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This project presents an engine status monitoring of a small racing car via wireless
communication. The application of sensor and microcontroller technology through transmits
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Abstract

users. All engine status information can be real time display to staffs by GUI.
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2.2.3.1 IEEE 802.15.4 Physical Layer
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51 2.15 Bands and channels in IEEE 802.15.4 standard[9]
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2.2.3.2 IEEE 802.15.4 MAC Layer
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51U 2.16 Adhoc Network and Peer-to-Peer Topology [9]
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2.3 Tisunsumu Visual C#
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o o a ua a £ I a 4
53U Mamvuszvulgianmsiuldy ) Fanwn Visial c# umyinouiunes

=

€

sugeiiigtuuumsdey  TusunsuuwuTdsunsmFafaganfolus  ( Moden Object
. Y ! <3| @ n v ! [ ~
Oriented Programming ) ﬁanamﬂmumm Tﬂmﬂimﬂmmq ( Object ) ANYUADSINNITY
4 = wa > a 1 Y] 4
¥0 (Name) NAnautia (Properties) 1AzHITAT (Method) aqiuoenly Tsunsuues
= Y ' 3 Y Yo A Jd vy = Y [V
ansamen Ingmaiunldau ldiufinngavend Tideadou sealanadiues uazda

ansadFudsunuantinnng Wvugaudons14ausadae

2.3.1 Integrated Development Environment (IDE)

n1eves Visual C# Tduissnoudmiay 6 dau dulaaseazidealunmi 1

Yy v

Tsunsuwes $ufludesiinyt vhanudh v 1¥Esnmim uaznisldaudiuean 1vdhla

U

wiol¥ansaldllsunsuld odragndes

g‘ﬂﬁ 2.18 daulszneuved Integrated Development Environment (IDE) [10]

x 3 S Y 1 Aq Yo v ' Y
3.1 Design Window: unihaeil¥dwisueonuuudivdszneuvewtitinee
Tsunsu (Form Design) Tasdadedudlduvunsmidln Aldfamnsaainuding (Drage and
@ . = 9 = 1 4
Drop) 30%) (Control Object) fidoams 1Hlunsi@ouTisunsylumitaiauniesiio (ToolBox)

=

1171911 Form 1@viu
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" A v kY @ A . I Y Y Iq Y a Jd A
3.2 Code Window: Wan¥zAN8NY Design Window 11 uniiaalvigldwun 3o
Y Yo o 4 o A A v o o B2 @ a
unlvyAsHAIES (Source Code) 1 T sunsuihau nioimusiasidasn Tuiia lasduida
ﬂﬁﬂuu"j’mqiu Form
[l F4 1
3.3 Solution Explorer: Mvithfiuaassiensufludoyavisnuaildada Tusunsy
o s Ayyy
IV NINON AT 1A
. va < ' Hq9 v
3.4 Properties Explorer: iapanaiantiivosnon Insoouidna1anildasialusunsy
A Y, o ood oy wa g A 999 a
U & Ve Yo dumu udu Tagazuaassiemsguauiiaveseeuiniiodldaan
Y AN
whdiaen
< 4 A I 1 '
3.5 ToolBox: Ao Inseauiniaiesiiof 1§l unisase Tusunsunenilundue
' I
NQ4 Data, Components, Web Forms, Menu, Data Base Lﬂus?fu

3.6 Error List: HEeNUaaoRana1ave9n1sideusiasida

Y "
2.3.2 Tunaun1adgulilsunsa
: I 4 Qs}/ qul o 1 %
maven Tsunsulasldnm visual C# iHunTosile Tdunou 5 41 dee l1i
< ' ] J
1.msaswldsianlud ( New Project ) 1151301y Visual C# wiunengessilszneu
3 {off (& o Y o % 4 L & o
avuaiiuudmiuaialdsunsuduiogal ( Windows Application ) #1/5znaudiesz iia
Aas vaudludeyadwanun nann
Y : a9 ' A_q
2.90nUUUHT190U83 115U (Design Form) 1a5udulagsauunszay wield
< ) ' Y 9 o 1 1
Wy AMsIveensiy i ldsunsuilsznoudases Isthe dwmvisvesarulsznou
1 ° [ 4 9 1 1 @ I
AN Maugerioady eels wumssudeya msuaawa Wudy mssenuuuntee
= o = va 2 qu o ) ¥
mMISulasuquauidvesnon Inseeudn ldmunzausunisldauaie
3.uYATHAMT (Source Code) tionIUANATTHIMYD 1150051
S o z Y a w % Yo Y S v o
48110 (Debugging) ATNVeRANMIAVDITHAM T uazaedlFl)sunsy nsdiinim
Y A o g B A a d o = Aa [
1ATaeiiond1da Debug / Start Debugging 13 Aautlufumida F5 windianuine liie
I a da ' J a 4 Y
Wumsitnida hig Tagnsal viedalassadin Tusunsuwesdesndu ludldgndes ud
ArnTva auluiinda Sevzadalsunsulinaaea 14 lsunsu
@ a A el I a 2;’ @ a o
SHUUTYAN (Pubblishing) Hunisafaududoyadadaldsunsy  mswuSainlg
Yo & 2 ) 9y o [
Tasmsdids Publish udhenuninosuasy gathess Idufludoya  setup.exe dmsy

Y
aadalsunsu



2.4 Microcontroller

v o J ' £ o

Micro-Controller fiD fIAIUANNIHINLYEIgUnTalTpULILMIAIEY FHanamin

P S I~ 4 £ o o {

Tumnneslflnaln PLC 9a9Micro-Controller #fle giasaitlsziamansnadniii
u do o ' 9 Y o = < =

