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7L5 
Baseband Measurements 
20 Hz to 5 MHz 

7L13 
Communications applications 
1 KHz to 1.8 GHz 

7L18 
Micron are applications 
1.5 GHz to 60 GHz 

Our transportable spectrum analyzers are part of the growing family of 
Tektronix 7000-Series Mainframes and Plug-Ins designed to meet all your test 
and measurement applications with high performance, flexibility «and 
exptmdahilitv. 
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There's a new way to 
increase your system's 
dynamic range! 

very high level MIXERS 
featuring • 20dBm re input 
-70dB IM spec ...$54» 
Model 
No 

Freq. 
(MHz) 

Conv. 
lots 
(dB 
max.) 

Signal 
1 dB 

compr 
level 
(dBm 
min.) Connection» 

Size (in.) 
(W i L a H) 

Price 
(1-9) 

SAY-1 
SAY -2 
SAY-11 

0.1 500 
0.1-1000 
10 2400 

7.5 
9.5 
100 

*20 
♦20 
♦ 18 5 

8 pins 
8 pins 
8 pins 

04x08x04 
04x08x04 
04x08x04 

$54 95 
$59 95 
$64 95 

ZFY-1 
ZFY-2 

\JFYH 

0.1 500 
01-1000 
10 2400 

7.5 
9.5 
100 

♦20 
♦20 

♦ 185 

•BNC. TNC. SMA. N 
•BNC. TNC. SMA. N 
•BNC. TNC. SMA. N 

1 25x1 25x0 75 
1 25x 1 25x0 75 
125x125x0 75 

$74 95 
$79 95 
$84 95y 

• wide bandwidth ... models cover 100 KHz to 2.4 GHz 
• 1 dB compression point at +20 dBm RF input 
• only +23 dBm LO power required • low conversion 
loss ... 6 dB *-70 dB, 2-tone, 3rd order IM with 
each tone at 0 dBm (LO at +23 dBm) • compact size, 
0.128 cu. inches • high isolation ... 45 dB • PC and 
four connector versions available • immediate delivery 
• suprisingly low priced ... from $54.95 

Impedance 50 ohms. Isolation 20 dB min 
BNC standard. TNC on request Type N and SMA $5 00 additional 
Third order intercept point *35 dBm typical 

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 

Wor/c/s largest manufacturer of Double Balanced Misers 

ÇZI Mini-Circuits 
MINI-CIRCUITS LABORATORY 
A Division of Scientific Components Corp 
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The Better Half 

Every magazine needs a publisher and an editor. This 
editor you know from the February issue and subsequent 

editorials. It’s time you met the man in the inset. 
r.f. design is pleased to announce the appointment of 

Bill W. Childs as publisher. Bill comes to r.f. design with 
an impressive background in sales in the electronics industry. 
(This announcement is some¬ 
what retroactive since Bill 
has been with r.f. design since 
February.) 

Bill holds degrees in man¬ 
agement, statistics, computer 
science and accounting. Bill 
has been in the electronics 
industry for the last 20 years. 
His experience has been in the 
aerospace and medical related 
aspects of this industry. 

Early in Bill’s career he be¬ 
came involved in computerized 
data reduction efforts from 
telemetry readouts on Polaris 
missiles. Later he participated 
in trajectory analysis for space 
shots and probability analysis 
on missile systems developments. Most recently, Bill has 
managed sales teams for selling major computer systems for 
hospitals and medicine. His major achievement in this area 
involved the sale of 15 million dollars worth of computer systems. 

He managed a major systems implementation at the Univer¬ 
sity of Colorado Health Sciences Center where a large scale 
patient registration, billing and information system was made 
operational in 1978. More recently, he directed the Western 
United States region for Technicon, a major producer of 
hospital information systems. 

Bill resides high up in the hills of Evergreen, Colorado and 
through his extensive travel is by no means a stranger to your 
neck of the woods. Bill is on the West Coast this week and 
before long should be headed your way. 

I am also very pleased to welcome Rob Coe, Doug DeMaw, 
Hank Keen and Andy Przedpelski to our Editorial Review 
Board. Their combined knowledge and experience is impressive 
and well received. 

r.f. design tries to be responsive to the engineer, the 
engineering field and future trends. It is a consistently chang¬ 
ing, on-going process that needs your participation. Let’s per¬ 
form like a Type 1 frequency-lock-loop. Input me with feedback, 
we’ll integrate the results and be on the same frequency (or 
was that wavelength?). 

Rich Rosen 
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Power Output Versus Id 
The broadband amplifier of Figure 2 performs over a 

1 1/2 octave bandwidth with reasonably flat gain. Be¬ 
cause of the usual idiosyncrasies inherent in the 
fabrication of matching transformers, the resulting per¬ 
formance of the amplifier showed a positive gain 
slope with increasing frequency.7

Fixing a quiescent drain current of 2.2 amperes 
(by setting the gate bias at 6.81 volts) and establishing 
an RF drive level of 8.5 watts, the measured per¬ 
formance across the 30-90 MHz band is tabulated 
in Table 1. 

Table 1 
Power Output & Drain Current 

vs. Frequency 
Freq. ID Poul
(MHz) (A) (W) 

30 4.99 84 
40 5.13 89 
50 5.25 95 
60 5.43 100 
70 5.58 102.5 
80 5.83 105 
90 6.00 107.5 

Note, from Table 1, that as the drain current in¬ 
creases with increasing frequency the power output 
follows suit. This current-power tracking is characteristic 
of VMOSFETs as a result of the linear transfer char¬ 
acteristics shown in Figure 1. 
Since output power follows drain current we can 

presume that fixing the drain current will also 
stabilize the output power. Drain current was fixed at 
5.46 amperes and the results are plotted in Figure 4 
where they are compared against the power output when 
the drain current is allowed to float; that is, when 
Vqs is fixed. 

AGC By Id Control 
Since power output can be stabilized by fixing the 

drain current which, in turn, can be regulated by gate 
bias, then a feedback mechanism working entirely from 
the DC mains can provide effective AGC action. 
The simple AGC circuit shown in Figure 5 was 

built around the broadband amplifier of Figure 2. The 
circuit sensed drain current variations and adjusted 
Vqs as the frequency swept from 30 to 90 MHz. 
The resulting power output was leveled to within ± 0.1 dB 
as shown in Figure 6. 

