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ABSTRACT

MURARI RAGHAVAN Testing of a new wireless embedded board. (Under the direction
of DR. JAMES M. CONRAD)

The test phase plays a significant role before commercialization of every product.
Currently numerous test methods have been proposed and practiced in the industry.
However, most methods implemented require expensive tools and complex
methodologies. This provides enough scope for further research to reduce the complexity
of the test phase maintaining the efficiency of the test cycle.

In this thesis, a wireless embedded evaluation board consisting Atmel ATmega 1281
(Microcontroller), Chipcon CC2420 (RF transceiver), and MAXIM DS2740 (Coulomb
counter) is used as a platform for implementing the proposed test plan. The major
contribution of the proposed methodology resolves in reduction of the complexity of the
test. It is achieved by treating the evaluation board as an integrated system comprising
individual function blocks interfaced together. The system is broken down into
microcontroller module, RF module and coulomb counter module. The test cycle consists
of two phases. During the first test phase each module is tested individually and the
expected results are compared with the obtained result. During the second stage the
system is tested as a whole for its complete functionality. This method proved to be

simple and effective for testing a wireless board of reasonable complexity.
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CHAPTER 1: INTRODUCTION

The advent of a simple, low-cost and extremely low-power protocol like IEEE
802.15.4 has been a major factor in redefining home automation. The rapid growth of
wireless gadgets for home automation can be attributed to the development of standards
like IEEE 802.15.4 [9]. At this juncture the industry analysts predict a greater penetration
of wireless gadget in every sector of home automation [16]. Nevertheless, 802.15.4 is
considered to have a far reaching potential in many other sectors apart from home
automation [20].

A typical product manufacturing cycle encompasses initial design, prototyping,
testing and production. Every stage in the product cycle has its own significance in the
final quality of the products. Although every development process is carried out with
strict quality standards, the test phase is given a high priority status to ensure this factor.
It has been identified that the test phase takes almost 70% of the total IC manufacturing
cycle time [7]. Furthermore, the “Rule of 10” indicates that testing a defective IC on a
board is 10 times more expensive than testing it separately [4]. It was further studied and
observed that a fault escaping the test phase contributes a major share in the overall time
taken for repair and maintenance of a particular product, thereby reducing the overall

productivity.



1.1 Background

According to “Moore’s Law”, the transistor density of integrated circuits doubles
about every two years. This law has been proven valid for the past 40 years. Researchers
and designers are actively involved in reducing the size of the integrated circuits rapidly
to develop atomic sized electronic devices. Figure 1.1 shows the transistor occupancy in
an integrated chip between 1981 and 2005 and the productivity gap. An integrated chip
consists of 10-100 million logic transistors. It has become extremely difficult and
expensive to test such complex circuits. To reduce the difficulty of testing at the end of
the manufacturing cycle, the industries constantly emphasize the importance of

verification and testing in the scope of designing and testing cycle of electronic testing.
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Figure 1.1 Design productivity gap [3, p6].

Figure 1.2 represents a typical design flow. The design starts from a specification, then
flows to a behavioral or register transfer level (RTL). The design undergoes several
synthesis steps before being transformed to the lower level of abstraction. At that time,
the design is modeled by four different representations — behavioral, RTL, gate level, and

layout. They are diverse representation of the same circuit. The mechanism used to check



the lower level representation for conformance with the higher one is called the design
verification. There are two types of design verification — simulation and formal
verification. The most important of the two methods is the simulation, which is primarily
used to check that all blocks of the circuit perform the intended functions. Similar to the
functional simulation at the chip level, a functional simulation is carried out at the board

level. The system level testing involves testing the blocks of different modules present on

the board.
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Figure 1.2 Design and test cycle [3, p8]



The PCB-level testing has been extremely simplified with the introduction of
IEEE1149.1 Boundary Scan (BS) standard [12] in 1990. The Boundary Scan technique
has reduced the test process to testing interconnect between chips. In a typical PCB there
are several blocks of complex circuitries, such circuits are tied together to form an
integrated system by glue logic. Though the Boundary Scan has simplified the PCB
testing to a great extent, faults induced by glue logic still remains a major challenge.
Another major issue concerning the researchers is the ability to perform at-speed testing.
Apart from these issues, cross talk noise and other capacitance and inductance related
effects due to reduced size also need to be addressed.

There are several techniques available in the market to test the interconnects between
chips. Many test methods has been proposed utilizing on-board sensors [21], RF
induction [5] and various other techniques. However, these methods demand complicated

test fixtures and accurate analyzers to detect the faults.

1.2 Motivation

In the semiconductor industry, rapidly increasing design complexity and very tight
time-to-market schedules have been prevalent for many years. Complex systems require
complex test methodologies to identify a faulty area. With the increasing complexity of
the electronic systems, testing has become a major area of research. The goal of this
thesis is to consider a wireless embedded evaluation board of reasonable complexity,
propose suitable testing methodology and implement the proposed test plan to identify
the faulty area at the PCB-level. At this point we assume that the hardware has

successfully undergone a chip level test.



The wireless evaluation board consists of ATMEL ATmega 128L AVR
microcontroller, CHIPCON CC2420 RF transceiver and a MAXIM DS2740 coulomb
counter. The test approach involved treating the microcontroller, RF transceiver and the
coulomb counter as individual blocks. During the first stage of the test cycle the modules
were tested for their individual functionality followed by testing the embedded system as
a whole. Several simple executable images were written, compiled and downloaded to
test different features of the microcontroller, RF transceiver and the coulomb counter. To
ensure the efficiency of the code, the complied version was first downloaded on the
evaluation board prescribed by the Atmel and CHICON. Further the programs were
modified to suit the evaluation board under test. The following section presents an overall

description of the research work.

