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1. INTRODUCTION

Integrated circuit (IC) technology has come a long way since the days when

wireless communications started becoming a part of our lives. Devices are becoming

smaller in the sense of size and power requirements. Following Moore's Law, transistors

have become smaller, more power efficient, and more robust to temperature and humidity

changes. New inventions that are being developedmonopolize the fact that many

electronics can be embedded into a single chip that has a footprint size smaller than any

sensors and oscillators.

Today's integrated circuit technologies are allowing many breakthroughs in

communications. With the ICs decrease in size and power, batteries are becoming more

of a burden on the miniaturization of active devices. Mobile wireless communication

designers are always concerned with battery issues such as: energy per unit mass (W-

hr/kg); energy density (W-hr/cm ); open circuit voltage (V); service lifetime (months);

and operating temperature range (C) [33]. With so many restrictions on battery

technology, designers are considering battery power and the lack thereof as the next

frontier to tackle in miniaturization and communication.

IC devices can require less power after every redesign, however wireless

communication links always experience free-space path loss so the power needed for

communications is usually large in comparison to low-poweredmicro-controllers and

sensors. This research project relates to amplitude modulation systems, and a typical AM

system with double sideband-suppressed carrier (DSB-SC) modulation and demodulation



needs a stable carrier, intermediate, and local oscillator signal generated at each wireless

node. There can be quite a few parts to a frequency generator and synchronizer. The

largest (and least efficient) components are radio-frequency (RF) transformers (balluns),

crystals, and RF inductors. If there are certain restraints on power and size of a printed

circuit board (PCB), the AM communication system may not be feasible or may have an

inadequate range. An alternative to providing power for communication would be to

have a host provide the required power when communicating. Such a method is achieved

using an electro-magnetic (EM) backscattermodulation technique.

Defn. Backscatter modulation : A communication technique that modifies the scattering

properties of an object (such as an antenna) in which to reflect electro-magnetic (EM)

energy in a coded manner when in the presence of a transverse EM waves.

In a traditional two-node communication scheme consisting ofone transmitter and

one receiver, the transmitter of information uses the most power of the communication

system in order to over come free space path loss. Microwave backscatter modulation is

an alternative solution to miniaturizing all components that are deemed necessary for a

particular communication scheme. In effect, the power and size requirements are off

loaded from the information transmitter and the receiver takes up the burden by

transmitting the carrier wave. This special type of low-power information transmitter

(transponder or tag) will be referred to as a "Probe", and this special type of carrier-

emitting receiver will be referred to as a
"Reader"

in this document.



2. BACKGROUNDAND RESEARCH

Nicola Tesla proved in 1899 that power can be transmitted from one place to

another [28]. To this end the communication systems of today typically place power into

a carrier wave that is modulated by an information signal. Most of the transmitted power

is lost in free space, thus wireless communication always has an inefficient transmitter-

to-receiver coupling compared to wired communication. Microwave Backscatter

Modulation (MBM) allows this inefficient power burden to be off-loaded from a small-

scale information-transmitting device, but the tradeoff is larger power inefficiency of the

entire communication system because the free-space path loss is doubled (two-way trip).

A host reader will transmit a high-powered carrier wave in this setup. The device

in the field will utilize a backscattermodulation technique by changing the antenna's load

(using a transistor) [23]. This change in antenna load relates to the amount of reflection

and termination of incident EM waves. Thus the device reflects some EM power back to

the transmitting device (reader). Now, a small watch battery or solar panel can be used to

power the onboard electronics (micro-controller, sensors, etc.) on this remote device, but

the large power requirement needed for communication can come from the high-powered

carrier wave transmitted from a base station (or Reader). Thus a small probe (with
its'

own power source) can be constructed which would be activated upon detection of an

incident carrier wave, and then send
its'

data to a reader using a backscatter method.

There are many applications that transponder tags or probes can be used. MBM

tags and readers can replace barcode systems. Some advantages ofMBM



tags/transponders and readers over barcode systems are: the transponder does not have to

be in line-of-sight; multiple-tag identification is possible; harsh environments (moisture,

dirt, frost, and other visual impairments) have less effect on performance with

transponders than barcodes [14]. Other benefits ofMBM transponders and readers are

the option to read and write data to the transponders. The benefits of transponders allow

applications such as asset tracking, automatic toll paying, and also wildlife research to

improve range and speed of data retrieval [33].