References 
1. L. Leighton & E. Oxner, “HF Power Amplifier 
Design Using VMOS Power FETs,” r.f. design, Vol. 
3, No. 1, January 1980, p. 32-37. 
2. V. Petrovic & W. Gosling, “VHF/AM Transmitter 
Using VMOS Technology,” Electronic Engineering 
(UK), June, 1978, p. 65-67. 
3. S. Kay, “Development & Fabrication of Low ‘ON’ 
Resistance High Current Vertical VMOS Power FETs,” 
NASA Report #CR159646, August 1979. Contract 
#NAS3-21034. 
4. J.R. Brews, “Subthreshold Behavior of Uniformly 
& Nonuniformly Doped Long Channel MOSFET,” 
IEEE Trans. Electron Devices, Vol. ED-26, Sept. 
1979. p. 1282-1291. 
5. E. Oxner, “Large & Small Signal Applications for 
FETs in Modern Communications Receivers," ELECTRO/ 
80, Session #5. 
6. L. Leighton & Oxner, op. cit. 
7. ibid, Figure 2. 

Figure 6. AGC-Controlled Power Output. 

One precautionary note is that this AGC circuit senses 
the voltage developed across a 0.1 ohm resistor. In a 
laboratory environment one must guard that hook-up 
leads to and from the power supplies do not contribute 
to this voltage drop. Otherwise the AGC circuit will 
hopelessly try compensating for these losses. 

Conclusions 
AGC without RF sampling has been demonstrated 

to be effective when using VMOS in power amplifier 
design. Low-level gate modulation would be a natural 
outgrowth of this concept. □ 

r.f. design 11 



RF Coaxial Cables — 
Choosing the Right One 
A practical discussion that provides useful application information 
on the use, characteristics and benefits of the available coaxial 
transmission lines. 

M.F. “Doug” DeMaw 
Technical Department Manager, ARRL, Inc. 
Newington, CT 

É t LJ ow long can I expect my RF transmission line 
Il to last? What effects will heat, soil acids and air 

contaminants have on it? What are the losses and will 
the cable handle the peak voltage it's subjected to?” These 
are common questions we engineers may ask, but the answers 
aren’t usually found in reference books. So, let’s examine 
some of the common problems in proper line selection 
and application, with the objective of making a correct 
choice for the specific task the cable will be called upon 
to perform. 

Although coaxial cables are available for RF work with 
impedances from 25 to as great as 185 ohms, we’ll key 
this discussion to the more popular lines which have 
characteristic impedances of 50 and 75 ohms. Emphasis 
will be placed on these cables in antenna systems, although 
the same rules apply for their use between pieces of RF 
equipment. 

Impedance Considerations 
The fundamental impedance of a coaxial line can be 

found from 

L 138 D 
Zo= — = —=/oq— ohms (1) 

C \TÊ d 

where D is the inner diameter of the outer conductor in 
inches and d is the outer diameter of the inner conductor 
in inches. To find C we can apply the equation 

7.36E 
C=- pF per foot (2) 

log D/d 

where E is the dielectric constant of the cable insulation 
between the conductors. Factor L is obtained from 

D 
L = 0.140 log— pH per foot. (3) 

d 

These equations can be applied if we are fabricating our 
own transmission lines from copper tubing. 

It is important to realize that the actual terminal impe¬ 
dance of a specified line at a particular frequency may 

differ substantially from the design impedance (surge im¬ 
pedance). This can be affected by the voltage standing¬ 
wave ratio (VSWR) since the VSWR of a selected length of 
cable indicates the difference between the real input impe¬ 
dance of the line and the average characteristic impedance. 
This accounts for the variations seen with a VSWR indicator 
that is inserted in a line which has a VSWR condition 
(other than 1.0:1). If there is no appreciable VSWR present, 
the cable should indicate ''flatness" at any point where 
the instrument is inserted. 

USWR uniformity is another significant impedance con¬ 
sideration. The actual VSWR of a cable section is the 
aggregate of random and periodic reflections inside the 
line. Connectors, line terminations and the cable itself 
contribute to the end VSWR condition. In applications 
where the VSWR amount is critical, such "bumps ” in 
the line can be reduced or eliminated by purchasing the 
complete cable harness with connectors from a manufac¬ 
turer who verifies its performance by sweeping the line 
assembly. The radial bends in some types of cable can 
introduce significant bumps in the line impedance (espe¬ 
cially if aluminum-jacketed Hardline is employed and 
allowed to kink or crimp even slightly). Performance, in 
this case, deteriorates with increasing frequency. 

Still another parameter we must consider is the im¬ 
pedance stability of the line we intend to use. It can 
be seen from (1) that the capacitance of the line figures 
significantly in the Zo determination of the cable. Some 
of the softer dielectric materials permit changes in cable 
capacitance when the cable is stressed or subjected to 
temperature extremes. This becomes especially critical at 
higher operating frequencies, above, for example. 900 MHz 
when short lengths of line are used. Similarly, if the dielec¬ 
tric of the cable is allowed to move, within the cable 
connectors, there is a change in capacitance, and hence a 
line bump. In the interest of minimizing changes in cable 
capacitance with temperature or stress, semiflexible coaxial 
lines are recommended, such as Times Wire and Cable 
Alumispline. Alumifoam or corrugated Alumifoam T1. 
The general structure of these lines is illustrated in 
Figure 1. The smaller foam-dielectric flexible lines are 
perhaps the worst offenders for the foregoing condition. 
However, most quality coaxial cables will maintain their 
specified impedances and capacitances within 2 percent 
over the manufacturer's stated operating temperature 
range when long sections of cable are used. 

12 May 1980 
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Figure 2. 

What About Power Rating? 
The major factors which affect the power rating of a 

specified coaxial cable are heat, altitude and VSWR. 
VSWR causes hot spots along the line. High ambient 
temperatures and high altitude both lower the power 
rating of the cable by preventing internal heat from 
escaping from the line at a normal (required) rate. There¬ 
fore, all of the conditions must be considered when select¬ 
ing a cable for a particular environment. 
The correct procedure for choosing a proper cable is 

to first determine average input power to the line at the 
highest anticipated operating frequency. Next, calculate 
the effective input power by 

Pav X VS WR Correction 
Pinfeff ) = ' 

Temp. Correction x Alt. Correction 

Corrections for altitude and temperature are provided in 
Figures 2 and 3. The VSWR correction factor can be found 
from 

1 
VS WR corr. factor = 112 VSWR +-

VSWR 
(5? 

