










































































RF industry insight

Courting the Consumer Market

By Gary A. Breed
Editor

he manufacture of consumer elec-

tronic equipment has gained new
attention in anticipation of lasting reduc-
tions in budgets for military hardware.
Along with commercial and industrial
RF applications, consumer equipment
has gotten new attention in recent
months.

A serious question that must be
answered to the satisfaction of each RF
component, test instrument, or subsys-
tem manufacturer concerns the state of
end product production. Can renewed
interest and effort in manufacturing
consumer products in this country catch
up with the long experience of Pacific
Rim countries? In simpler terms, is there
a market here in the U.S., or must a
marketing plan be tailored to customers
in other countries?

One more question, even more funda-
mental, is whether the consumer market
is growing enough to generate more RF
business. A company pursuing this
market will have a much harder time
displacing existing suppliers than it will
have selling into new applications. While
it is nearly unanimous that the potential
for rapid growth exists, the most promis-
ing new consumer products are not yet
in the pipeline.

Existing Markets

At the top of the list of current RF
consumer markets is cellular tele-
phones. Although products like large-
screen television sets and personal
computers are much larger parts of U.S.
electronics manufacturing, the cellular
market represents an RF-specific appli-
cation with possibilities for growth or
adaptation into new areas using similar
technology. Companies making power
transistors, integrated circuits and
MMICs, signal processing components,
filters, inductors and capacitors con-
tinue to pursue the market with vigor.

The cable television and television
receiver industry is well-established,
and a significant part of U.S. business.
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Small-signal transistors, frequency syn-
thesizer ICs, RF and IF ICs, filters,
varactor diodes, inductors, connectors,
and many other RF components have
big customers for their products. How-
ever, there is little room for the entry of
new companies into these markets,
since they are mainly served by large
component manufacturers. A company
seeking a shift away from military prod-
ucts, or a small company seeking diver-
sification of its customer base may find
it very difficult to make any headway in
these markets.

New Markets

The anticipated extension of cellular-
type personal communications has
many RF companies excited. Once
regulatory matters are settled, there is
great optimism that consumers will flock
to new technology. It is expected that
some kind of mid-level personal commu-
nications system will be approved in the
U.S. Whether it is similar to the U.K.’s
Personal Communications Network
(PCN), a microcell system, or simply a
“*souped-up’’ cordless telephone with
lots of new capabilities, most analysts
believe that a significant new RF market
will be created.

Until recently, the advent of High
Definition Television (HDTV) was her-
alded as the ‘‘savior’ of the U.S.
consumer electronics industry. Now,
with broadcast standards for HDTV still
under debate, delays may have allowed
the traditional foreign competition to get
a head start. Even if the U.S. broadcast
standard is drastically different from any
other, foreign TV makers will already
have experience in HDTV display tech-
nology, the most important part of the
system.

Unlicensed devices operating under
FCC Part 15 are being investigated at a
frantic pace right now, particularly the
new spread-spectrum allocations. The
potential for more reliable performance
and greater range than was previously

allowed has RF engineers working long
hours in entrepreneurial efforts. In-home
“broadcasting’’ to distribute video or
Compact Disc (CD) audio throughout the
house is one area with products already
on the market, both domestic and
imported. Home security systems with
wireless interconnections offer flexibility
and easy installation, and represent a
new market with great potential.

The personal computer boom offers
some interesting new RF applications.
Most exciting is the Personal Computer
Network (PC-Net) proposed by Apple
Computer, which has petitioned the
FCC for spectrum allocation. This L-
band system would be used to provide
wireless interconnection between com-
puters and their peripheral devices. The
logic behind it certainty makes sense.
First, the various cords can be a me-
chanical mess, getting in the way. Also,
these cables are the main source of
radiated emissions; if the digital signals
can be contained inside the enclosures,
regulatory compliance would be simpler.
A narrowband RF link offers few EMI
problems compared to broadband digi-
tal RF noise. Finally, with battery pow-
ered laptop computers, why should we
worry about plugging things together
just to get a printout or use a better
monitor?

The industry consensus is that con-
sumer electronics will continue to grow,
perhaps very rapidly. Whether experi-
enced offshore manufacturers will re-
main dominant is the major question.
For some RF component manufactur-
ers, it doesn’t matter — they will rely on
foreign markets if necessary. For others,
a resurgence in U.S. electronics manu-
facturing will be necessary to make
consumer products viable markets for
their products. RF

For reprints of this report, contact
Cardiff Publishing Company at (303)
220-0600. Ask for the Circulation De-
partment.
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A Low Cost UHF AM Receiver

By Robert Friday and
John Neder
Metricom, Inc.