1.3 Description of the Proposed Thesis Work

The main aim of the research project was to build a suitable platform to observe and
analyze the power consumption of the microcontroller and the RF section during various
stages of operation. A test process, test plan and test cases were created to validate this
design.

A standard protocol like IEEE 802.15.4 has been an important factor in the growth of
home automation. Any valuable observation of the power consumption of a system
implementing IEEE 802.15.4 protocol would contribute towards building efficient
networks. It was identified that the core infrastructure of the system should contain a
microcontroller, an RF section and current sensors to measure the current consumed by
the microcontroller and the RF section. Several microcontrollers were considered before

selecting an AVR core microcontroller. ATmega 128 AVR microcontroller provided all



the necessary features to interface an RF section and current sensors. Testability was
considered throughout the initial stages of design. The microcontroller is JTAG (IEEE
1149.1) compliant with boundary scan capabilities which provided an ideal platform for
building test codes. A user friendly Integrated Development Environment (IDE) AVR
Studio 4.0 was provided by Atmel support, where software modules can be written and
debugged in windows platform. It also supports various AVR development kits like
STK500, STK 501 which can be utilized to simulate the microcontroller modules.
Chipcon CC2420 2.4GHz RF transceiver was identified as a suitable RF chip for its
compatibility with IEEE 802.15.4 standard.

The Chipcon CC2420DBK evaluation kit was used to build a virtual environment to
simulate the design and to test the software module. A coulomb counter evaluation board
consisting MAXIM Dallas DS2740 high precision coulomb counter was chosen as an
ideal platform to test the current sensor. The main modules of the design consists of
ATmega 128L, CC2420 RF transceiver and DS2740 high precision coulomb counter.
The test modules were identified during final stage of design cycle. A virtual
environment using the prescribed evaluation boards were built to test the functional
specification of the design. In order to test the initial prototype of the board, a test plan
describing the test cases were developed. Module based test codes were written, compiled
and downloaded onto the development kits to observe the behavior of the respective
modules in the environment. To reduce the complexity of the test phase, the system was
divided into 3 main modules; Microcontroller module, RF module and Coulomb counter

module. A structured test plan was created. Test cases were identified and the respective



test codes were built and the executable images of the codes were tested in the virtual

environment.

1.4 Organization of Thesis

This thesis report is divided into four major chapters. Chapter 2 of this thesis report
discusses the hardware features of ATmega 128L microcontroller, CC2420 RF
transceiver and DS2740 coulomb counter in separate sub sections. The architecture and
the features of each module are also explained. Chapter 3 gives an overview of the
interfacing techniques implemented followed by the description for Serial Peripheral
Interfacing between the CC2420 and the ATmega 128L and One-Wire interface between
the DS2740 and the ATmega 128L. SPI is explained with appropriate timing diagrams
and pin configurations. The operation of the transceiver during various stages of
operation is also discussed in detail in the subsections. One-Wire interfacing is described
in detail during various stages of operation. A list of the important commands is included
with a brief explanation of the functionality of each command. Chapter 4 presents the
different phases involved in a product manufacturing cycle. The test agenda followed
throughout the test phase is listed. This is followed by an introduction to the test
methodologies implemented to test the wireless evaluation board. A brief summary of the
research work undertaken and their conclusions are presented in Chapter 5. Appendix A
illustrates the schematic of the wireless evaluation board. Appendix B consists of the

source codes used during the test phase.



CHAPTER 2: HARDWARE

The embedded evaluation board under test consists of an ATMEL ATmega 128L
AVR microcontroller, CHIPCON CC2420 RF transceiver and MAXIM DS2740 coulomb
counter. It also contains switches and LEDs for providing various user input/output
information [2]. The board is equipped with headers where many internal signals are

available. Figure 2.1 gives an illustration of the architecture of the design.
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Figure 2.1 Architecture of the wireless embedded board

During normal operation in our research environment, two wireless embedded boards

are used. One board acts as a transmitter, while the other as a receiver. When the boards



are powered, the CC2420 on the transmitting board transmits the value of the current
drawn by the AVR microcontroller obtained by DS2740. The other board receives the
value and displays it continuously on an attached PC running Hyperterminal. This setup
provides an ideal platform to study and improve the test strategies that could be used to

validate the evaluation board.

2.1 ATMEL ATmega 128L AVR Microcontroller

The ATMEL ATmega 128L AVR Microcontroller is a low-power CMOS 8-bit
microcontroller based on the AVR enhanced RISC architecture [1]. The AVR core
combines a rich instruction set with 32 general purpose working registers. Figure 2.2
illustrate the architecture of the AVR microcontroller.

The microcontroller features 128K byte of In-System programmable flash and 4K
EEPROM with an endurance of 10,000 write/erase cycles. It supports up to 64 K of
external memory and also provides an SPI interface for In-System programming and
programming lock for security. It comes with a JTAG (IEEE Std 1149.1 compliant)
interface. The Boundary Scan capabilities JTAG standard) allows developers to observe
the registers. Extensive on-chip debug support is also provided which reduces the
debugging period of erroneous program.

The ATmega 128L also has several peripheral features like 8-bit/16-bit timers
capable of operating in three different modes; presale, compare and capture modes are
provided. It also consists of two 8-bit PWM channels, output compare modulator, 8-
channel, 10-bit ADC, serial programmable USARTSs, Master/slave SPI interface and

many other essential features.



10

In our wireless embedded board only a limited number of the microcontroller features
are used. With so many essential features unused, and considering the flexibility of the
board architecture many peripheral devices can be attached to improve the overall

functionality of the board in the future development.
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Figure 2.2 Architecture of ATMEL ATmega 128L AVR Microcontroller [1, p3].