nuswilsdunsmhaudeg  Bmeludwesiues  Suvnadn  tazmunsadou

o Jd 1 ' o o W J
TsunsuaugumsinuvesgUnseisneg ifeuderudiiu Tasnfunwauysainiely

fvoaueaazdheaen s T 1dnunsoud lvdautlag

2.4.1 Tnssaalaeialy
Y
@ 1 I 1
Tassadrelaeiialy vedlulnsnouTnsamefifu dunsoutiseenunlddy 5 du
Trigje sagiolud
! A A A - =
1.ﬂmaﬂﬁxmawaﬂmﬁmawg (CPU : Central Processing Unit)
1 o ] 3 ' 1 o { ) @
2.MU78ANTT (Memory) anNIaLusoomiy 2 @iy As Museanui NG g msy
< o a ~ ) N A b do s
AUTUsUNINNGD  (Program Memory) 13 suiailousisadanvoniosnounaumoseslhe
' 4 ' °
fodoyalag  Agnifu3lufie ¢ Bigaymo it Wid des  Snaumilsdomiosn i
Y030 (Data Memory) °1611L‘1Jummuﬂﬂﬁwmwﬂ“lumsmmmmawwEJ waziuiiindoya
Fans1vasiinen usiin S ides Foyanzme lladedumihennunsy ®RAM) T
w3oanouiianndiing il uddmsylulnsaen Insamodasio s MueANNI Moy a0zl
Soiedict ) o p g y <
v unsanudwsy Fdoyarzmie hiiie s ides uaziuddwsen (EEPROM -
£ 4 T e
Erasable Electrically Read-Only Mempry) #3anansamudoya @ 115 1vides
1 a 1w d A J = @ = Jd a
3.auaanenugnsainieuen MTOWRIA (Port) 1 2 GnyaizRe WOSADUNA (Input
CRER S, A o o ' 3 9 A i oy
Port) LAZWOIATITYIUNUTONDIALIANA (Output Port)  druilag]¥lunisideusaiv
4 AT o ! Ao o Y1 @ 1 d a AU ey
ginsaimouen  dedullumumdnamuin  Mdsmduszndnwesaduna e udy
9 o o 1 4 o A ] a
1zAIeMInAaInd et ldszinananazdsldnesaoidng Mouaaarary nsda
1 <
a19vesviaon bl 1iudu
4. v0amuanveIdy A vieda (BUS) Aedunenisuandsudyanudoya
[ 1 o o I [ [ o (] @
M &g miseanwiwaswein Wudnvazvesmedyans Swaunnegaelud
4 L] o Y o @
IuTasaouTnsames Tasuuilutiadoya (Data Bus) , auenasa (Address Bus) Liaztie
AIUAU (Control Bus)

v

0L A a v 3 1 A o = 1 2 A
5. NITNUUATYUINUINWA umﬂumuﬂﬁzﬂauwmﬂmumaﬂmuﬁm IHBIINNIT

g

o { a g % J dg} 1o o o [ a
maniatulud lulasneuInsames wwiuegiuamssmuaiag (R TRTRGITRITR
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v ¥ Y
= v

=} = @ o < o YA R ] Y Jd o =\
Uanwdge  Temzmsiaunzamnsot ldavudwald lulasaou Insamesiniu 7

armiialunsiszinanaganu Tde

Ui 2.19 7191909 Micro-Controller

1 Y
A lei MicroController HHIZUANANAUAN MicroController VAIAnTATENA
1 4 ] I~
ualszinnvean iy 1sauns ausoeniiy
MBUATOYNTH 1A ssembly
4‘ = =} d‘ i 9 @ v
MYUATOI(Machine Language) A9 1150n5UA MicroController enunsadnlosiy ua
Y [ ) [ 7 1 Y A A A 4
T lidwd sy vueiizsmld 11u1 Assembly Ao JULUVYINMHUAT 0NN BT INNTD
' v S A o Yl o o A oy Y
911000 18 117 assembly Wulisunsuivihmiiinlumsasnndidsiuyudisweon 14
| 2 23 0o v Sun A o < =
Thilumpunios Funlasddusife TWsunsufi@euTaen1m assembly sii1auSuags

1w Aad

< ' Y =X £% v dydgj =
VWIAAN  INTIIWUAWNTUNIDG Hardware 14 lagnse uaiaiiiuegiuiinmafouves
9 Y
HvsuAIY

Interpreters

A o ~ Y [ 4 U w ' 1 o

o mpszAugIrIndneiunvesysd Tasezilsdoglunissnus uas
b A Pe ek o & & aiily
o umdann lsuasuvuiniasmdwdnl§iaaumdaiug A19619UD9

[

{9 o Y . 0 4
interpreter N3 3NTUARD N1 BASIC To1d8u04 interpreter fin ¥1911 1441 1iinanindeana
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Compilers

= Y £ 5 Y A A A ‘5’ Y3 A Qng =2

fo ﬂﬁe”ﬁgﬂ‘ﬂqqsﬁ\?[ﬂ']ﬁu']ﬂllﬂﬂjﬂﬁLlﬂﬁiJVlHJUuslluelﬁlﬂufﬂ'ly"llﬂjﬂ\j AMNUUIN
° = < Y. .8 ] 1 o 0 9 o < 3 o T 1
u“ﬂﬁliﬂjl!ﬂ3Mﬂllﬂﬁlﬁiﬂlla’glsllﬂl‘lﬂlﬂﬂcluwu’]ﬂﬂ'nwgt]'l WWGLWﬂjﬁﬂ”IQ']uLS'JGIJu AIDYNINLYU

I
¥ C Hudu

24.2 PIC

o, B ; &
PIC 9 microcontroller %ﬂi:jgﬂﬁuﬁ 911910 A1I1 Peripheral Interface Controller %4

E4
Ay 1

coneept¥®1 microcontroller AszRafiide W mTIMLMNEEaeT 1A Tud IR i
12171IPROGRAM MEMROY, RAM, EEPROM, SERIAL, 12C, PWM, A/D 4a4 lat'lii
fuiludesdognsaliaiuannienen  ludues pic  ssdiladduildlunisilszanana

q’;} 1 oL tT Y o A @ ] =
TIUYNHUIYNINN cmmclﬁuumueuﬂu CPU anudaenne)

2.4.2.1 9529849 PIC
d' [ a Ly Y o [ a Sld' & o
mavesnNuddamIim Jagiiuaunsafidyanauiin 1dn 20 MHz Fa1i
42 o & Y 1 < Ao A
Iviiladdaves PIc 1918 1#ied 0.25 uSec uand1a lsamu l@Tusman ]

Y ¢
=

d%0aUaANT PIC

o 4 e 2
910 microchiptiaz 18@319 chip "5 1dwnn T uanaulilsn

2.4.2.2 HUIANNTIVRY PIC
TueAnmiasennuves PIC vzAsudies Aoogsena1a 512 words 99 4K words
' [y o a o )2\ 19 o
uaTuilegliu uSHM microchip FuThudwes PIC Tadannauiilil memory o9 PIC Hutn
I~ ey r'd A0 1 2 ldy A d' @
WunareduaTalud uazlinihazaern i@ Ivg s esg TuiFesvetnsiuvuiaue
. o o o = =L o
yienNuived Plcastiu luwmiiewnd Taoh nilad1dauoq PIC agfiviia 14 bits fariu
1 4 1 T 1 o é
15192159091 1 word Y99 PICIZAUUIA 14 bits (91 PIC16F84A 51 11118a21181 1 K (349

= C7 S Y I = P "
HU1809 1 Kword 9181090 17T w1 byte = 8 bit 921871 1 x 1,024 x 14 = 14,336 bits