The origins of the low cost UHF AM
receiver shown in Figure 1a come from
the frustrations of trying to control a
stereo system with an infrared controller
from the second floor of a home. After
trying IR reflectors and amplifiers, |
resigned myself to walking downstairs
to control the stereo. Each trip down the
stairs, | wondered why the majority of
controllers are based on infrared tech-
nology and not some other technology
such as garage door openers. If a
garage door can be opened from around
the block, a stereo should be able to be
turned off from the second floor of a
house.

Some of the reasons why IR controllers
are so prevalent might include: IR
receivers are smaller and less costly to
build than a UHF receiver; FCC regula-
tions do not limit the power of IR
controllers; and the characteristics of
IR frequencies in a cluttered environ-
ment such as a house are more predict-
able than UHF frequencies.

After working with UHF devices em-
ploying FM modulation techniques for
the last three years, | have been rather
impressed at the performance of these
devices in the indoor environment and
thought it would be interesting to see if
the first two reasons could be overcome
for an indoor UHF AM communication
link.

The FCC
Regulations and Range Analysis
The low cost UHF AM receiver dis-
cussed in this paper is designed to be
used with a low power transmitter oper-
ated under Part 15 of the FCC rules. The
emphasis of the design was to minimize
the cost to performance ratio for a short
range UHF communication link. Com-
bining the receiver discussed in this
article with a low power, Part 15 trans-
mitter would provide a short range
communication link on the order of 50
feet. Possible uses of such a link are
remote control functions (VCRs, TV,
automobile locks) and low speed (1200
baud) digital communication links.
Operation of the transmitter under
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Figure 1a. Schematic of a low cost UHF AM receiver.
paragraph 15.249 of the FCC rules »
would allow for emissions of 50 mV/ W =W A >
meter (using quasi-peak detector meas- rec — "Vrad | 4nd @)

urements) at a distance of three meters
in the 902-928 MHz band. Using the
equation:

30 W

= Yo Weag
E= d (1)
E = the RMS value of the electric field
(Vm?) _
W, s = The power radiated by an

isotropic point source (W)

d = The distance between the point
source and where the electric field
measurement is made (M).

It can be calculated that a .75 miiliwatt
(-1.25 dBm) isotropic transmitter is
allowed under the rules. Such a trans-
mitter coupled with a —62 dBm receiver
would provide for a 60 dB line sight path
loss. Assuming zero dBi gain for both
the receiving and transmitting antennas
and using the equation:

W, = Power delivered to the load at the
receiving antenna
W, 4 = Power radiated at the transmit-
ting antenna
d = Distance between the transmitting
and receiving antennas.

A line of sight communication path of
22.5 M (73 feet) is possible.

Overview of the Block Diagram
The block diagram in Figure 1b shows
a basic AM receiver. The goal of the
circuit presented in this paper was to
implement this block diagram for under
two dollars and achieve sensitivity per-
formance exceeding —60 dBm. The
antenna and filter blocks were imple-
mented using a microstrip patch an-
tenna. The advantages of the microstrip
patch antenna is that it has inherent
selectivity (bandwidth .5 percent to 3
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Figure 1b. Block diagram.
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REF featured technology

A Simple, Low Cost Microwave

LAN Link

By Peter Minett
GEC Plessey Semiconductors

Here is a design idea for a very low
cost microwave data link. The require-
ments of the IF amplifier are quite
severe as it must cope with at least 40
dB of signal variation due to variations
in atmospheric attenuation. It must also
have a rise and fall time better than 25
ns to avoid the corruption of data.
Finally, it must be inexpensive, since
this is a low cost link!

Conventional design solutions for IF
systems using AGC amplifiers,
either in integrated or using discrete
transistors, can be difficult to design and
often require set up adjustment. A
simple solution to the problem is to use
a logarithmic/limiting amplifier as a
straight limiting amplifier.

These devices have been available
as costly hybrid or board level products
for many years but a new device from

GEC Pilessey Semiconductors, the
SL.3522, gives a 60 dB limiting amplifier
with a frequency response from 100 to
600 MHz. The IF chosen for this applica-
tion is 140 MHz, well within this range.
In addition, the rise and fall times are
both better than 25 nS. This device is
supplied in a miniature ceramic surface
mount package, 0.7 inches long. it is
shown in Figure 2 in use as a limiting
amplifier {as opposed to its more usual
configuration as a successive detection
logarithmic amplifier).