2.2 CHIPCON CC2420 RF Transceiver

The CC2420 is a 2.4 GHz IEEE 802.15.4 compliant RF transceiver designed for low-

power and low-voltage wireless applications [6]. The CC2420 includes a digital direct



11

sequence spread spectrum baseband modem providing a spreading gain of 9 dB and an
effective data rate of 250 kbps. It is a low-cost, highly integrated solution for robust
wireless communication in the 2.4 GHz unlicensed ISM band [10].

The CC2420 provides extensive hardware support for packet handling, data buffering,
burst transmissions, data encryption, data authentication, clear channel assessment, link
quality indication and packet timing information. These features reduce the load on the
host controller and allow the CC2420 to interface with low-cost microcontrollers. The
configuration interface and transmit/receive FIFO of the CC2420 are accessed via an SPI
interface. In a typical application the CC2420 will be wused together with a
microcontroller and a few external passive components.

Figure 2.3 illustrates a simplified block diagram of the CC2420, which features a low-
IF receiver. The received RF signal is amplified by the low-noise amplifier (LNA) and is
down-converted in quadrature (I and Q) to the intermediate frequency (IF). At IF (2
MHz), the complex I/Q signal is filtered and amplified, and then digitized by the ADCs.
Automatic gain control, final channel filtering, de-spreading, symbol correlation and byte
synchronization are performed digitally.

The SFD pin goes high when a start of frame delimiter has been detected. The
CC2420 buffers the received data in a 128 byte receive FIFO. The user may read the
FIFO through an SPI interface [6]. The CRC byte is verified in hardware. RSSI and
correlation values are appended to the frame. CCA is available on a pin in receive mode.
Serial (unbuffered) data modes are also available for test purposes.

The CC2420 transmitter is based on direct up-conversion. The data is buffered in a

128 byte transmit FIFO (separate from the receive FIFO). The preamble and start of
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frame delimiter are generated by hardware. Each symbol (4 bits) is spread using the IEEE
802.15.4 spreading sequence to 32 chips and output to the digital-to-analog converters
(DACs). An analog low-pass filter passes the signal to the quadrature (I and Q) up-
conversion mixers. The RF signal is amplified in the power amplifier (PA) and fed to the

antenna.
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Figure 2.3 Simplified block diagram of CC2420 [5, p16].

2.3 MAXIM DS2740 Coulomb Counter

The DS2740 provides high-precision current-flow measurement data to support
battery-capacity monitoring in cost-sensitive applications [8]. Current is measured bi-
directionally over a dynamic range of 15bits (DS2740U) or 13 bits (DS2740BU), with the
net flow accumulated in a separate 16-bit register. Through its 1-Wire interface, the
DS2740 allows the host system read/write to access the status and current measurement
registers. Each device has a unique factory-programmed 64-bit net address that allows it

to be individually addressed by the host system. The interface can be operated with
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standard or overdrive timing. Figure 2.4 illustrates the block diagram of the MAXIM
DS2740 coulomb counter.

The DS2740 has two power modes: active and sleep. While in active mode, the
DS2740 operates as a high-precision coulomb counter with current and accumulated
current measurement blocks operating continuously and the resulting values updated in
the measurement registers. Read and write access is allowed to all registers and the PIO
pin is active. In sleep mode, the DS2740 operates in a low-power mode with no current
measurement activity. Serial access to current, accumulated current, and status/control

registers is allowed if Vbp > 2V. The DS2740 operating mode transitions from SLEEP to

ACTIVE when:
1) DQ > Vi, and Vpp > UV threshold, or
2) Vobrises from below UV threshold to above UV threshold.

The DS2740 operating mode transitions from ACTIVE to SLEEP when:
1) Vpp falls to UV threshold, or

2) SMOD =1 and DQ < Vwfor 2s.
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Figure 2.4 Block diagram of DS2740 [7, p3].
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2.3.1 Current Measurement

In the active mode of operation, the DS2740 continually measures the current flow
into and out of the device it is connected to by measuring the voltage drop across a low-
value current-sense resistor, Rsns. To extend the input range for pulse-type load currents,
the voltage signal can be filtered by adding a capacitor between the IS1 and IS2 pins. The
external capacitor and two internal resistors form a low-pass filter at the input of the
ADC. The voltage-sense range at IS1 and IS2 is +51.2mV. The input converts peak
signal amplitudes up to 102mV as long as the continuous or average signal level (post
filter) does not exceed +51.2mV over the conversion cycle period. The ADC samples the
input differentially at IS1 and IS2 with an 18.6 kHz sample clock and updates the current
register at the completion of each conversion cycle.

The peripheral devices CC2420 and DS2740 are interfaced to the ATmega 128L
using Serial Peripheral Interfacing and One-Wire interfaces respectively. The following

chapter discusses the interfacing techniques in detail.



CHAPTER 3: INTERFACING

3.1 Introduction to Serial Peripheral Interfacing (SPI)

A Serial Peripheral Interface (also known as Four Wire interface [11]) can be used to
interface memory, analog-digital converters, real-time clock calendars, processors and
may other devices. SPI is a synchronous protocol in which all transmissions are
referenced to a common clock generated by the master processor. The receiving
peripheral uses the clock to synchronize its acquisition of the serial bit stream. Many
chips may be connected to the same SPI interface of a master. A master selects a slave to
receive by asserting the slave’s chip select input. A peripheral that is not selected will not
take part in the SPI transfer. All the peripheral devices are assigned a unique address.

