












































RF courses

Numerical Techniques for RCS Computation and Scatter-
ing Center Approach to RCS Modeling

July 8-12, 1991, Monterey, CA
Information: Kelly Brown, SCEEE. Tel: (407) 892-6146.

Introduction to Modern Radar Technology
June 26-28, 1991, Washington, DC
lonospheric Radio Propagation for System Planners
July 8-11, 1991, Washington, DC
Radio Frequency Spectrum Management
July 8-12, 1991, Washington, DC
Synchronization in Spread-Spectrum Systems
July 15-19, 1991, Washington, DC
Global Positioning System: Principles and Practice
August 12-14, 1991, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
August 13-16, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

New Broadcast Standards and Systems

July 21-26, 1991, Southampton, United Kingdom
Satellite Communication Systems

July 22-26, 1991, Guildford, United Kingdom
Electromagnetic Compatibility

September 15-20, 1991, Canterbury, United Kingdom
Microwave Measurements

September 22-27, 1991, Canterbury, United Kingdom
Information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, UK.

Digital Signal Processing Workshop

July 16-18, 1991, Campbell, CA

September 11-13, 1991, Norwood, MA
Information: Analog Devices, DSP Applications Department,
Maria Butler. Tel: (617) 461-3672.

Workshop for EMI Certificate Testing

June 19-20, 1991, Mariposa, CA
Seminar in EMI Software (EMCAD1)

August 21-22, 1991, Mariposa, CA
Seminar on the High Intensity Electromagnetic Radiated
Fields (HIRF)

July 23-25, 1991, Mariposa, CA
Advanced HIRF Seminar for Commercial Flight Applica-
tions

September 24-26, 1991, Mariposa, CA
Information: CKC Laboratories, Registrar. Tel: (209) 966-5240.
Fax: (209) 742-6133.

Understanding Data Communications and Computer Net-
works

June 24-25, 1991, Chicago, IL
Information: Quest. Tel: (908) 251-3217.

Libra/Academy
June 17-21, 1991, Baltimore, MD
June 17-21, 1991, Gilching, Germany
Information: EEsof. Tel: (818) 991-7530. Fax: (818) 991-7109.

Fiber Optical Communication Technology and Systems

August 26-30, 1991, Switzerland
Combined Digital Coding and Modulation Techniques
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October 14-18, 1991, Spain
Modern Digital Modulation Techniques

October 14-18, 1991, Spain
Broadband Telecommunications

October 14-18, 1991, Spain
Information: CEl-Europe/Elsevier, Mrs. Tina Persson, Box 910,
$-612 01 Finspong, Sweden. Tel: 46 (0) 122-17570. Fax: 46 (0)
122-14347.

Modern Power Conversion Design Techniques

July 15-19, 1991, Chicago, L
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

Electromagnetic Propagation
August 20-22, 1991, Syracuse, NY
ELINT Analysis
September 10-12, 1991, Syracuse, NY
ELINT Interception
September 17-19, 1991, Syracuse, NY
ELINT/EW Applications of Digital Signal Processing
September 17-19, 1991, Syracuse, NY
Integrated EW
September 24-25, 1991, Syracuse, NY
ELINT/EW Data Bases
September 24-26, 1991, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Basic Network Measurements Using the 8510B Network
Analyzer
June 18-20, 1991, Atlanta, GA
June 25-27, 1991, Los Angeles, CA
June 26-28, 1991, Boston, MA
July 29-31, 1991, Los Angeles, CA
July 29-31, 1991, Boston, MA
August 5-7, 1991, San Francisco, CA
Microwave Fundamentals
July 15-18, 1991, Los Angeles, CA
September 16-19, 1991, Los Angeles, CA
Designing for EMC
July 11-12, 1991, Atlanta, GA
August 22-23, 1991, New York, NY
September 24-25, 1991, Washington, DC
Information: Hewlett-Packard Company. Tel: (714) 999-6700.

Introduction to Telecommunications
June 25-28, 1991, Washington, DC
July 16-19, 1991 Los Angeles, CA
Digital Signal Processing: Techniques & Applications
June 18-21, 1991, Washington, DC
July 9-12, 1991, Boston, MA
Information: Learning Tree International. Tel: (800) 421-8166,
(703) 893-3555, (203) 417-8888.

