www .ChinaAET .com

Network and Communication

BT MC13213 By Bt J ZigBee F 5 HY
P B i B R 5 L

1 2 !
(1. , 215004 ;
2. , 215500)
: Freescale MC13213 > ,

, SPI ~Modem \ \

LI(TB(“ m \Q s 3 6 o
ZlgBee IEEE 802.15.4 ; 321 Q . C)
: TP393 A % 674-7720(2 @) -0061-05

Research and implementati V z% l l tocol based on
single—chip KigBe pla@@ smg}‘m 13213

Jin', PAN Q%ong' , WA, i

ic and ’]Qill()l()("\' 9()0@61’51&' , Suzhou 215004 , China ;

1@ , Changshu Rostitawe of Technology , Changshu 215500 , China)

(1.School of Com
2.College of Physics & E

Abstract; This paper builds single—c 1?&30[%(( haldmar&)l;a rm using Freescale MC13213, describes the basic content of

physical layer protocol. By analyz} gramming shu ure Pl services protocols and the Modem working mode in physical

layer, the design of the underly
od®, the paper also do detailed test for the physical layer protocol to verify

component mode are realized. Basec is compon

jare drivers a&llm mllno/rf-(enmg programs for the physical layer data packet with the
physical laye h ons. The resulis show that the single—chip ZigBee physical layer protocol is
reliable and stable, and it can be™ipplied in t§4 ‘tual projects easily.

1

Key words : ZigBee protocol; TEEE XQ

the reliability and stability of t

wireless sensor networks; MC13213; physical layer

ZigBee . . . JN5139 (=21 , Freescale MC1321x
N , IEEE ZigBee , ZigBee
802.15.4 , 2001 8 /igBee o , °
2004 12 ,ZigBee ZigBee SpecificationV1.0 ZigBee ,
ZigBee o s . ZigBee
ZigBee , ZigBee (APL) .
° ZigBee (MCU) IEEE (NWK) . (MAC) (PHY)
802.15.4 o (SoC) , ,
ZigBee MCU ,
s Freescale MC1321x,TIL .
CC243x , Ember EM250 Jennic JN5121 ,
68 ( Y 2010 29 23

www .ChinaAET .com



Network and Communication

www .ChinaAET .com

0 (SoC)——MC13213
ZigBee ,
ZigBee ) ,
) MAC
1 ZigBee
ZigBee . IEEE
802.15.4 2.4 GHz
“ i 868/915 MHz “
" , (DSSS) o
ZigBee 2.4 GHz .,
ZigBee MAC
SAP (Service
Access Point) .
IEEE 802.15.4 1
o PD-SAP(PHY Data Service Access Point)
MAC , PLME —SAP
(Physical Layer Management Entity —Service Access
MAC , RF =

PLME-SAP

PD-SAP

Ytl

2 MC13213 ZigBee

Freescale i x? —
MC13213 SoC s 9 mﬁ!{xﬁ 1 LGA
HCS08 MCU IEEE 802.15.4
MC1320xP ( MCU  Modem
MCU )o 4 KB
RAM .60 KB Flash, 1 (SP1),2
(SCI), 1 (KBI), 2
/ TPM (Timer/PWM) 1 8 10
(ADC), 32 GPIO b1,
Modem PA (Power
Amplifier) . LNA(Low Noise Amplifier) /

(T/R  switch),

o

( Y 2010 29 23

te(t) Q
uality In on

2.1 Modem MCU
Modem SPI JIRQ
MCU , 2 .
MC1321x il
M_RST | {PTD3 §41—RESET
V_IRQ | >IRQ |
ATTN | :PTDO
Modem RXTXEN i< PIDI
GPIO1/0ut_of | lle > PTE7 MCU
GPIO2/CRC_Valid! ~>PTE6
MOSI 'PTE4/MOSI1
MISO ‘*,‘*PTEyMIsm
SPICLK ! '« PTE5/SPSCK1
CE < |PTE2/SS]

2 MC13213

SPI Modem MCU

SPI - MGU SPI
odelr é Modem
x% Q IRQ
Modem MLU @ldem

MEU Modem ,
« Modem
odem CCA
Q 101 ( odem , GP102
Q’ (/ CRC(Cyclical
%Re(]undan( CCA tor
Q% 2.2 m\ SP
‘ SPI
fg Modem RAM
bit (word) , SPI
1B (header) 2xN B
(payload) , SPI (SPI burst),
ISN<64, , SPI
(word) , N=1 , SPI (SPI
singular transaction) ; SPI (SPI
recursive transaction), header RW
; header 6 s
SPI 64 ( ,
)o
2.3 Modem
Modem : Stream
Packet . Stream s
(word —by—word) o Packet , ,
Modem
(TX RAM) ; ,
(RX RAM) ,
MCU . Packet
, MCU )

o

www.pcachina.com 69

www .ChinaAET .com



Network and Communication

www .ChinaAET.com

3
MC13213 ZigBee
Modem ,
3.1
ZigBee ,
ZigBee
o MCU
, MCU °
(trim) MCU o
SPI ,
Packet 3B
Modem RX/TX RAM  SPI , 3
o ,RX/TX RAM 128 B,
MCU
0
| 1
SPI (MSB—first)
0
4 |
TX Packet RAM
(LSB-first)
0
A,
RX Packet RAM
0 4
1 | Modem
SPI (MSB—first) : 5 \K
v 0 70
| 1 2 3
3 Modem RX/TX RAM
3 , /  RAM SPI
(MSB-first) /
LSB —first (Least Significant Bit first) ,
SPI
, SPI
16 bit ,