2. 1 . Wireless Power Transmission and Commercial Transponders

Wireless Power Transmission (WPT) is the idea ofproviding RF power to a

passive device. This device has an antenna system which channels the RF power to a

microwave diode and various RF filters. The carefully-tuned capacitor filters convert the

incident RF signal into a DC power supply. The resulting DC power is typically weak

(10 mW or less) compared to the incident RF carrier wave.

The general description of a transponder is a wireless mobile device that responds

to a call or activation signal from a base station. Some miniature commercial-use

transponders utilize the wireless power transmission technique, and thus have little or no

on-board power. Typically these WPT transponders (passive tags) utilize backscatter

modulation, with the data simply being an ID code (known length). In the remainder of

this document a
"probe"

refers to a device that has measurement data (unknown length)

and has some small power source strictly for onboard electronics (active tag), but utilizes

backscatter modulation for communication.



An introduction to the various forms of field propagation is necessary. Magnetic

field coupled transponders are some of the most common commercial-use transponders

[29]. Figure 2.1 shows a setup with magnetic coupling [8, 23].
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Figure 2.1: Magnetic-coupled system [8, 23]

The reader and probe each have an iron-ferrite core wrapped by an insulated wire with

many turns. Typical carrier frequencies ofmagnetic systems are no more that 130 kHz

because of the bandwidth response of the iron cores [23, 29]. Due to the nature of

magnetic field decay versus distance, typical range ofmagnetic coupled transponders is

less than two feet [29].

Another form of energy coupling is electric field coupling, which uses antennas

instead of coiled ferromagnetic cores. Electric field coupling has many advantages over

magnetic field coupling. First, the range for a given power is farther than magnetic

coupling because antennas are more efficient at coupling with the air than ferromagnetic

cores [30]. Second, the carrier frequency is much higher, which enables the use of a

higher data rate. Third, the size of the reader can be reduced because an antenna can be



made more directional than magnetic coils [30]. Figure 2.2 shows a dipole electric-

coupled reader-probe setup.
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Figure 2.2: Electric-coupled system [8, 23]

For the transmit and receive powers Ptx and Prx (Watts), distance d (meters), reader

antenna gain Gar, and probe antenna gain Gap the efficiency ofpower transmission is

determined by the Friis transmission equation [7, 1 1, 8].

RX

TX

= G
AR

Andf
'

AP (2.1)

where c is the speed of light in a vacuum (2.998E8 m/s), and f is the frequency of the

carrier wave (in Hz). Equation (2.1) can be used if one assumes that the antenna

impedances are matched to the transmitter and reader impedances, and the antennas are

aligned with the same polarization for maximum directional radiation and reception [11].

With the goal to optimize the power transmission efficiency, the ideal setup

would behave as shown in figure 2.3. The ideal system would utilize efficient coupling

devices such as directional antennas with the main lobe/beam close to
0

angle-width and



all power concentrated in the main lobe (gain of infinity). Thus there would be very little

loss ofpower because all power is directed and coupled in the line-of-sight path from the

reader to the transponder. The free-space loss can be ignored because of the infinite-gain

antennas. Another assumption is that the rectifier of the transponder has perfect

transformation ofRF power to DC power. A name for the transponder's antenna and RF-

to-DC rectifier (and its components) that has been adopted by industry is "rectenna"-

rectifying antenna.