Introduction to EMI/RFI/EMC
June 24-25, 28, 1991, Orlando, FL
Grounding and Shielding
June 24, 27, 28, 1991, Orlando, FL
System Integration and Design for EMC
June 24, 25, 28, 1991, Orlando, FL
Information: Interference Control Technologies, Registrar. Tel:
(703) 347-0030.
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RF featured technology

A Lab Frequency Standard
Distribution System

By Mitchell Lee
Linear Technology

A stable frequency source is a useful
tool, but its cost prevents every bench
in the lab from being so equipped. The
lab frequency standard usually occupies
its own bench and the designer is
expected to take his work there — which
is often inconvenient. And if someone
else is already using the standard,
projects can be stalled while waiting in
line. The lab frequency standard could
be more efficiently utilized if some
means of signal distribution were avail-
able.

Single-chip RS-485 bus transceivers
provide an answer to this dilemma.
Intended for data transmission over a
twisted pair, RS-485 interface chips can
just as easily send a reference signal via
the same, inexpensive medium. Figure
1 shows a simple system devised to pipe
the 1 MHz output of a frequency stan-
dard around the lab using the LTC485
differential bus transceiver. The input is
TTL compatible, but is shown pre-biased
and AC coupled to accommodate sig-
nals as small as 300 mV_,. The
receiver in this chip is enabled and used
locally as a buffered output. The trans-
mitter drives up to 1000 feet of shielded,

twisted pair. Greater lengths can be

driven at lower frequencies; just be sure
to keep the line loss to 10 dB or less.

Receivers are tapped into the other-
wise continuous twisted pair, and the
end of the pair is terminated in its
characteristic impedance. Since the in-
put resistance of each receiver is roughly
40 kohms, up to 100 receivers could be
connected to the twisted pair without
seriously affecting the termination. The
receiver circuit requires no external
components except for a 10 nF supply
bypass. With a CMOS load, a receiver
will consume about 1.1 mA ona 5V
supply while switching at 1 MHz. The
receivers are powered locally, yet they
will not disturb the twisted pair when
turned off. The input stage will present
the same high impedance to the line
regardless of whether or not power is
applied.
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RF featured technology

Frequency Modulation in a Phase
Lock Loop by Control of the Phase
Inside the Loop

By Scott Grimmett
Hewlett-Packard Company

The 8920A test set requires a low
cost single loop synthesizer as the RF
signal generator. The signal generator
needs synthesized frequency in 10 Hz
steps from 500 to 1000 MHz with low
noise and good FM performance on only
30 square inches of PC board area. This
paper will focus on the techniques used
for obtaining the FM performance for the
8920A signal generator. The FM per-
formance of the generator provides
distortion of less than 1 percent, an FM
bandwidth of DC to 75 KHz, and devia-
tion of 100 KHz.

Figure 1 shows a simple block diagram
of a phase lock loop. The loop
includes a phase detector, loop filter,
voltage controlled oscillator (VCO) and
a divider. Also included is a phase
modulator and summing port for adding
modulation into the loop.

The general transfer function of the
loop is

8, _  KF(SK, )
6, L KFEK,
® N

The response of the loop output fre-
quency due to a voltage at the modula-
tion inputs will be considered. The
transfer function for frequency deviation
of the output due to a voltage at the V
input is
w, sk,
K F(s)K,
* N

With F(s)=1 the transfer function in
equation 2 has the high pass response

fmod

@)

meod

Phase Loop
Detector Filter veo
6, Kd /~< KJS
+ ~

Modulator

N-Divider

ol
iy

Figure 1. Phase lock loop block
diagram with modulation inputs.
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shown in Figure 2.

The phase lock loop frequency re-
sponse characteristic shown in Figure 2
allows frequency modulation of the
output frequency at rates greater than
the loop bandwidth when a modulation
voltage is applied at the V,_, input. To
provide for frequency modulation at
rates inside the loop bandwidth the
V. 0q Modulation input will be examined.
The transfer function in equation 3 is the
phase deviation of the loop output when
a modulation voltage is applied to the

meod input.
0 K F(s)K

Voo T TR F(S;K ©)
pmod + d v

N

When F(s)=1 the transfer function has
the low pass response shown in Figure
3.

The low pass nature aliows the loop
to be phase modulated at rates inside
the loop BW. This low pass phase
response will be utilized to obtain fre-
quency modulation inside the low BW.
Since phase is the integral of frequency,
adding the integrator K/s shown in
Figure 4 prior to the meod input effec-
tively converts the in-band modulation
path from a phase modulation port to a
frequency modulation port. The result
is frequency modulation at rates inside
the loop BW.

