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RF featured technology

Very Wide Band Crystal Bandpass

Filters

William B. Lurie, Consultant
Boynton Beach, Florida

The use of quartz crystals in band-
pass filters is highly desirable because
of their excellent stability and low losses.
Unfortunately, the configuration of the
electrical equivalent of such a crystal (a
simple representation is shown in Figure
1) possesses two capacitors whose
ratio, being never less than about 140,
imposes a definite upper limit on the
physically realizable bandwidth. In lat-
tice filters without inductors in series or
parallel with the crystals, that limit is the
reciprocal of the capacitance ratio, or
approximately 0.7 percent. By using
added inductors, the maximum band-
width becomes (theoretically) about 13
percent, but is actually somewhat less
in practical filters.

Reference 1 describes the extreme
steps needed to design and fabri-
cate a sideband filter approximately 10
percent wide for an 88 kHz carrier, in the
frequency range where available crys-
tals have the lowest possible capaci-
tance ratio. At higher frequencies, in the
4 MHz to 100 MHz range, where crystal
filters are used extensively, somewhat
higher capacitance ratios exist for the
types of crystals used.

These limitations apply to lattice and
half-lattice structures, whether image-
parameter or modern insertion-loss de-
signs, and even more so for ladder
filters. It is not the purpose of this article
to present a complete tutorial on crystai
filters. Dr. Szentirmai’s thorough trea-
tise, Reference 2, explains all of the
known methods of designing filters of all
classes using crystals. These change
somewhat as the bandwidth changes
from ‘“‘narrow’’ (less than about 0.8
percent), where added inductors are not
needed, to “‘intermediate” and “wide’
(up to perhaps 6 percent). As he says,
“Finally, in very wide band filters, one
can only realize a few selected attenu-
ation peaks by embedding crystals in
the branches of an LC ladder filter.”

He also mentions transformations by
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Figure 1. Typical equivalent cir-
cuit of crystal.

Poschenrieder (3), and Colin (4) whereby
certain circuits can be modified to allow
the substitution of a crystal for an
equivalent LC structure. The most fre-
quently seen of these, Figure 2 (see
Reference 4), where a circuit realizable
as a crystal has been incorporated into

the portion of an LC ladder filter shown.
Severe limitations are imposed on the
lowpass in order to achieve a satisfac-
tory capacitance ratio in the crystal, as
indicated in the references. The two
peaks of attenuation represented by
branches L-C and L,-C, must be quite
close to each other and to the passband
edge, in order for the capacitance ratio
of the crystal (T,/T,) to be large enough
to be achievable.

Such a lowpass filter can now be
converted to a bandpass, using conven-
tional transformations, and again severe
limitations are imposed on the circuit
elements and maximum bandwidth (see
Figure 3 for central portion).

Another method of incorporating a
crystal in a lowpass filter is available
(Reference 4) which can also be con-
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A =LC=S,T,
B = SgTs = LC,

(A - B)

S = K

Sg=L+8S

_L(A - By

Ta= "ass,

Figure 2. Most frequently used Colin transformation.
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Overtone Crystal Oscillators

By Andrzej B. Przedpelski
A.R.F. Products, Inc.

Some overtone crystal circuit designs
may be overly complicated for everyday
standard applications. A reliable low
cost circuit can be easily constructed
using an RF MMIC amplifier, an over-
tone crystal and a minimum number of
noncritical components. Two such basic
designs will be presented.

he starting point is the Barkhausen

requirement for oscillations. Using
Figure 1, the open loop gain, G(s) x H(s)
has to be larger than unity with a phase
shift of 360n, where n is an integer (0,
1,2, etc.). The simplest gain block, G(s),
is an RF MMIC ampiifier. These are
available in inverting (basically 180
degree phase shift) and non-inverting
(0 degree phase shift) configurations at
low cost. These are essentially 50 ohm
gain blocks (50 ohm input/50 ohm
output) with typical bandwidths of over
1 GHz. The feedback path, H(s), is the
crystal with its associated circuitry. The
amplifier has to provide adequate gain
to overcome the loss of the crystal
circuit, and the crystal circuit has to
compensate for any amplifier phase shift
to obtain the required overall phase
shift.

The two basic circuits presented here
use either the inverting or noninverting
amplifier configuration. The configura-
tion of the available amplifier can be
determined either from its S21 parame-
ter or basic schematic given in the data
sheet. The crystal used for the tests was
a 91.25 MHz fifth overtone AT-cut type.
Its approximate equivalent circuit is
shown in Figure 2.

