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ABSTRACT

This thesis presents the implementation of wireless data logging using MIWI technology,
which is the IEEE 802.15.4 standard. The MIWI module can communicate with a microcontroller
through the SPI interface which allows to send and to receive data wirelessly. The aim of making
this project is to study the wireless data logging using MIWI technology in order to apply the

gained knowledge for setting up laboratories.

This project has been conducted as in the following steps. First, the principle of MIWI
technology is focused including Application Program Interface (API). Second, the architecture of
microcontrollers and programming techniques are deeply studied, especially multi-tasking
programming. After that, the transmitter and receiver board consisting mainly of the
microcontroller and MIWI module are designed and the operating programs for running the
project are composed. Finally, the first version of the wireless data logging boards is responsible
for sensing the surrounding temperature and broadcasting the information to the computer

wirelessly.
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390103 PORTx W lumssdsudeyaniuvinesa mssiudoyadnivaans

I~{ ' 9 4 X I~ ! 9y v
PORTx dzilumseudoyaninnesalasase 0 pin) wazminlumsidoudoyade
aa 4 S { 4 s aa s
33e1Aps PORTx wiilumsiisudeyaliufivandwosadoya (port data latch) S3emaes PORTx

(%4 PORTA, PORTB, PORTC, PORTD

d
3.53a1M03 LAT (I/O Latch register)
A J o Yy v Rt J '
svanes LATx gniwnldudluilymivesSiames PORTx lunszuiums e1u —
Y = vy A o 1 v Y A Jd < '
udly — Asudeyauuuasiiesnsziufa Inomsswdoyadawiicaes LATx sxiflumse
= ' 4 s s = =
doyandoglunandnosae1ina (Port Output Latehes) tazmisiliaudoynsziilally
= v = o = { o J a
WuvuRRuFImaed PORTx Ao Woudeya lifiuandwosadoya (Port Data Latch) #2635

c? T o Y a a
fazluiMinan nuAanala

[ ' P=v={ o = =Y [ dy
A31UnNNuANA19TZHNEVMADS PORT tay LAT Hswazidendsil

= Y Aot Jd =~ £ ~ o o
1. madsutoya lUnsimnes PORTx wilivudeya litandwesa
= Y At Jd = Y P o o
2. mafeudoyaluiisTanes LATx azdoudoyaldiuandwosa
U Y At o [ 9 4
31 N1IYIUUBYANTVALADT PORTxX %Lflumsmmay‘amﬂ I/0 wamimma

isiosig) st s J 19y Sy ' G
4. MIRUVBYANNIVAADS LATx wiiluntsemdeyanaveglunandwosn

2.2.3.2 Timer Module
o = < v o @ . v W 4 (Y o
A1INNNTUUDITimer %$L1J1JGI’JH1J%1JL’JEH Timer w?amuu Counter %u@gnumﬁuu

[ < @ [ a @ J =) " v W
wana ndumsiudygravimanmoludi lulasaeu Insames 51250036250

o

v

o v a " v w &
1381 “Timer”  tagmIniumsdudyaiaun#nininniouenszi5end1d1i “Counter” ¥4
Y
Tuga Timer 10 PIC16FJ128GA010 fianua 5 Tugaamusauyen159i19119eTimeru
v & =] = ' y 74
gunuvesgiunmla 3 sUuuuluneuiivzvena 1B uR1g Timerl d9u Timer WOHUA

aunsafnu 1Faummay 14910 Datasheet PIC24FJ 128GA010
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1. M3l¥uluga Timerl
5 5 ] Y [ a
Timer] 11 Timer 31UOAWVY A VU1 16 Bit ansaldauiugunannin
a A o Y o YR A i 5 g
134130 Real-Time Clock lAuazausaiauldae 3 Mode fio 16-Bit Timer, 16-Bit

IS
Synchronous Counter 18% 16-Bit Asynchronous Counter uaglduaasuaon laozunsuns

WU YDITimer PIUONAUUY A Aag1

TCKPS<1:0>

. SOSCO/ y g >, TON 2|
1 THEK l ' - 3
: l\ N

; Gate — Prescaler

' ? 1 SOSCEN Sync J=1 01 1.8, 64, 256
s e ’_\‘ : W

\ sosct IX]__.: ;

' ' Tey ¢ S

Equal

a < o 5
3un 2.8 vdenlavsunsunisiinu TugaTimer 1

d o
2. 59A1MRIAIURNM I IUUDA Timerl

[~ A ! o
Lﬂuﬂmmmsmaz@ﬂm%amasﬁmuqumimNmmm Timer 31UOIANLUY A

A U &£ oo Jd o ' = o Gty Yo
139 Timerl ¥IUTATABT TICON ‘mqmaguazmmmaNmmﬁmﬁm% Bit Glﬁc]ulﬂﬂdgﬂ

RW-0 u-0 RAWV-0 U0 uU-0 U-0 U- U-0
ToN |[EEoa] il o= [ = = = T
bit 15 hit8
U-0 R/W-0 RIW-0 R/W-0 U-0 R/W-0 RAW-0 U-0
— TGATE TCKPSt TCKPSO — J TSYNC TCS -
bit 7 bit0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0"
-n = Value at POR 1’ = Bitis set ‘0" = Bitis cleared X = Bit is unknown

g‘ﬂﬁ 2.9 Timer! Control Register
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3. MIMUINANIANTUVDS Timer

. v
M3 150U Timer aziRedosfunsmuramnarlumsiiuusazn S1uea Timer N30

= (=1 4 { @ 1 a ' @ P=} 4
MSANATTIANADS TMRx NN 04U Timer 19U Timerl vua 590U S a0 s TMR ]

£
o %

i Y =1 = A = 4 @ =
nJumu HDNINUYIY 'J‘}ﬁﬁﬁif]‘l_lifﬂﬂamﬁli (Prescaler) HagAInMYise PLL (Phase Locked

d' d‘ EY w 5 Q’ a 1 @ 1 oszl Y Y 1 dy
LOOp) NAYIVDINY Timer LNULHY ﬁnﬂﬁﬂﬁ'lﬂTﬂ'lﬁumma%ﬂjﬂQﬁ]ﬁ?ﬂﬁNﬂWi@]ﬂ‘lﬂu
210 T = 1/f Jagf=Fosc/4
= 1/(Fosc/4)

T = 4/Fosc

4 oA ) ' A o) a1 am s a &
Iﬂﬂ(ﬂ T Ao Qﬂﬂumiummﬂzﬂi\Wiiam'iL‘WJJﬂTii]ﬁm@i TMRx Nagviug

A a a Salq Y
Fosc f® AUA00ASaA05N 19

A B Y o ' ) v o
Lll@uﬂ'li(l"])'@'gﬁ15“?]%5]'3@&!5:]1]@38%3ul@ﬁllﬂ’liﬂ\‘iu

T = (4 x Prescaler) / (Fosc x PLLx)

2.2.3.3 SPI Module

Y
%

4 1 J & .

Tugaiendogunsaionnsu (Serial Peripheral Interface) ¥30 SPI §iiiewae 2 Tuga

[~ A 1 4 a @ & Y & o N A
i lugaoudegnsainousnuuuzalasiia weldlumsFemsAugdnsaisegniony
d Y o 1 A ' o ] o A =
lulasaeuTnsiaosdrodu gy MseuANUNIIIANIIDENTBNLUVOYnTY l0F

a daa o o d @ [~ aa 4 1 zsysl
PWsvmand qnsaluaasa qunsalulasdyanueuiaeniiu@iaoa Tavglnselmaniiaos

amnsavhaudiuldiy spliazmsieuseniy SIOP (Simple Synchronous Serial /O Port)
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1. m3linuluga SPI

o v Aa J A . A I~
msmammaﬂu@,a SPI 9w@171833a1AD3 SPIXSR (x A9 1 "302) lagilu

=T o a Qall o "y Y [ @ dta o
TNIVTLADIVUIA 16 UA wﬂuﬂﬁsmm:miawaga WiE‘JiJf‘IU‘UWWlEJﬁ‘i%ﬁL@E]S SPIxBUF

Y

S < P ' @ '
(SPIxBuffer) Lﬂuﬁuﬁuamﬂiaﬂ%’am“luﬂmﬁu%'mgaszmwmismmzmsmi’f@ga Tag

ueaasaaina1vldauswAuSTamos SPIxTXB  uaz SPIkRXB  uazldiea g

< 0 1Y
vaen laezunsumsiham Tuga spr dagl

1:i1to 1:8 1:1/4/16/64
% Secondary Prmary [— Fcy

SSHFSYNCx A}

SPIx 7=
SDOX Shift Control PIXCON1<4:2
|8
i Enable

SDix

Prescaler Prescater

Sync Control Select
Control Clock Edge

SPIXCON1<1:0>

Master Clock

Transfer Transfer

Read SPixBUF v
P
W

Wite SPIxBUF

16

- Intemal Data Bus

= 4 o
3 210 vdenlavzunsumsiam Tuga el

Y o

1 4 4 (Y o y
nuaenslFauTuga s azldumesa 4 vilunsidouserugunsel dead]

L.

