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Glass and Quartz
Pistoncaps’

* Designed to meet MIL-C-14409D

* QPL models

* Extremely stable over temperature,
frequency, voltage, etc.

» Cap ranges: 0.5-3.0 pF to 1.0-120 pF

¢ Zero backlash multiturn adjust
mechanism

* Operating temp: -55° to +125°C
(models to + 200°C)

* Qto 1500 at 20 MHz

* Wide variety of configurations for PC
and panel mounting

* Voltage ratings from 500 to 5000 V

Phone, fax or write today for
Engineering Bulletin SG-205A.

SPRAGUE
Goobman

134 Fuiton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 « Fax: 516-746-1396
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Ceramic Dielectric
Trimmer Capacitors

Rugged 5 & 7 mm types
Operating temp: -55° to +125°C
Cap ranges: 1.3-2.0 pF to 12-160 pF
Miniature types suitable for hybrids
Operating temp: -25° to +85°C
3 series: 2.0 x 1.2 mm; 3.0 x 1.5 mm;
5.0x2.0 mm
Cap ranges: 2.5-10 pF to 5.5-40 pF
Microwave types
Operating temp: -55° to 85°C
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF
Q > 500 at 100 MHz
Plastic encased 4 x 4.5 mm and 5 mm types
Designed for volume applications
Surface mount and printed-thru-hole models
Cap ranges: 1.7-3.0 pF to 10-50 pF
Phone, fax or write today for
Engineering Bulletin SG-305B.

SPRAGUE
GooDmMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 « Fax: 516-746-1396
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RF calendar

December
13-15
15-18
1994
January
27-28
February
8-11
10
March
21-26
22-24
April
12-15

Seventh International Conference on Mobile and
Personal Communications

Brighton, UK
Information: Conference Services, IEE, Savoy Place, London
WC2R 0BL, United Kingdom. Tel: 071 344 5477. Fax: 071
497 3633.

4th International Symposium on Recent Advances in
Microwave Technology (ISRAMT ‘93)

New Delhi/Agra, India

Information: Dr. Banmali Rawat, Technical Program Co-
Chair, Department of Electrical Engineering, University of
Nevada, Reno, NV 89557-0153. Tel: (702) 784-1457. Fax:
(702) 784-6627.

Measurement Science Conference

Pasadena, CA
Information: Measurement Science Conference, John Schulz,
Registrar, 1280 Bison Ave, Suite B9-530, Newport Beach, CA
92660. Tel: (714) 863-9031. Fax: (714) 863-1723.

EXPO Comm Mexico 1994

Mexico City, Mexico
Information: TWI, International Exhibition Logistics, 3190
Clearview Way, San Mateo, CA 94402. Tel: (415) 573-6900.
Fax: (415) 573-1727.

European Conference and Exhibition: EMC 94

London, UK
Information: ERA Technology Ltd., Cleeve Road, Leather-
head, Surrey KT22 7SA, England. Tel: (0372) 374151. Fax;
(0372) 374496.

Applied Computational Electromagnetics Society
1994 Conference

Monterey, CA
Information: Jodi Nix, Symposium Facilitator, Veda Incorpo-
rated 5200 Springfield Pike, Suite 200, Dayton, OH 45431.
Tel: (513) 476-3550. Fax: (513) 476-3577.

RF Expo West

San Jose, CA
Information: RF Expo West, Registration Coordinator,
6151 Powers Ferry Rd. NW, Atlanta, GA 30339. Tel: (800)
828-0420. Fax: (404) 618-0441.

EMC/ESD International

Anaheim, CA
Information: EMC/ESD International, Registration Coordi-
nator, 6151 Powers Ferry Rd. NW, Atlanta, GA 30339. Tel:
(800) 828-0420. Fax: (404) 618-0441.
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RF news ...

are also discussed. The paper can be
obtained by contacting Sarabeth Moyni-
han, Div. 104, NIST, Boulder, CO
80303-3328, tel. (303) 497-3237. Ask
for paper no. 37-93.

Specifications Outlined for HDTV —
The television industry’s “Grand
Alliance” has announced planned speci-
fications for U.S. digital high definition
television. These include and aspect
ratio of 16:9, 1125 scanning lines (1080
with active picture information) with
1920 pixels per line, MPEG-2 video
compression, and Dolby AC-3 audio
compression (recommended). The exact
transmission method choice between
quadrature amplitude modulation (QAM)
and vestigal sideband (VSB) has not
been decided. A final proposal from the
group may be ready late in the first
quarter of 1994,

Bell Labs Makes Self-Focusing
Lasers — New experimental devices
called zone lasers (Z-lasers) have been
developed at AT&T Bell labs Optoelec-
tronic Device Research department. The
new lasers require no lenses to focus
light on a specific point. Using a vertical
cavity geometry, they emit light vertically
from their surface instead of horizontally
from their edges, as conventional lasers
now do. Potential applications include
single-chip optical interfaces, chip-to-
chip optical interconnections and future
optical storage systems.

Earthmovers Guided by GPS — Using
GPS receivers supplied by Allen
Osborne Associates, the Center for
Mapping at Ohio State University has
successfully conducted tests where
earthmoving equipment blades were
guided to within a few centimeters accu-
racy using GPS as the reference. Such
accurate control will lead to advances in
automated earthmoving equipment, and
greater precision in grading large areas
such as airport runways or housing sub-
divisions. The system uses differential
methods, comparing the moving unit to
a fixed receiver located at a specified
position on the site. This method com-
pensates for the timing errors that are
intentionally introduced into GPS.

Automatic Data Collection Lab Estab-
lished — AIM USA, an organization of
Automatic Identification Manufacturers,
has helped establish the University of
Pittsburgh’s Automatic Data Collection
(ADC) Laboratory within the Industrial
Engineering department. The purpose of
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the lab is to educate students about
ADC, using the latest products; to dis-
seminate accurate and comprehensive
data about ADC to practicing engineers
and faculty; and to provide high quality
laboratory facilities for researchers and
industry users. Technologies used in
ADC include bar code, magnetic stripe
and radio frequency systems.

1994 Virginia Tech Symposium Call
for Papers Issued — The 1994 Virginia
Tech Symposium on Wireless Personal
Communications will be held June 1-3,
1994 in Blacksburg, Virginia. Authors
are invited to submit abstracts for tech-
nical papers, on topics such as: novel
wireless products, applications of DSP,
diversity and multiple access, perfor-
mance simulation, network issues, prop-
agation, support technologies and busi-
ness issues. 200-400 word abstracts
should be sent by December 15, 1993
to: Jeffrey H. Reed, Associate Director,
MPRG - Bradley Dept. of Electrical
Engineering, 340 Whittemore Hall,
VPI&SU, Blacksburg, VA 24060-0111.