1 
2K 

VSWR -
1 

VSWR 
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where k can be found in Figure 4. 
Table 1 

Dielectric Vf

Solid Poly 65.9% 
Foam Poly 80.0% 
Air-Space Poly 84-88% 
Solid Teflon 69.4% 
Air-Space Teflon 85-90% 

T 

1.54 
1.27 

1.15-1.21 
1.46 

1.13-1.20 

Operating Voltage 
Our concern when choosing a cable for a specified 

application must also take into account the AC operating 
voltage on the line. The proper approach is to calculate the 
operating RMS or peak voltage the system produces. 
Once this is known we can find the effective Ein by 
multiplying the actual Ein by the square root of the VSWR. 
A cable is then selected which has an ample safety 
factor for the system requirements. 
The maximum operating voltage should always be less 

than the rated corona level for the cable (extinction voltage) 
since a continuous corona condition leads to dielectric 
breakdown, noise in the line and subsequent permanent 
damage to the dielectric material and the conductors. 

The dielectric strength rating of the cable differs 
considerably from the corona level. It is a test voltage 
which the manufacturer applies for 60 seconds when 
the cable is manufactured. The DC voltage rating of 
coaxial lines is approximately three times the maximum 
permissible RMS voltage level. Most manufacturers 
provide information concerning the maximum safe AC 
voltage levels for their cables. 

Velocity Factor 
Each type of coaxial cable has a specific velocity 

factor which is dependent upon the dielectric material 
used between the inner and outer conductors. The 
relationship is defined as 

It can be seen from the above that the electrical line 
length will be substantially different than the free-space 
resonant length. E.g., a one-half wavelength section of 
foam pol) thylene-dielectric cable at 90 MHz will be 

468 
L(feet) =- X 0.80 =4.1 6 feet (8) 

f(MHz) 

Similarly, the line length when using solid polyethylene 
dielectric will be 3.426 feet. The composite length of any 
line which uses cable connectors at the ends must include 
the portion of the connectors above the ground plane 
of the equipment, as seen in Figure 5. The coax 
connectors and barrel connectors must figure into the 
overall line length of a run of cable when joining one or 
more sections of cable (if electrical line length is a vital 
factor). 

Attenuation Characteristics 
Perhaps one of the most important parameters worth 

considering when selecting a suitable cable for an applica¬ 
tion is the cable loss or attenuation. When the cable 
properties are known, the attenuation (a) is obtained from 

0.435 

Z0(D) 
— (K1 + K2) 7T+ 2. 78\/~E 'PF) (f) 
d 

(9) 

where Vf is the velocity factor as a percentage of the speed 
of light and E is the cable dielectric constant. The time¬ 
delay characteristic of a given cable can be determined from 

T = 1. 016 \/^ns per foot (7) 

where T is the time delay in nanoseconds and E is 
the dielectric constant. Table 1 lists Vf and T for the various 
popular cables. 

where Zo is the line impedance, D is the inner diameter 
of the outer conductor, d is the outer diameter of the 
inner conductor and f is the operating frequency in MHz. 
K1 is the manufacturer’s strand factor and K2 is the braid 
factor. PF is the power factor. This equation is based 
on dB loss per 100 feet of cable. It can be seen from 
(9) that the losses increase as the operating frequency 
is elevated. Therefore, it is important in terms of efficiency 
that we limit the line length (especially at VHF and 
higher) to only that amount which is necessary. Similarly, 
the quality of the line should be the best that the eco¬ 
nomics of the project will allow when long runs of cable 
are needed. The smaller the cable diameter the higher 
the attenuation, i.e., 100 feet of RG-58A at 100 MHz 
shows a loss of 4.9 dB as opposed to 0.85 dB with 
RG-231 aluminum-jacketed Hardline. The paradox con¬ 
nected with the use of long runs of small-diameter, lossy 
cable at VHF and higher is the illusion that a good 

14 May 1980 



When quality counts 
Do not be fooled by the low prices, these brand 

new lab quality frequency counters have important 
advantages over instruments costing much more. 
The models 7010 and 8010 are not old counters repack¬ 
aged but 100% new designs using the latest LSI 
state-of-the-art circuitry. With only 4 IC’s, o< 7010 
offers a host of features 10 Hz to 
operation, 9 digit display, 3 gatf s and more. 
This outperforms units using 10-15 IC’s at several 

Quality metal cases with machine screws and heavy 
guage black anodized aluminum provide RF shield¬ 
ing .light weight and are rugged and attractive - not 
economical plastic. 

For improved resolution there are 3 gate times 
on the 7010 and 8 gate times on the 8010 with rapid 
display update. For example, the 10 second gate time on 

of failure and complexity of troubleshooting. .Look 
closely at our impressive specifications and note you 
can buy these lab quality counters for similar or less 
money than hobby quality units with TV xtal 
time bases and plastic cases! 
Both the new 7010 and 8010 have new amplifier 

circuits with amazingly flat frequency response and 
improved dynamic range. S tivity is 
and charted below for ail fr< 
instruments. 

Both counters use a modern, no v 
TCXO [ 
time base wit 

10.2 seconds. Some competitive counters offering a 
10 second gate time may require 20 seconds 
between display updates. 
The 7010 and 8010 carry a 100% parts and 

labor guarantee for a full year. No “limited” guarantee 
here! Fast service when you need it too, 90% 
of all serviced instruments are on the way back to 
the user within two business days. 
We have earned a reputation for state-of-the-art 

designs, quality products, fast service and honest 
lufactured and 
foot facility In 

I GHz FRtOueNCY COURTE« 

1 GHz 

10.000000.0 
■ • •" J ■ 

optoelectronics inc 

U.S.A. FACTORY ASSEMBLED 
• 100% PARTS & LABOR YEAR GUARANTEE 
• CERTIFIED NBS TRACEABLE CALIBRATION 
• EXTERNAL CLOCK INPUT 

• DISPLAY HOLD FUNCTION 
• 9 RED LED DIGITS .4" HIGH 
• .1 Hz RESOLUTION 
• 0.1 PPM 10 MHz TCXO TIME BASE 

• LAB/PORTABLE-AC ADAPTER INCLUDED 
• 1 MEGOHM & 50 OHM INPUTS 
• STATE-OF-THE-ART LSI DESIGNS 
• COMPREHENSIVE USER MANUAL PROVIDED 

• COMPACT SIZES—7010- 1-%” Hx4-%" Wx5-’ <”D 8010- 3” Hx7-'/i" Wx6-’/!"D 

MODEL 
S 

PRICE 
RANGE 
10Hz to 

LED 
DIGITS 

25-250 MHz 

SENS 
50 OHM INPUT 
250-450 MHz 

SITIVITY 

450 MHz-1GHz 

Hl-Z INPUT 

10Hz - 60 MHz 
GATE 
TIMES 12 MHz 

RESOLU 

60 MHz 

TION 

MAX FREQ. 

