


















































RF courses

Designing for Surge and Transient Immunity in Electronic
and Computer Systems

September 9-12, 1991, Madison, WI
Technical Cellular

September 16-19, 1991, Madison, WI
Information: University of Wisconsin — Madison, Francis P.
Drake. Tel: (608) 262-2061. Fax: (608) 263-3160.

Electromagnetic Interference: Characteristics and Control
August 20-22, 1991, Boston, MA

Information: University of Wisconsin — Milwaukee, NonCredit

Registration. Tel: (414) 227-3200. Fax: (414) 227-3119.

Advanced Communications Systems Using Digital Signal
Processing

August 19-23, 1991, Los Angeles, CA
Analog MOS Integrated Circuits

September 16-20, 1991, Los Angeles, CA
Airborne and Spaceborne Radars: Surveillance, Tracking,
and Imaging

September 16-20, 1991, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax: (213) 206-2815.

Modern Electronic Defense

August 21-23, 1991, Atlanta, GA
information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Digital Cellular Telephony for Mobile Applications
August 26-30, 1991, Washington, DC
Introduction to Radar ECM and ECCM Systems
September 4-6, 1991, Washington, DC
Microwave Radio Systems
September 4-6, 1991, Washington, DC
Antennas: Radiation and Scattering
September 5-6, 1991, Washington, DC
Modern Receiver Design
September 9-13, 1991, Washington, DC
Broadband Communication Systems
September 16-20, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Fiber Optic Communications

October 7-9, 1991, Tempe, AZ
Information: Center for Professional Development, Arizona
State University. Tel: (602) 965-1740.

Switched Mode Power Supplies

September 11-13, 1991, Edinburgh, United Kingdom
Information: Eumos, Ltd., Edith Field. Tel: (44) 031 650 3473.
Fax: (44) 031 662 4061.

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.

Seminar in EMI Software (EMCAD1)
August 21-22, 1991, Mariposa, CA
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Advanced HIRF Seminar for Commercial Flight
Applications

September 24-26, 1991, Mariposa, CA
Design Seminar: Principles of EMC

November 5-7, 1991, Mariposa, CA
Information: CKC Laboratories, Registrar. Tel: (209) 966-5240.
Fax: (209) 742-6133.

Digital Signal Processing Workshop
September 11-13, 1991, Norwood, MA
October 15-17, 1991, Campbeli, CA
information: Analog Devices, Maria Butler. Tel: (617) 461-3672.

Fiber Optical Communication Technology and Systems
August 26-30, 1991, Switzerland
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,
S-612 01 Finspong, Sweden. Tel: +46 (0) 122-17570. Fax: +46
(0) 122-14347.

Electromagnetic Propagation
August 20-22, 1991, Syracuse, NY
Adaptive ECCM Signal Processing for Radar and Sonar
September 10-12, 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
Radar Vulnerability to Jamming
October 1-2, 1991, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Designing for EMC

August 22-23, 1991, New York, NY

September 24-25, 1991, Washington, DC
Basic Network Measurements Using the 85108 Network
Analyzer

September 10-12, 1991, Boston, MA

September 17-19, 1991, Atlanta, GA

September 30-October 2, 1991, Los Angeles, CA
Microwave Fundamentals

September 16-19, 1991, Los Angeles, CA
Information: Hewlett-Packard Company. Tel: (714) 999-6700.

DSP Without Tears

September 3-5, 1991, Ft. Lauderdale, FL
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 967-1672.

Practical EMI Fixes
September 16-20, 1991, San Diego, CA
EMC Design and Test
September 23-27, 1991, Las Vegas, NV
Information: Interference Control Technologies, Registrar. Tel:
(7083) 347-0030.
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RF featured technology

ECM Effectiveness Analysis Using a
Graphical Threat Footprint

By Marvin Kefer
AlL Systems, Inc.

In a countermeasure development
program there is a need to evaluate and
monitor, the system’s ECM (Electronic
Counter Measure) effectiveness for each
threat in the environment. The objective
of this paper is to present a graphical
footprint, which is used to evaluate RF
values used for ECM effectiveness,
using a simple spread sheet approach.
Additionally the parameter adjustability
is explained, so that the designer can
change the design for optimum perform-
ance.

he calculations of the threat detection

area (Threat Footprint), and the
ECM effectiveness within this footprint
use the threat radar’s parameters and
the system’s ECM parameters. These
parameters determine the minimum and
maximum ranges where the threat and
the ECM are effective for each azimuth.
The ranges are based on the radar
range equation, slant range and a flat
earth.

The threat footprint ECM effective-
ness analysis procedure presents these
results in a graph. The graph is similar
to a radar display, with the ECM platform
in the center, and with a threat radar and
its effective ECM ranges plotted for each
azimuth. See Figure 1. Note that the

nose of the plane corresponds to the top
center of Figure 1 and all points on the
azimuth are referenced to the nose. The
graphical analysis technique shows:

1. The Threat Footprint. The threat
radar operational area (radial lines),
which is bounded by the minimum and
maximum ranges of the threat for 360
degrees of azimuth.