U.C.-Berkeley Studies Defense-Relat-
ed Job Losses — According to a study
by the University of California at Berke-
ley, the number of jobs lost in California
due to defense cutbacks is higher than
official estimates. The Berkeley study
estimates that one-third of the state’s
total job losses are due to reductions in
defense procurement and research,
compared to official estimates that these
reduction caused 22 percent of 1990-
1992 job losses. The study indicates
that a modest national economic recov-
ery will not improve California’s econom-
ic conditions without some kind of
regional stimulus.

CATEL Acquired by MERET — CATEL
Telecommunications, Inc. has been
acquired by MERET Optical Communi-
cations, Inc. CATEL is a supplier of fiber
optic and coaxial cable communications
equipment, while MERET supplies fiber
optic audio, video and data communica-
tions products.

Signal Technology Corp. Acquires
Innowave — Innowave, Inc., a manu-
facturer of products for defense, space
and commercial markets, has been
acquired by Signal Technologies, Inc. in
a cash transaction. Innowave manufac-
tures RF and microwave detectors, lim-
iters, gain equalizers, phase shifters, cir-
culators, and isolators. Signal’s current
products involve low cost frequency

generation, frequency management,
power management and control prod-
ucts.

Radian Corporation in Profiler Radar
Agreement With the University of Col-
orado — A five-year agreement for
graduate-level educational activities
associated with wind profiler radar sys-
tems has been made between Radian
Corporation and the University of Col-
orado at Boulder. Radian will provide
the university with a LAP™ -300 wind
profiler, along with support, modifica-
tions and enhancements. In turn, the
University of colorado will contribute
basic research activities for commercial
wind profiler development. The agree-
ment is made possible by a grant from
the National Science Foundation, and
supported by Radian’s existing Cooper-
ative Research and Development
Agreement with the Boulder faboratories
of the National Oceanic and Atmospher-
ic Administration (NOAA).

Active Noise Reduction Development
Pact — Harris Semiconductor and
Noise Cancellation Technologies (NCT),
Inc. have signed an agreement to devel-
op and manufacture proprietary silicon
ICs for applications of NCT’s active
noise reduction technology. The tech-
nology is an electronic alternative to
mechanical noise reduction and previ-
ous discrete component methods.
NCT’s methods involve digital signal
processing to analyze noise and drive a
high power amplifier and transducer
which introduces “anti-noise” to cancel
the unwanted noise or vibration.

H-P Opens Interface Standard —
Hewlett-Packard Company announces
that it has given I/O card suppliers open
access to its standard instrument control
library’s driver-development specifica-
tion. H-P believes that this license-free
opportunity will make it easier for test
engineers and technicians to intercon-
nect their hardware.

Bell Atlantic Implements CDPD — Bell
Atlantic Mobile (BAM) has selected
equipment made by Hughes Network
Systems for it cellular digital packet data
(CDPD) system. The first equipment will
be installed in Pittsburgh by the end of
1993, with commercial service begin-
ning in early 1994. CDPD allows data
transmission to mobile users for such
applications as travel information, truck
shipment information, fax transmission,
or many other services.
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Serenade® PC for Windows™

=| MICROWAVE SCOPE PC V6.0 T~ 1~
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Super-Compact, Microwave Harmonica, and Scope for Windows allow you to interact with
powerful linear and nonlinear circuit simulator “engines” using superbly intuitive and easy-to-use
interfaces. Simple menus, dialog boxes, and “fill-forms” are used, in addition to a new netlist
editor, to make the product very easy to learn and use. '

Simulators link to Serenade Schematic and Layout Editors

Serenade PC is a suite of CAD tools for schematic entry and automatic generation of circuit and
subsystem layouts. Each engine can be used as a stand alone or inside a design system.

* Schematic Editing

* Netlist Extraction

* Schematic Back-Annotation

* Symbol Editing

* Layout Generation and Editing

In order to receive complete literature and a free demo software kit, please fax or send this page to
Compact Software, or to the representative in your country.

European Support Center
Austria, France, Germany, Italy, Spain, Sweden, Switzerland N .
(Technical Software Service) ame:
FAX: 49-7309-3275 - PHONE: 49-7309-5075
Hong Kong Company:
Advance Test Control Co. Ltd.
FAX: 852-788-5433 - PHONE: 852-788-5432 Street Addr:
India
Hinditron Services Pvt., Lid. City, State, ZIP
FAX: 91-22-836-4682 - PHONE: 91-22-836-4560
Israel Fax: #:
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FAX: 886-2-712-2466 - PHONE: 886-2-715-0283
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both the noise figure and the gain mea-
surement if the bandwidth used for cali-
bration differs from the bandwidth used
for measurement.

Errors in the gain measurement can
be corrected by measuring the two
bandwidths (device bandwidth and sys-
tem bandwidth) using a signal generator
and the measurement system as a
detector. The following equation calcu-
lates the actual gain:

- BWs ¢, (3)

BwWp
where G, is the device gain, BWy is the
noise bandwidth of the measurement
system, BW,, is the noise bandwidth of
the device under test, and G, is the
measured gain.

Errors in the noise figure measure-
ment can be more difficult to overcome.
If the device has high gain—several
orders of magnitude greater than the
bandwidth ratio—the error can be
reduced. [The cascade noise figure
equation (1) for a two-stage system can
be arranged, as shown, to solve for the
first stage (device) noise figure:
F,=Fiota(F>—1)/G,. From this equation,
it is apparent that if the gain of the
device (G,) is large, the second stage
contribution will be reduced. Overall, this
results in a reduction in error.]

If the device does not have high gain,
error can be minimized by inserting,
before the measurement system, a nar-
row band preamplifier followed by a
bandpass filter. In this case, the filter
center frequency becomes the measure-
ment frequency and its bandwidth must
be narrower than the device bandwidth.
Also, the preamplifier must have suffi-
cient gain to overcome the effective total
noise power reduction caused by its nar-
row bandwidth, as we suggest in the fol-
lowing equation:

Gp

BWg
BW

Gp:1olog( ]+10 dB (4)

where G; is the gain of the preamplifier,
BWjg is the bandwidth of the measure-
ment system, and BW_ is the bandwidth
of the filter.

