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Micro-X

The Best Package Deal
Available —In Performance,

Reliability and Price

The key to NEC's newly-developed
MICRO-X series of hermetically sealed
transistors is in manufacturing these high-
performance microwave components, with
a proprietary ceramic package, using
high-speed automated assembly and
testing equipment.

The result is a series of state-of-the-art
transistors economically priced for large
volume OEM's where performance and
reliability are primary design considerations.

Ideal for industrial and military appli-
cations such as low noise front ends, IF
amplifiers and oscillators where plastic
transistors cannot be used.

Many devices are priced below $5.00
at 1K. All components available from stock,
and Grade C (TXV) screening is available
for military applications. Contact your
local Cal Eastern representative for a
free application note, and specification

sheet
TYPICAL ASSOCIATED GAIN VS. TYPICAL OPTIMUM NOISE FIGURE VS.
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attenuators

the world’s lowest priced attenuators 3,6,10 or 20dB
from DC to 1500 MHz...hermetically sealed

The AT Series from Mini-Circuits $19 5

1000 Quantity
$3.95 (10-49)

Check these features: Shunaih
v High stability; thick film construction o

in a hermetically sealed case
v Rugged construction: Meets

requirements of MIL STD 202

v Miniature Size: 0.4" by 0.8" by 0.2" high
< Flat frequency response: Typically +0.3 dB
v Excellent VSWR: typically less than 1.2:1
v Low cost: $1.95 (1,000 quantity),
$3.95(10-49)
v Delivery: From stock
DESIGNERS KIT AVAILABLE, KAT-1

4 attenuators of each type
AT-3, AT-6, AT-10, AT-20 only $39.95

Attenuation, Attenuation Frequency Attenuation Change VSWR
dB Nominal Tolerance Range From Nominal Over Max. Power
Model Value from Nominal MH2z Frequency Range, MHz Max.
DC- 1000-
DC-1000  1000-1500 1000 1500
AT-3 3 +0.2dB DC-1500 0.6dB 1.0dB 103210 195810 S
AT-6 6 +0.3dB DC-1500 0.6dB 0.8dB 1.3:1 151 1w
AT-10 10 +0.3dB DC-1500 0.6dB 0.8dB 1.3: 154" W
AT-20 20 +0.3dB DC-1500 0.6dB 0.8dB 1.3:11 151 1W
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Now you can
family

Three models provide Family characteristics that make other communications systems.

in an all digital-storage
spectrum analyzers.

laboratory performance with

spectrum analysis easier. At the top of the spectrum you

get top performance from the 7L18

flexibility and versatility. All three instruments feature digital =
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from 20 Hz to 60 GHz. This plug-in amplltUde changes and frequency rgcessin ?neake (_;On?l lex r%ea-
concept brings you high pertorm- arift ' - ~ spurementsgeas with mFi)cro rocessor
ance, versatility and flexibility un- _The 7000 Series plug-in family aided controls yAn automat?c
matched by monolithic instruments. displays alphanumeric readout for reselector insures spurious-free
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SPECTRUM ANALYZER

analyzers that fit your requirements.

surement capability. Digital
averaging provides noise
reduction which gives 70

dB spurious-free dynamic
range. You can check broad-
band RF networks, filter
networks, amplifiers, cables.

And they interchange quickly with 30 This family works together to .
other Tektronix test and measure- make an outstanding value.
ment plug-ins. Use the powerful You get this laboratory perform-
mainframe for logic analyzer, ance and measurement flexibility at
. oscilloscope and other prices that point up the value of the

measurements. Tektronix plug-in concept.
New 10 KHz t0 1.8 GHz 7L14 Call your nearest Tektronix Field

completes the 20 Hz Office (listed in major city directories)
to 60 GHz digital for complete details on the 7000
: Series lab performance spectrum
storage plug-in team. analyzers. Or call 800-547-1512 for
Here itis. The new 7114 for descriptive literature.
digitally-stored close-in, high Tektronix, Inc., PO. Box 1700,
resolution measurements Beaverton, OR 97075. In

from 10 KHz to 1.8 GHz. With Europe: European Marketing
10 Hz residual FM, the 7114 Centre, Postbox 827, 1180 AV
provides stability and jitter- Amstelveen, The Netherlands.
free 30 Hz resolution dis-

plays. Its digital
storage can be used
to eliminate system
errors and provide
flat swept RF mea-

Measure EMI/RFI and FM,
navigation, two-way and Performance

worth the
name
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The First Annual
r.f. design Reader Profile

ow does your income compare with that of other
RF engineers with similar education and engineering
experience?

Would your income increase if you: changed companies more
often? were a manager? managed a larger group? moved to
a larger company? moved to a
smaller company? moved to a
different market area? changed
the area in which you special-
ize?

If you want to be a manager,
what does it take to be a
manager? How does your ed-
ucation, experience, frequency
of company change, and size
and type of company compare
with that of RF engineers
who are managers?

What are your prospects for
growth if you continue to
specialize in RF circuitry and
systems? |Is RF a growth area?

During the month of Decem-
ber a selected group of RF
engineers will receive an anon-
ymous survey of their education, experience, company back-
ground, size of company, type of company, area of special-
ization and other information.

The results of this survey will be used to prepare The
First Annual r.f. design Reader Profile. This profile will appear
as the feature article of the January/February r.f. design.
You will be able to use the report to answer the above
questions for yourself and gain an overview of the RF
field which has never before been available.

The success of this report, however, depends entirely on you.
If you are one of the engineers selected to receive this
survey, your one response will represent many engineers.

When you receive the survey please take the time to fill it
out completely and return it to us as soon as possible.
We're counting on your response. Also, if you do not receive
a copy of the survey and would like to participate, please
let me know. We would be happy to have your input.

Y

Phil D. Cook
Publisher
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Power MOS FETs
Versus

Bipolar Transistors

What is better, if anything, with the power FET’s if we can get a bipolar
transistor with an equal power rating for less than half the price?

By Helge O. Granberg

Sr. Staff Engineer

Motorola Semiconductor Products, Inc.
Phoenix, Arizona

everal manufacturers have recently introduced power
FET's for RF amplifier applications. Devices with
100 W output capabilities are available for VHF fre-
quencies and smaller units are made for UHF opera-
tion. All are enhancement mode devices, which means

that the gate must be biased with positive voltage (N
channel) in respect to the source to “turn it on.” Early
designs were so called V-MOS FET s, where the channel
is in a V-groove. The V-groove must be etched with a
special process, and the silicon material must have a
different crystal orientation from the material normally
used for bipolar transistors. The difficulty of the etching
process in production has led to the development of
other types of channel structures such as HEX and T,
which are still vertical channel structures, but V-groove
is eliminated, and the gate is on a straight surface. Thus,

. =

Zin, RS/ XS(30 MHz):

Biasing:

Ruggedness:

Linearity:

Advantages:

Disadvantages:

Zin, RS/ XS(150 MHz):
201 (Load Impedance):

Table A.

Bipolar
0.65 - J0.35 Ohms
0.40+J1.50 Ohms

TMOS FET
2.20-J2.80 Ohms
0.65 - J0.35 Ohms

Almost equal in each case, depending on power level and supply voltage.

Not required, except for linear opera-
tion, high current voltage source
necessary.

Fails usually undercurrent conditions.
Thermal runaway and secondary
breakdown possible.

Low order distortion depending on
die size and geometry. High order
IMD a function of type and value of
ballast resistors.

Wafer processing easier. Low
collector-emitter saturation voltage,
which makes devices for low voltage
operation possible.

Low input impedance with high re-
active component. Internal matching
required to lower Q. Input impedance
varier with drive level. Devices or die
can not easily be paralled.

Some gate bias always required. Low
current source, such as resistor
divider sufficient.

Failure modes: Gate punch through,
exceeding of breakdown voltages,
over dissipation.

Low order distortion worse than
bipolar for a given die size and geom-
etry. High order IMD better due to
lack of ballast resistors.

Inputimpedance more constant under
varying drive level. Lower high order
IMD. Easier to broadband. Devices or
die can be paralleled. High voltage
devices easy to implement.

Larger die required for comparable
power level. Nonrecoverable gate
breakdown. High drain - source satu-
ration voltage, which makes low volt-
age, high power devices less feasible.

r.f. design
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Figure 1. 150 watt MOS FET and bipolar
comparison.

for an equal gate periphery, more room on the surface is
required. Japanese manufacturers seem to favor
geometries with horizontal channels. They are similar to
small signal MOS FET’s with a number of them paralleled
on one chip. This technique represents even more
wasteful use of the die surface than HEX or T MOS.
Typically a power FET requires 50 to 100 percent more
die area than a bipolar transistor for equal power output
performance. For T MOS the number is about 50
percent. This is mainly due to the higher saturation
voltage, but the geometry also gives some 30 percent
iless gate periphery than available base area in bipolar.

+Vps

L

T BIAS

HH

Figure 2. A typical common source MOS FET
power amplifier circuit.

12

Since the price of a solid state device is a function of a
die size, we get fewer watts per dollar. This is completely
opposite from what the industry has been trying to do in
the past years with bipolar transistors. So, one may ask:
What is better, if anything, with the power FET s if we can
get a bipolar transistor with an equal power rating for
less than half the price? This is where we come to the
purpose of this article, which is to discuss the character-
istics of the FET and bipolar device. Both have the same
basic geometry, but with some mask changes one was
processed as a MOS FET and the other as a bipolar.

Circuit Configurations

Since the gate of a MOS FET device is essentially a
capacitor, which consists of MOS capacitance distributed
between the channel and the surface metalization, the
input Q is normally extremely high. For this reason, the
gate must be de-Qed with a shunt resistance or
applying negative feedback or a combination of the two.
Unless this is done properly, the affect of feedback
capacitance (C,gs) Will result in conditions, where stable
operation is impossible to achieve.

Figure 1 shows a Smith Chart plot of a 150 W MOS
FET and a bipolar device using the same basic geometry
for comparison purposes. The gate of the FET has been
shunted by a resistance of 20 ohms. Without the shunt
resistance, the input impedance would be a pure cap-
active reactance, if package inductances are disregarded.

The input Q is an inverse function of the broadband
ability of a device. With the techniques mentioned
above, the Q can be controlled to a large degree, but
some power gain will be sacrificed, uniess only some
type of selective negative feedback is employed for that
purpose. Amplifiers in the 100 W power level, covering
five octaves can be designed, and the limiting factor only
seems to be the proper design of the broadband
matching transformers.

Due to the lack of base diode junctions inherent to
bipolar devices, where the diode forward conductance
depends on the drive level, the MOS FET gate impedance
varies only slightly with the input voltage amplitude. The
gate MOS capacitance should be more or less independ-
ent of voltage, depending on the die processing. This is
considered one of the advantages with FET's, especially
regarding amplitude modulated applications, where a
constant load for the driver stage is important. Negative
feedback should be limited, since it tends to deteriorate
this characteristic. Another advantage is the AGC capa-
bility by varying the gate voltage. In common source
configuration, depending on the initial power gain, e.t.c,
an AGC range of 20 dB is achievabile.

Common gate configuration has some advantages,
although it is not useful in applications requiring linearity.
The load impedance is reflected back to the gate and in
effect is in parallel with the source to ground impedance.
The total input impedance is more constant with fre-
quency than in common source mode, but varies greatly
with output power level and supply voltage. As in a
comparable configuration with bipolar transistors, the
overall power gain is low, but the unity gain frequency
(fa) extends higher, which makes the common gate
circuit attractive at UHF designs. It also has more
tendency for parasitic oscillations, since the input and
output are in the same phase. The de-Q’ing of the input
can be done in the same manner as in a common source
circuit, but negative feedback is not as easy to implement.
This circuit also exhibits greater power gain versus bias
voltage variation characteristics. In applications, where
40 dB to 50 dB AGC range is required, the common gate

November/December 1981



configuration should be considered.

A common drain configuration represents the emitter
follower in bipolar circuits. In both cases the input
impedance is high and the load impedance is effectively
in series with the input. The input capacitance, (drain to
gate, or collector to base) is lower than in common
source or common gate circuits, and several times lower
for the FET than bipolar for equal die size. This is due to
lack of the diode junction. A MOS FET source follower
can not be regarded as having current gain as the
emitter follower. The amplification rather takes place
through impedance transformation. Due to the fair
amount of input de-Q’'ing required, the available power
gain is lower than in common source circuit for example. I y
Having less than unity voltage gain, the circuit exhibits Figure 3. A typical common gate MOS FET
exceptional stability, and negative feedback is not power amplifier circuit.

necessary, nor can it be easily implemented. Push pull
broadband circuits for a frequency range of 2 to 50 MHz

have been designed for 200 - 300 watt power levels.
Their inherent characteristics are good linearity and
gain flatness without any leveling networks. High power
SSB amplifiers are probably the most suitable application
for common drain operation. The AGC range is com-
parable to that in common source, but higher voltage
swing is required. It must be noted that the MOS devices
used must have high gate rupture voltage, since during
the negative half cycle of the input signal, the gate
voltage approaches the level of Vps.

IHH
iHH

e /ﬁ/f out

Linearity Aspects

Some literature claims that MOS power FETs are Figure 4. A typical common drain, narrow
inherently more linear than the bipolar transistors. This band MOS FET power amplifier circuit.

is only true up to the point where envelope distortion,

~ HPs Small Wonders

w5 Awide selection of step attenuators

® 18 models cover DC-1 GHz, 4 GHz, 18 GHz, 26.5 GHz

® Repeatable and accurate

® Step attenuators: 0-11 dB, 1dB steps; 0-110 dB,0-70 dB, 10 dB steps
©® Manual or programmable

® Connector options: N, APC-7, SMA, APC-3.5

More than 350 other measurement components ‘
are described in our new, 96-page
microwave test catalog.