2. The ECM Footprint. An overlay on
the same graph showing the ECM AREA
bounds, where the ECM is effective.

3. The ECM Effectiveness Ratio. The
percentage (81 percent) of the threat
footprint area where the ECM is effec-
tive.

The range is the slant range, from the
radar to the ECM radar range equation
solutions.

Hardware/Software Requirements
for the Calculations

The graphical analysis uses a spread-
sheet program run on a personal com-
puter. The spreadsheets used were
Quattro (by Borland) or Lotus release
2.2. The associated software and hard-
ware requirements are explained in
Table 1.

Quattro is the recommended software
choice, because it requires the least

hardware, and uses the most advanced
hardware features (extra RAM, Mouse
and coprocessor) if they are available.
Quattro provides the most user options,
handles the very large file, annotates the
graph, and squeezes the data to reduce
storage space and decrease start up
and save times.

Quattro or Lotus were selected be-
cause they are third generation com-
puter language, which are easy to
program, and save more than half the
programming time because of the fol-
lowing features:

* Semi-automatic graphing

capability

* Step by step column relationships
which simplify calculations

* No in/output formatting required

e Each calculation step is visible for
verification

e The program is user interactive, for
example, change a variable and 10-20
seconds later the results are available
(10 MHz AT with coprocessor)

The above memory was required
because Lotus requires expanded mem-
ory (RAM) to run the software. Above
memory converts the extended RAM
(384 kb) beyond the DOS 640 Kilobyte
limit, to expanded RAM which Lotus can
use.

HAANGE MARKER

SPREADSHEET HARDWARE SUPPORT SUPPORT
SOFTWARE REQUIREMENTS HARDWARE SOFTWARE 150
QUATTRO IBM PC XT HARD DISK NONE
PRO 512 KB RAM REQUIRED
MEMORY 100 4
1BM PC AT HARD DISK NONE
512 KB RAM REQUIRED 50
MEMORY s
LOTUS 123 IBM PC XT HARD DISK ABOVEMEM ¥
REL 2.01 640 KB RAM CONVERTS MEM w0
MEMORY FROM EXTEND g
384 KB EXTEND TO EXPANDED <
MEMORY MEMORY LS 50
IBM PC AT HARD DISK NONE
640 KB RAM REQUIRED
MEMORY ~100
384 KB EXPAND
MEMORY
QUATTRO PRO MADE BY BORLAND (SCOTTS VALLEY, CALIF) -150 .
LOTUS 1S MADE BY LOTUS DEVELOPMENT CORP -200 ~150
ABOVEMEM IS MADE BY ABOVE SOFTWARE (SANTA ANA, CALIF)

T ¥ T T L
-100 -50 0 50 100 150 200

RANGE (KM)

Table 1. Minimum required hardware and software

for running graphical ECM analysis.
RF Design

print analysis.

Figure 1. Graphical ECM effectiveness, threat foot-
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Figure 5. Suppression of burn-
through below 5 km.

cent ECM coverage of the threat foot-
print. Matching the maximum ECM
range to the threat footprint shape is
accomplished by changing the forward
receiver antenna bore sites to 60 and
300 degrees, as shown in Figure 8. This
optional adjustment provides more uni-
form ECM margin.

The software simplifies hundreds of
calculations by expressing them graphi-
cally and showing the percentage of the
threat footprint where the ECM is effec-
tive. Figures 9 and 10 are samples of the
calculations.

Minimum Threat Range

The threat minimum ranges (Figure
9, columns 1 to 4, center rows) are
entered in a polar coordinate system.
the Azimuth Angle (AA) is entered in the
first column, and the corresponding
threat Minimum Range (MR) in the
second column. The transformation to
X and Y coordinates is done in the third

Figure 6. 81 percent coverage at
the receiver antenna.

gles. Preliminary operating instructions
for Quattro/Lotus will occasionally be
included as part of understanding the
software). The minimum ranges for the
other azimuths, which are incremented
every five degrees, are not shown in
Figure 9. They are entered using the
Lotus copy feature.

Maximum Threat Range
(Detection)

The maximum range (Figure 9, col-
umns 1 to 4, bottom rows) is calculated
from the free space radar range equa-
tion and is based on the threat parame-
ters (Forward and aft maximum threat
ranges based on RCS), and the aircraft
RCS for each azimuth.

The maximum threat range is re-
solved using the radar range equation
(from Skolnik’s Introduction to Radar
Systems, Second Edition, Chapter 1,
equation 1.10), for free space.