Correcting for the errors associated
with this technique requires a lengthy
calculation and knowledge of the actual
filter pass-band shape and the out-of-
band noise levels. An alternative mea-
surement system provides a better solu-
tion to the difficulties described above.

An Alternative Method
For some time, industry has used
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Figure 3. Spectrum-analyzer-based noise figure measurement system.

spectrum analyzers to measure noise
figure, largely because these instru-
ments also can perform the multiple
measurements so often required in a
test system. Although this leverage of
spectrum analyzer measurement capa-
bility offers an advantage, disadvan-
tages still exist. Generating the software
needed to automatically measure noise
figure is a lengthy procedure that
requires a great deal of knowledge of
the factors involved in noise figure mea-
surement error correction. Accuracy, as
determined by measurement uncertain-
ty, remains a major concern.

In a different approach, we integrate a
portable spectrum analyzer with a soft-
ware measurement “personality” for
noise figure measurements (Figure 2).
The software, provided as a download-
able program on a ROM card, controis
the spectrum analyzer's measurement
functions and automatically calculates
the noise figure and gain of a device
under test. These values are displayed
as a function of frequency, offering
swept noise figure and gain measure-
ments from 10 MHz to 2.9 GHz. Noise
figure can be measured from 0 to 20 dB
and gain from 0 to 40 dB.

The complete system (Figure 3)
requires a preamplifier, which is con-
nected at the input to reduce system
noise figure, and a diode noise source
driven by a 28-volt modulated signal
from the spectrum analyzer. A menu-dri-
ven interface makes this particularly
easy to use. If measurement speed is
an issue, as it often is, single-point mea-
surements can be made at the frequen-
cies of interest. This feature, called
“one-point measurement mode,” allows
users to make measurements at a sin-
gle point and utilizes the capability to
display PASS/FAIL information to speed
up the measurement process (Figure 4).

This system uses the Y-factor mea-
surement technique, in which measure-
ments are made with the noise source
turned on and off. The Y-factor is the
ratio of the device’s output noise power
with the noise source on to the device’s
output noise power with the noise
source off. Noise figure and Y-factor are
related by the following equation:

ENR
Y ®)

where F is the noise factor (noise figure
in linear units), ENR is the excess noise
ratio, and Y is the Y-factor.

The measurement system is calibrat-
ed by measuring the noise level with the
device removed from the measurement
set-up. This allows calculation of the
system noise figure. The device is then
reconnected and a second measure-
ment is taken to calculate the total noise
figure. From the total noise figure, the
effect of the system noise figure is
removed and the resulting device noise
figure is displayed. The cascade noise
figure equation shown here (in linear
terms) provides this calculation:

NFg - 1

NFy =NFp +
T D GD

(6)

where NF. is the total noise figure, NF,
is the device noise figure, NFg is the
system noise figure, and G, is the
device gain.

The gain of the device is calculated by
taking the ratio of (a) the difference
between the noise power measured with
the noise source turned on and turned
off (with the device inserted in the mea-
surement path), and (b) the difference
between the noise power measured with
the noise source turned on and turned
off during calibration (with the device
removed from the measurement path).
In other words,

16:01:16 OCT @6. 1933 NOTSE SOURCE & &

CATALUG
ALL

ACTUAL: TEST LIMITS:

CATALDG
NF 13.1 4B NF MAX 23.9 dB
BAIN 15.8 g8 NF HIN 8.6 dB ETATES

GAIN MAX 2@.8 dB o 0
GAIN HIN 130 dB aocet
BLAE
8.0
T[]

8.
oLae HF PAISED
a

CATALOS
FREFIX

Degr BAIN PASSED

3 Changs
T

Prefix

FREQUENCY 21.495 MHz EWR 15,00 4B More

1of 2
kL

Bandwidth B.881 MHz fvg Time 33.9 sec/p

Figure 4. Noise figure and gain
measured in “one-point measure-
ment” mode.
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G'D _ (ND)on - (ND )off (7)

(NG )on — (NG )oft

Calibration is not required to make a
noise figure measurement; however,
without calibration, a gain measurement
cannot be made. As can be seen from
Equation (6), in such cases, the noise
figure measurement accuracy will not be
sacrificed if the device has high gain.

Our spectrum-analyzer-based system
offers several distinct advantages. It is
the only system available with selective
measurement bandwidths in the range
of 1 kHz to 3 MHz. Because of this, nar-
row band devices can be measured
directly. We demonstrate this ability with
an example. Using the components of a
cellular base station front end, a 1-MHz
bandpass cavity filter and a broadband
low noise amplifier, we complete an
evaluation. Ordinarily, the filter would
precede the broadband amplifier to
remove any unwanted signals that might
otherwise pass through the system (Fig-
ure 5), but here a problem arises in
measuring noise figure.

Measurement Bandwidth

The measurement of interest is the
pass band noise figure. However, if a
system with a measurement bandwidth
wider than the device bandwidth is used,
the broadband noise out of the amplifier
also will be measured. This out-of-band
noise adds a significant amount of error,
distorting the “true” pass band noise fig-
ure. To achieve the true pass band noise
figure, we must use a measurement
bandwidth narrower than the device
bandwidth, as we can with our spectrum
analyzer. Table 1 shows the results of
the filter and amplifier measured using
the spectrum analyzer system at varying
bandwidths and a noise figure meter with
a fixed 4-MHz measurement bandwidth.
(The measurements were made at the
device bandwidth center frequencies,
which were measured first using the
spectrum analyzer with a built-in tracking
generator.)

As we expected, the results show dis-
tinct differences between measurement
systems. The true passband noise fig-
ure is measured with the narrow band-
widths. In this case,

FT = FM, (BWS < BWD) (8)
where F. is the true noise figure, F, is
the measured noise figure, BWy is the

system bandwidth, and BWg is the
device bandwidth.
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Cavity Filter Amplifier

Amplifier

Cavity Filter

Figure 5. Narrow band cavity fil-
ter precedes broadband amplifier
to remove unwanted signals.

