






































RF courses

Digital Switching
April 29-30, 1993, Madison, WI
Cellular Radio
May 11-14, 1993, Madison, Wi
Information: The University of Wisconsin-Madison, Engineering
Information. Tel: (800) 462-0876.

Phased-Array Radar System Design
April 13-16, 1993, Atlanta, GA
Infrared/Visible Signature Suppression
May 18-21, 1993, Atlanta, GA
Information: Georgia Institute of Technology, Continuing Edu-
cation. Tel: (404) 894-2547.

Synthetic Aperture Radar: Design, Processing, and
Applications
April 26-30, 1993, Los Angeles, CA
Advanced Communication Systems Using Digital Signal
Processing
April 26-30, 1993, Los Angeles, CA
Microwave/Millimeter-Wave Monolithic Integrated Circuits
May 11-14, 1993, Los Angeles, CA
Integrated Services Telecommunications Networking:
High-Speed, Local, Metropolitan, and Wide-Area Networks
May 17-21, 1993, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (310)
825- 1047. Fax: (310) 206-2815.

Microwave System Engineering
April 26-30, 1993, Washington, DC
Simulation Modeling
April 13-16, 1993, Washington, DC
Communication and Radar Systems: Detection, Estima-
tion, & Geolocation Techniques
April 14-16, 1993, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
April 20-23, 1993, Washington, DC
lonospheric Radio Propagation: Principles and Application
April 20-23, 1993, Washington, DC
Communication Satellite Engineering
April 26-30, 1993, Washington, DC
Satellite Communication Engineering Principles
May 5-7, 1993, Washington, DC
New HF Communication Technology: Advanced
Techniques
May 10-14, 1993, San Diego, CA
Modern Radar Technology: Monopulse Tracking Tech-
niques and Other High-Performance Developments
May 24-28, 1993, Washington, DC
Analog/RF Fiber Optic Communications
May 26-28, 1993, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Chemical Vapor Deposition for Microelectronics

April 21-23, 1993, Princeton, NJ
Modern RF & Microwave Techniques

April 20-23, 1993, Phoenix, AZ
Navstar/GPS

June 2-4, 1993, Monterey, CA
Information: University Consortium for Continuing Education,
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436.
Tel: (818) 995-6335. Fax: (818) 995-2932.
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Vacation School on Digital Techniques in Radio Systems
April 18-22, 1993, Leeds, UK
Sixth Vacation School on Microwave Measurements
May 2-7, 1993, Malvern, UK
information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, United Kingdom. Tel: 071-240
1871. Fax: 071-497 3633.

Satellite Communication Systems: Techniques and Tech-
nology for Communications and Broadcasting

April 19-23, 1993, Cambridge, United Kingdom
Combined Coding and Modulation Techniques

April 20-21, 1993, Cambridge, United Kingdom
Mobile Telecom Systems: Switching, Fixed Network Inter-
connections

April 20-23, 1993, Cambridge, United Kingdom
Aspects of Modern Military and Commercial Radar

May 10-14, 1993, Cambridge, United Kingdom
Low Sidelobe Antennas

May 10-14, 1993, Cambridge, United Kingdom
Modern Microwave Techniques: Measurements, Signal
and Network Analysis, Microwave Products and Systems
Characterization

May 10-14, 1993, Cambridge, United Kingdom
Information: CEl-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

Radar Simplified EW Receivers

May 4-6, 1993, Washington, DC
ELINT Analysis, Adaptive ECCM Signal Processing for
Radars, Electromagnetic Propagation

May 11-13, 1993, Washington, DC
ELINT Interception, Elint/EW Applications of Digital Signal
Processing, Radar Vulnerability to Jamming

May 18-20, 1993, Syracuse, NY
ELINT/EW Data Bases

June 1-3, 1993, Washington, DC
Information: Research Associates of Syracuse, Incorporated,
Hancock Army Complex, 510 Stewart Drive, N. Syracuse, NY
13212. Tel: (315) 455-7157.

1993 High-Speed Digital Symposium

April 22, 1993, Los Angeles, CA

April 27, 1993, San Diego, CA

April 29, 1993, Phoenix, AZ

May 25, 1993, Dallas, TX

May 27, 1993, Austin, TX

June 2, 1993, Burlington, MA

June 4, 1993, Washington, DC

June 8, 1993, Boca Raton, FL
Information: Hewlett-Packard Company, Microwave Instru-
ments Division (MID). Tel: (800) 765-9200.

DSP Without Tears

June 7-9, 1993, Norcross, GA

June 16-18, 1993, San Jose, CA

June 23-25, 1993, Chicago, IL
Advanced DSP With a Few Tears

June 10-11, 1993, Norcross, GA
Information: Z Domain Technologies, inc., 325 Pine Isle Court,
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 664-6738.
Fax: (404) 442-1210.
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RF industry insight

The Technology of
Personal Communications

By Gary A. Breed
Editor

he promise of huge new markets for

RF-based personal communications
is the main force driving the RF industry
right now. The development of these
new markets depends on many factors
— government regulations, national and
international frequency allocations, tech-
nical operating standards, and of
course, eventual acceptance by the cus-
tomer. Rather than reexamine the politi-
cal and regulatory side of personal com-
munications, this short report will note
the changes in engineering techniques
and RF components that are required if
engineers are to design cost-effective
personal communications products.

Digital Ceilular

The Pan-European GSM system has
brought digital cellular from the lab to
production. Digital modulation tech-
niques have created new requirements
beyond the current analog FM cellular
systems. Linearity is the main change —
low level and power amplifiers must uti-
lize class A or AB to accurately transmit
the QPSK digital modulation that is part
of GSM, as well as coming U.S. and
Japanese systems. Transistor manufac-
turers and power amplifier module mak-
ers have been busy creating products
with the required linearity, while
addressing the additional matter of effi-
ciency for reduce power consumption.

Filtering is another part of a digital cel-
lular system that needs a change from
analog transmission. Delay characteris-
tics are now of paramount importance.
Uniform group delay (linear phase)
places new constraints on filter designs,
especially because this type of perfor-
mance results in less selectivity for the
same order of filter. The flexibility, small
size, and high frequency operation of
SAW filters appears to give that technol-
ogy an edge in digital cellular IF filtering.

Modulators are one more area of
development. Matched, monolithic mod-
ulators and demodulators are generally
the best solution for high performance |
and Q channel processing. Preampli-
fiers, buffers and baseband filtering on
the same chip adds a degree of control
and consistency.
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Mobile Voice and Data

Transmission of data on channels nor-
mally used for voice can be viewed in
two ways — short term and long term. In
the long term, digital cellular will be a
truly digital system, and traditional multi-
plexing techniques will allow data and
voice to share the same system.

In the short term, however, transmit-
ting data on an analog cellular system
raises some problems that are not sig-
nificant with voice-only communications.
Data rate is one area of concern. The
limitations of the modulation bandwidth
and IF performance are part of the prob-
lem, placing a firm upper limit on trans-
mission channel capability. Multipath
propagation (signals bouncing around
and arriving at different times) is another
problem. Digital systems will have error-
correction schemes to alieviate this
problem, but any digital-on-analog sys-
tem must include it external to the radio
equipment.

These problems, the protocols of
sharing voice and data on the same
channels, plus provisions for error-
checking are included in several sys-
tems already in use (e.g., Mobitex and
others). These interim solutions provide
at least modest capabilities until a fully
digital cellular infrastructure is in place.

DECT/CT-2/PCS/PHP

This issue’s cover story on page 48
announces one company’s commitment
to the Digital European Cordiess Tele-
phone (DECT) system. The British CT-2,
Japanese Personal Handy Phone (PHP)
and the roughly outlined U.S. Personal
Communications Service (PCS) are all
in a period of rapid development. Many
companies and independent analysts
believe that this type of service will be
the best market possibility in the near
future — it fits between cellular and
cordless phones in cost and capability.

