






























































RF'industry insight

Test Equipment Trends —
Processing Power and Automation

By Gary A. Breed
Editor

Recent demonstrations of new test
equipment products make two points
clear: 1) more power is being put into
each box, board or module; and 2)
greater access to the units for control
and communication is deemed neces-
sary. These enhancements to perfor-
mance and productivity offer design, test
and service personnel greater capabili-
ties, but they require special attention to
“human engineering” to avoid making
instruments difficult to use due to over-
complexity.

Control and Communications

Microprocessor and standard commu-
nications buses make test instruments
more accessible to the rest of the engi-
neering environment. Extensions to the
|EEE-488/GPIB bus have increased its
capability, and the continuing growth in
VX1 bus instrumentation systems is an
example of reliance on communications
among the various test, analysis and
record-keeping functions.

On a smaller scale, local setups can
be controlied by the internal processor
that may be in one or more of the instru-
ments used. For example, Hewlett-
Packard has optional IBASIC controlier
software, external keyboards, and sim-
plified programming capabilities to elimi-
nate the need for a dedicated controller.
Tests can be coordinated among vari-
ous instruments and collected for net-
work collection or diskette storage.

At the single-box level, screen display
interfaces to plotters and printers allow
hard-copy communications with greater
ease than ever. The iFR 8000 Spectrum
Analyzer, for example, has an internal
controller that is essentially a PC, allow-
ing standard interfaces to peripheral
devices. Preset test sequences let engi-
neers run standard tests without having
to set them up each time. Anritsu-
Wiltron has also done extensive work in
developing test and analysis software
for key applications for their 360 network
analyzer.

Processing Power
Inside the latest generation of high
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performance test instruments is real
computing power using both micro-
processor and dedicated digital signal
processing (DSP) components. Mathe-
matical manipulation of measured data
allows quick decisions instead of post-
test analysis. Limit lines, frequency and
bandwidth computations and searches
for predictable harmonic and spurious
responses save considerable operator
time. Fast Fourier Transform (FFT)
analysis in DSP allows precise time-
and frequency-domain analysis. The
availability of computing power has cre-
ated fast frequency counters, which
measure the period of each cycle of a
waveform instead of the conventional
many cycles per unit time.

In signal generating equipment, pro-
cessing power allows for compiex mod-
ulation that is completely arbitrary (with-
in the limits of the digital architecture
used). Spread spectrum signals, com-
plex vector modulation, video, chirp and
pulse formats are all available in a sin-
gle instrument. Multiple tests can be
performed under computer control with
fewer instruments.

High precision digital processing
requires analog circuitry that is better
than ever. High dynamic range front
ends, low distortion amplification, low
noise, fast frequency synthesizers and
optimal filtering are all essential in the
analog portion of digitally- enhanced test
equipment. This combination of tech-
nologies has led to rapid advances in
the performance of RF test equipment.

A logical follow-on is greater integra-
tion of instruments, computers, con-
trollers and accessories. This is espe-
cially important in automated test sys-
tems, where instruments must be com-
patible with a common controller. Devel-
opment of instruments for the VXI bus is
primarily aimed at automated test sys-
tems. VX! bus products are generally
smaller, and can be combined into a
compact test package, saving rogm on
the manufacturing floor when used in
production testing. Racal-Dana, Hewlett-
Packard, EIP Microwave, Gigatronics
and others continue to invest in VXI bus
products.

PC-based instrumentation is begin-
ning to increase. General purpose
instruments such as voltmeters, data
acquisition systems and low frequency
oscilloscopes have been around for
some time, but few RF products have
been available until recently. Among the
most complex PC-card instruments is
the Morrow Technologies 9052 spec-
trum analyzer that has high performance
specifications and plenty of operating
features. Inline Components offers an
HF receiver card with full programmabili-
ty for surveillance and other applica-
tions. Also offering PC-card products
are Pole-Zero with hopping filters, and
Guide Technology, which offers fast fre-
quency counters.

Equipment Cost Trends
Competition and customer demand
has led to an interesting situation —
many features and processing power
are being added without increasing the
cost over previous models. In some
cases, prices are being reduced as per-
formance edges ahead. Some of this
new-found value is in response to a
slow economy, but it is also partly a
result of competition. Economy instru-
ments have improved, closing the gap
between themselves and the bottom of
the premium instrument lines. At the
same time, the state-of-the-art has been
advancing for the most critical applica-
tions. This overall upward trend in per-
formance is helping instrumentation cus-
tomers keep their costs under control.
The instrumentation industry has been
significantly affected by the economic
downturn of the past few years. Test
equipment is part of a customer’s capital
budget, which has been cut drastically
at most firms. Only by offering more per-
formance at the same or lower cost can
instrument makers entice their cus-
tomers to fight for extra test equipment
budget dollars in a tight economy.  RF
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RF featured technology

Simulating Lossy
Transmission Lines With PSpice®

By Walter Banzhaf, P.E.
Ward College, University of Hartford

MicroSim Corp. has added a lossy
transmission line element to its analog
circuit simulator PSpice, allo wing attenu-
ation and dispersion to be included in
circuit simulations. This now makes
PSpice, an established tool for the ana-
log circuit designer, a powerful software
package for the RF circuit designer.

The Berkeley SPICE analog circuit
simulator, in addition to basic circuit
elements (independent and dependent
voltage and current sources, resistors,
capacitors, inductors and semiconduc-
tors) includes a transmission line circuit
element which is lossiess. While this is a
reasonable approximation for physically
short lines, such as those that might be
found within an integrated circuit or on a
small circuit board, for many other appli-
cations the transmission line loss and
dispersion must be included if circuit
behavior is to be predicted accurately.
MicroSim Corporation, which developed
PSpice, included the capability for
describing a lossy transmission line in a
recent release (1) (Version 5.1, January
1992).

When a circuit simulation is done, an
input file is submitted to SPICE or
PSpice which describes all circuit ele-
ments and the kind of analysis desired.
The location of circuit elements is done
by specifying the numbers of the circuit
nodes to which it is connected. The type
of element is indicated by the first letter
of the element name: resistors begin
with R, capacitors with C, and transmis-
sion lines with T. In order to describe a
lossless transmission line to SPICE (or
PSpice), an element line must be added
to the input file. The element line would
look like:

T_STUB 5 0 12 26 Z0=72 F=50MEG NL=0.5
T_STUB 5 0 12 26 Z0=72 TD=10E-9

The two element lines above are equiv-
alent and describe the same line; the
first locates the input of lossless trans-
mission line T_STUB between nodes 5

and 0, the output between nodes 12 and
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26, and describes a line with a charac-
teristic impedance of 72 ohms which at
50 MHz has an electrical length of 0.5
wavelength. The second element line
expresses the line length by using its
delay time of 10 ns.

A transmission line with loss can be
described to PSpice in a similar way;
however, instead of specifying the char-
acteristic impedance, the primary line
constants, R (loss per meter), L (induc-
tance per meter), C (capacitance per
meter) and G (conductance per meter)
must be given along with the physical
(as contrasted with electrical) length of
the line. An element line for a lossy
transmission line wouid look like:

T STUB 5 0 12 26 LEN=3.048 R=2 L=.3U
+ G=50U C=120P

This line is 3.048 meters (10 feet) long,
and has primary line constants of 1.665
ohms, 0.3uH, 50 uS and 120pF per
meter. The plus symbol (+) in the sec-
ond line makes it a continuation of the
first line. Notice that the characteristic
impedance, attenuation and electrical
length are not explicitly stated. The next
section will illustrate how to derive pri-
mary line constants from transmission
line data supplied by manufacturers.