Inverting Amplifier Configuration
The Avantek MSA-0185 amplifier was
used for the inverting amplifier configu-
ration. From the data sheet it can be
seen that it has a gain of about 19 dB
and a phase shift of about 172 degrees
at the frequency of interest. (An Avantek
GPD-series hybrid amplifier could also
be used eliminating two components:
the bias resistor and the coupling ca-
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pacitor). Thus, the crystal circuit has to
be also of a phase inverting configura-
tion to provide the required positive
feedback.

Since it is desired to operate the
crystal at, or very near, its series
resonance, the phase shift through the
crystal is essentiaily zero degrees. Thus,
a phase shifting network has to be used
to provide the needed approximate 180
degree phase shift. The technique de-
scribed in Reference 1 was used. A full
180 degree shift cannot be obtained
from either the Pi or Tee configuration,
but it can be approached adequately
close for this application. (The crystal

—
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_

Figure 1. Feedback system.
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Figure 2. Inverting configuration.

will provide the small remaining required
phase shift.) Four possible phase shaft
configurations are possible depending
on whether the 180 phase shift is
approached from below (<180 degrees)
or above (>180 degrees). For the Tee
configuration, approaching the phase
shift from below was selected. It uses
only one inductor (a higher cost compo-
nent) and two capacitors providing DC
isolation (thus reducing the need for
coupling capacitors). Since the phase
shifter is also an impedance matching
device, two configurations were tried-:
matched and with the circuit reversed
(Figures 2a and 2b). The reversed
configuration can be used since there
is an excess of gain available. It has the
advantage of unloading the amplifier
and thus providing somewhat higher
useful output (+6 dBm vs. +4 dBm at
16 mA total current).
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Figure 3. Noninverting configura-
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Figure 4. Noninverting configura-
tion #2.
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RF emc corner

Near Field Coupling
Between Signal Lines

By Vincent W. Greb
Ball Aerospace

This article has been written for the
purpose of demonstrating the phenome-
non of line to line coupling, or crosstalk
between adjacent signal lines. It is also
written to validate methods for predict-
ing the magnitude of coupling for a given
configuration. A line to line coupling
experiment was performed on adjacent
lines approximately one meter in length,
in an attempt to support the theory with
a macroscopic example. However, it will
be shown that the principles established
support EMC design practices and may
be applied to other configurations, such
as traces on a printed circuit board.

hen signals on one line couple to
another line, it is said that there is
crosstalk between the lines. The term
crosstalk is defined by MIL-STD-463A
(1) as: “‘An undesired signal disturbance
introduced in a transmission circuit by
mutual electric or magnetic coupling
with other transmission circuits.”
Crosstalk is a significant issue and
can result in many types of data errors
unless design measures are taken to
prevent it. With the evolution of new,
faster integrated circuit technologies
there also has evolved increased sus-
ceptibility to radio frequency (RF) noise.

This is primarily due to two related
factors: increased bandwidth of devices
and smaller dimensions at the IC level.
Increasing the bandwidth of a device

allows it to operate faster but at the

same time reduces its susceptibility
threshold to higher frequency noise. As
coupling increases proportionally with
frequency, not only is more signal
coupled onto traces due to the in-
creased speed of operation, but the
devices are now inherently more sus-
ceptible to such noise due to the smalier
device dimensions. It will be shown that
the voltages induced can be quite
significant and thus, can be a contribut-
ing source to analog and digital signal
errors. Among the more susceptible
types of signals are 1) low-level analog
and 2) single-ended digital signals.

Due to the fact that this experiment
will be performed at frequencies no
higher than 10 MHz and the lines will
be very closely coupled, it is safe to
assume near field conditions. The near
field implies that the dominant coupling
mode will be determined by the imped-
ance of the noise source. A high imped-
ance source will resuit in electric field,
or capacitive coupling while a low im-
pedance source will result in magnetic

field, or inductive coupling.

The first portion of this article deals
with a theoretical treatment of line to line
coupling. The equations which will be
used to predict coupling will be refer-
enced, thereby defining the parameters
which will govern the coupling mecha-
nism. With this knowledge, a controlied
experiment may be derived which wili
demonstrate the phenomenon. The sec-
ond part of this article will be devoted to
explaining the experimental setup and
reporting the results. The experiment
will be performed in an electromagneti-
cally isolated environment to avoid er-
rors which could confound the test
results. It will give a demonstration of
coupling between signal lines, the na-
ture of which will be determined by
parameters of the test setup. Finally, the
experimental results will be discussed
in terms of the theoretical predictions to
prove the theory and to lay a basic
foundation for predicting line to line
coupling. Design techniques for reduc-
ing line to line coupling will also be
discussed.