The problems are similar to digital cel-
lular, since these are all digital systems
with RF portions that are not radically
different from one another, or from digi-
tal cellular systems. The unique areas of
engineering problem-solving are in
power consumption and cost. Where a

cellular telephone can be considered a
“professional” product, this family of
products is certainly intended to reach
the consumer market. Price of the fin-
ished product is a major factor, while the
convenience of long operating time is
another. One additional factor is that
most of these systems will operate in
the 1.7-1.9 GHz range, twice the fre-
quency of the cellular band.

High level integration, 3-volt device
technology, miniature packaging and
highly automated manufacturing have
seen dramatic increases in activity in
companies pursuing advanced cordless
telephone products. All this must be
accomplished in systems that operate at
around 2 GHz. Cellular technology
required 900 MHz devices, but at twice
the frequency, refinements or new
processes must be brought to bear.

Multi-Function Systems

Recently, we have seen some highly-
publicized announcements of units
called “personal digital assistants” or
something in a similar vein. The most
publicized are from Apple Computer and
EO Systems, but others are in the
works, as well. These systems integrate
notebook computers, celiular telephones
and software intended to put all the
information needs of a busy business
person in one package. From an RF
engineer’s perspective, most of the
same concerns noted above are in play,
along with increased pressure for minia-
turization and low power consumption.
Another new addition is interface
requirements among the various func-
tional components — radio link, comput-
er, phone, data network, and operating
system software.

All of these new applications present
new problems for RF engineers and
their digital, mechanical, software and
manufacturing counterparts. For most
companies, the challenges are welcome
because, if met properly, they can mean
profitability and success. RF

For reprints of this report, call Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.
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RF'featured technology

A Robust Signaling Technique
for Part 15 RF Control Network
Applications

By Greg Magin
Intellon Corporation

In 1985 the Federal Communications
Commission revised the Part 15 rules
and regulations governing non-licensed
RF communications devices to permit
coherent spread spectrum operation.
The FCC allows power output levels of
up to 1 Watt spread over at least 500
kHz of bandwidth in three different fre-
quency bands: 902-928 MHz, 2400-
2483.5 MHz, and 5725-5850 MHz (1).
The high power spread spectrum opera-
tion can provide reliable non-licensed
communications while reducing the
potential for harmful interference.

he FCC Part 15 rules allow the use

of direct sequence, frequency hop-
ping, and hybrid spread spectrum meth-
ods. A new digital signaling technique
has been developed for operation under
the current spread spectrum provisions
which is called Spread Spectrum Carrier
Technology™. The approach is opti-
mized for low cost Carrier Sense Multi-
ple Access (CSMA) RF packet networks
where many users or nodes share the

same channel frequency. Based on
direct sequence spreading, the system
features very fast synchronization for
rapid channel access. The spreading
and correlation techniques have been
designed to relax the carrier frequency
accuracy requirements of the radio link.

A simple limiter based receiver can be
used to recover the transmissions. The
transmission and reception processing
can be performed by a single digital
Application Specific Integrated Circuit
(ASIC), Figure 1.

There are many potential applications
for Spread Spectrum Carrier (SSC)
Technology ranging from commercial to
residential environments. The system is
optimized for the rapid transmission of
moderate length control type messages
in a packet format. Early applications
inciude: remote utility meter reading,
load management, security systems,
Heating Ventilation and Air Conditioning
(HVAC), and vending machine network-
ing. The growing demand for data com-
munication and control systems will pro-
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Figure 1. Block diagram of modem ASIC.
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vide many future opportunities for this
new approach.

The Electronic Industry Association
(E1A) has adopted SSC as the Con-
sumer Electronics Bus (CEBus) home
automation communication standard for
RF links (2). CEBus is intended to pro-
vide a low cost packet based control
network environment over which con-
sumer appliances and devices can com-
municate. The CEBus committees have
defined standards for various media
including: radio frequency, AC power
line, coaxial cable, infrared, and twisted
pair. The pratocols employed over the
various media have a common interface
to reduce software requirements and to
facilitate bridging between media.

Signal Generation

The CEBus network transfers informa-
tion from point to point in the form of
short packets, as shown in Figure 2.
The packets typically begin with a brief
On Off Keyed (OOK) preamble during
which channel access and contentions
are resolved. Once the channel is
secured the packet body containing
address, control, or data is sent using
Phase Shift Keying (PSK). The CEBus
RF standard utilizes pulse width encod-
ing to represent the symbols “1”, “0”,
End Of Field (EOF), and End Of Packet
(EOP). The minimum symbol period is
defined as the Unit Symbol Time (UST).
The duration of the UST is 100 mS dur-

Prowrile EOF BODY EOP CRC
8. 16UST SUST : 100USTHD WUST 18 UST

Tthym M 100
10000 s typ 400 pe 1800 i

P 1824 B00

14metyp

Figure 2. Typical packet timing.
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1 UST (7 mb-saase)
100 —

Length

Symbol Duration in UST's
one 100 us 1
zero 200 us 2
EOF 300 us 3
EOP 400 us 4

Table 1. Periods of four CEBus
encoded symbols.

ing the packet body. The four CEBus
encoded symbols have the periods
shown in Table 1.

The channel rate is specified at
10,000 USTs per second. The variable
length symbol encoding means that the
effective bit rate is dependent on the
message content.

For the RF media, symbols are encod-
ed using two UST states, Phase 1 or
Phase 2. Each state is divided into
seven sub-states, Figure 3. The sub-
states each consist of a specific carrier
spreading sequence of 360 chips. There-
fore, each UST contains 2520 chips
used to spread the carrier. The basic
chip rate is 25.200 MHz which yields a
chip time of 39.6825 nS. Each resulting
sub-state is 14.2857 mS duration.

There are two possible sub-states.
The 360 chip sequence can be transmit-
ted in either a forward or reverse direc-
tion. The complete UST is encoded
using one of two complimentary maxi-
mal length coding sequences of forward
(F) or reverse (R) sub-states. Phase 1 is
FFFRRFRandPhase2isRRRFF
R F. The 360 chip sequence was
designed to distribute the transmit ener-
gy very evenly. The resulting waveform
approximates a frequency sweep from
4.2 to 6.3 MHz, as shown in Figure 4.
The sequence has good correlation
characteristics and is tolerant of moder-
ate frequency offsets.

An additional Phase Modulation Func-
tion (PMF) is used to further modify the
sub-state sequence of each UST. The
15 bit PMF sequence is the maximal
lengthcode 1010110010001 11.
Each bit of the PMF is XORed with the
chips of a sub-state sequence causing
all the bits of that sub-state to be invert-
ed or normal. This results in 180 degree
phase shifts which further improve the
spectral energy distribution.

The combined effect of the main 360
chip sequence, the 7 chip forward-
reverse sequence, and the 15 chip PMF
sequence is a smooth spreading of the
transmit energy over a 2.1 MHz band-
width. The overall spectral distribution is
quite rectangular. The energy peaks are
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Figure 3. UST and sub-state tim-
ing.

approximately 3 dB above the average
transmit energy. A transceiver employ-
ing these spreading techniques has
been reviewed and certified by the FCC.

Figure 5 is a detailed block diagram of
the signal generator. The 25.2 MHz sys-
tem clock is divided and provides all of
the timing for the generation process. A
6 bit counter is used to address a ROM
which contains both of the 360 chip (bit)
waveform sequences. The data input
is used to pass or invert the output of
the 70K forward/reverse sub-state
sequence generator. This line is used to
select which sequence will be clocked
out of ROM by controlling the MSB. A
shift register is used to convert the par-
allel output of the waveform ROM into a
25.2 MHz serial bit stream. This bit
stream is passed or inverted by the 15
long PMF sequence to form the TX out-
put. This simple state machine can be
fabricated using any of the modern logic
techniques.