Y
v o g

UUNAD14,336/(8 x 1,024) = 1.75K bytes 11194

2.4.2.3 aniaenssuvesPIC
dyd o o 1 = 1 A 151 Y 9 {550, =
poutlil 3 movidne afAouiiuAnes AoTudude 16xxx 17xxx tazlidigado
9 = wa A A 125 Y A o o
18xxx MAe AuananmilennFeannifesqaliungadfe 16 > 17 > 18 fida
assembly ¥4 170z 18 aelinnnd 16 MliAenTsunsu1dhoni sadazqen1dae

A d Aa  da
meﬂuﬂuwﬂﬂﬂmizga 16xxx
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2.4.2.4 Flash Program Memory
< dy ~ 1 o o v =i = :g £
Flash memory (HUNUNMII8ANUTIEWMTUAY program M3 uRouvY Fallving
1 1 1 [ 4 < 1 <4 ]
1.024words 29udiiae Wil Ilfhae iy Mcu doyafifvogly flash memory Aozl
' 5 o 1 3 4 o :;l
gl A1AUYDeFlash memory ARoawzaeuiud 1l ldvanes asededmunss
= :;I L] [ @ Y
wogidszanar 1000 AT9MelY program memory oA MNITaUUTUAINY @R TiReset
4 a 3 4 < 3 a
Vector (| 0000h ) 11113 reset tAaduifiosnntimstlouliidh Mcu Sluafusn vioa
X . A A ) o
WDT(Watchdog Timer) time-out ¥301unsfious 1UsunsuazSudunaanin reset o
Y ' 4
ﬁumu@ﬁPeripheral Interrupt Vector ( 0004h ) tionNang interrupt U program memory
v Y v
pointer 911904 AumisiiConfiguration word ( 2007h ) m3inuiiieaduves PIC 1zgn
5 H ' ° i 1 ] .
Amuanniieaudnsel lid1edlu Enable/Disable Power-up timer, Enable/Disable
Watchdog  timer, Oscillator ~Selectionbits(f1¥LaNNWBIFYRIUMINNTY)  HUHI8A1WIIN
o 1 dy ! ) Jyy = Y o o =
dumail lienusoeu Iddens@ensunsurzdossmualuvaiginis @eo
Tﬂmﬂmm@j Flash memory U84 MCU RAM(RandomAccess Memory) File Registers
1 ° I . S
MUIBANNIIVE RAM N8l PICI6F84(A) 2231 Tasead1adlunyailu bank Inoagiiviuig
v
80 bytes(00h-4Fh) 7@ bank 114n381¥84 PIC16F84A 924 2 banks Memory luamtinzgauiis
I 1 1 ] é 1 =
ooniilu 2 @ILAD FIUNTA 12 bytes(00h-0B) VouIsaz bank #3929ni5 8031 SER(Special
Function Registers) & 1ddmfuifuinaouzamsiinuves Pic, @oulvuesnssmiua
= b P A ' A A
TNIUSUDN port eRISILY input/output ports me'ﬂu"lmauq TIUNTDIVEUVUIA 68 bytes(0Ch-
4 ANd 7 A : i v
4Fh) %9150 luéan 13 929nL3enI1 GPR(General Purpose Registers) aae 1150 1y
' o A < v A ' A g v
vUeANNIMAzAUNAINS - uazReu luaeg  Weldlumsdseauanallsunsuvas
Y
Tlsunsuvina Dausia) PICT6FS4A 2211 2 bank ud SER aeiiianuaiiog 16 siia'lule 24
a o =/ no ' =2 9 = S o 2N (o o '
¥1ia 1A SFR 1196292110¢119 2 bank @91 GPR aaufiazilaen bank Adanes 1
Y 1
IANNTIZ 16F84A 31 GPR 0l bank @aymndu waziiie lid hseldsy pic a1lu
3 v 4 = 3 L 1= qs}l < !
memory auflagielivua  adielsAmuiiuily 6PR awnsadeulmiaasadld 1y

Y
[

F9317A91UIUAT

2.4.2.5 EEPROM(Electrically Erasable Programmable Read Only Memory)
hd g v
misgawiluduiide il ihdwliny Mcu  uédrdeyafiogmeludansogas i
= Y o ia = ] < = :’ I
e liagenmsn@eudiefidawes program 93U17A 64 bytes. 9814 15AMUAITIT OUF
o w @ Y :/I o qs}l ] 1 Y 3
fided e Taseusodeusiulnd IdUszina 1 dwes safumbeanyludiue 1Sy

v v v
doyan lisosvzilasuuanionin viheanus ludwdimmsafudoyaldun 40
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2.4.2.6 SFR Registers
; : . A a ¥y o & Yy 2y =

SFR(Special Function Registers) Nog 16 YUAAIYNU HITTUITDDNIIAIYNIT RIGELN
) 1 A Y Y 1 =2 ) 5 ‘ :/I =
ANKUAYD9 bank M990 303U eaNLARINITATIA519UD9 File Registers. Na1uAdL]

1 )40 it ey 1 i) ' Y Y & ! A = Y A
YA 160 bytes Ua ludoivadadrny luawnsadra ldasuiianua Tudiudidluduiudail
Y [ 4 v [
nATFIZHINERIT d131819 RAM fidwmiafilu BANK 1 a1t 1dRAemmdneiiofiodu
BANK 0 H100111/01518 47 address 84h Tu Bank 1 fi1ii 14A 92131 f1 FSR #ieg1u BANK
o 1y ' A d A 3 A A Yy KRy
0 sy luamndudmnn Ao memory M luenunsadianeld
Y
daulslu SFR fidedl
v Y
- INDF : 92AUAv084 Data memory ﬁgﬂ%t!ﬁﬂ‘u indirect addressing
- TMRO : 5y Timer counter ¥4 Timer OPCL : (VA1 8 bits 819UD4 program
counter

- STATUS : A UAN Flag Y9IHAGW S MAATINMIA 10

- FSR: iy pointer 148 M5 0819949 data memory HUY indirect

- PORTA : AUA@0 M8 PORTA

- PORTB: N UAIE01ULYBI PORTB

v E4

- EEDATA : 1i1f1984 Data 1 EEPADR %0

- EEADR : §11114999 EEPROM f1d034n1581359

- PCLATH : 111! 5 bits U1v®4 program counter

- INTCON : 148 1NN 13109 Interruption

- OPTION REG: [ mfufviua Mode M3hianmues MCU

- TRISA : 19/1mun Mode ¥99 PORTA 31301 INPUT 139 OUTPUT

= RISB»? 1%?%1141&91 Mode Y99 PORTB thﬁJu INPUT %39 OUTPUT

- EECONI : (ifu register A1#n21911 EEPROM

< 7 Aq ¥ @ =
- EECON2:iju register fladlesiunisen EEPROM

2.4.2.7 Program Counter

I { 2 o ' {
11U Counter NUAAIDIAUINUG address VD4 program Mo 113 flash memory

'
Ao o o

2 = i iy Sy
nMdeinsszurana #9921 counter YUIA 13 bits 1aaia'11ud7 counter §15 =LA