Theory
As stated, this experiment will only
examine near field coupling between

Frequency Drive Voit. Induced Voit. Predicted Voit. Frequency Drive Curr. Induced Volt. Predicted Volit.
(MHz) (Vrms) (mVrms) (mVrms) (MH2z) (mArms) (Vrms) (Vrms)
0.05 3.5 1.8 2.6 0.05 224 0.054 0.056
0.1 35 35 5.3 0.1 224 0.079 0.113
0.3 3.5 10.6 15.8 0.3 224 0.157 0.338
0.5 3.5 17.7 26.6 0.5 224 0.243 0.564
1.0 3.5 35.4 53.3 1.0 224 0.443 1.1
3.0 3.5 102.5 159.5 3.0 224 1.4 3.4
5.0 35 173.2 265.9 5.0 224 23 5.6
10.0 35 300.5 532.8 10.0 224 4.4 11.3

Table 1. Measured and calculated values for capaci-

tive coupling.
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tive coupling.

Table 2. Measured and calculated values for induc-
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chosen such that even at 10 MHz, they
were comparable in impedance to the
inductive reactance. Thus, the only
parameter which was varied was the
frequency. With all other parameters
held (reasonably) constant, the induced
voltage should increase proportionally
with frequency, which is exactly what it
did. Note that while the predicted values
are consistently higher than the meas-
ured ones, they are all within 6 dB of the
actual values, which is extremely good,
and thus provide an excellent tool for
predicting capacitive coupling.

The same is basically true for the
inductive coupling experiment. Note that
while the predicted and measured val-
ues are within 2 mV of one another at
50 kHz, the predicted value diverges to
about 8 dB higher than the measured
voltage at the higher frequencies. While
still extremely close as far as predicting
the magnitude of induced voltage, the
disparity could be due to the fact that
as frequency was increased, so did the
load which the amplifier was driving due
to increased inductive reactance. Thus,
while the field was still fairly low imped-
ance, the impedance of the source was
increasing. Thus, the magnetic compo-
nent of the field was decreasing while
the electric field component was in-
creasing. That notwithstanding, this pre-
diction is also very close and is an
excellent tool for predicting inductive
coupling.

Design Recommendation
and Conclusions

it is clear that the voltages induced
onto the receive line are significant.
Therefore, it is very easy to see how
errors could occur, especially when
dealing with low-level analog signals.
Cable to cable coupling presents a
significant problem due to the fact that
cables can be very long and as a result,
large loop areas and large amounts of
line to line capacitance could be a
problem unless techniques are imple-
mented to minimize this during the
design phase.

Inductive coupling can be reduced
by simply twisting signal and return lines
together, thereby minimizing loop area
of the potential receive circuit. Routing
cable bundles orthogonal to one another
will minimize coupling between bundles.
Similarly, at the board level, trace layers
should be run perpendicular to adjacent
trace layers. In addition, providing a
return plane for each trace layer (as
opposed to a single return plane for
several layers) will greatly reduce both

RF Design

crosstalk and emissions.

Capacitive coupling can be controlled
by minimizing the capacitance between
adjacent lines. This may involve using a
twisted shielded pair, providing that
shields are well-terminated and exposed
leads are minimized. Physically separat-
ing ‘‘noisy”’ from ‘‘sensitive’ lines will
also reduce potentiai crosstalk prob-
lems. Techniques discussed in the pre-
vious paragraph will also reduce capaci-
tive coupling at the board level.

These are simply a few design guide-
lines which are derived directly from the
equations which describe coupling.
Many other methods exist to reduce
coupling, however it is much easier if
these techniques are implemented dur-
ing the design phase. Investing a little
more money up front is vastly superior
to a costly EMC retrofit, which will
inevitably create a substantial schedule
impact as well.

Crosstalk is a very real and
problematic phenomenon which is
only becoming more significant as
technology progresses. This experiment
has demonstrated the phenomenon and
the methods outlined herein for predict-
ing coupling have been shown to be
very accurate (within 8 dB). These
methods can be extremely helpful in
determining potential coupling magni-
tudes. understanding the mechanics of
coupling will allow engineers to combat
crosstalk and noise problems at the
design level, which will ultimately save
time and money and make systems
inherently more reliable from an EMC
standpoint. RF
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A Circuit Analysis Program for Filters

By Jack Porter
Cubic Corporation

This article describes the Third Place
prize winner in the 1991 RF Design
Awards Software Contest. One of many
excellent filter programs entered in the
contest, this one speeds analysis of
active and passive filter networks.
General purpose circuit analysis pro-
grams such as SPICE are often
used to evaluate filter performance, but
they aren’t the most convenient tools to
use for that. These programs are large
and often slow, the component models
don’t describe filter elements very well,
the input data files are unwieldy, and the
only useful output data obtained from
the AC analysis are node voltages.
APFCAP is a special-purpose circuit
analysis program which provides the

necessary circuit elements and per-
forms the the calculations necessary for
frequency domain analysis of active and
passive filters. It is a fairly small pro-
gram, written in Fortran 77, which fits
on a single floppy disk with ample room
for data files. It will run on any IBM
compatible computer and, although it
executes quite rapidly, a math coproces-
sor is recommended.