TCXO TIM 

20 -40 C 

E BASE 

FREQ. 

EXT 
CLOCK 
INPUT 

NI-CAD 
BATT 
PACK 

7010 
•7010.1 

145.00 
225.00 

600 MHz 9 5-20 mV 10-30 mV 
20-40 mV 

to 600 MHz 
1-10 mV (3} .1,1.10 SEC *1 Hz 1 Hz 10 Hz 

600 MHz 
1 PPM 

0.1 PPM 
10 MHz 

YES 
OPTION 

$25. 

YES 
OPTION 
$15. 

8010 
•8010.1 

325.00 
405.00 1 GHz 9 1-10 mV 5-20 mV 10-25 mV 1-10 mV [8J.01-20 SEC .1 Hz 1 Hz 

10 Hz 
1 GHz 

1 PPM 
0.1 PPM 

10 MHz 
YES 
STD 

YES 
OPTION 
$39 

* Has precision 0.1 PPM TCXO time base. 

MODEL 7010 MODEL 8010 ACCESSORIES 

47010 600 MHz Counter - 1 PPM TCXO $145.00 
»7010.1 600 MHz Counter - 0.1 PPM TCXO $225.00 

#8010 1 GHz Counter - 1 PPM TCXO $325.00 
»8010.1 1 GHz Counter - 0.1 PPM TCXO $405.00 
»8010.1-13 13 GHz Counter ■ 0 1 PPM TCXO $495.00 

»TA-100 Telescope Ant with 

OPTIONS 
#Ni-Cad-701 Ni-Cad Battery Pack & 

charging circuitry 
Installs inside unit 

»EC-70 External Clock input,10 MHz 
»CC-70 Carry Case. Padded Black Vinyl 

»P-100 
»P-101 

»P-102 

ORDER FACTORY DIRECT • CALL TOLL FREE current pricing. 

Optoelectronics inc 1-800-327-5912 
5821 N.E. 14th Avenue, Fort Lauderdale, Florida 33334 FROM FLORIDA (305)771-2051/2 

TERMS: On 
C.O.O colli 

to U.S and Canada, add 5% for shipping, handling and insurance to a maximum of $10.00 All other orders add 10%. INFO/CAAD 3 
checks must clear betöre order Is Florida residents add 4% sales tax 



match to the load exists, even though the VSWR may be 
relatively high (at the load), assuming of course that the 
VSWR measurement is made at the equipment end of the 
line. 
The attenuation traits of coaxial cables often becomes 

more pronounced with age. This results from contamination 
of the inner dielectric material from an environment of 
moisture and high humidity, plus chemical action brought 
on by the outer jacket of the cable (plasticizer chemicals). 
This effect becomes of paramount importance at 1000 MHz 
and higher. Silver-plated copper shield braids fare consid¬ 
erably better in terms of longevity degradation than do 
cables which contain bare copper or tinned braid material. 
Therefore, if economics permit, it is best to buy the higher 
grade of cable when long periods of use are anticipated. 

It is worth noting that foam polyethylene transmission 
lines with braided copper outer conductors exhibit roughly 
15 percent less attenuation than cables of the same size 
and impedance which contain solid polyethylene dielectric. 
The “fly in the hand cream” is that the foam-dielectric 
lines become much more lossy than solid-dielectric 
ones when subjected to high levels of moisture. Hence, 
in areas with normally high humidity it is inadvisable 
to employ foam-dielectric line above 150 MHz. Similarly, 
try not to use cables which have PVC (type 1) outer 
insulation, as the chemical action with time contaminates 
the line and increases the attenuation. The most positive 
cure-all for the foregoing problems is to utilize the 
semi-flexible Hardline cables which contain foam dielectric. 
The solid-sheath aluminum outer conductors offer excellent 
protection against moisture and contamination. A sug¬ 
gested brand of this type of cable is Times Wire Alumifoam 
(see Figure 1). A less-expensive alternative is the use of 
flexible RG-8/U or RG-9/U style line which has been heavily 
impregnated with weather sealant. Decibel Products, Inc. 
manufactures an excellent transmission line of this type 
(VB-8).2 It uses a solid center conductor as opposed to 
the normal stranded kind. This permits forcing the moisture¬ 
proofing agent between the center conductor and the 
dielectric material. Since the conductor is of solid 
copper, moisture and other contaminants can't seep into 
the cable via the center conductor. In a like manner, the 
imprégnant is forced into the shield braid (bare copper) 
to form a moisture and chemical barrier. This type of 
line is suitable for being buried in the ground, as it is 
virtually impervious to soil acids and moisture. Further¬ 
more, if rodents chew into the line (which is a common 
problem in some regions), the line is for all practical 
purposes, self-healing. 

enced to desired signal power) which is - 700 dB at 
100 MHz. Single-braid flexible line, by comparison at 100 
MHz, has a radiation level which is only 48 dB below the 
desired signal level. Double-braid line, on the other hand, 
falls in between the two examples at - 98 dB for operation 
at 100 MHz. 

Despite the integrity of the cable shielding it is always 
wise to isolate cables from one another as much as 
possible when they are routed up a tower or laid in a 
conduit. The fundamental rule for isolation of two or more 
cables is, “the total isolation (cross talk) between 
two coax cable runs is the sum of the isolation factors 
of the two outer conductors of the adjacent cables, and 
the coupling factor between the runs.’” 

Environmental Damage 
The main causes of failure in coaxial cables, as a 

function of time, are the moisture we discussed earlier, 
sunlight, corrosive salt-water vapor and galvanic action. 
High-molecular-weight polyethylene dielectric is recom¬ 
mended for use in areas of high sun intensity and duration. 
PVC outer jackets should be avoided in preference to 
polyethylene jackets, as the life span of PVC in a high 
ultra-violet environment is approximately half that of 
polyethylene. 

For installations near salt water it is best to use im¬ 
pregnated lines of the type discussed earlier. Times Wire 
& Cable Imperveon line is also excellent for preventing 
corrosion from salt air. Impregnated cable is recommend¬ 
ed also in industrial areas where the air is saturated 
with pollutants. 
As discussed earlier, heat has a pronounced effect on 

coaxial cables. The various insulating materials have 
different temperature profiles. Therefore, it is prudent 
to take the temperature factor into account when select¬ 
ing a line for your application. Table 2 lists the typical 
operating-temperature boundaries for the most common 
dielectrics. 