Output is 0 dBm differential into a 50
ohm load. It is also internally terminated
into 50 ohms. The device has a chip
decoupling capacitor for good RF stabil-
ity and operates from a single 5 V supply
rail. It uses less than one watt with a
powerdown facility in the final stage.

The System
Figure 1 is an outline of a simple, cost

effective 10 GHz (10 Mbit) link between
to Ethernet LANs. The various system
blocks can be readily purchased from a
number of different suppliers, and are
not described in detail here. With careful
selection of components and with mod-
est requirements for system perform-
ance, this link can be implemented at a
very low cost. RF

About the Author

Peter Minett is a product manager

in the Personal Communications Di-
vision of GEC Plessey Semiconduc-
tors. He may be reached at Cheney
Manor, Swindon. Wiltshire, UK SN2
2QW. Tel: (44) 793 51-8000. Infor-
mation can be obtained from GEC
Plessey Semiconductors, 1500
Green Hills Road, Scotts Valley, CA
95066. Tel: (408) 438-2900.
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A Two-Chip Solution for Audio

Processing

By Alvin K. Wong
Signetics

The demand for portable, battery-
powered telecommunications products
has expanded significantly in recent
years. This demand is being driven by
the convergence of several trends, rang-
ing from the availability of more chan-
nels for public use to the development
of cost-effective manufacturing proc-
esses and the adoption of protocol
standards worldwide. One of the most
important of these trends is the evolution
of highly integrated, low-power compo-
nents that can be used in a wide range
of products.

critical element in the design of

telecommunications products is
audio processing. To achieve the de-
sired audio performance while minimiz-
ing product size, weight and cost, the
designer needs to be aware of important
issues to be addressed and alternative
solutions. These issues are common to
applications such as cellular radio, high-
performance cordless telephones and
intercom systems, as well as hand-held,
base or mobile two-way communications
equipment.

This article defines audio processing,
and describes a dual chipset solution
that addresses the complex problems
of today’s portable applications.

What Audio Processing Involves
Audio processing involves all the
steps between one person’s speaking
into a transmitter and another’s hearing
the message at a receiver. The main
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Figure 1. Key functions of the
NE5750 and NE5751 that contrib-
ute to improving the S/N ratio and
sensitivity in the system.
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objective of the system is to maintain
voice quality in the presence of noise
and other distortion factors. The major
problems in processing audio correctly
are listed below.

First, the audio processor has to
accommodate a range of speaking
voices. Soft voices have to be heard as
easily as loud ones, and high-pitched
as well as low.

Second, voice signals can bleed into
adjacent channels and cause interfer-
ence if they deviate too widely from their
assigned bandwidths. System output
should be less than 12 kHz for maximum
frequency deviation regardless of the
input signal.

Third, background noise needs to be
suppressed when no voice signal is
present. This is particularly important for
products normally used in a noisy envi-
ronment, such as car phones.

Lastly, in the process of maintaining
voice guality, the audio processor must
not turn on too slowly or too rapidly,
since it can cut off or distort the first
syllable transmitted.

The Two-Chip APROC Solution

The audio problems listed above can
be readily handled while maintaining the
desired voice quality from transmission
through reception using compression/
expansion and pre-emphasis/ de-em-
phasis techniques. Signetics’ two-chip
audio processor, called APROC (Audio
PROcessor Chipset), provides an effi-
cient solution to these problems. The
key elements of this solution are detailed
in Figure 1.

To accommodate the variability in
voice quality, the APROC uses a series
of filters in conjunction with companding
and pre-/de-emphasis. During transmis-
sion, the voice signal from the micro-
phone first goes through a programma-
ble gain preamplifier and is screened
through a bandpass filter. Once the
noise has been filtered out, the signal is
processed by a compressor that attenu-
ates loud voices and amplifies soft ones.