Equation 4 shows the relationship
between frequency and phase. Equation

5 shows the conversion of the in-band
phase modulation path to a frequency
modulation path by addition of the
integrator.

w, = 8, (4)
w, K s6, _ KK F(s)K, 5)
Vmod s meod s + KdF(S)Kv
N

Frequency modulation is obtained for
modulation rates inside and outside the
loop bandwidth by applying the modula-
tion signal to both the V. and V__,
inputs. To obtain flat frequency devia-
tion at rates inside and outside the loop
bandwidth each modulation path must
be scaled to provide equal FM gain
when the modulation signal is input.
However, for simplicity let's only scale
the in-band FM path by setting K, =K /N.
Adding the frequency deviation transfer
functions due tothe V, . andV__, input
in equations 2 and 5 and scaling K, gives
the following results.

o 4 o v +
meod mod s + KdF(S)Kv
N

K/N K F(s)K,
K F(S)K,
s+~
L KFIK,
K, — N
o+ KFOK,
=K (6)

v

tmod
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N

Figure 2. Frequency deviation re-
sponse at loop output due to a
modulation signal at the V
input.
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Figure 3. Phase deviation re-
sponse of loop output due to a
modulation signal at vV

pmod”

31


































































RF emc corner

EMC Design Techniques for
Printed Circuit Boards

By Bernard Cooperstein
EMC Consultant

This article describes design proc-
esses and techniques that have been
found to be effective in minimizing
Electromagnetic Emissions (EME) and
improving the overall EMC characteris-
tics of circuit boards. Because the
functional requirements and cost con-
straints of different products vary widely,
there may still be aspects of particular
designs that may appear to be ambigu-
ous. In such cases, experience is often
the best guide to selecting the most
effective design.

his article is not intended to make the

reader an EMC expert, but should
help in reducing the number of design
iterations necessary to result in a prod-
uct with acceptable EMC characteris-
tics. Specifically, this article will focus
on those EME reduction techniques
directly related to the placement of high
frequency devices on PCBs, and to the
routing of high frequency signals, and
will briefly discuss impedance matching
and control of signal waveforms. Other
important aspects of circuit board de-
sign, such as layering configurations for
multilayer boards, on-board power distri-
bution and filtering, and transient and
ESD protection, are beyond the scope
of this article.

Electronic equipment sold almost any-
where in the world is, or soon will be,
required to comply with specific EME
limits set by government regulatory
agencies or by military standards. By
now, almost everyone is aware of FCC
Part 15 requirements, and will soon
become aware of the EMC requirements
of CISPR Publication 22 (CISPR-22) in
one or another of its final forms
(EN55022 in Western Europe, and VCCI
in Japan). Those who sell to the U.S.
military organizations are aware of MIL-
STD-461. Therefore, it is in the best
interests of equipment manufacturers
to design their products, from the initial
design phases, to comply with all appli-
cable EMC requirements. Although it is
possible to reduce EME after a product
has been designed and built, that ap-
proach often results in schedule slip-
page, increased maintainability prob-
lems, and increased costs.
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Design Process

The EMC control process should
begin immediately after the initial sche-
matic diagrams have been completed.
A review of the PCB’s functions will
identify the most likely sources of EME,
and should result in an understanding
of whether any of the ICs have high
frequency characteristics that are be-
yond those necessary for adequate
performance of the circuit. Put in other
terms, “Do any of the devices have
output transition time characteristics, or
input response times that are faster than
needed to get the job done?” The next
steps will be to identify the high fre-
quency signal paths, and to develop a
preliminary layout that will minimize the
high frequency path lengths. Unless the
PCB operates at frequencies below
about 12 MHz, it will be prudent to
design it as a multilayer board with at
least one power plane and one ground
plane. The reader is referred to Refer-
ence 1 for the details of layering configu-
rations as well as some aspects of power
distribution and grounding. Some signal
paths will, of necessity, be long enough
to require that impedance control tech-
niques are used. Depending on the
number of layers used, either microstrip
or stripline configurations should be
used. Reference 2 provides a good
basic understanding of these configura-
tions, and References 3-5 should also
prove to be of value. Finally, IC decou-
pling and power input filtering compo-
nents will be selected and positioned
on the board. Power input filtering will
not be discussed here.