For your copy call your
nearby HP sales office, or
write Hewlett-Packard Co.,
1507 Page Mill Road,

Palo Alto, CA 94304.

84948 18 G
Attenuator

8495K 26.5 GHZ'
Attenuator

04912 - ‘

PACKARD
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caused by saturation, instabilities or other reasons, is
not present. it is also a function of the bias current (Ipq).
The FET's usually require higher idling currents than the
bipolars to get full advantage of their linearity. Bipolars
are usually biased only to get the base-emitter diode
into forward conduction, whereafter increasing the bias
helps little. Class A is an exception, but the device must
then be operated at 20 - 25 percent of the rated Class
AB level.

Probably the main advantage with the MOS power
FET's is their greatly superior high order IM distortion
performance. This is mainly due to the fact that ballasting
resistors are not required with FETs. In bipolar RF
power transistors, nonlinear feedback is distributed to
each emitter site through the MOS capacitance from the
collector. In devices using diffused silicon resistors, this
effect is even worse, and caused by additional nonlinear
diode capacitance between the coliector and the emitters.
The high order IMD (Sth and up) is actually in direct
relation to the ballasting resistor values, which must be
optimized for an even power distribution along the die.
Too low values would result in a fragile device, and the
opposite would, in addition to the IMD problem, result in
high collector - emitter saturation voltage and low power
gain.

The feedback capacitance, drain to gate or collector to
base for example, also has a secondary effect in IMD. In
both cases it is a function of the die geometry, and is
usually lower with devices with higher figure of merit,
such as the ones made for UHF and microwave appli-
cations. A MOS power FET exhibits some five times
lower feedback capacitance than a bipolar transistor
with a similar geometry. In a bipolar transistor this
capacitance partly consists of the collector - base
junction, which is highly nonlinear with voltage. This,
together with the varying input impedance, generates
internal feedback, which is nonlinear and produce high
order IMD to some degree. A more noticeable effect is
that the low order IMD goes up with reduced drive levels
as shown in Figure 6.

This can be related to different turn on characteristics

between the two device types. When a bipolar device is
biased to Class AB, the bias does not usually, completely
overcome the Vgg knee. Thus, at lower signal levels, the
remaining nonlinear portion covers a larger area of the
total voltage swing. Increasing the bias from the normally
recommended Class AB values will help and fult Class A
should eliminate the problem completely.

Class D/E Applications

Switching mode RF power amplifiers have only
become feasible since the introduction of the power
FET. Being a majority carrier device, the FET does not
exhibit the storage time phenomena, that limits the
switching speed of a bipolar. For a given device, the
switching speed is mainly determined by the speed the
gate capacitance can be charged and discharged with. If
the capacitance is in the order of several hundred pf, a
smaller FET is required to provide the fast charge -
discharge switch. For low power stages, bipolars can be
used, since the storage time is mainly an inverse
function of the F; and device size. The advantages of a
Class D amplifier are high efficiency, linearity and
ruggedness, since power is ideally dissipated only
during the switching transitions.

These amplifiers are readily applicable for FM modu-
lation, after harmonic filtering. The analog gain is
obtained by pulse-width modulation of the input switching
signal, and demodulation of the output with suitable
filters. Linearity is required only from the modulator,
which is easy to achieve at small signal levels. The high
speed voltage controlled one shot MC10198 should be
ideal for a linear pulse-width modulator. By properly
adjusting its operating point, low level AM or suppressed
carrier double sideband signals can be generated.

General

All MOS FET's can in theory have a positive temp-
erature coefficient on the gate threshold voltage. This
means that the gate threshold voltage increases with

Figure 5. Two tone spectrographs of 300W PEP, 50V amplifier outputs. a. using bipolar
transistors and b. with TMOS power FET’s. 500mA of bias current per device was used in
each case. Doubling the bias current has a minimal effect in a. but in b. the 7th order
products would be lowered by 10-12 dB.

14
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Figure 7. A typical power Mos Fet class D RF
amplifier, arranged in push-pull configuration.

temperature, trying to “turn the device off.” In addition
the G, will decrease, which also helps in preventing the
thermal runaway, which is commonly a problem with
bipolars. The coefficient of the gate threshold voltage is
also a function of the drain current. Normally the
coefficient is negative at low current levels, and turns
positive at higher currents. The turnaround point, which
can be controlled by doping and other fabrication steps,
must be at a current level not to exceed the maximum
dissipation rating, taking the derating factor into account.
Thus, the power MOS devices can be easily biased to
Class A, without fear of a thermal runaway.

Two types of high frequency noise are generated by
bipolar transistors. Shot noise is caused by the forward
biased junctions, and thermal noise by moving carriers
upon flow of electrons. Both have different noise spec-
trums, and only the latter is present in a FET. In a
transmitter, where the devices are biased for linear
operation, the shot noise becomes a problem, especially
if a receiver is in close proximity, as in transceiver
designs. Also, if several stations are operated near each
other, the noise can be transmitted through the antenna,
disturbing the reception at near by stations. In most
instances, the bias of the power devices must be
switched on and off during the transmit and receive
functions, which will prevent a full break in operation.
Measurements of 150 W devices, intended for SSB
applications, were performed at 30 MHz, at the proper
idling current levels. The difference in the total noise
figure between a bipolar and a FET is about three to one,
or 7 dB and 2.2 dB respectively. The amount of noise
that can be tolerated varies with each situation, and
whether the difference above is significant in practice
depends on other factors involving the design of the
equipment.

Conclusion

From the above we must conclude that it is doubtfull
the power FET ever will replace the bipolar transistor in
all areas of communications equipment. It will have its
applications in low and medium power VHF and UHF
amplifiers, eliminating the need for internal matching,
and up to medium power low band and VHF SSB, where

r.f. design

Figure 8. An experimental three stage, one
kilowatt class D amplifier. The unit operates
up to 10 MHz yielding an efficiency of 85
percent. The power gain is 30 dB.

the high order IMD is beginning to be more and more in
emphasis due to the crowded frequency spectrums. The
authors personal opinion is that the power FET is the
most feasible device for the amplitude compandored
sideband (ACSB) applications, proposed for future use
in land mobile communications. The system principle
requires extreme linearity in the amplifying stages,
which in the past has only been achieved with Class A
operation. The power FET also opens new applications
for high efficiency switching mode power amplifiers,
which have not been possible in the past for reasons
described earlier. The possible upper frequency limit
would be dictated by the physical lay-out of the system.

The author wishes to thank Mr. Bob Johnsen of
Motorola Semiconductor Products, Inc. for valuable
information related to the wafer processing of
services discussed.
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Closed-Loop Swept-Field
Susceptibility
Measurement System

For the answer to EMC/Susceptibility
test problems, four major IF| system
modules have been uniquely interfaced
for automated constant-field radiated
susceptibility testing.

Controlled by our state-of-the-art LPA-

2 Leveling Preamﬁlifier with built-in
microprocessor, t
level data from fiberoptic interface links

and analyzes the information to control

The Company:

e system converts field

power amplifier gain and maintain a
constant field over the full frequency
range.

This gain control is applied to any
of iFl’s full line of Broadband Power
Amplifiers, conservatively rated to
provide full power output into any load.
An EFG-3 E-Field Generating Antenna
converts the RF power into a
concentrated Electric Field.

Instruments for
Industry, Inc.

Those who know [Fl expect the best,
the latest and the most accurate RF Test
and Measurement equipment—and they
get it. For RF Power and E-Field testing,
iFt provides a complete line of
broadband power amplifiers, E-Field
generators and sensors, leveling systems
and TEM test cells.

At IFi we build what you need,
designing our specialized

IFl Integrates To Meet Your

instrumentation to operate separately, or
to integrate with your current system.
For your laboratory; your R & D
department; your EMC test facility; and
your special applications.

And if you have a need for more
information on any Ifl product or
system, please call. We'd be glad to assist
you.

Specific Requirements ... Depend On IFl



The Products:

Instruments for Industry, Inc.

Broadband Power Amplifiers—

£-Field Generating Antenna—

M400 Series

The M400 Series of power amplifiers
provide a choice of outputs from 100 watts
to 15 kilowatts over a broad bandwidth that
ranges from 10 kHz to 220 mHz. Each
model can be driven to maximum output
by a standard signal generator and there is
no tuning or adjustments necessary for true
broadband operation. Conservatively rated
and designed for long and reliable
operation, the M400 Series amplifiers can
provide the best in broadband amplifier
performance.

EFG-3

Designed to generate strong electric
fields for radiated susceptibility testing, the
EFG-3 performs efficiently from 10 kHz to
220 mHz, at power levels up to two
kilowatts. It is physically small enough for
use in most shielded rooms, yet large
enough to irradiate a useful area in the
broadside mode.

LPA-2

Leveling Preamplifier—

Utilizing a preamplifier with over 40 dB
of dynamic gain control and a sophisticated
microcomputer controller, the LPA-2
provides the autornated control necessary
to conduct swept-field testing without the
need for a dedicated minicomputer.
Designed to work in conjunction with IF!
E-Field sensors, this Leveling Preamplifier
enables the user to complete a closed-loop
system for the precise regulation of electric
field strength in screen rooms and test
chambers.

EFS-1

A truly broadband device, the EFS-1 will
provide direct readout in Volts/Meter at
any frequency between 10 kHz and 250
mHz. Itis calibrated in five convenient
ranges, from 1 to 300 Volts/Meter and its
small size allows positioning in any test
area with neglible effects.

The Quality:

Versatile. Accurate. Cost-effective.
Whether you require a basic power
amplifier that works with any load
impedance, or an E-Field Sensor with
remote readout, IFl gives you the highest
quality, rugged construction for accurate
testing, measurement and performance.

And IFl provides the options, accessories
and design capabilities to meet any
specialized—or critical—requirements.

Now you know why we say—DEPEND
ON IFI.

€-Field Sensor—

Instruments For Industry, Inc.
151 Toledo Street
Farmingdale, N.Y. 11735

(516) 694-1414
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art 1 of this article (r.f. design,

Sept./Oct. 1981) reviewed in de-
tail the Smith Chart, a useful tool
which will aid R.F. circuit analysis
and design. Among the topics dis-
cussed were development of the
chart, basic graphical manipulations
such as inversion and conjugates,
impedance transformation, and
matching. Graphical behavior of both
lumped and distributed circuit
elements was considered.

Also treated in Part | were the
characteristics of typical active de-
vices (transistors) used in the design
of practical amplifiers. Negative feed-
back and reactive mismatch were
introduced as methods by which the
designer can manipulate the term-
inal behavior of transistor amplifiers.
Reactive mismatch, which lends itself
readily to both graphical and analytic
techniques, is selected for detailed
discussion and design examples.
Part | concluded after presenting a
concept of cascaded passive net-
works and active devices. The passive
network components are selected
such that they modify the perform-
ance of the active device, resulting
in desired amplifier characteristics.

Part Il continues development of
the reactive mismatch approach,
arriving at a generalized design
procedure involving constant-gain
circles superimposed on the Smith
Chart. Active device parameters are
evaluated for potential oscillation
problems, and corrective measures
implemented which ensure an un-
conditionally stable amplifier. Finally,
these techniques are demonstrated
in the step-by-step development of
two recently produced amplifiers.
Confidence is developed inthe design
techniques by following these two
projects from start to finish; initial
analysis and design, computer-aided
optimization, and prototype testing.

Constant-Gain Circles

As previously stated, the unilateral
gain of a single-stage amplifier is
equal to the product of Gg, | S, | 3
and G, (see Part |, Fig. 13A). At a
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given frequency of interest, Gg and
G may either increase or decrease
the amplifier overall gain. This is
because the corresponding rs and
'L may present either a better or a
worse (compared to Z,) match to the
device terminals. The maximum value
of Gg occurs when g = S,,* and the
“matching” gain is:

GSMAK = 1/1- |S11|2)

For a desired value of Gg, there
exists an infinite number of 's which
will provide the correct gain from a
given S,,. Similarly, there are an
infinity of candidate ' to produce a
desired G,. On the Smith Chart,
these g (or ) are defined by the
circumference of a circle. The center
of the circle will lie on a line drawn
from Zg (origin) to Sy,*. The normal-
ized distance from Z, to the center
of the g circle is:

gs! Sy
1-18,,12(1 - gy
The radius of the circle is:
vV 1-gs(1-18,1%
P TS -

where gs = Gg (desired)/Gguax

S=

Gsmax = 111 - 2p°)

To design for a required Gg, we
first plot S;:* then construct the
proper constant-gain circle. By de-
signing an input network which trans-
forms the generator impedance to a
I's on this circle, we achieve the
correct matching gain.

Stability
Considerations

An active device is said to be
unconditionally stable if no combina-
tion of passive source and load

impedances will cause the circuit to
oscillate. A device which has the

r.f. design

capability of oscillating into passive
terminations may be identified by
evaluating the stability factor K.

1+|A!2_ 811'2_I822
2|S21 812
Where A = S,y Sy, — S;, Sy

If K> + 1, the device is uncondi-
tionally stable. If K < 1, the device is
potentially unstable. For the poten-
tially unstable device there are pas-
sive impedances which, when used
to terminate on port,cause the other
port to present a reflection coefficient
greater than unity (negative resist-
ance). These passive terminations
which may lead to oscillation may be
identified by plotting stability circles
on the r-plane (Smith Chart).
Location of center of source imped-
ance circle:

*
U

(S = Tt S Pl | L

i l 811 t 2 - l A , 2
Radius of source impedance circle:

SH= —

I S11 IZ _' A 12

Location of center of load impedance
circle:
Cz*

- Thoph 2 18
Radius of load impedance circle:
.. I S1282; I
3 Shmgia 2
whereC, = S;; — AS,,"

C;=8,, —aS;*

rs,

Rs,

These circles define the bound-
aries between stable and unstable
regions, After plotting, an individual
impedance point must be evaluated
to determine whether the interior or
the circle is the unstable region. This
is done by calculating whether ter-
minating one port with the test impe-
dance produces | I | > 1 at the other
port. Equations to be used for these
calculations are as follows:

Input reflection coefficient with
arbitrary load:

Output reflection coefficient with
arbitrary source:

=u7 S12S2, Ts
S22 S22 ar 1 — 311 FS

The stability calculations required
are tedious and involve complex
arithmetic. To reduce the possibility of
error, it is recommended that the
equations be entered into a computer
or a programable calculator. For the
amplifier design examples to be
discussed in this article, stability
calculations were performed using a
commercial timeshared computer.