Figure 3.1 illustrate the interface between CC2420 and ATmega 128L.

CC2420 Atmega 128L
FIFO o PN (SDAINTL)
FIFOP * PDO{SCLINTO)
Col s PDE(TL)

SFD * PD4(ICT
Csn g FRO(55)
50 PR3 (IS0
al FB2(IIOSD
SCLE [f FB1 (5CE)

Figure 3.1 SPI interface between a CC2420 and an ATmega 128L
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3.2 CC2420 Data Transfer Mechanism

The CC2420 is a slave device which is configured by the four SPI signals. The
interface is used to read and wire buffered data. There are 33 16-bit configuration and
status registers, 15 command strobe registers and two 8-bit registers to access the separate
transmit and receive FIFOs. Each of the 50 registers is addressed by a 6-bit address. The
RAM/Register bit (bit 7) must be cleared for register access. The Read/Write bit (bit 6)
selects a read or a write operation and makes up the 8-bit address field together with the
6-bit address.

In each register read or write cycle, 24 bits are sent on the SI-line. The CSn pin (Chip
Select, active low) must be kept low during this transfer. The bit to be sent first is the
RAM/Register bit (set to O for register access), followed by the R/W bit (0 for write, 1 for
read). The following 6 bits are the address-bits (AS5:0). AS is the most significant bit of
the address and is sent first. The 16 data-bits are then transferred (ID15:0), also MSB first.

The configuration registers can also be read by the microcontroller via the same
configuration interface. The R/W bit must be set high to initiate the data read-back.
CC2420 then returns the data from the addressed register on the 16 clock cycles
following the register address. The SO pin is used as the data output and must be
configured as an input by the microcontroller.

The timing for the programming is shown in Figure 3.2 with reference to Table 3.1.
The register data will be retained during power down mode, but not when the power-
supply is turned off (e.g. by disabling the voltage regulator using the VREG_EN pin).

The registers can be programmed in any order.
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Figure 3.2 SPI Timing diagram [5, p26].

Parameter Symbol Min Max Units Conditions

SCLE, clock Fsowx 10 MHz

frequency

SCLE low ta 25 ns The minimum time 3CLE must be low.

pulse

duration

SCLE high tan 25 ns The minimum time SCLE must be high.

pulse

duration

CSn setup tep 25 ns The minimum time CSn must be low before the first

time positive edge of SCLE.

csn hold time | te 25 ns The minimum time Csn must be held low after the
last negafive edge of SCLE.

5T setup time | 4 25 ns The minimum time data on 3T must be ready
before the positive edge of SCLE.

5T hold time tha 25 ns The minimum time data must be held at s, after
the positive edge of 3CLE.

Rise tims tree 100 ns The maximum rise time for SCLE and CSn

Fall time tean 100 ns The maximum fall time for SCLE and C3n

Table 3.1 SPI Timing specifications [5, p26].
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The registers are accessed using various command strobes. The list of all the commands

strobe signals are listed in CC2420 specifications.

3.2.1 CC2420 Interfacing Specifications

Figure 3.1 illustrates the connection between CC2420 and ATmega 128L. The
microcontroller uses 4 I/O pins for the SPI configuration interface (SI, SO, SCLK and
CSn). SO should be connected to an input at the microcontroller. SI, SCLK and CSn must
be microcontroller outputs [6]. The microcontroller pins connected to SI, SO and SCLK
can be shared with other SPI-interface devices. SO is a high impedance output as long as
CSn is not activated (active low). CSn should have an external pull-up resistor or be set
to a high level when the voltage regulator is turned off in order to prevent the input from
floating. ST and SCLK should be set to a defined level to prevent the inputs from floating.

CC2420 operates in two modes, receive mode and transmit mode, depending upon the

command strobes from the microcontroller.

3.2.2 Receive Mode

In receive mode, the SFD pin goes high after the start of frame delimiter (SFD) field
has been completely received and goes low again after the last byte of the MPDU (MAC
Protocol Data Unit) has been received [10]. If the received frame fails address
recognition, the SFD pin goes low immediately. This is illustrated in Figure 3.3.

The data received or transmitted can be manipulated by accessing the RXFIFO and
TXFIFO registers. The FIFO pin goes high when there are one or more data bytes in the
RXFIFO. The first byte to be stored in the RXFIFO is the length field of the received
frame, i.e. the FIFO pin is set high when the length field is written to the RXFIFO. The

FIFO pin then remains high until the RXFIFO is empty. If a previously received frame is
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completely or partially inside the RXFIFO, the FIFO pin will remain high until the
RXFIFO is empty.

The FIFOP pin is high when the number of unread bytes in the RXFIFO exceeds the
threshold. When address recognition is enabled the FIFOP pin will not go high until the
incoming frame passes address recognition or if the number of bytes in the RXFIFO

exceeds the programmed threshold. The FIFOP pin will also go high when the last byte

qﬁb .gxé\
& &
& & 5
& @\Q .-,@Q 3
& & 4 S
& W \.chq \'@@
Data received over RF Preamble 5FD jLength MAC Protocol Pata Unit (MPDU) with comect address
Address :
recognition OK SFDFin
FIF2 Pin
FIFOR Pin, if threshold ——
higher than frame length
FIFOP Pin, if threshold
loveer than frame length
Data received over RF Preamble SFD iLength MAC Protoco! [Data Unit (MPDU) with wrong address
Address :
recognition fails =1 0 Fin
FIFC Pin
FIFOR Pin

Figure 3.3 Pin activities during receive [6, p34].

of a new packet is received, even if the threshold is not exceeded. If so the FIFOP pin
will go back to low once one byte has been read out of the RXFIFO.