Using a 4-MHz measurement band-
width (four times the device bandwidth)
results in measurement error. In this
case, we can correct for the measure-
ment error and approximate the true
pass band noise figure in linear terms
using the following equation [This equa-
tion assumes that the device has high
gain, the pass band shape is rectangu-
lar, and the filter mismatch effects on
out-of-band noise are ignored]:

_BWp
~ BWg

Fr Fun, (BWp <BWg) 9)

To prove this, we use the 14.1 dB
measured in the 4-MHz bandwidth to
calculate the true noise figure according
to Equation (9):

1 MHz
Fr= e (1014110) g 4 (10)
or
L= 1MHz (10410 Z6.4 (1)

"~ 4 MHz

As we see in Table 1, with narrow
measurement bandwidths, the true
noise figure of 8.0 dB is measured. The
error in the gain measurement that
occurs with the 4 MHz bandwidth can be
attributed to the different bandwidths
used for calibration and for measure-
ment. Using Equation (2), we can

Figure 6. Narrow band filter fol-
lows broadband amplifier to mea-
sure true noise figure.

approximate the true gain as

_ 4 MHz

Ve (10'82/10y —264.3 (12

D

or
(Gp)gs = 10l0g(264.3)=24.2 dB  (13)

Figure 6 illustrates a case in which the
narrow band filter follows the broadband
amplifier in the system. Here, the out-of-
band noise does not contribute to the
measured noise figure because it is out-
side the filter's pass band. As a result, the
“true” noise figure can be measured. The
measurements for this case are shown in
Table 2. For both measurement systems
the results are similar, as expected, and
the gain values remain fairly consistent.

Narrow measurement bandwidths are
also required for making low frequency
measurements. The presence of 0 Hz
LO feed-through in the spectrum analyz-
er requires that a sufficiently narrow
measurement bandwidth be used to
reject this signal at the lowest measure-
ment frequency. The measurement
bandwidth must be about 1/30, or less,
of the lowest measurement frequency.
For a 3-kHz measurement bandwidth,
the lower frequency measurements are
limited to approximately 100 kHz.

Measurement Speed and
Repeatability
Measurement speed can become an

Measurement Measurement Measured Measured
System Bandwidth (MHz) Noise Figure (dB) Gain (dB)
3 1.7 20.8
Spectrum 1 9.2 23.4
Analyzer 0.3 8.2 24.7
Based
System 0.1 8.0 25.0
0.03 8.0 25.0
0.01 8.0 25.0
Noise Figure Meter 4 141 18.2

Table 1. Noise figure and gain for amplifier with filter in front of it.
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RF featured technology

Single Tone Intermodulation Testing

By Steve Winder
BT Laboratories

If a signal is applied to a non-linear
device, harmonics of the original signal
are produced at the output. If two or
more signals are applied, intermodula-
tion products are produced due to the
signals mixing. Intermodulation testing is
carried out to determine the degree of
non-linearity. The results of this testing
are expressed in terms of the second
and third order intermodulation intercept
points. These are the imaginary ampli-
tudes at which the fundamental and
intermodulation product signal levels are
equal. If devices are compared, the
more linear one will have higher ampli-
tude intermodulation intercept points.

'I'wo tone testing is a widely used
method for measuring intermodulation.
Another method is to apply the rule of
thumb -- the third order intercept point is
10 to 15 dB above the 1 dB compression
point. Presented here is an alternative
method, that of single tone testing. Mathe-
matical analysis will be presented later to
show that there is a direct relationship
between the amplitude of harmonics and
the intermodulation intercept points. Single
tone testing cannot be applied to frequen-
cy converting systems such as radio
receivers; however, for amplifiers the test
can be applied, and it provides a cheap,
quick and simple solution.

TWO TONE INTERMODULATION

1R(i)EdI—;B/S.O dBm ATT 20dB A_view B_view
|
L
|
|
i
owrt (L | I M THMVT AL
ez | W] FLUUUATUTRLL

SWP  START 0 kHz STOP 40.00 MHz

300 ms

Figure 1. Two-tone intermodula-
tion test set-up and resuits
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Figure 2. Schematic illustration of
second- and third-order intercept
points.

Two Tone Testing

The standard method of intermodula-
tion testing requires two oscillators and
a spectrum analyzer. Figure 1 shows a
test set-up that can be used; variations
on this may be found in texts. The oscil-
lators must be isolated from each other
so that intermodulation in their output
stages does not occur. An attenuator
placed after the directional coupler pro-
vides a constant 50 ohm termination,
preventing reflection of power from one
oscillator into the other. Any impedance
mismatch into the active device causes
reflections, but the attenuator reduces
their amplitude. Intermodulation in the
oscillator output stage is small com-
pared with the DUT's.

Intermodulation ratio is the difference
in dB between the wanted signal level,
P... and the intermodulation products,
measured at the output. This is written
as IMR, or IMR; depending on whether
the second or third order products are
being considered. The second and third
order intercept points, IP, and IP,, are
found utilizing the following equations:

IP, =P, + IMR, ™)
IPy =P, + 0.5 IMR, )

To visualize an explanation for these
formulae, a graph can be drawn (Figure
2). The fundamental intermodulation
products are all straight lines when the
graph axes are scaled in dB's. The fun-
damental has a slope of one and is
dependent on V,,. Second order products
have a slope of two because they are

dependent on V,, . Third order products
have a slope of three due to their depen-
dence on V,, . intercept points are found
by extending these lines and reading
their crossing point off the graph axis.

Single Tone Testing

There are times when two oscillators
are not available. Fortunately, for ampli-
fiers and other “linear” devices, it is pos-
sible to carry out tests to determine inter-
modulation intercept points using jus.
one oscillator. A typical test arrangement
is shown in Figure 3. The arrangement is
simple and the measuring equipment
does not necessarily have to be a spec-
trum analyzer; a frequency selective volt-
meter would also serve the purpose
since only harmonics of the applied sig-
nal are to be measured. Figure 3 shows
the spectrum obtained by testing the
same device as used in the two tone
test.

Proof

To justify use of such a simple test
arrangement some mathematics is nec-
essary. Trigonometric formulae will be
given before they are used.

Consider an input signal that is
applied to an amplifying device,

Vin = Acosxt +Bcosyt (3)

The device will have an output, V,
given by the transfer function:

DUT
>
SINGL E TONE TEST
REF5.0dBm ATT20dB A_view B_view
10dB/ l
|
I
|
|
RBW ] |
300 kHz I [\
VBW i
1 kHz J JL L
SWP  START 0 kHz STOP 40.00 MHz
300 ms

Figure 3. Single-tone test set-up
and results
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Vou =aVi, +bVi,2 +cv, 3 +- - (4)

Expanding the expression for bV;,2
gives:
bV,,2 = b[(A cos xt + Bcos yt)?] (5)

= b[A? cos? xt + B cos? yt +
2AB cos xt cos yt]

Mathematical notes 1,11
cos? zt = 0.5(1+ cos 2zt) (1

1
cosmtcosnt = 5 cos{(m + n)t I
1
+—cos(m —n)t
2

Utilizing the mathematical formulae
above, the expression for bV,,2 can be
further expanded to reveal both harmon-
ic and intermodulation products:

bV;2 = b[%A2(1 + cO8 2xt) (6)

+%BZ(1 + cOs 2yt)
+ABcos(x — y)t
+ABcos(x + y)t]

If A =B the second order intermodula-
tion products have a maximum level of
bA2 and the second harmonic signal
level is 0.5 bA2 . The second order inter-
modulation products will be 6dB higher
than the second harmonic signal level.