The ASIC has a single logic level TX
waveform output bit. The output wave-
form is over-sampled at a rate of 25.2
MHz. The majority of the output energy
lies between 4.2 and 6.3 MHz. A simple
L-C filter is adequate to clean up the
ASIC output. This filtered output is
referred to as the transmit baseband
and is capable of driving 50 ohm loads
directly.

Signal Correlation and Detection

The ASIC provides all of the correla-
tion, synchronization, tracking, data
decoding, and CRC functions required
to recover the spread signal, see Figure
1. The baseband signal from the receiv-
er front end is first bandpass filtered by
a simple L-C filter and then amplitude
limited. The limited signal is applied to a
zero crossing detector which converts
the signal into a serial digital stream.
These bits are shifted into a shift regis-
ter which forms the input of the correla-
tor. The correlator provides detection of
both the forward and reverse direction
sub-state waveforms.

Forward Sub-state Waveform

Time = 0 id Tiene = 14 285
Crap 0

Chup 360
Froq 63 MHz

Reverse Sub-state Waveform

Time x 14 785 pe
Ciwp 260

op
Fraq 42 MHz

Figure 4. Forward and reverse
sub-states.
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Figure 5. Transmit processor.

The correlation information is used to
establish timing synchronization and
maintain tracking of the sub-state sym-
bols. Estimations of the sub-state sym-
bol quality and value are determined
and are passed to the unit symbol pro-
cessing circuits. Here the unit symbol
timing synchronization and tracking
occur. The UST value is passed to the
data decoder which determines if a
ONE, ZERO, EOF, or EOP was trans-
mitted. The CRC is verified at the end of
the packet and the information is deliv-
ered to the micro-processor interface.

The digital signal processing which
occurs within the ASIC permits high per-
formance reception with simple receiver
front ends. The spreading sequence and
the correlator work together to permit
relaxation of the transmitter and receiver
local oscillator frequency accuracy
requirements. The RX input to the ASIC
can be off frequency by as much as plus
or minus 350 kHz before performance
begins to degrade. This means that low
cost Surface Acoustic Wave (SAW) res-
onators can be used for both the trans-
mit carrier oscillator and the receive local
oscillator. The correlation is also phase
insensitive and a moderate amount of
phase jitter is not catastrophic.

The FCC Part 15 rules also specify
that the receiver of a spread spectrum
system be able to coherently re-assem-
ble the spread information (3). The rules
call for at least 10 dB of processing gain
in direct sequence based systems.
There are many different ways to define
process gain (4). The FCC however, is
interested in the ability of the receiver to
reject interference. Therefore, the
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RF featured technology

Frequency Translation of a
Baseband Signal

By Eric A. Adler, Edward A. Viveiros and John T. Clark

Army Research Laboratory

In communications and radar sys-
tems, baseband signals are often
upconverted to higher frequencies for
transmission where typically only the
upper or lower sideband is transmitted.
Baseband signals described in this
paper are broadband and do not extend
down to DC. Frequency translation of
baseband signals results in the local
oscillator (LO) leakage signal and an
undesired sideband very close in fre-
quency to the desired sideband. The fre-
quency separation between the desired
sideband and the LO leakage signal at
the intermediate frequency (IF) output of
the mixer is equal to the frequency sep-
aration between the lower extent of the
radio frequency (RF) mixer input signal
and DC. The undesired sideband will be
twice that distance from the desired
sideband. This creates a problem in fil-
tering the desired sideband from the
other sideband and LO leakage.

This problem is further complicated
when the upconverted signal is
required to have a flat amplitude and lin-
ear phase response over a wide band-
width. This is the case for some radar
systems, which use linear frequency
modulation (FM) (or chirp) waveforms.
Any distortion to the amplitude or phase
response will degrade the system per-
formance by spreading the main lobe
(decreasing resolution) or generating
undesired sidelobes (false targets) in
the range response.

This paper describes a technique for
obtaining a single IF with minimum
amplitude and phase distortion and with-
out the other sideband or LO leakage.
The system described will translate a
baseband chirp signal, 15 to 45 MHz
bandwidth, 100 ms period, and 50 per-
cent duty cycle to an IF centered at 180
MHz.

System Design

The most common problem in fre-
quency translation is the generation of
intermodulation products (spurious sig-
nals) which fall within or just outside the

RF Design

desired IF band. Multiple frequency con-
version schemes, in which an IF is gen-
erated, are often used to achieve better
spurious signal levels than can be
obtained in single conversion architec-
tures. The IF products out of a mixer
include the upper and iower sidebands
(LO +RF), the intermodulation products,
and leakage from the RF and LO sig-
nals.

The RF input power to a double-bal-
anced mixer is usually set at a low level
to minimize the spurious products which
result from the mixing process. The two-
tone, third-order intermodulation prod-
ucts are of particular concern since they
often fall within the desired IF passband.
This two-tone intermodulation problem
primarily occurs in receiving systems
with multiple simultaneous input signals,
but can also occur in an exciter design
when using waveforms that have close-
in spurious signals, such as direct digital
synthesizers. This problem can be con-
trolled by setting the maximum RF input
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Figure 1. IF output of standard
double balanced mixer.
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power to the mixer at a level to achieve
a required spurious-free dynamic range
(SFDR). A rule of thumb is to set the RF
power 20 dB below the input 1 dB com-
pression point to achieve 60 dB SFDR.
In a typical mixer, this results in the
upper and lower sidebands having
approximately the same power level as
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Figure 2. Block diagram of SSB upconverter including single sideband
modulator, LO cancellation circuit, and broadband filtering.
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Figure 2 - A block diagram of a typical 2 GHz radio.

with a 90-degree phase shifted replica
of itself, the instantaneous frequency
deviation is derived. The quadrature
tank shifts the phase of the signal 90
degrees, but only at the center frequen-
cy. The important parameter of the
phase-shifter is a large frequency
dependence of the phase-shift. Normally
a linear phase-shift dependency of the
frequency is desirable. Thus a steep lin-
ear phase characteristic is desired. The
steepness, though, is determined by the
Q of the quad tank, which limits the
design possibilities.

For demodutating FM signals at rela-
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Figure 4 - Lock time and spurious
noise performance of National’s
PLL for the DECT transceiver.
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tively high frequencies a phase locked
loop is a common solution. The PLL
tracks the instantaneous phase and
thereby the instantaneous frequency
deviation of the received signal. Such
solutions are commonly used in satellite
TV demodulators. Some of the draw-
backs of PLL FM demodulator solutions
are less immunity to interference (such
as co-channel interference), a signifi-
cantly higher level of power consump-
tion and increased component cost.

As the demodulated signal leaves the
LMX2240, a lowpass filter removes rem-
nants of IF frequency and its harmonics,
and improves the signal-to-noise ratio
before the signal enters the data com-
parator. Depending on the signal level at
the input of the comparator, the com-
parator can become crucial to single
conversion design. National Semicon-
ductor therefore integrated a high per-
formance data comparator into the
LMX2410 baseband processor. The out-
put of the comparator is a binary signal,
corresponding to the transmitted binary
signal. To derive timing information, the
signal is processed by a symbol timing
recovery circuit. The symbol timing can
either be based on continuously phase
locking to the edges of the signal, or
burst wise correlating with the known
burst signal. The LMX2410 uses the dig-
ital PLL method, but simulations show
that either of the methods are usable
and yield about the same performance.