Data about a transmission line
obtained from manufacturers’ literature
(2) often includes the characteristic
impedance, the capacitance per foot,
and the attenuation in dB per 100 feet.
For example, for an RG-58C coaxial
cable, Z, is 50 ohms, C is 30.8 pF/it,
and at 100 MHz, loss is 4.9 dB/100 ft. In
order to describe a lossy transmission
line to PSpice, the primary line con-
stants (R, L, G and C) must be extracted
from the data above. The first step is to
convert C to pF/meter by multiplying by
3.2808, resulting in C = 101 pF/m. Since
for high frequencies (3) Z, = ./(LIC), L
can be found from:

L = Z,%(C) = 50%(101x10712) M
= 0.2526 nH/m

The loss of 4.9 dB/100 feet can easily
be converted to 0.1608 dB/m (by divid-
ing by 30.48), which in turn is 0.0185
neper/m (1 neper = 8.686 dB). When a
transmission line is operated at high fre-
quencies, (valid when wlL>>R and
oC>>G) an approximate expression for
transmission line loss, «, in neper/m, is:

(4)
o =R/(2Zy)+G(Z, / 2) @)

In the absence of detailed knowledge
about skin effect losses and dielectric
losses, one way to convert this loss to
the primary line constants R and G
involves making an educated guess.
Since most of the loss of a coaxial trans-
mission line at high frequencies comes
from the resistance of the center con-
ductor (R) (5), as an approximation 90
percent of the loss can be assigned to
R. This is reasonable, as the dielectric
losses are small compared to the con-
ductor losses for most transmission
lines up through microwave frequencies
(5). Thus, 0.9(cr) = R/(2Z,), and R can
be found from:

R = 0.9(a)(2Z,)
~0.9(0.0185)(2)(50) ~ 1.665 Q /m (3)

Similarly, if the remaining 10 percent of
the loss is assigned to G, 0.1(«a) =
G(Zy)/2, and

G~ 0.12)(e) / Z,
=0.10.0185)(2) /(50) = 74 pS/m (4

A more analytical method which will give
the R and G constants for a transmis-
sion line requires that the ioss tangent of
the dielectric, 8, be known at the operat-
ing frequency. For high frequency oper-
ation, the relationship between & and G
is (6):

G = wCtand (5)
For RG-58C, which has a solid polyeth-

ylene dielectric, the loss tangent is
approximately 0.0002 at 100 MHz (7).
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Once § is known, G can easily be found,
and then R can be determined. To illus-
trate how to use this method, at 100
MHz:

G = 21(100 x 10%)(101x 107"?)
tan(2x10™) =12.7 uS/m 6)

Since a = R/(2Z,) + G(Zy/2), and o was
found previously to be 0.0185 neper/m,
the equation can be rearranged to give
R:

R=[a-G(Z,)/2)(2Z,) = 2Z,0. - GZ,?

R = 2(50)(.0185) — 12.7 x 107°(50)° 7)
=182 Q/m

The results for R are close for the two
methods, while the results for G differ
considerably. However, since the effect
of the G parameter is quite small com-
pared to the R parameter, often the sim-
pler method where 90 percent of the

i win [E (El]

Figure 1a. Matched line fed by AC
source.

EXAM1.CIR

VIN 1 0 AC 2
RIN 1 2 50

* Units below are per meter,

* determined from manufacturer’s data.
TL 2 0 3 0 LEN=30.48 R=1.665

+ L=.2526U G=74U C=101P

RL, .3 ©0 50

LAC LIN 21 B8O0OMEG 120MEG

Lossy RG-58C, Sinusoidal Input

. PROBE
. END

Figure 1b. PSpice input file
EXAM1.CIR.

Figure 1c. PSpice analysis results
for EXAM1.CIR.
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loss is attributed to R and 10 percent is
attributed to G gives satisfactory results.
Once the primary line constants have
been determined, the lossy transmission
line, at 100 MHz, can now be described
to PSpice. This will be illustrated in
Example 1, below, using the parameters
obtained with the simpler method.

Example 1:
Matched Line At 100 MHz

A 100-foot length of RG-58C will be
described to PSpice as a lossy trans-
mission line, terminated by a matched
load, connected to a sinusoidal source
which is varied from 80 MHz to 120
MHz. Figure 1a is the diagram of the cir-
cuit, with node numbers shown. Note
that the generator has a 50 ohm output
impedance and an open-circuit voltage
of 2 V. The input file which describes the
circuit is shown in Figure 1b, where the
primary line constants (R, L, G and C)
are given along with the length (30.48
meters, or 100 feet).

The PSpice analysis results, Figure
1c, show that the load voltage, V(3), is
constant at 569 mV as the frequency
varies from 80 MHz to 120 MHz. If the
line were lossless, the load voltage
would be 1 V. The line loss, given by
20(log(1V/.569V), is 4.90 dB, which
agrees with the original manufacturer’s
data at 100 MHz. It should be noted
here that the parameters R and G,
which determine the loss of the trans-
mission line, are constants to PSpice,
whereas in reality they increase with fre-
quency (R varies with the square root of
frequency, and G varies linearly with fre-
quency) (8).

Example 2:
Pulses On A Matched Line

A 100 MHz pulse train is fed into a
ten-foot length of RG-58C which is ter-
minated by a matched load. The circuit
is shown in Figure 2a, and Figure 2b is
the input file describing this circuit.
Notice that the length parameter, LEN,
is 3.048 (understood to be in meters),
equivalent to ten feet. Figure 2c shows
the pulses at the transmission line input
on top, and the pulses across the load
resistor on the bottom. A ten-foot length
of RG-58C has a propagation time of
15.4 ns, which can be seen as the time
delay between the first pulse occurring
at the input and the output. The output
pulses are slightly lower in amplitude
than the input pulses, due to line attenu-
ation.

Example 3: Z; , of
Unmatched Line at 100 MHz

Figure 3a shows a one amp sinusoidal
current source feeding a ten-foot lossy
RG-58C transmission line which is ter-
minated by a five ohm resistor. A one
amp current source is used so that the
voltage at the transmission line input is
the same as the input impedance of the
line. The load has a VSWR of 10:1,
which means that as frequency varies
the input impedance of the transmission
line can vary between a minimum of
5+j0 ohms and a maximum of 500+j0
ohms (if the line were lossless). The
impedances between 5+j0 ohms and
500+j0 ohms will be reactive, with a
non-zero imaginary component. The
input file describing this circuit is shown
in Figure 3b, and specifies that PSpice
perform an AC analysis at 201 frequen-
cies linearly spaced between 80 MHz
and 120 MHz.

The input impedance is presented two

Figure 2a. Matched line fed by
pulse source.

EXAM2.CIR Lossy RG-58C, Pulse Input
VIN 1 0 PULSE{(0 2 2N .1N .1N 1N 10N}
RIN 1 2 50

* Units below are per meter, determined
* from manufacturer’s data, at 100 MHz.
Ti 2 0 3 0 LEN=3,048 R=1.665

+ L=.2526U G=74U C=101P

RL 3 0 50

.TRAN .1N 30N

.PROBE

- END

Figure 2b. PSpice input file
EXAM2.CIR.

Figure 2c. PSpice analysis results
for EXAM2.CIR.
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Figure 3. Smith Chart display
screen.
the Smith Chart.

f) Real time changes in the impedance
transformation are displayed while indi-
vidual circuit elements are tuned. This
utility is provided to perform manual cir-
cuit optimization. A scalar display of
Input Return Loss is updated simultane-

0.33Q 10 3.0Q

280 Z"l:eﬁ:“ HZSn 20:5;0/:: }— 1000
Figure 4. Two different transmis-

sion lines normalized and plotted
on same Smith Chart.

2o = 8330 Zo = 500 100
Io]
280 260 =/

Figure 5. Transmission lines plot-
ted on separately renormalized
reflection coefficient planes.
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ously as an additional tool for optimiza-
tion.

RF engineers, who choose to use
Motorola’s RF Power Transistors in their
designs, can access the auxiliary data-
base. Included with MIMP are the input
and output impedances for many of the
RF power devices contained in Motoro-
la’s RF Data Book.

Program Description

Motorola’s Impedance Matching Pro-
gram (MIMP) is divided into three
screens: the impedance entry screen,
the circuit entry screen and the Smith
Chart display screen. A mouse is rec-
ommended for easy entry and manipula-
tion of data. However, there are key-
board equivalents for most of the mouse
functions. Pressing the ESC key or the
right mouse button cycles through the
impedance entry screen, circuit entry
screen and Smith Chart display screen
(after minimum data entry has been
completed). While in the Smith Chart
display screen, pressing both left and
right mouse buttons returns the operator
immediately to the circuit entry screen.

Hardware requirements are an IBM
compatible with 640k, an 80286 or high-
er and a VGA graphics adapter. A
mouse is recommended.

Impedance Entry Screen

To begin the program, change to the
directory in which MIMP.EXE resides.
This directory must also contain the fol-
lowing three files:

DEVFILE.ASC (This file is a listing of
the MRF devices and the location of its
associated impedance data in the
datafile.) DATAFILE.BIN (This file con-
tains the impedance information for
each device included in DEVFILE.ASC.)
HELVB.FON (This is a Microsoft C font
file.)