2.

SDIx (Serial data input) Widm5uSudayaoynsy
SDOx (Serial data output) Md M5 U 1¥oYABYNTY
SCKx (Shift clock input or output) MId MV Fya s n10YnTY
o | 4 o ~ a A o
SSx (Slave select) MM uLaangUnsalaan ¥iaunasisn o wieliu

o

a 4 o a Y]
IUNALDIANA aumpmwammucmimua
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I3 0
2. SanesnIugUMsIhanluga SPI

o va o o 1 a J
“lumimwuﬂﬂmaummsmdmmaﬂu@ﬁ SPI %zgﬂmﬁuﬂmu?ﬂmmai

SPIXCON (SPIx Control Register) HAZ@01HE MIN1UIZYNRIMUANIUS Ta1A03 SPIXSTAT

1 . v
(SPIs Status Register) HaaadBits #1997 198 MUAT01ME A15RIUVDIT 2 Register A3 1)

u-0 U0 U0 RW-0 RW-0 R/W-0 RAW-0 R/W-0
— — — DISSCK | DISSDO | MODE16 SMP cKeth

bit 15 hit 8

RW-0 RIW-0 RW-0 RIW-0 RIW-0 R/W-0 RW-0 RAW-0

SSEN CKP MSTEN SPRE2 SPRE1 SPREQ PPRE" PPRED
bit7 bito
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0"
-n = Value at POR ‘1= Bitis set ‘0" = Bitis cleared x = Bit is unknown

= N
g‘d‘ﬂ 2.11 SPIx Control Registerl

R/W-0 U-0 RW-0 U-0 U-g R-0 R-0 R-0

SPIEN - SPISIDL — — SP{BEC2 I™MBEGS] SPIBECG
bit 15 bit8

RIW-0 RIC-0 R/W-0 RIW-0 RW-0 RIW-0 R-0 R-0

SRMPT SPIROV SRXMPT SI6ELZ SISEL1 SISELD SPITBF SPIREF
bit7 bit 0
Legend: C = Clearable bit
R = Readable bit W= Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis sst ‘0’ = Bitis cleared X = Bitis unknown

gﬂﬁ 2.12 SPIx Status and Control Register

Tnuamsiaunigluluga sei lu Pic aunsafiszimualdnate Tnuada

1. Sudadeyavuin 8 uaz 16 Ua

P

3.

'3
Truaunanosiuaz aa

Tviyua SPI sy
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3. lnuams3uastoyanng 8 uas 16 i
mssudsdoyasuin 8 use 16 inlasarunuriiudin MODE6 (SPIXCON)
4. Tnuasnamesuazatan
msiauluTnuanmaesiazaan wdestinuannuduiutvesFy o
w1 luiia SPRE (SPIXCON <2:0>) tiaziisl PPRE (SPIXCON <1:0>) mssudadoyaszning
mamaﬂmzma%ﬂuﬁm CKE (SPI Clock Edge Select bit) tiag CKP (Clock Polarity Select bit)

& i ¢ v Y Y @
muyeuae Inumnmaesuazanvliuyldae 3 1du uaz 4 1du umasdagl

r=——gF g ———so-meaSAMN\ A e - - N

Serial Receive Buffer
{SPIXRXB)

Serial Receive Buffer
(SPIXRXB)

Shilt Register Soix

(SPIXSR)
S st

Senal Transnii Buffer
{SPIXTXB)

SOOx Shift Register
{SPIXSR)

iSb

i Clof
SPIX Butter SCKx ﬂa—“u SCKx

I
(SPIXBUF) !
1

vl

{(MSTEN (SP&XCON 15> = 1)) {SSEN (SPIXCON1<7>) = 1 and MSTEN (SFxCON1<5>) = )

Note 1: Using the SSXpm in the Stave mode of opesation is optionat.
2:  Usermustwrite ransmit data io read received data from SPXBUF. The SPIXTXB and SPIXRXB registers are memory
mapped 10 SPIXBUF.

d‘ A 1 @ o
31 2.13 madeudedyanaluTuuainanesuasaavian 3 s

[ o ASGCTNAIMR N A
: PROCESSOR 1 {SP! Enhanced Buffer Master) : : PROCESSOR 2 (SPI Enhanced Buffer Siave) :
| | 1 1
| SDCx I SDix Il
! | b} !
| 1 | 1
! Shift Register SOk " | S00x Shift Register ;
: (SPUSR) : : {SPiXSR) :
| | ! MSD 3 18b !
1 1 1 |
1 | 1 1
I 1 1 |
! ! 1 !
| 1 | |
| | 1 N '
1 | | I
1 | 1 i
1 ] | |
! I G I |

SPix Buffer Sesial Clock s SPIX Butfer
: = | B :
1 1 1 1
I S5x ! S5x 1
1 1 | I
1 1 1 [
b o S S e e S e e e R G i S e e e G
MSTEN (SPIXCON1<5> and SSEN {SPIXCON1<7>j = 1 and
SPIBEN (SPIXCON2<0») = 1 MSTEN (SPIXCON1<5>) = ¢ and
SPIBEN (SPIXCON2<0>) = 1
Note 1: Using the S$8x P in Siave mode of operation is optional.
2: User must wiite tansmit data to read received data from SPIXBUF, The SPIXTXB and SPIXRXB. registers ave memory
mapped 1o SPIXBUF.

v

= & 1 J
U 2.14 mswendedyaalu Tnuminawesiazaavluuy 4 me

[7e7]
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o @ o A o a a 1 o
gunsalaavueadinssmuannuddyaauninigegalunisaade’ld sy

a4 Y ° Y { a ¢ o 1 5
ﬂ'J‘l?JﬂLWE]‘lﬁtﬁlﬂgﬁilﬁ'liJ'liﬂﬂ]ﬁuﬂﬂ?ﬂﬂTﬂiﬁlﬂﬁlaﬂﬁﬂﬁiit!ﬁﬂuﬂl@ﬂ Primary tia e

[

Y
Secondary Tagfiuas 1 3qail

Fcy
FSCK =

Primary Prescaler * Secondary Prescaler

Note 1: Based on FCY = FOSC/2, Doze mode and PLL are disabled.

[

Tag FSCK : Add ayay10i11i%n101nTa SCK

=
Fcy : aug

[

WYIMUIAMHAN Fosc/4 150 1/4 Y0Idyanssu1iinInan
¥ ' =} o du =S Y dy
Primary Prescaler : fniSanames luTvuamnmaesaai 1 Tmaed 1:1,2:1,3:1,.... 8:1
U =t J ol VR AP dy
Secondary Prescaler : AT aunas 1y Tnuaindinosdf 2 Iadail 1:1, 4:1, 16:1, 64:1

M1 LAAIANUDVRIT YA IMUNRTAIBUATH SCKx

Secondary Prescaler Settings
FCy =16 MHz
1:1 2:1 4:1 6:1 8:1
Primary Prescaler Settings 1 invalid 8000 4000 2657 2000
41 4000 2000 1060 867 500
186:1 1000 500 250 167 125
64:1 250 125 63 42 31
Fcy = 5 MHz
Primary Prescaler Settings 1:1 5000 2500 1250 833 625
41 1250 625 313 208 156
186:1 313 156 73 52 33
64:1 78 39 20 13 10
Note 1: Based on FCY = FOSC!2, Doze mode and PLL are disabled.
2: SCKXx frequencies shown in kHz.

5. Tvina SPI tl53

TsTasmeaTnuanlsululuga spr azgalddimuaTuuansmauve sy
TnuamatneswseTnuamsuaiav aauaur1udian FRMEN (SPIXCON <14>) 1iaz<ia SPIFSD

4

4 ) o o [ a o
(SPIXCON <13>) ifloRIugumsinauvesnwesa ssx dmsumsadamlsuzalas ludiad

Winemq : wazideans 15 Tuga SPT Anuiu@n 147 Datasheet PIC24FI128GA010




2.2.3.4 UART Module

16

I‘JJ@.ZI UART %39 Universal Asynchronous Receiver Transmitter Wumsd 015y Y0

lugluuvezda ladauuuvlggmand (Full-Duplex) n1elu PIC24F1128GA010 11uQa UART

2 g o 1y Yy oy o a ° Iq v o
2 Iu@acﬁuﬂuﬂﬁﬁmﬁmyﬁ"lﬂW‘iEmﬂuﬁ’éJ\mﬁ‘V]N ﬁ']lﬂjﬂu1N1ﬂ5$QﬂﬁlsﬁQ1uﬂUﬂ1ﬁ

4 - J ] 1 @
L%manuqﬂﬂﬁmmﬂuaﬂmuComputer, RS-232, RS-485 uaz a1u15al¥a1usiviy

v
Hardware Flow Control TﬂEJﬂ’J‘lJﬂiJﬂTiﬁNiur}hu‘lﬂ UXCTS a2 UxRTS 524049 IrDA encoder

£ Y Y
Uz decoder WiDUMIARINUaNITAT0IdULDI Tuga UART i

1.