Wireless Power Transmission Realization

Pte Prx

[kW] n
TEM Waves

~JkW]

Energy
Source

Reader

Efficient

Rectifier

&,T-o

Gain -> dBi
Transponder

Perfect Directional S

Antenna (>100 dB gain,

small Main-lobe-width)

Figure 2.3: Ideal Wireless Power Transmission

In reality, the best 902-928 MHz antennas restricted by size typically have up to

25 dBi of gain (dBi: decibels over isotropic radiation of same EIRP) and as low as
30

horizontal beamwidth. One example of such an antenna is the DB848H35E-SY 890-940

MHz directional antenna from DecibelProducts.com (Gain of20 dBi,
35

horizontal

beamwidth). Antenna gain is proportional to its electrical size [7]. In the case of a 35

GHz rectenna design, the RF to DC conversion efficiency was about 40 % [17]. As the

carrier frequency is reduced, the choice of rectenna components become cheaper and

microstrip dimensions can allowmore tolerance. This will have a positive impact on the

RF-DC conversion efficiency. A 5.8 GHz rectenna demonstrated 80% conversion



efficiency in James O. McSpadden's tests [18]. Both of these rectennas utilized printed

circuit dipoles. Some rectenna designs use microstrip patch antennas, as was the case in

Dong-Gi Youn's 2.45 GHz rectenna tests [20]. The performance ofhis rectenna patch

arrays was around 70 % RF-to-DC power conversion.

Yet another form ofwireless power transmission can be sunlight and solar panel

cells (photovoltaic cells). Typical sunlight-to-DC power conversion in a single-crystal

silicon cell is about 14 % [31]. An example of solar panel technology is the Siemens

SM46 SolarModule, which is rated for 46 W DC power and has dimensions of
42.7"

x

13.0"

(area of 555 in.2). Scaling the panel down to a reasonable probe size of 2 in.2, the

DC power would be about 165 mW. This is more than enough power to run a low-

powered micro-controller and simple measurement sensors like temperature, humidity,

radiation, and many other significant reconnaissance datameasurements during full

illumination of the solar panel cells.

2.2. Backscatter Techniques

Assuming the wireless power transmission to be successful or a proper battery

source to be available for the onboard electronics, the next step of the transponder will be

to begin communicating information back to the reader using a backscatter technique.

There are three types of transponders [12]. One type (type 1) has no on-board

battery or solar panel, so it utilizes a rectenna to convert an incident carrier wave into a dc

source (wireless power transmission). After enough DC charge is stored, the transponder

then backscatters the incident wave by changing the antenna load by turning
"on"

or

"off a passive RF diode or transistor, which in turn absorbs the carrier wave or reflects it



back to a reader device. This type of transponder will have the smallest communication

range because the field strength has to be strong enough for adequate RF-DC converted

power, which is more than the required communication power. The second type (type 2)

of transponder has an on-board battery for low-powered electronics, but it also uses

passive components to backscatter the incident waveform. Since RF-DC power

conversion is not needed, the range of the type 2 transponder can be much greater than

type 1 transponders. The Probe designs presented in this research project are classified as

type 2 transponders. Another type of transponder (type 3) uses the onboard battery for

electronics and amplified communications (active backscatter instead ofpassive), thus it

requires the largest battery for a defined probe lifetime but has the farthest range [12].

The main objective of the
"Reader"

and transponder (or "Probe") system is to

have the reader query the transponder to determine the data of the transponder. The type

1 transponders have onboard ROM and shift registers. The ROM (read-only memory,

non-

volatile) has an identification code for that particular transponder. After initial

power-up of the digital components, the transponder needs to utilize the same antenna

system it used for energy coupling but in a reverse direction of signal flow. It needs to

transmit the ID back to the reader. The simplest transponders perform a carrier-present,

carrier absent (CPCA) modulation of the incident RF power signal [25], as seen in figure

2.4. A binary signal amplitude-modulates a carrier waveform to construct the CPCA

waveform. This is also referred to as On-OffKeying (OOK) or Constant-Wave (CW)

modulation. Another name for this modulation is Amplitude-Shift Keying (ASK) with

100 % modulation depth.



CPCA Data

BinaryData

Figure 2.<
: Simplest BackscatterModulation

There are many manufacturers of type 1 transponders such as TrolleyScan, Texas

Instruments, and Lowry Computers. These transponders are intended for short-range

communication in a fixed environment (specific range & location ofmultiple readers).