The program begins in the impedance
entry screen, which is separated into
four basic sections: the frequency table,
joad impedance table, source imped-
ance table and data entry keypad. The
first prompt requests the user to specify
the number of frequencies at which
source and load impedances will be
entered. Up to 11 frequencies can be
entered. If a standard Motorola device is
to be specified, the user is prompted to
press ENTER. (MIMP includes a data-
base of input/output impedances for
MRF, 2N, JO and TP devices.) Mouse
users may enter numeric data by point-
ing and clicking on the keypad display,
or numeric data may be entered from
the keyboard.

User Entry

The program first prompts the user for
the number of frequencies to be
entered. The program will only accept
values less than or equal to 11. (If zero
is entered, the program advances 1o an
standard device entry sequence; as
described later.) After the number of fre-
quencies has been supplied, each fre-
quency should be entered sequentially
starting with the lowest value. When the
last frequency has been entered, the
user is prompted to supply the load
impedance data for each frequency. An
option to specify 50 ohms is supported
by simply pressing ENTER. After all the
load impedance data is furnished, the
source impedance data is requested.
Again, there is an option to specify 50
ohms by pressing ENTER. (Parallel
equivalents are calculated and dis-
played for all impedances.) After the

Figure 6. Load and transformed
impedances plotted and real axis
impedances interpolated.

Figure 7. T'oymin determined via
renormalized I ;. /may
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the number or letter displayed in the
upper left hand corner of the box that
outlines the component. immediately
after a component is selected, the
numeric keypad is activated and the
user is prompted to enter the appropri-
ate component values. Inductors are
recognized in nanohenries; capacitors in
picofarads. If the user prefers to specify
the capacitive/inductive reactance,
press ENTER at the prompt. The pro-
gram then expects a reactance to be
provided (in ohms) at a specific frequen-
cy.

A transmission line is defined by its
characteristic impedance (in ohms) and
its electrical length (in fractions of a
wavelength). The electrical length needs
to be referenced to a specific frequency
(in MHz). Transmission lines may also
be classified in physical terms. Pressing
ENTER at the prompt causes the pro-
gram to request the conductor’'s width
and length. Whenever the first transmis-
sion line is selected (whether it is
defined in electrical or physical proper-
ties), the following basic microstrip infor-
mation is also requested: relative dielec-
tric constant, dielectric thickness and
conductor thickness (3). This infor-
mation is assumed to be the same for
all subsequent transmission lines and
is displayed in the upper right hand
corner.

Most CAD programs assume that a
capacitor has no width; i.e., it contacts
the circuit at a single point. As frequen-
cies increase, this assumption intro-
duces a significant error in circuit analy-
sis, particularly at low impedances.
Since a capacitor is typically mounted
on a transmission line, a significant
phase shift can occur across its width at
higher frequencies. (A 100 mil capacitor
can have an electrical width of 0.02 A at
1 GHz if mounted on Al,Q,). The error
can be reduced by modeling a capacitor
as a ‘distributed’ component. On most
CAD programs this involves subdividing
the capacitor and transmission line into
several smaller sections to comprehend
the collective capacitive effects and
transmission line transformation. MIMP
provides a component, called the distrib-
uted capacitor, which first prompts the
user for a capacitor value along with any
accompanying series lead inductance.
Next, it asks for the characteristic
impedance of the transmission line, on
which the capacitor is mounted. Finally,
the transmission line’s electrical length
(in fractional wavelengths) is entered for
that portion of the transmission line on
which the capacitor is mounted. MIMP
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Figure 8. Center and radius of
rescaled transmission line imped-
ance.

Figure 9. Remapping of constant
reflection coefficient circle from
one impedance to another (possi-
bly complex) impedance.

then calculates the combined effect of
the two.

After the circuit has been entered, the
user may proceed to the Smith Chart
display screen by pressing ESC or the
right mouse button. If the circuit requires
editing, elements may be removed in a
LIFO (Last In First Out) sequence and
new elements may then be entered if
desired.

Smith Chart Display Screen

The Smith Chart display screen is
separated into four sections: the Smith
Chart display, the menu bar, the nodal
impedance display and the scalar input
return loss graph.

The Smith Chart graphically displays
the impedances transformed by each
shunt or series element. These imped-

ances are represented by small X’s.
Each frequency is depicted by a differ-
ent color. If there are multiple series or
shunt elements, the combined effect of
all the elements is lumped together as
one element. Upon entry to the Smith
Chart display screen, the following
default conditions are set:

« The impedances at the lowest fre-
guency are interconnected.

» The conjugate of the source imped-
ance is shown as a yellow X encir-
cled by a —20 dB return loss circle.
(The conjugate is the desired trans-
formed impedance.)

« The Smith Chart is initially normalized
to 10 ohms .

» The constant Q arcs are set to 0.

* The nodal impedances are listed for
the last node.

« The first circuit element is selected for
tuning.

The menu bar allows the user to
select and fine tune circuit elements and
change display parameters. These
changes can be made with a mouse or
via the keyboard.

The nodal impedance display shows
the actual transformed impedance pro-
duced by each circuit element. Multiple
series or shunt elements are lumped
together. (NOTE: These are not really
nodal impedances. It is the transformed
circuit impedance, starting from the load
up to (and including) the selected ele-
ment.)

The return loss display shows (on a
scalar chart) how well the transformed
impedance matches the source imped-
ance. The reference return loss is indi-
cated by the yellow line on the scalar
display and the yellow circle on the
Smith Chart display. |f the source
impedance is frequency dependent, the
circles on the Smith Chart will be relo-
cated for each frequency. To eliminate
the circle; change return loss to a very
large negative number.

Pressing ESC or the right mouse but-
ton returns the user to the impedance
entry screen. Mouse users can press
left and right buttons simultaneously to
return directly to the circuit entry
screen.

MIMP's Smith Chart Plotting

The accepted practice, for plotting
impedance transformations on Smith
charts, requires that each circuit imped-
ance be first normalized to its respective
transmission line’s characteristic imped-
ance. Once normalized, the impedances
can be plotted (and transformed) on a

January 1993






similarly normalized Smith chart. Each
time a new transmission line is encoun-
tered in the circuit, the impedances must
then be denormalized using the old Z,
and renormalized with the new Z,
before additional graphical manipula-
tions can be accomplished. The normal-
ized Smith chart (typically 1 ohm)
remains unchanged with each new
transmission line transformation. This
results in a series of non-contiguous
impedance transforms whose visual
relationships have little or no value. See
Figure 4.

One of the unique features of MIMP’s
Smith chart display includes the ability
to have various transmission lines (with
different characteristic impedances) dis-
played together on one Smith chart.
Instead of constantly denormalizing and
renormalizing circuit impedances and
plotting them on the same normalized
Smith chart, the reflection coefficient
(RC) plane (for each transmission line
transformation) is renormalized instead.
The locus of points, representing the
transmission line’s impedance transfor-
mation, is remapped into this new plane.
The origin of the RC plane is reposi-
tioned along the real axis and the mag-
nitude of the RC is rescaled. In effect, a
2nd Smith chart (of an adjusted size) is
overlayed on the original Smith chart.
(This can be visualized in Figure 5.)

This approach permits multiple trans-
mission lines to be displayed on the
same Smith chart in a contiguous flow,
while maintaining exact graphical rela-
tionships between the various transfor-
mations. Because of the additional cal-
culations, it is obviously more applicable
for manipulation on CAD programs than
by hand. Once the program is set up to
handle these calculations, ali impedance
transformations maintain their relative
positions as the relative characteristic
impedance of the Smith chart is
changed. (MIMP also allows the user to
specify any relative Z, for the Smith
chart.)

Here is the basic procedure (4,5) used
to remap a transmission line transforma-
tion (whose Z; differs from the Smith
chart’s relative Z o)

1) The load and transformed imped-
ances are determined for a particular
transmission tine. (The load impedance
should already be known. The trans-
formed impedance (Z') is calculated
based on the transmission line’s Z, and
electrical length.)

2) Next, two hypothetical impedances
are calculated (Figure 6). These are the
real axis impedances; assuming the
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reflection coefficient is extended to O
degrees and 180 degrees. r;, and r,
are calculated using:

=(1-0)Y(1+T) (1)

mm
and

=1+ D)1 =T) ]
3) r,., and r_. are denormalized
using the respective transmission line's
Z, (ZTx) and then renormalized to the
relanve Z,, of the Smith chart (Figure 7).
Using the new values of Mo and ro

(Fpin @nd ' ); Ty @nd T may be
calculated using:

rn’:in ( max 1)/( max ) (3)
and

rmax = (r’min -1 )/(r’min +1) (4)

(In Figure 7, the relative Z, of the
Smith chart changes from 10 ohms to
50 ohms.)