Let us also expand the cubed term,
CVm3 .

3 3 (7)
cVi,~ =c[(Acosxt+Bcosyt)’]
= c[A3 cos® xt + B cos® yt
+3AB? cos xt cos? yt
+3AZB cos? xtcos yt]
Mathematical note 111
cos® zt = %(3 cos zt + cos 3zt) (I11)

Using /11 for the first two terms in the
expansion of equation 7, and / for the
last two yields,

oV = c[l A3(3cosxt +cos3xt)  (8)
4
+7}B3(3003 yt + cos 3yt)
3 AR2
+§AB cos xt(1+ cos 2yt)

+ g AZB(1+ cos 2xt)cos yi]
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The third harmonic terms are 0.25 cA3
cos 3xt and 0.25 cB3 cos 3yt. Further
expansion of the third term in equation 8,
using /1, reveals the third order products:

g cAB? cos xt(1+ cos 2yt) = (9)

= gcAB2 cos xt

3 2.1
+ —CcAB“[—{cos(x + 2y)t
> OAB?[ {cos(x + 2y)

+ cos(x - 2y)t}]
The third order products are:

%CABZ[COS(X+ 29t (10)
+ cos(x — 2y)t]

A similar expansion of the other third
order term,

gcAZB(1+cos2xt)cosyt (11)

gives other third order products as:
%CAZB[COS(2X+y)t+(2x-y)t] (12)

Each third order product has a maxi-
mum amplitude of 0.75 c.

If A = B the third order intermodulation
products have a maximum level of 0.75
¢, whereas the third harmonic signal has
a maximum level of 0.25 c. The intermod-
ulation products will be 9.5 dB higher
than the third harmonic signal amplitude.

The primary products, from the third
order term in the amplifier’s transfer
function, are the third harmonic and third
order intermodulation signals. A sec-
ondary product is also generated at the
fundamental frequency. To keep errors
below 0.5 dB, this secondary product
should be at least 12 dB lower in ampli-
tude than the primary product (from the
first order term). The secondary product
has an amplitude of 1.5 cAB2. This is six
times the amplitude of the third harmon-
ic signal, or +15.6 dB. Secondary effects
due to the third order term will have a
negligible effect on measurements, pro-
vided the amplitude of the third harmon-
ic is at least 27.6 dB lower than that of
the fundamental. It may be necessary to
reduce the amplitude of V;, to meet this
condition.

Proof of the Rule of Thumb

As discussed at the beginning of this
article, there is a “rule of thumb” that
states the third order intercept point is
10 to 15 dB above the 1 dB compres-
sion point. Because it has been proved
that intermodulation products will be 9.5

dB higher than the third harmonic signal
amplitude, it is possible to provide a
mathematical basis to the “rule of
thumb” method.

Starting with the mathematical expres-
sion for an amplifier:

Vout = @Vin + bV;2 + ¢V;,3 (13)
If Vi, = cos xt,
Vin? =cos2xt = 0.5 (1 +cos2xt) (14)

Vi,® = cos3 xt (15)
= 0.75cos xt + 0.25 cos 3xt.

These expressions show that the
cubed input voltage term produces out-
put at both fundamental and third har-
monic frequencies. At the fundamental
frequency the cubed term is: 0.75 ¢V, .

With low signal levels the amplifier
transfer function is approximately,

Vour = aVi,.
At the 1 dB compression point:

Vou = 0.89125 aV,
= aVin +0.75 CVin

(17a)
(17b)

Equations 17a and 17b can be simpli-
fied to find an expression for c :

0.75¢c =-0.10875a (18)
c=-0.145a

The third harmonic was found to be
0.25 ¢ cos3xt. Because ¢ = —0.145 a,
the third harmonic magnitude is 0.03625
a cos 3xt, which is 28.8 dB below aV,.
However, we know from previous results
that the third order intermodulation prod-
ucts are 9.5 dB above the third harmon-
ic signal level, so the ratio IMR3 = aV;, —
19.3 dB, and third order intercept is:

IP; = aVj, + 0.5 IMR4 (19)
aVvi, + 0.5 x19.3
aVvi, + 9.66 dB.

But aVj, is 1 dB above the 1 dB com-
pression point, so IP5 = 10.66 dB above
1 dB compression point. What do these
results show us?

*If we know the 1 dB compression point
we can calculate the third order inter-
cept point, IP5;

*|/f we measure signal levels at funda-
mental, second and third harmonic
frequencies, generated by passing a
single tone through a linear amplifier,
we can calculate its 1 dB compression
point, as well as second and third
order intercept points;

IP, = F = (Hy + 6) dBm (20)
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52 dB below the fundamental and 41.25
dB below the 3rd harmonic.

Effect of High Order Distortion
Products

Do higher order terms in the amplifi-
er's transfer function have an effect on
the results obtained so far?

The first order term only generated
one primary product, at fundamental fre-
quency. No secondary products were
generated.

The second order term produced sec-
ond harmonic and second order inter-
modulation signals. These are the prima-
ry products of a second order term. The
secondary product was a DC output.

The third order term in the amplifier's
transfer function was shown to generate
primary products: the third harmonic and
third order intermodulation signals. A
secondary product was also generated,
at the fundamental frequency.

Thus, at the fundamental frequency,
the first order term produced primary
signals and the third order term pro-
duced secondary signals. If secondary
products generate an error of 1/16 of the
total power, this becomes 1.0625 times
the correct value. The error is 0.26 dB.
Secondary products have litile effect
provided their amplitudes are at least 12
dB below the primary products.

In order to determine whether sec-
ondary products are low enough to be
neglected, consider the series:

Vo = aVin + bvin2 + CVin3 + dVin4 + eVin5

Where V;, = Acos xt + Bcos yt. The first
three terms in this expression have
already been expanded to find their
products.