Sr o e vt S S A o : ol Aoy B By
1 agAsuiolnlszuiarnafmdunady 1 A59 aaiuaasnfedumlwosmdao 1oy
Mn1sUszuiana uaielsLuafae JUMP §9 counter 9231A 1A US U na & JUMP

v
LY =2

1ud19n9
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2.4.2.8 Level Stack
A 4 3 1 o 1 1 A g 0
stack 10 memory YIVEIN VAT return address VDI program AIDYIUFY LUDADININT
' 4 o 1 e Y g 7 v
Uszunawaedanilanane a%e 49 program lTudautignadiaiiu subroutine 13 lunou
2 0o & o o &
qAThevedsubroutine A9zlif1ds RUTURN nanss Tumssendises1dmida caLL luns
o 1 { o & e < < 1
(390 subroutine@ 111114 program address NoANAITS CALL NIZYNNVANY  stack
dy qa/l ~ ' @ 9 0158 . I
(NFLVIMMINVNATILIENT PUSH) videnn ladseunanamidaly subroutine udd i
4 o W v I ° o o T A
ApUAAMioN9BMTIRETURN  fufiaginisnsz Taa Tudsdumiaidiu 3l stack(
o qa}l ' 100 1 ' qs// o o
ATEUIUNIHVNASILEENTT POP)UAITIDIINI stack Tvwadios 8 windu 1iuf
1 ~ o w Yy 9 3 a Y 1 3 £ 9 Yo o
HUEANNIUNTWNT0GEEN A1d9 CALL 18 idasadadenumniy dedldiids carr I
1 g/} 1 o 1 @ o Y A Yo a =]
wnniniulagla RETURN néy f stack vwgnituidlumailif ie19fids RETURN fag
1 @ o o 1A Y
TimunsondulUfadwmiady'ld

" 4
o w ! [ v A

1 Y
Aefasnes yoalisunsu Mgnalag program counter 92gno UL 1184 register §fi

' '
v A

E4
Taensz1aunIstiggnifendt FETCH, Instruction Decode & Control f1dfafign FETCH 1%
' v
Tuinstruction register 9N an WMINBIAZIMIUA WA 1T Multiplexer and Arithmetic
LogicUnit IﬂﬁJﬂ"Ii!,!,ﬂaﬂ’J’]Mﬁmﬂlmgﬁ”lﬂ'l‘uﬁnwﬁ1ﬁ’ﬂ%Qﬂﬂizﬁﬂﬂﬂ Multiplexer 101¢ the
T ' £ @ { o @ <

ArithmeticLogic Unit(ALU) W Register #911910 work register HHaginiinndmsunuma

) A a Yo A A ) o 1 @ Y o Y A
Y9INIAIIAANANN ALU 191 1359A517 tiefisztihmndnnase i davesiusgsimdi
<3| @ o ! o o o O
Wudnanlumsimandne uasiudaimihfdesinuanuzoutput Yo9 input-output port

a9
NAIY

2.4.2.9 STATUS Register
<3| g 4 < ' ' v 7 3 <
iy register PISNUAINAV0I ALU(FY NAaWTVDINIT UIN a1 VO3 register 11l 0,

A a % < ) ! dy Y . P~
UIN,A), Nﬁ)uvlsllﬂ"lilﬂﬂ timeout , Lﬂumﬂmumwmzu PIC 9 register N bank Ty

2.4.2.10 FSR Register
FSR(File Select Register) 1¥amiudnadumiiaues RAM Tugauvn indirect address
v < A Ay = o ;
N0 UUY direct address ﬂﬂa;ﬂlmwmqm Address 11U TABIMNIZIILAUAY 1Y moviw
, & Vil ' oA 3 9t g ad v
20" F9HH8ANININGTOIUAT 1 address 20 W UAY AR w register Tunsdifiansnd
o ' H ' ) | ' ! !
AumialAsaaud 0 fe 127 niedradiiies 7 vit Fevzegluvoumn 1 bank Tunsfezn/aen
] { { [ . 5 : 5
bank 3T 9zADAUNBIT0INY RPO bits YD9 STATUS register 15819101 indirect address
a 9 $ a [ v o Q'J 4
1agl¥ FSRicgister vztion14lun15819 address fingang Fudien1sorfosids inc FSR 1o

o l1fad e memory da'l)
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2.4.2.11 Address Multiplexer
Y 3 @ ' L~ . i = . 2 !

Tgniludauniauendnily indirect addressing 139 the direct address. HIM118AIII
o ! oA I ¥ ¢ ddy Y o 1 9/311 ! =2
WIN3911A71 1 address 20 AU 137 wregister Tunsaiianuisadredwmualddaud o 94

£ ' = { o o {

127 130819 1Aifioq 7 bit Feazogluvouiua 1 bank Tun1sfiezi)asy bank SuPuAivzdos
(Mo2103171 RPObits Y09 STATUS register N30V indirect address 1aa1d FSR register
wilonldTun13819address Nogann fudon17efeA1dq inc FSR tieidon 1ddedums
memory ﬁﬂ"lﬂ

2.4.2.12 EEDATA

< ; =i YA A i A~ v
nJu register mﬂ%mamwmmmmﬂmmmaga EEPROM

2.42.13 EEADR
A o o 2 =
11U register A 148111518719 address Y04 EEPROM. #9111 PIC 16F84A 923
H128AUTIEEPROM DIVIINIA 64 bytes 1199211171510 EEPROM 92804 Woudoya

55h uaz AAh T1EIEECON2 1den aua9925u8un 1588w EEPROM 18

2.4.2.14 Timer
/= = U=t = - ° v SN
PIC16F84A 921 timer [NeLAAUAYI (TMRO) UULIA 8 bits NI15R191UUDITUAAD
Y o Y A a . A @ = 4 o Y .
Ty liiFes uagazinans time-out Won T UNIAY 256 Favevinld TOIF bit
- & g < &L~ o Y a | a 42/ A a
Y09 INTCONregister ¥Uilu SFR naneiily "1 @afinain1yinanis interrupt (AALLEIIAA
% o o A o ' Y 2 a dg/ Yy A 1 3
M3 time-out. MMTVNTNILAMUANILIALMS interrupt V09 TMRO Nadu 1dn5o Tiai
0 X { / 2 g < <
Arualdain the GIF bit a2 TOIE bit YOIINTCON register #adu SER Taoduilu "1 f

