                                           Wireless Section :

Overview
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We have chosen  2.4 GHz AT86RF230 for the wireless application.It consumes very low power and also very low supply volage.It has special IEEE 802.15.4-2003 Hardware Support like FCS Computation, CCA, Energy Detection, Automatic CSMA-CA, Automatic Frame Retransmission, Automatic Address Filtering, etc.
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Figure: Pin Out Diagram of AT86RF230
Circuit Description:

The RFP and RFN pins are used for catching the RF signal. Low noise amplifier amplifies the signal sufficiently so that distortion and the linearity of the signal is maintained in the later stages.The signal is then downconverted  by the mixer and fed to integrated channel filter.The limiting filter provides sufficient gain so as to drive the Analog to Digital converter.ADC output is sampled by Digital base band receiver.
   The modulation scheme for transmission used is Orthogonal-QPSK.An internal RAM of 128 Byte is used for Frame Buffering 
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Figure 2- Block Diagram of AT86RF230
Interface with MicroController :

AT86RF230 interacts with Microcontroller as shown in the figure below:
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Figure 3 Interface between SPI and Microcontroller
The AT86RF230 acts as a Slave and Microcontroller acts as a Master. Frequency of Master Clock  is 8 MHz. MOSI pin is used when Zigbee reads the data.For sending frame MISO pin is selected.

The following is the signal description:

[image: image5.png]Signal

Description

SEC 'SP select signal, active low
MOS! 'SP data (master output slave input) signal
MISO 'SP data (master input slave output) signal
SCLK SP! clock signal
CLKM AT86RF230 clock output, usable as:
- Microcontroller clock source
- High precision timing reference
IRQ AAT86RF230 interrupt request signal
SLP_TR | AT86RF230 multi purpose control signal (functionalit is state-depended):
- Sleep/Wakeup
- TX start
- Controls GLKM output
RST AT86RF230 reset signal, active low





SPI Timing Description:
The serial port interface is a two way communication between master and slave.Active low SEL prompts the SPI  master to transfer the byte as shown in the figure.At the same time the Slave also transfer 8 bits in sync with the 8 clock cycles generated by the SCLK.
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Figure 4  SPI Timing Diagram

SPI Protocol:

The SPI command Byte gives information about the access mode and additional mode-dependent info.
Below is the six different modes of SPI command byte:
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1)Register Access Mode:
The second byte transfer the data to the register the address of which is  mentioned in the first byte:
Packet Structure: Register Write Access
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In the Read Access, the content of the Register are returned in the second byte in MISO pin.
Packet Structure: Register Read Access
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The following diagram shows the register access mode:
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Figure:SPI Sequence:Register Access Mode
2) Frame Buffer Access Mode:
This mode is used to upload or download frame to the microcontroller.First byte is a command byte which indicates the access mode.The second byte is the frame length followed by the payload data.

Packet Structure-Frame Buffer Write Access
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Packet Structure-Frame Buffer Read Access
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The following are the timing diagram for the frame buffer write and read procedures.
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Figure:Timing Diagram for Frame Buffer Write Access
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Figure:Timing Diagram for Frame Buffer Read Access
SRAM Access Mode:

The first byte is the command byte which indicates the access mode.The second byte is the address of the location where the data will be written/read.It is then followed by the data.
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Packet Structure-SRAM Write Access 
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Packet Structure-SRAM Read Access
The timing diagrams are given for both modes:
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Figure :Timing Diagram for the SRAM Write Access
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Figure:Timing Diagram for SRAM Read Access

Sleep and Interrupts Signals:

Sleep state is used when the transceiver functionality is not used.When the Sleep Pin is activated the clock to the  microcontroller is switched off after 35 clocks.During this period microcontroller completes power down routines.
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Figure –Timing Diagram for Sleep
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Figure-Timing Diagram for Wake-Up Initiated by the Radio Transceiver
There are six interrupts used in the Basic Operating Modes.Their description is provided  in the table given below:

[image: image21.png]IRQ Name

Comments

IRQ_7: BAT_LOW

Indicates a supply voltage below the programmed threshold.

IRQ_6: TRX_UR

Indicates a Frame Buffer access violation (under run).

IRQ_3: TRX_END

RX: Indicates the completion of a frame reception.
TX:Indicates the completion of a frame transmission.

IRQ_2: RX_START

Indicates a SFD detection. The TRX_STATE changes to BUSY_RX.

IRQ_1: PLL_UNLOCK

Indicates PLL unlock. The PA is turned off immediately, if the radio transceiver is in
BUSY_TX/BUSY_TX_ARET state.