One example is the RFID tagging system in which stores or factories have transponder

tags embedded in a product which will be activated when passed through a reader's

carrier wave to identify the type ofproduct & quantity, or to activate anti-theft security

alarms. One particular design by K.V.S. Rao was of a passive backscatter RFID system

that uses dipole tags and frequency hopping to overcome issues ofmultiple-path and

multiple-tag environments [14]. The effective isotropic radiated power was 36 dBm,

reader antenna gain was 6 dBi, and the operating frequency was 2.4 GHz [14]. The

particular system had a maximum read range of 135 cm [14].

One particular active tagging system is achieved using circular-polarization

modulation [12, 13]. The incident linearly-polarized carrier is collected with a dual-

polarized antenna system and quadrature hybrid as a polarizer [13]. This carrier is

amplified and circular-modulated between left and right hand polarizations before sent

back to the transponder antenna. This proposed tag required having over 10 mW of

power for the active backscatter system, which in turn generated 6 dB of conversion gain

10



(amplifier) [13]. The Reader EIRP was 10 mW, and the reader and transponder antenna

gains were both 7 dBi [13]. This tag system also experimented with frequency-hopping

methods to overcome issues ofmultiple-path and multiple-tag environments. The

maximum read range (backscatter modulation) was about 10 meters [12, 13]. The

tradeoffof this transponder design was the required tag source power and tag size were

large.

11



3. THEORY

3.1. Radar Approach

A backscattermodulation system can be modeled as a radar system in the sense

that there will be a constant wave (CW) carrier sent to an unknown distant object (a probe

in this case). There will be a returned signal or
"echo"

from that object, and the base

station needs to carefully isolate the returned echo from the high-powered carrier wave

that is reflected from other objects. Radar systems refer to a target's electrical

(conducting) size as radar cross section. In many aspects the probe of this project can be

represented by a small target in radar, so the detect-ability of the probe is of concern

when other objects are present.

Defn. Radar Cross Section (RCS) : "The fictional area of a target intercepting that

amount ofpower which, when scattered equally in all directions, produces an echo at the

radar equal to that from the
target."

[1]

The power of the information signal returned at the point of the probe is

proportional to the power incident and collected at the probe. Thus the radar range

equation is similar to the response from the probe in this project. An example of a

conceptual backscatter modulation scheme is in figure 3.1. The reader will have a

directional antenna (eg. Parabolic dish, Gar 20 dBi), and the probe will have an omni

directional antenna QUA monopole whip, Gap ~ 3 dBi).

12



Monopole

Figure 3.1: Backscatter concept

The radar range equation (3.1) is an expression to determine the maximum range

for a given transmit power Ptx (Watts), directional antenna gain Gar, and detection

antenna effective aperature Ae [1]:

R
MAX

Ptx^arj^e<j

(4*)2S*_v

1/4

(3.1)

The term Smin is the minimum detectable signal power in watts, and a is the radar cross

section of the target (m ) [1]. Assumptions are made in (3.1) that the range is much

greater than the wavelength of the carrier wave. Using the example previously given, let

Gar = 20 dBi (or 100), PTX
= 1 W (or 30 dBm), and SMin = 10 uW (or-20 dBm). For the

detecting antenna, let the same type ofdirectional antenna (dish) be used. The effective

aperature can be represented in terms of the antenna gain [8].

a *r (m2) (3.2)

Let the frequency of the carrier wave be 916 MHz, therefore the wavelength is c/f= 32.8

cm. The effective aperature (or effective electric area) of the detecting antenna becomes

13



0
3282

io(20/10)
= 0.853 m2. The probe's equivalent radar cross section (RCS) now has

An

to be considered.

The RCS of the object (the probe with an antenna) can be approximated to be the

effective aperature of its antenna since the antenna will be radiating the information

signal, not the ground plane and components of the probe. In figure 3.1 the probe has a

quarter wavelength monopole (whip) antenna. The antenna pattern gain for a XIA

monopole is the same as a X/2 dipole [8], which is 1.64 or 2.15 dBi. Therefore the

0
3282

effective aperature of the probe (radar cross section) is 1.64 = 0.014 m2. The
An

range of this example system can now be determined.

"MAX

^TX^AR^EG

.