1/4

Figure 7. 100 percent ECM cover-

age.
150
Tecw MaxiMUM
gy et ECH MAXIMUY |
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50 < . ~ ;) MAX RANGE:[
. \ S RANGE
: —
g o !
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&
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100 R
150 .
200 150 100 50 50 106 150 200
aanet s

Figure 8. Matching the maximum
ECM range to the threat footprint.

Where (the dependent variables are):
Ryax is the maximum range

P is the power transmitted

A is the effective antenna aperture

2 is the receiver platform’s cross section
(RCS)

4 is the wavelength of the radar

Sy 18 the minimum signal received

The program could solve for R,,,, based

and fourth columns (X=MRxCOS(AA), P AZ on each d dent able. "Xt f
and Y=MRxSIN(AA)). (Note that the  Ryax = {5 U] ol e b e%en gn variable, bu 3 Otfha
trigonometric functions use radian an- MIN frow band radar we assumed the
THREAT PARAMETERS ECM SYSTEM PARAMETERS
ANTENNA GAIN
(r:ngg) (PARABOLIC)
3dB RT LFT
MIN THREAT RANGE 5 KM REC SENS -31 dBm
FWD MAX THREAT RNG 80 KM 10 SYS EGAIN 61dB GAIN  BEAM  BORESIGHT BORESIGHT
AFT MAX THREAT RNG 50 KM 10 MAX POW 200 WATTS (dB)  (deg) (deg) (deg)
THREAT FREQUENCY 10 GHZ (J/s) 3dB REC FWD 45 45 80 300
WAVELENGTH 0030 METER RNGE MARK 10 KM REC AFT 25 45 135 225
THREAT ERP 1000000 KW ANGE MARK 100 KM XMT FWD 5 45 45 315
ECM/THREAT FOOTPRINT 9998 % XTR AFT 3 45 135 225
B THRU AREA B THRU AREA B THRU AREA  ITER- ITER-  SLOPE SLOPE  SLOPE
THREAT RED. FOR RED. FOR RED. FOR  SECTION SECTION ECM  THREAT THREAT THREAT
MIN MIN RECM>Rthreat RECM>Rthreat RECM>Rthreat X0 Yo INTERSECT  INTERSECT
MIN RANGE  RANGE ALWAYS FIRST SECOND ANGLE ANGLE
AZIMUTH RANGE X VALUE Y VALUE VALUE VALUE
(DEG) (KM) (KM) (KM) (KM)~2 (KM)*2 (KM)~2 (RAD) denom
0 5 000 500 000 0.00 0.00 1.09 4.95 3547 0044 1.340 44
AREA AREA AREA ITER- ITER-  SLOPE SLOPE  SLOPE
THREAT THREAT RED. FOR RED. FOR  RED.FOR  SECTION SECTION ECM  THREAT  THREAT
MAX MAX SECTOR  RECM<Rthreat RECM<Rthreat RECM<Rthreat  XO Yo INTERSECT
MAX RANGE  RANGE % AREA ALWAYS FIRST SECOND ANGLE
RANGE X VALUE Y VALUE RCS 99.98 VALUE VALUE
(KM) (KM) (KM) (M~2) (KM)* 2 (KM)~2 (KM)*2 (KM)*2 (RAD)
0 95.21 000 59.21 3 192,21 000 000 0.00 24.06 11086 0683 2147 0536

Figure 9. Graphical ECM effectiveness in a threat footprint calculation.
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range only depends on the RCS, or

114
RMAX — 2 2
b @)
MAX.., ref

where R, ., and Z , are threat parame-
ter forward and aft.

The equation for the maximum range
uses (see Figure 9, top third of page
columns 1 to 3) the reference values for
range given RCS (column 3), and is
calculated in the bottom third of the
page in columns 1 to 5, for each azimuth
dependent value.

Minimum ECM Range
(Burnthrough)

The minimum ECM range (Figure 10
columns 1 to 4 top rows) is determined
by the target RCS and the system power
and gain. The system gain is the log sum
of the antenna gains (receive and trans-
mit) and the electronic gain.

When the threat is so near that the
ECM ERP is overpowered by threat ERP
burn through or minimum ECM range
occurs. This happens because the sys-
tem gain must exceed the target gain
by the minimum J/S ratio, but as the
range decreases the ECM system
reaches saturation and the saturated
gain is reduced. The equation for maxi-
mum ECM ERP’s minimum range is
resolved using Leroy Van Brunt’s defini-
tions of threat ERP, Path Loss and
Target Gain from his Applied ECM,
Volume 1 text, page 157. 3

Threat ERP = Effective Radiated Power
AZ

Path Loss = —————— 4
(4nRange)? @
contains the range variable
Ans
Target Gain = ( ;2 ) (5)

Where % is the RCS of the ECM
platform, and A is the threat’'s wave-
length.

The Maximum ECM ERP = Threat ERP x
Path Loss x Target Gain x J/S 6)

Where MAX ECM ERP = MAX ECM
POWER x ECM Antenna Gain and J/S
= additional gain required for the ECM
technique.