A circuit can have a maximum of 50
nodes and 200 components, and output
data can be tabulated at up to 300
frequencies. Nodes must be numbered
consecutively (no number may be
skipped), with node zero as ground.
Each node must have a path to ground;
op amp outputs and Norton amp inputs
and outputs are such paths.

Figures 1a through 1h show the eight
component types which are available.
The components are connected to two
to four nodes, depending on component
type, and are characterized by an appro-
priate component value and, in some
cases, an optional Q, gain-bandwidth or
transfer capacitance. If this optional
value is omitted, Q and G, are infinite
and C, is zero by default. Negative
values are permissible for resistors,
inductors and capacitors.

Figure 2 is a typical input data file.
The file, titled ELFILA.DAT, and eight
other examples are included on the
program disk. The first line is a title,
which may be up to 50 characters long.
It can be blank, but must be the first line,
not preceded by a blank line. The next

RESISTOR

{ S M

R, 1, J, resistance {ohms)
(A)

fomd I

L, 1, J, inductance (henries), Q
(8)

OPERATIONAL AMPLIFIER

INDUCTOR

i o———4] }———- J
C, 1, J, capacitance (farads), Q
)

A 1, J, K, A, GBW (MHz)
(E)

e = Al — 1)) + Rgi
Ay: OP AMP DC GAIN

GBW: GAIN - BANDWIDTH PRODUCT

iK
R, = 2509

N, I, J, K, Ry, C; (farads)

(F)

L

Y, 1, 4 K, L, g, (siemens)
(G)

K
-~ _, - CURRENT-CONTROLLED
K VOLTAGE-CONTROLLED ! CURRENT SOURCE
! CURRENT SOURCE
001Q B i = i
. K ¥
°° om i = Gall ~ 1) ‘
Je— o L iL _ i J — | I -k
-
H

B, I, J, K, L, o, GBW (MHz)

(H)

CAPACITOR

IDEAL TRANSFORMER
N: TURNS RATIO
2

T. I, J, K, L, turns ratio
[2)]

NORTON AMPLIFIER
e = Zeli, — 1)) + Roiy

K Z; consists of R, in
parallel with C,
R; = RA, ohms

1

= farad
2 X 105(GBW)R, 00

¢

A,: DC VOLTAGE GAIN

GBW: VOLTAGE GAIN-BANDWIDTH
PRODUCT IN MHz

Bo: DC CURRENT GAIN

GBW: CURRENT GAIN—
BANDWIDTH PRODUCT

Figure 1. The eight component models included in the program.

70

September 1991












RF design awards

A Single IF, Antilogarithmic, AM/FM
Detector/IF Strip

By John C. Roberts
Northern Airborne Technology Ltd.

The circuit presented here intends to
suggest an alternate method of achiev-
ing both AM and FM demodulation using
a common IF strip and only one base-
band op-amp IC. While the FM detection
is straightforward, the recovery of ampli-
tude modulation is somewhat unconven-
tional, but very effective.

When designing communication equip-
ment for overseas customers, one
comes across an odd mixture of modula-
tion schemes and bandsplits. Numerous
orders and quotation requests have
been presented to us asking for AM/FM
non-military receivers and transceivers.
One such application is in SAR (Search
and Rescue) operations where both AM
aircraft bands as well as FM marine
frequencies have to be monitored. While
planning the design of a SAR receiver,
I did not wish to have two individual IF
amplifiers, crystal filters and detectors
in order to service both AM and FM
modes. | felt that it would be very
advantageous to come up with a scheme
for simultaneous detection of both AM
and FM modulation. This would allow
several desirable features to be inherent
in the design:

1) Low Cost: Unlike many of our
systems, price was of concern as many
offshore companies market functionally
similar receivers.

2) A minimum of adjustments during
alignment and calibration. This would
minimize time spent in test and inspec-
tion.

3) Ease of layout: With the increased
board space an unconditionally stable
layout could be achieved.

4) No AGC requirement for the AM
detector. (More on this later).

5) Low distortion recovery of both AM
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and FM, even simultaneously.

Circuit Description

The RF portion of the circuit is based
on the SA604 family of FM IF modules.
It has proven itself to be one of the most
versatile FM IF/Detector ICs on the
market today.

FM Detector

As far as the FM detector is con-
cerned, the circuit is very conventional
and its application is covered well in the
Signetics application notes for this de-
vice. The layout is very conservative with
as much use of groundplane as was
possible. Detection is with a conven-

tional FM quadrature detector. Sensitiv-
ity is typically less than 0.3 uV for 12 dB
Sinad with the input matched to the 1.5
K input impedance of the mixer.