On the transmit side, the baseband
processor includes the Gaussian filter
needed to pulse shape the incoming
serial binary transmit signal. The base-
band processor internally regenerates
the transmit clock, eliminating the need
for an extra transmit clock line from the
digital back-end. The Gaussian filter is
implemented by ROM table lookup
instead of a conventional FIR or IR fil-
ter. This ROM table and the filter can be

Figure 3 - Block diagram of National Semiconduc-
tor’s single conversion receiver architecture.

mask programmed to meet other filter
requirements, e.g. to support U.S. stan-
dards for the PCS and ISM bands. From
the filter, the signal is fed to a DAC, then
directly to the frequency synthesizer
VCO, so the signal directly modulates
the VCO. This principle is commonly
used in analog cellular and cordless
telephones. In order not to introduce dis-
tortion, the filter bandwidth of the loop
must be significantly lower than the low-
est frequency components of the modu-
lating signal. But a low loop frequency
leads to a slow switching speed, which
is undesirable in a DECT transceiver. In
order to modulate the VCO directly, the
phase locking needs to be disabled, cor-
responding to opening the loop while
modulating. The principle is simple, but
puts requirements on the components
used. There are two basic needs. The
loop must be opened quickly, without
causing a sudden jump in the VCO fre-
quency, and the VCO frequency must
be stable during a data burst. The
National Semiconductor PLL, LMX2320,
in combination with an active loop filter,
accomplishes this.

The synthesizer needs to span the
DECT frequency band both transmitting
and receiving. A wide VCO tuning range
and a fast switching speed — in the
order of 400 us (max.) for a frequency
jump of 130 MHz — are needed. The
modulated signal from the VCO is fed to
the power amplifier. The power amplifier
delivers a maximum of 250 mW peak,
plus whatever loss is introduced
between the PA and the antenna (typi-
cally in the order of a couple of dB). The
signal is finally fed to the antenna
through the duplexer and antenna filter.

Supply voltage and power consump-
tion are also key parameters in the
design of handheld and pocket equip-
ment. Today, cordless telephones use
as few as three rechargeable battery
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cells, either Nickel Cadmium (NiCD) or
Nickel Metal Hydride (NiMH). To avoid
costly voltage conversion circuits, all
parts of the cordless telephones need to
operate at 3 volts. The DECT chipset
from National Semiconductor will oper-
ate down to 2.85 V. Several manufactur-
ers offer 3 voit wideband VCOs with a
control voltage range of 0.5 to 2.5 volts,
as well as RF power amplifiers in GaAs
technology, operating from a 3 volt sup-
ply. GaAs, however, requires a negative
bias supply. Power ampilifiers can aiso
be built using discrete bipolar transis-
tors. These run from a typical supply
voltage of 3.6 volts, with a lower power
efficiency than GaAs modules. Both
solutions can be used and the choice
between them depends on cost, power
consumption and size requirements.

Phase Locked Loop Issues

Lock time and low spurious noise — A
single conversion radio architecture
requires fast synthesizer switching
speed in order to transmit and receive
on as many as 24 timeslots per frame.
In addition, in a single conversion trans-
ceiver, the synthesizer needs to make a
large jump in frequency between trans-
mitting and receiving, typically in the
order of 110 MHz.

Lock time is defined as the time it
takes a PLL to switch from one frequen-
cy to another within a given tolerance.
Spurious noise, also called reference
spurs, is defined as the level of the ref-
erence sidetones in relation to the
desired tone. Together, these two para-
meters form a major tradeoff in radio
design. Faster lock time almost certainly
means higher spurs and vice versa.

Besides designing a proper loop filter,
another key to obtaining simultaneous
fast switching and low spurs is a well
balanced charge pump circuit on the
phase detector output. This charge
pump circuit must have excellent bal-
ance to reduce or eliminate reference
frequency spurs, and its dead band
region must be at a minimum, even at
high reference frequencies, to ensure
good noise performance and fast
switching speed. The LMX2320 was
designed to meet these requirements.
For a DECT transceiver, the PLL must
also have a wide tuning bandwidth at a
high reference frequency. This requires
a 64/65 prescaler to achieve legal divide
ratios. The prescaler and PLL must be
kept as low current as possible to help
preserve battery life. An example of a
typical DECT PLL performance is shown
in Figure 4. The figure shows settling
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Figure 5 - Simplified block schematic for a DECT transceiver.

time and reference spurs for a simple
passive loop filter.

Open loop modulation — Another key
element of this architecture is open loop
modulation. In this mode, the PLL loop
is opened while modulating the VCO,
allowing the VCO to run free. The loop
filter voltage is preserved by putting the
PLL’s charge pump circuit into a high
impedance state. An active loop filter
can be chosen to counteract possible
loop discharge due to leakage current
from the VCO tuning varactor diode.
Alternatively, the PLL chip can be pow-
ered down, which also brings the charge
pump circuit into a high impedance
state. In this case, a buffer may be
needed to {imit an unintended jump in
frequency due to possible load pulling of
the VCO.

The modulating signal is added to the
loop voltage at the input of the VCO,
and the result is a modulated carrier.
The modulating signal must have a sta-
ble midband voltage before opening the
loop, in order to avoid a frequency offset
during modulation. Such a frequency
offset will occur if the loop is stabilized
when the modulation signal is either at
the negative or positive peak voltage. In
these cases, as the loop is opened and
the modulation commences, the result-
ing center frequency will be a sum of the
intended center frequency set by the
PLL, and an unintended frequency ofi-
set equal to plus or minus half of the
peak to peak frequency deviation of the
modulated signal.

The LMX2410 Baseband Processor is
designed to provide an accurate mid-
band voltage. When the loop is opened
and the modulation starts, the deviation
correctly swings above and below the
intended center frequency. The drift in
the carrier is kept to a minimum
because the burst in DECT is very short.
The DECT standard specifies a frequen-
cy drift of less than 13 kHz/ms. A DECT

PLL based on the LMX2320 can be
designed to have orders of magnitude
less frequency drift than allowed by the
DECT standard.

Receiver Parameters

Most of the requirements for the
receiver can be derived from type
approval specifications. A noise figure,
gain and linearity budget can be made
for the receiver using data from avail-
able components.

Receiver sensitivity — Receiver sensi-
tivity is normally defined as the signal
level needed to produce a certain signal
to noise ratio, or, for digital systems, the
level needed to produce a certain Bit
Error Rate (BER) at the output of the
receiver. In the case of DECT, the BER
at the sensitivity level is 1073, at nominal
temperature and supply voltage and for
frequency offsets of —50 kHz, 0 kHz, +50
kHz of the received signal. The required
sensitivity for all DECT equipment is —83
dBm. For equipment meant for public
access use, like the U.K.’s Telepoint, the
requirement is —86 dBm.

In a receiver for digital modulation, the
sensitivity is composed of two figures of
merit: the receiver front-end sensitivity,
normally expressed by the noise figure,
and the demodulator performance. The
latter depends on the demodulator cho-
sen. Circuit simulations can be used to
get an initial idea of the demodulator
performance. Figure 5 shows a simpli-
fied block schematic for a possible
DECT receiver. The IF channel selec-
tion filter is a Murata 110.592 MHz SAW
filter SAFC110.6MAS50T; the limiter-dis-
criminator circuit is a National Semicon-
ductor LMX2240; the iowpass filter is a
discrete filter; finally, the baseband pro-
cessing function (i.e. bit slicing, symbol
timing recovery and bit slice threshold
setting circuit) is contained in a National
Semiconductor LMX2410.

The BER performance for this specific
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Figure 6 - Simulated BER for the
DECT receiver.

circuit is shown in Figure 6. The implica-
tion of frequency offset is roughly indi-
cated in Figure 7. As shown by these
figures, an E/N_ ratio of approximately
13.6 dB is needed for a BER of 102 and
needs to be increased by approximately
1 dB to compensate for a frequency off-
set of 50 kHz. The receiver (demodula-
tor) could compensate for the frequency
offset/error using a DAC to set the
threshold level for the bit slicer (data
comparator), assuming that the discrimi-
nator is sufficiently wideband. The latter
will be the case in a DECT receiver,
since offsets are on the order of 50 kHz,
which is only a fraction of the required
discriminator bandwidth.