2.

Fueedoyauuy Full- Duplex
= wva ) 9 @ T ¥ [~ o = 9 = a
uRauansfmuadeyamsfuds hitnsduiwouiadeya 6 wie o a),
a Qdy J d' = a £ A =
Uan3a (4, 7, ), dangadoya (1 w3 2 Ta)
o v o =) o a
MHUAATI Baud Rate W3 ounulfSainaaas 16 n
@ Jdu 1 @
Hivilessvdadoya 4 53d

v ]
'Y

MrnuadnTsUdsteyalAfe 15 bps 89 IMbps 71 16 MIPS
a do | do 1Y

TR T ARV

1iTva Loop Back tifeasanaoudoya

a Y a Qdy Y 5 o @ Iy
HauasNaoUToHANMANER, wisudayauasmsdouimanilmeifoya

avvayumsiinuluTuua 9 9a woumsasesuneamse

Baud Rate Generator
—p IrDA® »-[<] BCLKx
B> Hardware Flow Contiol &[] UxRTS
X uxcTs
B UARTX Receiver | —{X] UxRx
B UARTx Transmitter -5 uxTx

371 2.15 UART Simplified Block Diagram



dTnnomanmia nasvouinfimnngsii

d o
1. 33mAeinrugumsmaduga UART

o wa o o ' a ot
1umsmﬁuﬂamﬁumﬂﬁmmummiuﬂa UART 229nfiMuariusiamnesy

° £ = ' = ° °
AIVANNITNINIY ﬁ@ UxMODE itig UxSTA a1eaag Bits ﬁ’lﬂ‘ﬁ’]i%ﬂ‘lﬁuﬂﬁﬂ”lug N1INWIU

v
UYDING 2 Register Av31)

RAW-0 u-0 RAW-0 /W-0 R/W-0 U-0 RW-0 RW-0
UARTEN — USIDL REN(D RTSMD — UEN1 | UENG
bit 15 bit &
RIW-0, HC R/W-0 RAW-Q, HC RW-0 R/W-0 RIW-0 RIW-0 RIW-0
WAKE LPBACK ABAUD RXINV BRGH PDSEL1 PDSELO STSEL
bit7 bit ¢
Legend: HC = Hardware Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0" = Bit is cleared X = Bit is unknown

317 2.16 UARTx Mode Register

RMW-0 R/W-0 RW-0 U-0 R/W-0, HC RW-0 R-0 R-1
UTXISEL1 TXINV UTXISELD — j UTXBRK UTXEN UTXBF ] TRMT
bit 15 bit8
RIW-0 RW-0 RW-0 R-1 R-0 R-0 RIC-0 R-0
URXISEL1| URXISELO ADDEN RIDLE PERR FERR OERR URXDA
bit 7 bito
Legend: C = Clearabte bit HC = Hardware Clearabls bit
R = Readable bit W = Writable hit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" =Bit is set ‘0" = Bit is cleared x = Bit is unknown

gﬂﬁ 2.17 UARTXx Status and Control Register

119219
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2. MIMUINNIAIIVLA (Baud Rate)

[ o @ @ 1 o
LﬂuﬂWﬁLlﬁﬂﬂq@lﬁﬂﬁﬂ1u')mE]Gl51U9@W§@Nﬁ3@ﬂ1\7ﬂ']5ﬂ’lu"]m

Baud Rate = - 5
16« (BRGx + 1)

Fcy
X= -1
PRt 16 * Baud Rate

IﬂEJ‘VI Fey = mundamy 1mu1Wﬂ11’iﬁﬂ‘ﬂﬁﬂ3€J4(FOSC/4)

153

Ex. Fosc =7.3728MHz, PLLx =4, Baud Rate = 9600 bps fT48411A1 BRG 1011 1 1mua

[

M5 3emos UxBRG 'l@aaii

Fcy = (Foscx PLLx) /4
= (7.3728MHz x 4)/ 4
= 7.3728MHz
Baud Rate = Fcy/[16 x (UxBRG + 1)]
9600 = 7.3728MHz/[16 x (UxBRG + 1)]
UxBRG = [7372800/ (16 x 9600)] — 1
— 47
Calc Baud Rate = 7372800/ (16(47 + 1))
= 9600

Error = (9600 — 9600) / 9600

Il

0%

WG 1 T002100AM 5 15911 Tuga UART AasuiianiyIaf Datasheet PIC24FI128GA010
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=S o
2.3 maeusunsunIunNn 15 IUTN MIWI
A M) ¢ vy 9 & ] g ¢
dehmseenuvutarassesanaasd laud duseuasuulumnadouuoTanNAa0
4 b4
Nennsaldau ldaudaaudi wdefiawtludiuvesns@ioulysunsy TagTassnuiiogi
a & =
530 T1U5un5uA187181% (C Programming) ¥4 1U50nas5uA1Flun1siliouniu@ae
@ 14 1
T15un53 MPLAB IDE ttag 149 €30 Compiler (Judinoulng wazludiuvesldsunsulu

Y
o = f-é 1 v l.v
{9 uaziin1g 19 MIWI P2P Wireless Protocol Stack B3518azdeasznan luiiivoda la

2.3.1 MIWI Connectivity Made Simple

mro f\\l—lp% E

| Rean s

Interchangeable Microchip RF Transceivers

"« 3

5171 2.18 MIWI DE

- - = 2
10317 28 MIwT DE iluaailaenssunisluvesFWMIWI (MRF24J40MA) &
meluailsenaudie 3 Layer fio Application Layer, Protocol Layer il RF Transceiver Layer
? 5 vy 5 33| o A o '
waznely Application Layer 921% MiApp 1TU@2@0e130Y Protocol Layer @aun1elu
Protocol Layer 92 AafH MIWI P2P iag MIWI Wireless Communication 11115 QQﬂL?EJﬂGl‘%}
U IS é =
a1 RF Transceiver Layer 921 MRF24J40, MRF49XA 11agMRF89XA G])'\‘igﬂliﬂﬂcl“lsfl
v A
Tae MiMAC 71 18nanuidedy dudwuduseunismivuanmsiiauvesiladdulundag

9
Layer 1109010 9FWMIWI (MRF24J40MA)



2.3.2 MIWI P2P Wireless Protocol Stack
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g A @ 1 a I z . I B
Auinswiuinluaeuiunes I Windows, Linux (110S (Operating System) 1u

o = [ P o
MUeUALIRY Stack AfSoviaiioniluos (Operating System) 1uluTasnouTnsamosdeiin

£ d‘ o 1 1 L oA I~{ 1 a o % = ~ 9
wummuaumsmam“lumuma%m MIWI mmmﬂummummuww Microchip N34

Stack 00NN NN 1291 17A 15 Feunsaldan1dazaindaiy der Stack MIWI 11§91

0 o J o 0 { R u .
awdoaimssmuailandunisianuiiesdunielulysunsuase Application Configuration

5 < o 1 A 2 = = 3
Favziiluimualuaau Application Layer @151/#1 2.8 MIWI DE &99z1i518azi08adunou

Y
dago 1l

e a 9 ° A
1. woimsla lUsunsy MIWI Stack 9£A99%11915189N VN Menu

Configure -> Select Device > PIC24FJ128GA010 -> OK

2. AULanani Header Files > Application -> ConfigApp.h Masdenldy

#define PROTOCOL P2P uag #define MRF24J40 1431/

LJ {3 Source Files
‘ . )-8 Application

§ J (3 common

-] Protocols

g J [ Transceivers
g L_] Header Files
: D [ Apphcatxon
..... . HardwareProﬁle h
fis SystemProfile.h

f':‘cs‘dzxzztﬁ:g‘xnéﬂnx’z!!xkr,
// PROTOCCL /P2P enable
[R RARE W R AR RO R R R R R

#define’ PROTOCOL P2P

,‘“P.?.’a‘r’:’ni'.z’ﬂx‘ﬁh*s!!ﬁx!‘x!R
// Definition of MRF24
£f MRE24340 2.4GHz IEE

J"HNH'!RRRRK%R’RRRR!HRHER

#define MRF24J740

511 2.19 ConfigApp.h
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@ ay a { o 4
3. auidanan? Header Files -> Application -> HardwareProfile.h 11113 nenlduoia

Explorer 16 734 #define EXPLORER16 wazdlans 14911 PICDEMZ tiag PIC18 EXPLORER

a5

U

Y 4
2214 file ana.hex 11 TsunsunsuululnsnouInames Tasdunounisiivuaniiosdun

=] Simple Example P2P - PIC2

BD Source Files

L:] Application
@i:} Common
E!Cl Protocals

: @E} Transceivers

ra[] Header Files

§ E;L:] Application
ConfigApp.h
HardwareProfile.
SystemProfile.h

Edlen o

BYTE ButtonPressed(void) ;
void BoardInit (void}:

woid LCDDisplay(char #, B]
woid LCDIRXCount (BYTE, BY]

//%define PICDEMZ
//#definesPIC18 EXPLORER
#define EXPLCRER1G

51/ 2.20 HardwareProfile.h

A o o Jd o o k4 9 Y 3 T A >
wetmssivueilatsunisinau ldaudesnisuaitunouse 1aen1s Compile A

o

D.