(4x)2sMN

1/4

1x100x0.853x0.014
1/4

= 5.24 (m) (3.3)(4^)2xl0"5

Thus the maximum range for this particular communication (radar) setup is 5.24 meters

(or 17 feet). This system can be scaleable in any of the parameters (such as Ptx, Gar,

Gap) to achieve greater range. The returned power of 10 uW (-20 dBm) is a typical level

for a digital communication signal. Many communication systems today have a range of

detection at the receiver (reader) from 100 mW to 10 nW (20 dBm to -60 dBm) of

information signal power.

The concept of a probe in an unknown environment, receiving RF power and

transmitting it back to a reader needs to take into account radar clutter.

14



Defn. Clutter : The unwanted return of the radar pulse or carrier wave back to the radar

device is known as clutter. Clutter degrades the detection of the desired information

signal. Since it has a known frequency and waveform shape, it is not referred to as noise.

However the power, delay, and direction of the clutter can be unknown.

One of the problems with microwave backscatter communication is that the probe's

information signal will be very weak compared to the unwanted clutter due to the

environmental reflections (ground, buildings, foliage). Another issue to deal with upon

designing the system is to overcome undesirable reflections of the high-powered carrier

wave into the detector due to mismatched loads.

In radar systems, the
"target"

signature is separated from the clutter in time and

frequency. In pulsed radar systems, the
"echo"

clutter due to ground surfaces and

impedance mismatch typically returns at different times than the return of the target's

echo. For CW radar systems, a Doppler shift of frequency helps isolate the target signal

from the clutter. However CW systems have a constant degradation because of the

returned clutter echoes and mismatched load lines. Chapter 5: Reader Designing has

further investigation into CW radar system technology since this research project

operates in CW mode.

3.2. Link Budget Analysis

An example calculation for range was introduced in (3.1). A more accurate

system block diagram that relates to this project can be seen in figure 3.2 below. Some of

the equipment that was used in this project is listed in table 3.1. Explanations for the

choices of these components will be addressed in chapters 4 and 5.

15
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Figure 3.2: Initial System Design

Item Maximum

Power

Gain Frequency
Range (MHz)

Directional Antenna

ANT-916-CN-N

100 W 10.2 dBi 881-951

Omni-Directional

Whip Antenna

ANT-916-CW-QW

Unavailable 3 dBi 891-941

HP 8656B

Generator

50 mW NA 0.1-990

Table 3.1: Selected components in project

An important component that was helpful in testing was a commercial circulator:

Defn. Circulator: "A circulator is a passive non-reciprocal device with three ports.

Energy introduced into one port is transferred to an adjacent port, the other port being
isolated."

[32]

An ideal circulator is assumed for now. Parameters of an ideal circulator are

infinite power rating, infinite isolation in the reverse path between ports (i.e. infinite

return loss), and zero insertion loss. Performing a link-budget analysis using the given

components is the next step. The goal for range is 5 meters and carrier frequency is 916

MHz. All connections are assumed to have perfect matching (no unwanted reflections).

The captured power at the probe from the reader is:
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"'.Probe
~

"tX^ArOap

f X ^

\Andj
(50/w^)(l0,02/,0)(l03/1)

f3xl08

mis/
/9 1 6 MHz

4kx5m

= 28 uW (3.4)

The power received at the probe is 28 p.W for this combination of components. Next, it

is assumed for now that the probe's backscattermodulation is a passive impedance

mismatch setup (like CPCA modulation), and that the binary representations are perfect

matched load (Zl = ZAntenna*) and perfectly mismatched load (Zl
=
o Ohms). For the

perfectly matched load case, there will be no reflected power (no backscatter), so the

reader will detect zero watts. For the perfectly mismatched load, it is assumed all

collected probe power is reradiated out of the same antenna (full backscatter). The signal

will again travel the free space and now be collected by the reader's antenna. The

collected power at the reader (from the probe) is:

1
Reader

J Probe^AR^1
AP

X

And
(28//^)(l0102/10)(l03/10)

3xl08

mis.

7916 MHz

Any. 5 m

16 nW

or - 48 dBm. The Probe's data with a power level of- 48 dBm can be easily detected

using current commercial communication devices, which will be discussed in further

sections.