The following equations assume ideal
compensation. Not compensating for
frequency offsets increases the require-
ments in receiver sensitivity by approxi-
mately 1 dB. The required noise figure
for the receiver front-end can be derived
by knowing the demodulator’s E,/N_ per-
formance and assuming conducted
measurements, as in the case of DECT.
The E, /N, ratio equals the signal to
noise ratio on the output of a filter with a
noise bandwidth equal to the bit rate, r,;

B _ S (1)
No rbNo

Since

No = kTan 2

where k=1.38054 x 10~23 K/J, the Bolz-
mann constant; T,=290K, the standard
temperature; and ?—'n is the noise factor.
Expressing the ratio E /N _ in decibels
(dB), we get:

[Sb—]dB = S—Fug —10l0g,(r,kT,)  (3)

o
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Fus = Saam — (E—b]dB +113.4 )

[¢]

where S ;. is the signal in dBm

Inserting the specified sensitivity for all
DECT equipment, S, =-83 dBm, and
the needed E,/N_ >13.6 dB, yields

Fu = —83-13.6+113.4 [dB]

6)
=16.8 [dB]

The requirement is therefore a maxi-
mum noise figure of 16.8 dB for all
DECT equipment, and similarly NF =
13.8 dB for equipment meant for Public
Access.

Receiver linearity — Non-linearities in
a receiver, such as gain compression,
will cause signals from several transmit-
ters to mix with each other in the receiv-
er. The result is intermodulation prod-
ucts. In the worst case, these intermod-
ulation products can end up having the
same frequency as the desired RF sig-
nal. The intermodulation products can
either be products from the desired sig-
nal or unwanted signals. Thus, the
receiver intermodulation performance is
a measure of the receiver’s ability to
avoid being disturbed by other DECT-
like signals on other DECT channels. An
ideal receiver is completely linear and
would not suffer from intermodulation.

Receiver design is a trade-off between
sensitivity, linearity, power consumption
and component cost. Receiver linearity
is normally expressed as the receiver’s
third-order Input intercept Point, (IIP,).
Requirements for 1IP; can be derived
from the type approval measurement
methods and specifications.

The receiver intermodulation perfor-
mance is measured using three signals:
a desired DECT signal and two unde-
sired signais. The three signals are on
three different DECT RF channels. The
frequencies of the undesired signals are
chosen such that one of their third-order
intermodulation products becomes equal
in frequency to the desired signal. Of the
undesired signals, one is modulated with
a DECT-like signal and the other is not.
The intermodulation product of interest is
the one that carries DECT modulation
with nominal frequency deviation. The
frequencies of the two undesired signals
are chosen such that the intermodulation
product of interest appears at the receive
frequency. Hence the intermodulation
product will appear as an undesired
DECT interferer with the nominal fre-
guency deviation and on the same chan-
nel as the desired signal.

16 1
165
15 —
Eb/No
145 /.i
14
n/
135 —
0 25 50 75
Frequency offset (kHz)

Figure 7 - Required E /N  as a
function of the frequency offset
on the received signal.

The level of the desired signal is spec-
ified to be —73 dBm and the level for
each of the two undesired signals is 46
dBm. The third order intercept point for
a non-linear 2-port input (ilP,) is defined
as the point at which the third order
intermodulation product equals the ideal
linear, uncompressed output.

The intercept point can be found by :

P.o. = M

p3 = > (6)
with:

P,ps is the third order input intercept
point (in dBm).

P..z is the related intermodulation prod-
uct for the two unwanted signals (in
dBm).

P, is the power of each of the unwant-
ed signals (in dBm).

P,» is known from the DECT type
approval documents. P, . can be
derived, remembering that the intermod-
ulation product appears as a co-channel
interfering signal, and DECT documents
specify the co-channel interference
rejection performance.

Co-channel interference rejection is
defined as the ability of the receiver to
cope with DECT-like interfering signals
appearing at the same RF frequency as
the desired signal. The co-channel
rejection ratio is the ratio of the desired
signal to the undesired that produces a
certain BER. For a desired signal of
—73 dBm, the co-channel rejection ratio
is specified to be 10 dB maximum. This
10 dB ratio can be directly used, as the
intermodulation performance is mea-
sured at the same level of the desired
signal. Thus P, ,>—83 dBm. Inserting for
P,=—46 dBm and P, .=—83 dBm, yields
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RF tutorial

A Basic Review of Feedback

By Gary A. Breed
Editor

Feedback is the principle that makes it
possible to have accurate linear sys-
tems. Amplifiers, oscillators, automatic
gain control and phase locked loops are
among the common RF applications of
feedback. Although the design equa-
tions for these circuits are well known
and most undergraduate linear systems
courses provide a mathematical deriva-
tion, this short note reexamines the
most basic concepts of feedback from
an intuitive perspective.

here are two essential concepts to

remember regarding feedback: 1)
feedback trades gain for control, and 2)
uncontrolied feedback can corrupt the
desired results and cause oscillation.
The first represents the power of feed-
back for designers; the second is a
warning to the same designers.

The generalized feedback system is
shown in Figure 1. The input passes
through the forward signal path, an
amplifier with gain A. The output is sub-
jected to some transfer function, B, and
summed in an inverted form with the
input. The net input is now the differ-
ence between the original input and a
modified portion of the output. This is
the classic “negative feedback” concept.

This linear feedback system can be
represented by the equation:

Vour = AViy = B Vour) M
or, rearranging:
Vour(1 + AB) = AV 2

To obtain the overall gain (closed loop
gain):
A = V\?UT = 1—L (3)
IN +AB

In a perfectly-designed feedback sys-
tem, we can think of the transfer func-
tion B as detecting any error in the
input/output relationship. The error-cor-
rection signal is then subtracted from
the input, resulting in an error-free signal
at the output of the system.

The simplest illustration of the princi-
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ple is an operational amplifier. Figure 2
shows a circuit with the input applied to
the non-inverting input, and two equal-
value (10kohm) resistors making a volt-
age divider in the feedback loop to the
inverting input. According to equation (3)
above, B = 1/2, since the voltage divider
presents 1/2 of V,; to the inverting
input. The gain of this system will be:

A
A = — ' (4)
LT HLA/2
In an ideal system, A is infinite, but we
can live with a very large A of perhaps
100,000. In this case:

Figure 1. The classic representa-
tion of negative feedback.

e

10K 10K

N

Vour™ 2Y;p
—>

<

Figure 2. A simple gain-of-2 oper-
ational amplifier example.

My
Zz
R

Figure 3. The classic representa-
tion of negative feedback.

o = 00000 _, 99996 (5)
1+ 50,000

As A goes to infinity, the closed loop
gain will become exactly 2, or 1/B.

Let’s follow this process around the op
amp loop. First, an input V, is applied,
which is amplified by gain A, which
gives us some output V.. However,
half of the output is then subtracted from
the input, so the input is now V
—Voui/2. If we use the “error function”
concept noted above, then V|, -V /2
= 0 when the system is operating error-
free. This condition is satisfied only if
Vour = 2V or Ag =2, as shown by
equation (5).

This example demonstrates principle
1) above: we can trade gain for control.
Passive feedback components alone
define an exact gain-of-2 system. The
more gain we have to trade (i.e., A
approaching infinity), the better the
accuracy.

Non-ideal Systems

Of course, feedback is not limited to
ideal amplifiers and resistive feedback
networks. The feedback can be any
impedance, including frequency-and
time-dependent networks of resistors,
inductors and capacitors. The network
can alsoc be non-linear, using diodes or
transistors.

The amplifier need not be ideal, either.
Frequency response and phase shift
must be included in the forward transfer
function, which can then be applied to
the feedback (B) transfer function. As
long as the operational parameters of
the circuit are known, feedback net-
works for the circuit can be computed.