IRQ_0:_PLL_LOCK

Indicates PLL lock





Basic Operating Mode:
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1)P_ON-Power On After Vdd: The system goes to P_On state when the external voltage Vdd is applied to the radio transceiver.Before leaving this state, the microcontroller must  set all digital input pins to to their default operating values.
2)SLEEP_STATE:In sleep state the entire device is disabled.The current consumption is only due to leakage current.The sleep state is  entered after 35 cycles of master clock.

3)TRX_OFF –Clock State: In the TRX_OFF state only the SPI interface and the crystal interface are enabled.All digital functions can be accessed by the microcontroller.

4)PLL_ON- PLL State : The PLL state is equivalent to the TRX_ON in IEEE 802.15.4. Entering this state from the TRX_OFF enables the analog voltage regulator and then PLL frequency synthesizer is enabled.

5)RX_ON and BUSY_RX-RX Listen and Receive State: During the RX_ON state the preamble detection of the DSP signal is running.Once the preamble and valid SFD is detected , the state changes to BUSY_RX state.An interrupt RX_Start is generated.
6)RX_ON_NOCLOCK-RX Listen State without CLKM: In this state RX is listening for the incoming frame, the power of the microcontroller can be saved by power down.

7)BUSY_TX Transmit: The transmission can be started from PLL_ON state by using the SLP_TRP pin or by generating an interrupt TRX_START.

Interrupt Handling in Basic Operating Modes: 

There are two most important interrupt during the Transmission and Receiving of the Frames.The RX_START which indicates the successful detection of the incoming of the frame and the TRX_END which indicates the termination of the transmission of the frame.The following timing diagrams shows the  RX_START and TRX_END interrupt operation:
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Figure Timing of RX_START and TRX_END in the Basic Operating Modes

Pseudo Code  to send Data to the Uart
boot:


;setup stack


ldi temp, low(RAMEND)



ldi temp2, high(RAMEND)



out SPL,temp


out SPH,temp2


;setup uart


ldi temp,0


sts UBRR0H, temp


ldi temp,25


sts ubrr0l, temp


lds Temp,UCSR0B


SBR Temp,(1<<RXEN0)|(1<<TXEN0)


sts UCSR0B,Temp


ldi temp, (0<<UMSEL0|0<<USBS0)|(3<<UCSZ10)|(0<<UCPOL0)
;Set frame format: 8data, 1stop bit


sts UCSR0C, temp


ldi temp, 0


sts UBRR0H, temp

rjmp tasks

.include "m1284pdef.inc";

.LISTMAC

;=========   Registers   =========


;def MATH0


=
r0


;def MATH1


=
r1


;




=
r2


;




=
r3


;




=
r4


;




=
r5


;




=
r6


;




=
r7


;




=
r8


;




=
r9


;




=
r10


;




=
r11


;




=
r12


;




=
r13


.def clear


=
r14


.def sethigh

=
r15


.def temp


=
r16


.def temp2


=
r17


.def uart


=
r18


.def lcd


=
r19


;




=
r20


;




=
r21


;




=
r22


;




=
r23


;




=
r24


;




=
r25

;
.def XL



=
r26

;
.def XH



=
r27

;
.def YL



=
r28

;
.def YH



=
r29

;
.def ZL



=
r30

;
.def ZH



=
r31

.cseg

.org 0x000

jmp boot



;=======
RESET

;.org 0x002

jmp Mark_AD_Time

;=======
A/D Data Ready

;.org 0x006

jmp One_Sec_Pulse 

;=======
One Second Pulse Interrupt

;.org 0x020

jmp Timer0_OVF

;.org 0x022

jmp SPI_Complete

;=======
SPI routine

;.org 0x024

jmp DC_Receive 


;=======
Process Commands from Data Center

;.org 0x028

jmp Trimble_Receive

;=======
Process Time Received from Trimble

;.org 0x028

jmp Trimble_Test

;=======
Test Trimble RX

;.org 0x028

jmp TX_Berkeley


;=======
Process Commands to Data Center

;.org 0x02A

jmp ADC_INT

;.org 0x034

jmp Run_Aux



;=======
Runs auxiliary  processes

;.org 0x40

jmp Int_Error

;.org 0x42

jmp TWI_Interrupt

;=======
Process TW Interrupt

;.org 0x50 

jmp int_table_error

;=======
catch error

.org 0x60

.include "boot.asm";

.include "uart.asm";

.include "tasks.asm";

.include "test.asm"

tasks:


rjmp test_uart0

rjmp tasks

test_uart0:

cli


ldi temp,0x00


ldi temp2,0x10


ldi R19, 0x01


ldi Uart,0x00


Uart_Test_Loop:



dec temp



brne Uart_Test_Loop



dec temp2



brne Uart_Test_Loop


;

dec r19

;

brne uart_test_loop


rcall uarttx


inc Uart

rjmp test_uart0

uartTX:


lds temp,UCSR0A



sbrs temp,UDRE0


rjmp uartTX


sts UDR0, Uart

RET