EME Sources

The most important EME sources are
oscillators and microprocessors because
they generally drive the largest high
frequency currents, and have the short-
est transition times. Other important

sources are high frequency crystails and -

line drivers. Actually, any device that
amplifies or alters signal waveforms may
be an EME source. It is important to
remember that the EME potential of a
device is directly proportional to its
operating frequency and its output cur-
rent, and is inversely proportional to its
rise and fall times.

EMEQCF;1

-

where: F = pulse repetition frequency
I = output current
t = rise time or fall time,
whichever is shorter.
The output current waveforms on the
signal traces between drivers and loads
are usually the primary EME radiators
on PCBs, but the DC power input to the
PCB can aiso be a major EME radiator.
The designer must realize that the input
current to the IC is not really clean DC.
If one looks at the DC input to a
microprocessor, with a high frequency
current probe and oscilloscope, one will
see spikes that correspond to the high
frequency power switching that is taking
place. Therefore, the higher the output
current, the higher the input current
spikes are likely to be. For these rea-
sons, the designer should select the
slowest, least powerful ICs that can be
used to successfully perform the re-
quired function. When high speeu, high
frequency devices are required, it will
often be necessary to decouple them
(V.. to GND) with two capacitors. Typi-
cally, these will be 1000 pF in parallel
with either 0.1 uF or 0.01 uF. It is
strongly recommended that the de-
signer use only those ICs that have their
V.. and ground pins located at the
center of the IC package, whenever
possible. Surface mounted capacitors
(SMC), located on the underside of the
PCB, directly below the IC, should
always be used whenever one of these
ICs is used. This will drastically reduce
the effective lead length of the capaci-
tors, compared to that of a conventional
IC pin arrangement (See Figure 1).
Figure 1a shows the typical V__ and
ground pin configuration of a conven-
tional IC. The total effective lead length
of the decoupling capacitor follows the
path from 1 to 2, and 3 to 4 to 5. If the
IC is one inch long, the resuiting path
length will be more than two inches.
Placing an SMC directly below the IC,
on the underside of the board, would
reduce the path length slightly, and may
provide some benefit. Figure 1b shows
the center pin configuration. When the
SMC is placed below this IC, its effective
lead length may be less than one-half
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Crystal/Transformer Networks

for Filtering

By Gerald Maliszewski
SAIC Range Systems

Many communication systems have
interfering signals inside their frequency
band which disrupt the receiving func-
tion. If the receiver can tolerate removal
of narrow sections of the operating band
then an ideal filter can be realized with
sections of attenuation in the pass band.
The Range Systems division of SAIC
produces several types of transponders
used for both position location and
communications. SAIC is under contract
to provide a version of our spread
spectrum system, the R Cubed, to a
customer with an application where
many strong interferers operate in the
same frequency allocation band. The
filter described below will permit using
this proven system without the added
design expenses of shifting frequency,
changing the receiver concept, or reallo-
cating frequency spectrum use of other
systems. For a low parts cost, a simple
LC four pole filter was modified to reject
multiple narrow band interferers without
compromising the fundamental band-
pass function.

he filter design described below al-

lows the use of standard polynomial
filter design look-up tables to calculate
the filter type, the number of sections
necessary, and the element values. A
transformer/crystal network is created
as an element dictated by the design.
At the resonant frequency of the crystal,
however, this network creates a low
impedance path to ground, and a narrow
band of attenuation inside the bandpass
filter.

A narrow band notch of attenuation
can be created by taking advantage of
the crystal’s series resonance. At reso-
nance the reactance of C, and L, in
Figure 1 is equal and creates a minimum
impedance that is represented by R..
C, represents the capacitance of the
case in which the crystal is mounted (1).
A crystal placed from a 50 ohm node in
shunt to ground would appear as a
paraliel impedance of R_ at the resonant
frequency of crystal. if the value of R_ is
relatively small compared to 50 ohms,
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then a low impedance point exists at the
frequency of crystal resonance. The
shape of this attenuation notch is deter-
mined by the Q of the crystal. Away from
resonance, the reactance of C_, about
5 pF, becomes dominant. The reac-
tances of C_ and L are even larger and
are insignificant compared to 50 ohms
or 5 pF. Figure 2 shows the notch
attenuation effect of placing a 62.3 MHz
crystal (third overtone) in shunt to ground
in a 50 ohm system. This attenuation
notch can be made more pronounced
by increasing the difference between
the nominal impedance and the series
impedance of the crystal.