Yole YA o a d%l Y
nUeANNNRMUA 11T lnterruptlﬂﬂ"lluulﬂ

2.4.2.15 1/0 Ports
~ o & : ] =
PIC16F84(A) 3¢ I/O Ports N9HUA 13 U1 mmsﬂmumwﬂﬁmumﬂu INPUT
A ) 5 vy o 2 ; v < '
W3BOUTPUT Wuaninsadivua lddreTdsunsy wa 13 vinfuawsauisosn laiiy 2 ngu

Y v 3N <3| = A A A '
AenunADs VTl A port LAZDN 8 VININABITENIN B port

2.4.2.16 Timing Generation
PIC vzilnevameluivzad ndyarauinmlumssivuannusmizuesnisha

Y
Yeadu Tasdggranniinmilasiunaadudaunn crystal W30 ceramic oscillator 91N

4 o a

Meven  edyaanitnidesnnnuuiudigusivedondonld cysal ualaeind
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ﬁqthﬂué”mzﬁl% ceramicresonator ALY capacitors i module E)EjﬂWEJH’E]ﬂ PIC16F84A
¥ execute 1 ﬁﬁ‘%\i(l cycle)%i%ﬁﬂ;@?ﬂllﬂﬁm 4 pulses Tagaz 1% pipeline architecture e lu
ndlveafide JUMP 9219 2eyele dmisunail#lums exceute tulaotndudaezldina
200 nanoseconds s crystal ﬁmmﬁ 20MHz, 1/(20MHz) = 50 nanoseconds. HUIEAINI

13150 Execute A6 5,000,000instructions nolural 1 317 Initialization circuits
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2.5 ECU

Y
a

1 Ja g =
ECU #911910 Electronic Control Unit Lﬂuqﬂﬂimﬂmﬂ“ﬂi’ﬂuﬂﬁ Mﬁugmmmﬂ

a S Y A o ' & A g I o Y Ao v I s
ADUNANDT UUINYIDNVDY NABUATDY / ECU ﬂmﬂuqﬂﬂmtmemmmmmmmmumas

' v Y F
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MICROCHIP dsPIC33FJXXXMCX06/X08/X10
High-Performance, 16-Bit Digital Signal Controllers

Operating Range: Digital I/0O:
* Up to 40 MIPS operation (at 3.0-3.6V): * Up to 85 programmable digital 1/0 pins
- Industrial temperature range * Wake-up/Interrupt-on-Change on up to 24 pins
(-40°C to +85°C) + Output pins can drive from 3.0V to 3.6V

:  All digital input pins are 5V tolerant
High-Performance DSC CPU: « 4mA sink on all I/0 pins
* Modified Harvard architecture

* C compiler optimized instruction set

On-Chip Flash and SRAM:

* 16-bit wide data path * Flash program memory, up to 256 Kbytes
* 24-bit wide instructions + Data SRAM, up to 30 Kbytes (includes 2 Kbytes
* Linear program memory addressing up to 4M of DMA RAM)
instruction words
* Linear data memory addressing up to 64 Kbytes System Management:

* 83 base instructions: mostly 1 word/1 cycle
* Two 40-bit accumulators:
- With rounding and saturation options
* Flexible and powerful addressing modes:
- Indirect, Modulo and Bit-Reversed
* Software stack
* 16 x 16 fractional/integer multiply operations
32/16 and 16/16 divide operations
* Single-cycle multiply and accumulate:
- Accumulator write back for DSP operations

- Dual data fetch Power Management:
* Up to +16-bit shifts for up to 40-bit data

* Flexible clock options:
- External, crystal, resonator, internal RC
- Fully integrated PLL
- Extremely low jitter PLL
* Power-up Timer
* Oscillator Start-up Timer/Stabilizer
* Watchdog Timer with its own RC oscillator
* Fail-Safe Clock Monitor
* Reset by multiple sources

+ On-chip 2.5V voltage regulator

Direct Memory Access (DMA): * Switch between clock sources in real time

¢ Idle, Sleep and Doze modes with fast wake-up
* 8-channel hardware DMA

* 2 Kbytes dual ported DMA buffer area Timers/Capture/Compare/PWM:
(DMA RAM) to store data transferred via DMA:
- Allows data transfer between RAM and a + Timer/Counters, up to nine 16-bit timers:
peripheral while CPU is executing code - Can pair up to make four 32-bit timers
(no cycle stealing) - 1timerruns as Real-Time Clock with external
* Most peripherals support DMA 32.768 kHz oscillator
- Programmable prescaler
Interrupt Controller: * Input Capture (up to eight channels):

- Capture on up, down or both edges
- 16-bit capture input functions
- 4-deep FIFO on each capture

* Output Compare (up to eight channels):
- Single or Dual 16-Bit Compare mode
- 16-bit Glitchless PWM mode

* 5-cycle latency

* Up to 67 available interrupt sources
* Up to five external interrupts

* Seven programmable priority levels
* Five processor exceptions

© 2009 Microchip Technology Inc. DS70287C-page 1



dsPIC33FJXXXMCX06/X08/X10

Communication Modules:

* 3-wire SPI (up to two modules):

Framing supports I/O interface to simple

codecs

Supports 8-bit and 16-bit data
Supports all serial clock formats and

sampling modes

* 12C™ (up to two modules):

Full Multi-Master Slave mode support
7-bit and 10-bit addressing

Bus collision detection and arbitration
Integrated signal conditioning

Slave address masking

* UART (up to two modules):

Interrupt on address bit detect

Interrupt on UART error

Wake-up on Start bit from Sleep mode
4-character TX and RX FIFO buffers

LIN bus support

IrDA® encoding and decoding in hardware
High-Speed Baud mode

Hardware Flow Control with CTS and RTS

Enhanced CAN™ (ECAN™ module) 2.0B active

(up to 2 modules):

Up to eight transmit and up to 32 receive buffers
16 receive filters and three masks

Loopback, Listen Only and Listen All

Messages modes for diagnostics and bus
monitoring

Wake-up on CAN message

Automatic processing of Remote

Transmission Requests

FIFO mode using DMA

DeviceNet™ addressing support

Motor Control Peripherals:

* Motor Control PWM (up to eight channels):
- Four duty cycle generators
- Independent or Complementary mode
- Programmable dead time and output polarity
- Edge or center-aligned
- Manual output override control
- Up to two Fault inputs
- Trigger for ADC conversions

- PWM frequency for 16-bit resolution
(@ 40 MIPS) = 1220 Hz for Edge-Aligned
mode, 610 Hz for Center-Aligned mode