Design Procedure

The basic skills reviewed may
now be applied to the design of
practical amplifiers. The following is
an outline of a suggested approach
to amplifier design. This procedure
will be used for the two design
examples. Note: Steps 4 and 6 are
optional.

1. Device Selection: Factors
affecting choice of transistors are
too numerous to list. Agoodruleis to
be conservative within reason. It is
false economy when a technician
must spend hours extracting the last
% dB of performance from a device
which offers a $5 initial cost savings.

2. Stability: Stability should be
investigated for at least two fre-
quencies. In the band of intended
use, the device may be matched for
near-maximum gain and become
unstable. At low frequencies, intrin-
sic gain may be much higher. This,
combined with matching networks
which may be highly reactive at
these low frequencies, has been the
source of out-of-band oscillations in
many otherwise sound amplifier
designs.

3. Gain Compensation: the
amount of gain compensation re-
quired may be determined by either
of two methods. Assuming a 6 dB/
octave device rolloff, we may approxi-

19



Y . “ o
Ve T %3 , "
Y48 Source PoglF v

¢ REGON i 'A'q 6’ ‘

BT L AT

A PR AR "@ 2
/”:fe%%\’%&

S

L]/ ]
/8 g :;;%1*‘?@‘;“ .“: "QZ%
/B f -".q“;‘}?.‘ ‘.\ 2L #@*?‘?&6{0‘}‘
i Ry T
it aEfRin
£ o R

Figure 15. Output Stability.

mate the gain decrease in the frequency
interval f, to f, as follows:

AG (dB) = 20 X N X log (/1)

where N is the number of transistors.
This method is adequate for most
designs. For very wide bandwidths,
or where the amplifier is to be
constructed directly from the initial
calculations (no computer-aided
optimization), more accuracy may be
required. In this case, calculate the
exact difference in manufacturers
data for | S,, | at the two frequencies.
Budget the required compensation
between the available input, inter-
stage, and output networks, and plot
constant-gain circles. Two sets of
circles will be needed, since Gg and
G, requirements will be different at f,
and f,. The matching networks de-
signed must satisfy both conditions.
I's (or ') must fall on one circle at f,
and another circle atf,. The f, circles,
of of course, must provide AG more
gain than the f; circles. This will
produce a flat gain response in the
interval from f; to f,.

4. Optimize component values
for gain flatness ( if using computer-
aided design).

5. Design input and output
matching networks (unless already
constrained by step 3). If step 4 was
performed, match to the input and
output impedances obtained from
the computer analysis. Otherwise
match to S,; of the input transistor and
S,, of the output transistor. An alternate
non-computer method, offering more
accuracy would be to match to an
S’,;and S',, calculated from the equa-
tions given in the section on sta-
bility.

6. Simultaneouly optimize com-
ponents values for gain flatness and
VSWR (if using computer-aided de-
sign).

Design Example #1 — Single Stage
Amplifier

This unit was designed to imple-
ment a required modification in an
existing amplifier subsystem. Narrow-
band parametric amplifiers in the
440 MHz frequency range were being
supplied to several customers. Fre-
quent inguiries were received re-
questing higher gain than was avail-

Frequency Si | Sz,
400 MHz .624—100° | 11.86£119.8'
440 MHz .62,-103° | 11.56834£117.9'
480 MHz 612-106° | 11.20£115.9'

20
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able from the single-stage paramp.
The proposed design would be a
small transistor amplifier capable of
being mounted within the existing
paramp enclosure. Instantaneous
bandwidth (400-480 MHz) must
exceed the tuning range of the
paramp. Performance objectives are
low noise figure, low input and output
VSWR, unconditional stability, and
flat gain of 15 to 20 dB. Additionally,
it is desired that the circuit contribute
as little as possbile to an overall
MTBF (mean time between failure)
calculated at the operating tempera-
ture of 60°C. This will be aided by
using the simplest topology which
will meet the performance goals,
keeping component count to a min-
imum.

The NE64535 transistor, biased
at 8 volts Vce and 7 mA Ic, is chosen
for this design. In addition to reducing
component stress, this low bias level
is indicated by manufacturer's data
to provide minimum noise figure. S-
parameters in the band of interest
are as follows:

Device Stabilization

At 440 MHz, the stability factor K
has a calculated value of 0.54, indicat-
ing potential instability. Stability cir-
cles must now be plotted to deter-
mine what impedances can cause
oscillation, and steps must be taken
to ensure that the device never sees
these impedances.

RANGE, INTERFACH
CABINET, ATTR
EXTRA OUTPUTS

= =[] —I= 200

Center Stable More basic performance per dollar. . .
QUEIST Locstion Bgdive. WeBKn and more options to meet your specifications
Input 2184127 1.47 Outside
Output 193« 57° 1.20 Outside WAVETEK
PTS ROCKLAND
160/200 5600
. . A g 160 MHz or
The input circle is plotted in Figure
14 and the output in Figure 15. ST AT NO
Notice that the source reflection Built-in
coefficient will not enter the un- GPIB or NO
stable region if its normalized resist- par. program
ance component is 0.2 or greater 3
(Figure 14). The circuit may, there- Optional
fore, be stabilized at the input by Resolution 7
adding a series resistor of 0.2 (50)= 0.1 Hz — 100 KHz
10 ohms. Similarly, it is seen from Metered
Figure 15 that a load having a Output NO
normalized conductance component
of 0.2 or less will be stable. The 20 pus
Switching 74
| 99 dB
S12 I Sz programmable
Attenuator
.026£36.6° .67 4£-36°
028 ,36.8° ‘ 66.,—36° Price: PTS160, 1 Hz Res, Rem. only, TCXO, $4,625.00 — (Sample)
.029.£36.9° | .654-37°
= % PROGRAMMED TEST SOURCES, INC.
r.t. design BEAVERBROOK RD., LITTLETON, MA 01460

FREQUENCY SYNTHESIZERS (61 7) 486-3008 INFOICARD 7




circuit may be stabilized at the out-
put by adding a shunt resistor of
50/0.2=250 ohms. Note: It is not
necessary to include both the input
and output resistors (see Figure 16).
Either is sufficient to ensure uncon-
ditional stability.

Since one of the amplifier design
criteria was low noise figure, the
transistor will be stabilized using a
parallel output resistor. Resistive
input losses would add directly to
overall noise figure. A lossy output
network will degrade the output
power capability, but this was not a
critical parameter. Both approaches
cause a reduction in gain.

Gain Compensation

Expected active device gain vari-
ation over the operating bandwidth
is:

400
dB) = 20 log (—— ) = —1.6 dB
AG (dB) 9(480)

The gain could be flattened using
the topology of Figure 17, allowing
Gs and G, to each provide 0.8 dB
mismatch at 400 MHz and a con-
jugate match at 480 MHz. However,
the 0.8 dB mismatch loss represents
a reflection coefficient of 0.41 at
400 MHz. The corresponding VSWR
of 2.4:1 does not satisfy the design
goal of “low” VSWR.

An alternate technique for gain
compensation of amplifier designs
constrained by VSWR requirements
is the absorbtive diplexer. Stability
requirements have already necessi-
tated a lossy output network. Why
not make its loss frequency-
dependent, such that the differ-
ence in power absorbed at the low
and high frequencies exactly com-
pensates for the transistor's gain
variation (see Figure 18). The input
network may now provide a lossless
conjugate match. Stability will be
preserved, provided the equivalent
shunt resistance presented to the

transistor is 250 ohms or less. Circuit
complexity will be reduced, since a
single network will be used to imple-
ment stabilizing, gain flattening, and
output impedance matching functions.
The topology used to implement the
diplexer may also serve as a bias
feed to the RF transistor.

Diplexer Design

A simple shunt diplexer may be
constructed from two components
(see Figure 19A). The ratio of voltage
across R to applied voltage will
decrease by 6 dB/octave, giving an
absorbtion characteristic which may
be used to compensate for the single-
pole rolloff of device gain.

For ease in graphical manipulation
and circuit analysis, the spot-
frequency parallel equivalent circuit
will be derived for the diplexer (refer
to Figure 19B).

Y, = Y5 (at one frequency only)

-6dB/OCTAVE

Gs

)

G

-—0

-+ 3dB/OCTAVE

Figure 17. Candidate Gain Compensation.

+3d8/0CTAVE

rR>I00
O— —O
STABLE
(o]
o
o]
N
Vv
(13
o— O
STABLE
O —O
STABLE, BUT
UNNECESSARY
Figure 16. Stability Circuit
Options.

—-6dB/OCTAVE

+6dB/0CTAVE

—

_w»o

O—

CONJUGATE
MATCH

Figure 18. Alternate Gain Compensation.
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i

Figure 19A. Shunt Diplexer.

O
Rs
Y, —PY, > Lp
(TRANSFORM)
LS
O

Figure 19B. Series To Parallel Transformation.

1 ‘e ), /L DRI,

RP /wLp RS SF /st
Rs — jolsg
R52 S (JJ) LS”

Equate, separately, the real and
imaginary parts of Yp and Ys. Solve
for Rp and Lp in terms of Rs, Ls, and
.

Real:
Rs
Rp Rsz + (1)st2
4 R32 + (D2L52
RS
Imaginary:
R e =)
ijp R52 otz (1)2L52
. ! = R52 P u)st)
e 5 3 _](DLS
R? + o?Ls
Lp = —— g
[Ny Ls

The inverse transforms are derived
similarly, giving

Rs S (.!)?R;:’Lp2
sz ar szpz
Re’Le
Lg =—Ft-"2t —
sz QP (1)2L 4

Design procedure will be to graph-
ically determine, at center frequency,
values for the parallel equivalent
circuit that provide good output
impedance match. After checking

r.f. design

RF Telemetry Links

with state-of-the-art
performance and reliability

Communitronics new family of low cost receivers and trans-
mitters is available in high or low band VHF and UHF models.
They're designed to telemeter voice, low speed digital infor-
mation and tone signals for such applications as Data Links,
Status Control, Supervisory Control, Alarm Systems, Monitoring
Systems, Pipeline Control and Low Power Repeaters, to name
a few. Besides our standard models, which are available with
optional RF connectors, we can also design and produce
custom units to meet your exact requirements.

So, if you want the latest in RF
telemetry links, write or call
Communitronics for detailed
specifications and pricing.

TRANSMITTER

¢ 1% and 4 watt powers
¢ Rated continuous duty
*» Compact size

RECEIVER

e Dual Conversion

* Low standby current
for battery operation
e Compact size

COMMUNITRONICS AW
e ———————
AR L.TD.

160 Wilbur Place, Bohemiaq, NY. 11716 ¢ (516) 567-8320
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Figure 20. Diplexer Design.

Figure 21. Input Match at 440 MHz.

that Rp will provide stability (250
ohms or less), the inverse transforms
are used to determine the actual
values (Rs and Ls) to be used in the
circuit. The paraltel circuit solution is
illustrated in Figure 20. Component
values are calculated using the
formulas presented in Part | of this
article (r.f. Design, Sept/Oct 1981).

Ry = %: %: 62.5 ohms (Stable)
_50 _ 50 _

XLp =30~ 50 - 167 0nms

Lp= Ll H = 60.4 nH

2 wX 440 X 108

From the inverse transforms, Lg=7.42
nH and Rg = 54.74 ohms.

Input Match

Input match will be designed at
center frequency using the simplest
network possible, then evaluated for
acceptable VSWR at the band edges.
Firgure 21 diagrams the input match
design. Here, careful selection of
matching network topology can
reduce component count. The
parallel coil doubles as the base
bias feed to the transistor and the
series capacitor also provides DC
isolation from the input connector.
Component values are calculated
as follows:

Xc = 50(AX) = 50(1.0) = 50 ohms

C= 1
50 X 2w X 440 X10°

F =723 pF

=l
o

X, = f—o=—— = 31.25 ohms

31.25

e lh—1) 58 (D)
2 X 440 X 10°

7.23pF
O—b—
54740
1.3 nHé
7.42nH
O— O
Figure 22. R.F. Schematic.
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Figure 23. Mounted Amplifier.

“Computer Analysis

Frequency VSWR (In) | VSWR (Out) i Gain | K-Factor
400 MHz ' 1.99:1 1351 1920dB | 250
440 MHz | n2em. - 4 13211 1949d8 | 234
480 MHz | 1.20:1 1.27:1 1928d8 | 230
Results Gain : 18 dB min
Figure 22 is a schematic of the Input VSWR :  1.5:1 max
complete RF circuit. To check the Output VSWR @ 1.15:1 max
accuracy of the design, a computer Noise Figure : 1.4 dB max

analysis was performed using the
graphically determined component
values. Notice how little error was
introduced by our unilateral assump-
tion.

A prototype unit was constructed
and, after slight “tweaking,” the
following performance was measured
over 430-450 MHz (actual paramp
tuning range) at the elevated temp-
erature of 60°C:

In its initial application, gain of
the amplifier was reduced to a
requirement of 12 dB by inclusion of
a resistive “n” attenuator. Figure 23
is a photograph of the 440 MHz
amplifier as installed within the
paramp enclosure.