Next, a pre-emphasis filter is used to
boost upper voice frequencies before
their voltage amplitudes are restricted

Companding and Amplifier Section

Filter and Control Section
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PREAMP AUDIO TO
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D 2 CANCEL BP AMP
GAIN ALTER
CONTROL T
vOx -
vOX
SENSITIVITY [ T o
P T pass
COMPRESSOR FLIER
AUDIO
e o FROM
[ DE- 8P
EMPH FILTER A ax
L | DEMOD
EXPANDOR
DTMF
GEN
SPEAKER
D}— PA re
ATTEN 8uUs
/ INTER.
* FACE
HON T FROM SYSTEM
HEADP CONTROLLER 12C BUS
VOX CONTROL

Figure 2. Typical configuration of audio processor (APROC) system

chipset.
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A Guide to Coaxial Cable Shield

Performance

By Robert D. Perelman and
Leonard J. Visser
Andrew Corporation

RF engineers have many factors to
consider when selecting the right coax-
ial cable for an application. The element
of a coaxial cable which is most critical
to its performance, both electrical and
mechanical, is its outer conductor, or
shield. Unfortunately, the ideal coaxial
cable outer conductor does not exist.
The selection process requires weighing
the performance advantages of the
different types available and evaluating
the tradeoffs based on the requirements
of the applications.

his article provides a guide to the

selection process by comparing the
electrical and mechanical performance
of the common types of coaxial cable
outer conductors. Included are round
braid, flat braid, smooth walled copper
tube and corrugated copper tube. Simi-
lar sized cables with each of these outer
conductors were selected for compari-
son. Table 1 lists the cable types that
were used and gives their dimensions
and construction materials.

The objective of a coaxial cable is to
transmit a signal between two devices
with minimal loss and minimal additional
noise. Therefore, the contribution of the
outer conductor to the electrical proper-
ties of the cable is the most important
selection consideration. The different
types of outer conductors are compared
in terms of the normalized contribution

to cable attenuation and shielding effec-
tiveness in terms of transfer impedance.

Normalized Shield Attenuation

In order to compare the effects of
different types of outer conductors on
the attenuation of a cable, a comparison
was made between the attenuation of
the cable as measured (Figure 1) and
the calculated attenuation that a cable
of similar construction with a smooth
copper outer conductor would have. The
values obtained are shown in Table 2.

Smooth copper is the ideal surface for
the inside of a coaxial cable outer
conductor. Since the outer conductor of
NAB50325 3/8” semi-rigid cable is smooth
copper, it has a normalized attenuation
of 1.00. RG-213/U and RG-214/U have
the highest ratio between actual and
ideal attenuation because wire braid
causes higher RF resistance than other
shield types. The current in a braided
outer conductor must flow at an angle
to the cable axis, so it has a longer path
to travel than in a cable with a solid
shield. RG-214/U has a normalized
attenuation value higher than RG-213/U
because it has a larger braid angle
resulting in an even longer current path.

SF-214 has a flat wire braid outer
conductor, which results in attenuation
20 percent higher than for an ideal
cable, but much lower than for the round
wire braided cables. This is because the

Cable Type Inner Conductor Diameter
FSJ4-50B! Cu-Clad Al 520
LDF2-50' Cu-Clad Al 440
SF-2142 Stranded Cu 426
RG-213/U Stranded Cu 400
RG-214/U Stranded Cu 410
NA50325° Stranded Cu .326

1 manufactured by Andrew Corporation

2 manufactured by Times Microwave

3 manufactured by Precision Tubes

Wt. Ib/ft. Dielectric Shield Type

.14 Foam PE  Corrugated
Copper Tube

.08 Foam PE  Corrugated
Copper Tube

12 PE Flat braid/
foil/braid

1 PE Braid

12 PE Double braid

.15 PTFE Copper tube

inside surface of the flat braid more
closely approximates a smooth copper
tube.

LDF2-50, with its shallow corrugated
copper tube outer conductor has attenu-
ation only 4 percent higher than wouid
be realized with a smooth copper outer.
FSJ4-50B has much deeper corruga-
tions, resulting in a 20 percent increase
over the ideal. The tradeoff is in me-
chanical characteristics, as will be shown
later. The strong corrugated copper
outer conductor allows the use of soft
foam dielectric, resulting in lower cable
attenuations as shown in Figure 1, while
still maintaining good mechanical prop-
erties.

Shielding Effectiveness and
Transfer Impedance

In most applications, it is very impor-
tant that the signal in the cable not leak
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Figure 1. Attenuation versus fre-
quency.