- PWM frequency for 11-bit resolution
(@ 40 MIPS) = 39.1 kHz for Edge-Aligned
mode, 19.55 kHz for Center-Aligned mode

* Quadrature Encoder Interface module:
- Phase A, Phase B and index pulse input
- 16-bit up/down position counter
- Countdirection status
- Position Measurement (x2 and x4) mode
- Programmable digital noise filters on inputs
- Alternate 16-bit Timer/Counter mode
- Interrupt on position counter rollover/underflow

Analog-to-Digital Converters (ADCs):

* Up to two ADC modules in a device

* 10-bit, 1.1 Msps or 12-bit, 500 ksps conversion:
- Two, four or eight simultaneous samples
- Up to 32 input channels with auto-scanning

- Conversion start can be manual or
synchronized with one of four trigger sources

- Conversion possible in Sleep mode
- 1 LSb max integral nonlinearity
- +1LSb max differential nonlinearity

CMOS Flash Technology:

* Low-power, high-speed Flash technology
* Fully static design

* 3.3V (£10%) operating voltage

* Industrial temperature

* Low-power consumption

Packaging:

* 100-pin TQFP (14x14x1 mm and 12x12x1 mm)
* 80-pin TQFP (12x12x1 mm)
* 64-pin TQFP (10x10x1 mm)

peripheral features per device.

Note: See the device variant tables for exact

DS70287C-page 2
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dsPIC33FJXXXMCX06/X08/X10

dsPIC33F PRODUCT FAMILIES

The dsPIC33FJXXXMCX06/X08/X10 family of devices
supports a variety of motor control applications, such
as brushless DC motors, single and 3-phase induction
motors and switched reluctance motors. The dsPIC33F
Motor Control products are also well-suited for Uninter-
rupted Power Supply (UPS), inverters, switched mode
power supplies, power factor correcton and also
for controlling the power management module in
servers, telecommunication equipment and other
industrial equipment.

The device names, pin counts, memory sizes and
peripheral availability of each device are listed below.
The following pages show their pinout diagrams.

dsPIC33FJXXXMCX06/X08/X10 Controller Families

[ § "g [} z -
= I 5 Q 5] ._Z N‘J-\
Program 5|3 gs %' ugj g| £ el
S ping | Flash | Ram | € %35 £l 8| £ o |E|lg|E HiliE
evice S| Memory |(Kbyte)| 5| S |2 5| & | 58| ¢ e NS AR Y s
] == o RS @ el
(Kbyte) E 2 {&n |l x=| T © | o
£|3 2138 - <o
o <) =
s |5 u
dsPIC33FJ64MC506 64 64 8 Od [-8 8 ch| 1 O~=r(ARC, | 2 [ 2182 | 1 |53 PT
16 ch
dsPIC33FJ64MC508 80 64 8 o0 ) 8 8\ch v O [ TADCRI=2, [ 2 | 2% 1 |69 PT
18 ch
dsPIC33FJ64MC510 100 64 8 98 8 8ch|l 1 0 |TADC,| 2 (2|2 |1 |85| PFPT
24 ch
dsPIC33FJ64MC706 64 64 16 IBin, 5 8 8ch| 1 DemreaDCRe24 [ 242 [t U | 53 PT
16 ch
dsPIC33FJ64MC710 100 64 16 918 8 8ch| 1 0 NZ2ADC, L2Ih2¢=2 W2 |85| PF PT
24 ch
dsPIC33FJ128MC506 64 128 8 91 8 8 8ch| 1 Ol IADGWR, 2 252 fl # (53 PT
16 ch
dsPIC33FJ128MC510 | 100 128 8 9 |%8 8 8chi 1 0 MADC, | 2 [0 ZF W1 (85| PFPT
24 ch
dsPIC33FJ128MC706 64 128 16 918 8 8ch| 1 Q8 |2ADC, | & | 24/ 2 | 1 |53 PT
16 ch
dsPIC33FJ128MC708 80 128 16 918 8 8ch| 1 0 |2ARCY 2/ 2|1 2 | 2 |69 PT
18 ch
dsPIC33FJ128MC710 | 100 | 128 16 TR T 0 [2ADC, | 2|2 |2]|2|85]| PFPT
24 ch
dsPIC33FJ256MC510 | 100 256 16 9|8 8 gieh|ia1 0 |[1ADC,| 2 |[2|2]|1]|85| PFPT
24 ch
dsPIC33FJ256MC710 | 100 256 30 9.8 8 8 ch 1 0 |[2ADC,| 2 (2|2 ]| 2|85 | PFPT
24 ch
Note 1: RAM size isinclusive of 2 Kbytes DMA RAM.

2:  Maximum I/O pin count includes pins shared by the peripheral functions.

© 2009 Microchip Technology Inc.
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dsPIC33FJXXXMCX06/X08/X10

Pin Diagrams

64-Pin TQFP

64— PWM3L/RE4

63— PWM2H/RE3

62— PWM2L/RE2

57— VDD VCAP/VDDCORE

56— OC8/UPDN/CN16/RD7
“OC6/C6/CN14/RD5
“H0C5/IC5/CN13/RD4

61— PWM1H/RE1
60— PWM1L/REO

PWMB3H/RE5 1
PWM4L/RE6
PWM4H/RE7
SCK2/CN8/RG6
SDI2/CN9/RG7
SDO2/CN10/RG8

MCPR dsPIC33FJ128MC506

1
SSZCNTUFSY dsPIC33FJ64MC506

Vss ]

VDD dsPIC33FJ128MC706
ANS5/QEB/IC8/CN7/RB5 ] dsPIC33FJ64MC706
AN4/QEA/IC7/CNB/RB4 ]

AN3/INDX/CN5/RB3 —1
AN2/SS1/CN4/RB2 ]
PGEC3/AN1/VREF-/CN3/RB1 —15
PGED3/ANONREF+/CN2/RBO —]16
© QO NV OO v~ W O NOM T W < ©
o0 O YO M- - Y O — +— — — L W
> >mommm gy Y
T zzrcepd D0Cc
Ixo228: S838c:
o5 <<z 3 zZzzzz6 &
ok AEd 205
O.Z O %] o o] =
£3 BR)(E ﬂ;n;c o
a0 SO X X
w ‘u_'g o =
Ha 235
oo <

[ = Pins are up to 5V tolerant

PGEC2/SOSCO/T1CK/CNO/RC14
PGED2/SOSCI/T4CK/CN1/RC13
OC1/RDO

IC4/INT4/RD11
IC3/INT3/RD10
IC2/UTCTS/FLTB/INT2/RD9
IC1/FLTA/INT1/RD8

Vss

0SC2/CLKO/RC15
OSC1/CLKIN/RC12

Vbb

SCL1/RG2

SDA1/RG3
UTRTS/SCK1/INTO/RF6

# UTRX/SDI1/RF2
U1TX/SDO1/RF3

DS70287C-page 4
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MICROCHIP

AN1204

Microchip MiWi™ P2P Wireless Protocol

Author:  Yifeng Yang
Microchip Technology Inc.