AM Detector

As the SA604 uses a limiting amplifier
for the majority of its IF gain, another
method had to be found to recover the
amplitude information.

The SA604 has a current source
RSS! pin which gives a DC current
output that is proportional to the loga-
rithm of the input signal. For instance,
with a 180K resistor from this pin to
ground, a voltage of 1 V/10 dB increase
of signal strength can be observed.
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Figure 1. Schematic of AM/FM IF strip.
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RF software

High Resolution Plotting Routines
for BASIC and APL

By Douglas Miron, Ph.D.
South Dakota State University

Engineers who write their own com-
putation programs want simple inter-
faces, that are easy to use and do not
require lots of time to write. The plotting
routines presented here are not for
professional programmers oOr applica-
tion writers. They are intended to be
subroutines or post-processing acces-
sory programs for engineers who use
the computer as a problem-solving tool,
for the display of filter passbands,
amplifier bandwidth, antenna pattern
rectangular plots, or other typical RF
engineering data.

Two implementations of the plotting
routine were developed; one in Mi-
crosoft’'s GWBASIC, the other in STSC's
APL*PLUS/PC. The BASIC version was
created because of the widespread use
of this language. The APL version was
developed because it is the author’'s
most often used language.

Program Description

This plotting program produces scales
and a grid, with increments in nice,
round numbers and labels for each axis.
The plot occupies as much of the screen
as possible for best resolution. The
program structure is as follows:

First, maximum and minimum data
values are requested. These can be
expected values, or a sorting routine can
pe included in the user’s program to
identify these values if the data are
computed before plotting. Next, scale
extremes and major divisions are com-
puted. Scale factors to match the pixel-to-
datum value are implemented. Grid
lines are then drawn, adjusted to fit
round number major divisions. Scale
numbers and labels are placed on the
plot.

Finally, the line-drawing function is
implemented. Data at each point on the
horizontal scale has the corresponding
vertical scale value computed and writ-
ten to the screen, using both pixel and
scale factors already established. The
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‘Some generally useful constant.
KEY OFF:WIDTH 40:CLS:LGT=LOG(10):PI:4*ATN(1):EPS=.5~.000001:RD=PI/180
/LINPLOT, a general-purpose plotting program written by D. B. Miron,
‘March, 1990.
'This program is set up to do a plot while the data is being calculated,
/rather than after all the data has been generated. The user thus has a
rgsense of progress, which is encouraging when the computation for each
'point takes a long time. To achieve this effect, the scales, labels,
rand plotting are the main program, and the data function is a subroutine.
/There is a demonstration function at the end of this program. Replace it
‘with yours.
/While the input-request format is good for a single use, it becomes tedious
rduring problem-solving in which many parameter values are to be tested, or
‘many changes in the math model are to be tried. I suggest that you comment
‘out the INPUT statements and type in a line assigning the scale values and
/labels you will be using.
'1f a data value is out of range for the scales you chose, the program
roffset it by a multiple of the range so that it appears on screen. This
‘process will cause a jump in the plot, which tells you there’s an
rerror somewhere. I prefer an incorrect curve to a blank screen when I
’a mistake.
‘To get a printer copy of your plot, you must run DOS’s GRAPHICS.COM before
/you start BASIC. The plot is done in 640x200 CGA mode, so GRAPHICS prints
/it siedeways. It takes a full sheet, so be sure the printer is set to

‘start at the top.

LOCATE 1,1,0

INPUT "Min. and max. horizontal values" ; XMN, XMX:CLS
LOCATE 1,1,0:INPUT "Horizontal units';UNX$:CLS

LOCATE 1,1,0

INPUT "Min. and max. vertical values";YMN,YMX

CLS:LOCATE 1,1,0:INPUT "Vertical units";UNY$

CLS:LOCATE 1,1,0:INPUT "Caption (80 characters max.)";CAP$

PXX=10~INT (LOG (ABS (XMX~.000001) ) /LGT) : PXN=10"INT (LOG (ABS (XMN+.000001)) /LGT)
IF PXX>PXN THEN PX=PXX ELSE PX=PXN

RXX=CINT(EPS+XMX/PX):RXN=INT(XMN/PX)

NX=RXX~RXN:IF NX>10 THEN PX=PX*10:GOTO 350

IF NX<3 THEN PX=PX/5:GOTO 350
RX=NX*PX:XSF=400/RX:DX=(XMX—XMN)/200:XPS=120:YPS=170
PYX=10*INT(LOG(ABS(YMX—.000001))/LGT):PYN=10AINT(LOG(ABS(YMN+.OOOOOI))/LGT)
IF PYX>PYN THEN PY=PYX ELSE PY=PVYN

RYX=CINT (EPS+YMX/PY) : RIN=INT (YMN/PY)