The ECM antenna gain ECM transmit
is calculated using a parabolic equation
based on the ECM system parameters
or

MAX ECM ERP = THREAT ERP x PATH
LOSS x TARGET GAIN x J/S,,,  (7)

36

MINIMUM ECM RANGE BURNTHROUGH
MIN MIN

RANGE RANGE

AZIMUTH RANGE X VALUE Y VALUE RCS
(DEG) (KM) (KM) (KM) (M~2)
0 109 000 109 3
ANTENNA ANTENNA REQ BURN
GAIN GAIN SYSTEM THRU
ECM REC ECM XMT E.GAIN RANGE
(dBi) (dBi) (@8) (KM)
094 300 45.28 109

MAXIMUM ECM RANGE DETECTION
MAX MAX

RANGE RANGE

AZIMUTH RANGE X VALUE Y VALUE
(DEG) (KM) (KM) (KM)
o 94.44 0.00 94 44

RANGE MARKING
RANGE RANGE

X VALUE Y VALUE
(KM) (KM)
0 000 10.00

Figure 10. (@) minimum ECM range
burnthrough, (b) maximum ECM
range detection and, (¢) range
marking.

or solving for minimum range

12

(E R Pthreatzdl O(J/S“O))
(G,/10)

(4nP..,,10 ) (8)

Range (km) =[

where, 1000

Peem 18 the maximum ECM transmitter
power

G; is the ECM transmitter antenna gain
(dB)

J/8,, is in dB.
Maximum ECM Range Detection

The maximum ECM range (Figure 10,
columns 1 to 4, middle rows) is the
furthest range where the ECM system
can either detect or process the threat
signal. in this example a free space
detection range was used and the
equation used to determine maximum
range is explained below. The maximum
range shrinks to the minimum range,
when there is insufficient system gain,
that is when the target gain and the J/S
exceed the electronic and receive and
transmit antenna gains.

The maximum ECM range is the
range at which the threat is detected
(using free space path loss), or can be
processed, with a given minimum signal
to noise ratio. The sensitivity require-
ment is derived by equating:

Threat ERP x Path Loss x Rec Ant Gain
= Electronic Sensitivity 9)

where the electronic sensitivity is the
threshold required for detection or proc-
essing. The solution for the Max Range
Ryax in the required units is:

MAX RADIUS 1

i
MAX RADIUS 2

/
//

/

J

# MIN RADIUS 2

Figure 11. The sector area is
based on the average of the two
radii.

MIN RADIUS 1

Deduction Triangle

;

R ECM MAX 1 /
/4R THREAT MAX 1

R THREAT MAX 2 R ECM MAX 2

Figure 12. Calculating the relative
ECM area compared to the threat
area (footprint).

Ruax = (10)

1/2
ER PTHREAT

A
<4n1000> <ELECT SENS - ANT REC GAIN>
10

10

The ECM Receiver Antenna Gain is
calculated using a parabolic equation
based on the ECM antenna parameters
(note other antenna shapes or actual
antenna data can be alternatively pro-
grammed).

The required system electronic gain
(REQ SYS E GAIN):

REQ SYS E GAIN = (11)

TARGET GAIN ( J )
MIN
(REC ANT GAIN)XMTR ANT GAIN)

or,
REQ SYS E GAIN (dBm) =

10 Log (%) + é ~ REC ANT GAIN
- XMTR ANT GAIN (12)

Range Markings

Range markings (Figure 10, columns
1 to 4, bottom rows) are provided as
references range circle to calibrate the
graph. Two are used, one for the
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OFF THE SHELF

RF
AMPLIFIERS

MODEL NUMBER POWER GAIN SUPPLY PRICE
Watts dB Volts

FREQUENCY RANGE 5 — 50 MHz

RFP0550-100 100 44 50 $2,100.00
RFP0550-1000 1000 16 50 $5,040.00

FREQUENCY RANGE 50 — 100 MHz

RFP0800-100P50 50 30 50 $1,485.00
RFP0800-100P100 100 30 50 $1,660.00
RFP0800-100P200 200 30 50 $2,200.00
RFP800-100 600 16 50 $2,424.00
FREQUENCY RANGE 1 — 100 MHz
RFP01100-300 300 46 50 $3,150.00
FREQUENCY RANGE 76 — 108 MHz
RFP0810-600 600 16 50 $1,780.00
FREQUENCY RANGE 75 — 150 MHz
RFP0800-150P50 50 30 50 $1,485.00
RFP0800-150P100 100 30 50 $1,660.00
RFP0800-150P200 200 30 50 $2,200.00
RFP800-150 500 14 50 $2,424.00

FREQUENCY RANGE 100 — 200 MHz

1 YES You Can Have

OutputPower ............coovnennnn +.__dBmor watts
i, — dBmor____ watts

FrequencyRange .................. _ MHz GHz to .. MHz GHZ

InputPower ..................oonee —dBmor watts
orGain .......oeiiiiiiiiiinaaen . dB

NoiseFigure ...................o0s __.dB

Gain Flatness PartialBand ......... ____dBper MHz

Gain FlatnessFuliBand ............* - dB

Input/Output Load Impedance ...... —ohms___ ohms

Input VSWR/Output Load VSWR .... ...