When address recognition is enabled, data should not be read out of the RXFIFO
before the address is completely received, since the frame may be automatically flushed
by CC2420 if it fails address recognition. This may be handled by using the FIFOP pin,

since this pin does not go high until the frame passes address recognition.
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3.2.3 Transmit mode

During transmit the FIFO and FIFOP pins are still only related to the RXFIFO. The
SFD pin is however active during transmission of a data frame, as shown in Figure 3.4.
The SFD pin goes high when the SFD field has been completely transmitted. It goes low
again when the complete MPDU (as defined by the length field) has been transmitted or

if an underflow is detected.

& & &
B o b
f@%}%@g \‘5‘{0%6
& & ®
& e N
L B L & &
PO L&
< a;\ ‘.z‘? < b'bbcq;
@\O_S‘@' (:}@(\
sew [~~~ o~ - - o ool
SFD |
csn | [
S @R - X - X - X - X - 2, S =3
S0 { Status X Length ¥ PSDUD ) PSDU1 ¥ PSDUZ ) PSDU3 ¥ PSDU4 ¥ PSDU5 ) RSSI Y FCS/Corr)
FIFOP
FIFO

Figure 3.4 Example of pin activity when reading RXFIFO [6, p34].

As can be seen from comparing Figure 3.4 and Figure 3.5, the SFD pin behaves very
similarly during reception and transmission of a data frame. If the SFD pins of the
transmitter and the receiver are compared during the transmission of a data frame, a small
delay of approximately 2 us can be seen because of bandwidth limitations in both the

transmitter and the receiver.
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| | | !
i i
SFDPin | |
| |
i i

12 Bymbol Anytomatically Drata Fetched from TEFIFO CRC generated
generated Preamble by CC24248
and 3FD

Figure 3.5 Pin activity example during transmit [6].

3.3 One-Wire Interface

The Dallas Semiconductor 1-Wire® bus is a simple signaling scheme that performs
two-way communications between a single master and peripheral devices over a single
connection. Figure 3.6 illustrates the pin diagram of DS2740 coulomb counter. The bus
master is typically a microprocessor in the host system. Each device has a unique factory-
programmed 64-bit net address that allows it to be individually addressed by the host
system, supporting multiple connections to 1-Wire bus. The interface can be operated

with standard or overdrive timing [8].

T T . o OVD 1-Wire Bus Speed Select
. — PIO Programmable I/O Pin
FIO 2 7|—1 DQ SNS Sense Resistor Input
] N 61 Vss IS2  Current-Sense Input
92 4 s 1= IS1  Current-Sense Input
Vss  Current-Sense Resistor Return
DQ Data Input/Output
Figure 3.6 Pin Configuration of DS2740 Voo Power-Supply Input (2.7V to 5.5V)

Dallas Semiconductor’s 1-Wire communication protocol can easily be implemented

on almost any microcontroller:
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Atmega 128L MAZTN DE2T740

PLO{ADDY |51 7| DO

Figure 3.7 One-Wire Interface between ATmegal28L and MAXIM DS2740

¢ Only two bidirectional PIO states are necessary: high impedance and logic low. If
a bidirectional pin is not available on the bus master, separate output and input
pins can be connected together.

e The 1-Wire timing protocol has specific timing constraints that must be followed
in order to achieve successful communication. The DS2740 can operate in two
communication speed modes, standard and overdrive. The speed mode is
determined by the input logic level of the OVD pin.

e The 1-Wire bus must have a pull-up resistor at the bus-master end of the bus. For
short line lengths, the value of this resistor should be approximately 5SkQ. The idle
state for the 1-Wire bus is high.

The protocol for accessing the DS2740 is as follows 1) Initialization - Reset. 2) Net

Address Command. 3) Function Command followed by Transaction/Data.

1. The start of any 1-Wire transaction begins with a reset pulse from the master device
followed by a simultaneous presence detect pulses from the slave devices.

2. Once the bus master has detected the presence of one or more slaves, it can issue one

of the Net Address Commands.
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Search Net Address [FOh]. This command allows the bus master to use a process of
searching to identify the 1-Wire net addresses of all slave devices on the bus. In
multi-drop systems this command must be used first, then Match Net Address.
Match Net Address [SSh]. This command allows the bus master to specifically
address one DS2740 on the 1-Wire bus. Only the addressed DS2740 responds to any
subsequent function command.
Read Net Address [33h or 39h]. This command allows the bus master to read the
DS2740’s 1-Wire net address. This command can only be used if there is a single
slave with correspondent opcode on the bus. Bit RNAOP, responsible for that opcode
must be set first in a system of two DS2740s.
Skip Net Address [CCh]. This command saves time when there is only one DS2740
on the bus by allowing the bus master to issue a function command without
specifying the address of the slave.
Resume [ASh]. This command increases data throughput in multi-drop environments
where the DS2740 needs to be accessed several times. After successfully executing a
Match Net Address command or Search Net Address command, an internal flag is set
in the DS2740. When the flag is set, the DS2740 can be repeatedly accessed through
the Resume command function. Accessing another device on the bus clears the flag,
thus preventing two or more devices from simultaneously responding to the Resume
command function.

3. After successfully completing one of the net address commands, the bus master can

access the features of the DS2740 with any of the Function Commands.
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Read Data [69h, XX]. This command reads data from the DS2740 starting at
memory address XX. The LSb of the data in address XX is available to be read
immediately after the MSb of the address has been entered.