What About Shielding Integrity? 
We’re all familiar with the truism that “the structure 

of the outer conductor of a coaxial cable determines its 
shielding efficiency.” But what is the effective shielding 
afforded by the various styles of braid? Well, single-
copper-braid line provides 85 to 90 percent coverage of 
the line, irrespective of its being bare copper, tinned 
copper or silver-plated copper. Next up the scale comes 
double braid (two layers of braid with no insulation 
between them), which is substantially better than single¬ 
braid line. Next is triaxial braid (2 shield braids with 
insulation in between). There is also a “strip-braid” style 
of line. It is a shield braid which employs flat copper 
strips instead of small round wires. It provides some 90 
percent of coverage. 
The best line for shielding integrity is solid-sheath cable 

of the type illustrated in Figure 1. A one foot length of 
solid aluminum-jacketed line has a radiated power (refer¬ 

Table 2 
Inner Dielectric Material °C Range 

Polytetrafluorethylene (PTFE). - 250°C to + 250°C 
Polyethylene. -65 °C to + 80 °C 
Foamed Polyethylene . -65°Cto + 80°C 
Foamed or Solid Ethylene Propylene .... - 40 °C to + 105 °C 

Jackets 
Fluorinated Ethylene Propylene (FEP) ... - 70°C to + 200°C 
Polyvinylchloride (PVC). -50°Cto+ 105°C 

(depending on compound used) 
Polyurethane . - 100°Cto + 125°C 

(depending on compound used) 
Nylon . — 60°Cto+ 120°C 
Ethylene Propylene . -40°Cto+ 105°C 
High Molecular Weight Polyethylene . -55°Cto + 85°C 
Silicone Rubber. -70°Cto + 200°C 
Silicone Impregnated Fiberglass . -70°Cto + 250°C 
High Temperature Nylon Fiber . - 100°Cto + 250°C 

References 
1. RF Transmission Line Catalog and Handbook, 
Times Wire & Cable, 358 Hall Ave., Wallingford, 
CT 06492. 
2. Decibel Products, Inc., 3184 Quebec St., Dallas, 
TX 75247. See VB-8 product review in QST Magazine 
for Nov. 1978, p. 38. 
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It gets tougher all the time. 
Trying to match budget dollars 
with instrument performance can 
be a real problem. Unless the 
instrument is our Model 1062 
Sweeper. 

At only $890,* the Model 1062 is a 
full-performance laboratory 
sweeper with a 1-400 MHz 
frequency range. You can sweep 
any portion of that range at 
variable rates, and have triggering 
capability to boot. You'll also find 

10 mW RF output, 2% sweep 
linearity, and ± 0.25 dB flatness-
performance characteristics usually 
seen only on much more expensive 
instruments. 
The Model 1062 also includes 

provision for an optional crystal-
controlled birdy bypass marker 
system. Up to six plug-in marker 
modules may be added. The 
markers can be at single discrete 
frequencies or they can be 
harmonically related. Front-panel 

controls vary marker amplitude 
and bandwidth. 
Get the sweeper that solves 

budget and performance problems 
all at once. Get the Model 1062— 
still only $890 * 
Wavetek Indiana, P.O. Box 190, 

66 North First Ave., Beech Grove, 
IN 46107. Toll free 800-428-4424; 
in Indiana (317) 783-3221. 
TWX (810) 341-3226 

Wavetek 
*U.S. price only 

Get rid of sweeper 
budget problems. 

Get our budget sweeper. 
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Spectrum 
Analyzers 
1969-1979 

A 
Technology 

Update 
Advances in performance, 

packaging and ease of 
sweeping spectrum 

analyzers are presented. 
Future developments 

are indicated. 

Len Garrett 
Morris Engelson 
Tektronix 
Beaverton, Ore. 

Spectrum analyzers available today are more accurate, 
cover a wider frequency range, and are easier to use 

than previous instruments. A look at the performance of 
modern units gives one an appreciation of these benefits 
(Figure 1). Looking also at current trends in packaging 
is equally enlightening. The packaging art has been taxed 
to the fullest today with some spectrum analyzers meeting 
the rugged MIL T-28800B specifications, plus being 
designed within a specified minimum size envelope. 
Finally, there has been a significant increase in ease of 
use. The number of interacting controls is being reduced 
drastically, making it easier to get desired measurement 
results. Prices are more realistic also. The key to value 
is to provide all the performance users need, without 
requiring them to pay for performance not needed. An 
example of this' offers as options a preselector, digital 
storage, programmability, frequency stabilization resolu¬ 
tion, and provision for use of external mixers. 

Significant advances in spectrum analyzers today are 
occurring in all areas: performance, packaging, environ¬ 
mental capability and ease of use. This is due primarily 
to the increased use of microprocessors, which are having 
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a manifold impact in areas such as absolute and relative 
amplitude measurements, positive phase-locked loop con¬ 
trol for never-break-lock operation, and very wide local 
oscillator ranges (Figure 2). 

Increased versatility provided by the microprocessor 
enables spectrum analyzers to be used in an ever-widening 
range of applications: 

• Oscillator spectral purity measurements 
• Millimeter wave R&D 
• Spurious response measurements 
• Signal source stability measurements 
• Signal source phase noise measurement 
• Occupied bandwidth 
• Surveillance 
• RFI/EMI measurements 
• Distortion measurements 
• Pulsed RF source evaluation 

Better Performance 
Important performance parameters now improved for 
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spectrum analyzers are frequency range, resolution, sta¬ 
bility, dynamic range, sensitivity, and amplitude accuracy. 
Newer models also include increased automation and 
programmability. 

Frequency Range 
The top frequency setting on commercially available 

spectrum analyzers has been 60 GHz. Options available 
today extend this upper limit to 220 GHz, while still 
maintaining a lowest characterized frequency of 50 kHz. 
Two new technological factors contribute to this high-

frequency-end breakthrough: broadband, full-amplitude-
calibrated waveguide mixers operating to 60 GHz, and a 
2 to 6-GHz local oscillator. Use of a 2 to 6-GHz oscillator 
rather than the traditional octave-range oscillator provides 
higher operating frequencies at lower harmonic conversion 
numbers. 
Spectrum analyzers with full-frequency span and input 

frequency calibration features can take advantage of com¬ 
mercially available mixers, extending millimeter wave 
spectrum analysis to 220 GHz (See Figure 3). 