4) The center and radius of the
rescaled constant reflection coefficient
circle is:

5

l—‘center = (rmln max)/2 ( )

= (r min r max 1)/(( min +1)(I’ max +1)

6

rradius = (]rmax + l—‘min[)/z ( )
= (r‘max— r,min)/(rrmin +1 )(r’max +1)

5) Renormalize the load and trans-
formed impedances using the Smith
chart’s relative Z; and plot the points on
the Smith chart.

6) Connect the 2 points with a con-
stant reflection coefficient circle whose
origin is at Tener @and whose radius is
T adius: (See Figure 8).

A slight variation of this procedure is
also used for plotting a constant reflec-
tion coefficient circle for any impedance
on the Smith chart. Many programs plot
constant RC circles about the center of
the Smith chart (when the network’s
source impedance is also assumed to
be in the center of the Smith chart).
However, if the source impedance is dif-
ferent from the Smith chart’s Z; (it can
even be complex); its constant reflection
coefficient circle can also be remapped
to a different location on the Smith chart.
When remapping to a new real value
source impedance, the procedure is the
same as described above. Plotting the
constant reflection coefficient circle, for
a complex source impedance, requires
some additional steps. The center and
radius for the newly mapped constant
reflection coefficient circle are deter-
mined by first translating T, to either 0

degrees or 180 degrees. From this, R is
calculated using :

R+(1+T,)/(1-Ty) (7)
Followed by calculating r ., oo Fmin
and '
Foin = (1= rVSWR)/(1 + Tyswr)*R (8)
and

Fmax = (1 + Tyswr)/(1 — Tygwr)*R 9

rmin ( min )/(rmln ) (10)
and
rmax - ( max 1)/( max ) (1 1)

The constant reflection coefficient cir-
cle is then redrawn with its center at
(Trax + Tmin)/2 from the origin of Smith
chart at the same angle as I',, and with
a radius of (II" /2 (Refer to Fig-

max mnn )
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RF featured technology

Microstrip Antenna Modeling

By Andre Boulouard, Michel Le Rouzic and Jean Paul Castelletto
Centre National d'Etudes Des Télécommunications

Microstrip antennas play an important
role in the design of radio communica-
tion systems as both feed and array ele-
ments. They have found increasing use
because they can be fabricated at low
cost by lithographic techniques. As the
demand for commercial products con-
taining RF antennas continues to grow,
the availability of good microstrip anten-
na models is required. This article
describes accurate transmission-line
antenna models suited for commercially
available CAD packages.

Microstrip antenna design requires
good quality models for low and
high permittivity substrates. As the need
for increased bandwidth leads to thicker
substrates, the models used for thin, low
dielectric constant substrates must be
improved (1). Although analytical mod-
els such as the loaded transmission-line
resonator (2) and the cavity models (3)
involve rather simplified approximations,
they provide sufficient information for a
first pass design. More rigorous solu-
tions may be obtained by finite differ-
ence techniques or moment solutions,
although the computational cost is high
(4).

The transmission-line model is both
accurate and numerically efficient. It can
be represented by a transmission line
section terminated at both ends by radi-
ation admittances, surface wave loss
conductances and coupled current

sources as shown in Figure 1. The radi-
ation conductance is expressed as:

[ j“) sur;(x dx + sin(w) / ® + cos(w) ~
2)(1—s2/24)+(1/ 3+ cos(m)/ ©° -

sin(m)/ @®)s? /12}/ (nym

where:

Cy = 299,792,500 m/s

n, = 376.467 ohms

k, = 2n frequency/c,

o = KW,

s = k,D,

W, = antenna effective width

D, = open end equivalent line length

The surface wave loss equivalent con-
ductance is obtained from Reference 5
as:

L= cO/frequency

E.w = 1-3.4H 0 + 1600(Hw® -
100H0°6)¢ 2
where:

H = substrate height
g, = substrate dielectric constant

The self susceptance, B, is obtained
from the open end equivalent transmis-
sion line length as:

B, = tan(k,D) / (e,) / Z,

where:

= transmission line effective dielectric
constant
Z = transmission line characteristic
impedance

The real and imaginary parts of the
mutual admittance, Y, are expressed
as:

x =Kyl + D)

Fy=do(x) + s2J,(x)/(24 - %)

N, = (/2)(Y,(x) + 82Y,(x)/(24 - s?))

F, = Ny/(In(s/2) — 0.9228 + (s?12)/(24 -
%)

G, =GF,
B, = B/F,(1 - exp(-0.21))
Y.=G,+iB,

where J,, J, and Y, Y, are Bessel func-
tions of the flrst and second kind respec-
tively.

In order to improve the accuracy of
the resonant frequency compared to the
results published in Reference 1, the
physical antenna length should be cor-
rected as follows:

L =L +(-0.12 + 0.043¢)H

length =
width = W

Gp+iB,
GytiBpy

5—(
[ ]

MODEL AlP

Figure 1. Antenna transmission line model.

a4

edge.

Figure 2. One port antenna fed along a radiating
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RADIATING RADIATING
EDGE EDGE
FET
INPUT QUTPUT
MATCH MATCH
MODEL C2P

FET
RADIATING RADIATING
EDGE EDGE

MODEL E2P

Figure 3. Non-radiating edge fed
oscillator-antenna.

Different antenna types have been
modeled after this basic theory. They
differ by the position(s) of the feeding
line(s), relative to the antenna as seen
in Table 1. The simplest one port model
shown in Figure 2 is obtained when the
antenna is fed by a high impedance
microstrip transmission line along a radi-
ating edge (model AIP).

Figure 4. Center fed oscillator-
antenna.

As the antenna input impedance is the
highest when fed along a radiating
edge, a lower impedance is obtained by
etching an insert at the center of a radi-
ating edge (model BIP) or by feeding the
antenna on a non-radiating edge (model
CIP), thus facilitating the matching pro-
cedure. Two-port antennas are used to
build linear arrays (model A2P) (6) or

Antenna features One-port Two-port
|-— L —]
 High input impendance ‘f
W 1 2
« Fed along a radiating edge - ¢ ] .
Model AIP Model A2P

» Low input impedance

» Fed along a radiating edge
(insert)

1=

==

Model BIP Model B2P
1] 1] |2
« Low input impedance
* Fed along a non-radiating edge
Model CIP Model C2P
* Very low input impedance
* Center fed _1_ ] _2_
* Active antenna (oscillator)
Model E2P

Table 1. Different types of microstrip antennas.
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active radiating antennas using FETs
(models A2P, C2P and E2P) as shown
in Figures 3 and 4 (7,8).

Using a commercial CAD software (9),
fewer than 100 equations were neces-
sary to define each of these models
inside a circuit page. A special
Microstrip Antenna Components Library
file has been built upon these models
and can be made available to interested
readers for comparison purposes. Con-
tact the authors at the address given
below. RF
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1993 RF DESIGN AWARDS CONTEST

CALL FOR ENTRIES

1993 RF Design Awards Contest
Official Rules

The 1993 RF Design Awards Contest provides recognition for innovation and engineering excellence
among RF designers. Again this year, there are two separate entry categories. Please note that the
rules may not be the same as previous years’ contests.

|. The DESIGN Contest
RULES

1) Entries shall be circuits with an RF function, operating in the frequen-
cy range below 3 GHz.

2] Circuits entered shall have a complexity equivalent to that of a circuit
using 8-10 discrete active devices, or 6-8 integrated circuits. This rule
is for ease of judging, to have all entries be of a similar scope. The
entry can be a portion of a larger system.

3) Entries may represent design or test methods. Design method
entries should include an example circuit. Test method entries should
include a description of the device or system under test.

4) The entries shall be the original work of the entrant, not previously
published. If developed as part of the entrant’s employment, entries
must have the employer’s approval for submission.

5] Only one entry per person is permitted. An entry may have two or
more co-authors.

8) Submission of an entry implies permission for publication by RF
Design. All prize-winning entries will be published, plus additional entries
of merit.

7) Winners are responsible for any taxes, duties, or other assessments
which result from the receipt of their prizes.