INTRODUCTION

The demand is growing for more and more applications
to move to wireless communication.

The benefits are reduced costs and ease of implementa-
tion. Wireless communication does not require cabling
and other hardware, and the associated installation
costs. It also can be implemented in locations where
cabling would be hard, if not impossible, to install.

Since the IEEE released the Wireless Personal Area
Network (WPAN) specification (IEEE 802.15.4™) in
2003, it has become the de facto industry standard for
low-rate  WPANs (LR-WPAN). The specification
applies to low data rate applications with low-power
and low-cost requirements.

The Microchip MiWi™ P2P Wireless Protocol is a vari-
ation of IEEE 802.15.4, using Microchip’s MRF24J40
2.4 GHz transceiver and any Microchip 8, 16 or 32-bit
microcontroller with a Serial Peripheral Interface (SPI).

The protocol provides reliable direct wireless communi-
cation via an easy-to-use programming interface. It has
arich feature set that can be compiled in and out of the
stack to meet a wide range of customer needs - while
minimizing the stack footprint.

This application note describes the Microchip Wireless
(MIWi™) Peer-to-Peer (P2P) Protocol and its differ-
ences from |[EEE 802.15.4. The document details the
supported features and how to implement them.
Simple, application-level data structures and
programming interfaces also are described.

This application note assumes that readers know
C programming. It is strongly recommended that
readers review the IEEE 802.15.4 specification before
starting this application note or working with the
MiWi P2P wireless protocol.

Protocol Overview

The MiWi P2P protocol modifies the IEEE 802.15.4
specification’s Media Access Control (MAC) layer
by adding commands that simplify  the
handshaking process. It simplifies link disconnection
and channel hopping by providing supplementary
MAC commands.

However, application-specific decisions, such as when
to perform an energy detect scan or when to
jump channels, are not defined in the protocol. Those
issues are left to the application developer.

Protocol Features

The MiWi™ P2P Wireless Protocol:

* Provides 16 channels in the 2.4 GHz spectrum
(using an MRF24J40 transceiver)

* Operates on Microchip PIC18, PIC24, dsPIC33
and PIC32 platforms

* Supports Microchip C18, C30 and C32 compilers

* Functions as a state machine
(not RTOS-dependent)

* Supports a sleeping device at the end of the
communication

* Enables Energy Detect (ED) scanning to operate
on the least-noisy channel

* Provides active scan for detecting existing
connections

* Supports all of the security modes defined in
IEEE 802.15.4.

* Enables frequency agility (channel hopping)

Protocol Considerations

The MiWi P2P protocol is a variation of IEEE 802.15.4
and supports both peer-to-peer and star topologies. It
has no routing mechanism, so the wireless
communication coverage is defined by the radio range.

Guaranteed Time Slot (GTS) and beacon networks are
not supported, so both sides of the
communication cannot go to Sleep at the same time.

If the application requires wireless routing instead of P2P
communication; or interoperability with other vendors’
devices; or a standard-based solution, for marketability,
see AN1066 “MWi™ Wireless Protocol Stack”or AN965,
“Microchip Stack for the ZigBee™ Protocol”.

© 2008 Microchip Technology Inc.
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MICROCHIP

MRF24J40MB

2.4 GHz IEEE Std. 802.15.4™ 20 dBm RF Transceiver Module

Features:

* IEEE Std. 802.15.4™ Compliant RF Transceiver
* Supports ZigBee®, MiWi™, MiwWiP2P and
Proprietary Wireless Networking Protocols

* Small Size: 0.9"x 1.3"(22.9 mm x 33.0 mm),
Surface Mountable

* Integrated Crystal, Internal Voltage Regulator,
Matching Circuitry, Power Amplifier, Low Noise
Amplifier and PCB Antenna

* Easy Integration into Final Product — Minimize
Product Development, Quicker Time to Market

* Radio Regulation Certified for United States
(FCC), Canada (IC) and Europe (ETSI)

* Compatible with Microchip Microcontroller
Families (PIC16F, PIC18F, PIC24F/H, dsPIC33
and PIC32)

* Up to 4000 ft. Range

Operational:

* Operating Voltage: 2.4-3.6V (3.3V typical)
* Temperature Range: -40°C to +85°C Industrial
* Simple, Four-Wire SPI Interface
* Low-Current Consumption:
- RX'mode: 25 mA (typical)
- TX mode: 130 mA (typical)
- Sleep: 5 pA (typical)

RF/Analog Features:

ISM Band 2.405-2.475 GHz Operation

Data Rate: 250 kbps

-102 dBm Typical Sensitivity with -23 dBm
Maximum Input Level

+20 dBm Typical Output Power with 56 dB TX
Power Control Range

Integrated Low Phase Noise VCO, Frequency
Synthesizer and PLL Loop Filter

Digital VCO and Filter Calibration
Integrated RSSI ADC and 1/Q DACs
Integrated LDO

High Receiver and RSSI Dynamic Range

MAC/Baseband Features:

Hardware CSMA-CA Mechanism, Automatic ACK
Response and FCS Check

Independent Beacon, Transmit and GTS FIFO
Supports all CCA modes and RSS/LQI
Automatic Packet Retransmit Capable
Hardware Security Engine (AES-128) with CTR,
CCM and CBC-MAC modes

Supports Encryption and Decryption for MAC
Sublayer and Upper Layer

FIGURE 1: PIN DIAGRAM
HF?J;

GND 1 12 GND

RESET 2 11 GND

WAKE 3 10 VIN

INT 4 9 NC

SDI 5 8 CS

SCK 6 7 SDO

© 2009 Microchip Technology Inc.
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MRF24J40MB

1.0 DEVICE OVERVIEW

The MRF24J40MB is a 2.4 GHz IEEE Std. 802.15.4™
compliant, surface mount module with integrated
crystal, internal voltage regulator, matching circuitry,
Power Amplifier, Low Noise Amplifier and PCB
antenna. The MRF24J40MB module operates in the
non-licensed 2.4 GHz frequency band. The integrated
module design frees the integrator from extensive RF
and antenna design, and regulatory compliance
testing, allowing quicker time to market.

The MRF24J40MB module is compatible with
Microchip’s ZigBee®, MWi™ and MWi P2P software
stacks. Each software stack is available as a free
download, including source code, from the Microchip
web site: http://www.microchip.com/wireless.