Resolution 
Resolution bandwidth available today ranges from 10 Hz 

to 3 MHz, with a fundamental conversion sensitivity of 
-123 dBm at 100 Hz. Combined with less than 50 Hz 
incidental FM and a wide-operating-range local oscillator, 
a 100 Hz resolution bandwidth setting is usable over a 
typical full coaxial input frequency range of 21 GHz. 
Respectable measurements at a 100 Hz resolution setting 
are possible even at 50 GHz. In addition, sideband noise 
is sufficiently low to permit easy observation of 70 dB 
down signals only 3 kHz removed from the carrier in a 
fundamental mixing mode. 

Stability 
Automatic instrument stabilization is assured by the 

microprocessor. Being able to stay phase-locked no matter 
what external temperature change or other adverse fre¬ 
quency destabilizing conditions are experienced is a real 
benefit. This performance is provided by the micropro¬ 
cessor’s monitoring of various internal spectrum analyzer 
functions. Whenever frequency drift threatens to disturb 

r.f. design 19 



phase lock, the microprocessor readjusts the local oscilla¬ 
tor tuning voltage to maintain balance. The advantage of 
this system is that continuous frequency restabilization 
by the user is not necessary. Ease of measurement is 
greatly improved. 

Amplitude Accuracy 
Differential amplitude functions available allow ampli¬ 

tude comparison in 0.25 dB steps. This variation with the 

l-F substitution technique provides 200 one-quarter dB 
steps, allowing precision amplitude comparison over a 50 
dB range. Here again, the result is improved ease of use 
and accuracy whenever relative amplitudes need to be 
determined, such as with AM. FM and pulse signals (See 
Figure 4). 

Programmability 

Control settings and signal display information can be 

SPECTRUM ANALYZERS KEY FEATURES & SPECIFICATIONS 

TEK492P H.P.8566A EATON 757 

Frequency Range 50 kHz to 220 GHz 100 Hz to 22 GHz 10 kHz to 22 GHz 

Center Frequency Accuracy ± (.2% of center freq. 
+ 20% of span.(div.) 

± [2% of span, width 
+ (ref. X C.F.) + 10 Hz] 

0.2% of center freq. 

Resolution Bandwidth (6dBBW) 
100 Hz to 1 MHz 1A 

(3 dB BW) 
10Hzto3MHz 

(3 dB BW) 
100 Hz to 1 MHz 

Sensitivity 
Average noise level in 1 kHz BW @ 18 GHz 

- 90 dBm - 100 dBm - 90 dBm 

Stability 
Fundamental Mixing 

50 Hz P-P 0.2 Hz P-P @ 5.0 Hz P-P 

Dynamic Range 
On Screen 

80 dB 90 dB 100 dB 

Drift After 1 Hr. Warm-Up 
Fundamental Mixing 

± 25 kHz/hour ± l0Hz/minuteof sweeptime ± 3 kHz/10 minutes 

Noise Sidebands 
1 kHz res. BW & 10 Hz Video BW 

70 dBc @ 30 kHz offset 75 dBc @ 30 kHz offset 70 dBc @ 30 kHz offset 

Amplitude Measurement Accuracy 
typical 

±4.3dB @ 18GHz ±3.2dB @ 18GHz ±3.0 dB ® 18 GHz 

Automatic Measurement Capability IEEE-488 Compatibility 
Full Program Control 

IEEE-488 Compatibility 
Full Program Control 

Data Out Only 
Freq. Programmable 

CRT Display & Readout Digital (iB; Digital Digital 

Size 
(Height, width, depth) 

6.9" X 12.87" X 19.65" 11" X 16-3/4" X 23.5" 8-3/4" X 16-3/4" X 21-7/8” 

Weight 44 IbS. 112 lbs. 65 lbs. 

Volume FT3 1.12 2.38 1.55 

Environmental MIL T 28800B 
Type III, Class 3, Style C 

MilStd.461A 
EMI CE03, RE02 

Not Specified 

Power Consumption 215 watts 650 watts 220 watts 

Price $31.25K 1C, $49.5K $23. 1K 

Contributor of Information Len Garrett Dean Abramson David Krauthemier 

Notes 
As accurate as one can be at best 
this information should be used as 
a guide only. The manufacturer(s) 
should be directly contacted by the 
instrumentation specifying engineer 
in order to allow himself to best 
interpret the specifications on such 
a complex piece of equipment. 

Editor 

@ 100 Hz with option 03 

(IB) with option 02 

(1C) Includes all options 
(Preselector-option 01) 

Fig 

(2A) Residual FM 

(2B At start of new sweep 
all drift eliminated 

(20 Frequency repeat-
ability is assured by 
virture of a synthe¬ 
sized l.o. 

ure 1 

(3A) With 014 option 

(3B1 Using internal freq, 
adjust control ac-
curate to ± 1 MHz 

□C Using the internal 
calibrator. 
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fully programmable today via the IEEE-488 General Pur¬ 
pose Interface Bus (GPIB). This allows higher system 
test speeds and flexibility. 

An example is complete two-way radio production testing 
where many parameters must be verified, requiring com¬ 
munications between spectrum analyzers, signal genera¬ 
tors, frequency counters and multimeters. 

Another example is RFI/EMI measurements which require 
a specific test procedure and various sensing devices 

(Information supplied by “contributors”) 

Marconi ̂ 2370 Polarad 640A-1 1 ó 

30 Hz to 1250 MHz 10 MHz to 40 GHz 

20 Hz + 1 % of 
span, width and ref. 

± 5 MHz x n Í5A; 

(3 dB BW) 
5 Hz to 50 kHz 

(3 dB BW) 
300 Hz to 1 MHz 

NA - 86 dBm including preselector 

6 Hz P-P 150 Hz x n 5A 

100 dB 80 dB 

100 Hz/10 minutes ± 5 kHz/10 minutes 

75 dBc @ 30 kHz offset >70 dBc @ 60 kHz offset 

±3dB @ 1 GHz ± 1 dB to ± 5 dB (5B) 

Data Out Only IEEE-488 Compatibility For 
Digital Memory (5C) 

Digital Í4A: Internal Calibrated Graticle 

17" x 17-13/16" x 20-5/16" 8.75” x 16.75” x 17” 

93 lbs. 55 lbs. 