NY=RYX-RYN:IF NY>10 THEN PY=PY*10:GOTO 410

IF NY<3 THEN PY=PY/5:GOTO 410

RY=NY*PY:YSF=YPS/RY

XPN=RXN*PX : YPN=RYN*PY : YPX=RYX*PY : SCREEN 2,0

FOR K=0 TO NY:FOR X=XPS TO 520 STEP 4:PSET (X,K*PY#YSF) :NEXT X,K

FOR K=0 TO NX:FOR ¥Y=0 TO YPS STEP 2:PSET ((XPS+K*PX*XSF),Y) :NEXT Y,K

FOR K=0 TO NY:LOCATE 1+K*PY*YSF/8,((XPS/B)-B—CINT(ABS(LOG(PY)/LGT)))
PRINT (RYX-K)*PY;:K=K-(NY>5):NEXT K

FOR K=0 TO NX:LOCATE 1.5+YPS/8, (XP5/8)+K*PX*XSF/8

PRINT (RXN+K)*PX;:K=K—(NX>5):NEXT K

LOCATE 2,1,0:PRINT UNYS$;

LOCATE 1.5+YPS/8, ((XPS+424) /8+CINT (ABS (LOG (ABS (RX) ) /LGT)) ), 0: PRINT UNXS$;
LOCATE 25,1,0:PRINT CAPS$;

X=XMN:GOSUB 660:GOSUB 640

PSET { (XPS+(XMN-XPN) *XSF), (YPS~(Y-YPN) *YSF))

FOR K=1 TO 200

X=XMN+K*DX:GOSUB 660:GOSUB 640

LINE - ( (XPS+(X-XPN)*XSF) , (YPS~ (Y-YPN) *YSF))
NEXT K

KBS=INKEYS:IF KB$="" GOTO 610

SCREEN 0,0

END

IF Y=<YPX THEN GOTO 650 ELSE Y=Y-RY:GOTO 640

IF Y>=YPN THEN RETURN ELSE Y=Y+RY:GOTO 650
y=2#%X/ (5% (L+X*X/25) ) : RETURN

KB$=INKEY$:IF KBS="" GOTO 610

SCREEN 0,0

END

IF Y=<YPX THEN GOTO 650 ELSE Y=Y-RY:GOTO 640

IF Y>=YPN THEN RETURN ELSE Y=Y+RY:GOTO 650
Y=2%X/ (5% (1+X*X/25) ) :RETURN

Figure 1. Listing of the BASIC plotting routine.
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The Maturing of High Performance

Software

By Liane G. Pomfret
Associate Editor

H igh performance software has under-
gone a rapid evolution in the last few
years. In many cases, the software
packages of five years ago bear little
resemblance to their offspring of today.
Advances in computing hardware, pro-
gramming and algorithms have changed
the entire CAE industry.

Fifteen years ago, software for de-
signing circuits was extremely expen-
sive, cumbersome, and usually required
a mainframe to run on. Since then,
software packages have advanced to
where they are now capable of running
on PCs and workstations, can do both
linear and nonlinear simulation, and are
user friendly. Ray Pengelly, Vice Presi-

dent of Marketing and Sales for Com-’

pact Software says of their software,
“The product in all forms, whether it be
for PCs, workstations or mainframes, is
very different from where it was even two
years ago.”’

Virtually all of the large software
companies are pursuing the goal of
operating their software products within
a major integrated design framework.
Jeremy Bunting, product marketing man-
ager at EEsof indicates that EEsof is
doing this with “Mentor and Cadence,
and looking to establish programs with
integraph, ComputerVision, Valid, and
others — We're incorporating our product
suite into their frameworks.” This way
engineers can do everything from initial
design to circuit or system simulation
without ever leaving their desk. “Before
frameworks, the design process was
cumbersome due to individual point tool
characteristics,” stated Paul Wilhelmson,
channel marketing manager for Cadence.

He continues, “Now designs can be

created efficiently because tools are
integrated together under a common user
interface. This allows engineers to cre-
ate design flows matching their design
methodologies.”

The biggest developments have been
in the areas of nonlinear simulation,
system simulation, user defined models,
component libraries, and schematic cap-
ture and layout. John Hirsekorn, Product
Marketing Manager for Hewlett-Packard’s
HF Design Software notes, that, “We're
improving simulation accuracy, but even
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more profound is our ability to mode!
high frequency transmission media, pas-
sive components, and perhaps most im-
portantly, nonlinear characteristics of
active devices.” In addition, there have
been significant advances which make
the software more user friendly and con-
sequently more marketable. Randy Rhea,
president of Eagleware comments, “a
wider range of types of circuits can now
be successfully simulated. There are
more models to be used within these cir-
cuits and the products have also gotten
much easier to use.”