U dyd 3 1 3 o o T W $ 3
1&nanuiidludiuves Node 1 iazluduansuas liffininisfivuan1ny Node 2 #auao

v v [
seiouiui ldnan amudumeudiedu iesuaiionld MIWI Stack ¥99 Node 2 Liaziiio

mEeYrae 2 et ) D & v
GPRNING ﬂlu@ﬂuﬂ%g’zﬁ"uﬂﬁﬂﬁﬁw']um@yjahliﬁ’]ﬂﬁgﬂgiﬂawﬂﬂ MIWI GluLm‘]JWHjmhlﬂ
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UNN 3

MIMUIMAZNTAI

Y

J o 1 ' f Y
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Input Configuration:
Button 1: Il[)6 on Explorer 16
on PICOEW 2

mm on'PICIS Explarer J 1 \ i
BuNnn 2: RDT on Explorer 16 3 - S 4
RB& on
RAS on PIClE Explorer
- Output Configuration:

T

5232
: USB on PIcla [xnlurcr und Explorer 16
LED 1: D18 on Explorer 16 -
# RNO ‘on PICOEM 2 3
08 on PIC18 Explorer
~LED 2: D9 on Explorer 16 c
RAL on PICOEM Z
. ; D7 on PIC18 Explorer
RE Transceiver: MREZ4J40

Instruction:
" Power-on the board nnhl LED 1 lights up
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» be (wuled upon receiving messages.

Connection PeerlongAddress Peerlnfo :

Lo 122336465566 1702
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Heceived Packet Broadcost with RSSl 9% frol umsusmr

Received Packet Broade.

Recaived Packet Broadcast with RSSI 1

flocoived Packet Braadcast with RSST 70 fron 1122006455667701:
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u

® Nodel

HEADERS

#include "Common\Console.h"

#include "Transceivers\Transceivers.h"

#include "Common\SymbolTime.h"

#include "WirelessProtocols\MCHP _APLh"

#include "Common\LCDBIlocking.h"

VARIABLES----

#define LIGHT 0x01

#define SWITCH 0x02
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// AdditionalNodeID variable array defines the additional

// information to identify a device on a PAN. This array

// will be transmitted when initiate the connection between

// the two devices. This variable array will be stored in

// the Connection Entry structure of the partner device. The

// size of this array is ADDITIONAL NODE ID SIZE, defined in

// ConfigApp.h.

// In this demo, this variable array is set to be empty.

#if ADDITIONAL NODE ID SIZE> 0

BYTE AdditionalNodeID[ADDITIONAL NODE ID SIZE] = {SWITCH};

#tendif

/ The variable myChannel defines the channel that the P2P connection

// is operate on. This variable will be only effective if energy scan

// (ENABLE_ED_SCAN) is not turned on. Once the energy scan is turned

/l on, the operating channel will be one of the channels available with

/I least amount of energy (or noise).
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BYTE myChannel = 25;

extern WORD_VAL myNetworkAddress;

Enable ADC 10 Bit

void InitADC(void)

ADIPCFG = OxFFEF; // all PORTB = Digital; RB4 = analog

ADICONI = 0x00EQ; // SSRC<2:0> = 111 implies internal counter ends sampling

/I and starts converting.

ADICHS = 0x0004; // Connect AN4 as S/H input.

// in this example AN12 is the input

ADICSSL =0;

AD1CON3 = 0x1F02; // Sample time = 31Tad, Tad = 3Tey

ADICON2 = 0;

ADICONI1bits. ADON = [; //turn ADC ON
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MAIN

int main(void)

BYTE i

BYTE TxNum = 0;

BYTE RxNum = 0;

// Initialize the system

BoardInit();

Consolelnit();

LED 1=0;

LED 2=0;

/l Following block display demo information on LCD of Explore 16 or

// PIC18 Explorer demo board.

#if defined(MRF49XA)

LCDDisplay((char *)"Simple P2P Demo MRF49XA Node 2",0, TRUE);

bl

#elif defined(MRF24J40)

LCDDisplay((char *)"Simple P2P Demo MRF24J40 Node 2", 0, TRUE);

#endif

// Tnitialize Microchip proprietary protocol. Which protocol to use



// depends on the configuration in ConfigApp.h

MiApp_Protocollnit();

#if defined(PICDEMZ) || defined(PIC18 EXPLORER)

INTCONDits.GIEH = 1;

#elif defined(EXPLORER16)

#else

#error "Unknown board. Please initialize board as required."

#endif

Printf(*\r\nStarting Node 2 of Simple for MiWi(TM) P2P Stack ...");

Printf("\r\nInput Configuration:");

Printf("\r\n Button 1: RD6 on Explorer 16");
Printf("\r\n RB5 on PICDEM Z");
Printf("\r\n RBO on PIC18 Explorer");
Printf("\r\n Button 2: RD7 on Explorer 16");
Printf("\r\n RB4 on PICDEM Z");
Printf("\r\n RAS on PIC18 Explorer");

Printf("\r\nOutput Configuration:");

Printf("\r\n RS232 port");
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Printf("\r\n USB on PIC18 Explorer and Explorer 16");
Printf("\r\n LED I: D10 on Explorer 16");

Printf("\r\n RAO on PICDEM Z");

Printf("\r\n D8 on PIC18 Explorer");

Printf("\r\n LED 2: D9 on Explorer 16");

Printf("\r\n RA1on PICDEM Z");

Printf("\r\n D7 on PIC18 Explorer");

#if defined(MRF24J40)

Printf("\r\n  RF Transceiver: MRF24J40");

#elif defined(MRF49XA)

Printf("\t\n  RF Transceiver: MRF49XA");

#endif

Printf("\r\n Instruction:");

Printf("\r\n

Printf("\r\n

Printf("\r\n

Printf("\r\n

Printf("\r\n

Printf("\r\n\r\n");

Power on the board until LED 1 lights up");
to indicate connecting with peer. Push");
Button 1 to broadcast message. Push Button");

2 to unicast encrypted message. LED 2 will");

be toggled upon receiving messages. ");
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/I Set default channel

ift MiApp_SetChannel(myChannel) == FALSE )

Printf("\r\nSelection of channel ");

PrintDec(myChannel);

Printf(" is not supported in current condition.\r\n");

#if defined(_18CXX)

return;

ftelse

return O;

#endif

// Function MiApp ConnectionMode defines the connection mode. The

/I possible connection modes are:

// ENABLE_ALL CONN: Enable all kinds of connection

//' ENABLE _PREV_CONN: Only allow connection already exists in

/I Connection table

/I ENABL_ACTIVE_SCAN_RSP: Allow response to Active scan

//'DISABLE ALL CONN: Disable all connections.
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MiApp_ConnectionMode(ENABLE_ALL_ CONN);

// Display current opertion on LCD of demo board, if applicable
LCDDisplay((char *)"Connecting Peer on Channel %d", myChannel, FALSE);
/I Function MiApp_EstablishConnection try to establish a new connection

/I with peer device.

// The first parameter is the index to the active scan result, which is

/' acquired by discovery process (active scan). If the value of the

/l'index is OxFF, try to establish a connection with any peer.

// The second parameter is the mode to establish connection, either direct

/I or indirect. Direct mode means connection within the radio range;

/I Indirect mode means connection may or may not in the radio range.