Next issue: Design example two-stage
amplifier.

0.5 4 150°.

Plot Z,and rotate. . .

i
1

Let A = 100(40dB)and 8 = 0.1
Vs a 100

v, 1+100(0.1)
Suppose Ais the. ..

i

Errata to Part |

Page 27, second paragraph, first sentence, should be:
__.consider I = 0.5 £ 150°. The complex conjugate, I'*, is therefore

Page 30, series transmission lines, statement 3 should be:

Page 30, quarter-wave transformer, statement 2, should be:

Page 32, an entire equation is omitted in the feedback analysis, should be:

0
=9.09(19.17 dB)

r.f. design

Thrifty
Trimmers

Ceramic Trimmer Capacitors -
are designed for RF applications
ranging from low frequenciesthru
VHF, where small size, operating
stability and low cost are impor-
tant. Typical applications include
crystal clock oscillators, CATV
amplifiers and radio transceivers.
» Capacity ranges:
1.8-5pF to 12-100 pF
¢ Available in temperature
coefficients from NPO to
—1400 PPM/°C

¢ Operating temperature range:
—55°C to +85°C

Actual Size
9380 9370 9300
L

Electronic Accuracy through
Mechanical Precision

ohaguaonD

Manufacturing Corporation

400 Rockaway Valley Road
Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367
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Quarter Wavelength
Taper Line Matching

HP25 programs for designing tapered and multisectional

By Andrzej B. Przedpelski
R. & D. Laboratory

A.R.F. Products, Inc.
Boulder, Colorado

I t is difficult to find in the literature a comparison of
the quarter wavelength and exponential taper line

s S S
Z,=1 2o = Vizs Z;
s —>]

(a) Quarter Wavelength Transformer

(b) Exponential Taper Transformer

——\——L—\—__

Z1 =1 Za = 22"4 ZD = 22 A 22

_—J——J—r—
PR

(c) Two Quarter Wavelength Transformer

Figure 1. Transmission Line Transformers
(Normalized with respectto Z,)

26

matching transformers. In particular, the treatment of the
tapered line transformer and the multisection quarter
wavelength line transformer is either difficult to apply to
everyday applications or is theoretically too difficult for
the average designer to apply to his work.

This article compares the different types of trans-
formers on the same basis and provides comparatively
easy approaches to solutions of the more difficult
calculations. With the advent of the simple programmable
calculator, these solutions become within reach of the
designer who does not have access to a computer. The
programs are based on the HP-25 calculator capabilities,
since up to 49 steps are required. The programs are not
very sophisticated so that they can be modified easily for
use with other calculators or for special applications.

The calculations deal with the design of line matching
transformers using microstrip or stripline techniques.
Methods to determine their bandwidth are also described.
Since the microstrip or stripline techniques are used
mainly at higher RF frequencies, the bandwidth presenta-
tion in terms of reflection coefficient, I, which can
easily be converted to other parameters of interest.

Quarter Wavelength
Matching Transformer

The quarter wavelength matching transformer is
probably the one most commonly used at higher RF
frequencies. The two real impedances are matched by a
length (one quarter of the wavelength) of a transmission
line with a characteristic impedance:

Lo =(Z:x2Zy)

where Z, is the real input impedance Z, is the real output
impedance. The perfect match (r=0) is obtained only
at frequencies whose wavelength is 4, 12, 20, 28, etc.
times the line length. (Usually, however, only the
condition where the line is one quarter the wavelength is
of interest.) At all other frequencies a mismatch occurs.
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and Exponential

Transformers

quarter wavelength line transformers.

This mismatch can be calculated by first determining the
complex input when terminated with impedance Z,:

2, +jZ, tanf
Zin=Rin + jXin = Zp | ———
Z, + jZ, tand

where 0 = electrical line length in degrees or radians and
then converting to the reflection coefficient:

Z,~ (Rin + jXin) 1- 2
—_ = i,

X S Zats
1+Z,/2\

Z; + (Rin + jXin)

Z> tanf
Zy

Curves for three values of Z,/Z, (2, 10 and 100) are
shown in Fig. 2. The program used to obtain these curves

is shown in Table | and can be used to obtain data for
other values of Z,/Z,.

Tapered Line Matching
Transformer

Several possible configurations of the tapered line
transformer exist. However, only the most common
configuration, as shown in Fig. 1 (b), will be discussed.
Basically, the line has an exponential taper, i.e. the line
impedance changes expodnentially with length and the
characteristic impedance at the two ends is the same as
the two impedances to be matched.

Arnold, Bailey and Vaitkus (Ref. 2) derive an expression
for the reflection coefficient of a tapered line from the
basic relationships cited by Womack (Ref. 1). The re-
sulting equations are difficult to use but can be simplified
as shown below:

z v Z;
r=ln§f tan %2/ 4 6> —(In 7, )? ) 7
Al ke ISz o SN
V/ 46% — (in 2 )+ 26 tan % Vv 46— (In 3 )?
1 1

This equation avoids the use of hyperbolic functions

r.f. design

and interrelated equations as derived by Arnold et al. Its
main disadvantage is that data cannot be calculated for
values of O less than ‘2In Z,/Z,. Fortunately, this area is
usually of little interest, since for these line lengths the
reflection coefficient approaches the zero length value
very closely, as will be shown later.

The reflection coefficient of an exponentially tapered

Reflection Coefficient |r|

Line Length, Radians

A
Figure 2. —ZLine Transformer
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transformer, as shown in Fig. 1 (b), is plotted in Fig. 3 for
three values of Z,/Z, (2, 10 and 100). Reflection
coefficients for other Z,/Z, ratios can be derived using
the program shown in Table II. If values of O less than
Yln Z,/Z, are tried, the calculator will give an ERROR
indication. Thus erroneous values cannot be obtained.

It will be noted from Fig. 3 that the matching points do
not occur at regular intervals as for the quarter wave-
length line matching. This is particularly noticeable for
larger values of Z,/Z,. The program of Table Ill can be
used to obtain the exact matching points in accordance
with equation:

0,,=\/n21r2+('/zln%)2
1

where n =1, 2, 3 etc.

Multi Quarter Wavelength
Matching Transformer

Figs. 2 and 3 show that the tapered line transformer is
at least twice as long as the simple quarter wave line

transformer. To make the comparison between the two
more valid a dual quarter wave transformer, as shown in
Fig. 1 (c), was also considered.

To obtain the reflection coefficient of this transformer,
equation (2) is used first to obtain the complex im-
pedance at the junction of the two quarterwave sections.
(Z, is used in place of Z,). Then, these values for R and X
are used in:

R+j(X+Z,tanb)
*1(Z, — X tan6) + jR tané

Rin + iXin=Z

to obtain the complex inputimpedance to Z,. Equation (3)
is then used to obtain the reflection coefficient of the
transformer. (The same 0 is used in equations (2) and (6)
and is the length of one line section. Thus, the total length
of the transformer is 20 radians). Reflection coefficient
forthe same Z,/Z, ratios(2, 10 and 100) are plotted in Fig.
4. The reflection coefficient for other Z,/Z, ratios can be
calculated using the program shown in Table IV. This
program takes up th 49 steps available in the HP-25
calculator, thus equation (2) has to be solved separately,
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using the program shown in Table V. For the two section
transformer discussed above, use n=2 in the Table IV
program.

The question: what happens if you use more sections?
comes up naturally. Fortunately Table IV programis of the
iterative kind and will work with any number of equal
length sections by making n equal to the number of line
sections. As an example, an 8 section transformer (n=8)
was calculated and the curves are shown in Fig. 5. Note
that the matched operating point is still at a section
length equal to quarter wavelength, thus making the
transformertwo wavelengths long. It should be noted that
with n=8 the Table IV program calculation takes about 40
seconds per point, which is considerably less than with
non-memory type calculators. In the recent past this type

Bandwidth Considerations

It is difficult to make a general statement as to which
configuration offers larger bandwidth for a given
maximum allowable reflection coefficient. Each case has
to be treated individually, since the bandwidth is a
complex function of impedance ratios, type of tranformer
and maximum allowable reflection coefficient.

A typical problem may illustrate this better and show
some of the basic trends. Let us consider the requirement
of matching two real impedances with impedance ratios
of 2, 10 and 100, using the discussed transformer
configurations with a maximum allowable VSWR of
1.5:1. Using the relationship:

of a calculation could be reasonably done only with a S SRS
computer. _—VSWR+1
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the maximum allowed reflection coefficient is 0.2. Using
the curves for the quarter wavelength matching trans-
former (Fig. 2) we can draw a line at || =0.2. We can
see that for Z,/Z,=2, this requirement will be met when
the line length is between 0.304 7 and 0.696 = (0.5 m=
M4). Thus the bandwidth is + 39.2 percent. Similarly, the
bandwidths can be calculated for the other values of
Z2,/Z, and other transformer configurations using Fig. 3,
4, and 5. The calculated values of bandwidth for a VSWR
of 1.5:1 are shown in Table VI.

It should be noted that the first line resonance is used
in these calculations. The higher order resonances will
give narrower bandwidths. For instance the 3/41 line
transformer will have Y% the calculated bandwidths shown
in Table VL.

The exponential taper transformer has very large
bandwidths for low Z,/Z, ratios. For the lowest reflection
coefficient at moderate bandwidths the multisection /4
transformer offers better performance for the same over-
all transformer length. The optimum performance (VSWR
of 1:1), of course, is theoretically obtained with an infinite
number of J/4 sections.

Thus, the designer has some choice in selecting the
transformer configuration most suitable for his particular
requirements.

Transformer Length

The A/4 transformer is the shortest, providing its
bandwidth is adequate. Arnold et al. states that the
tapered line transformer may be very attractive for
narrowband complex impedance matching where space
isimportant. They show an example of matchinga 50 ohm
line to a transistor with an input impedance of 10+j15
ohms. A 5:1 tapered line with an electrical length of 60° is
required. However, the same matching can be accom-
plished with a 1479 ohm nontapered line with an
electrical length of 38.27°. Thus the tapered line trans-
former is always longer than the nontapered. However, it
may be very usefulwhere its highpass characteristics can
be utilized.
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Wilkinson Hybrid With
Quarter-Wave Offset

By Earnest A. Franke and Ahamed E. Noorani
General Electric Company

Mobile Radio Department

Lynchburg, Virginia

When deciding on methods of combining the
output power from two transistor amplifiers at
UHF and microwave frequencies using microstrip, a choice is
usually made between the Wilkinson hybrid (1, 2) and the
90° Branch Line hybrid (3). There exists another possible
combiner, the Wilkinson hybrid with a quarter-wave offset
(4), which has some of the characteristics of each as a
compromise hybrid. The Offset Wilkinson hybrid dis-
plays the wide bandwidth and isolation inherent with the
Wilkinson hybrid while at the same time offering the
advantages of improved summing port return loss and
intermodulation performance available in the Branch
Line hybrid. It does however suffer from unequal in-
sertion loss in each side port when used over a wide

bandwidth, in a similar manner to the 90° Branch Line
hybrid.

Need of Combiners/Splitters

Power combining may be considered on one of two
general levels; the device level and the circuit level.
Device level combining is accomplished by clustering
several devices in a region whose extent is small
compared with a wave length. Transistor vendors are
continually increasing the availabie output powers from a
single package. Combining several transistor dies within
the same package eventually runs into problems of
impedance matching, concentrated heat dissipation and
reactance interaction or power hogging. By directly
paralleling two transistors, the resistive part of the input
and the output impedance goes downyielding a higherQ,
lower bandwidth part. The advantage of using a hybrid for
power combining centers around the isolation achieved

-
Balance
Resistor

>
M C

5 27,
=N oY |\
/
Summation
Port N " — o
Splitter Ei/
Side
Port

Side Matching Networks

Figure 1. The Wilkinson splitter/combiner is composed of two quarter-wave
transmission lines and a balance resistor.

Combiner
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By adding a quarter-wave line to one output port of a Wilkinson hybrid
one can expect an improvement in input return loss and output
intermodulation performance. If the bandwidth is limited to
approximately 10 percent, the power unbalance due to unequal
insertion losses in each leg should not be a problem.

between the input ports. Stability of both transistors is
enhanced when the reactive components of one transistor
do not affect the parallel transistor.

Wilkinson

Power entering the summing port of a Wilkinson hybrid
emerges from both side ports with equal amplitude and
phase. The hybrid is reciprocal as shownin Fig. 1 where it
serves both as a splitter and as acombiner. The Wilkinson
hybrid is constructed using two identical quarter-wave
lines connected between a summation port and two side
ports. Each quarter-wave matching transmission line has
a charactersitic impedance, Z,, equal to the square root
of the product of the source and load impedances.

Where Zg equals source impedance and Z, equals the
load impedance. For the case of a 50 ohm input/50 ohm
output hybrid, we need to transform 100 ohms at the
source end of the quarter-wave line down to 50 ohm at
the side ports. By connecting the 100 ohm end of two
quarter-wave lines in paraliel at the summation port the
50 ohm input impedance is achieved.

One notes that the side arms (labelled 2 and 3) are
one-half wave apart. If a reflection or mismatch occurs at
one of the side ports, port 2 for instance, the reflected
signal splits with part of the energy travelling back to the
summation port 1. There it splits again and continues to
the opposite side port 3. This reflected wave arrives at
port 3 from two paths. The path through the A/4 lines
amounts to 180° of travel. This signal will then be
cancelled by the 0° signal which travelled directly
through the balancing resistor. The value of the resistoris
chosen so that the two signal appearing at port 3 both

Lo =VZg 2 suffer 6dB loss and thus are equal in amplitude and 180°
out-of-phase and will be nulled out to achieve a high value
Side Port Matching Networks
Iz} Iz}

¥y
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& fa 71 S
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R1 : ®
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Figure 2. A quarter-wave offset section is added to one arm of the standard
Wilkinson hybrid to improve the input return loss.
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Figure 3. The Wilkinson with offset may be thought of as
one-half of a Branch Line hybrid.
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return loss approximately equal to the
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of isolation. Reflections at one side port do not appear at
the other side port.