An oscillator is a common RF circuit
requiring application of feedback princi-
ples. Let's use the simplified oscillator
circuit in Figure 3 as an example. Let's
assume that the amplifier A is a pack-
aged device which has a gain of 10 at
the frequency of interest, and is an
inverting amplifier with a phase shift of
180 degrees at that frequency. For B, we
will use a crystal along with additional
circuity (Z) to obtain the necessary feed-
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Figure 4. Methods of obtaining the necessary 180-degree phase shift.

back. We’ll assume the crystal resonator
is operating in its series-resonant mode,
so that it is lossless and has no phase
shift at the operating frequency.

The criteria for oscillation require that
the total phase shift through the amplifi-
er and feedback circuit be (n)2rn. Also,
when steady-state conditions are
reached, the gain of the system must
be 1; or more correctly, the output must
remain at a fixed level. The compo-
nents we have chosen must work
together with the feedback network to
meet these criteria. Note that in the cir-
cuit described, the feedback is not
inverted, but presented directly to the
input.

Since the amplifier has a phase shift
defined as 180 degrees, Z must supply
the additional phase shift of 180
degrees to meet the requirement of 2n
total phase shift. Figure 4 shows some
design options. This part of the feed-
back network can be a lumped element
network with a 180-degree phase shift,
or it could be a transmission line section
with a 180-degree, or 1/2 wavelength
time delay. At lower RF frequencies, a
transformer might also be used to pro-

N i i LIMITED
OUTPUT
l\ BY
M l“/ AMPLIFIER
SATURATION

vide the phase shift, since 180 degrees
is a simple inversion. Other possibilities
include introducing the required phase
shift using cascaded R-C networks or an
inverting amplifier.

The other part of the oscillation crite-
ria, a gain of 1 (output at a constant
level), requires a non-linear function. As
shown in Figure 5, one method is to use
opposed diodes to limit the maximum
amplitude of the signal. The forward
voltage drop of the diodes will determine
the actual amplitude, which must be
high enough to let the amplifier operate
in its optimum power range. Mainly, we
want to assure sufficient excess gain
when the oscillator is starting, and then
maintain that the output level well above
the inherent noise level. Another method
of limiting the maximum amplitude is to
allow the amplifier itself reach satura-
tion. The power supply voltage and bias
levels can be selected to perform the
same function as the diodes, as long as
the ratings of the active devices used in
the amplifier are not exceeded.

With a feedback network of diodes for
limiting and a transmission network for
phase shift, the oscillator should operate

Il,,\

£ 1

Figure 5. Two ways to limit ampli-
tude.
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Figure 6. The oscillator with a
complete feedback circuit.

(Figure 6).

Again, we can follow the process of
operation through the system in an intu-
itive way. In an oscillator, the system
noise is the initial input, which is ampli-
fied by A. The entire output voltage is
returned to the input via the crystal and
phase shift network. At the crystal’s res-
onant frequency, the fed-back output is
exactly in phase with the input, boosting
the level again and again until it reaches
the limiting level of the diodes or the sat-
uration voltage of the amplifier. When
this point is reached, only the frequency
that corresponds to the resonance of the
crystal is contained in the signal — In
the process of re-amplification, energy
at other frequencies is not in phase after
feedback, and is amplified less and less
in successive loops.

This is an intentional oscillator, but
sometimes an undesirable feedback
path meets the oscillation criteria. If a
circuit has feedback due to stray induc-
tance and capacitance, poor power sup-
ply decoupling, or improper p.c. board
layout, we have the situation warned
about in principle 2): uncontrolled feed-
back can result in unwanted oscillation.
This is especially important with the new
generation of MMIC, video and opera-
tional amplifiers, where lots of gain is
available that can make a lossy, indirect
feedback path exceed the gain of 1 cri-
terion!

Conclusion

Controlling a circuit through feedback
is a powerful tool, allowing us to obtain
precision linear (and non-linear)
responses for amplification, filtering, and
other signal processing applications. We
can get very good performance from an
imperfect active device (as long it has
sufficient gain) by applying accurate
passive components in a feedback cir-
cuit.

This powerful design tool can also
work against us, since it can also be
used to induce oscillations, intentional
and unwanted. Especially in RF circuits,
we must always remember that feed-
back can exist in ways that do not
appear on the circuit diagram. RF
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An RF Swept Filter for a Medical
Ultrasound System

By Alexander Pummer
P.C.S. Consultants

This design is part of a medical ultra-
sound imaging system. It was designed
to eliminate the shortcomings of an
existing circuit. The attenuation of ultra-
sound waves in the body is depth and
frequency dependant. The rate of atten-
uation is approximately 1 dB/cm/MHz.
Because of this, the spectrum of the
reflected energy is different from that of
the transmitted energy. The higher fre-
guencies are more attenuated. This
causes a relative increase of noise at
higher frequencies.

he normal way of solving this prob-

lem is to use a bandpass filter which
is tuned to cut out the noisy part of the
returning spectrum. Since we want to
observe different depths in the body, we
have to adjust the passband of this filter.
This adjustment should happen continu-
ously since we want to see a continuous
picture. The filter has to be tuned during
the receiving period.

‘The presently used solution utilizes a
tuned LC circuit where the tuning ele-
ment is a varicap diode. This circuit has
two major problems. The first problem is
that the relative high level signal will add
to the tuning voltage and contribute to
the tuning of the circuit and will therefore
cause intermodulation. The second
problem is a result of the first one. The
filter cannot be tuned exactly to a certain
frequency because of the uncertainty in
the tuning voltage. The new design sep-
arates the tuning element from the sig-
nal path. Therefore, there is no parasitic
tuning effect, no intermodulation, and
the center frequency of the filter is exact
at any time.

BANDPASS
MIXER 1 FRLTER  wpgg 2
INUT 3 3
SPECTRUM ™1 oUTPUT
2
LOCAL
OSCILLATOR

Figure 1. Block diagram of swept
filter

RF Design

The circuit (shown in Figure 1) works
as follows: the input spectrum, f(s),
feeds into the first mixer port #1. The
local osciliator, f(LO), is driving the mixer
at port #2. The combination frequencies
f(s)xf(LO) are available at port #3. The
bandpass filter could select f(s)+f(LO) or
f(s)-f(LO), but for our application, we will
select f(s)+f(LO). The selected spectrum
f(s)+f(LO) feeds into the second mixer at
port #1. The local oscillator f(LO) is also
driving the second mixer at its port #2.
The output spectrum of the second
mixer is: f(s)+{LO)1f(LO)=f(s)+2f(LO). A
lowpass filter will separate the compo-
nent f(s) from f(s)+2f(LO). If we sweep
the local oscillator, the output spectrum
of the system will be shaped by the
amplitude frequency response of the
bandpass filter and the virtual center fre-
quency of the system will be equal to
the frequency of the local oscillator
f(LO). This system will act exactly like
the ideal filter we need. The tuning of
the local oscillator is totally separated
from the signal path. The frequency of
the local oscillator is controlled by a fre-
quency closed loop. This loop will exact-
ly tune the oscillator frequency to the
required value. The bandpass filter is a
fixed filter buiit with amplitude indepen-
dent components.

Some Details of the Circuit

The mixers are single balanced only,
but they are designed to carry high level
signals without producing noticeable
intermodulation. Figure 2 shows the
mixer. The two switches S1 and S2 are
conducting alternately. The sequence is
controlled by the local oscillator. When
S1is on, S2 is off, and vice versa. These
two switches are JFETs. A mixer will
generate intermodulation products if the
input level is high enough to influence
the conduction angle of the switching
elements. The conduction angle for a
good mixer is determined by the oscilla-
tor only. Using the JFET as a switching
device in this configuration will allow us
to use relatively high signal levels. The
signal level of the system at the input of
the mixer is approximately 1 Vpp. The
control signal for the JFETs comes from

a fast CMOS output. The input capaci-
tance of the devices is low, (3 pF max.),
therefore the oscillator power is low. For
a diode ring mixer we would have to use
much higher oscillator power, which
could create interference problems for
the rest of the system.