#ifdef ENABLE HAND SHAKE

while( (i = MiApp_EstablishConnection(0OxFF, CONN_MODE DIRECT)) == 0xFF );
#endif

// Display current opertion on LCD of demo board, if applicable
LCDDisplay((char *)" Connected Peer on Channel %d", myChannel, TRUE);
// Function DumpConnection is used to print out the content of the

// P2P Connection Entry on the hyperterminal. It may be useful in

/I the debugging phase.
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// The only parameter of this function is the index of the P2P
// Connection Entry. The value of 0xFF means to print out all
1 vaiid P2P Connection Entry; otherwise, the P2P Connection Entry
/1 of the input index will be printed out.
#ifdef ENABLE DUMP
DumpConnection(i);
#endif
// Turn on LED 1 to indicate P2P connection established
LED 1=1;
// Following block display demo instructions on LCD based on the
/I demo board used.
#if defined(EXPLORER16)
LCDDisplay((char *)"RD6: Broadcast RD7: Unicast", 0, FALSE);
#elif defined(PIC18 _EXPLORER)
LCDDisplay((char *)"RBO: Broadcast RAS: Unicast", 0, FALSE);

#endif

while(1)

WORD VAL ADCValue;
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int i;

unsigned char ADC[2];
static 'char buf[15];
float T, VoltageOut;
static char state = 1;
TICK myt, mytl, myt2;

ifl MiApp_MessageAvailable() )

{

/l Toggle LED2 to indicate receiving a packet.
LED 2= 1;

MiApp_DiscardMessage();
LCDTRXCount(TxNum, ++RxNum);

h

else

{

BYTE PressedButton = ButtonPressed():

switch(state)

case 1:
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if(PressedButton == 1)

{
state = 2;
mytl = TickGet();
MiApp WriteData("a");
H
break;

case 2:

myt2 = TickGet();

myt.Val = TickGetDiff{myt2, myt1);

if(myt. Val > HUNDRED_MILI SECOND)

mytl.Val = myt2.Val,

MiApp FlushTx();

ADICONI1bits.SAMP = 1; // start sampling...

ADICONI1bits. SAMP = 0; // start converting

while(!AD1CON1bits. DONE){}: // conversion done?



break;

default;

break;

ADCValue.Val = ADC1BUF0;

sprintf(buf,"\r%d\n",ADCValue.Val);

ConsolePutROMString(buf);

MiApp_WriteData(ADCValue.byte.LB);

MiApp_WriteData(ADCValue.byte. HB);

MiApp_BroadcastPacket(FALSE):

LCDTRXCount(++TxNum, RxNum);
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#include "Common\Console.h"

#include "Transceivers\Transceivers.h"

#include "Common\SymbolTime.h"

#include "WirelessProtocols\MCHP_APIh"

#include "Common\LCDBlocking.h"

VARIABLES

#define LIGHT 0x01

#define SWITCH 0x02

/I AdditionalNodeID variable array defines the additional

// information to identify a device on a PAN. This array

// will be transmitted when initiate the connection between

/l the two devices. This variable array will be stored in

// the Connection Entry structure of the partner device. The

// size of this array is ADDITIONAL NODE ID SIZE, defined in

// ConfigApp.h.
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// In this demo, this variable array is set to be empty.

#if ADDITIONAL NODE _ID SIZE> 0

BYTE AdditionalNodeID[ADDITIONAL NODE ID SIZE] = {SWITCH};

#endif

/ The variable myChannel defines the channel that the P2P connection

/l'is operate on. This variable will be only effective if energy scan

/I (ENABLE_ED_SCAN) is not turned on. Once the energy scan is turned

// on, the operating channel will be one of the channels available with

/I least amount of energy (or noise).

BYTE myChannel = 25;

M A TN === e e

int main(void)

BYTE j;

BYTE TxNum = 0;

BYTE RxNum = 0;



// Initialize the system
BoardInit();
Consolelnit();
LED 1=0;
LED 2=0;
// Following block display demo information on LCD of Explore 16 or
// PIC18 Explorer demo board.
#if defined(MRF49XA)
LCDDisplay((char *)"Simple P2P Demo MRF49XA Node 2", 0, TRUE);
#elif defined(MRF24740)
LCDDisplay((char *)"Simple P2P Demo MRF24J40 Node 2", 0, TRUE);
#endif
// Initialize Microchip proprietary protocol. Which protocol to use
// depends on the configuration in ConfigApp.h
MiApp_Protocollnit();
#if defined(PICDEMZ) || defined(PIC18_EXPLORER)
INTCONDits.GIEH = 1;

#elif defined(EXPLORER16)

felse
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#error "Unknown board. Please initialize board as required."

#endif

Printf("\r\nStarting Node 2 of Simple for MiWi(TM) P2P Stack ..."):

Printf("\r\nlnput Configuration:");

Printf("\r\n Button 1: RD6 on Explorer 16");
Printf("\r\n RB5 on PICDEM Z");
Printf("\r\n RBO on PIC18 Explorer");

Printf("\r\n Button 2: RD7 on Explorer 16");

Printf("\r\n RB4 on PICDEM Z");

Printf("\r\n RAS5 on PIC18 Explorer");

Printf("\r\nOutput Configuration:");

Printf("\r\n RS232 port");

Printf("\r\n USB on PIC18 Explorer and Explorer 16");
Printf("\r\n LED I: D10 on Explorer 16");

Printf("\r\n RAO on PICDEM Z");

Printf("\r\n D8 on PIC18 Explorer");

Printf("\r\n LED 2: D9 on Explorer 16");

Printf("\r\n RAT1 on PICDEM Z");



Printf("\r\n D7 on PIC18 Explorer");

#if defined(MRF24J40)

Printf("\r\n  RF Transceiver: MRF24J40");

#elif defined(MRF49XA)

Printf("\r\n ~ RF Transceiver: MRF49XA");

#endif

Printf("\r\n Instruction:");

Printf("\r\n Power on the board until LED 1 lights up");
Printf("\r\n to indicate connecting with peer. Push");
Printf("\r\n Button 1 to broadcast message. Push Button");
Printf("\r\n 2 to unicast encrypted message. LED 2 will");
Printf("\r\n be toggled upon receiving messages. ");

Printf("\r\n\r\n");

/I Set default channel

ift MiApp_SetChannel(myChannel) == FALSE )

Printf("\r\nSelection of channel ");

PrintDec(myChannel);

Printf(" is not supported in current condition.\r\n");
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#if defined(_ 18CXX)

return;

#else

return O;

#endif

// Function MiApp_ConnectionMode defines the connection mode. The

// possible connection modes are:

// ENABLE ALL_CONN:  Enable all kinds of connection

//' ENABLE_PREV_CONN: Only allow connection already exists in

/" Connection table

//' ENABL_ACTIVE_SCAN_RSP: Allow response to Active scan

// DISABLE_ALL CONN: Disable all connections.
MiApp_ConnectionMode(ENABLE ALL CONN);

// Display current opertion on LCD of demo board, if applicable
LCDDisplay((char *)"Connecting Peer on Channel %d", myChannel, FALSE);
// Function MiApp_EstablishConnection try to establish a new connection

/' with peer device.

// The first parameter is the index to the active scan result, which is
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// acquired by discovery process (active scan). If the value of the
// index is OXFF, try to establish a connection with any peer.
// The second parameter is the mode to establish connection, either direct
// or indirect. Direct mode means connection within the radio range;
//" Indirect mode means connection may or may not in the radio range.
while( (i = MiApp_EstablishConnection(0xFF, CONN.MODE DIRECT)) == 0xFF );
// Display current opertion on LCD of demo board, if applicable
LCDDisplay((char *)" Connected Peer on Channel %d", myChannel, TRUE);
// Function DumpConnection is used to print out the content of the
// P2P Connection Entry on the hyperterminal. It may be useful in
// the debugging phase.
// The only parameter of this function is the index of the P2P
// Connection Entry. The value of OxFF means to print out all
// valid P2P Connection Entry; otherwise, the P2P Connection Entry
// of the input index will be printed out.
#ifdef ENABLE DUMP
DumpConnection(i);

#endif

//'Turn on LED 1 to indicate P2P connection established



LED 1=1;
// Following block display demo instructions on LCD based on the
/ demo board used.
#if defined(EXPLORER16)

LCDDisplay((char *)"RD6: Broadcast RD7: Unicast", 0, FALSE);
#elif defined(PIC18 EXPLORER)

LCDDisplay((char *)"RBO: Broadcast RAS5: Unicast", 0, FALSE);
#endif

while(1)

WORD_VAL ReceiveData;
float VoltageOut, T;

int test;

char buf15];

static char bufs[15];

iflt MiApp MessageAvailable() )

ReceiveData.byte.LB = rxMessage.Payload[0]

3

ReceiveData.byte. HB = rxMessage.Payload[1]:



VoltageOut = (3.3/1024.0)*ReceiveData. Val;
T =(VoltageOut - 0.5)/0.01;
sprintf(bufs,"\r%.4f\n",T);

ConsolePutROMString(bufs);

// Toggle LED?2 to indicate receiving a packet.