Table 1. Cable types used for comparison.
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sus frequency.
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Analysis of Phase Noise in

Oscillators

By Jonathon Y.C. Cheah
Hughes Network Systems

Designing a PLL for communications
equipment often requires the design
engineer to optimize its phase noise
variance to meet a specific system
requirement, such as the Bit Error Rate
(BER). Although theoretical “analyses
can estimate the phase noise contents a
priori, on-the-bench effort is inevitably
needed. The debugging process is
greatly expedited if one can determine
the areas where the unwanted energy
can be minimized.

his program provides a means for

analyzing the output of phase noise
measurements during debugging. It al-
lows the designer to have a clear picture
of the problem areas and keeps track of
the BER performance degradation con-
tributions from the PLL. In some cases,
the use of this analysis can quickly
pin-point the problems with a faulty
design if the predicted noise variance
profile differs significantly from the meas-
ured. For instance, common problems
such as a bad loop filter or an out-of-
specification VCO are discernable from
the plots generated.

Theory

Following Rohde’s (1) analysis on the
power law model for phase noise spec-
tral density,

S(f) = K U]

Equation 1 can be reorganized as a
straight line equation by taking the
logarithmic values on both sides of the
equation,

logS = xlogf + logK 2

The gradient x and K, the anti-log of the
intercept point, can easily be found by
knowing 2 consecutive points (dBc.f,)
and (dBc,f,) of the phase noise spectral
density profile.
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_ dBc, - dBc, o
X~ 10(logf, - logf,)

dBce,
<—10— - xlogf,)
K= 10
dBc,
10T
fi

(4)

Then, the phase noise variance can be
conveniently expressed as o2,

fa
2= [ s(fdf

I

fz
[, Kpdf (5)

= % <f;+1 - f;(H) for x # —1

for x = —1

I

K(logf, — logf,)

It can be seen that the results are rather
complicated expressions of x and K. A
simple logarithmic manipulation and
substituting x = —1 allows the following
expressions to be derived,

For x = —1

dBey f
02=10" f log f—z (6)
1

For x # —1

§ f x+1 dBc,
e[l - )eF @
1

With the knowledge of the noise vari-
ance, it is important to know how much
of this noise energy a particular commu-
nication system can tolerate within its
link performance limitations in terms of
signal to noise ratio losses. It is often

not prudent to demand the best possible
phase noise specifications. For an opti-
mum commercial product design, cost
is the primary design driver. It is still not
uncommon to find excessively good
phase noise specifications with respect
to link budget performance in commer-
cial products, especially in satellite
ground equipment.

The effect of phase noise has differ-
ent degrees of impact on the system’s
performance dependent on the modula-
tion type. It is appropriate, however, to
consider the spectrum efficient moduia-
tions such as PSK.

The performance degradation of
phase noise effect on digital communi-
cations can be characterized by the
increase in the energy per bit to noise
ratio, E /N, necessary to achieve the
same bit error rate. The additional signal
energy needed to overcome the degra-
dation is accounted for in the system’s
implementation loss margin in a link
budget.

From the above analysis, the value 62
represents an RMS SSB phase noise
variance. Therefore, the noise contribu-
tion for both side bands can be ex-
pressed as

e= V2o ®)

In Reference 1, a 3 dB addition to
spectral density is recomended to con-
vert the SSB phase noise variance into
a DSB one. For clarity, the factor 2 is
explicitly expressed in g.

To obtain the BER degradation ex-
pression, it is necessary to select a
suitable model for the probability density
function of the loop phase error ¢. For a
first order PLL with zero detuning, i.e.
without loop stress, the Tikhonov density
function is typically used (2). However,
without the assumption of any loop
elements, a Gaussian density function
is more suitable here. From Reference
3, the conditional probability of error
averaged over ¢ is,
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Simple SMT Bridge Circuit Mimics

Ultra-Broadband Coupler

By Joel Dunsmore
Hewlett-Packard

Directional couplers are often used
in microwave systems to sample or
combine signals, and an RF version can
be quite useful. Traditional microwave
couplers are only a few octaves wide,
and are unsuitable for the many dec-
ades of frequency range used in the RF
world. RF transformers are generally
not useful up to the GHz frequency
range. The design presented here is a
unique implementation of a resistive
(Wheatstone type) bridge, with loss,
coupling and directivity closely matching
coupler characteristics over a frequency
range of kilohertz to gigahertz. This
circuit was entered in the 1991 RF
Design Awards Contest.

irectional couplers have the charac-

teristics of low loss in the through
path, flat frequency response in the
coupled path, and high isolation in the
reverse coupling path (directivity), Fig-
ure 1, Ideal couplers are lossless, that
is, no energy is absorbed in the coupler.
An ideal, lossless coupler with 16 dB
coupling factor would have only 0.11
dB of loss. In practice, all couplers have
through arm loss. For applications other
than high power, this loss, often about

1 dB, is acceptable. These applications
include power leveling, and signal sam-
pling for phase- and frequency-locked
loops.