The local oscillator looks relatively
complicated, but the two loops of the cir-
cuit will take care of all the component
tolerances. One of the loops keeps the
oscillator amplitude constant. The other
is the frequency control loop.

The ultrasound system provides a
ramp to tune the oscillator. The loop
ensures that at an instantaneous value
of this ramp the oscillator will tune to
one specified frequency. The actual
oscillator frequency is twice that
required for the mixing process. A 2:1
frequency divider (D flip-flop) is used to
divide the output frequency of the oscil-
lator, and provide the 50 percent duty
cycle signal required for the proper func-
tion of the mixers.

From the production point of view it
works like a digital circuit. In other
words, if the right parts are loaded into
the board it works without the hand-
selecting and tweaking normally associ-
ated with RF oscillator circuits. The fre-
quency closed loop usually has a fre-
quency to voltage converter. | decided
on a different method. One of the main
system’s microcontrollers provides a
tuning volitage, via a D/A converter, for
the oscillator. It then takes a sample of
the oscillator frequency by using a ten
bit binary counter.

The required frequency accuracy is

"sx s2

Figure 2. lllustration of mixer
action used in the filter.
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A Resistive Attenuator
Calculation Program

By Jouni Verronen
Engineering Consultant

Attenuators are frequently needed in
RF circuits. This program is aimed at
quick calculation of resistive attenuators
of the Pi- and T-lype. Also, the resistors
for an L-pad of minimum attenuation are
easily calculated. In addition to the syn-
thesis of basic attenuator circuits,
RESATT also provides analysis. One
can check either a T-circuit or Pi-circuit
using standard resistor values. The
analysis program calculates total loss
and impedance match at both ports.

his is one of those small calculation

programs that | have written for per-
sonal use to allow fast solutions to spe-
cific, often-encountered, technical
design problems. The general require-
ments for small, quick programs, are
discussed in Reference 1.

The program is divided into two parts,
synthesis and analysis. Upon starting,
the synthesis portion is activated. if the
program was used before, there is a
data file (RESATT1.DAT) residing in the
same directory as RESATT.EXE. This
file contains the latest input values, and
the program is initialized with those val-
ues. New initial values can be selected

by hitting an appropriate char-
acter. These are listed in a

Resistive attenuator design

help file, which can be
accessed from F1.

Date: 1992-~03-18

Time: 02:47:23

The user-supplied values
are the resistive terminal
impedances and the loss of
the attenuator. Every time one
of these values is changed the
program calculates new resis-
tances for both T and Pi
topologies. Figure 1 shows a

Rol =

Attenuator synthesis for L =
T-circuit:
Rl = 25.97 ohm

50.00 ohm

Pi-circuit:

10.00 dB

R2 = 25,97 ohnm

R3 = 35,14 ohm Roz = 50.00 chm

typical screen. If m is hit, the | --
program calculates the mini-
mum attenuation L-network
which can match the two ter-
minal resistances given.

RL1 = 49.6 dB RL2 = 49.6 dB
One must calculate the real Ril = 50.3 ohm Riz = 50.3 ohm
Calculated loss: L = 9.63 dB

world losses and impedances

Rol = 50.00 ohm R3 = 71.15 ohm Ro2z = 50.00 ohm
Ri = 96.25 ohm R2 = 96.25 ohm

Attenuator analysis for a Pi-type resistor network:

Rol = 50.0 ohm R3 = 68.0 ohm Ro2 = 50.0 ohm

->

Rl = 100.0 ohm R2 = 100.0 ohm <=

when standard resistor values
are used. This is done in the
analysis part of RESATT. The
analysis is activated by hitting
the right arrow at the keyboard. Hitting
the left arrow returns operation to the
synthesis half.

To perform an analysis, first either a
Pi- or T-circuit must be chosen by strik-
ing p or t. After that, the resistor values

Synthesis ! Rol 2 RoZ

Rol = 75.8 ohm Ro2 = 58.8 ohm

L = 5.72 dB

Stroke m for Lmin

—— Rt1 =

Rt2 = _—
43 .38 ohm l 8.68 ohm

Rpl =

e ghm

86 .68 ohm

F7: exit

attenuator design

1.88 by JV

finalysis !

for T-attenuator:

—- Rt1l = Rt2 = —
39.88 ohm l 9.88 chm
Rt3 =
82.88 ohm

when!
Rol = 75.8 ohm and RoZ = 58.8 ohm

- {—
Ri = 78.86 ohm Ri = 47.69 ohn
RL = 29.4 dB RL = 32.5 dB

Total loss = 5.61 4B

F1:. help

Figure 1. Typical screen showing both synthesis and analysis portions.
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Figure 2. A printed report.

can be entered. The analysis program
calculates the following items of interest.

« impedance seen towards the

attenuator at both ports

» return loss at both ports

« insertion loss

In all these calculations, the ports of
the attenuator are terminated with the
same resistances (Ro1 and Ro2) which
were used in the synthesis part.

For both synthesis and analysis a
printed report can be generated. F5
prints the common heading. F6 prints
the calculation report for the active side.
Figure 2 shows an example of a printed
report.

Equations Used

Equations for attenuator synthesis are
well known and are not rewritten here,
(see References 2 and 3). For analysis,
the terminated resistor network was first
reduced to one input resistance, for
which return loss was then determined.
Insertion loss was calculated after that
using basic concepts.

Program Versions
The program was written using
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Tallying Up Counters

By Andy Kellett
Technical Editor

hat use are frequency counters?

Do you want to tune an oscillator
so it is spot on? The frequency counter
would be a good choice except that your
oscillator is synthesized and crystal ref-
erenced; you will be more interested in
spurs than the oscillator's minute drifts.
For this case, a spectrum analyzer is the
tool to use. Suppose you want to look at
the output of a VCO as it is quickly
swept over its 10 percent bandwidth.
You can get accurate readings at the
endpoints where the frequency is sta-
tionary, but how did the frequency
behave as it went between the end-
points? These examples may merely
point out a maxim that applies to all test
equipment; no instrument can measure
everything. However, the question
remains: what use are frequency coun-
ters? Each different type of counter sold
is a different answer to that question.

Fast, precise, full-featured counters
are used both in production work and as
research and development instruments.
In production applications, the most
important specifications are normally
precision and speed. “Usually when you
buy a counter for production it’s for a
specific reason. It needs to measure this
frequency with this many digits of reso-
lution at this rate,” says Doug Barker,
product manager for John Fluke Manu-
facturing Co. Buyers for research and
development applications look more for
flexibility. “The R&D engineer is looking
for more capability, because the counter
is probably going to be a shared instru-
ment. Somebody may need it for time
interval analysis, and the next person
will need it to characterize a VCO,” says
Barker. While performance and features
are increasing, prices continue to
decline. “It is true for a lot of our product
lines that our older instruments cost
more, while our newer models do more
but cost iess,” notes Keithly Instruments
applications engineer, Dale Cigoy.

The ability to produce a basic frequency
counter for less money is part of the rea-
son frequency counters are being includ-
ed as a feature in other measuring instru-
ments. “As more counter circuits are
available on single chips, it becomes very
simple and relatively inexpensive to add
the functions. So it makes sense in many
applications to add the function simply
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because it doesn’t cost much,” says B&K
Precision product manager, Bob Krali.
Audio and low HF measurements can be
made with the counters integrated into
today's multimeters. Frequency counters
built into spectrum analyzers have advan-
tages over stand-alone counters. “The
advantage of the spectrum analyzer’s
counter is that you can be very selective
about what you are looking at. The spec-
trum analyzer/counter forms a frequency
selective system, so you can make sure
you are counting the signal of interest,”
notes Tektronix applications engineer,
Cliff Morgan.