A simple way to increase the imped-
ance differential is to paralle! crystals.
Two crystals at the same frequency with
a series resistance of 25 chms now have
a cumulative series resistance of 12.5
ohms and the attenuation notch depth
can be described as foliows:

attenuation (dB) = 20 log <%5i) ()
The difficulty with this method is that the
parallel case capacitances are additive
and introduce a significant shunt load
away from resonance.

The difference between the nominal
nodal impedance and the crystal R_ can
also be increased by raising the nominal
impedance, but this can introduce inter-
face difficulties with other assemblies
or test equipment. An alternative is to
maintain the nominal system but to
shunt the crystals from high impedance
nodes. The center nodes of filters with
equally loaded ports are usually of much
higher impedance than the system nomi-
nal value. Crystals shunted from these
nodes can therefore produce a deeper
notch but the case capacitance must
be used as a tuning element of the tank
circuit.

The crystal series impedance can
also be reduced to achieve greater
attenuation by using the crystal in a
transformer network. The transformer
translates the crystal impedance at
resonance to a still lower value (2).

Figure 3 shows a schematic of a 4:1
impedance transformer. The impedance
at port 1 can be described as follows:

\'

=T (2)

Figure 1. Series resonant crystal
model.
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UHF Power Transistors for Use in
Military Electronics Systems

By David W. Hughes
Georgia Tech Research Institute

The deployment of reliable, high per-
formance military electronics for use at
ultrahigh frequencies (UHF) requires the
insertion of appropriate transistors. For
receiver-type applications, the requisite
transistor should enjoy exceptional dy-
namic range. For transmitters, an ability
to deliver high power is desirable. This
article examines four different types of
UHF transistors and elucidates their
respective abilities to address the needs
of military, electronics systems.

number of solid state devices are

worthy of consideration by the UHF
design engineer. Certainly, bipolar tran-
sistors are widely available for operation
at UHF and their continued proliferation
seems assured. However, high perform-
ance metal-oxide-semiconductor field
effect transistors, static induction tran-
sistors and solid state triodes are begin-
ning to make inroads into the ultrahigh
frequency regime.

Bipolar Transistors

Bipolar power transistors are the
workhorse of contemporary, solid state
UHF modules. These transistors provide
an attractive output power per unit cost
and are widely available from a number
of domestic suppliers. At present, bipo-

Susceptible to both termal runaway
and second breakdown

Higher-order intermodulation
distortion is a function of both the
type and the value of the emitter-
ballasting resistors

Input impedance is a function of
input drive voltage

Suffers from both shot noise and
thermal noise

Currently, the only UHF solid state
device that is widely avaitable

Table 1. Selected characterisitics
of bipolar transistors.
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lar transistors are the only widely avail-
able, silicon devices which have reason-
able performance at 450 MHz and above.

Table 1 summarizes a number of
characteristics of bipolar devices. One
problem with such transistors is the
exponential relationship between the
collector current and the base-to-emitter
voltage. This dependence tends to limit
the dynamic range of practical, bipolar
transistors.

Another feature of bipolar devices is
the requirement to ballast the emitter
array with small resistors in order to
prevent localized thermal runaway. Un-
fortunately, a large fraction of the non-
linear feedback in bipolars is delivered
back to the emitters through these
ballast resistors (1). Consequently, the
requisite emitter ballasting tends to
degrade the distortion characteristics of
the transistor.

Finally, the base impedance of bipolar
devices is inherently low and this is

particularly true at UHF. Hence, before
power combining bipolars, it is neces-
sary to transform each base impedance
to a higher level in order to facilitate the
design of the combiner matching net-
works (1).

Metal-Oxide-Semiconductor Field
Effect Transistors

N-channel, metal-oxide-semiconduc-
tor field effect transistors (MOSFETs)
for power applications are typically fabri-
cated using the vertical arrangement
illustrated in Figure 1. A positive voltage
applied to the gate tends to invert the
surface of the p-wells and, thus, allows
conduction between the source and the
drain. Notice that the drain contact is on
the back of the wafer and, as a result, the
current ultimately flows vertically through
the substrate. Adjustment of the substrate
doping and thickness permits tailoring
the drain-to-source breakdown voitage
of the device. Furthermore, because an

Gate

N+

Drain

Figure 1. Simplified cross section of a power MOS transistor.
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A Handy BASIC Program for High