3.4 1.44 

Not Specified Not Specified 

150 watts 180 watts 

$39 K @ $15.25K @ 

Keith Elkins Ed Feldman 

(4A) 130 x 100 mm tele¬ 
vision camera monitor 
tube-no storage CRT 
to burn out-no bloom-

„ 'ng
(4B) Has internal tracking 

generator which tracks 
the input tune fre-
quencytowithin + 2Hz. 

(40 TF 2370: $19.5K 
TK2373: $19.5K 

(5A) n = mixing mode 

(Sß) Depending on control 
settings 

(5C) Signal processing and 
signal storage functions 

(|p) Includes option 1: 
internal digital memory 
and data interface. 

Figure 2 

Figure 3 

Figure 4 (b) 
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such as antennas and current probes. With microprocessor 
control over the bus, a step-by-step procedure implement¬ 
ed in software can issue commands and record data. 

Rugged, Lightweight Packaging 
Highly integrated electrical and mechanical design is 

exemplified by new millimeter wave mixer designs. A very 
small Schottky-barrier diode and probe across the high-field 
region of a ridged waveguide allows absolute amplitude 
measurements to 60 GHz. 
Some spectrum analyzers are now available in all three 

basic physical configurations: portable, stackable bench-
top, and rack-mount. Portable units' feature rugged 
construction for field use, are able to operate over a 
temperature range of -15 degrees C to +55 degrees C, 
and are designed to withstand moisture and a 12-inch 
drop (MIL T-28800B). Ruggedness results partially from 
a high shock-proof CRT, designed using computer simula¬ 
tion techniques. 

Easier To Use 
Modern spectrum analyzers may have as many as 30 

different controls with the most frequently used being 
center frequency, frequency span, resolution, gain, atten¬ 
uation, and sweep time. In many instances, center fre¬ 
quency is controlled by two or even three controls which 
are set for fast or slow tuning and for phaselocked or 
non-phaselocked operation, resulting in up to nine inter¬ 
acting controls. New instruments effectively reduce this 
number to as few as three • 

By electronically interlocking frequency span, resolution, 
and sweep time, a microprocessor can determine appro¬ 
priate settings with only one control knob being varied. 
Instead of the usual two or three controls, center frequency 
can be set by a single constant-tuning-rate (ctr) knob 

which controls frequency setting regardless of frequency 
span, while also maintaining the same signal movement 
on the screen whether at 500 MHz or 500 Hz per division. 
The disappearance of high-sensitivity controls that make 
the signal jump off the screen at the slightest touch is 
welcomed by users. 
The newest innovation in control interlocking is the 

combination of attenuator and gain setting. Both of these 
traditional controls are replaced by two new functions: 
reference-level setting and minimum attenuation preset. 
The user simply presets the minimum attenuation that 
the measurement will tolerate as determined by the 
maximum power level, input VSWR needs, or other require¬ 
ments. A single-knob reference level control is then used 
to set the level in either 10 dB or 1 dB steps; the 
microprocessor determining whether to insert gain or 
attenuation (See Figure 5). 

The Future 
Spectrum analyzers with GPIB compatibility will become 

more prominent in the years ahead to satisfy field needs 
of commercial, government and military users. 

Technological advancements will include more higher 
performance microwave integrated circuits, more comput¬ 
ing power per chip, and possibly flat-panel displays. 

Higher accuracies are expected in areas such as abso¬ 
lute center frequency, where it can be expected that 
the spectrum analyzer will measure frequencies of dis¬ 
played signals with counter accuracy. Amplitude measure¬ 
ment accuracy will likely increase by an order of magni¬ 
tude from today's + 1 dB to +0.1 dB, filling the need for 
a frequency selective power meter for pulsed and cw 
signals. 

Footnote 
1. Tektronix 492. 

GPIB 

Figure 5 
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Increase the scope 
of your 'scope. 

Our7530A converts 
vm 7000 

Stuck in the time domain? No 
need to be when we’ve made it so 
easy for you to get into the 
frequency domain of FFT spectrum 
analysis. Just plug our high speed 
7530A into your Tektronix 
mainframe and you have a 
complete signal analysis lab for 
measuring noise, harmonics, 
power, spectral density, voltage, 
phase noise, spurious signals ... 
you name it. 
With simple, friendly, three-knob 

control, you’ll be able to analyze 
signals from de to 100 kHz with 
ultra-sharp resolution of 1 Hz 
across the entire band. For a real 
close look at a segment, just zoom 
in and magnify that part of the 
spectrum. You’ll get an enlarged 

image in the foreground and 
simultaneously a display of the 
entire spectrum, in the 
background. 
The high performance 7530A has 

a dynamic range of up to 90dB and 
a very low noise floor. And thanks 

to FFT and the use of a 
microcomputer the 7530A gives 
you superb accuracy and 
processing speed 200 times faster 
than conventional swept-filter 
analyzers. 

If you thought FFT spectrum 
analysis was too expensive, think 
again: The 7530A and the scope 
together cost less than a 
comparable stand-alone analyzer. 
We’d like to tell you more about 

FFT spectrum analysis and our 
easy-to-use 7530A. For complete 
data or a demo, contact us or 
our rep. 
Rockland Systems Corporation. 
Rockleigh Industrial Park 
Rockleigh, NJ 07647 
(201) 767-7900 

R Reqistered Trademark. Tektronix Inc. 
r.f. design INFO/CARD5 
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S-Parameter Amplifier Design 
With Your HP-67 
A two-card program that computes matching 
network component values from s-parameters. 

Fred Hauer 
EDM AC Associates Inc. 
Rochester, N. Y. 

Most VHF, UHF, and microwave transistors are 
characterized by scattering parameters. These are 

complex transmission and reflection coefficients measured 
at the input and output terminals of the device. Trans¬ 
mission coefficients may be either gain or attenuation, 
while reflection coefficients are directly related to 
VSWR and impedance. Being vector quantities, they 
contain magnitude as well as phase information and 
when used with a Smith Chart, can greatly simplify 
amplifier and matching network design. The four s-
parameters are: 

Su The input reflection coefficient with the out¬ 
put port terminated in a matched load. 

S22 The output reflection coefficient with the input 
port terminated in a matched load. 

S2i The forward transmission gain with the output 
port terminated in a matched load. 

S12 The reverse transmission gain with the input 
port terminated in a matched load. 

