low
current mode).

The MCU will cloek out just the payload data at a suitable rate (ex. 10
kbps). .

When all payload data s retrieved TRW2.46 sots DR T low again,and s
ready fornew incoming data package if CE 18 kept high during data
download: It the CE wasset low. a‘new start up sequence ¢an begin. see
Figure 12
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DuoCeiver™ Simultaneous Two Channel Receive Mode

In both ShockBurst™ __ _ ____modes the tryoag  can facilitate simultancous
reception of two parallel independent frequency channels at the maximum data rate.
This means:

e TRW-24G can receive data from two L Mbps transmitters (eX: TRW-2.4G or
TRW-24G_) 8 MHz (R frequeney channcls)yapart through one antenna
interface.

e The output fromthe two-data channels is fed to-two separate MCU
interfaces.

e Datachannel 1 CEKI-DATA. and DR

e Datachannel2: CLK2. DOUT2. and DR2

e DRI and DR2are available only in ShockBurst™.
The TRW-24G - DuoCeiver™ technology proyides 2 separate dedicated datachanncls
for RX and replaces the need for two. stand alone recciver systems.

TRW-2.4G
, Tx/Rx
TRW-2.4G |:‘ >
Tx/Rx
< ""| TRW-2.4G
Tx/Rx

Figure. 4 Simultancous 2 channebrecenve on trw 4@

There 1s one absolute requirement foriusing the seeond data channel. For the TRw-2.46
to be able to receive at the second data.channel the frequency-channel must be SMHz
higher than the frequency of data channel-l. The srwe24c  must be programmed to
recetve at the frequency of data channel 1. No time multiplexing 1s used in - trpvo.46
to fulfil this function. In direct mode the MCU must be able to handle two
simultancously incoming data packets it it 1s not multiplexing between the two data
channels. In ShockBurst™ it 1s possible for the MCU to clock out one data channel at
a ime 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. Hwy CRC = CLK1 Data(F g,)
DataSlicer Check |l DATA
Clock V| ADDR) = DR2
Freo=Freit8MHz  ——»  Recovery. [ CRC —i» CLK2 Data(Fp,)
MAataQlicar T hanl, - Mmoo eTa

e
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DEVICE CONFIGURATION

All configuration of the Trw-2.46 18 done via a 3-wire interface to a single
configuration register. The configuration word can be up to 13 bytes long for
ShockBurst™

Configuration for ShockBurst™ operation

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

The configuration blocks dedicated to Shock Burst™ is as follows:

e Pavload section width: Speeifics the number of pavload bits+n a RF package.
This enablesthe (TRW-2.4G to distinginsh between payload data and the CRC
bytes in a received package.

e Address width: Scts the number of bits used for address in the RF package.
This cnables the TRW-246 " 1o distinguish between address and pavload-data.

o Address (RX Channel I and 2): Destination address for received data:

e CRC: Enables nRE2401 on=chip CRC generation and de-coding.

NOTE:

These configuration bloeks, with the exception of the CRC . are dedicated for the
packages that a  TRW-244G s to receive.

In TX mode, the MCU must gencrate an.address-and a payload section that fits the
configuration of the TRW=246 thatas to receive the data.

When using the TRW-246 on-chip CRC feature ensurethat CRCa8 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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Configuration Word overview

Bit Number Name Function
position| of bits

= 143:120 24 TEST Reserved [or testing
'.9.. L9:112 8 DATA2_W Length of data payload section RX channel 2
= >
s L11:104 8 DATAI_W Length ol data pavload section RX channel |
=1y}
b= 103:64 40 ADDR2 Up ta § byte address tor RX channel 2
(=1
g 63:24 40 ADDRI Up to 5 byte address for RX channel |
-
= . 3 . = ™
E 2318 [ ADDR_W Number of address bits (bath RX chamnels).
@ 17 l CRELL S or 16 bit € RC
=
3]
[=]
@

6 [ CRC_EN Enable an-chip CRC generatian/checking,

13 | RX2 EN Enable two channel receive made
2 14 | CM Communication mode (Direct or ShockBurst™)
=
s
éﬁ 13 | RFDR SB RI7 data rate (1 Mbps reguires | 6MHz crvstal)
=
[~]
b1
o 12:10 3 XO_F Crystal frequency
>
@
=
_E' 9:8 2 RF_PWR RF outpul power
a
=]
@
o 7:1 7 RIF CH: Freguency channel

0 I RXEN RX or TX operation

Table 1 Table of configuration words.

The configuration word s shifted in MSB first on positive CLK 1 edges. New
configuration 1s enabled on the falling edge of CS.

NOTE.

On the falling edge of CSithe TRW-246. updates the number of bits actually shifted in
during the last configuration.