Resolution Plots

By Piotr Lochowicz
Warsaw Technical University

In engineering, it is often useful to have a computer program
that gives a graphical display of a mathematical function, like
the frequency response of a network, for example. It may also
be desirable to have the capability of sweeping along the x-axis
with simultaneous readout of the coordinates of the actual point
of the plot. This article describes a BASIC program named
GRAF that allows such display and manipulation of data.

he input data for the program are: a definition of the function

to be plotted and endpoint values of the independent
variable. An example of the plot is shown in Figure 1. it
presents an exponentially damped cosine wave (see listing line
10 in Figure 3), namely:

F(X) = EXP(—X/3)* SIN(X)* COS(10X)
X is defined as ranging from 0 to 10.

The screen has been arranged to leave maximum space for
the actual plot, allowing greatest resolution. PgDn and End
keys move the marker up and down along the x-axis. However,
it takes some time to get from one end of the graph to the
other. Therefore, use Left and Right cursor keys to move the
marker in 25-pixel steps. If you want to expand the x-axis for
more detailed insight into a certain interval, press the X-key
and enter new endpoint values. Press the E-key to exit the

program.

A special feature of the program is an optional logarithmic
scale for the x-axis which is needed for plotting frequency
characteristics. It can be chosen after entering endpoint values
and is signaled by graduations on the x-axis. One must bear
in mind that, in this case, endpoint values have to be both
smaller or greater than zero (error trapping is provided). This
feature was used to draw the magnitude-squared transfer
function in Figure 2 (listing line 20)

0.1+86.2* 107 %2+ 9.2 * 107 %*
—2+107%w2~-6.3* 107" w*+ 3.6 « 107166 ’

F(w) = 10 Log 3 dB

over the frequency range of 10 to 10,000 rad/sec. Though
useless for frequency characteristics, logarithmic scale is
available for negative arguments as well.

The procedure may also be used as a subroutine of your
own program. For this purpose, lines 10 through 30 must be
deleted and the remaining ones RENUMbered as desired.
Function definition (DEF FNF(X)=...) must then appear in the
calling segment. For higher accuracy, arrays X() and FUNC()
and variables FHI, FLO, MANT, PREV, RANGE, XHI, and XLO
should be declared as double precision ones; PRINT USING
defaults in lines 780-790 should be changed accordingly.

The subroutine requires a Hercules, CGA or EGA (or VGA

[El-exit
{XI-x-axis

Harker! [e—},1--3] ~coarse
[End], [Pgdnl-f ine

x=+5,933988E+80
Fix}=+4.445631E-82

Figure 1. Plot of a damped modulated cosine wave
generated by the program.
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x=+b.5261288+82
& F(x)=-5.739576E+48
i
i

{E]-exit
[X}-x-axis

Harker: fe-—1,1--41 —coarse
[End], {PyDul-fine

Figure 2. An example using a logarithmic scale.
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working in EGA mode) graphics card. it may be run using
Microsoft’s QuickBasic, GWBasic or Basica. Since the BASIC
language built-in graphics functions have been used, it is
essential to have a version furnished with those functions. The
program was developed using GWBasic version 3.20.

As noted above, the procedure may be used as a subroutine.
Hence, a special effort was made to make it short, leaving as
much of the computer memory for the main program as
possible; any extra tricks and fancies were intentionally given
up. Variables that store integer numbers were made integer
and arrays which occupy a serious amount of memory are
ERASEd before exiting the routine. The variables were also
given unigue names so that they would not interfere with those
of the user’s program.

This program can add high resolution graphics capability to
your favorite computation program, or display a mathematica!
function for analysis simply and with an economy of memory.
This program is available on disk from the RF Design Software
Service; see the ad on page 71 for ordering information.