70

16 bit ,
TX RAM

16 bit

3.1.1 SPI TX RAM

E}

TX_ Pkt Control ix_pki_length[6: 0]

MCU TX RAM

(1) TX_Pkt_Control
TX RA

tx ram?2_se

gﬁt (}2@9 NG

MCU RX RAM
(1)MCU Modem RX_Status
[6:0] .
(2) RX RAM
SPI
® 2B CRC,
@ , 1
©) Modem SPI s
(word) , ,
(3) SPI
@OMcU SPI CE,
@MCU  Modem SPI
L, ;
® (2) SPI
{ Y 2010 29

www .ChinaAET .com

>

o

2B CRC);

Modem ;
, R/W

rx_pkt_latch

, R/W



Network and Communication

www . ChinaAET . com

, (word) o
, 3 ;
@MCU CE, .
(4) o
3.2 Modem
Modem ,
R Idle .Receive
(RX) . Transmit (TX) CCA/ED ;
Off . Hibernate .Doze 181
Idle Modem
s s RX . TX
Modem N ; CCA/ED
/ b
[3]0
-
/1l s
/l . nDesiredStatus -
// . SUCCESS -
// -
// -
//
N
INT8U PLMESetTRXState(INTEU nDes
3.8
Protocol Data  Unit),
|3|’ 4
i
PSDU (PHY Sdvice Dat: &R
s MAC M (x
MPDU(MAC Protocol Data Unit) JERC
PSDU s\
4B 1B 7 bit bit
PSDU
4 PPDU
MC13213 Modem , SPI
RXTXEN Modem . PPDU
(1)
Packet
<< >> 2010 29 23

/I *

oo , (PPDU)
/I . nPSDULength— PSDU(  MAC MPDU)
/1 <=aMaxPHYPacketSize (

)
/! pPSDU - PSDU
/1 : SUCCESS - ; -
/1 : MAC
o *
INT8U PD, uest(INT8U nPSDULength, INT8U *pPSDU);

Modem
M()dﬁ

m nData| PSDUMaxLen | ;
m_nStatus ;

NT8U m_nLQI;

() PSDL RxPacket_t

//PSDU
#define  PSDURxBufferNum 8
//PSDU
typedef struct PSDURxBuffer_tag
{ INT8U m_nPSDUCount ;
INT8U m_nHead ;
INT8U m_nTrail ;
PSDURxPacket_t m_sPSDU[PSDURxBufferNum ] ;
} PSDURxBuffer_t ;

/1 PSDU
static PSDURxBuffer_t s_sPSDURxBuffer ;
3.4
(CCA) .
(ED) )

o >

www.pcachina.com 71

www .ChinaAET .com



www .ChinaAET .com

Network and Communication

(LQI) 1
o , LQI ,
o /dBm /ms
. Modem RX_Status -0.66 500 100 100
cca_final[7: 0] ) -0.66 500 1 000 1 000
Vodem MCU ( \ -0.66 200 100 100
~0.66 200 1 000 999
+CCA/ED ) TRQ ’ 3.4 500 100 100
MCU Modem  IRQ ; 3.4 500 1000 | 1000
IRQ 0 3.4 200 100 100
(PLME) 3.4 200 1 000 1 000
’ N ZigBee
. CCA ) ’ \
4 ° ’ ZigBee
° , ZigBee

, switch/case 0 ’ Q ZigBee
: 1) o
ZigBee \ )
ss\

SPI : ’.!.i’ -
@6 32(22Y: 10910
; (i%~ 1.

4.1 SPI
Modem ,2008 ,28(4):49-52.
Modem
Modem
SPI1 ,  Modem
Modem

> , Pl

g Vireless medium access control (MAC) and physical
(PHY) specifications for low—rate wireless personal area
nolnmkx[%] IEEE Std 802.15.4-2003, October 2003.

[SJ ZigBee Alliance. ZigBee specification [EB/OL]. http://www.
zighee. orglen/spec—download, 2007.

[6] Freescale. MC13213: 2.4GHz RF transceiver and 8-bit MCU
with 60K of flash for ZigBee applications [EB/OL]. http://
www.freescale.com/webapp/sps/site/prod_summary. jsp?code =

MC13213&nodeld=0106B9869925657103, 2009.

\ \ [7] Freescale. MC13224V. MC1322x platform in a package[EB/
’ OL].  http://www.freescale.com/webapp/sps/site/prod_summary.

) jsp?code=MC13224V&nodeld=0106B9869925657103, 2009.
2B 16 bit ’ ’ [8] Freescale. MC13213RM. pdf [DB/OL]. http: //www. freescale.
Lo PC com/, 2009.
’ PC ( :2010-07-06)

) ° , 1975 , , )
ACCESS ,

° 1 s , L1971 , , ,
0.1% .

ZigBee SPI N , 1962 s , ;
Modem s o

2 ¢ Y 2010 29 23

www .ChinaAET .com