Wilkinson With 90° Offset

By adding an additional quarter-wave line in series
with one of the output ports of a standard Wilkinson
hybrid, the Oftset Wilkinson is formed, Fig. 2. The input
return loss of the Offset Wilkinson splitter at the summa-
tion port will be better than the standard Wilkinson hybrid
for two reasons. Any reflections from a mismatch at port 4
appears back at port 2 180° out-of-phase with the
incident wave which caused it. Thus the reflected signals
from equal mismatches present at ports 3 and 4 will be
180° out-of-phase. The reflected signal will be partially
dissipated in the balance resistor.

The second reason for improved return loss is due to
cancellation of reflected signals at the summation port.
The round trip distance of the incident and reflected
signal in the offset path 1-4 is one-half wave greater than
path 1-3. This 180° relationship will cause cancellation of
the reflected signal.

Derivation

The Wilkinson hybrid with offset may be thought ofasa
combination of the Wilkinson and the Branch Line hybrids.
The series arm C-D and the shunt arm A-D of the Branch Line
hybrid have been eliminated, Fig. 3, to form the Wilkinson
hybrid with an offset quarter-wave line. The series arm A-B of
the Branch Line hybrid may be thought of as a two 1 /4 lines
in parallel. For a 50 ohm system the impedance of the series
quarter-wave matching section in the Branch Line hybrid
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should be equal to the geometric mean of the product of the
input impedance and the impedance at point B. The 25 ohm
impedance at B is formed by the parallel combination of the
50 ohm termination at port B and the 50 ohm shunt arm B-C.
The Wilkinson hybrid with offset is formed if the Branch Line
series arm A-B is split into two 70.7 ohm lines with one arm
containing the 50 ohm /4 offset.

Input Return Loss

One of the principal advantages of adding the quarter-
wave offset to the Wilkinson combiner is the improved
input return loss at the summation port. The sum port
return loss of a Wilkinson hybrid without offset is shown
in Fig. 4 for various equal mismatched terminations at the
side ports. We have shown the region of input return loss
bounded for all phase angles. The terminations were
chosen to be equal because most transistor amplifiers
will be built with transistors from the same manu-
facturered batch. If each side port is terminated by equal
mismatched loads, the input return loss at center fre-
quency is the same as the load mismatch and generally
degrades for operating frequencies away from center
frequency.

Over a 20 percent bandwidth one might expect the
individual transistors in a typical amplifier to maintain at
least a 10 dB input return loss. Thus when they are
combined using a Wilkinson hybrid, the input return loss
over the same bandwidth will also be about 10 dB (VSWR
<£1.9:1). The input return loss when using the Wilkinson
hybrid with an offset however, Fig. 5, is greater than 20 dB
(VSWR <1.2:1) over the same 20 percent bandwidth.

The improvement in stability of the driver due to the
increased input return loss of the hybrid with an offset is
very important. If the power level of an amplifier is
changed due to variations in temprature, supply voltage,
output load, or power turndown, the transistor amplifier
input impedance will also change. This change in amplifier
input impedance must not be allowed to affect the
stability or match of the driver stage.

A UHF 500 MHz hybrid model was constructed using
semi-rigid coaxial lines to verify the theoretical pre-
dications of input return loss, Fig. 6. With the side ports
terminated with 50 ohm loads, the Wilkinson hybrid
performed equally well with or without the quarter-wave
offset(curve A). If both side ports are terminated with 6 dB
return loss loads, the Wilkinson shows a fairly flat 6 dB
input return loss across the band (curve B) while the
offset hybrid maintains greater than 15 dB return loss
(VSWR < 1.43:1) over a 20 percent bandwidth, assuming
the transistors exhibit at least a 10 dB input return loss.

The coupling loss of the Wilkinson hybrid with the
90° offset however is equal in each arm only within 10 per
cent of the center frequency, Fig. 8, when both arms are
identically mismatched. |f both terminations are greater
than 50 ohms, the insertion loss in the offset arm
decreased when the operating frequency is different
from the design center frequency while the loss in the
other arm increased. This differential insertion loss
labelled“A” in Fig. 8, means thatthe transistor attached to
one arm is driven harder than the other transistor. This
difference in power will be magnified at the outputs of the
transistors by the gain of the transistors. The differential
output power will then appear across the balance
resistor. Over the same 20 percent bandwidth, assuming
equal 10 dB input return losses to the tranisitors and
equal gain, an input power difference of 0.1 dB would
appear across the output arms of the hybrid. If one were
combining the output power from two 50 watt transistors
to form a 100 watt power amplifier, there would be a
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Figure 5. The addition of a quarter-wave offset
improves the input return loss to greater than
20 dB over a 20 percent bandwidth fora 10 dB
return loss load.
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With Offset

HMSA

20

Normaiized Frequency tfito)

Figure 6. The experimental model matches the
theoretical results of Figure 5 quite well; (A)
matched terminations, (B + C) 6 dB return loss
termination, R, = 26 ohms.
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Figure 7. The coupling loss for a standard

wil

kinson is equal in each arm for identical

terminations.

watt difference at the individual transistors. The balance
resistor would absorb 2.5 watts of wasted power. This
would exceed the capability of an inexpensive 2 watt
carbon composition balance resistor. However, if the
operating bandwidth is reduced to 10 percent then the
above problem vanishes.

Catastrophic Failure

As the output power level required from a solid-state
amplifier is increased, it becomes necessary to achieve
this power by combining the output power from identical
modules using hybrids. If one module should cata-
strophically failand present an open or possibly ashort at
the input or output terminal, it is desirable that no other
modules are adversely affected and that the imredance
to the driver must not induce catastrophic failure.
Isolation between output ports is identical for the
Wilkinson hybrid with and without the offset. The isolation
is greater than 19 dB over a 40 percent bandwidth, Fig. 9,
even when the load resistors present a 6 dB return loss.

The input return loss presented to the driver for the
Wilkinson hybrid with or without the offsetarmis shownin
Fig. 10. If both arms are shorted or if both are opened, the
input return loss of the standard Wilkinson hybrid is O dE
(curve A). By adding the quarter-wave offset arm, the
return loss at the sum portis improved to greaterthan 15
dB over a 20 percent bandwidth when both ports are
either open or shorted (curve B & C). The driver stage
would barley notice that the final stage had been
completely wiped out. If, however, only one transistor is
wiped out, the input return loss for either hybrid is
reduced to approximately 6 dB over a 20 percent
bandwidth (curves D, E, F, G). Thus over a 40 percent

Coupling Loss (dB)

[2)

a5

R, >50Q(+)
R.<50Q(-)

06 07 08 09 10 12 13 14 15
Normalized Frequency (1/t0)

Figure 8. The coupling loss for an offset
Wilkinson is different in each arm. This
difference is greater as the mismatch is increased.

1solation (dB)

Return Loss ot
Terminations Ry

05 06 or 08 09 10 " 12 1 14 15

Normatized Frequency {(f/fo)

Figure 9. The isolation between side ports is
equal for the Wilkinson with and without the

offset line.
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bandwidth the input return loss, no matter what happens
to either or both transistors, will always be greater than 5
dB (VSWR < 3.5:1) for the Offset Wilkinson. The return loss
of the sum port for the Offset Wilkinson hybrid is identical
to the Wilkinson hybrid without offset if both arms are
terminated in their characteristic impedance. This im-
pedance is merely shifted one-quarter wave length and
effectively appears directly at the balance resistor.

Intermodulation Performance

The final amplifier of a mobile radio is operated in a
power-efficient, but highly non-linear, class-C mode. Trans-
mitter intermoduilation occurs when the signal, F2, from
a nearby transmitter antenna is coupled through the
transmitter antenna back to the collectors of the final
amplifier. This interference signal mixes with the second
harmonic of the main signal, 2XF1, to form mixing or
intermod products which are then re-radiated from the
same antenna. This third order product appears at
2F1-F2, Fig. 11.

An isolator (Ferrite circulator plus termination) is nor-
mally installed in a base station as a one-way valve to
reduce the interfering signal F2 of neighboring transmitters
from reaching the collector circuitry.

By adding a quarter-wave section to the output Wilkinson
combiner, the beat products from each collector will be
summed at the output 180° out-of-phase with each other.
This is due to the quarter-wave deiay of the incoming
interference signal in the Wilkinson combiner offset
arm added to the quarter-wave delay of the intermod
product travelling back through the same offset. Thus
the intermod product will be cancelled out at the
summing port due to this half-wave phase difference of

o R o ve—]

Ra

Return Loss (dB)

05 08 08 09 10 1 12 13 14 15
Normalized Frequency {1/fo)

Wilkinson: RA = RB = 0 or © ohms; Wilkinson plus offset: (B) RA =
RB = « ohms, (C) RA = RB = 0 ohms; Wilkinson: (D) RA = 50 ohms,
RB = @ ohms, RB = 50 ohms, (E) RA = 50 ohms, RB = 0 ohms or

RA = 0 ohms, RB = 50 ohms; Wilkinson plus offset: (D) RA = 50 ohms,
RB = ® ohms; (F) RA = = ghms, RB = 50 ohms; (E) RA = 50 ohms,

RB = 0 ohms; (G) RA =0 ohms, RB = 50 ohms.

Figure 10.

r.f. design

DISCOVER...

OUR WORLD OF
MINIATURE CERAMIC
TRIMMING CAPACITORS

Murata Erie has one of the broadest lines of mini-
ature ceramic trimming capacitors to be found in
the world. From the subminiature 3mm diameter
DV 3 Series to the exceptionally low-cost DV 2
Series, there's a trimmer to meet virtually every
application requirement in instrumentation, com-
munications, medical and military equipment—
right up to UHF frequencies. Check some of
these brief specnfucatlons

Cap. Rangc (pF) |Q min @ 1 MHz

I)V/ - NPO to N1200
ov3 NP0 750
vz 57 [ eonon | avwisw | o0

Discover our world of miniature ceramic trim-
ming capacitors. Ask for complete technical
specifications: write to Murata Erie North
America, Inc., 9030 Highway 5, Douglasville,
Georgia 30135, or phone 404-949-6900.

Regional Sales Offices
West—415-327-1520
S.E.—305-644-0954
\ Cent.—312-297-5560
OPERATIN: N.E.—617-245-7880
JFD f:/rer,lmru( components Can.—613-392-2581

INFO/CARD 11
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Figure 11. A nearby interfering transmitter signal F2 mixes in the non-linear collector circuit with the
second harmonic 2F1 to form an intermodulation product.

the intermod products from each collector summed atthe
output port.

Two UHF amplifiers were constructed to demonstrate
this intermod improvement when using the Wilkinson
plus quarter-wave offset, Fig. 12. The intermodulation
performance showed a 5 to 23 dB improvement. As
expected, the shape of the curve is similar to that of Fig. 5,
Input Return Loss.

F1 = 450 MHz

Pout = 80 Watls

Vee = 12.8 Volts
Interference = - 30dBc

Intermod Performance
— Wilkinson with Offset
Hybnid

-+ 22

-+ 20

3¢ Qrder Intermodulation Product Below Interfenng Power (dB)

46

Intermod Performance

-+ 14 Standard Wilkinson
= Hybrid
=10
1
" 4

"
10 5 0 +5 +10

Oisplacement of Intermod Product trom Carrier (MH2)

Figure 12. The intermodulation performance of
an amplifier is improved when the 90° offset arm
is added to a Wilkinson combiner.
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Microstrip Combiner Resistors

The power-handling capability of a Wilkinson power
splitter/combiner with or without offset is limited by the
balance resistor, R1, Fig. 2 If both arms of a Wilkinson split-
ter are matched or identically mismatched, no power is dissi-
pated in the balance resistor. Any unbalance appears
across the balance resistor. If one side port of a Wilkinson
combiner is completely lost (shorted or open transistor),
then one-half of the output power is dissipated in the
balance resistor.

The designer has a choice of available combiner
resistors. If cost is the main criterion, the familiar 1 and 2
watt carbon composition resistors may be used. As
individual transistor output power levels are increased
above 50 watts these resistors cannot handle the power
unbalance due to differences between transistor phase
and gain imbalance. Above this power level combiner
resistors which heat sink to the chassis are needed.

Thin-film combiner resistors are available from many
sources in microstrip configurations which gracefully
mate with the Wilkinson hybrid in microstrip form. These
power resistors are formed by depositing nickel-
chromium on a berullia-oxide ceramic substrate and then
hard brazing onto a standard copper flange or stud. This is
very similar to the emitter ballast resistors used in RF
power transistors. O
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Microprocessor-Based
Microwave
Signal Generators

Solid-state technology combines
with spectrally-pure cavity tuning to
provide high performance test
signals from Hewlett-Packard's
newest HP 8683A/B and HP
8684A/B Microwave Signal Gener-
ators. Instead of kiystrons, the active
oscillator elements are bipolar tran-
sistors for the HP 8683 and GaAs
FETs for the HP 8684.

Communications applications are
covered in two frequency bands: 2.3
- 6.5 GHz (HP 8683A),and 5.4-12.5
GHz (HP 8684A). These models
feature O to —130 dBm power output,
calibrated, low distortion FM with £5
MHz peak deviation at rates from DC
to 10 MHz, and calibrated, metered
AM, 0 - 70 percent modulation
depths at rates from DC to 10 kHz.