Fourth Order Effects
Expanding the fourth order term:

dVin? = d{A% cos* xt (23)
+4A3 cos® xt Bcos yt
+6A2 cos? xt B2 cos? yt
+4A cos xt B3 cos® yt
+B* cos* yt}

Each term in this expression must be
expanded to reveal harmonic and inter-
modulation products.
Mathematical note 1V

cos? zt = %(g +2cos2zt (1v)

+ lcos 4zt)
2
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Using mathematical notes 1 to IV,
AV,4 becomes:

A% cos? xt = (24)

A4{g +%costt + %cos 4xt}

4A3 cos3(xt) Beos(yt) = (25)

ASB{g cos(x — y)t+ gcos(x +y)t

+ %cos(Sx —y)t+ %cos(3x +y)t}

6A2 cos?(xt) B? cos?(yt) = (26)
A2B? {g +3 cos 2yt+ 3 cosaxt
2 2 2

%cos(Qx —2y)t+ %cos(2x +2y)t}

4A cos(xt) B cos®(yt) = (27)

ABS{g cos(x —y)t+ gcos(x +y)it

+ %cos(Sy -x)t+ %oos(Sy + x)t}

B* cos® yt = (28)

B4{§ + %cosZyt + %cos4yt}

Note, from the above equations, that
there are no third order intermodulation
products present. But note that sec-
ondary 2nd harmonic and 2nd order
intermodulation products are present.

The second harmonic products are:
%A“ cos 2xt + —21—84 cos 2yt (29)

The fourth harmonic terms are:

%A“ cos 4xt + % B4 cos 4yt (30)

The second order intermodulation
products are:

~S—ASBcos(x—y)t (31)
3 A3

+§A Bcos(x+y)t

3 An3

+EAB cos(x—y)t

3 AR3

+§AB cos(x+y)t

Let A = B, so that ASB = A4:
Distortion due to 2nd order term:

2nd harmonic = 0.5 bA2

Intermodulation (2) = bA2

Distortion due to 4th order term:
2nd harmonic = 0.5 dA4
Intermodulation (2) = 3 dA4
4th harmonic = 0.125 dA4
Intermodulation (4) = 0.5 dA4

The secondary 2nd harmonic product
is four times, or 12 dB, greater in ampli-
tude than the 4th harmonic. To minimize
errors, the secondary product must be at
least 12 dB lower than the second order
term primary product. The 4th order term
will have a negligible effect on 2nd har-
monic levels, provided that the level of
the 4th harmonic is at least 24 dB below
the level of the 2nd harmonic.

Secondary 2nd order intermodulation
products are 24 times (or 27.6 dB)
greater in amplitude than the 4th har-
monic. This secondary product should
have an amplitude at least 12 dB lower
than the second order term primary
product, as explained above. Calcula-
tions, using the second order term, have
shown that the second order intermodu-
lation level is 6 dB greater than the 2nd
harmonic. Therefore, secondary inter-
modulation produced by the 4th order
term should be kept 6 dB below the 2nd
harmonic. If the 4th order contribution to
intermodulation is to be negligible, the
level of the 4th harmonic must be at least
31.6 dB lower than the 2nd harmonic.

Fifth Order Effects

The fifth order term must be examined
to see if this affects the third order inter-
modulation products. Expanding the fifth
order term:

eV;,® = e{A% cos® xt (32)
+5A% cos* xt Bcos yt
+10A2 cos® xt B2 cos? yt
+10A2 cos? xt B® cos yt
+5Acos xt B* cos® yt
+B° cos® yt}

Harmonic and intermodulation prod-
ucts in the above expression are
revealed by expanding each term.
Mathematical Note V:

cos® zt = %(5coszt+200332t V)

+ 1 cos5zt)
2

Using mathematical notes I to V, AV,.5
becomes:
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RF tutorial

A Coupled Microstrip Line Review
and Design Program

By Brian Brewster

Satellite Microwave & Communications Ltd.

Understanding coupled microstrip
lines is important to RF and microwave
designers. In addition, high speed digital
designers can benefit from knowing how
the microstrip characteristics of circuit
board traces affect crosstalk between
adjacent lines. This article reviews the
equations that define coupled microstrip
lines, and presents a FORTRAN pro-
gram that executes coupled line calcula-
tions.

Astructure consisting of a pair of
edge-coupled microstrip transmis-
sion lines, as shown in Figure 1, is wide-
ly applied to directional couplers, or pro-
vides the intrinsic element for a variety
of circuit functions and filter networks.
Characterization may be accomplished
by representing the equivalent circuit
(Figure 2) in the form of an ABCD
matrix, and defining the voltage and cur-
rents in two distinct impedances of even
and odd order coupling modes arising
from the opposite field polarities [1].
Assuming a perfectly matched condition
on all four ports, the coupling between
the two lines may be simply written in
terms of the two characteristic imped-
ances, Z, . (even mode) and Z,, (odd

mode), expressed in dB as:

C= 20109{%} (1)
00

oe

and the characteristic impedance Z
equals:

[¢]

Zy=\Zge Zoo ()

Equation (2) applies strictly to a pure
TEM-mode transmission medium, how-
ever for the quasi TEM-mode operation
of a microstrip line where the phase
velocities are not equal in the two lines,
Z, may be written in a frequency depen-
dent form [2]:

Zye 8SiNO, +2,,sin6,

Z,=2,-2Z
¢ % 07, 8ing, +Z,, sing,

©)

However for practical applications,
and with relatively loose couplings,
equations (1) and (2) can be generally
applied, especially when considering
realizable geometries and the limitation
of small values of line spacing, s, which
occur for tight coupling values.

A coupler may be realized in the form
of Figure 3. The principle design consid-

erations are the determination of w, s
and | for a desired coupling ratio and fre-
quency of operation, as a function of
substrate relative dielectric constant, E,
and height, h. This requires the evalua-
tion of the even and odd order mode
impedances Zye and Z_, and the effec-
tive dielectric constants E¢, and Eoto-
For maximum coupling, line | is a quar-
ter wavelength at the mid band frequen-
¢y, whose length is based on the mean
of the guide wavelength, kg, for the even
and odd order modes.

A
A geoy™ T (4)
v Eeff(e,o)
A A gt A
“Imean=_9%_"% (5)
4 8

where, A is the free space wavelength
{c/f) and suffixes e,o refer to the even
and odd modes respectively.