Electromagnetic Simulation
Software

One of the largest areas of software
development is electromagnetic simula-
tion. The need for software in this area
has been acute and companies are just
beginning to develop it commercially.
According to James Rautio, president
of Sonnet Software, ‘‘Most electromag-
netic software, except for the past two
to three years, has been academic or
research oriented. Software support and
updates are minimal and the software
is usually difficult to use.” The new
software packages offered by compa-
nies such as Sonnet, Hewlett Packard,
EEsof and Compact provide engineers
with a way to see what is going on inside
the circuit, electromagnetically. With
this software, “Customers can achieve
packing densities roughly two to three
times what they were able to do before,”
says Rautio. It can also cut down on the
length of the design cycle and signifi-
cantly lower costs.

PC Versus Workstation

Today’s engineer has a number of
choices when it comes to computing
hardware. The mainframe computer is
still an alternative but is giving way to
smaller, less expensive options such as
PC compatibles, workstations and Macin-
tosh computers. Each system has its
supporters and all have their pros and
cons. The Macintosh versus PC compat-
ible debate has been going on for
several years. According to Brad
Nedrud, Owner of Nedrud Systems,
“We’re running into more and more

engineers that have Macs and like using
them.” Zelco Jagaric, manager of tech-
nical support and development at Ing-
soft notes that, ‘' The only platform which
actually delivers high performance gen-
eral purpose applications in all fields,
completely standardized and fully inte-
grated, is the Macintosh.” Indications
from both these companies are that
there is a growing need for Mac CAD
software, despite assertions from other
companies that there is no market.

With the power of PCs approaching
that of the lower end workstations,
engineers now have to decide between
a dedicated system, i.e. a workstation
for just CAD work, or a general purpose
tool, i.e. a PC that can also do spread-
sheets, etc. DGS Associates president,
George Szentirmai, has noticed a trend
in his sales, ‘‘Lately the PC version has
become the most popular form. It is the
easiest to use because of utilities that
are not standard on mainframes and
workstations.” Dick Webb, president of
Webb Laboratories comments “‘Our net-
work analyzer will run five times faster
on a 486-based PC, than a similar
program on a low end workstation.”

Supporters of workstations, some of
which now approach the power of a
mini-mainframe, feel that they are better
suited to getting tasks done. As Jeremy
Bunting points out, “With its ability to
network, its high resolution graphics and
great computing power, the workstation
becomes a very powerful tool.”

The choices available in high perform-
ance software are staggering. But the
decision must also take into considera-
tion the platform the software will run
on, the number of users, cost, the
frequency of use and applications. It
may be that one framework will provide
all the answers an engineer is looking
for but another engineer may find differ-
ent tools from several companies that
are right for him. Either way, a great
deal of time should be spent researching
and testing potential software packages
before making a final decision. RF

For reprints of this report, contact Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.
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RF SYNTHESIS SOFTWARE

Smithsoft Plus by Somersoft

PC Software for Every RF Engineer

INTERACTIVE SMITH CHART
Data are entered directly onto the chart by using the mouse,
keyboard, or by loading a disk file. Component arcs,
including parasitic effects, are drawn on the chart by making
component selections from the top menu bar. A schematic
is automatically generated and displayed as components
are selected. Once a circuit is entered, the circuit editor
allows you to randomly tune, cut, copy or paste any
component. This makes it very easy to experiment with
many different kinds of circuit topologies in order to achieve
the best design. This also makes the software very
educational for those who are just learning the Smith chart.

... PARTIAL LIST OF FEATURES ...

Network Analyzer Z-Theta Chart
H, S, Y, Z, ABCD Conversions
Common B « Common E -~ Common C
Simultaneous Multiple File Analysis
Operating and Available Power Gain Circles
Unilateral Power Gain Circles
Noise Circles  Stability Circles
S-Parameter Stack for Recursive Operations
Data Tables on Screen or Dump to Printer
Internal Graphic Screen Dump

$259.00, Somersoft, (107)829-0164

INFO/CARD 88

For All Your RF /Microwave
Prototyping Needs

_'—='— N\ RF PROTOTYPE SYSTEMS

QUICK BOARDS™ for:
PLLs, synthesizers, Avantek devices

Breadboarding ¢ Evaluation

Free brochure! Call now
1-800-874-8037 (outside Calit)
(619) 689-9715 FAX (619) 689-9733 g

INFO/CARD 89

PROMOTE
YOUR
PRODUCTS

FOR
ONLY

$400/mo.