Load VSWR Protection ............. —Yes_____No

AmplificationClass ................ _A_AB_B_C_D

AmpilificationMode ................ —CW____ Pulse

PuiseWidth ...................c..l. - mS _ microseconds

DutyFactor ..............cccovvincn % Ccw

Operating Temperature Range ..... __ _Cto._.C

Storage Temperature Range ....... . _Cto C

D.C. Power Supply Voltage ......... volits (range)

D.C. Power Supply Current ......... ——__amps

Physical Dimensions ............... _X__X__inches

Quantity Required/Potential ........
Is NRE Available ...................
TargetPrice .................ociut $
TargetDelivery .....................

Other Notes:

CALL (408) 778-9020
FOR YOUR CUSTOM WORKSHEET

Yes No

OTHER PRODUCTS
* Power splitters and combiners
* Directional couplers

« Standard or custom microwave
amplifiers

« Filters

RFP0800-200P50 50 30 50  $1,660.00
RFP0800-200P100 100 30 50  $2,900.00
RFP800-200 400 13 50  $3,636.00
FREQUENCY RANGE 225 — 400 MHz
RFP0204-4 4 20 28 $ 484.00
RFP0204-10 10 30 28 $ 685.00
RFP0204-25 25 30 28 $1,140.00
RFP0204-50 50 40 28 $1,695.00
RFP0204-100 100 40 28 $2,200.00
FREQUENCY RANGE 400 — 500 MHz
RFP0405-4 4 20 28 $ 435.00
RFP0405-10 10 30 28 $ 616.00
RFP0405-25 25 30 28  $1,026.00
RFP0405-50 50 40 28  $1,525.50
RFP0405-100 100 40 28  $1,980.00
FREQUENCY RANGE 1 — 500 MHz
RFP00105-4 4 20 28 $1,450.00
RFP00105-10 10 30 28 $2,300.00
RFP00105-25 25 30 28 $2,800.00
RFP00105-50 50 40 28 $3,752.00
RFP00105-100 100 40 28 $5,600.00
FREQUENCY RANGE 500 — 1000 MHz
RFP0510-4 4 20 28  $2,610.00
RFP0510-10 10 30 40  $3,800.00
RFP0510-25 25 30 40  $4,900.00
RFP0510-50 50 40 40  $6,800.00
RFP0510-100 100 40 40 $9,800.00

R.F. SOLUTIONS INC.

16055 Caputo Drive, Morgan Hill, CA 95037 Phone (408) 778-9020, FAX (408) 779-4832
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A Technique to Determine the
Effect of a Lightning Strike to a
Shielded Cable

By Mike Frisoni
Contributing Editor

In the application of shielded cables
for the transmission of power or data,
protection from lightning induced tran-
sients must be taken into consideration
to maintain the reliability of the overall
transmission system. Lightning current
flowing on the braided shield of a cable
will induce a current on the inner
conductors of the cable. This induced
current will propagate along the inner
conductors and can cause upset, failure
and damage to the interfacing electron-
ics. This article will present a technique
to calculate the induced voltage and
current on an inner conductor of a
shielded cable using a finite difference
expansion of the Telegrapher's Equa-
tions.

he waveform of a lightning return

stroke typically has a maximum
amplitude of 15 to 50 kA, but discharges
with peak currents exceeding 100,000
ampheres are not uncommon. The rise
time of the waveform usually ranges
between 1 and 10 usec (1, 2). Figure 1
gives an example of a lightning wave-
form where the peak amplitude is 50 kA
and the rise time is 2 usec. The rising
edge of the waveform is modelled with
a sine squared function, the decay is
represented by an exponential function,
and the derivatives are matched at t =
2 usec.

Telegrapher’s Equations

The voltages and currents induced
on a transmission line can be deter-
mined using the Telegrapher’s

3 3
—~ + =

Ix V(x,t) + L(x) 3t I(x,t)
+ R)Ix,t) = Vs(x,t) 0]
3 2
P -+ s
ax I(x,t) + C(x) T: V(x,t)
+ GOV = Jds(x,t) (2
where V(x,t) are the transmission line
voltages (Volts), I(x,t}) are the currents
(Amps), C(x) is the capacitance (F/m),
L(x) is the inductance (H/m), R(x) is the

resistance (Ohms/m), G(x,t) is the con-
ductance (mhos/m), Vs(x,t) represents

54

the distributed voltage sources (Voits/
m), and Js(x,t) represents the distributed
current sources (Amps/m). The Telegra-
pher’s Equations are a TEM mode
solution, and it is assumed that the line
losses are small and the distance be-

tween the transmission line and the
ground plane are much smaller than the
wavelength of the highest significant
frequency.