About the Author

Piotr -Lochowicz can be reached at the Institute of
Electronics Fundamentals, Warsaw Technical University,
Nowowiejska 15/19, Warsaw, Poland.
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Fill out the card
on page 83
to receive information.
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10 DEF FNF(X)=EXP(~X/3) *SIN(X)*COS (10%X)

20 REM DEF FNF(X)=10*LOG((.1+.0000062%X"2+9.2E~12%X~4)/(1~.000002%X"2~6,3E-11%X"
4+3.6E-16%X~6)) /LOG(10)

30 GOSUB 40:END

40 KEY OFF:CLS:LOCATE 10,26:PRINT"Choose graphics adapter:”

50 LOCATE 12,33:PRINT"{C]JGA":LOCATE 13,33:PRINT"[E]GA"

60 LOCATE 14,33:PRINT"(H)ercules"

70 X$=INKEY$:IF X$<>"C" AND X$<>"c™ THEN 90

80 II%=2:SCRWIDTHY=639:5CRHEIGHT%=199:G0T0 130

90 IF X$<>"E" AND X$<>"e" THEN 110

100 IT%=9:SCRWIDTH%=639:SCRHEIGHT$=349:G0TO 130

110 IF X$<>"H" AND X$<>"h" THEN 70

120 II%=3:SCRWIDTH%=719:SCRHEIGHT$=349

130 SCREEN I1%

140 CHRWIDTH%={SCRWIDTH%+1) /80: CHRHEIGHT%=(SCRHEIGHT%+1} /25

150 AXLEFT%=3:AXRIGHT%=SCRWIDTH%

160 AXBOT¥=SCRHEIGHTY-5:AXTOP%=1,25*CHRHEIGHT%

170 GRLEFT$=AXLEFT%+1+CHRWIDTH%:GRRIGHT$=SCRWIDTH%-CHRWIDTH%-1
180 GRBOT$%=AXBOT%-CHRHEIGHT%/2:GRTOP%=2.5*CHRHEIGHTY

190 GRWIDTH%=GRRIGHT$-GRLEFPT%+1:GRHEIGHT¥=GRBOT$-GRTOP%+1

200 GRWIDTH1%=GRWIDTH%-1:CHRHEIGHT2%=CHRHEIGHT%/2

210 DIM X(GRWIDTH1%), FUNC(GRWIDTH1%), SCALS$ (GRWIDTH1%)

220 CLS

230 LOCATE 7,26:PRINT"Enter endpoint values:"

240 LOCATE 9,33:INPUT"xmin=", 6 XLO:LOCATE 11,33 :INPUT"xmax="", XHI
250 IF XHI<=XLO THEN 220

260 LOCATE 13,26:PRINT"x-axis 1i{N]/lo{G] ?":X$=INKEY$

270 IF X$="N" OR X$="n" THEN X$="N"

280 IF X$="G" OR X$="g" THEN X$="G"

290 IF X$<>UN" AND X$<>"C" THEN 260

300 LOCATE 13,48:PRINT X$

310 IF X$="G" AND XLO*XHI>0 OR X$="N" THEN 330

320 CLS:LOCATE 1,8:PRINT"Error: xmin and xmax must be of equal sign, both <> § !
PI":GOTO 230

330 LOCATE 19,31:PRINT"Please wait...":FLO=FNF{XLO) :FHI=FLO

340 IF X$="G" THEN 410

350 RANGE=XHI-XLO:MULT=RANGE/GRWIDTH1%

360 FOR II%=0 TO GRWIDTH1%

370 X(II%)=XLO+II¥*MULT:FUNC(II%)=FNF(X(II$))

380 IF FUNC(II%)>FHI THEN FRI=FUNC(IIS%)

390 IF FUNC(II%)<FLO THEN FLO=FUNC(II%)

400 NEXT:GOTO 470

410 RANGE=XHI/XLO

420 FOR II%=0C TO GRWIDTH1%

430 X{II%)=XLO®RANGE"(II%/GRWIDTH1%) :FUNC(II%)=FNF(X(I1%))

440 IF FUNC(II%)>FHI THEN FHI=FUNC(II%$})

450 IF FUNC{II%}<FLO THEN FLO=FUNC(II%)

460 NEXT

470 RANGE=FHI~FLO:CLS:LINE(AXLEFT%,AXBOT%) - (AXRIGHTS, AXBOTY)

480 FOR II%=1 TO 3:LINE-(AXRIGHTY¥-CHRWIDTH%+1,AXBOT%-I1%)