The MRF24J40MB module has received regulatory
approvals for modular devices in the United States
(FCC), Canada (IC) and Europe (ETSI). Modular
approval removes the need for expensive RF and
antenna design, and allows the end user to place the
MRF24J40MB module inside a finished product and
not require regulatory testing for an intentional radiator
(RF transmitter).

Note: See Section 3.0 “Regulatory Approval”
for specific requirements to be followed by
the integrator.

1.1 Interface Description

Figure 1-1 shows a simplified block diagram of the
MRF24J40MB module. The module is based on the
Microchip Technology MRF24J40 IEEE 802.15.4™
2.4 GHz RF Transceiver IC. The module interfaces to
many popular Microchip PIC® microcontrollers via a
4-wire serial SPI interface, interrupt, wake, Reset,
power and ground, as shown in Figure 1-2. Table 1-1
provides the pin descriptions.

Data communications with the MRF24J40MB module
are documented in the “MRF24J40 IEEE 802.15.4™
2.4 GHz RF Transceiver Data Sheet”(DS39776). Refer
to the MRF24J40 Data Sheet for specific serial
interface protocol and register definitions.

FIGURE 1-1: MRF24J40MB BLOCK DIAGRAM
MRF24J40MB IEEE Std. 802.15.4™ Module
MRF24J40
PA Digital
Interface < sp|j> e
PCB Physical MAC
Antenna
Power @ Power
LNA Management
20 MHz
Crystal
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TABLE1-1:  PIN DESCRIPTION

Pin Symbol Type Description
1 GND Power | Ground

2 RESET DI Global hardware Reset pin

3 WAKE DI External wake-up trigger

4 INT DO Interrupt pin to microcontroller

5 SDI DI Serial interface data input

6 SCK DI Serial interface clock

7. SDO DO Serial interface data output from MRF24J40
8 CS DI Serial interface enable

9 NC — No connection

10 VIN Power | Power supply

1" GND Ground | Ground

12 GND Ground |Ground

Legend: Pin type abbreviation: D = Digital, | = Input, O = Qutput

FIGURE 1-2: MICROCONTROLLER TO MRF24J40MB INTERFACE

PIC® McU MRF24J40MB

10— CS
SDO ——— = SDI
SD| |@———  SDO

SCK ————— b K VIN
SC
GND
INTX ~@———— |NT -

10— WAKE
/0O ————m{ RESET
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1.2 Mounting Details

The MRF24J40MB is a surface mountable module.
Module dimensions are shown in Figure 1-3. The
module Printed Circuit Board (PCB)is 0.032" thick with
castellated mounting points on the edge. Figure 1-4 is
a recommended host PCB footprint for the
MRF24J40MB.

The MRF24J40MB has an integrated PCB antenna.
For the best performance, follow the mounting details
shown in Figure 1-5. It is recommended that the
module be mounted on the edge of the host PCB, and
an area around the antenna, approximately 1.2"
be kept clear of metal objects. A host PCB ground
plane around the MRF24J40MB acts as a counterpoise
to the PCB antenna. It is recommended to extend the
ground plane at least 0.4" around the module.

FIGURE 1-3: MODULE DETAILS
H F#—
o |
i 4 =
! '4-0.030“ *
Shield
¥
T | =
A + 1= el
g & L————o.soo"—»l

FIGURE 1-4: RECOMMENDED PCB
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FIGURE 1-5: MOUNTING DETAILS
[ i e e e A e iy S et M R s et e e e [ &
| |
| |
| A l
| |
| Keep area around antenna |
| E (approximately 1.2 inches) '
1.2 clear of metallic structures

| for best performance |
: Edge of PCB :
| Y Y |
| l
L

" 2
0.315 - .-
S e e R [f 7 = Cat iy il el irl|

< 0.4 B E < 0.4 E;
PCB Ground Plane (Counterpoise) / 40 4
Underneath and extend as far as possible .
to the sides and below the module

(at least 0.4 inches on each side)
for best performance
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1.3 Operation

1.31 PA/LNA CONTROL

Operation of the Power Amplifier (PA) IC3 and Low Noise
Amplifier (LNA) IC5 is controlled by the MRF24J40
internal RF state machine via RF switches, IC2 and IC4,
and the GPIO1 and GPIO2 pins on the
MRF24J40. Figure 16 shows the PALNA block
diagram. Figure 2-1 is the schematic diagram for the
module.

The intemal RF state machine is configured for the PA/
LNA mode by setting TESTMODE (0x22F<2:0>)=111.
Pins, GPIO1 and GPIO2, then control the RF switches,
PA and LNA automatically when the MRF24J40
receives and transmits data.

Note: A complete explanation of the operation of
the PA/LNA control is documented in the
‘MRF24J40 Data Sheet” (DS39776),
Section 4.2 “External PA/LNA Control”.

FIGURE 1-6: PA/CNABLOCK DIAGRAM

PCB
Antenna

RF Switch
AS179-92

RF Switch
AS179-92

LNA

uPC8233TK

RFP

Balun

REN

PA
PA2423L

MRF24J40

GPIO1

GPIO2

1.3.2 ENERGY DETECTION (ED)

Before performing an energy detection (see
Section 3.6.1 “RSSI Firmware Request (RSSI
Mode 1)” in the “MRF24J40 Data Sheet” (DS39776)),
perform the following steps:

1. Configure the intemal RF state machine to normal
operation (TESTMODE (0x22F<2:0>) = 000).

2. Configure GPIO2 and GPIO1 direction for the
output (TRISGP2 (0x34<2>) = 1 and TRISGP1
(0x34<1>)=1).

3. Set GPIO2 (0x33<2>) = 1 and GPIO1
(0x32<1>)=0. This enables the LNA and
disables the PA.

4. Perform the energy detection following the steps
in Section 3.6.1 “RSSI Firmware Request
(RSSI Mode 1) in the “MRF24J40 Data Sheet”
(DS39776).

Note:  The LNA will amplify the received signal.
The RSSI value will include the
receive signal strength plus the LNA
amplification.

1.358 SLEEP

To get the lowest power consumption from
the MRF24J40MB module during Sleep, it is
necessary to disable both the PA and LNA. To do
this, perform the following steps:

1. Configure the intemal RF state machine to normal
operation (TESTMODE (0x22F<2:0>) = 000).

2. Configure the GPIO2 and GPIO1 direction for
output (TRISGP2 (0x34<2>) = 1 and TRISGP1
(0x34<1>)=1).

3. Set GPIO2 (0x33<2>) = 0 and
GPIO1 (0x32<1>) = 0. This disables the LNA and
the PA.

4. Put the MRF24J40 to Sleep following the steps
in the “MRF24J40 Data Sheet” (DS39776).

When waking the module, re-enable the PA/LNA mode.
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