Aerospace Consulting. . ... ... .. .. .. 85
Alan Industries, Inc. ... ... .. ... ... 17
Alpha Components, Inc. ....... .. . . . . 76
American Technical

Ceramics, Corp.. .. .......... ..... 42
Amplifier Research .. ... .. . ... ... . 25
Amplifonix ... .00 33
Andersen Laboratories . ... ... .. .. 92
Anritsu ... 91
Artwork Conversion

Software, Inc........... .. .. ... ... 84
Avantek ........... ... .. .. ..... 46, 47
Cal Crystal Lab, Inc. ... ... ... ... .. 63
Comlinear Corporation . ... ... ....... 19
Communication Concepts, Inc.. . ... ... 81
CTSCorp. .............. ... ... .. 39
Daico Industries, Inc. ....... ... ... . .. 4
Dale Electronics ...... ... ... ... .. .. 56
DGS Associates, Inc. .. ... ... ... ... 71
Eagle ... .. ... ... ... . . ... . ... .. 72
Eagleware ...... .. .. ... . ... ... .. 59
E.F. Johnson, Inc. . ... ... .. ... .. .. 52
Ehrhorn Technological

Operations, Inc. ........... ... .. .. 27
Electro Dynamics

Crystal Corp. .......... ... ..... .. 57
Elisra Electronic

Systems Ltd. .. ... ... ... .. .. 68
ENL.o 32
Epson America ... ....... ... ... ... 28
Greenray Industries, Inc.. .. ... ... .. .. 78
Hewlett-Packard .. ... ... ... . . .. 9, 35-37
Hybrids International Ltd. . ... .. ... . . 85
Hy-Q International (USA), Inc. ... .. ... 48

Advertising Index

IFR Systems, Inc. ........ ... .. .. . . .. 3
ingSoft, Ltd. . ......... ... ... .. .. ... 81
Innovative Frequency Control

Products, Inc.......... ... ... .. .. 69
JFW Industries, inc. . ... ... . .. .. 64
Johanson Manufacturing

Corp. ..o 56
Kalmus Engineering

International Ltd. .. ... .. ... . .. .. .. 22
Krohn-Hite Corporation . ... ... ... . .. 75
KVG North America . ............ ... 16
Leasametric. ......... ... .. ... . ... 63
loCus .. ... ... .. ... .. .. 85
Loral Microwave — Narda ... ...... ... 2
M/A-Com Control

Components Division ... ... ... .. . 44
M/A-Com Omni

Spectra, Inc.. ... ... . ... ... 41,73, 79
Maxim ... ... ... . 13
Merrimac ...... ... ... .. ... ... .. 15
Minaret Radio . .......... ... ... ... 85
Murata Erie North America . ... ... ... 20
Narda......... ... .. .. ... .. .. .. .. 2
Nedrud Data Systems. . ..... ... ... .. 85
NEOS . ... . .. 14
Noise/Com, Inc.. .. ... ... ... .. . . .. 7
Oscillatek .. . ............ .. .. ... . .. 41
Penstock Engineering, inc.. . ... .. .. .. 61
Piezoelectric Devices

Conference & Exhibition .. .. ... . . .. 49
Piezo Technology, Inc. ... ... .. . . . . 52
Polaris Electronics Corp. .. ... ... .. .. 61
PR. Hoffman

Machine Products .. ... ... ... . . . . 8

Programmed Test

Sources, Inc. ... ..., 21
Proxim, Inc. ....... .. ... .. .. ... ... 31
Q-Tech Corporation . ... ... ... ... ... 30
Qualcomm, Inc................ ... .. 38
Raltron Electronics Corp. ... ....... .. 32
RF Design

Amplifier Handbook .. .......... .. 50
RF Design Filter Handbook . ... ...... 62
RF Design Software Service .. ... .. .. 8
RF Power Systems . ....... ... ...... 85
RF Prototype Systems .............. 86
RF Solutions .. .............. .. ... 60
Sciteq Electronics, Inc. . ... .. .. ..., 55
Somersoft ...... ... ... ... ... ... 86
Sprague Goodman ...... ... ... .. ... 23
Stanford

Telecommunications ... ... .. ... 66, 67
STC Components . ... .............. 18
Surcom Associates, Inc. .. ... ... ... . 72
Surplus Sales of Nebraska........ ... 84
Temex Electronics, Inc. ... .. ... ... .. 12
Tesoft . ... . ... .. ... ... 44
Thomson-CSF ... ... ... ... ... ... 58
Trak Microwave

Corporation .. ... . ... ... ... .. 10-11
Trim-Tronics, Inc. ... ... ... .. .. ... .. 58
TTE, Inc. ... ... . ... ... ... ... 63
Valpey-Fisher . ... ... .. .. .. ... .. .. . 76
Vectron Laboratories, Inc. . ... ... .. 53-54
Voltronics Corporation. ... . ... ... ... 78
Werlatone, Inc. ... ... ... ... .. .. .. 6
Wide Band

Engineering Co., Inc. ... ... ... ... . 45
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