LED 2 /= I;

MiApp_DiscardMessage();

LCDTRXCount(TxNum, ++RxNum);
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MicRoCHIP

MRF24J40MA

2.4 GHz IEEE Std. 802.15.4™ RF Transceiver Module

Features:

- Supports ZigBee®, MiWi ™, MiWi™ P2P and
Proprietary Wireless Networking Protocols
Smali Size: 0.7" x 1.1" (17.8 mm x 27.9 mm),
Surface Mountabie

integrated Crystal, Internat Voltage Regulatar,
Matching Circuitry and PCB Antenna

Easy integration into Final Product — Minimize
Product Development, Quicker Time to Market
Radio Regulation Certification for United States
(FCC), Canada (IC) and Europe (ETSI)
Compatible with Microchip Microcontroller
Families (PIC16F, PIC18F, PIC24F/H, dsPIC33
and PIC32)

Up to 400 ft. Range

Operationatl:

- 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: 19 mA (typical)
- TX mode: 23 mA (typical)
- Sleep: 2 pA (typical)

FIGURE 1: PIN DIAGRAM

{EEE Std. 802.15.4™ Compliant RF Transceiver

RF/Analog Features:

+ ISM Band 2.405-2.48 GHz Operation
+ Data Rate: 250 kbps

-94 d8m Typical Sensitivity with +5 dBm
Maximum Input Level

+0 dBm Typical Output Power with

36 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 I/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 alt CCA modes and RSS/LQI
Automatic Packel Retransmit Capable
Hardware Securily Engine (AES-128) with CTR,
CCM and CBC-MAC modes

Supporis Encryption and Decryption for MAC
Sublayer and Upper Layer

GND
RESET
WAKE
INT
SDI
SCK

DG BN -

12 GND
10 Vin

€ 2008 Microchip Technology Inc.

DS703298-page 1
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MRF24J40MA

1.0 DEVICE OVERVIEW

The MRF24J40MA is a 2.4 GHz IEEE Sid. 802.15.4™
compliant, surface mount module with integrated
crystal, internal vollage regulator, matching circuitry
and PCB antenna. The MRF24J40MA module oper-
ates in the non-licensed 2.4 GHz frequency band and
is FCC., IC and ETSI compliant. The integrated module
design frees the integrator from extensive RF and
antenna design, and regulatory compliance testing,
allowing quicker time to market.

The MRF24J40MA module is compatible with
Microchip's ZigBee®, MiWI™ and MiWi 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 MRF24J40MA 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

MRF24J40MA module inside a finished product and
not require regulatory testing for an intentional radiator
(RF transmitter). See Section3.0 “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
MRF24J40MA module. The module is based on the
Microchip Technology MRF24440 IEEE 802.154™
2.4 GHz RF Transceiver IC. The module interfaces to
many popular Microchip PIC® microcontroliers via a
4-wire serial SP! interface, interrupt, wake, Reset,
power and ground, as shown in Figure 1-2. Table 1-1
provides the pin descriptions.

Data communications with the MRF24J40MA module
are documented in the "MRF24J40 IEEE 802.15.47
2.4 GHz RF Transceiver Data Sheet*(DS397786). Refer
to the MRF24J40 Data Sheet for specific serial
interface protocol and register definitions.

FIGURE 1-1: MRF24J40MA BLOCK DIAGRAM
MRF24J40MA IEEE Std. 802.15.4™ Module
MRF24J40
i /\’:“ Digital
nterface spx.> o
PCB | | Matching Physical MAC
Antenna Circuitry

Power e Power
Management 7

i 20 MHz
Crystal

@ 2008 Microchip Technology {nc.

DS703298-page 3
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MRF24J40MA

TABLE 1-1: PIN DESCRIPTION
Pin Symbol Type Description
1 GND Power |Ground
2 RESET o] Global hardware Reset pin
3 WAKE DI External wake-up trigger
4 INT DO Interrupt pin to microcontrolier
5 SDI Dl Serial interface data input
6 SCK Dl Serial interface clock
7 SDO DO Serial interface data output from MRF24440
8 cs DI Serial interface enable
9 NC —_ No connection (atiow pin to float; do not connect signal)
10 ViN Power |Power supply
11 GND Ground |Ground
12 GND Ground |Ground

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

FIGURE 1-2:

MICROCONTROLLER TO MRF24J40MA INTERFACE

PIC® MCU MRF24J40MA

o - CS

SDO » SDI

SDI gt SDO

SCK > Vin

SCK 5

GND

INTx e INT -

1o B WAKE

o »  RESET

DS703298-page 4

& 2008 Microchip Technology inc.
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MICROCHIP PIC24FJ128GA010 FAMILY

64/80/100-Pin General Purpose, 16-Bit Flash Microcontrollers

High-Performance CPU:

Modified Harvard Architecture

Up to 16 MIPS Operation @ 32 MHz

8 MHz Internal Oscillator with 4x PLL Option and

Muttiple Divide Options

17-Bitx 17-Bit Single-Cycle Hardware

Muitiptier

32-Bit by 16-Bit Hardware Divider

16 x 16-Bit Working Register Array

C Compiler Optimized Instruction Set Architecture:
- 76 base instructions

- Flexible addressing modes

Two Address Generation Units for Separate Read
and Write Addressing of Data Memory

.

Special Microcontroller Features:

Operating Voltage Range of 2.0V to 3.6V

Flash Program Memory:

- 1000 erasefwrite cycles

- 20-year data retention minimum

Self-Reprogrammable under Software Control

Selectable Power Management modes:

- Sleep, ldie and Alternate Clock modes

Fail-Safe Clock Monitor Operation:

- Detects clock failure and switches to on-chip,
low-power RC oscillator

On-Chip 2.5V Regulator

JTAG Boundary Scan and Programming Support

Power-on Reset (POR), Power-up Timer (PWRT)

and Oscillator Start-up Timer (OST)

Flexible Watchdog Timer (WDT) with On-Chip,

Low-Power RC Oscillator for Reliable Operation

In-Circuit Serfal Programming™ (ICSP™) and

In-Circuit Emulation (ICE) via 2 Pins

.

.

.

.

.

Analog Features:

« 10-Bit, Up to 18-Channel Analog-to-Digital Converter
- 500 ksps conversion rate
- Conversion avaitable during Sieep and ldle

+ Duat Analog Comparators with Programmable
Input/Output Configuration

Peripheral Features:

Two 3-Wire/d-Wire SP1 modules, Supporting

4 Frame modes with 8-Level FIFO Buffer

Two 12C™ modules Support Muiti-Master/Slave
mode and 7-Bit/10-Bit Addressing

Two UART modules:

- Supports RS-232, RS-485 and LIN 1.2 "
- On-chip hardware encoder/decoder for fDA®
Auto-wake-up on Start bit

- Auto-Baud Detect

- 4-level FIFO buffer

Pacalle! Master Slave Port (PMP/PSP):

- Supports 8-bit or 16-bit data

- Supports 16 address lines

Hardware Real-Time Clock/Calendar (RTCC):

- Provides ciock, calendar and alarm functions
Programmable Cyclic Redundancy Check (CRC)
- User-programmable polynomial

- 8/16-level FIFO buffer

Five 16-8it Timers/Counters with Programmable
Prescaler

Five 16-8it Capture Inputs

Five 16-8it Compare/PWM Outputs
High-Current Sink/Source (18 mA/18 mA} on All
11O Pins

Configurable, Open-Drain Output on Digital VO Pins
Up to 5 External Interrupt Sources

5.5V Tolerant lnput (digital pins only)

.