VX| and PC based instruments repre-
sent another branch of the counter fami-
ly tree. Automatic testing is a growing
field which is beginning to incorporate
RF measurements. “In a PC, the time it
takes to get measurements to the com-
puter, which is really where you want to
analyze them, is much shorter than if
you have to go over a GPIB,” says
Shalom Kattan, president of Guide
Technology. The computer can supply
this processed information on screen,
acting as a virtual front panel, or can
incorporate the data as part of a system
feedback loop.

Increased emphasis on EMI require-
ments has created new uses for fre-
quency counters. Counters from Opto-
electronics are meant for in-field fre-
quency verification of RF communica-
tions and part 15 signals, and for
counter surveillance. The high quality
handheld instruments directly count up
to 230 MHz, and possess a high gain
front-end for signal input from an anten-
na. A patented digital filter design pre-
vents the self oscillation which can
accompany a high gain design.

As counters have become faster, it
has become possible to make frequency
measurements of an essentially different
type. Modulation domain analyzers
measure frequency vs. time. “In a modu-
lation domain analyzer you make rapid
frequency or time interval measure-
ments correlated in time, so that you
can display frequency vs. time. I’s like
comparing a voltmeter to a digital scope.
A digital scope is really a voltmeter that
makes very fast measurements and dis-
plays them as a function of time,” says
Guide’s Kattan. The VCO example at

the beginning of this report would be
handled well by a modulation domain
analyzer. Announced at last month’'s RF
Expo West, Guide’'s PC-card modulation
domain analyzer joins an instrument
from Hewlett-Packard, a counter and
software from John Fluke and a VXI
instrument from Racal-Dana.

Manufacturers of basic counters see
the counter market slowing down for two
reasons. First, other instruments now
have frequency measurement capabili-
ties. Second, crystal based circuits have
reduced the need to tune circuits.
“Because of that [the use of crystal
locked oscillators] you see less use of
frequency counters, but some of that is
taken up by timer counters,” says Arlene
Meadows, product marketing manager
for Racal Dana.

Portions of the market do show
strength however. “At Racal-Dana, our
VXI business is increasing,” says Mead-
ows. Fluke’s Barker noted, “Our counter
business hasn’t been doing too badly.
Fluke/Philips is building market share in
the counter arena.” For those manufac-
turers who have opened a new part of
the market, such as Guide Technology
and Optoelectronics, business is
expanding.

The recession slowed the entire mar-
ket, and recent upswings have affected
everyone as well. The thing that several
counter manufacturers expressed con-
cern over is the changing tax structure
and how that will affect their companies,
and their companies’ customers.

Counters continue to develop rapidly,
and developments from the most expen-
sive, state-of-the-art counter systems
quickly find use in other segments of the
counter industry. Hewlett-Packard prod-
uct marketing engineer Dave Cunning-
ham comments on how modulation
domain analysis technology has found
use in the counters he works with,
“We've taken what we’ve learned from
these more advanced products, and
now we can take that same technology,
and because we know how 1o use it, we
can use it a lot less expensively in a
product like our lower cost counters.” RF

For reprints of this report, call Cardiff
Publishing at (303) 220-0600. Ask for
the Circulation Department.
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The 1992 Handbook Series...

Pre-Publication Special Pricing!
Order Now, and Save 25%!
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Volume I:
N * Ou®
Eu,?.l’gr{:.”:e',;nce European Defence in Transition
n Transition

Editorial analysis and coverage of the European defence industry,
including France, Germany, Switzerland, Netherlands, Belgium,
Scandinavia, Austria, Italy and Spain.

P ——

_— Volume Ii:
* [ ]
Airborne Weapons Airborne Weapons
Comprehensive coverage of the development of airborne weapons

and weapon systems since 1987, including laser ranging, smart
weapons, anti-armour operations and air-to-air weapons.

Each handbook contains compiled articles...pages and pages of our best (and most re-
quested) coverage of these critical subjects. The comprehensive compilation of articles come
directly from recent Defence magazine issues, and are presented by subject matter.

Volumes | and 11 will begin shipping December 1992, and you can save 25% by sending
your order to be received before December 1st, 1992. Use the handy coupon below to fax
or mail your order in with payment authorization, or call your order into our circulation

department at (USA) (303) 220-0600.
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including postage.
Yes, please ship (quantity) _____ sets of Volume Il (Airborne Weapons) only, at £29/$59 each, including postage.
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Pre-payment required.
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RF design

MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE

Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600.

BIAS TEES  10kH-44 GHz

MODEL | RISETIME* | BANDWIDTH"™ | VOLT/AMPS K.
5530 28 ps 12 GHz 200V 10mA Rnsenr:es measl:red
5531 45 ps 8 GHz 1.5kV._ 20 mA with HEWLETT-PACK-
5550 20 ps 18 GHz 50V_ 500 mA | scope and PSPL 15 ps
5580 32 ps 11 GHz 50V 1 Amp | puise generator.

Other broadband components available from PSPL include: | **Bandwidths meas-
Signal Probes, Risetime Filters, Attenuators, DC Blocks, | ured with WILTRON 20
Transtormers, Power Dividers and Amplifiers. GHz network analyzer.

PICOSECOND P.0. BOX 44 - BOULDER, CO 80306 « USA
/ \ PULSE LABS. inc PHONE 303-443-1249
FAX 303-447-2236

INFO/CARD 57

NOVA RF Systems, Inc.

The Complete RF/Microwave Solution

A — RF/Microwave Systems
i — Custom Design/Consulting
ﬁ”fl} — Simulation Software
— Synthesizers (PLL/DDS)
V — Complete Lab/Machine Shop

— TDMA/CDMA/Spread Spectrum

1740 Pine Valley Dr. ¢ Vienna, Virginia 22182
(703) 255-2353

INFO/CARD 59

' ===1 « STD. 5 AND 10 MHZ OCXO
K if S k™|« Tex0 « vexo « Tevexo
i L & |+ VCO's « CLOCK OSCILLATORS

« CUSTOMIZED CRYSTAL FILTERS

ELECTRONICS | ° S5 17 \ifiz, 214 MHZ and 45 MHZ
T "Where your dreams turn into reality.” | o L/IC FILTERS

Call or Fax your requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301

INFO/CARD 61

Need Clock Oscillators or Crystals?

Call 714-991-1580

Quartz Crystals
50 Khz to 200 Mhz

TTL Clock Oscillators
250 Khz to 70 Mhz

HCMOS Clock Oscillators
3.50 Mhz to 50 Mhz
TTL and HCMOS Half Size and Surface Mount also available on request

CAL CRYSTAL LAB, INC. » COMCLOK, INC.
1142 No. Gilbert, Anaheim, CA 92801 » FAX 714-491-9825

V AV & A W

INFO/CARD 58

RF SPICE MODELS

WNALQ,. +BIPOLARS, FET, VARACTOR, PIN
Ly <5 G+ MODELS FOR CLASS C POWER
Il.ﬁ‘('i\ « OPTO LASER AND PIN DIODES

\‘!5 A« HIGH SPEED GATES AND FLOPS
'»A s_y/”fo * OPAMPS & TRANSIMPEDANCE AMPS
« FULL NON-LINEAR SPICE MODELS

« ACCURACY FROM DC TO 5-10 GHZ

oo Ao ga10s. » INHOUSE RF & DC MEASUREMENTS

PHONE (602) 575-5323 FAX (602) 297-5160
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¢ Promote your company...
* Trade used equipment...
¢ Sell your products...
Every month for only $395

CALL 303-220-0600 TODAY!
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