The accurate analysis of Zoe, ZOO,
Eefte and Eoq, was perhaps first done by
Bryant and Weiss [3] who computed the
static frequency characteristics for an
inhomogeneous microstrip medium
through the determination of a dielectric

Port 1

Figure 1. Symmetric microstrip transmission lines.
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Port 4
14(0,e)

Zoe,Zoo

Figure 2. Parallel coupled line equivalent circuit.
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Green’s function. Although generally
accepted to be very accurate (within 1
percent), the rigorous solution is not
suitable for practical CAD and many
workers have since developed closed
form expressions which approximate the
above numerical solution, with varying
degrees of accuracy. In this computer
program, the results of Zehenter [4]
and Kirschning and Jansen {5] are used
for Egfrer Eeffo @and the corresponding
frequency dependent forms to include
the effects of dispersion, Eqqq(f), Egtolf),
are employed.

The Coupler Program

COUPLER is a program for the analy-
sis, synthesis and design of coupled
microstrip lines. The routine will calcu-
late the even and odd order mode
impedances, effective dielectric con-
stants, coupling and microstrip line
geometries, from specified substrate
parameters and frequency. Optimization
of line parameters for specific coupler
design values can be evaluated. A sim-
ple menu allows user selection of itera-
tion limits and range. The routine is writ-
ten in standard FORTRAN, implement-
ed with double precision variables for
high numerical accuracy. Results are
computed within a few seconds on a
‘386 processor based desktop PC. Error
flags are included for input variables
which lead to calculation at threshold
values.

Figure 4 shows the results obtained
from the analysis section with a dielec-
tric constant, E,, of 10.5. These results
agree very well with results calculated
using a Green’s function built using finite
element methods from [6]. E, values of
10.0 compare with percentage errors in
general less than 0.5 percent, with cer-
tain combinations of w/h, s/h approach-
ing 1 percent, with those from Bryant
and Weiss [3].

The synthesis function implements
adjustment of the w/h ratio to achieve a
characteristic impedance Z, equal to 50
ohms employing eq. (2) over a range of
s/h values, while presenting coupling
values obtainable.

The optimization section of the pro-
gram will evaluate w/h, s/h, Ay, qyg @nd
associated parameters for a desired
input coupling ratio. Figure 5 shows the
results obtained for a —12.5 dB coupler
design example at 1.7 GHz on RT-
Duroid 6010 (E, = 10.5).

Summary
A simple routine, COUPLER, written
in FORTRAN and employing closed

RF Design

form expressions is able to provide a
good engineering approximation for the
analysis, design and realization of cou-
pled microstrip lines over a wide range
of substrate parameters. Microstrip
dimensions for directional couplers of
the edge-coupled configuration are
obtained directly. The results can be
extended to form the basis for Lange
coupler and filter designs. These

approaches are equally valid for consid-
ering the degree of crosstalk between
runs of “microstrip lines” represented by
circuit board traces in high frequency
digital logic circuits.
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RF product report

The Search for Smaller,
Cheaper Components

By Gary A. Breed
Editor

Passive components are not glam-
orous when compared to the newest RF
synthesizer IC or super low noise tran-
sistor. However, the inductors, capaci-
tors and resistors that make up the
majority of passive components are
undergoing the same kind of intensive
product development as the attention-
getting active devices. Despite their rep-
utation as “commodity” components,
passives can make or break a design,
particularly when it goes into production.

Emphasis on cost is a result of growth
in commercial and consumer products,
where the cost of the finished product
must be competitive. A few companies
have always addressed this issue in the
RF realm, such as Toko America, Mura-
ta Erie, Coilcraft, TDK, Philips, Siemens
and others. In some cases, two lines
have existed for similar products: one
for general purpose devices, the other
for RF-specific devices. In the past,
components with performance require-
ments and additional testing for RF
characteristics were reserved for a spe-
cial place in the component catalog.

Customers now want RF-capable
components at general purpose prices,
and the companies are responding.
Automated component manufacturing
now includes testing, which allows all
devices to come from the same line. For
discrete components, many “commodi-
ty” grades are acceptable for RF use.

Integrated Passive Components

Components with specific RF perfor-
mance or functionality are still required,
in spite of demands for mass-market
pricing. Also, some of the large-scale
manufacturers have developed integrat-
ed passive devices such as EMI filters,
RF bandpass filters, LC resonators, and
RC networks. If a designer can find the
right specifications among these
devices, or if a design can be adapted to
include a standard component, these
assemblies can greatly reduce design
time and cut down on the number of
manufacturing operations.

Some examples include using an inte-
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grated RC network as the feedback ele-
ment in a PLL loop filter or in an audio
or control operational amplifier stage.
Or, a manufactured resistive attenuator
can replace three discrete resistors in a
controlled-impedance coupling network.
A series of untuned, wideband amplifier
stages can include filters between
stages instead of just coupling capaci-
tors, reducing response to unwanted
signals for a lower cost than a tradition-
al multi-element filter.

Not all engineers are fully aware of the
leve! of integration that is now available
in passive components. At the recent
RF Expo East, Mark Brooks of Thin Film
Technology described a process which
allows resistors, capacitors, spiral induc-
tors and small-geometry microstrip lines
to be combined using low-cost ceramic
multilayer construction. Using such tech-
nology, SMT filters, matching networks,
and other configurations can be built,
limited only by the designers imagina-
tion and the physical constraints of the
process (e.g. capacitor size, inductor
value, microstrip line length).

RF-Specific Performance

There are few performance areas that
are specific to RF applications, where
proper circuit operation can not be
achieved using general-purpose compo-
nents. The most obvious application in
in high power RF, where companies like
American Technical Ceramics and
Dielectric Laboratories have developed
a specialty. Other companies with signif-
icant high power capagitor lines include
Murata Erie, AVX and Philips Compo-
nents

RF current handling is not an issue in
small-signal circuits and at power levels
under one watt or so. But at high power,
several factors must be considered.
First, high currents require large con-
ductor areas, which may conflict with
requirements for small capacitance val-
ues. The heat generated must not affect
the plate metallization or the bonds with-
in the capacitor. To cope with these
requirements, RF capacitor manufactur-

ers have developed optimum ceramic
and porcelain dielectric materials (or still
use mica dielectric), plus unique metal-
lization and assembly techniques to
minimize failures when the device is
stressed by high RF currents.

