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Abstract

In the past few years, system-level exploration of wireless data-harvesting techniques
have driven circuit designers to consider power-aware radio nodes as a key component
of wireless sensor networks. In this work, a discrete implementation of a narrow-band
radio in the ISM band will be described. The constructed narrow-band radio achieves
a bit-rate of 1Mbit=sec, and features a 0dBm to 20dBm adjustable power amplifler. A
discussion of circuits, systems, and implementation will be presented. High frequency
analog design will also be discussed in detail. Finally, an analysis of the power-states
and power hooks in the narrow-band radio will be explored to demonstrate a °exible,
power-aware radio system design.
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Chapter 1

Introduction

1.1 Wireless Sensor Networks

In the recent past, wireless sensor networks have been inspired by the onset of tran-

sistor miniaturization and single-chip mixed-signal integrated circuits. Public and

private sectors such as the military have gained interest in the research of wireless

sensor networks for the purposes of battlefleld monitoring, biological/chemical de-

tection, and/or reconnaissance [1]. The MIT micro-Adaptive Multi-domain Power

aware Sensors („AMPS) group was formed to research the design and prototyping of

a wireless network, and to develop energy-aware techniques for such systems. The

„AMPS team is composed of people with expertise in RF, digital, software, signal

processing, and information theory.

A microsensor network is made up of many identical wireless nodes. These nodes

are scattered in an environment to be monitored with high node densities for fault

tolerance, and system robustness. The network is set up in such a way that the

radius of communication of each node at least intersects with one other node. Usually,

these nodes are immobile and homogenous. Each node contains a processor, radio

transceiver, link manager interface, sensors, and power supply. The processor is

responsible for the \intelligence" of each node, and will contain the algorithms and

MAC software designed to control the entire network, allowing the network to operate

together. The radio transceiver should meet FCC regulations in its band of operation,
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and is required to only transmit/receive short distances, due to the energy-e–cient

advantages of multi-hop routing in wireless networks. Multi-hop access transfers data

from one node to another, until the data eventually arrives at the base-station. The

base-station has the advantage of being attached to an inflnite power supply. This

inflnite power supply allows the burden of high energy processing to be done at the

base-station. Because the batteries of each node are not replaceable once they are

deployed, battery regeneration techniques as well as initial battery energy densities

are of great importance. Among the many types of sensors that can be placed on

each node are acoustic, image, or seismic sensors [2].

Figure 1-1: Wireless sensor network [1]

Figure 1-1 is an example of a wireless sensor network. Each open circle in the

flgure represents a dead node (due to exhausting its power supply or other faults),

and each gray circle represents a node that is functional. The solid line represents

the direction of travel for the source the network is tracking. The dotted lines rep-

resent the direction of data hopping; the base-station, marked with B, is where the

data hopping lines terminate. The concentric circles represent the sensor range. As

the source moves within the network, the network dynamically reconflgures itself to
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continue tracking motion, seismic changes, and/or acoustic changes. The dotted lines

represent the multiple paths that the data traverses towards the basestation, so that

power is conserved across the network [1].

Figure 1-1 shows how multi-hop and multi-path techniques can be used to maxi-

mize the lifetime of a network. Since the energy it takes to transmit a certain distance

r goes as rn, where n is anywhere from two to four depending on the environment,

multi-hop data transmission allows for lower overall network power consumption if

the e–ciencies for power ampliflers are high, and energy-startup costs for each node

is minimal. From observing the complexity of multi-hopping networks as compared

to direct transmssion, it is apparent that the lifetime of a network is less dependent

on the power usage of a single node, but much more dependent on the uniform power

usage of all the nodes. The more uniformly a network consumes power, the longer

the lifetime of the network [1]. Furthermore, the flgure shows fault tolerance, which

is somewhat similar to the independence of a network’s lifetime from the lifetime of

a single node. Since there are many paths that data can travel to and from the base-

station, there are few \critical paths" where if a node dies, then many other nodes

can no longer communicate with the base-station. In efiect, the more interconnected

the nodes are, the more fault-tolerant the network is. More information on network

lifetime can be found in [1].

1.2 „AMPS Node Architecture

Figure 1-2 is a block diagram of the node’s architecture. In actual implementation,

the hardware for the nodes are divided up as such: the processor board contains the

DC/DC converter and processor; the sensor board contains the battery and sensors;

and the radio board contains the radio transceiver, PA, LNA, antenna, and Link

Manager Interface (LMI). The radio transceiver board is the focus of this work. The

key difierence of this radio from others is the addition of power-aware circuits, in

addition to the traditional RF circuitry. This allows for minimal power consumption

from an intelligent management of energy. The speciflcations for the uAMPS node
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Figure 1-2: Node architecture

are as follows:

† (55mm)2 board space for each stack

† low power operation, with power hooks

† ability to accommodate spatial density of 10nodes=m2

† tx/rx distances from 10m to 100m

The power hooks are power controls for the radio states, output power levels, and

difierent states including idle and ofi. In a combined efiort of numerous graduate

students [3] [4], the node is implemented in the MTL laboratories, meeting the above

speciflcations, as „AMPS node 1. A picture of the actual implementation is in flgure

1-3.

The focus of this thesis is the design of a power aware narrow-band transceiver.

Figure 1-4 is the radio board that was constructed.
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Figure 1-3: Node stack

Figure 1-4: Top and bottom of radio board
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