The Resistive Bridge

The two key characteristics of direc-
tional couplers, as the name implies, are
the ability to sample (or couple) signal
flow, and to do so in only one direction.
A resistive bridge, if driven in the proper
way, also has this directional property.
Figure 2 shows a bridge structure. A
sample of the drive voltage is present
across each resistor. If the bridge is
balanced, R, x R, = R, x R, then no
voltage appears across R,. For balance,
a bridge often has all the resistors the
same value, say 50 ohms, but balance
only requires that the ratios of each
string be equal (R,/R; = R,/R;).

Figure 3a shows a bridge with non-
symmetric resistors, driven in the for-
ward signal flow direction. In this case
the voltages across certain nodes have
been labeled consistent with the coupler
in Figure 1. For the resistors chosen,
\ is 16 dB down from V_. (16 dB

cou;

coupling), and V,, is 1.5 dB down from

Ri 2 T
2, g5 2%y,
50 Re 0 1
v, V‘V
o1 T
" z ke
coup %o s
l U= 9417

Coupling = -16 dB, (C=0.158)
Ri = Z°/C -2 °

2
R3 = Z° /R1

Figure 3a. Bridge/coupler driven
in the forward direction.

Reverse

R1
265 .5 Fd
o
S0
R2
50

Figure 3b. Bridge/coupler driven
in the reverse direction. Note that
\Y is across the balanced node.

coup

AN

_ Fud ——> v
Loss, L = -0.11 dB R _1 qua
Port 1, (Port 2 2 \
Up, I > IU 0 UP 1
I 11
Coupling ] v t Isolation
C = -16 dB lﬂ I=-56.11 dB :,\ RS R3
Coupled J coup
Port \.
Directivity:
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Balanced if: —= =
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Figure 1. Definition of terms for a directional coupler.
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Figure 2. Basic bridge structure.
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Automated Noise Measurements
Eliminate Drudgery

By Robert N. Cash
John Fluke Mfg. Co., Inc.

No one likes to measure phase noise.
The measurements are tedious and
error prone. But many RF applications
require establishing the noise contribu-
tion of each source in the system.
Automating these measurements is the
best answer. Noise measurements are
still no picnic, but the software takes out
the drudgery and gives more consistent
results than manual methods.

As an example, one signal generator
application that requires attention
to phase noise performance is radio
receiver adjacent channel testing. The
receiver’s filter response is not perfect
so there is a potential for signals in an
adjacent channel to interfere with the
desired signal. To determine how well
the receiver rejects those unwanted
signals, apply a high level signal at the
adjacent channel frequency and meas-
ure the receiver output. This measure-
ment depends on the purity of the
applied signal. Phase noise and spuri-
ous signals from the generator will fall
in the receiver’s selected channel, caus-
ing errors.

Phase noise is defined as the single-
sided, phase modulated noise power in
a one Hertz bandwidth at some fre-
quency offset from the carrier frequency.
It is expressed in dBc per root Hertz.
Two other measures of noise perform-
ance of signal sources are residual FM
and residual PM. Residuals are speci-
fied as the RMS noise power within a
particular band of frequencies offset
from the carrier. FM residual is often
specified in two bandwidths: 300 Hz to
3 kHz, and 50 Hz to 15 kHz and is
expressed in Hz. Residuat PM is usually
specified in a 10 Hz to 15 kHz bandwidth
and is expressed in dBc.

Frequency and phase modulation are
related in the low deviation case by the
formula:

pm = fm / mf (1)

where pm is phase deviation in radians,
fm is frequency deviation in kHz, and

RF Design

mf is the modulation frequency in kHz.
Since noise is definitely in the low
deviation case, FM noise can be derived
from phase noise where the offset
frequency corresponds to the modula-
tion frequency.

Getting to First Base

Depending on the RF and offset
frequencies, phase noise specifications
on high performance generators may
range from —60 dBc per root Hz to lower
than —150 dBc per root Hz. Direct
measurements using a spectrum ana-
lyzer are not possible because the noise
floor of the analyzer is too high. How
then can we measure phase noise
accurately?