High power inductors are a problem in
two areas: high inductance values and
microstrip inductors. Large-value induc-
tors wound in solenoid form are too
large for many applications, and usually
have large inter-winding capacitance.
They also generate sizeable magnetic
fields. The typical solution today is to
use an iron power or ferrite toroidal core
to increase the amount of inductance
per turn of the coil winding. A toroidal
core contains the magnetic field, as well,
reducing radiation to, or pickup from,
adjacent circuitry. However, the thermal
characteristics of these ceramic materi-
als needs close attention. Temperature
rise due to the RF power level varies
with the composition of the core. A
tradeoff is almost always required
between increased inductance per turn
and core losses (and, therefore, core
heating).

Microstrip line places physical limita-
tions on RF power handling, as well.
The cost savings of implementing a cir-
cuit in microstrip can not be obtained if
the conductors on the substrate can not
handle the power. Alternatives usually
include coaxial line sections, cavity
structures, or stripline assemblies built
piece-by-piece. The only way to avoid
the necessity of these costly alternatives
is to avoid the use of inductors whenev-
er possible. The active device manufac-
turers are working on this problem by
constantly improving their methods for
internal matching in power devices.

Summary

Passive components manufacturers
are addressing the issue of cost through
improved manufacturing techniques and
with greater functionality. Designers can
cut component cost and assembly time
with these advanced passive compo-
nents. RF
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Balanced Meissnher Oscillator

Circuits

By Nick Demma
Honeywell Technology Center

Though less familiar than the Colpitts
and Hartley circuits, Meissner oscillators
deserve wider recognition for their many
desirable characteristics. This article
describes their general advantages and
also lists some features that make them
particularly well suited to some special
applications.

he improbable oscillator shown in

Figure 1 has many virtues in addi-
tion to simplicity: there are no biasing
resistors reducing the in-circuit Q of the
resonator; there are no active devices
generating noise; there is no supply
voltage ripple creating phase noise; and
there are no voltage-dependent semi-
conductor capacitances causing fre-
guency drift. Its high quality can be
observed by hitting it with a charged
capacitor and watching it ring. Although
its lack of a sustainable output renders
it useless in most applications, this cir-
cuit does illustrate an important design
principle; the way to build a good oscil-
lator is to start with a good resonator
and then to avoid ruining it with its
associated electronics.

Obvious though this principle may be,
it is not exemplified by the typical Col-
pitts oscillator shown in Figure 2. This
circuit diminishes the capabilities of the
resonator in many ways. If the values of
the biasing resistors are small enough to
provide good bias point stability, then
they also reduce the Q. The amplitude
of the waveform in this circuit is usually
limited when the collector-base junction

Figure 1. A high quality, but
unsustainable oscillator.
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V+

Figure 2. Colpitts oscillator

becomes forward biased. This low
impedance momentarily removes ener-
gy from the resonator and further
reduces the Q. The collector-base
capacitance, which varies with supply
voltage, appears directly across the res-
onator as a frequency-determining com-
ponent. Although it is easy to get this
circuit to oscillate, the distorted wave-
forms usually observed in this kind of
oscillator suggest that the transistor is
using a rather heavy handed approach
to sustaining the oscillation. The regen-
eration-limiting resistor R can reduce the
feedback to obtain a nice sine wave but
only at some risk of quenching the oscil-
lation.

Circuits

Unbalanced Meissner oscillators are
not the subject of this article, but the cir-
cuit shown in Figure 3 is included any-
way as a simple example of what a
Meissner oscillator is. It shows a clear
attempt to avoid harassing the resonator
in accordance with the design principle
mentioned earlier.

A fully balanced 7.1 MHz Meissner
oscillator with 0 and 180 degree sine
waves is shown in Figure 4. This is a
positive feedback oscillator that works
by injecting energy into the resonator
through the three-turn links and extract-
ing the feedback from the single turn
links at the bases of Q1 and Q2. The

dual current mirrors serve the aesthetic
purpose of keeping the schematic sym-
metrical in addition to pulling about 4
mA from the differential pair formed by
transistors Q1 and Q2. If the base of Q1
is about 0.1 Volt more positive than the
base of Q2, most of the 4 mA will flow
through the three-turn link on Q1’s col-
lector and will couple energy into the
resonator while Q2 is cut off. Very little
energy is taken from the resonator to
provide the voltages that drive the
bases and sustain the oscillation. Excel-
lent resonator isolation is obtained both
by using large turns ratios when cou-
pling energy into and out of the res-
onator and by using Q1 and Q2 as cur-
rent sinks that have high impedances
even when they are on. The bi-phase
outputs can be taken from the taps that
provide the signals for the bases of Q1
and Q2, from across capacitor C, or
from various tap points in between.
Suitable FET buffers should be used
when taking the outputs from further up
the resonator or when using the outputs
to drive low impedance loads. Although
the amplitude of the outputs can be
increased by tapping further up on the
resonator, it is better to keep the tap

V+

—o

oS

|||J>—I\/W\, f%

Figure 3. An unbalanced Meiss-
ner oscillator. All coils are cou-
pled
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Figure 4. A balanced, 7.1 MHz Meissner oscillator.

frequency and it must remain stable
because a dispute over the operating
frequency will kill the oscillation. Due to
the excellent isolation, the in-circuit Q of
the resonator in this circuit is 225. It is
worthwhile to reduce this Q to increase
the crystal's authority over the frequen-

cy.

Construction Tips

When using low-permeability iron
powder toroids, the winding technique
can have a profound influence on the
behavior of the oscillator. The recom-
mended arrangement is shown in Fig-
ure 4. If hard switching is used, the
short rise time of current through the
coils can generate significant voltage
spikes at the collectors of Q1 and Q2,
so these coils are best kept away from
everything else to avoid capacitively
coupling the spikes. The 50 ohm resis-
tors prevent parasitic VHF oscillations
from occurring across the coupling
inductances, which can be a problem in
Meissner and Hartley oscillators. As the
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All coils are wound on a T94-6 core.

=

oscillator.

operating frequency is increased, bal-
ancing the physical layout of the circuit
becomes increasingly important. A per-
fectly symmetrical layout is good prac-
tice anyway both for artistic reasons
and for rejection of common mode dis-
turbances. If only one sine wave output
is needed, an unbalanced design can
simplify the winding of the toroid while
retaining many of the oscillator’s inher-
ent virtues (see reference 2 for details).
The winding can also be simplified by
using the non-isolated scheme shown in
Figure 5, but this is not a true Meissner
oscillator. RF
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Figure 5. A crystal controlled, balanced Meissner
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Fox Electronics 83 Noise Cancellation Technologies 20 Z-Communications 52
George Washington Univ, 18 Optoelectronics 54 Z Technology 54
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