Write Data [6Ch, XX]. This command writes data to the DS2740 starting at memory
address XX. The LSb of the data to be stored at address XX can be written
immediately after the MSb of address has been entered. Incomplete bytes are not

written.
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CHAPTER 4: TESTING METHODOLOGY
4.1 Introduction

Figure 4.1 illustrates a simple flowchart of a hardware life cycle. Every stage in
product development cycle is verified, validated and reviewed to reduce the errors caused
during production. Some defects/faults escape the rigorous inspection. This may be due
to design errors, manufacturing defects or environmental factors. Almost 30-50% of

fabrication costs in electronics production is caused by testing and repair operations [13].

Specification

Verification
Review
\ 4 Simulation

Implementation

A 4

Manufacturing

System Integration

A 4

System test

Figure 4.1 Hardware life cycle
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This section gives an introduction to the types of faults found in the PCB and the
main categories of test methods. It is followed by a detailed description of the test agenda
and the steps carried out to test the wireless evaluation board under test.

PCB flaw detection can be classified broadly into two categories; electrical/contact
methods and non-electrical/non-contact methods. In the industry many types of tests are
implemented depending on design and cost constraints. Some of the common methods
include bed of nails, functional test, in-circuit test, X-ray detection, 3-D laser detection
and so on. The high complexity of hardware structure with limited test port presents a
major challenge in testing an embedded system. Functional and in-circuit test enables
testing system of reasonable complexity with considerable accuracy.

In a functional test, the board is powered and an output signal is characterized by
application of specific input stimuli [22]. The output signal is measured and compared
against the expected results. This test is employed to validate the functional specifications
of the board. Though it yields very high fault coverage, the major drawback of not
identifying the faults at component level remains.

In-circuit testing is carried out by applying stimuli and measuring the signal nodes on
the circuit board without powering the entire board.

The PCB under test was designed effectively for testability. Appropriate test headers
are added to observe the input/output signals on different ports. JTAG support by
ATmega 128L eased the difficulty of verifying the signals on user input/output ports.
UART interfaces, LEDs and push buttons further enhanced the functional testability of

the board.
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As discussed in earlier chapters, the essential modules are the ATmega 128L,
CC2420 and DS2740. The functionalities of these modules are tested by observing the
output upon downloading the appropriate executables onto the RAM. This method is
carried out extensively to test the individual functionality of the modules as well as the
overall functionality of the boards after integration of the modules. All the major signals
are also analyzed to determine the accuracy of the board.

A detailed test plan was formulated after repeated design reviews. The architecture of
the board was analyzed and a test agenda was created. The power supply, external crystal
and the reset signal constitutes the main infrastructure of the board. Thus, the initial test
phase is carried out to ensure proper functioning of the above described test areas. The
next logical step was to test the JTAG interface. It represents the gateway to download
the compiled machine code from a PC onto the ATmega 128L. Observing user 1/O
signals followed by UART interface tests covers one-third of the test plan. The final
phase of testing includes validating the CC240 and DS2740. Every test is explained in a
detailed manner in the following sections.

The order, in which the various features were tested, can be summarized as follows:

1. Power circuit

ii.  Crystal oscillator
iii.  Reset signal
iv.  JTAG interface
v.  User I/O signal
vi.  UART Interface

vii.  Test for CC2420
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viii.  Test for DS2740
4.2 Power Circuit

ATmega 1281, CC2420 and DS2740 are supplied with a 3.3V supply. The Figure 4.2
gives the layout of the un-routed embedded evaluation board. Micro-controller, RF and
Coulomb counter modules can be identified. Measuring the supply voltage at specific
modules does not guarantee the accuracy of the power circuit. Fabrication errors may be
a cause for high fluctuations at different operating conditions. To ensure proper operation
of the power circuit, the voltage across the all the modules are tested for an extended

period of time at various stages of operations.

ATmega 128L CC2420

o
9.
o
@ |
~

C3

IIJ]_IIIIIIHIEIII

DS2740 DS2740

Figure 4.2 Location of the ATmega 128L, CC2420 and DS2740 modules
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4.2.1 Testing ATmega 128L Power Supply

According the ATmega 128L specifications [1], a low pass filter is connected
between AVCC PIN64 and VCC PIN21, PIN52 for proper functioning of the
microcontroller module. The voltage supplied to ATmega 128L was measured during the
start, transmit and receive operations. The voltage across the Vcc PIN 21 and GND PIN
22 was measured and the results confirmed proper voltage readings of 5.5 V. Figure 4.3

illustrate the location of the power circuit for ATmega 128L.

Power Circuit ATmega 128L
IIIIIIIII-II : ] L ]
. ~.og o
. % oo 0og oo
. oaooE o
wg O
DOBE R
=S SO
ARTTINES B
oo
= E‘E’ RIZ
= B fau]
DEE oo
_________________________ —— i oo

Figure 4.3 Location of Power circuit for ATmega 1281
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4.2.2 Testing CC2420 Power Supply

Proper power supply must be provided for error free performance of the CHIPCON
transceiver. The power circuit for the RF module is designed based on the reference
design provided by the CHIPCON specifications [2]. The circuit was closely followed to
obtain optimum performance of the RF module. Figure 4.4 shows the reference design by
CHIPCON support. In order to test the power circuit, the voltage across VREG_IN PIN
43 and GND PIN 9 was measured and the results confirmed proper voltage readings of

3.5-3.9 V. Figure 4.5 illustrate the location of the power circuit for the RF module.
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Figure 4.4 CC2420 reference design provided by CHIPCON support [6]
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CC2420 Power Circuit

S2 :
% WCEG )

Figure 4.5 Location of Power circuit for CC2420

4.2.3 Testing DS2740 power supply

DS2740 is supplied with a 3.3V power supply at Vdd through a 150Q resistor.
MAXIM provided a reference design which was followed to design the power circuit.
Figure 4.6 depicts the reference design provided by MAXIM support. The voltage across
Vdd PIN 8 and Vss PIN 6 was measured and the results confirmed proper voltage

readings of 3.3-3.5 V. The location of the power circuit can be seen on Figure 4.7.