490 LINE-({AXRIGHT%~-CHRWIDTH$+1,AXBOT$+11%)

500 LINE~{AXRIGHT%,AXBOTS%) :NEXT

510 LINE(AXLEFTY,AXBOT%)- (AXLEFT%, AXTOP%)

520 FOR 1I%=1 TO 3:LINE~(AXLEFT$-II%, AXTOP¥+CHRHEIGHT2%-1)

530 LINE~(AXLEFT$+II%,AXTOPY+CHRHEIGHT2%~1)

540 LINE~ (AXLEFTS,AXTOP%) :NEXT

550 LOCATE 2,3:PRINT"F(x MULT= (GRHEIGHT%-1) /RANGE

560 PSET(GRLEFT%,GRBOT%~ ( (GRHEIGHT%-1) * (FUNC(0) -FLO) /RANGE) }

570 FOR II%=0 TO GRWIDTH1%

580 SCALY (II%)=GRBOT$-MULT* (FUNC(II%)-FLO)

590 LINE~(GRLEFT$+I1%,SCAL%(II%)):NEXT

600 IF X$="N" THEN 700

610 L10=LOG(10) :PREV=X(0) /10~ (INT(LOG(ABS(X(0)})/L10))

620 IF PREV<>INT(PREV} THEN 640

630 LINE(GRLEFT%,AXBOT$) - (GRLEFTY, SCRHEIGHTS)

640 FOR II%=1 TO GRWIDTH1%

650 MANT=X(II%) /10" (INT(LOG(ABS(X(II%)})/L10))

660 IF INT(MANT)=INT (PREV)} THEN 6%0 ELSE MID%=INT(MANT}

670 IF ABS(PREV-MID%)>ABS (MANT-MID%) THEN MID$=0 ELSE MID¥=1

680 LINE({GRLEFT%+I1%~-MID$%,AXBOT%) - (GRLEFT#+I1%~MID%,6 SCRHEIGHTS)
690 PREV=MANT:NEXT

700 LOCATE 1,39:PRINT®[E)-exit Marker: [ --),{-- ] -coarse"
710 RINT CHR$(27) :LOCATE 1,71:PRINT CHR$(26)

720 IPRINT"[X]-x-axis [End], (Pgbn]~fine"
730 LOCATE 1,6:PRINT"x=":MARKSCAL$=GRWIDTH¥\2

740 XCURY=MARKSCAL¥+GRLEFT%:YCUR%=SCAL% (MARKSCAL%)

750 LINE(XCUR$~CHRWIDTHY, YCUR%) - (XCUR%+CHRWIDTH%Y, YCUR%)

760 LINE(XCUR%, YCUR$-CHRHEIGHT2%+1) - (XCUR%, YCURY+CHRHEIGHT2%-1)
770 PRESET (XCUR%, YCUR$)

780 LOCATE 1,8:PRINT USING"+#.##F###~"~~" ;X (MARKSCAL%)

790 LOCATE 2,8:PRINT USING"+#.#FF###"~~~";FUNC(MARKSCAL%)

800 X$=INKEY$:IF LEN(X$)=2 THEN 830
810 IF X$="E" OR X$="e" THEN 900
820 IF X$="X" OR X$="x" THEN 220 ELSE 800
830 IF RIGHTS$(X$,1)="Q" THEN STP%=1:GOTO 870
840 IF RIGHTS$(X$,1)="M" THEN STP
850 IF RIGHT$(X$,1)="C" THEN STP%=-1:GOTO 870

860 IF RIGHT$({X$,1)<>"K" THEN 800 ELSE STP¥=-25

870 IF STP%<0 AND MARKSCALY<ABS (STP%) THEN 800

880 IF STP$>0 AND MARKSCAL%>GRWIDTH1%~STP%¥ THEN 800

890 GOSUB 910:MARKSCAL$=MARKSCALY+STP%:GOTO 740

900 ERASE X,FUNC, SCAL%:CLS:RETURN

910 LINE{XCUR%-CHRWIDTHS$, YCUR%) -~ (XCUR%+CHRWIDTH%, YCURY) , 0

920 LINE({XCUR%, YCUR%~CHRHEIGHT2%+1) - (XCUR%, YCUR$+CHRHEIGHT2%-1) , 0
930 LINELEFT$=MARKSCAL$~CHRWIDTH%:IF LINELEFT%<1 THEN LINELEFT$=1
940 LINERIGHT%=MARKSCAL%+CHRWIDTH%+1:IF LINERIGHT%>GRWIDTH1% THEN LINERIGHT%=GRW
IDTH1%

950 FOR II$=LINELEFT% TO LINERIGHTY

960 LINE(II%-1+GRLEFT%,SCAL%(II%~1))-(II%+GRLEFTS,6SCALS(I1%))

970 NEXT:RETURN

Figure 3. The plotting program GRAF listing.
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