8) Entries must be postmarked by March 19, 1993 and received no
later than March 26, 1983.

9] All entries will remain confidential until the publication of the July
1993 issue of RF Design.

JUDGING CRITERIA

Originality — Each design will be evaluated for similarity to work by oth-
ers, and other judgements of its unique contributions.

Engineering — Entries should clearly identify how the entry was created
in response to a need.

Documentation — A complete description of the circuit or technique is
required, including sufficient theoretical background, description of cir-
cuit operation, and performance data.

il. The PC SOFTWARE Contest
RULES

1) Each entry shall be a computer program which assists in the design,
test, or control of RF circuits or systems.

2) Programs must operate on computers compatible with MS-DOS/PC-
DOS or Apple Macintosh operating systems. Any special hardware
requirements should be noted {memory, graphics, etc.).

3) Programs should be provided in a form that can be run without spe-
cial support software; programs should be provided in compiled, directly
executable form. Programs using the BASICA or GWBAGIC interpreters
are acceptable. Programs that require spreadsheet or mathematics

software packages cannot be accepted.

4) Programs entered must be submitted on disk. Supporting documen-
tation on theory of operation, references, and operating instructions
must be supplied in printed form. Source code must be supplied, either
on disk or in printed form.

5) The entries shall be the original work of the entrant, not previoust
published or distributed {(including public BBS or shareware]. If devel
oped as part of the entrant's employment, entries must have the
employer’s approval for submission.

6) Only one entry per person is permitted. An entry may have two or
more co-authors.

7} Submission of an entry implies permission for publication by RF
Design and distribution by the RF Design Software Service. All prize-win-
ning entries will be published, plus additional entries of merit. Some
restrictions on publication and distribution of source code may be
acceptable.

8) Winners are responsible for any taxes, duties, or other assessments
which result from the receipt of their prizes.

9) Entries must be postmarked by March 19, 1983 and received no
later than March 26, 1993.

10} All entries will remain confidential until the publication of the July
1983 issue of AF Design.

JUDGING CRITERIA

Technical Merit — Computer programs will be compared to accepted
standards for accuracy, and will be judged for their achievement in
translating RF theory into software tools.

Usefulness — The value of the software to the RF engineering commu-
nity will be evaluated. Both the nature of the computations performed
and ease of operation of the program will be considered.

DEADLINE FOR ENTRIES:
POSTMARKED BY MARCH 19, 1993 — RECEIVED BY MARCH 26, 1993

Send entries to:

RF Design Awards Contest
RF Design magazine
6300 S. Syracuse Way, Suite 650
Englewood, CO 80111
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Switching Speed.:
Definition and Measurement

By Ra’anan Sover
Microkim Ltd.

RF switches have been around for
quite some time. Whether they are elec-
tro-mechanical or solid state, swifching
speed is still one of the most important
characteristics. A general comparison of
different types of switches and their per-
formance has already been conducted,
see References 1 and 2. Even so, there
are several different definitions and
methods of measurement of the switch-
ing speed (3,4,5,6,7,8). In this paper, we
will take a closer look at the definition of
switching speed and several methods of
measurement.

he exact definition of switching

speed must be related to the specific
switch being tested and the system
requirements. Since most “off-the-shelf”
switch vendors do not know where their
switch will end up, a more common defi-
nition is required. This definition is what
we call the classic switching speed defi-
nition (Figure 1). It can be seen that the
switching speed is made up of two basic
time intervals: the driving circuit delay
and the transition speed of the RF com-
ponents. In some cases, the transition
time (rise/fall time) is mistaken for the
switching speed. The switching speed is
the total time interval between the cross-

ing of the 50 percent level of the control
signal and the 10 percent or 90 percent
level of the RF signal. The 100 percent
level corresponds to the steady state
insertion loss and the zero percent cor-
responds to the ideal isolation state. A
true zero percent RF (infinite dB isola-
tion) is not physically achievable. We
must then relate the 10 percent and 90
percent RF to the insertion loss level.
Therefore, the 90 percent RF level can
be seen as the insertion loss level less
0.45 dB, and the 10 percent RF would
be the insertion loss level less 10 dB.
Since most of the RF switches have an
isolation much greater than 10 dB, the
classic definition takes into considera-
tion only a small part of the isolation.
This may be a good enough definition
for general switching speed measure-
ment, but it leaves a lot of uncertainty
about what happens at higher isolation
levels.

For example, let us look at two solid
state PIN diode switches (Figure 2).
Both switches were designed to give at
least 80 dB isolation within the 2 to 6
GHz region. One was designed using
only series PIN diodes while the other
uses both series and shunt PIN diodes.
Using a test set-up, which will be

JE—

- —

% >—1e—§- —
@

14 HAVELENGTH
sPace

FROM SRIUER

gii
14 >—«—~jn—«:}~u—:}—u~4—}—u—m —g~~4f—> L

®

Figure 2. Tested switches’ circuit
diagrams, a) Series/shunt PIN
diode switch, b) Ali series PIN
diode switch.

described later, and a suitable driver,
the switching behavior can be seen in
Figure 3. The switch with the
series/shunt diodes reaches full isolation
fairly quickly. The switch with all series
diodes initially starts to “turn off” quickly
but then decays slowly to the full isola-
tion state after a much longer period of
time. This behavior is due to the fact
that the diodes are in series and the
stored charge in the I-layer of the diodes
must recombine through the other
diodes while the stored charge of the
series/shunt diodes can recombine
directly through the driver. Using the

Control Signal

SO%x— —f
Detected RF
iL.
1008 Y 10% Classic Definition
2048
30dB
90% M— 40d8
° 90% |
50dB
Detected 10% | 60dB
RF 10% e —— 7008 34% Level
80dB ()
90dB 4
Full
isolation
PR N T T T T T T
Transition Transition T{200nS/DIV | -
Time Time
(Rise Time) (Fall Time)

Figure 1. The classic switching speed definition.
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Figure 3. Switching behavior of the two switches, a)
Series/shunt switch, b) Series only switch.
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The Design of Constant Phase
Difference Networks

By Robert J. Dehoney
Consultant

This article presents a unified method
for calculating the pole frequencies and
element values for a variety of constant
phase difference network configurations.
The accompanying BASIC program,
PHASEDIF, implements the equations.

hase difference networks are linear

circuits with one input and two out-
puts. With a constant input amplitude,
the two output amplitudes are constant
with frequency, but their phases shift in
such a way as to keep their phase differ-
ence constant over some bandwidth.
When the phase difference is 90
degrees, the circuits are useful for single
sideband generation, antenna pattern
and polarization control, signal process-
ing, FSK systems, CRT display genera-
tors, and solid state power module com-
bining. With 60 or 120 degree shift,
three-phase power amplifier combining
is possible. This allows canceliation of
odd order harmonics as push-pull does
for even order harmonics.

The design of constant phase differ-
ence networks has been the subject of
many papers and articles since Darling-
ton’s classic work in 1950 (1). In spite of
this wealth of information, the practicing
engineer still cannot find a simple
straightforward method of designing
phase difference networks of any band-
width, any number of poles, even or
odd, and any phase difference. In addi-
tion, there is no unified method of calcu-
lating the element values for the various
possible all-pass circuits. This article
starts to fill this need. It is based on the
work of Darlington, Beauregard (2), and
Lioyd (3).

In contrast to some other papers, no
attempt is made here to summarize the
theory; it is well covered in the literature
and is too complicated to be easily
described. The interested reader can
consult the references included at the
end of this article.

The basic configuration consists of
two all-pass networks, driven in parallel,
which shift the phase by different
amounts. The difference in the phases

RF Design

of the two networks remains constant
within some prescribed error over the
design bandwidth.

Required is knowledge of the highest
and lowest frequencies between which
the phase difference is to be controlled.
Given these frequency limits and the
desired phase difference, a table of
phase error vs. number of poles, N, can
be calculated, enabling the engineer to
decide on the configuration. With N
known, the pole frequencies can be cal-
culated, and after the network types are
chosen, the circuit component values
can be determined.

The formulas used in PHASEDIF are
presented here in algebraic form. We
proceed as foliows:

* Enter the lowest frequency f, and the
highest frequency f,.
* Calculate r and f,.

r=d M
fn

fo = /fify @)

* Using the iterative procedure from
Lloyd’s program, calculate y, then q.