One method uses a carrier nulling or
down conversion technique with low
frequency spectral analysis. A mixer is
used as a phase detector to translate the
carrier to DC and get a high degree of
carrier suppression. Amplifying the IF
output of the mixer puts the phase
detected noise signals within the ampli-
tude range of an analyzer. Fast Fourier
Transform (FFT) analyzers are ideal for
this purpose, allowing very low fre-
guency measurements with short meas-
urement times (Refer to Figure 1).

A phase noise measurement can be
made by putting the analyzer marker at
the offset frequency, taking the reading,
and applying corrections. You must
avoid spurs when placing the marker.
Residuals are another matter because
they must be summed over a band. But
why not simply use a modulation meter

SLM or
FFT AF Spectrum
Analyzes Analyzer

to measure residuals? The residuals of
high performance sources are so low
that the residual noise of the modulation
meter dominates the reading. About the
only reliable way to measure residuals
in this case is to sum the noise and spurs
as measured by an FFT analyzer over
the required band. And the only way to
do that is with the test software.

Hardware Requirements

When the LO and RF input signals to
a mixer are 90 degrees apart in phase,
the mixer functions as a sensitive phase
detector. The IF output is the noise and
other phase related modulation signals
such as spurs. The response of the
mixer is quite linear about zero in the
small signal case. Zero volts DC at the
mixer IF output indicates that the two
signals are 90 degrees apart. Some
method of controlling the phase of the
two input signals is necessary.

Synthesized signal sources are phase
locked together by using a common
reference. There are two easy ways to
adjust the phase difference between two
synthesized signals. One is to use the
DC output from the mixer to frequency
modulate one of the sources. This DC
FM approach has the disadvantage of
potentially introducing spurious signals
into the modulation port and does not
truly represent the CW case. Also, the
loop bandwidth of the system changes
the frequency response at the output of
the mixer and must be measured to
correct the results. The other method is
to change the frequency of one of the
units by one Hertz or a fraction of a Hertz

Noise floor in dB | error
below measured noise | in dB

0 3.00
-5 1.19
-10 41
—-15 .14
—~20 .04

Figure 1. Phase noise test system.

Figure 2. Measured phase noise.
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RF engineering opportunities

HTS

EXCELLENCE BY DESIGN.

SENIOR RF/IMICROWAVE
ENGINEER

HTS Corporation, the largest U.S. manu-
facturer of satellite TV hardware and an
innovator in the industry, has an exciting
opportunity available for an experienced
RF/Microwave Engineer in our Englewood,
CO office. The qualified applicant must
possess:

o A BSEE minimum.

* 7+ years circuit and subsystem design
experience (VHF to KU-band).

* Familiarity with industry standard de-
sign, simulation and layout CAD.

* Knowledge of communications system
theory and architecture.

* Project leadership ability.

* RF/Microwave packaging experience
and excellent documentation skills.

e Complex modulation/demodulation
experience o plus.

For consideration, please forward resume
and salary history to:

RE/MICROWAVE ENGINEER

California Amplifier, Inc. is a recognized leader in the design,
development and manufacture of high quality consumer and
commercial RF/microwave products. Our rapid growth creates a
variety of engineering opportunities in an open, supportive
environment. Each position requires an appropriate degree with
varying levels of relevant experience in a consumer/commercial
product development environment.

SENIOR DESIGN ENGINEERS
Experienced (5 years+), self-motivated, hands-on, detail oriented
professional will create new products from conception to production.
System level design, test and integration of LNAs, filters, oscillators
(including PLL types), mixers, etc. Must possess strong project
management/organizational skills.

DESIGN ENGINEERS
Entry level position. Support design functions leading to
comprehensive product design responsibilities.

APPLICATIONS / MANUFACTURING ENGINEER
Will perform a variety of duties including post-sale technical support,
pre-sale business development, component specification and
manufacturing support.

ENGINEERING TEST TECHNICIAN
Varied duties including benchmark testing, device qualification
screening, engineering lab equipment maintenance, prototype
fabrication and testing.

Please respond with current resume, salary history and cover letter
detailing relevant experience to:

California é Amplifier

HTS

HR - EP —

79 Inverness Sircle Bast 460 Calle San Pablo + Camarillo, CA 93012

0. Box 6552

Englewood, CO 80112 Attention: Director of Engineering
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