Ex:
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Configuration Word Detailed Description

The followng describes the function of the 144 bits (bit 143 = MSB) that 1s used to
configure the TRw2.46

General Device Contfiguration: bit[15:0]

ShockBurst™ Configuration: bit[ [ 19:0]

Test Configuration: bit[ 143:120]

MSB TEST
DI43 | Di42 | D141 [ pido | p139 [ pizs [ pis7 | bDise

Reserved for testin
L] o [ o T o T 1 U~ =1%o Dl |
MSB TEST
D135 DI [ o3z T oz Eoist T oiw Tore Foes oy T oize [Toes. Tors Tz [ pe? [TH] 13120
Reserved for testing Clase PILL 1N
0o Jo [o Jo 11 o Jo To fo To [o Ti [ [ 0 [ o Dbl |
DATA2 W

D119 I DIIS I D117 I DIIG ] DIIs LDIH j DI13 [ DII2
Data width channel#2 in = of bits excludina addr/cre
o | o | 1 NN dqd¥0)_TWVON\L o W AS Detauh |

DATAL W

piit | prio | pie | pios | p1o7 ] Dioe | Dios | Dio4
Data width channel#1 in # of bits excluding addrene

o | o | 1 |\& P2 » l o | o L 0 Delaml ]

ADDR2
DIo3 [ DIo2 | Diol [....0 D7 [ D70 [bed [Des [T D67 [D66 | D65 | Dod
Channel#2 Address RX (up to 40bit)
o | o | o | ... por o1 |1 e o [t 4o o] el
ADDR1
D63 [ De2 [bDel [... Tp3st [pse Jo2o Tp2s To2z o3 TD3s | b2
Channel#1 Address RX (up 10 40bit)
o | o | o | .. L v 1 v 1 v T o T o T o T ] vefh
ADDR_W
D23 | D22 [ D21 [ D20 [ D19 | DI8
Address width in # of bits (both channels)
o ] o | 1t} o] o] o I)cE.u]:I
CRC
D17 Dl6
CRC Made 1 ~ 16bit. 0 = Shit CRC | - enable: 0 - disable
0 1 Dzfault I
RF-Procramming [E5H
D15 D14 D13 [ D12 [ o [ pio [ b9, | Ds D7 I be I ps I ps [p3 In2 J.DI|.Do
Two Ch. BUF op XO RE Power Channel selection RNIN
0 0 0 0~ L1 I | |1 o o JTo Jo Jo J1 TJo 0 D hault

Table 2Configuration data word
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ShockBurst™ 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 1s present. During operation
only the first byte for frequency channeland RX#TX switching need to be changed.

PLL_CTRL
PLL CTRL
Di2l Di20 PLL
0 0 Open TX Closed RX
0 1 Open TX/Open RX 4
1 0 Closed TX/Closed RX
1 | Closed TX/Open RX

Tablc 10 PLL setting.

Bit 121-120:
PLL_CTRL: Controls the setting of the PLL for test purposes. With closed
PLLE 10 TX no deviation will be present.

DATAx W

DATA2 W
e Jiis Jog [ s i s i

DATALl W
T S BT T I T T

Table 4 Number of bits in payload.

Bit 119 - 112:
DATA2_W: Length of RF package payload scction for receive-channel 2.

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

NOTE:
The total number of bits 1n a Shock Burst™ RF package may not exceed 256!
Maximum length of payload section is hence given by:

DATAXY W bits )= 236 L ADDR "W L CRC
Whelte:
ADDR_W: length of RX address set in configuration word B[23:18]
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General device configuration:

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

Modes:
RX2 EN CM RFDR _SB X0 F RF PWR
B 14 13 13\ 1 |10 9 | 8
Table- 7z RF operational setungs.
Bit I5:
RX2_EN:
Logic 0: One-channel receive
Logie |: Two channels receive
NOTE:
In two channels receive, the TRw-246 reecives on two, separate
frequency channels simultancously. The frequency of receive channel
| 1s setom the configuration word B[7-1]. receive channel 2.1s always 8
channels (8 MHz) above recerve channel .
Bit 14:

Communication Mode:

Logic I: nRF240L operates in ShockBurst™ mode

Bit 13;
RF Data Rate:
Logic INOWRY518

Logic I: | Mbps
NOTE:
Utihzing 250 kbps mstcad of 1Mbps will improve the receiver

sensitivity by 10 dB. 1Mbps requires 16MHz erystal.

Bit 12-10:

D12 D11 D10

Table 8
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Bit 9-8:
RF_PWR: Scts trwo4g RF output power m transmit mode:

RF OUTPUT POWER
D9 D8 P |dBm|
0 0 -20
0 i 210
Al 0 -3
| I 0
Table o RFoutput power setting.
RF channel & direction
RF CH# RXEN
?l(;|5|_4|_‘~|2|| 0

Tablc 19 Frequenev.channel + RX 7 TX setting.

Bit7-1:
RF_CHz#: Setsthe frequency channel thenRF2401 operates on.

The channel frequency in'transmit 1s given by
Channel,,,. = 2400 MHz 4+ RF _CH =0 MH:z
RF_CH #: between 2400MHz and 2527MHz may be set.
The channel frequency in data channel 1 1s given by:
Channel., = 2400 MHz + RF _CH# - 1.0 MHz (Receive at PIN=R)
RF_CH #: between 2400MHz and 2324MHz may be set.