2

y(i) = rT” =Syt y(i+1)

. (3
j=12,11, -1
- y(1) (4)
4 +2y(1)
if h)10® then 5)
gi=h+2h° +15h% + 150h™
If h(10® then q1=h (6)
q=exp|
In(q) (7)
* Enter the desired phase difference d,

degrees.

* Convert d to radians.

* Calculate phase error vs. number of
poles.

e=4q"sin(d) for n=12,.--P
(d in radians)

(8)

PHASEDIF.BAS limits P to 20 by a DIM
statement in line 10.

* Display e in degrees vs. n for errors
greater than, say, 0.1 degrees.

* If the networks are to be used for side-
band canceling, calculate sideband sup-
pression = 20 log{tan(e/2)}, dB.

* Enter number of poles needed, N

* Find normalized pole frequencies p(k)
from p(1) to p(N).

If N is even, then
d
(k—m~ 9
. 5 ©)
N
If N is odd, then

(k= m- 221 (10)

X =
N

pI(k) = cos x + g% cos 3x+---

+q™*™ cos((2m - 1)x)

(11)

p2(k) = sinx — g2 sin3x+---

+(=1)™ g™ sin((2m - 1)x) (12)

Finally, p(k) = Pk} 13
inally, p(k) 52(k) (13)

¢ To get actual pole frequencies, de-nor-
malize.

p1=p(Nf, (14)

p2 = p(2)f,,etc. (15)

When all the pole frequencies have
been obtained, it will be seen that some
are negative and the rest are positive. if
N is even, there will be N/2 of each. The
positive poles pertain to the A network
and the negative poles to the B network.
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Performance

At this point, the performance of the
system can be calculated. Each pole
contributes a phase shift, thus the total
phase difference is simply the sum of all
the individual shifts.

A

A _tan | Lstan L

2 pl p2
+tan"[—f—]
Pn

If this calculation is made, it will be
seen that, from f, to f,, the phase differ-
ence will be as chosen with equal posi-
tive and negative error, e.

(16)

Circuit Values

Circuit files and schematics are pro-
vided in file “PHASEDIF.BAS”; the
schematics are seen in Figure 1. The
simplest implementation is to provide as
many single pole circuits as there are
poles. We will consider balanced and
unbalanced RC and LC circuits and
active RC circuits. In what follows, ®,
represents 2np,, a pole frequency in
radians with the sign ignored.

RC Lattice — For design, choose
either R or C and either R1 or R2.

1

RC=—
Wy

R1-R2=R?

(17a)
(17b)

Isolation is required between stages
since the input impedance is not

constant.
EOU‘ 1
= T 2 17
E,, (B_HT (17c)
R2
Phase Shift =-2tan™'(@RC) (17d)
LC Lattice — Choose R. Then,
_ 1 R
Ro, = Z,'k_ (18a,b)

{solation is not required between
stages since the input impedance is con-
stant and equal to R.

Phase Shift = -2tan'(oRC) (18¢)
LC Tee — Choose R. Then,
c._2 -~ (19a,b)
Ry, 20y
M =L (very tight coupling) (19¢)

This is a difficult circuit to realize,
because of the unavoidable stray capac-
itance between primary and secondary
of the transformer and the high degree
of coupling that is required.
Phase Shift =—2tan'(@VLC)  (19d)

Active RC — For design, choose
either Ror C

RC = -
Wy

Phase Shift = -2tan™'(wRC)

(20a)

(20b)

Two Pole Circuits

These circuits generate a phase shift
equivalent to two single pole circuits in
tandem. Designed with the same pole
frequencies, they will produce the same
phase shift vs. frequency. We will con-
sider RC active and LC passive types.
Information on RC passive multipole
networks can be found in References
4-6.

For these circuits, the two pole fre-
quencies are pj and pk or in radians, o,
and o,. Then:

wo = oy (21)

S= -—-———(m"; ) 22)
o

= ur (23)

Phase Shift = —2tan™' (1?:(2 ) (24)

Wien Bridge Active All Pass Type 1
and Type 2 — These circuits have been
extensively analyzed, but usually with
restrictions on the relations between
R1C1 and R2C2 or R1C2 and R2C1.
See References 7-9. Here, we relax the
restrictions and allow the designer to
select C1 and C2. Since 1 percent resis-
tors are cheaper and more common
than 1 percent capacitors, this seems
like a sensible scheme. As a result, the
design equations are as follows:

Choose C1 and C2. Two sets of val-
ues for R1, R2 and M will result:

SRy T | : Lg R/2 P ! A TTT
B Moy ReZ Yo W0 oW RS Yot Yin cT RS Your
C== 3 Bl 2s K = ElL i

For this circuit, coupling must be
v greater than 0.99

= Lpg ] %
U, 4 c 5 v Rl
in T out Sk2 v
v out
‘{,‘ :L [~
THO POLE STEFFAN RC
Ay Ay TWO POLE LC LATTICE
RA i E RA
R1 L o
e 2 ot . L1 7RCt
in out v R
R2 in
b 2§ R2
Tce Ligct

Figure 1. Constant phase difference networks.

66

January 1993






RF'design awards

A Logic-Compatible Mixer

By Thomas P. Hack
Comlinear Corp.

RF circuit designers increasingly must
drive analog mixers and modulators with
inherently digital signals. Digital circuits
form the bulk of frequency division and
fractional-N circuitry in frequency syn-
thesizers. BPSK and QPSK modulators
(by definition) work with digital signals.
Direct-sequence spread-spectrum sys-
tems use digitally-produced spreading
codes. In all of these examples the sig-
nal that eventually makes it to the mixer
or modulator starts with conventional
logic levels. A mixer/modulator that
works with existing logic levels (TTL,
ECL, ect.) could simplify all of these
designs. A unique circuit based on a
high frequency mulitiplexer will be
described which does just that.

Besides working with TTL and ECL
signals, the circuit has a number of
other advantages. It is small in size and
uses only eight parts. It can provide
lower conversion loss (with proper trans-
former selection) than passive
approaches. All ports are well isolated
from one another. DC to VHF operation
is possible on all three ports by adding
one high frequency op amp and two
resistors to the basic design.

Circuit Operation

Although this circuit actually uses a
high-speed two-input muttiplexer, opera-
tion is conceptually the same as a con-
ventional passive double-balanced
mixer. With the proper local oscillator
applied (large enough to provide good
diode switching action) a positive L.O
signal makes D2 and D4 conduct, con-
necting the lower half of T2’s secondary
(Figure 1a). D1 and D3 are reverse
biased. The RF signal is coupled to the
IF port with an in-phase relationship to
the RF port. A negative LO excursion
makes D1 and D3 conduct (D2 and D4
are off) and an out-of-phase RF signal
shows up at the IF port (Figure 1b).

Compare this with an active mixer
based on a multiplexer (Figure 1c). T1
acts as a phase splitter and the LO port
once again determines whether the RF
signal is routed to the IF port in an in-
phase or out-of-phase relationship. The
multiplexer replaces the diodes in rout-
ing the RF signal to the IF port.

Although conceptually the same, the
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circuit differences between the two
approaches make for a number of inter-
esting performance differences. The
active approach has good isolation. LO
to RF isolation is good since the inputs
of the multiplexer are buffered. LO to IF
isolation is also very good in the active
approach because only one transformer
and the multiplexer determine mixer bal-
ance. The multiplexer has high channel-
to-channel matching (because in part it
is a monolithic device and the two signal
paths are laid out for high channel-to-
channel matching). Compare this with a
passive mixer which must match four
diodes and have two well balanced
transformers in order to get reasonable
isolation.

When it comes to distortion the active
mixer is extremely good at low frequen-
cies, but the passive approach is better
at high frequencies. The active mixer's
distortion performance is less affected
by improper IF port terminations (such
as those caused by IF filters).

A Complete Circuit

Figure 2 is the complete schematic for
the mixer. T1, a 1:4 impedance ratio
transformer delivers anti-phase voltages
to input A (pin 2) and input B (pin 4) of
multiplexer U1. With select (pin 7) high,
channel A is routed to the output (pin
11) of the multiplexer. With select low,
channel B is routed to the output. C2
and C3 provide active circuit compensa-
tion. C1 and C4 are power supply
bypasses. R1 in conjunction with T1
sets the RF port input impedance. R2
sets the output impedance. Pin 7 is a
logic-compatible LO port. The circuit as
shown (with pin 6 open) works with ECL
logic levels. Connecting pin 6 to Vcc
makes pin 7 TTL compatible.