32

30V
o
System Supply or l
Battery Pack Positive 150q = F1f
15052 VoD |
DATﬁ:ﬁﬁ; .
Rl6 =L
o108 DS2740 »
o A +—FIO ovD
Rz | s .
*/I) T 152 151 Connection
| | | To
System I 0 Battery
Ejﬁﬁ | A “Nega:t] Ve
= RI3 002@

DS2740

IAIIIIII[II

alororo Ol E e
\ DG GG )|

| EFeps G

Figure 4.6 Reference design for Coulomb counter DS2740 provided by MAXIM [8].
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4.3 Crystal Oscillator

The embedded board consists of two external crystal oscillators connected to
ATmega 128L and CC2420. Since the functioning of the microcontroller and the
transceiver is based on accurate functioning of the crystal oscillator is it necessary to
ensure the accuracy of the oscillators on board. The following sub sections gives details
of the tests carried out to verify the crystal oscillators. Figure illustrates the location of

the crystal oscillators connected to ATmega 128L and CC2420.

4.3.1 Test for Crystal Oscillator connected to ATmega 1281

An external crystal oscillator is connected between XTAL1 PIN 24 and XTAL2 PIN
23 of ATmega 128L. It can operate at four different frequencies viz. IMHz, 4MHz,
8MHz and 16MHz depending on the fuse settings of the microcontroller. Since the whole
operation of the embedded wireless board is configured at 8MHz, the crystal oscillator
was set to operate at 8 MHz and the clock pulses were observed using an oscilloscope. A
stable clock pulse was observed in the oscilloscope. Figure 4.8 gives the location of the

crystal oscillator.

4.3.2 Test for Crystal Oscillator connected to CC2420

A 16MHz crystal oscillator is connected between XOSC_Q1 PIN 39 and XOSC_Q2
PIN 38 of CC2420. The embedded board was powered and the clock pulses were
observed to be stable using an oscilloscope. The location of the crystal oscillator is show

in Figure 4.8.
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|
& |

Crystal Oscillator for ATmega 128L Crystal Oscillator for RF module
Figure 4.8 Location of external crystal oscillator for ATmega 128L and CC2420

4.4 Reset Circuit

The reset circuit only consists of a push button S1 and few passive components. The
reset signal can be generated by two mechanisms: by closing the circuit using the push
button and by reducing the supply voltage to fall below the threshold value. In order to
test the reset circuit these mechanisms were tested.

The IRESET PIN 20 was observed while the push button is pressed. The supply

voltage was reduced below 5V and the reset signals were observed.
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Figure 4.9 Location of JTAG port and Switchl

4.5 JTAG Interface

The JTAG circuit in the PCB is compatible with the JTAG ICE MK II [2] connector.

Figure 4.9 indicates the location of the JTAG circuit. The main purpose of this test is to
authenticate the JTAG signals on board. AVR Studio 4.0 was used as a programmer
throughout the test phase. The Auto Detect function of the programmer was used to
probe the JTAG chain. When the board was powered and the JTAG connected, the device

was successfully detected by AVR Studio 4.0.
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Figure 4.10 Location of LEDs and switches

4.6 User I/O

User 1/0 section consists push buttons, LEDs and 3 headers to observe the signals in
different Port pins. In order to test these I/O signals various simple codes were written,
compiled and downloaded to test the functionality of these signals. Figure 4.10 give the
location of the switch S1 and S2

4.6.1 Test for Push Button

Test code Switch.c was written to test the working of the push button. The code

upon downloading makes the push button activate PORT PGO, PGI, PG2
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associated to the LEDs. The LEDs operated as expected depending on the switch
press.

Another test code module Switch_Interrupt.c was written make the Switch act as an
external interrupt to PORT PES. The LEDs were made to switch ON and OFF
depending on the external interrupt.

4.6.2 Test for LED

The test written for the push button also tests the connections for LEDs. However,
test code was written to set the timer interrupt for various time intervals and the interrupt
was observed with the help of LED status. Figure 4.10 gives the location of LED D7, D9,
D10.
A LED_Timer_Final.c was written to test the timer functionality of ATmega 128L.
The timer was set to occur every one second which eventually activated the LEDs.
One-second blinking was observed.

4.6.3 Test for MSV5

MSV5 is a 5 pin header connected to MAXIM 3243. To test the connections between
the Port Pins associated with the microcontroller and the header, each pin has to be
activated. MAXIM 3243 amplifies the signals making it compatible with the RS 232
[13]. The pin header represents RS232 signals; RTS, RD, TD, CTS. Test code MSV5.c
was written and downloaded to activate the respective signals associated with PORT PIN
PDS5, PD2, PD3 and PD7. The voltage level indicated proper connection.

4.6.4 Test for MSV5X2
MSV 5X2 header is a 10 pin header connected to Port F and RS 232 control signals.

MSV5X2.c was written to test the reliability of the connections to this header. Upon
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downloading the code onto the microcontroller, the port pins PFO, PF1, PF2, PF3, TXDI,
RXD1, CTS and RTS were made HIGH. The voltage across each pin was measured to
verify the connections.

MSV5X2

MSV5
Figure 4.11 Location of headers MSV5, MSV5X2 and MSV12

4.6.5 Test for MSV12

MSV12 header is a 12 pin header; the main purpose of this header is to evaluate the
SPI interface. All the signals associated with the SPI interface between ATmega 128L
and CC2420 can be observed at this header. There are two ways by which we can test the

signal. First method involves downloading the final firmware onto the board and
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observing the timing signals of SPI interface. Second method involves downloading
MSV12.c to activate each PORT PIN associated with SPI to evaluate the connection.