Radar and military electronics
applications use the “B” Models, HP
8683B(2.3-6.5 GHz) and HP 8684B
(5.4 - 12.5 GH2). In addition to the
above capabilities, these models
have increased power output of 10
dBm and a high performance pulse
modulator and generator with rates
from 10 Hz to 1 MHz in 5 ranges;
pulse widths from 100 ns to 100 ms
in 7 ranges, and pulse delays from
less than 50 ns to 100 ms in 7
ranges. The RF pulse itself provides
greater than 80 dB on-off ratio and
less than 10 ns rise and fall times.

These two frequency ranges now
cover applications bands which pre-
viously required four older HP
klystron models. They are compact
and highly portable at less than 40
pounds each.

Price (U.S.):

r.f. design

HP 8683A, 8684A $12,000
(Communications Version)

HP 8683B, 8684B $15,000
(Radar Version)

Delivery is 12 weeks after receipt
of order. Circle INFO/CARD #140.

TEM Cells

Instruments For Industry, Inc. (IFI),
a leading designer and manufacturer
of broadband amplifiers and test
equipment, now offers its new bro-
chure covering its line of TEM cells
for electromagnetic testing. Included
in the brochure is the CC-series of
TEM cells. The brochure describes
the various features, applications
and specifications for each of these
products.

For additional information on
these products, or to obtain this bro-
chure, contact: Ronald Richards,
Instruments For Industry, Inc., 151
Toledo Street, Farmingdale, New
York 11735; (516) 694-1414. Circle
INFOI/CARD #139.

CTCSS Encoder-Decoder

Communications Specialists, Inc.
introduces their new TSS-32 direct
plug-in CTCSS encoder-decoder.
The TSS-32 will directly replace the
TN-14 tone board which is used in
the Standard 766L. It may also be
used as a direct plug-in for other
Standard radios which take the TN-
10 and TN-14 factory tone boards.
This plug-in board is based on the
field proven programmable TS-32
and will greatly reduce installation
time. The price is $64.50. A catalog is
availabel on request.

Communications Specialists, Inc.,

426 West Taft Ave., Orange, CA 92667;
(800) 854-0547, (714) 998-3021. Circle
INFO/CARD #137.

UHF Surface Acoustic Wave

Resonator

RF Monolithics, Inc. of Dallas,
Texas, announces the availability of
new surface acoustic wave resona-
tors operating in the UHF range.

The SAW resonator is a frequency
control element for VHF-UHF oscill-
ators in applications such as TV,
CATV, mobile communications, STV
and others, with frequencies of 674
MHz and 680 MHz available in large
quantities.

The device offers crystal stability
directly at UHF frequencies, elimin-
ating crystal multiplier chains, while
occupying less space and consuming
less power than other methods of
frequency control.

The company has announced
receipt of a contract to supply
Scientific-Atlanta, Inc. with SAW
resonators for use in the Scientific-
Atlanta Series 6700 Set-Top Ter-
minal. This is stated to be the first
large volume application of SAW
resonators in the CATV industry.

Samples are now immediately
available and quantity quotations
are available upon request.

For further information contact RF
Monolithics, Inc., 4441 Sigma Road,
Dallas, TX 75234; (214) 233-2903. Circle
INFO/CARD #136.

‘““Lossless Feedback”
Amplifier

Using a torriodial coupler as the
major feedback element, Anzac's
AM-1563 can provide significantly
lower noise figure performance then
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is currently available in TO-8 ampli-
fiers. Typical noise figure perform-
ance is shown in Figure 1 with a
maximum guaranteed 3.5 dB over
temperature. Along with this noise
figure performance, the lossless
feedback provides improved third
orderintercept of over +15 dBmwith
only 200 mW of DC power applied.

The AM-153 is a thick film amplifier
designed to meet the rugged envi-
ronments of today’'s military systems.
These units, as well as all Anzac
standard products, are available
from stock at $135 each in 1-5
quantities and can be supplied
screened to MIL-STD-8838B.

Anzac Division, Adams-Russell
Company, Inc., 80 Cambridge Street,
Burlington, MA 01803; (617) 273-3333.
INFO/CARD #135.

Susceptibility
Testing Equipment

Instruments For Industry, Inc. (IFl), a
leading designer and manufacturer
of broadband amplifiers and test
equipment is now offering its new
brochure covering its line of E-Field
sensors. Included in the brochure
are IFI's Models EFS-1, EFS-2, EFS-
3, and remote fiber optic readout
components. The brochure describes
the various features, applications
and specifications for each of these
products.

For additional information on
these products, or to obtain this bro-
chure, contact: Instruments For
Industry, Inc, 151 Toledo Street,
Farmingdale, New York 11735;(516)
694-1414.Circle INFO/CARD #138.

Diode Holders For
Microwave Applications

Johanson microwave diode
holders are an inexpensive and
efficient means of securing and
tuning microwave diodes into precise
attitudes for optimum circuit perform-
ance.

40

The essence of the diode holder
design is embodied in the patented
Johanson slotted rotor screw which
permits adjustment under dynamic
operating conditions without lock-
nuts or set screws.

The self-locking constant torque
drive mechanism of the rotor screw
maintains very low dynamic tuning
noise and high Q throughout the full
excursion of the diode holder travel.
Benefits to the user include: relax-
ation of costly mechanical tolerances
in circuit fabrication; one-hand tuning
in cramped quarters; ultra-precise
adjustment resolution; excellent
diode-to-holder thermal conductivity.

Typical applications include
impatt diode transmitters, high-
power waveguide limiters and
switches, Gunn oscillators, detectors
and mixers.

Johanson Manufacturing Corporation,
400 Rockaway Valley Road; Boonton,
NJ 07005; (201) 334-2676. Please circle
INFO/CARD #133.

Continuously Variable
Lossy-Line Attenuators

Weinschel Engineering Variable
Lossy-Line Attenuators are designed
forsignallevel controlinthe2.5t018
GHz frequency range. The Series
960, available in 12 models, is ideal
for level setting and channel bal-
ancing where flatness of attenuation
and minimum phase shift vs. attenu-
ation are of prime consideration.

The uncalibrated 960 and cali-
brated 961 are thumb wheel con-
trolled and are ideally suited for
bread board applications. The 962 is
designed for systems applications
requiring low RF leakage and are
varied by way of a screw adjust while
the 963 is especially suited for
measurement system level setting
due to its fast movement slider
control. Each model is available in 3,
6 or 10 dB values.

Miniature in size for performance

these attenuators are designed for
low linear phase shift: 1°/dB X f(GHz);
low insertion loss: less than 1.0 dB;
low frequency sensitivity: less than
1.0 dB together with low power and
temperature sensitivity.

For additonal information contact
Weinschel Engineering, One Wein-
schel Lane, Gaithersburg, Maryland
20877; (301) 948-3434. Please circle
INFOICARD #134.

Log-Periodic Antennas

The Electro-Mechanics Company
of Austin, Texas, is introducing their
new 3140 Log-Periodic Antennas for
applications in compliance and sus-
ceptability EMC testing.

Designed for specific EMC testing
frequency coverages, the Models
3145 and 3146 Log-Periodic
Antennas are lightweight and
compact enough for use in appli-
cations where space is a vital
consideration. Such applications
would include testing in anechoic
chambers and shielded enclosures.

These antennas are fully cali-
brated to include gain and antenna
factors which comply with testing
procedures involved in FCC Part 15.
All antennas have a gain greater
than 5 dB, are linearly polarized and
have the relatively constant input
impedance characteristic of Log-
Periodics.

When used for susceptability
testing, the Series 3140s can handle
up to 1000 Watts of input power
which create fields of over 200 volts
per meter.

The 3145 has a frequency range
of 100-1000 MHz with a maximum
width of 1.5 meters (59"). The Model
3146 covers the frequency range of
200-1000 MHz and has a maximum
width of 75 cm (29%2").

—
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Contact Mike Hart, The Electro-
Mechanics Company, P.O. Box 1546,
Austin, Texas 78767. Please circle
INFO/CARD #131.

TO-8 Amplifier Modules

Avantek, Inc, Santa Clara, CA is
now producing two TO-8 packaged,
10-300 MHz thin-film hybrid amplifier
modules that combine guaranteed
noise figures as low as 2.0 dB, with
up to +17 dBm output power, +31
dB third-order intercept point (+40
dBm, second-order) and 8 dB gain;
yetconsumeonly15to25 mAat+15
VDC. This combination of high out-
put power, low noise figure and wide
dynamic range makes these modules
suitable for use in the IF amplifiers of
superheterodyne receivers to com-
plement the wide dynamic range of
today’s high-performance mixers, or
as VHF preamplifiers. Their low
current consumption makes them
ideal for battery-operated equip-
ment.

bramgy ¢
ur i

One unit, designated UTO-311,
offers a typical (at 25°C) 2.0 dB noise
figure, +20 dBm output power (1 dB
gain compression), +31 dBm third-
orderintercept pointand 8.5 dBgain.
The second, designated UTO-310
offers a typical 1.5 dB noise figure,
+14 dBm output power (10-200
MHz, +12 dBm full-band) and 9 dB
gain. Both units feature +0.5 dB
typical gain flatness, 1.3:1 typical
input and output VSWR and guaran-
teed performance over the —55° to
+85°C temperature range.

The UTO-310 is priced at $130
and the UTO-311 at $160 in 1-9
piece quantities, with delivery 30
days ARO. Contact Harvey Huffman at
Avantek. INFO/CARD #130.

EW Mixer Covers
0.5-18 GHz

Anzac Division of Adams-Russell
Company has developed a double-
balanced mixer for the EW market.
The MD-167 provides RF port cover-
age of 0.5 - 18 GHz with overlapping

r.f. design

r

IF coverage to 8.0 GHz. The mixer
features 8.0 dB typical, 10.0 dB max
conversion loss at any RF frequency
with IF's to 8 GHz. The mixer also
provides 20 dB typical isolation and
1 dB compression point of __9.5 dBm.
The MD-167, like all of Anzac’s Micro-
wave Mixer line, is designed for
military environments and comes in
a hermetic drop in module or
connectorized housing. Pricing starts
at $565 with delivery from stock.

Anzac Division, Adams-Russell, 80
Cambridge Street, Burlington, MA
01803; (617) 273-3333. Please circle
INFO/CARD #132.

100 Watt VHF And UHF
OEM Wideband Amplfiers

RF Power Labs’ Models V100 and
U100 wideband amplifiers will permit
operation on 100-160 MHz and 225-
400 MHz in 100 Watt increments.
The units require 28 VDC and 10
Amps maximum and 2-4 Watts drive
for Class AB operation. Harmonics
are minus 20 dB.

The V100 and U100 may be
combined in pairs or quads to achieve
a compact, high power wideband
system.

Each module is constructed of
highly reliable, multi-source compo-
nents, which are carefully tested and

1-3 pc. at 100-160 MHz is $695
ea. or at 225-400 MHz is $1295 ea.

RF Power Labs, Inc., 21820-87th
S.E. Maltby Industrial Village, Wood-
inville, WA 98072; (206) 481-8833.
Circle INFO/CARD #129.

VHF IC

Samples of the TDA1062S IC —
the successor of Telefunken's

Peak Power ut
500 to above 1
Watts rms

Frequency Coverage
Sg MHz to 120 MHz

Compatible with our
Fast Recovery
Broadband Receivers

Please call or write
for more information to:
MATEC, INC. 60 Montebello Rd.
Warwick, Rl 02886 USA
Tel: 401-739-9030

K

JVW\MMATEC, INC.
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recently introduced integrated VHF
Front End IC — are presently avail-
able from AEG-Telefunken's Semi-
conductor Division.

The IC remains the only commer-
cially available monolithically inte-
grated VHF Front End capable of
operating up to 250 MHz (min.), with
an integrated RF amplifier, local
oscillator, double balanced mixer
and voltage regulating circuitry on
one chip.

In addition, the TDA10628
features an on-Chip local oscillator
buffer, with either fixed or mask pro-
grammable gain. Thus, the device

becomes particularly suitable for
applications in PLL tuned commer-
cial and communications receivers,
where a high local oscillator output
level is often required for interfacing
with prescaling stages. A typical L.O.
buffer output level is 150mV.

Similarly to its predecessor, the
TDA1062S' operating voltage range
is 9...15 V, with a typical current
consumption of 30 mA. The typical
power gain is 30 dB.

Applications include high per-
formance FM tuners, scanners,
communications receivers, marine
and Weather Band receivers, UHF

Quality EMI/Magnetics

Instrumentation'frovm EMCO
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1T Deousie Ridged Guide Aftenia |
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. e 1 15l b B S0 B T I
5 W i Line Impedance Stabilization Network | | | | |
The Electro-Mechanics Com- » Adjustable Element cludes 450 KHz to 30 MHz

Rany has the capabilities to
elp solve electromagnetic
compatibili problems in
such critical industries as de-
fense, electronics and trans-
portation. EMCO has grown
to disEplay a broad choice of
RF1/EMI equipment.

The systems, accessories
and services offered by
EMCO can be categorized
under these fields of interest
. . . Antennas, Magnetics,
LISNs and Rejection Net-
works.

Antennas
EMCO manufactures anten-
nas with a wide variety of
applications and measure-
ment capabilities. Antennas
include . . .

* Conical Log-Spiral

* Double Ridged Guide

* Biconical

» High Power Biconical

* Log Periodic

¢ Parallel Element

Dipole
» Broadband Dipole
» Electric Field

Magnetics
EMCO has been at the fore-
front of development for
magnetics EMI test instru-
mentation. EMCO's line of
test equipment provides re-
searchers, engineers and de-
signers with vital portions of
information needed for ac-
curate RFI/EM! testing and
electronics security studies.
Instryments include . . .