The point centered finite difference
expansion of equations 1 and 2 are:

Current (A)

Time (usec)

Figure 1. Lightning current waveform.

Point

Lightning
Attachment

inner
F = conductor

braided
/ shield
I4

s

A h
1

LT TS TS T7T T T T 77777 T 7777777777777
Ground Plane

Figure 2a. Physical representation of cable with braided shield and inner

conductor.
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Figure 2b. Circuit equivalent for braided shield.
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In the above equations, k is the spacial
step index, n is the time step index, Ax
is the position increment, and At is the
time increment. To maintain numerical
stability, Ax should satisfy Ax < 4, /5
where A_,. is the shortest wavelength of
the excitation, and At must. satisfy the
criteria At <Ax / 2v where v is the velocity
of propagation in the medium. Once the
termination conditions have been de-
fined, these equations can be used to
solve for all the currents and voltages
of a transmission line system.

Example

To illustrate the use of these equa-
tions, the following example is pre-
sented. Figure 2a shows a 30 meter long
shielded cable located 4 meters above
a ground plane. The shield is tied to
ground at each end. The lightning strike
attachment point is at the center of the
cable. All the parameters of this exam-
ple problem are given in Tabie 1.

For the braided shield, the equivalent

h = cabie height =4 m
L = cable length =30 m

Ax=25m
At=1nsec
Kpax = 13

a = inner conductor OD = 0.25 in.
b = shield ID = 0.50 in.
¢ = shield OD = 0.53 in.

C,,=9pF/m

L, =75nH/m

R, = .200 Ohm/m
C, =160 pF/m

L, =400 nH/m
R,=0

Table 1. Transmission Line
Parameters

circuit is shown in Figure 2b. The shunt
capacitances of the circuit can be deter-
mined from the capacitance equation for
a cylinder over a ground plane (3).

2ne,

h=__—“—
"o (@)

The resistive and inductive components
of the shield are arbitrarily chosen to be
0.200 Ohms/m and 75 nH/m, respec-
tively. For a detailed examination of the
parameters and electrical characteris-
tics of braided shields, refer to Refer-
ence (4). In Figure 2b, the current source

C (F/m) (5)

Figure 2c. Circuit equivalent for inner conductor.

J, represents the “injected” current due
to a lightning strike to the center of the
cable. The Js waveform is shown in
Figure 1. Since the cable shield is
grounded at each end, the termination
conditions are V_(k=1) =0 and V(k
=K,.,) =0. The currents and the voltages
along the “‘braided shield’’ transmission
line are calculated using equations 3
and 4. The current on the shield is then
used to determine the distributed volt-
age sources which drive the inner
conductor. Equations 3 and 4, along
with the inner conductor circuit parame-
ters, are then applied to solve for the
voltages and currents of the inner
conductor.

The equivalent circuit for the inner
conductor is shown in Figure 2c. The
capacitance and inductance are defined
as

c = 2 (Em) 6)
ic ln <.g‘)
L, = % In <—§> (H/m) @)

where E = 2 (dielectric constant of an
insulating jacket on the inner conduc-
tor). The shield and inner conductor
diameters given in Table 1 were arbitrar-
ily chosen. R, is assumed to be negligi-
ble. The distributed voltage sources
which drive the inner conductor are
determined from

Current {A)

e
My,
T

™ // e

?’ | : : ,MNW :

) / iy

s J 4

2

wow S =
Ly
I'f
]
J
/vﬁ
e B
8 i 2 3 4

Current (A)

Figure 3. Current on braided

shield.
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Figure 4. Open circuit voltage of
inner conductor.

Figure 5. Short circuit current an
inner conductor.
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Figure 10a. 3 cell cascade (3 basic
cells) T-pad coupling = 0.01.

ance. Tops may be left open for tuning
access if the cavities are narrow.

Cascaded Responses

The responses of three cascaded
basic cells are presented in Figures 10a
through 10c. Basic cell coupling capaci-
tors C_ were fixed at 0.75 pF. Filter 10a
used 68 pF shunt capacitors while filters
10b and 10c used 33 pF capacitors. The
passband of 10a was tweaked slightly
narrower than 10b and 10c. The re-
sponse of 10b obtained an insertion loss
of less than 2 dB with a 3 dB bandwidth
of about 160 kHz. The selectivity of 10b
is also slightly better than 10a or 10c
indicating higher Q responses in the
outer resonators (i.e. Chebyshev re-
sponse). 10b was operated at 14.5 V
supply which resulted in a 1 dB input
compression point of 18 dBm. 10a and
10c were operated at 18 V supply with
compression points closer to —15 dBm.
While these compression points may
seem limiting at first, the output of a
mixer is usually no more than this level.