Mixer Test Results

Figure 3 shows the block diagram of
the test setup used in evaluating the
performance in a low frequency mixer
application. An HP 3326A synthesizer
provides an 8 MHz RF signal and a HP
8662A synthesizer provides a 29.45
MHz LO signal. Low pass filters are
used after each synthesizer to remove
harmonics which might otherwise cor-
rupt the measurement. in addition, a
squaring circuit based on an MC10114

Figure 1a. Passive double-bal-
anced mixer, positive-going LO.

Figure 1b. Passive double bal-
anced mixer, negative going LO.

A RF
Ch A
F 3 v

¢ 3

ch B
A \f\
N _CHANNEL
Lo SELECT

Figure 1c. Active double-bal-
anced mixer.

is used to convert the LO to ECL logic
levels. At this point you might be asking
“Why filter the LO signal when it is only
going to be squared up?” The answer is
that the LO filter's primary purpose is 1o
remove even order harmonics. The
squaring circuit will not generate signifi-
cant even-order terms if set up properly.

With the signals fed to the mixer, the
mixer not only produces the desired IF
(which in this case is at approximately
21.45 MHz) but undesired signals due to
feedthrough, higher-order mixing, and
so on. A HP 3588A spectrum analyzer
measures all of these products (up to
150 MHz).

The frequency references for the syn-
thesizers and the spectrum analyzer are
locked together eliminating any relative
frequency errors between them. This
means that we can precisely predict
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v Mixer harmonic intermodulation
LT nre:s,m e cL. 0.10F || (in dBc to desired IF)
ini-Circuits RF order
1T 6 {4 c2, 6.8pF
RF O— > 2 L g 0 — 483 -368 -618 -353
SR1 Ut Ra - 1 —-457 00 -423 -92 -390
qamn 0 wsn 2  -526 -495 -504 -485 —482
B’ L ca. 6 0oF 3 624 -395 -59.9 -394 -58.1
8,9 4 ~-63.5 -648 618 -644 -61.2
Lo 1 c4, 0.1uF
9 L 4 0 1 2 3 4
Note -52v Harmonic LO order
F ECL LO, pin 6 i onnected. -
For a TTL LG, pin 6 is connected to +5U LO = 29.45 MHz, 4dBm
Ul = CLC532 RF = 8.00 MHz, —4dBm

Figure 2. The logic compatible active double-

balanced mixer.

Figure 4. Mixer test resuits

MIXER
HP 3326A SYNTHESIZER UER WP 3588
Reference Out 8 MHz 10 MHz -4 dBm SPECTRUM ANALYZER
A X INPUT  REFEREMCE IN
Reference In FILTER
10 Mz

HP 8662A SYNTHESIZER I

2:.;5 30 MHz % dBe [ SINE to

RF Out

Reference Out FILTER CIRCUIT

Figure 3. Mixer test block diagram

where any given mixer product will show
up on the spectrum analyzer. The spec-
trum analyzer can use a zero frequency
span setting and still provide accurate
measurements. Zero frequency span
was used producing very fast sweeps. A
10 sweep video average was used to
reduce measurement uncertainty.

The results are given in Figure 4. At
these frequencies the mixer is roughly
comparable to a standard, type-1 (+7
dBm LO), passive double-balanced
mixer. At lower frequencies it does even
better. With a 1:4 impedance ratio trans-
former for T1, single sideband conver-
sion loss is approximately —9 dB. Substi-
tuting a 1:16 transformer should drop
the conversion loss to approximately —3
dB.

A DC-Coupled Mixer

We have seen that this part makes a
reasonable low-frequency mixer. High-
er- order mixer products are reasonable
and the LO and IF ports are DC cou-
pled. The RF port can be DC coupled by
removing the transformer and substitut-
ing an active phase splitter (Figure 5).
Now all ports are DC coupled — some-
thing not found in most mixers. This
might be useful in products such as low
frequency spectrum analyzers.

Modulators

Probably the best application of this
circuit is in BPSK, QPSK, and direct
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sequence spread spectrum modulators.
To test the circuit, a 10 Mchips/sec (suit-
able for the 915 MHz ISM band) linear
maximal PN spreading code was
applied to the LO port and a 70 MHz
pure tone was applied to the RF port of
the circuit, (Figure 6). A long spreading
code (225-1) was used so that the
spreading code itself did not degrade
the observed carrier suppression (The
frequency of occurence of ones and
zeros in a linear maximal sequence is
slightly imbalanced but gets better as
the sequence length is increased.)
ECLInPS logic was used to generate the
PN signal (Figure 7) because this logic
family has excellent edge rates (giving
the best possible code balance). For
most consistent performance, the ECL
device that drives the modulator and the
modulator should share the same -5.2
V supply.

Carrier balance is very good in this
application (no visible spike at the cen-
ter frequency, Figure 8). The results
shown are without any adjustments,
Code balance is imperfect (spikes are
visible in the nulls in the spectrum) but
can be improved with tweaking.

Phase Detector Tests

In addition to modulator and mixer
applications, this circuit also can be
used as a phase detector. To test the
circuit in phase detector applications,
two squarewaves, one at 1 MHz and
another at 1.0001 MHz were applied to

~ Note: Pouer supply connections
and bypassing not shoun.

Figure 5. A fully DC-coupled
mixer.

Mixer
HP B66RA
Sunthesizer lTJv:::r
Reference RF 70 MHz, 4 dBm HP 35884
Out Out Spectrum
Analyzer
Spreading
Pseudo-Noise
Generator
10 MHz, 7 dBm 1 = 285

Figure 6. BPSK and direct-
sequence spread-spectrum test
circuit.

the circuit (Figure 9). The phase detec-
tor produces an output proportional to
the difference in instantaneous phase
between the two signals (the difference
product) as well as a “sum” product
which is filtered before the mixer output
is sent to a digitizing oscilloscope. The
difference frequency is 100 Hz so the
instantaneous phase between the two
input signals slips 2x radians every 10
milliseconds. With a two volt p-p RF
input signal, the phase detector output -
amplitude is 0.8 Vpp with a double ter-
minated output (Figure 10). This corre-
sponds to a phase detector constant of
0.25 V/radian. Phase detector linearity is
very high with no obvious flat spots or
other problem areas.

Summary

A digitally compatible mixer has been
described with a number of desirable
attributes:

1) The LO port is ECL and TTL compati-
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RF product report

Mixers: An RF Balancing Act

By Andy Kellett
Technical Editor

t is hard to find a block diagram for an

RF communications system that
doesn’t contain a mixer. Up conversion,
down conversion, product detection, IQ
modulation, phase locked loops, all
these functions are implemented with
mixers. As a result, mixer use is
expanding with the RF market.

Mostly found at the front end of com-
munications systems, mixers have the
difficult task of taking a weak signal and
translating it in frequency, an inherently
non-linear function. In the process, spu-
rious products must be kept small while
the resulting signal is kept out of the
noise. It is no wonder that designers
look to mixer manufacturers for what
might seem to be an easy module to
homebrew.

Some of the key specifications for
mixers (apart from price, size, reliability
and other such generic qualities) are
isolation, intercept point (third order and
others), conversion gain, LO power and
dynamic range. These qualities are all
linked; improving one can improve oth-
ers — and degrade yet others. So what
specifications are manufacturers work-
ing to improve? The answer depends on
the application the mixer will go into.

High signal purity is the most impor-
tant quality in some systems. For these,
mixers with high third order intercept
point and high isolation are required.
The mixer most commonly used to meet
these requirements is the double bal-
anced diode ring mixer. Standard lines
of these mixers are available from a
number of companies: Synergy
Microwave, Tele-Tech, RF Prime, Lorch
Vernitron and Mini-Circuits, among oth-
ers, but very high performance require-
ments more often lead to custom orders.

“We have a catalog which represents
what we are capable of doing, but we
make a number of custom mixers for dif-
ferent people. That's how we’'ve been
able to grow — by supplying the market
with special mixers,” says Shankar
Joshi, engineering manager for Synergy
Microwave Corp. Similarly, Lorch Verni-
tron offers custom high performance
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mixers, “Our customers come to us say-
ing for instance, ‘Lorch, can you build
me something that instead of 12 dB iso-
lation has 407?’; | tell our mixer engineer
to make something 5 dB better and he
comes back a week later with something
6 dB better,” says Mark McWhorter,
Lorch’s director of marketing and prod-
uct development.

