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Research Objective

To develop a test bench for IEEE802.15.4
wireless data transmission which can:

1. Transmit data using IEEE 802.15.4 protocol.

2. Measure the current consumption of the micro-
controller and the RF chip.
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IEEE 802.15.4

Why IEEE 802.15.4 ?

n Designed for low-data-rate, low-power-consumption, and low-cost
applications.

n The complexity of Bluetooth makes it expensive and inappropriate for
some simple applications requiring low cost and low power consumption.

n Bluetooth also lacks flexibility in its topologies.

n Test bench to do an analysis recently drafted protocol.
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IEEE 802.15.4

n 16 channels in the 2450 MHz band, 10 channels in the
915 MHz band, and 1 channel in the 868 MHz band

n Over-the-air data rates of 250 kb/s, 40 kb/s, and 20 kb/s
n Star or peer-to-peer operation

n Allocation of guaranteed time slots (GTSs)

n Low power consumption

n Link quality indication (LQI)
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Hardware Used

n STK 500

n STK 501

n ATmega 128L

n Coulomb Counter - DS2740UB
n CC2420DBK
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STK500 and STK501

JTAG ICE MKII STK 501

RS232 Serial Cable

JTAG connector

ATmega 128L

Headers

STK 500
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Features for Atmel ATmegai128L

n

n

High-performance, Low-power AVR 8-bit Microcontroller

128K Bytes of In-System reprogrammable flash, 4 Kbytes
EEPROM and 4 Kbytes internal SRAM.

SPI Interface
JTAG Interface
8 bit ,16 bit Timer/Counters and Watchdog Timer

ISP Interface
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Features of Chipcon CC2420

n 2.4 GHz IEEE 802.15.4 compliant RF transceiver with PHY and MAC
support

n Low current consumption (RX: 19.7 mA, TX: 17.4 mA)
n Low supply voltage (2.1 — 3.6 V) with integrated voltage regulator

n Low supply voltage (1.6 — 2.0 V) with external voltage regulator

n Very few external components
n 128(RX) + 128(TX) byte data buffering

n Digital RSSI / LQI support




CC2420DBK Evaluation board

3.3V voltage
regulator

4-10 V
DC-jack

AVR ISP
connector
Optional 9V
or4x 1.5 AA
battery
Joystick JTAG McCU PCB
connector section antenna
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External RAM

1x 32 KB

Buttons

Temp. sensor
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CC2420DBK Evaluation board

RS-232 Serial Cable

JTAG
ATmega 128 L
CHIPCON CC2420
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Coulomb Counter - DS2740UB

n 15-Bit or 13-bit Bidirectional Current Measurement

n Analog Input Filter (IS1,1IS2)Extends Dynamic Range
for Pulse-Load Applications

n Current Accumulation Register

WIRE |
n Dallas 1 Wire Interface g [%gsss;mw
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15-Bit + Sign

n Low Power Consumption
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Coulomb-Counter - Prototype

n DS2740 Coulomb Counter evaluation board based on George Sandler’s design.

JTAG

ATmega 128L

2 & . Pull up resistor
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Software Development

n Compiler - WinAVR
n Debugger - AVR Studio 4.0
n JTAG MK II Connector

— 220V — Power 210V
supply _|
PC running _
AVRStudio — Serial c?ble CC2420DB
OR
AVR ISP/
— Serial cable— JTAGICE -

Programmer
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Library Stack

n Chipcon RF Communication Library

n One Wire Library

n UART Library

Application
(source code)

Basic RF Library | UART Lib

1-Wire

Standard C
Libranes

Hardware Abstraction Library

Hardware Definition Files

Rf_basic_send_packet etc

RS232, SPI, ADC, etc.

AVR and CC2420 register
definitions, etc.
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Library Stack - RF Communication

n Association, scanning, beacons is not implemented

n No defined coordinator/device roles (peer-to-peer, all nodes are
equal)

n Waits for the channel to become ready, but does not check CCA
twice (802.15.4 CSMA-CA)

n Does not retransmit packets

n Can not communicate with other networks (using a different PAN
identifier)

n Short addresses only
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Setup for current measurement

“h AR Studio 4 "b‘ AVR: Studio 4

UART | |
UART

+ AVRITAGICE -MEI AVRITAGICE -MKII
Frogrammer Programmer

bteritia Antenng

PC Running AVR Studio 40
Povwer Sugply 3V
owet Supply Pawer Supply § Y
Supply to DBK CCNDBE Dnmqnstratinn kit CC2420 Evatuation board CC2420 Evaluation board COMNDEK Domonstration kit
board through Transmutter Transmtter
DS2740 Eval Brd ; i
Set as & tremsmitier Set as a receiver
N 1 O =
DE2740
s TH
Fower Supply 7.5V
i ) .
& Atmega 1261
=4 i o " Placed on STKA01
DEI740 Evaluation board Selin
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Setup for current measurement
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Setup for current measurement
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Comparison with existing work

Current consumption measurement using Coulomb

Counter
Reading Current Packet Size Transmit
Number (pnA) (no. of bytes) Power, P (i),
dBm Typical Current Consumption of CC2420 and Mr. Neto’s
1. 21474 116 0 measurements
2. 21474 116 0
Index, i Transmit Transmit Measured

3. 21474 116 0 Power, P (i), Current, Current,
4. 21474 116 0 dBm I(i), mA 1(i), mA
5. 20849 116 0
6. 21474 116 0

2 -1 16.5 15.07
7. 21474 116 0
8. 21474 116 0 3 -3 152 1409
0. 20849 116 0 4 -5 13.9 13.11
10. 21474 116 0 5 - 125 11.86
11. 21161 116 0
12. 21474 116 0 0 10 12 10.68
13. 21474 116 0 7 -15 9.9 9.64
14. 21474 116 0 8 25 8.5 8.53
15. 21474 116 0

[Average | 203098 [ ws [ 0 | 21
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Analysis

Average current consumption reading
21.3698 mA

Current consumption of the
ﬁ(gmeAgamSL at 3.3 V is approximately
SmA.

According to the CC2420 data sheet ,
the maximum current consumption
while transmitting data is 17.4mA.

Results observed using the coulomb
counter is slightly less than the
theoretical result.

If Mr. Neto’s results are used as a

reference, the Coulomb counter reading

should be sum of 4.5mA and 16.24mA,
or 20.7mA which is very close to the
results noted using the Coulomb
Counter.

IDLE SUPPLY CURRENT vs. Ve
INTERMAL RC OSCILLATOR, 8 MHz

=

/

2.5

Jumper J1

Jumper J2

35

4 4,

5 5

Jumper J3

55
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Limitation and Future Development

Conversion period for 13 bit resolution is
0.875s.

Implementation of full fledge IEEE 802.15.4
protocol.

Efficient code Implementation.
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Questions?
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