Figures 11a through 11c record re-
sponses of cascading one basic cell with
two elliptic celi/pads. The differential
transformer was used to obtain the high
side notch in all three cases. Though the
responses violate the <0.1 percent band-
width constraint proposed, they provide

Figure 10b. 3 cell cascade (3 basic
cells) T-pad coupling = 0.02,

further insight into parameter versus
performance interaction. Celi coupling
capacitor C_ was increased to 1.5 pF to
keep insertion loss under 10 dB.

The filter in Figure 11a used 22 pF
shunt capacitors to obtain a 3 dB
bandwidth of 600 kHz with 1.2 dB
passband ripple and 6.5 dB insertion
loss. The filter in Figure 11b used 33 pF
shunt capacitors to obtain a 3 dB
bandwidth of 440 kHz with 1.6 dB
passband ripple and 1 dB insertion loss.
The filter in Figure 11c required a fixed
1.5 pF capacitor to be added in the
feedback of two of the cells before the
final symmetrical response could be
obtained. Using 68 pF shunt capacitors
resulted in a 3 dB bandwidth of 320 kHz
with 1.7 dB passband ripple and 7.5 dB
insertion loss. In all three responses one
or both notches were trimmed with a 1—3
pF trimmer capacitor paralieled across
a fixed capacitor of 1.5 pF or 2.7 pF.

Comparing the responses of Figures
11 and 10 we see that for the same
number of cells, the elliptic responses
can achieve twice the selectivity of the
monotonic responses. The selectivity of
elliptic filter 11b compressed by a larger
span in Figure 12a can be seen to be
equal to or better than a commercial
FM ceramic filter recorded in Figure
12b. In addition, the wider bandwidth

Figure 10c. 3 cell cascade (3 basic
cells) T-pad coupling = 0.02.

filters requiring less positive feedback
have proportionally higher compression
points. Filter 11¢’s 1 dB input compres-
sion point was about —5 dBm at 15 V
supply.

The basic cell possesses a gain
constant associated with JFET parasi-
tics. This constant is reduced by maxi-
mizing C,. Filters 10 through 11 typicaily
shifted +50 kHz for a +1V change in
supply voltage about 15 V with little
passband distortion. Large variations
will affect cell Q resulting in gross
distortions. Temperature dependent tran-
sconductance changes can also several
affect cell Q and should be character-
ized for individual responses.

The optimum active filter given a
desired bandwidth will have minimum
noise figure, minimum insertion loss,
and maximum 1 dB compression point
which results in maximizing the dynamic
range. Dynamic range is given by

DR = P(1dB) — P(o,mds) (3)
where P(1dB) is the output 1 dB com-
pression point and P(o,mds) is the
cutput minimum detectable signal power
given by

Plomds) =k, + M+B+F+G (4
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Figure 11a. 3 cell cascade (C/P,
B-C, C/P) T-pad coupling = 0.07.
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Figure 11b. 3 cell cascade (C/P,
B-C, C/P) T-pad coupling = 0.05.

Figure 11c. 3 cell cascade (C/P,
B-C, C/P) T-pad coupling = 0.02.
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Microwave Transmission

Line Calculator

By Dan Swanson
Watkins-Johnson

This program earned its author Sec-
ond Prize in the 1991 RF Design Awards
Contest, a filter design package from
DGS Associates. The inclusion of essen-
tial transmission line calculations, and
special attention to the user interface
are features of note. Menus lead the
program user through the various calcu-
lation options and parameter selection.

transmission line calculator was cho-

sen for this project because it is a
very general tool that can be used by all
RF and microwave engineers. This pro-
gram, called MWTLC, was written for the
IBM PC using Microsoft Quick C. The
software will compute electrical parame-
ters from physical dimensions or synthe-
size physical dimensions from electrical
parameters. Results can be printed and
there are help screens to aid the user.
The operation of the program should be
quite clear to anyone who has used a
spreadsheet. The program operates in
EGA color graphics mode (VGA cards
also support this mode) which seems to
be a good compromise for most techni-
cal users. Support for other graphics
modes might be possible in the future.
A message to the user is provided if the
proper graphics mode is not supported
or if the printer can not be found. Only
two files are required, MWTLC.EXE is
the executable and MWTLC.LBR is a
library of interface screens.

User Interface
A large amount of effort went into the

MicroWave Transmission Line Calculator

engineers.