17



4. PROBEDESIGNING

The goal of this project was to develop a backscatter modulation communication

scheme. An initial design was started using the carrier present carrier absent modulation

as seen in figure 3.2. The chosen carrier is a constant wave (CW) fixed frequency, fixed

phase and fixed power sinusoidal waveform.

4.1. Frequency, Microstrip, and Antenna considerations

The frequency selected is 916 MHz. There are many reasons why the 902-928

MHz band is a popular choice for a communication scheme. There are fewer legal

restrictions on this industrial/scientific/medial frequency band than surrounding bands

[26]. Such restrictions allow the 902-928 MHz band users to have higher output power

than other frequency bands, which mean increased range ofdetection [26]. Also the

propagation of frequencies around 900 MHz is better than the next higher

industrial/scientific/medical band at 2.4 GHz because free-space path loss is proportional

to the inverse-squared frequency [26]. Lastly, the wavelength of the 902-928 MHz

carrier wave is about 33 cm. This wavelength directly impacts the length and size of an

antenna. For example a quarter-wave monopole will be about 8% cm, which is less

costly and cumbersome than lower frequency antennas.

The CPCA (amplitude-shift keying) modulation of the carrier at the Probe is

designed first in this document. This is to illustrate the available equipment and

hardware specifications, as well as to show the CPCA limitations. A better amplitude-
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modulationMBM system involving intermediate-frequency selection is discussed later in

this chapter.

The choice of transmission line setup at the probe is microstrip. Microstrips can

be easily integrated with other passive and active microwave devices [7]. Another

benefit is that all microstrip and component layout can be fabricated in-house with

routing and drill bits. Many printed circuit boards were designed, routed (fabricated), and

soldered together in the steps to complete thisMBM system. A layout of a microstrip

can be seen in figure 4.1 .

\ -. \ \ \ v \ \ v \ \ v \ \ \ \ \ \ \

E

H

v. v t \ v ',. \ v \ \ r~~r~~~\ '\ v v '\ ^ v

Figure 4.1 : Microstrip Cross-section with field lines [7]

A conductor ofwidthW, conductivity a and relative permeability u. is routed out of a

two-layer duroid with substrate relative permeability sr and thickness d. The bottom

metal layer serves as a ground plane. A sketch of the field lines is shown above. The

electric field lines penetrate the air (sr = 1) above the top conductor and circle around to

pass through the substrate and to the ground plane. Because the top conductor is

bordered by air on one side and substrate on the other, it cannot support pure TEM waves

because the phase velocity of a TEM wave on the substrate side would be c I
yjR

and
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the phase velocity on the air side is c because sr =1 [7]. Assuming the substrate to be

electrically thin (i.e. d A,), the fields can be approximated to be quasi-TEM so a
static-

charge analysis of the strip can be performed [7]. Now the microstrip can be modeled as

a strip inside a homogeneous substrate of effective dielectric constant se (figure 4.2).

Expressions for phase velocity and propagation constant of an approximate static

microstrip are below.

1 < sE < sr Op
=

C I
yjE

(5= kJJs (4.1)

-r~

d w

YTTTTTYT~-<

Figure 4.2: Quasi-TEM Microstrip Model

Now a closed form solution can be found for the newmicrostrip model. The approximate

formula for the effective dielectric constant is [7]:

+1 sR-\

2 2Jl + l2dlW
(4.2)

To simplify calculations, the conductors are to be assumed to be perfect conductors and

the thickness of the conductors are not taken into account. Given the ratio ofmicrostrip

dimensions W/d, the approximate characteristic impedance of the transmission line can

be calculated [7].