» Magnetic Field Intensity

Meter
* DC Magnetometer
* Helmholtz Coil Systems

LISNs

EMCOQO's Line Impedance
Stabilization Networks are
designed to be used in con-
ducted emissions testing for
incidental radiation devices.
Frequency coverage in-

INFO/CARD 13

and 10 KHz to 30 MHz.
e 5 Amp
* 20 Amp
» Special orders

Rejection Networks
EMCO's Rejection Networks
are designed for many types
of specification compliance
testing.  Instruments  in-
clude...
» Bridged-T Rejection
Networks
» Cavity Rejection Net-
works

T
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o €MCO
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The Electro-Mechanics
Company
P.O. Box 1546
Austin, Texas 78767
Telephone (512) 451-8273

down-converters and fast interface
to fiber optic communications links.

The IC, made in Telefunken’s fast
bipolar technology is housed in a
standard 16-Pin DIP package and is
priced at $1.96 each in quantities of
100.

For further information contact Chris
Nilsson at (201) 722-9800, Ext. 224.
INFO/CARD #127.

New Amplifier Guide Book

The entire line of microwave GaAs
FET amplifiers is described in a new
20-page Guide Book just published
by The Narda Microwave Corporation.
Introductory technical data pages
provide an overview of Narda's
amplifier features, their key char-
acteristics and examples of special
amplifiers built by Narda. Detailed
specifications and outline drawings
are presented for the company's
complete product line which includes
a large selection of inventoried
amplifiers, tested and stocked for
immediate delivery.

s ~  MICROWAVE
GaAs FET
AMPLIFIERS

‘ el N
— r
B s o
€ =
Sl Euarda

Narda’s low-noise thin-film GaAs
FET amplifiers span the frequency
spectrum from 2 to 18 GHz. The
standard product line specializes in
broadband octave and multi-octave

(Continued on page 45.)
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(Continued from page 42.)

amplifiers for use in Electronic
Warfare Systems as well as narrow
band amplifiers for use in Radar,
Telecommunications and Telemetry
applications.

Contact The Narda Microwave
Corporation, 75 Commercial Street,
Plainview,NY 11803;(516) 349-9600.
Circle INFO/CARD #128.

20 Watt 2-Way Power Divider

A high power resistive power
divider for stripline has been an-
nounced by KDI Pyrofilm. The PPD
20-2 has been developed for use in
leveling loop applications. It has the
advantage over directional couplers
or transformer type dividers by pro-
viding an improved source match,
flat tracking between outputs and
operating in the DC t0 2.5 GHz range.
The PPD 20-2 performs at power
levels up to 20 watts with an effective
source VSWR of 1.10:1 maximum.
The price for the quantity of 1-9
pieces is $49.75 each with delivery
from 4-6 weeks.

&

Send for KDI Pyrofilm Technical
Bulletin No. 6, KDI Pyrofilm Corpora-
tion, 60 South Jefferson Road,
Whippany, NJ07981;(201) 887-8100.
Circle INFO/CARD # 126.

Connector Shielding
Flange Gasket

A connector RFI/EMC shielding
flange gasket with adhesive back for
simple installation has been intro-
duced by ITT Pomona Electronics,
Pomona, California.

Available in two styles, model 4780
fits standard BN/BNC flanges. Model
4795 fits standard type “N” and UHF
flanges. Both feature monel fibers
for positive electromagnetic shield-
ing.

ITT Pomona Electronics manu-
factures electronic test accessories
including banana plugs, jacks and
patch cords, test clips and molded
accessories.

ITT Pomona Electronics, 1500 E.

r.f. design

|
|

Ninth Street, Pomona, CA 91766; (714)
623-3463. INFO/CARD #124.

Alkaline and Mercury
Battery Packs

Multiplier Industries Corp., a
leading manufacturer of batteries for
use in the communications industry
has introduced alkaline and mercury
battery packs for the Slimline and
Omnimodels of the Motorola HT200,
HT220, and MT500 transceivers.

These moderately priced batteries
are direct replacements for use with
Motorola, Regency Radios, RF

Communications, Aerotron, Sonar
Radios, Leacom, Public Systems,
Multitone, Cook and other trans-
ceivers.

Alkaline and mercury batteries
are engineered to deliver extended
capacity and can be stored for long
periods with little loss of rated capac-
ity.

Batteries are in stock and can be
shipped next day.

Multiplier Industries Corp.,, P.O.
Box 29, Mount Vernon, NY 10550.
(914) 699-0990. INFO/CARD #123.

EMP/EMI Protection

“Solutions for Survivability” is the
apt title of the new 4-color brochure
published by Chomerics, Inc. Pro-
viding an historical perspective of

LOW PASS

Coaxial Low Pass Fitters '
provide the highest possibie

insertion 10ss 1n a compact

package. The chosen

component values result in

the widest range of cut-off
frequencies available in

industry today.

POWER LINE

Designed to fiiter a broad
spectrum of frequencies
ranging from 10 KMz to 10
GHz, maintaining a
RFVEMI Free Supply line to
your system. Availabie inC,
“PI", “T", or “L” networks to
match your system
impedance.

HIGH

FREQUENCY /
Small, efficient economical
filters designed to operate
as low as 1 MHz. With the
increasing use of logic lines, &
these components can offer /

filtering of the desired
transmission. Operating
weil into the 15 GHz region
and at extreme temps.

“D" Connectors in all contact

EMI
FILTERS

TNC and BNC

Designed for audio signal
lines, these in-line filter
assemblies elminate EMI
from entening sensitive
circuits.

7.
-~

FILTER
NETWORKS

ERIE has expertise in the
design and production of
custom black box filters for
use in hi-rel military (ar, sea
and land) aerospace and
industriat applications.

FILTER “D”
CONNECTORS

ERIE offers a complete fine
of modified MIL-C-24308

arrangements and many
filter styles.

Write for EMI Filter catalog S001.

| muRtata 312

MURATA ERIE NORTH AMERICA, INC.
Trenton, Ontario, Canada K8V 551:613-392-2581
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the advancing state-of-the-art, this
brochure describes the family of
materials that provide solutions for
shielding against the effects of EMP,
EMI, RFI, Tempest, lightning, static
discharge and radiation.

Chomerics is a specialty chemical
company which develops and manu-
factures engineered materials and
laminates to solve electronic pack-
aging problems. In addition to offering
EMP hardening, these materials
typically are used for electromagnetic
shielding, grounding, insulating,
heat dissipating, sealing and inter-
connecting. INFO/CARD #122.

Brochure Describes ATE
Compatibility of Sweep
Generators

Key features of a new family of
sweep generators that are designed
especially for the ATE market are
describedin anew 18-page brochure.
The programmability of the WILTRON
6600 Series is demonstrated by a
complete listing of the mnemonics
recognized by the sweep generator.
Also included is a sample program,
written for the Model 85 controller,
that shows how the mnemonics
are used. Graphics illustrate ATE
applications and the benefits of
the programmability. Performance
characteristics that exceed those of
previously available sweepers and
make the 6600 particularly well suited
to ATE systems include frequency
accuracy, stability, and spectral purity.

For ATE Systems:

. The Series 6600
Programmable Sweep Generator
10 MHz—40 GHz
and 560 Sealar Network Analyzer

Also included in the brochure are
important features of the 560 Scalar
Network Analyzer, the natural
component to the 6600, that are
useful to designers. Descriptions of
alternative data transfer modes and
mnemonics demonstrate the cap-

46

ability to control all aspects of data
collection.

Contact Walt Baxter, WILTRON
Company, 805 East Middlefield Road,
Mountain View, CA 94043. (415)
969-6500, TWX: 910-379-6578. Circle
INFOICARD #121.

3.7 -4.2 GHz Power Divider

Engeimann Microwave Company
has announced the availability of a
new 16 way isolated stripline Power
Divider, covering the frequency range
of 3.7 - 42 GHz. Model D1634M
provides a minimum output isolation
of 20 dB, between adjacent boards
with typical isolation figures as high
as 25 - 30 dB. The model D1634M
can be used either as a Power Divider
or Power Combiner with a maximum
VSWR of 1.25 in either case.

The total passive insertion loss is
1.2 dB maximum and a typical ampli-
tude balance over any 40 MHz band
width is less than .01 dB. The full
frequency band amplitude balance
is £0.3 dB. Phase symmetry of
balance is maintained over the full
frequency band within £4° maximum.

Model D1634M is intended for
commercial applications, but is
fabricated to complete Mil specifica-
tions including a temperature range
of —55° to +125°C, and power
handling capabilities up to 50 watts
CW, 3 kw peak.

Pricing in small quantities is $275
per unit and delivery is guaranteed
from stock. Alternate models with
the same specifications are available
with type N female nickel plated
connectors.

Contact Mr. Carl Schraufnagl,
Engelmann Microwave Company,
662 Myrtle Ave., Boonton, NJ 07005,
or call (201) 334-5700. Please circle
INFO/CARD #125.

Variable Linearity Coil

Prem Magnetics, Inc. has intro-
duced a new variable, magnetically-
biased linearity coil for TV, computer
terminal and word processing termi-
nal applications. The patent-pending
design consists of a pair of stationary
magnets mounted on ends of a coil
and core assembly. A rotatable

z
'

magnet is mounted in proximity to
one of the fixed magnets, providing
an adjustable mahnetic field. This
simplified construction of a readily
adjustable linearity coil provides an
improved linear display on CRT
screens. Write or call Prem Mag-
netics, Inc, 3521 N. Chapel Hill Road,
McHenry, IL 60050. (815) 385-2700.
INFO/CARD #120.

1ISO2-CMOS
DTMF Generator

These monolithic integrated
circuits, manufactured by Mitel Semi-
conductor, are pin and functional
replacements for the industry
MK5087/89/91 types.

Packaged in 16 pin or 18 pin
DIPs, these IC's operate between
2.7 Vand 10 V, and take less than 1
microamp of standby supply current.
Inputs from either 2-of-8, or Class A
single-contact push-button keyboard
are converted into a mixed tone
comprising of 2-of-8 possible fre-
quencies, each representing a
column or row of the keyboard.

The Reference oscillator is com-
pleted by an external 3.58 MHz
crystal, and auxiliary control input/
output options are Mute output, Tone
disable input, Transmitter switch
output, single tone inhibit input, any
key down detect output.

The output tone, regulated or
unregulated, is driven by an open
emitter bipolar transistor except in
the case of the MT5091 (18 pin
version) which has an on-chip uncom-
mitted bipolar driver. This feature
facilitates external addition of
discrete filtering components neces-
sary to meet the European CEPT
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Harmonic distortion recommenda-
tions.

In addition to DTMF signalling
telephone sets, other applications
for these devices includes mobile
radio transmitters, remote control or
information terminals.

Contact L. Thurlow, Product
Marketing Manager, Telecommun-
ications ICs, Semiconductor Market-
ing, Mitel Corporation. (613) 592-5280.
INFO/CARD #119.

Digital Squelch Reader

The DSR-100 decodes digital
coded squelch signals and presents
the number on a LED three digit
readout. It includes an indicator light
that lights when the turn-off code is
received. The DSR-100 also provides
a synchronizing pulse to permit
oscilloscope observation of the
digital code train. This permits use of
an oscilloscope in the analysis of
problems in Digital Squelch systems.

The unit functions with the popular
digitally coded squelch systems
having a 23 Bit continuous code
stream, 3 digit Octal ID number and
data rate of 134 Bits persecond. The
DSR-100 will operate over an input
voltage range of 15 mV to 10 volts
Peak to Peak.

Delivery on the DSR-100is 2to 3
weeks ARO. The price is $329.
Contact Helper Instruments Com-
pany, P.O. Box 3628, Indiatlantic,
FL 32903; (305) 777-1440. Please circle
INFO/CARD #118.

High Frequency Piston
Trimmer Capacitor

The OXLEYR range of high fre-
quency piston trimmer capacitors,

-
(.

type PT6/- has been extended to
include devices having values of C
max up to 29 pF in a variety of
mounting styles compatible with
accepted international patterns.

The Trimmers feature a unique
construction with the inherent hydro-
phobic nature of the PTFE dielectric
guaranteeing improved performance
even in severe environments.

Excellent mechanical stability
and resistence to soldering operations
is provided by the low aluminia insul-
ation and proprietary HMP solder
bonding.

Qualification Approval for military

gapplications against BS9093 F0022
in progress.

Contact Oxley Inc., 6290 Sunset
Blvd./Suite 1126, Los Angeles, CA
90028. (213) 4635120, TWX 910
3212903. INFO/CARD #117.

Hand-Held
Digital Multimeter

Weston Instruments, the Newark,
NJ manufacturer of test instrumenta-
tion and panel meters, announces a
new Hand-Held Digital Multimeter,
part of the “Roadrunner ADMM”

Low-Cost Housing

AVAILABLE IMMEDIATELY - Sturdy, one-room

dwelling, excellent shielded accommodations for your
RF circuit, from 1.15 x 10°7 acres. Full front and
back door access. All fixtures included: hardware,
mounting clips, connectors, DC feedthrus, self-
adhesive blank labels, captive nuts. Optional RFI
gasket, groove pins. Many extras. Twenty-six standard
MODPAK models to choose from or will build to suit.
Investigate these package deals starting at $11.35. No
appointment needed. Call or write for MODPAK
catalog.

Adams [ §Russell

MODPAK DIVISION

1980, Adams-Russell
80 Cambridge Street o Burlington ¢ MA 01803 (617)273-3330 * TWX 710 332-0258
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family. This Model 6120, designated
“Roadrunner II"” includes all of the
standard Roadrunner audible multi-
meter features, and a combination of
new functions unavailable in any
other hand-held DMM.

The basic measurement functions
include voltage to 100 VDC, 750
VAC, current to 200 mA DC and AC,
and resistance to 20 megohms. Basic
accuracy is £0.1 percent.