The MicroWave Transmission Line Calculator (MWTLC)
the electrical parameters and physical dimensions for several
transmission {ine structures of interest to RF and microwave
Begin by making a selection from the menu below.

computes

Microstrip

Coplanar

Exit

Getting Started

Microstrip Coupled Lines
Stripline Single Line
Stripline Coupled Lines

Twisted-Wire Line
Coaxial

Substrate Materials

Program

Single Line

Waveguide

Line

——  MWTLC Ver 1.0 Copyright (C) 1991 Daniel Swanson, Mountain View, CA =

Figure 1. Main menu screen.

user interface. About 80 percent of the
code is user interface while only 20
percent is devoted to actual computa-
tion. This effort is justified when MWTLC
is compared to ‘‘glass teletype” pro-
grams where input is one line at a time
with no chance to go back and make a
change. However, an RF or microwave
engineer should not spend his or her
time writing low level user interface
routines. The initial menu screen is
shown in Figure 1

Luckily, there are many third party
software packages that support the type
of advanced interface used here. In this
case Hi-Screen Professional was used.
Hi-Screen supports all the modern pro-
gramming languages either through a

TSR or a linkable object module. The
user interface can operate in either text
or graphics mode. In text mode all
graphics adapters are automatically de-
tected and supported. Graphics mode
support is a little more difficult due to the
limitations of the Microsoft graphics
library. The initial menu screen in
MWTLC runs in text mode, the rest of
the screens run in graphics mode. The
library of screens is loaded into memory
so the program will run fast, even from
a floppy disk.

Simple screen drawings are possible
in text mode using box drawing charac-
ters but in graphics mode, more com-
plex drawings can be presented to the
user. Another utility called Drawbridge

Getting Started

Data is entered much tike a spread sheet program.

unique help screen for that field is displayed.

£5: Toggles a units field.

Use the UP ARROW and
and DOWN ARRDW keys or the ENTER key to move from field to field. Use

F2: Computes electrical parameters given physical dimensions.

F3: Computes physical dimensions given desired electrical parameters

Fé: Prints the electrical and physical data in tabular form to PRN.
ESC: Exits the current screen and returns to the mein menu.

** Watch the 25th line of each screen for prompts and error messages, **

Coaxial Line

the LEFT ARROW and RIGHT ARROM keys to move within a field. No special
action is required to accept new data into a field.

Freq
F1: Displays a help screen. When the cursor is on a units field a er

B XXXXXX
Units:

Outer Dia:
Inner Dia:
tength:

Zo: XXXXXX
Elec Length:

XXXXXXXX
XXX XXX XXX
XXXXXXXX

XXXXXAXX
XXXAXXXX

XXNXXXX

Figure 2.
operating instructions.

66

‘‘Getting Started’’ screen, with basic

[Fil=Help [F2)=Analyze [F3]=Synthesize [F5)=Units [F6}=Print [ESC]I=Guit

Figure 3. Computation screen for coaxial lines.
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MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE

Increase your REVENUES with RF Des
buy from this section each month. To reac

ign Marketplace advertising! Over 40,000 prospects read and
h this sophisticated, targeted market call today (303) 220-0600.

Individual RF Tutoring

Learn to properly breadboard and build prototype
for manufacturability up to 3 GHz.

Receivers and small Transmitters with AVANTEK,
MOTOROLA, SIGNETICS, PHILIPS, SIEMENS
SMT devices will be demonstrated.

MINARET RADIO
JOHN HORVATH
2023 Gates
Redondo Beach, CA 90278-1904
213-318-3156
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JAHAN MICROWAVE ENGINEERING
DESIGN SPECIALISTS IN MICROWAVE CIRCUITS & SYSTEMS

JAHAN provides top quality engineering in high tech-
nology custom design of passive, active, linear & non-
linear circuits and advanced communication systems, R&D
design seminars, design kits and consulting. JAHAN has
designed & developed innovative microwave circuits and
Transmitter/Receiver Subsystems up fto 60 GHz, PIN
Switches, Filters, Amplifiers, Mixers, DRO, VCDRO, VCO,
PLL, Synthesizers, Multipliers, Comb Generators, Phase
Shifters, Couplers, MICIMMIC’s & Communication
System Design in Land, Sea & Aerospace Systems, and
more. For your custom design requirements, call:

DR. JAHAN M. OSQUI at 512-326-1254

1500 W. Wm. Cannon, Suite 182
Austin, TX 78745

For All Your RF /Microwave
Prototyping Needs

= T_: RF PROTOTYPE SYSTEMS

QUICK BOARDS™ for:
PLL's, synthesizers, Avantek devices

Breadboarding ¢ Evaluation

Free brochure! Call now
1-800-874-8037 (outside Calif)
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FILTERS OFF THE SHELF AND BY DESIGN
« BANDPASS, LOWPASS, HIGHPASS

NOTCH FILTERS TO 265 GHZ

« MINIATURES, CAVITIES, COMBLINES
INTERDIGITALS AND TUBULAR

* MIL-STANDARD 2000

CIR-Q-TEL MICROWAVE
6600 VIRGINIA MANOR ROAD
BELTSVILLE, MD. 20705

(301) 470-2900 FAX # (301) 776-3882
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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 onthe 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, (707)829-0164
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