Z0 =

60
In Sd_ W_

W Ad

Zn =

\20n

sE [W/d + 1 .393 + 0.667 \n(W/d + 1
.444)]

for W/d < 1

forW/d > 1

(4.3)

(4.4)
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If a certain characteristic impedance is desired, then the ratio W/d can be determined [7]

W
8eA

d e1A-2

for W/d < 2

__.

where

-l-ln(25-l) +
%

-J 1) + 0.39 -

2fc

(4.5)

forW/d > 2 (4.6)

60

[____ +
^

~ !

ffi+l

0.23 +
0.11

V

and B

'R J

377n

2Z0^jR

Next, a printed circuit board duroid has to be chosen. The choice was made to use

Rogers Corporation (Microwave Materials Division) RT/Duroid 5870. The 5870 copper

laminate has a low dissipation factor (tan 8 of0.0012 to 0.005 for 10 GHz and 1 MHz

tests respectively). The substrate has a dielectric constant of2.33 and is available in a

variety of substrate heights. For the first few test circuits, substrate thickness of 60 mils

( 2 mils) and copper weight of Vi oz. was used (Rogers part # 7 0600 Ml03 AQB).

Redesigns and new PCBs of this project had a substrate thickness of 31 mils ( 1 mil)

and copper weight of V2 oz. (Rogers part # 7 03 1 0 Ml 05 AJD). For a 9 1 6 MHz

microstrip transmission line with characteristic impedance of 50 Q, d
= 60 mils, and Sr

=

2.33, the corresponding width using (4.3) is 178.2 mils (B
= 7.75913 and W/d =

2.97028). As a comparison, Rogers Corporation's MWI Impedance Calculation program

(v00Dec06) gives W
= 177.9 mils for the given parameters. Ansoft Corporation's

Transmission Line Designer (v8.71) determines the width to be 176.2 mils (note: lA oz of

metal is equivalent to 0.67 mil thickness).
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A coaxial RF connector is needed to connect the fabricated boards to the

commercial devices and testing equipment. The chosen connector is standard SMA

(subminiature adapter), or 2.4 mm connector [7]. SMA connectors have wideband

transmission performance (bandwidth ofDC to 18 GHz), and the SMA connectors used

in this project all have 50 Q, characteristic impedance. An end-launch jack is desired for

most connections because there is no drilling needed, the connection is sturdy due to

soldering on both sides of the PCB, the ground plane on both sides of the PCB are

connected, and the interface is easiest to model in transmission line theory.

Figure 4.3: SMA end-Launch Jack

Since the duroid substrates used has thickness of 60 and 3 1 mils, the chosen Johnson

Components part numbers are 142-0701-801 and 142-0701-881 (Gold plated, 62 and

31 mil PCB thickness). The dimensions A and B of figure 4.4 are pre-determined for the

chosen 62-mil connector to be 68 and 73 mils respectively.
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.187 (4.75)
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(1.65)

.312 (7.92)
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Figure 4.4: SMA End Launch Jack dimensions

For optimum performance (low VSWR) the connector to circuit board transition is

determined by microstrip trace widths B and C as seen in figure 4.5.

PCB EDGE

2X0 .038

X.018

2X0"

.018

PLATED

THROUGH

HOLE

Figure 4.5: End-Launch Jack microstrip layout

Dimensions Base Width Board Thickness
"A" "B" "C" "D" "E"

Suggested 375 62 103 90 250 440 200

Used 375 60 177 160 250 00 200

Suggested 375 31 50 45 250 440 200

Used 375 31 90 90 250 00 200

Tab le 4. 1 : Compeirison ofMicrostrip Dimeiisions (in mi Is)
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The suggested dimensions for the coaxial to microstrip transition available from Johnson

Components were used in an initial simulation ofAnsoft's Serenade Design Environment

(v8.7). These dimensions were intended for a specific type of circuit board (FR4, loz

Cu, sr = 4.77), whereas the duroid chosen does not have the same dielectric constant.

The dimensions were adjusted until a suitable 50 Q microstrip system was achieved

(figure 4.6). The simulation's resulting impedance looking from the SMA connector is

49.92-j0.05 Q, for a reflection coefficient magnitude of |T|
= 8.76E-4 and angle ZT =

-

151 .

nl
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Figure 4.6: Simulation of the End-Launch Jack transition andMicrostrip

The next thing to consider with the design of the probe is the omni-directional

antenna. An omni-directional antenna is needed because the probe is in an unknown

environment, and it has an unknown orientation with respect to the reader device. It can
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