Both methods were carried out to ensure proper connection status.

4.7 UART Interface

UART Interface plays an essential role in evaluating the operation of the board. It
acts as a window to evaluate the working of the board. UART_TEST.c was written and
tested to verify the interface. The code takes input from the keyboard and displays the
key press on the hyper terminal at different baud rates. This simple code was downloaded

and errorless operation was observed at different baud rates.

4.8 Test for CC2420

The CC2420 RF transceiver module drives the RF communication. The test code was
first tested on the CC2420DBK board to ensure that the code works as per the specified
functionality. The input/output port variables were changed according to the requirements
of the board under test and were downloaded. A burst of characters were sent and
received by a similar board configured as a receiver. The received characters were
displayed on a PC running Hyper-Terminal at a fixed baud rate. At the receiver the
RXFIFO register buffers all the character and displays them at the specified baud rate.

Figure 4.12 depicts the set up for the CC2420 test.
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Figure 4.12 Block diagram of the experimental setup for CC2420 test

4.9 Test for DS2740

DS2740 module measures the current drawn by the microcontroller during
transmission. In order to test the circuit operation, DS2740.c was downloaded and tested.
Upon downloading the code, the microcontroller ATmega 128L polls for the coulomb
counter DS2740. Once the device is recognized, the status is displayed on the hyper-
terminal. This code was used to test the one-wire interface compatibility of the slave
device. The current measured by the coulomb counter was tested against standard
measurement techniques. Figure 4.13 gives a diagrammatic representation of the test

setup.
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Figure 4.13 Block diagram of the experimental setup for DS2740 test

4.10 Testing full functionality of the board

Figure 4.14 presents a diagrammatic representation of the set up to test the full
functionality of the board. A prototype was developed to test the Full-
Functionality_test.c. The set up consists of a CC2420DBK board, which consists of
CC2420 and ATmega 128L, and a DS2740 Coulomb counter evaluation board. The
CC2420DBK board is powered by a 7.5V regulated supply. The Full-Functionality_test.c
code is downloaded onto the ATmega 128L on the board. Upon successful completion of
the initial process, the slave device, DS2740 evaluation board is recognized by the

ATmega 128L microcontroller and the status is updated on the Hyperterminal. One of the
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boards is configured as a transmitter, while the other as a receiver. A switch S1 is pressed
on CC2420DBK board to transmit the content of the current accumulator register of
DS2740 sent. The CHIPCON CC2420 RF transceiver drives the RF communication.
During transmission, the Start of Framer Delimiter (SFD) pin remains high until the
transmission is over. And then goes low on completion of transmission. The receiver also
behaves in a similar fashion. The code is programmed in way that the SFD pin acts as a
flag for measuring the current from the DS2740 evaluation board. As soon as the SFD pin
goes logic high, the ATmega 128L reads the content of the current accumulator register
and transmits the register vale. At the receiver end, the value receiver is displayed

continuously on the hyper terminal.
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Figure 4.14 Set up to test full functionality of the board.



CHAPTER 5: CONCLUSION

The main objective of the thesis is to test a newly designed wireless embedded
evaluation board compliant with 802.15.4. The design schematic was imitated on a
prototype and verified by implementing several test cases. The flaws identified during the
test cycle were eliminated by redesigning the appropriate location of the faulty circuit.

The simple approach involved testing the individual modules was undertaken. The
test plan was developed and systematically followed throughout the test cycle. The test
cycle focuses on the micro controller module, RF module and the coulomb counter
modules in particular. The test methodology was structured in order to identify any
possible faults that may occur in the board.

The initial test phase involved testing the ATmega 128L microcontroller module,
CC2420 RF module and DS2740 coulomb counter module as individual functional
blocks. Several test cases were developed to test the modules. The code written was first
tested on a prototype to ensure that the code was errorless. The micro-controller module
was emulated with the help of STK500, STK501 and JTAG ICE MKII connecter setup
illustrated in the Figure 5.1. Figure 5.2 illustrates CHIPCON CC2420DBK and Figure
5.3 illustrates CC2420EB boards that were used as prototype to test the test cases for RF
module. DS2740 evaluation board is illustrated in the Figure 5.4 was used to verify the
test cases for DS2740 module. The board consists of header, user /O interface like

Switches and LED. Simple test codes were written to check the connection between the



45

headers, LEDs and switches to the respective pins on the ATmega 128L or CC2420 or

DS2740.

JTAG ICE MKII

STK500 Headers STK501

ATmega 128L JTAG Connecter

Figure 5.1 ATmega 128L microcontroller module setup.



RS232 Connecter to display the characters on the Hyper-terminal

ATmega 1281 CC2420

JTAG

Figure 5.2 CC2420 module set up using CHIPCON CC2420DBK evaluation board.
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USB interface SFD signal observed on an Oscilloscope

CC2420EB CC2420 CC2420EM
Figure 5.3 CC2420 module set up using CHIPCON CC2420EB evaluation board.

JTAG Connecter

ATmega 128L Pull-up resistor

DS2740 Evaluation board

Figure 5.4 DS2740 Coulomb counter module setup.
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It was observed while testing the DS2740 test case that the schematic design had a flaw.
A pull up resistor R16 as illustrated in the reference design provided by MAXIM Figure
5.6 was not included, it was later and rectified by adding an appropriate pull up resistor
and retested.

The test cases developed were simple but effective in identifying possible faults on the

board.
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