58

o 2

Program | coam | Timers | 5 3 §§ v 3 tonn | B é ]
i 2 ™ &

Device Pins h(n;;r:::)y Bytes) 16-Bit § g § § < SPi 1“c AID (ch) g % E

o Q
PIC24F J64GADOS 64 64K 8K 5 5 5 2 2 2. 16 2 X Y
PIC24FJ96GACOE 84 96K 8K 5 5 5. 2 2 2 16 2 Y Y
PIC24FJ128GAD06 64 128K 8K 5 5 5 2 2 2 16 2 X Y,
PIC24FJ64GAD08 80 64K 8K 5 5 5 2 2 2 16 2 Y. Y.
PIC24FJ36GAGO8 80 96K 8K S 5 5 2 2 2 16 2 Y, Y
PIC24FJ128GA008 80 128K 8K S 5 5 2 2 2 16 2 Y Y.
PIC24FJ64GA010 100 64K 8K 5 5 9. 2 2 2 16 2 Y, Y
PIC24FJ96GA010 100 96K 8K 5 5 5 2 2 2 16 2 2Y; X
PIC24FJ128GA010 100 128K 8K 5 5 5 2 2 2 16 2 Y Y

& 2007 Microchip Technology fnc. Preliminary DS39747D-page 1



PIC24FJ128GA010 FAMILY

Pin Diagrams (Continued))

100-Pin TQFP
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PIC24FJ128GA010 FAMILY

FIGURE 1-1: PIC24F J128GA010 FAMILY GENERAL BLOCK DIAGRAM
taterrupt | Data Bus
Controtier [N '\ ry PORTAM
16 mw- RAQ:RAT,
RAS:RA1Q,
A 4 3 18 ° v RA14:15
X P8V & Table Data Latch
{ Data Access v W
i Controt Block {PCH] PcL__ | Data RAM -
i . 23 PORTEM
Program Cou; (_?r TV
Coatrof botch ’ RBO:RB1S
A
15
e\ 18 ¥16
Address tatch Read PORTC
Write
Program Memory & & RC1:RCH,
RC12:RC1S
Data Latch
Address Bus L / EAMUX \ ,TOR}_D_‘;]_
% 2 %4 b -
= é R T RDO:RD1S
K]
Yoot S B £
2
3 - “Cormel) |
instuction { > m&
b
Decode & REORES
Contcot : V Y

; { Dwido 1 |
{ Controf Signats i Support § 16 x 16

W Reg Ar M
s TAUD 7= AN/ i setell Y
0SC2/CLKO | Timing Power-up Muttiphes PORTEM
osci/cLKt | Generation [P Timer
Kt Oscillator REgIRFS,
5 FRCILPRC Start-u Timed RF12:RF13
ORgita Power-on
Reset
Precision
Band Gap [—p»{ | Watchdog PORTGH
Reference Timer

ENVREG o BroWhair RGORGY,
Regulatar Resel@ RGA2RG1S
: M N

VDDCORE/VCAP Voo,vss MCLR

Timert Timer2i3. Timer4/5 RTCC 1/\0(:2( Comparalors
A L A A A A
> PMPRSP
v v v v v v
1c1-5 Al cn 1220 SPi1/2 12C12 UART 12
0C1t-5

Note 1: Notall pins or features are implemented on ak device pinout contigurations. See Table $-2 for O port pin descriptions.
2:  BOR functionality is provided when the on-board voltage regulator is enabled.
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PIC24FJ128GA010 FAMILY

TABLE 1-2: PIC24FJ128GA010 FAMILY PINOUT DESCRIPTIONS
Function ditdiey o laput Description
64-Pin 80-Pin | 100-Pin Buffey

ANO 16 20 25 1 ANA A/D Analog Inputs.

AN1 15 19 24 i ANA

AN2 14 18 23 1 ANA

AN3 13 17 22 1 ANA

AN4 12 16 2% 1 ANA

ANS 1" 15 20 i ANA

ANG6 17 21 26 1 ANA

AN7 18 22 7 1 ANA

ANS 21 2l 32 { ANA

ANS 22 28 33 i ANA

AN10 23 29 34 ] ANA

AN11 24 30 35 i ANA

AN12 27 33 41 1 ANA

AN13 28 34 42 f ANA

AN14 29 35 43 t ANA

AN1S 30 36 44 i ANA

AVop 19 25 30 P - Positive Supply for Analog Modulaes.
AVss 20 26 31 P — Ground Reference for Anatog Modules.
BCLK1 35 38 48 (e} = UART1 irDA® Baud Glock.
B8CLK2 29 35 39 (e] i UART2 DA% Baud Clock.
C1{iN- 12 16 21 { ANA Comparator T Negative input.
C1iIN+ 1 15 20 i ANA Comparator 1 Positive Input.
C1ouUT 21 27 32 o —_ Comparator 1 Output.

C2iN- 14 18 23 1 ANA Comparator 2 Negative input.
C2iIN+ 13 17 22 1 ANA Comparator 2 Positive input.
Cc20UT 22 28 33 (o] — Comparator 2 Output.

CLKI 39 49 63 1 ANA Main Clock Input Connaction.
CLKO 40 50 64 o - System Clock Output.

CNo 48 60 74 1 ST Interrupt-on-Change Inputs.

CN1 47 59 73 1 ST

CN2 16 20 25 | ST

CN3 15 18 24 i ST

CN4 14 18 23 1 ST

CNS 13 17 22 i ST

CN6 12 16 21 i ST

CN7 1 15 20 1 ST

CN8 4 6 10 1 ST

CN9 5 7 11 1 ST

CN10 6 8 12 1 ST

CN11 8 10 14 i ST

CN12 30 36 44 1 ST

CN13 52 66 81 1 ST

CN14 53 67 82 1 ST

CN15 54 68 83 l ST

CN16 55 69 84 | ST

CN17 31 39 49 1 ST

Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level inputioutput 1’Cc™ = *C/SMBus input buffer
@ 2007 Microchip Technology inc. Preliminary D$39747D-page 11
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PIC24FJ128GA010 FAMILY

TABLE 1-2:  PIC24FJ128GA010 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Functi Sl ihe o Input Description
64-Pin | 80-Pin | 100-Pin Buffer
CN18 32 40 50 i ST interrupt-on-Change Inputs.
CN1g —_ 65 80 i ST
CN20 _ 37 47 1 ST
CN21 — 38 48 i ST
CVReF 23 29 34 (¢] ANA  { Comparator Voitags Reference Oulput.
EMUCH 15 19 24 el ST In-Gircuit Emulator Clock lnput/Output.
EMUD1 16 20 25 1o ST In-Circuit Emutator Data Input/Output.
EMuUC2 17 21 26 1o ST tn-Circuit Emulator Clock Input/Output.
EMUD2 18 22 27 {/{e] ST In-Circuit Emulfator Data input/Output.
ENVREG 57 71 86 i ST Enable for On-Chip Voltage Regulator.
{C1 42 54 €8 { ST Input Capture Inputs.
ic2 43 55 69 i ST
iC3 44 56 70 i ST
iC4 45 57 71 i ST
iC5 52 64 o 1 ST
INTO 35 45 55 i 8T External interrupt inputs.
INT1 42 13 18 1 ST
INT2 43 14 19 i ST
INT3 44 52 66 1 ST
INT4 45 53 67 i ST
MCLR 7 9 13 i ST Master Clear (Device Reset) input. This fine is brought
low to cause a Reset.
OCt 46 58 72 (o} — Qutput Compare/PWM Outputs.
ocC2 49 &1 796 O >
0cC3 50 62 77 (e} -—
oc4 51 63 78 [e] —
0OCs 52 66 81 (o] (i
OCFA 17 21 26 { ST Ouiput Compare Fault A Input.
OoCF8 30 36 44 i ST Output Compare Fault B Input.
0sC1 39 49 63 1 ANA Main Oscilfator Input Connection.
0SscC2 40 50 64 (¢] ANA Main Oscillator Output Connection.
PGC1 15 g9 24 o ST In-Circuit Debugger and ICSP ™ Programming Clock.
PGD1 16 20 25 110 ST In-Circuit Debugger and ICSP Programming Data.
PGC2 17 21 26 [fe] ST In-Circuit Debuggar and ICSP ™ Programming Clock.
PGD2 18 22 27 Ho i ST tn-Circuit Debugger and ICSP Programming Data.
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog fevel inputioutput 12C™ = 2C/SMBus input buffer
DS39747D-page 12 Preliminary © 2007 Microchip Technology Inc.
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PIC24FJ128GA010 FAMILY

TABLE 1-2: PIC24FJ128GA010 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Function oyt Vo input Description
64-Pin | 80-Pin | 100-Pin Buffar
PMAO 30 36 44 ife] ST!TTL |Paraliol Master Port Address Bit 0 Input (Buffered Slave
modes) and Ouiput (Master modes).
PMA1 29 35 43 e} ST/TTL | Parallel Master Port Address Bit 1 Input (Buffered Slave
modes) and Output (Master modes).
PMA2 8 10 14 [¢] — Parallel Master Port Address (Demultiplexed Master
PMA3 6 12 0 —  |modaSp
PMA4 5 /4 11 [¢] F o
PMAS 4 [ 10 o -
PMAG 16 24 29 Q s
PMA7 22 23 28 o =
PMAS 32 40 50 (e} —
PMAQ 31 39 49 ] —
PMA10 28 34 42 o} —
PMA11 27 33 41 (s} —
PMA12 24 30 35 Q —
PMA13 23 29 34 O +
PMBE 51 63 78 (] = Paraliel Master Port Byte Enable Strobe.
PMCS1 45 §7 71 ifo] ST/TTL |Paraliel Master Port Chip Select 1 Strobe/Address bit 14.
PMCS2 44 56 70 (o] — Paraliel Master Port Chip Select 2 Strobe/Address bit 15.
PMDO 0 76 93 {0 SY/TTL |Parallel Master Port Data (Demultiplexed Master mode)
PMD1 51 77 a4 o) ST/TTL |Or Address/Data (Multiplexed Master modes).
PMD2 62 78 98 {0 ST/TTL
PMD3 63 79 99 jiie] STATL
PMD4 64 80 100 jf{e] STITTL
PMDS5 1 1 3 jie] STITTL
PMD6 2 2 4 o] ST/TTL
PMD7 3 3 5 0 ST/TTL
PMRD 53 67 82 {10 ST/TTL {Pacallel Master Port Read Strobe.
PMWR 52 66 81 tlie] ST/TTL | Paraltel Master Port Write Strobe.
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output 2C™ = [2CiSMBus input buffor
@ 2007 Microchip Technalogy Inc. Preliminary DS39747D-page 13
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PIC24FJ128GA010 FAMILY