The unique, audible test function
featured in this instrument family
operates with very precise thresholds
to check both ohms and volts values
quickly, for testing semiconductors,
checking continuity, and for many
other troubleshooting functions in
the field.

Contact Catherine Gessner, Weston
Instruments, 614 Frelinghuysen Ave.,
Newark, NJ 07114; (201) 242-2600.
INFO/CARD #107.

Miniature Phase Locked
Oscillators

RFD, Inc. manufactures a series of
Phase Locked Oscillators that cover
the frequency range of 0.4 to 5.2
GHz. The sources are fundamental
frequency devices, utilizing a high Q
stabilized oscillator. RF power out-
put of standard units is +20 dBm
between 0.4 and 2.0 GHz and +13
dBm between 2.0 and 52 GHz.
Internal reference stability is +0.003

— - —

percent over the operating tempera-
ture range of 0 to +50°C. Units may
be supplied to operate on either an
internal or external reference with
automatic switch over between the
two. Harmonics are specified at —20
dBc and spurious at —80 dBc¢. Power
supply requirements are either
positive or negative (12 to 28 VDC) at
150 mA typical. Options include lock
limit alarm, custom mounting, opera-
tion from —30 to +70°C and higher
RF output powerupto+26 dBmfrom
0.4t02.0GHzand+16 dBmfrom 2.0
to 5.2 GHz. Overall size is 1.25" X
2.25" X 2.25" excluding projections.
Delivery is 10 weeks.

Contact RFD, Inc., 5024 Nassau
Street, Tampa, FL 33607. Please circle
INFO/CARD #116.

10 Microsecond
Frequency Synthesizer

Zeta Laboratories’ Model 6802
direct frequency synthesizer covers
750 to 1000 MHz in one MHz steps
with +15 dBm output. Switching
time is 10 microseconds; spurious
outputs are less than —50 dBc and
harmonics less than —25 dBc. Phase

noise measured in @ one Hz band-
widthis =75 dBc at 100 Hz, —85 dBc
at 1 kHz and —100 dBc at 100 kHz.

Inputs are a 10 MHz reference,
which establishes the long term
stability, +28 and +5 volts, and TTL
compatible, BCD commands on 10
lines. Size is 40 cubic inches.

Contact Zeta Laboratories, Inc,
3265 Scott Blvd.,, Santa Clara, CA
95051. (408) 727-6001, TWX 910-
338-7336. INFO/CARD #105.

Susceptibility-Testing
Antenna

By treating the shielded test room
as a cavity and taking on the role of
cavity exciter, the AT2000
CAVITENNA™ radiator from Amplifier
Research succeeds in handling high
power inputs and providing high-
intensity fields while taking up one-
quarter the space of a comparable
log-periodic antenna. The system

will handle up to 1250 watts from 30
to 1000 MHz, with maximum power
inputs of 3500 watts at the lower end
of the spectrum (30-250 MHz) and
2000 watts in the center portion
(250-500 MHz).

At rated power, the CAVITENNA
system will generate fields that peak
at well over 600 Volts/imeter in the
200 MHz region.

The CAVITENNA radiator is unique
in that it is not intended as a free-
space radiator, but is designed spec-
ifically for the cavity-like environment
of the shielded rooms used for RFI
and EMI testing. The new system
uses a wall or ceiling of the room as
its ground plane, providing very-wide-
bandwidth performance in a small
package.

The new CAVITENNA radiator is
less than four feet long, while a
comparable log-periodic antenna for
30 MHz operation would require at
least a 16-foot span.

Further information and complete
specifications, including the results
of tests conducted in a typical
shielded room, are available from
Amplifier Research, 160 School
House Road, Souderton, Pennsylvania
18964. (215) 723-8181. Please circle
INFO/CARD #115.

New Vectorscope With
CRT Generated Targets

Leader Instruments Corporation,
of Hauppauge, NY, recently intro-
duced the Model 5850 Vectorscope.

Phase-amplitude targets are
generated by the CRT so that they
are illuminated and easy to see as
the vector points themselves.

Because the target boxes and
the vectors are both produced elec-
tronically, there is no error induced
by CRT aging. And because the

targets can easily be seen from afar,
even in a dimly-lit control room, a

simple coaxial switching system
permits one Vectorscope to be used
remotely to monitor several video
sources.

Phase and amplitude adjustments
are made more accurate by the
illuminated inner target display which

November/December 1981



represent error limits of +/—2.5° and
+/—2.5 IRE units. Two loop-through
inputs are included that can be selected
for display by front-panel push buttons.
A test circle pattern is also selectable.
The phase reference is chosen from
either of the two composite video
inputs, and one of these can be switched
to phase lock to a subcarrier unit.
Another front panel push button switch
selects either 100 or 75 percent satura-
tion levels. A gain control permits con-
tinuous adjustment as well as a detented
calibrated position and a phase control
allows you to rotate the display through
a full 360° circle. The unit is available
in a protective carrying case or is
compatible with the industry's standard
half-rack mounting configuration.

Contact Leader Instruments Corp,
380 Oser Ave, Hauppauge, NY
11788, orcall (516) 231-6300 or toll
free (800) 645-5104. Please circle
INFO/CARD #114.

Bench Attenuators
Cover DC To 2GHz

A new cost effective, high per-
formance series of Weinschel Engin-
eering Bench Attenuators cover the
DC - 2 GHz in six attenuation ranges
and steps. Models are available with
ranges to 140 dB and step resolu-
tions of 0.1, 1 and 10 watt average, 100
power rated at 1 watt average, 100
watts peak

Each is packaged in a convenient
bench type housing with weighted
base for stability.

Known as the 3050 Series they
exhibit low VSWR: 1.20 to 1.35 max-
imum depending on model; fre-
guency sensitivity of 0.1 t0 0.2 dB up
to 2 GHz and repeatability of less
than 0.1 dB over their 1,000,000
step life at +75°C. RF leakage is
greater than 85 dB below the input
level.

Contact Weinschel Engineering,
One Weinschel Lane, Gaithersburg,
MD 20877. (301) 948-3434. Please circle
INFO/CARD #113.

IC Packaging Panels
Catalog

The new 24-page Catalog P-81
from Electronic Molding introduces
EMC's state-of-the-art press-fit
connector backpanel system. Also
included: high-density Nurl-Loc®
boards and adaptors, as well as
EMC Wire-Wrapping capabilities.
Copies of the catalog are available
from Electronic Molding Corp., 96
Mill St, Woonsocket, Rl 02895.

Circle INFO/CARD #108.

r.f. design

Coaxial Cable
Assemblies Catalog

An 18-page catalog features a full
line of coaxial cable, coaxial adapters,
coaxial connectors, coaxial termin-
ations and coaxial cable assemblies.
Pricing on over 1,000 standard cata-
log items as well as technical speci-
fications are included.

Contact Pasternack Enterprises,
22017 Bushard St., Huntington
Beach, CA 92646. (714) 962-9306.

Circle INFO/CARD #111.

35 Nanosecond
8 And 16 Ampere Rectifiers
In TO-220 Package

Motorola Rectifiers is expanding
its Switchmode Power Rectifier

product offering to include ULTRA-

FAST devices with 35 nanosecond
recovery time. These are the first of
many products in this category and
are available in both single (8 ampere)
and dual chip (16 ampere) config-
urations. They are packaged in the
popular TO-220 package and have
an operating junction temperature
of 175°C.

These new Switchmode power
rectifiers, which have the major para-
meters characterized in the following
table, will see primary usage in
switch power supplies with greater
than 5 V outputs. Motorola’'s volume
TO-220 production capability will
allow these devices to be offered at
very low introductory prices.

The new ULTRAFAST power recti-
fiers are also designed for use as
inverters and as free wheeling diodes.
Their faster switching allows these
devices to operate more efficiently.

Forward voltage is very low. . .less
than 0.85 V at 8 amps, TC = 150°C.
The low leakage current of less than

250 uA at 150°C allows safe operation
without fear of thermal runaway.

Contact Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoenix,
AR 85036. INFO/CARD #110.

Low-Cost Multimeter
Comes In Kit Form

A precision hand-held 3'%-digit
multimeter in quick assembly kit
form has been introduced by Tomar
Ltd. of San Jose. The compact instru-
ment is intended for field and labor-
atory use, and is designed around
the industry-standard ICL7106 A/D
converter integrated circuit from
Intersil, Inc. Price of new DMM813 is
$49.95 in kit form or $54.95 fully
assembled.

The DMM813 meter features
measurement functions which in-
clude DC voltage, AC voltage, DC
current and resistance. Readout is
on a % inch liquid crystal display,
and includes parameter and polarity
indication and low battery warning.
All functions are protected against
overload by a diode-transistor
network

Contact Tomar Ltd.,, 6322 Mohave
Dr., San Jose, CA 95126. (408) 997-
7685. INFO/CARD #109. =]

rf millivolter
by HELPER
INSTRUMENTS

Model RF-801

An RF Voltmeter with
the traditional HELPER quality
at a realistic price.

® FULL VOLTAGE RANGE
300 Microvoits to 100 Volts

® FULL FREQUENCY RANGE

Beyond 1 Gigahertz

¢ UNIQUE PROBE DESIGN
Permits low inductance ground
connection for repeatable accurate
measurements. New Tetion’
tip extender

® LESS THAN 2 PICOFARADS

Circuit 1oading in any
measurement mode

AVAILABLE FROM STOCK AT:

HELPER INSTRUMENTS COMPANY

305/777-1440 P. O. BOX 3628
INDIALANTIC. FLORIDA 32903

INFO/CARD 17
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Dual, ultra Low Noise FET CD860

3 1VDD+

o

vDD -

switches for

SOLID STATE SWITCHES

Series A64 are ultra wide band PIN diode solid state

transfering both low and high level signals
with negligible distortion, high isolation, and minimum loss.

This dual FET is designed for low level amplifiers IV ailableRTorby I aE S andy Ut

with input noise voltage typically 1.4nVV'Hz at
1 kHz. Device has min. Gm of 25,000 uMho per
side, assuring voltage gain of 25 min. with 1K drain
load. The 10mA operating point is easily held due to
low pinch-off voltage, as source follower, CD860 has

* =900 MKz R Instruments
* RI© Amplitiers

* RF Comparators

* RF Analysers

* |Impedance Transformers
* limpedance [3ridges

* Precision Terminations
* Directional Couplers
*Available 50 or 75 ohm

typical output impedance of 24 ohms. Gm is matched
to +5% and VPO to +25mV.
f WIDE BAND EMNGINEERIMG COMPANY, INC.

“a™TELEDYNE | Phocmin, AZ. BS03% . Phone (602) 2511370
CRYSTALONICS | Select Mimployment Oppor tunities Available
147 Sherman St., Cambridge, MA 02140 | Contact S. Ticknor
Tel. (617) 491-1670 ® TWX: 710-320-1196
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Texscan's XR1500...A sweep
generator with a difference.

Compare the XR-1500 with other sweep generators in its class. We
think you’ll come to the conclusion that the XR-1500 stands alone in
performance at a competitive price.

The XR-1500 offers excellent stability with low residual FM. Its’
unique phase lock feature allows for sweep testing of devices with
less than 10 KHz bandwidth with ease and accuracy.

An internal crystal marker system provides + 0.005% frequency
accuracy.

Exceptional flatness and precision built-in RF attenuation provide

relative amplitude measurement accuracy of + 0.1 db over narrow
frequency ranges and + 0.5 db over the full 1500 MHz range.

The XR-1500 also performs all the conventional sweep generator
functions, such as transmission and reflection response of wide
band components, amplifiers, filters and other devices.

Call us today and ask
about our fast delivery.

Texscan

Texscan Corporation Texscan Instruments Limited GMEBH ‘
a4 Av Northbridge Rd

iy D'5000 M.
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AILTECH 7175
Triggerable

Gas Noise Generator
Power Supply

AILTECH 7514 Precision Automatic
Noise Figure Indicator
(PANF)

AILTECH 7618 Broadband, Precision

Solid State Noise Generator,

1 GHz to 18 GHz.

The Measure

of Excellence
Advances with New
AILTECH Noise
Measurement
Instrumentation.

Eaton introduces new advanced

technology AILTECH Instruments
to solve your problems in receiver
and amplifier noise measurement.

SIMPLICITY AND ACCURACY

The AILTECH 7514 Precision Automatic
Noise Figure Indicator (PANFI), the newest
member of Eaton Corporation's highly
regarded line of receiver noise
instrumentation, provides fast, direct
reading indications of noise figure, with
tracking accuracies better than +0.1 dB —
and with the 09 option offers front panel
selectable multiple I.F.’s.

BROAD FREQUENCY COVERAGE

If your application straddles traditional
frequency bands, the AILTECH 7618 Solid-
State Noise Generator may be your
solution. This single unit covers 1 to 18
GHz, with excess noise ratio worst case
uncertainties as good as +0.25 dB.

HIGH ACCURACY

The AILTECH 13611 Precision Test
Receiver provides accurate means for
traditional Y-factor measurements to
better than +0.04 dB.

MEASUREMENTS TO 40 GHz

The AILTECH 7175 Triggerable Gas Noise
Generator Power Supply provides for
automatic measurements to 40 GHz using
microwave gas-discharge noise
generators.

AILTECH 13611
Precision Test Receiver

Put our many years of experience and
proven expertise in receiver noise
measurement to work for you. For free
consultation or additional information on
the compiete line of AILTECH Noise
Measurement Instruments, please write
or call:

Eaton Corporation

Electronic Instrumentation Division
5340 Alla Road

Los Angeles, CA 90066
213/822-3061

Circle 21 for equipment demonstration
Circle 22 for literature
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Advanced
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