While signal performance is still an
issue for higher volume applications,
power consumption and cost are also
important considerations. The much bal-
lyhooed emergence of wireless commu-
nications has made battery operation
and affordability new goals in communi-
cations designs. “Local oscillator power
has become more important with all the
handheld applications, so for these high
volume [applications] LO power is more
of an issue. That, of course, is then
related to cost because high volumes
require low cost, and finally, low cost
ties into surface mount and tape and
reel,” says RF Prime's President, Steve
Markoe Sr.

Active mixers have also found use in
cost conscious applications. Whereas
passive mixers exhibit a conversion
loss, active mixers exhibit conversion
gain, meaning an active mixer can elimi-
nate a stage of amplification after con-
version. However, active mixers pay for
their gain with narrower bandwidth,
higher noise figure and smaller dynamic
range than passives.

Discrete active mixers can be imple-
mented with just a FET, however,
according to the President of Tele-Tech
Corp., John Duncan, “l don’t think
there’s as big a market for active mixers
because the people who use them build
them themselves.” Active mixers as inte-
grated circuits might be used by a larger
market says Gary LaBelle, Product Mar-
keting Manager for Hewlett-Packard
Company’s Wireless Component Divi-
sion, “Really, it's the digital cellular and
cordless stuff that's pushing active mix-
ers, because they are much more com-
plex. Instead of just having a simple
modulator in a system, now you need a

vector modulator, which aiso requires
some phase shifting and maybe an
upconversion. The demand is to inte-
grate all this into one package.”

What things are mixer manufacturers
working on? “l think packaging is going
to be the big push,” says Tele-Tech’s
Duncan, “there really aren’t any good
surface mount packages for mixers.”
According to Duncan, conventional guil-
wing SMT packages have too much par-
asitic inductance for high performance,
and substrate-on-board packaging
results in poor production yields
because of poor bonding.

Synergy Microwave has also recog-
nized a need for improved surface
mount packaging and has introduced a
metalized, surface mountable package,
“Ordinary plastic packages lack EMI/RFI
shielding, and because of a lack of com-
mon ground, they lack in isolation,” says
Synergy’s Joshi.

“We're seeing the frequency move
from the dominant area which was 900
MHz, which is where your cellular
phones are today, to 1.8, 2.4, and up to
4.8 and 5.2 GHz,” says RF Prime’s
Markoe, “As the frequency goes up we
see a lot of people in military
microwaves going into the commercial
sector.

The use of mixers will grow with the
RF market. Balancing customer’s electri-
cal specifications and price require-
ments has been and will be the task that
mixer manufacturers face. Says Mini-
Circuits’ President and CEOQ, Harvey
Kaylie, “When | got into the mixer mar-
ket it was small and it required a much
smaller investment than it does today,
so it represented a good oportunity, and
fortunately we gave the customers what
they wanted.” Though the mixer market
today is large, making mixers that meet
customers’ individual needs still seems
to be the way to succeed. RF

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

Antenna Pattern Distortion
The effect of a tower on an omnidirectional
antenna can be calculated with software from
SoftWright Limited Liability Co. Using a math-
ematical model developed by Antenna Spe-
cialists Co., SoftWright’s Antenna Pattern
Module calculates, tabulates and plots anten-
na patterns for mounted antennas. The mod-
ule can be run independently or as part of
SoftWright's Terrain Analysis Package.
SoftWright Limited Liability Co.
INFO/CARD #190

Engineering Environment
Innovation First has released Object Engi-
neering, a new approach to producing custom
engineering applications in Windows 3.1. The
Object Engineering program can be used to
produce applications without programming,
and the object oriented framework can be
extended in C++. Full source code is included.
It comes with a conditional 30-day money back
guarantee at the introductory price of $499.
Innovation First

INFO/CARD #189

Modulation Spectra and BER
A single Microsoft Excel worksheet calculates
both the power spectra and bit-error rate
(BER) curves for several different types of dig-

ital modulation schemes. Modulations covered
are: ASK, FSK, BPSK, QPSK and MSK. BER
calculations include BPSK, QPS, non-coher-
ent DPSK and FSK, coherent FSK and non-
coherent orthogonal M=4 and M=8 schemes.
An Apple Macintosh or IBM with Microsoft
Excel 2.X or greater is required. Cost is $50.
Engineering Solutions

INFO/CARD #188

Class D Simulation

HB-SIM from Design Automation helps engi-
neers to design half-bridge (Class D) power
amplifiers or power converters. The program
simulates steady-state, periodic, time-domain
waveforms 100 to 1000 times faster than
SPICE and takes into account the AC and DC
parasitic resistances of all components. HB-
SIM runs on IBMs and compatibles. North
American price is $495.

Design Automation, Inc.

INFO/CARD #187

MMIC Design

MMIC_ plan, from MMIC_CAD, calculates the
inductance, capacitance, frequency depen-
dant resistance and microstrip characteristics
of any number of signal paths in a MMIC lay-
out. In addition, MMIC_ plan also includes a
frequency and fime domain simulator, and lay-
out editor. MMIC_plan is currently available for

the price of $1995 plus shipping and handling.
MMIC_CAD, Inc.
INFO/CARD #186

Radio Modem Operating
System

Monicor Electronics announces a new operat-
ing system for use in radio modem networks.
TurbolLink 2.0 is a highly optimized implemen-
tation of the CCITT X.3 protocol as it applies
to radio LANs. Turbolink 2.0 has idle times of
10 ms per keystroke, is interrupt driven, sup-
ports muilti-drop operation and includes a
number of new commands. Price is $40 per
radio transceiver in the field, plus a labor
charge for upgrades performed by the factory.
Monicor Electronic Corp.

INFO/CARD #185

DSP Development

array Microsystems announces the full pro-
duction release of the 266523 FDaP™ Devel-
opment System for the IBM-PC Host
(arraysoffts™M), v. 1.0. The a66523 arraysofft
software supports the a66 family of products
and includes a code generator for the
DaSP™/PaC™ chipset. The a66523 FDaP
Development System is priced at $99.

array Microsystems, Inc.

INFO/CARD #184

B Communication Crystals
W Custom Crystals
B QPL/Mil-Spec Crystals

NOW OFFERING: Microprocessor crystals at competitive pricing!

QUARTZ CRYSTALS

“Not just another crystal company”’

ELECTRO DYNAMICS CRYSTAL CORPORATION
9075 Cody ® Overland Park, KS 66214

PH (800) EDC-XTAL W FAX (913) 888-1260

B Baseplated Blanks
M Finished Blanks
B Rough Lapped Blanks

INFO/CARD 47

RFexpo
WEST

Plan Now to Attend!

For information call:

800-525-9154

RF Design

March 17-19, 1993
San Jose, California

SURPLUS SALES OF NEBRASKA
Looking For

INTEGRATED CIRCUITS?

We have a 50 page catalog which lists ICs
currently in our inventory including rare and
"Hard-To-Find" part numbers.

* Send US$4 for your copy *

Looking For

TRANSISTORS/DIODES?

We have a 30 page catalog which lists transis-

tors and diodes currently in our inventory in-

cluding rare and "Hard-To-Find" part numbers.
¢ Send US$2 for your copy ¢

Looking For

MS Circular Connectors?

Over 10,000 in stock. Send US$2 for list.

NOW AVAILABLE
FLYER 6A

16 BIG pages of components....
TEST EQUIPMENT » FINGER STOCK © DUMMY LOADS,
ATTENUATORS  VACUUM RELAYS & CAPACITORS o
TRANSMITTING COMPONENTS o TUBES e FEED-
THRUS » MICROWAVE COPPER CLAD & WAVE GUIDE

Send a postcard asking for your copy!

Do you have surplus parts or equipment on
hand ? Fax or mail your list for a prompt bid.

SURPLUS SALES OF NEBRASKA
1502 Jones St. * Omaha, NE 68102

402-346-4750 o fax: 402-346-2939
INFO/CARD 48
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NOVA RF Systems, Inc.

The Complete RF/Microwave Solution

T - RF/Microwave Systems
/}‘ — Custom Design/Consulting
4i> — Simulation Software

I — Synthesizers (PLL/DDS)

¢ — Complete Lab/Machine Shop

— TDMA/CDMA/Spread Spectrum

1740 Pine Valley Dr.  Vienna, Virginia 22182
(703) 255-2353
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* Promote your company...
* Trade used equipment...
¢ Sell your products...
Every month for only $395
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