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

The channel frequency in data channel 2 s given by:
Channel,, = 2400 MHz + RFF _CH=- 1.0 MHz +8NMHz (Receive at PIN#4)

RF CH #: between 2408MHz and 2524MHz mav be set.



v-14

WENSHING

TRW -2 4GHz Radio Transeceiver

DATA PACKAGE DESCRIPTION

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 7 Data Package Diagram

The data packet for both ShockBurst™. mode and direct mode eommunication 15
divided into 4 sections. Theseare:

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

2. ADDRESS - 8 10 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).

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

4.CRC
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IMPORTANT TIMING DATA

44 mrraand

The following timing applies for operation
= e,

TRW-2.4G
TRW-2.4G Timing Information
nRF2401 timing Max. | Min. Name

VDDOFF =2 ST_BY made Ims Tpd2shy

VDD OFF =@ Active mode (RX/TX) ams Tpd2a
ST_BY =» TX ShockBurst™ 195us Tsby2ixSB
ST_BY = TX Direct Mode 202us Tsby2ixDM
ST_BY = RX mode 202Us Tsby2rx
Minimum delay from €S to data. Sus Tes2data
Minimum delay from CE to data, Sus Tee2data
M inimum delay from DR1/2 to elk. 50ns Tdr2clk
Maximum delay from clk 1o data. SOns Teclk2data
Delay between edges 30ns Td
Setup time 500ns Ts
Hold time S00ns Th
Delay to finish internal GFSK data Pdata pate | THI
Minimum input clock high 30ns Thmin
Set-up of data in Direct Mode S0ns Tsdm
Minimum clock high in Direct Mode 300ns Thdm
Mintmum clock low in Direct Made 230ns Tldm

T I A

Table ;7 Switching tumes for
k] ching/tmcsfor, T e

When 'TRW'E ZG’ 10 s m power down it must always settle in-stand-byv (Tpd2sby)
before it can enter configuration o one of the active modes.

VDD =t

CE

CLK1 ACOCO000000
DATA 000000000000

Tpd2sby

Figure g Timing diagram for ' {or VDD off) to stand by mode

o1 tpwe2.4G

15
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VDD —4

CS

CE F

CLK1 AO0A0000000000C
DATA XOCCe0a000000

Tpd2a

Figure o \'DD off to active mede

Note that the configuration word will be Tost when VDD 15 turned off and that the
device then must be configured betore going toone of the active modes. If the device
is configured one can go dircctly from-power down to the avanted aetive mode.
Note:
CE and CS may not be high at the same tume. Scttingone or the other-decides
whether configuration oractive mode 15 entered.

16
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Configuration mode timing

When one or more of the bits in the configuration word needs to be changed the
tollowing timing apply.

]
[ |
VDD | I
l ]
o —{ -
CE | |
| I
ok TR AARA= == - -AAAAN
]
DATA L LI B 8§
L""'--q
Id ), Y=o
\ -h—-""-u____h
L e Tg
forsy F
2
CLK1 ; i
i, ; i ; :
DATA [1f_SE )1( X
o Ts..Th
[
&
8

Figure 10 Timing diagram for configuration of TRW-2.4G

If configuration mode 1s entered from power down.C S-ean be set high afier Tpd2sby

as shown in Figure 8

17
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ShockBurst™ Mode timing

ShockBurst™ TX:
1=0
| |
VDD | |
65 | '
| |
ce —+ ¥ 1

ciki TR AW = = mmm e
pata W ACROE - ==

|
ANT1/ANT2 | N 1
| RS —
Td e | Tsby2txSB - Tca
% TN
N S\ £/
\\ 77 —_— Wi
| l
csl |
it |
CEW | Hmin; |
QLI D T TSI A, LA
IR . |
DATA LK X SN
'-:r;mTSr-‘Thm I
2
3
=

Figure 11 “Timng-of ShockBurst!™ in TX
The package length and the data rate givethe delay Toa (time-on air). as shown n the
equation.

I, =l datarate - (=databits + 1)

18
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ShockBurst™ RX:
re ﬂ
| |
VDD | |
| |
CS 1 I
i ]
CE / Y :
|
DR1/2 ¥ | L
|

|

- i | - oE Em s . o

CLK12 l/\f\ﬁ}f\/ ANV
|

DATA/DOUT2
I
ANT/ANT2 i} ]
ot - |
Td  Tsby2rx Y. 3 LY
~ i
o 12 o -3
[ 4
=2 P an |
£ |
210 ! !
CLK1:2 :__/ \__/_\_/_\:
DATA/ |4~ X X |
DOUT2| e - |
x) S
= &
Td 5 €
= T
—

Frgure 12 Timing of ShockBurst™in RX

The CE may be kept high during downloading of data. but the cost is higher current
consumption (18mA) and the benefit is no start-up time (200us) after the DR goes
low.

QOutput Power adjustment

Power setting bits of | RF output power DC current
configuring word consumption
11 0 dBm =3dB 13.0 mA
10 -5 dBm =3dB 10.5 mA
0l -10 dBm =3B 9.4 mA
00 220 dBm =3B 8.8 mA

19
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