TABLE 1-2: PiC24FJ128GA010 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
F i e o Input Description
64-Pin 80-Pin | 100-Pin Butler
RAQ 2 e 17 1o ST | PORTA Digital 0.
RA1 = = 38 1o ST
RA2 o 5 58 110 ST
RA3 & = 59 7e) ST
RA4 = = 60 Vo ST
RAS = = 61 110 ST
RA6 2 4 a1 o ST
RA7 25 & 92 1o ST
RA9 4 23 28 ) ST
RA10 A 24 29 1o ST
RA14 " 4 52 66 1o} ST
RA15 = 53 67 10 ST
RBO 16 20 25 o ST | PORTS Digital /0.
RB1 15 19 24 1o ST
RB2 14 18 23 o ST
RB3 13 17 B2 18] ST
RB4 12 16 21 0 ST
R85 11 15 20 110 ST
RB6 17 21 26 o ST
RB7 18 22 27 110 ST
RB8 21 27 32 10 ST
RB9 22 28 33 78] ST
RB10 23 29 34 o ST
RB11 24 30 35 7o) ST
RB12 27 33 41 10 ST
RB13 28 34 42 1o ST
RB14 29 35 43 o ST
RB15 30 36 34 ) ST
RCt B 4 6 o ST | PORTC Digitai V0.
RC2 % & 7 1o ST
RC3 = 5 8 o ST
RC4 = . 9 10 ST
RC12 39 49 63 o ST
RC13 a7 59 73 78] ST
RC14 48 60 74 [ize} ST
RC15 40 50 64 10 ST
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level inputioutput 12C™ = I2C/SMBus input buffer
DS39747D-page 14 Preliminary 2 2007 Microchip Technotogy Inc.
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PIC24FJ128GA010 FAMILY

TABLE 1-2: PIC24FJ128GAG10 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Functi 0 My vo input Description
64-Pin | 80-Pin | 100-Pin Buffer
RDO 46 58 72 0 ST | PORTD Digital /0.
RD1 49 61 76 1) ST
RD2 50 62 77 [ite) ST
RD3 51 83 78 10 ST
RD4 52 66 81 tle) ST
RDS 53 67 82 o ST
RDS 54 68 83 o ST
RD7 55 69 84 Ye) ST
RD8 42 54 68 0 ST
RDS 43 55 69 1o ST
RD10 44 56 70 file} ST
RO 11 45 57 71 o ST
RD12 — 64 79 o) ST
RD13 — 65 80 10 ST
RD14 A 37 47 o) ST
RD15 [ ¢ 38 48 o) ST
REO 60 76 93 o) ST | PORTE Digital 1/O.
RE1 61 77 94 e ST
RE2 62 78 98 10 ST
RE3 63 79 ag 10 ST
RE4 64 80 100 10 ST
RES 1 1 3 1o ST
RE6 2 2 4 7o ST
RE7 3 3 5 Vo ST
REB = 13 18 s} ST
RE9 &3 14 19 [17e} ST
RFO 58 72 87 10 ST | PORTF Digital /O
RF1 59 73 88 Vo ST
RF2 34 42 52 [lls} ST
RF3 33 41 51 s} ST
RF4 31 38 49 o ST
RFS 32 40 50 [1%e) ST
RF6 35 45 55 10 ST
RF7 e 44 54 [7%e) ST
RF8 22 43 53 10 ST
RF12 =2 oE 40 0 ST
RF13 it & 39 1o ST
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level inputioutput 12c™ = 12C/SMBus input buffer
@ 2007 Microchip Technology fnc. Preliminary DS39747D-page 15
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PIC24FJ128GA010 FAMILY

TABLE 1-2: PiC24FJ128GA010 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Functi il 1o Input Description
64-Pin 80-Pin | 100-Pin Buffer
RGO - 75 90 o ST PORTG Digital /0.
RG1 — 74 89 {10 ST
RG2 37 47 57 o ST
RG3 36 46 56 (o] ST
RGS6 4 6 10 o ST
RG7 5 1t 1o ST]
RG8 6 8 12 ] ST
RGS 8 10 14 jiie] ST
RG12 — —_ 96 vo ST
RG13 - — 97 1o ST
RG14 —_ e 95 tie] ST
RG1S — — 1 (o] ST
RTCC 42 54 68 (o] — Reat-Time Clock Alarm Output.
SCK1 35 45 55 0 -— SPit Serial Clock Output.
SCK2 4 & 10 e} ST SPIi2 Seriai Clock Output.
SCL1 87 47 Y/ 1o 2C 12C1 Synchronous Serial Clock input/Output.
SCL2 32 52 58 e 2c 12C2 Synchronous Serial Clock Input/Output.
SDA1 36 46 56 1o ’c 12C1 Data input/Output.
SDA2 31 53 59 e} e 12C2 Data inpu/Output.
SDi1 34 44 54 i ST SPit Sertal Data input.
sDi2 5 7 11 i ST SPi2 Serial Data Input.
SDO1 33 43 53 (e} — SPIit Serial Data OQutput.
SD0O2 6 8 12 (0] — SPI|2 Seriat Data Quiput.
S08Ct 47 58 73 1 ANA Secondary OscillatorfTimer1 Clock input.
SOSCO 48 60 74 (o] ANA Secondary Oscilfator/Timert Clock Output.
SSt 14 18 23 5ie] ST Slave Select Input/Frame Select Output (SPI1).
s§s2 8 10 14 o ST Slave Select input/Frame Select Output (SPI2).
TiCK 48 60 74 1 ST Timer1 Clock.
T2CK — 4 6 i ST Timer2 External Clock input.
T3CK — - 7 1 ST Timer3 External Clock {nput.
T4CK — 5 8 1 8T Timer4 External Clock input.
T5CK — — Q { ST Timer5 External Clock input.
TCK 27 33 38 1 §7 JTAG Test Clock/Programming Clock Input.
D! 28 34 60 1 ST JTAG Test Data/Programming Data Input.
100 24 14 61 (¢] — JTAG Test Data Output.
™S 23 13 17 1 ST JTAG Test Mode Select input.
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level inputioutput 2C™ = 2C/SMBus input buffer
DS39747D-page 16 Preliminary © 2007 Microchip Technology Inc.
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PIC24FJ128GA010 FAMILY

TABLE 1-2:  PIC24FJ128GAG10 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
F t S0 by vo Input Description
64-Pin | 80-Pin | 100-Pin Bufter
UiCTsS 43 37 47 1 ST |UART1 Clear to Send input.
URTS 35 38 48 (o] — UART 1 Requesl to Send Output.
UtRX 34 42 52 1 ST UART1 Receive.
U1TX 33 41 51 (0] DiG UART1 Transmit Output.
U2CTS 21 27 40 1 ST | UART2 Clear to Send fnput
U2RTS 29 35 39 o) - UART2 Request to Send Output.
U2RX 31 39 49 i ST UART 2 Receive Input.
u27Xx 32 40 50 (o] — YARTZ Transmit Output.
Voo 10,26,38 | 12,32,48 | 2,16.37, P — Positive Supply for Peripherat Digital Logic and [/O Pins.
46, 62
VoDCAP 56 70 85 P — External Filter Capacitor Connaction {regulator enabled).
VDOCORE 56 70 85 P — Positive Supply for Microcontroller Core Logic (regutator
disabted).
VREF- 15 23 28 i ANA A/D and Comparator Reference Voltage {Low} input.
VREF+ 16 24 29 1 ANA A/D and Comparator Reference Voltage {High) input.
Vss 9, 25, 41 11,31, 51 | 15,36. 45, P — Ground Referenca for Logic and /O Pins.
65,75
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog ievel inputioutput 12C™ = [2CISMBus input buffer
@ 2007 Microchip Technology fnc. Preliminary DS39747D-page 17
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