An RF transistor amplifier can be designed quickly 
with the aid of the HP-67 calculator, using s-parameters. 
This article will not go into an elaborate discussion of 
s-parameters' 2 3 but instead will describe a calculator 
program for amplifier design. This program lets the user 
design a transistor amplifier stage using s-parameters. The 
calculations include Rollet's stability factor, maximum gain, 
transducer input and output impedances and component 
values for input and output impedance matching to complex 
terminations. The matching networks are designed for a 
conjugate match to the input and output terminations. 
The choice of which matching network to use is based 
on practical considerations. Depending on the circuit ap¬ 
plication, these networks can be combined with biasing 
and filtering networks to reduce component count. If a 
particular type of network has to be used, and the com¬ 
ponent values are unrealistic, try matching to some inter¬ 
mediate image impedance. This is generally the geometric 
mean of the device impedance and the terminating 
impedance. Alternatively, the image can be selected to 
take advantage of the broadband matching afforded by 4:1 
ratio toroidal transformers. Also, keep circuit Q low by 
selecting a network type where the first component 
lowers the SWR. This will result in the widest band¬ 
width and be less sensitive to parts value tolerances. 
In most cases you can go directly from calculator de¬ 
sign to breadboard layout. 
The routine begins with card #1 by computing Rollet's 

stability factor, K, which must be equal to or greater 
than 1 for an unconditionally stable amplifier. The closed 

form solution used in the remainder of the program is 
not valid if this factor is less than 1. The relation¬ 
ship used is: 

K = 1 + |A|* - |S„|2- |S22|2 

2|S,2| |S2,| 

where 

△ = S„ S22 - S12S21 

The maximum available power gain is then calculated: 

AdB = 10 log 
§21 

S12 

The source and load reflection coefficients are found from: 

B ± n/B* -4C* 

2|C|2 ' 

where 

Cs = Sn - A S22 C¡_ = §22 — △ §11 , 
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and 

Bs = 1 + |S„|2-|S22|*-|A|2 Bl= 1 + |S22p-|S„p- |A|* 

These complex reflection coefficients are converted to 
the required series input and output impedances and are 
displayed in both polar and rectangular forms for con¬ 
venience. It is not necessary to record them before loading 
card #2. However, it is important not to disturb the stack 
and to initialize immediately after loading card #2 to store 
data exactly as it is in the stack before doing anything 
else. Now input the frequency and the required terminating 
impedance. This impedance can obviously be the complex 
input or output impedance of another stage or it can be 
purely resistive — for a 50 ohm termination. Data entry 
format is always X followed by jY. Press E for input 
impedances and B for output impedances. Then select the 
impedance matching network that best fits your application. 
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Load Card #1 Output 

Input Key Display 
.32 Enter 320.0 -03 

in CHS -111 
A 320.0 

Store the 
S-
parameters 

.06 
60 
3.7 
91 
.71 
23 

Calc, gain 
Display 
transducer 
input 
impedance 

Display 
transducer 
output 
impedance 

Enter 60.00 
B 60.00 
Enter 3.700 
C 3.700 
Enter 710.0 
CHS -23 
D 710.0 
E 1.055 
R/S 16.47 

15.91 
-60.52 
7.829 

- 13.85 

R/S 189.1 
- 76.88 
42.93 

- 184.2 

Load card #2 

-03 
-03 
-03 
-03 
00 
00 

-03 

-03 
00 
00 
00 
00 
00 
00 

= stability factor 
= gain (dB) 
= Z in 
= 0 in 
= X in 
= jY in 

00 = Z out 
00 = 0 out 
00 = X out 
00 = jY out 

Input Key Display 
Initialize A 42.93 00 

frequency 400 x 106 fa 2.513 09 = 2nf 
Input impedance: 

X = 50 Enter 50.00 00 
jY = 0 E 50.00 00 

C 0.000 00 no solution 
Calculate 
input network fc 0.000 00 no solution 
component D 8.572 -09 = E,(Henrys) 
values -92.07 -12 = E^Farads) 

fd -18 47 -12 = Et(Farads) 
12 74 -09 = E2(Henrys) 

Output impedance: 
X = 50 Enter 50.00 00 
jY = 0 B 50.00 00 

Calculate C 996 5 -09 = Ej(Henrys) 
output network 78.73 -09 = E¿(Henrys) 
component 
values fc 40.19 -09 = E,(Henrys) 

-2.011 -12 = E2(Farads) 
D 49 01 -09 = Ef(Henrys) 

66 36 - 09 = E2(Henrys) 

fd —3.230 - 12 = Ej(Farads) 
80.22 -09 = E2<Henrys) 

■ (Type 1) 

(Type 2) 

(Type 1) 

(Type 2) 

There are 2 basic networks possible, each having 2 
variations. The output is the shunt element Ei followed by 
the series element E2. Values are in Henrys and Farads 
with capacitors indicated by a minus sign. If 0.000 is 
displayed, that network is not valid — try another one. 
This part of the routine is based upon HP-67 program #EE1-
02A with an error correcting routine and other changes. 

r.f. design 

Figure 1 A. Network C, c (Type 1). 

Output 

A given design may have any type input network and any type 
output network. (Be sure to use the right layout for each.) 

Figure 1B. Network D, d (Type 2). 

Try the following example: 
Given the following s-parameters for a 2N2857 biased 

at 5 ma. collector current at 400 MHz determine 
maximum power gain and L-C impedance matching to 50 
ohms input and output. 

Sn .32/ — 111 
S12 .06/60 
S2i 3.7/91 
S22 .71/-23 

Observe that there are only 2 possible solutions 
for the input network, while the output has four. Any 
of the output networks can be used with any of the input 
networks, so there is considerable design flexibility. 
The two types of networks are shown in Figure 1A 
and 1B. The shunt element, E^ is nearest the transducer 
for Type 1 while the series element, E2, is nearest the 
transducer forType 2. 

References 
1, Perlow, S., “Transistor Amplifier Design Con¬ 

siderations,” Microwave Journal, August 1977, pp. 
22-30. 

2. Martin, W.J., “HP-45 Calculator Speeds RF Am¬ 
plifier Design,” Electronics Magazine, March 20, 
1975, pp. 134-135. 

3. Hewlett-Packard Company, HP-67/HP-97 E. E. 
Pac. 1, Programs 02-01, 12-01, 16-01, 17-01, 18-01. 
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Type 2 
Network D 

92 

ohms 0-— 
(400 MHz) 

E1 

Figure 2. Amplifier Schematic Diagram. 

S-Parameter Design Card#1 

S-Parameter Design Card #2 

Figure 3. HP-67 Magnetic Card Labelling. 

LINDGREN 
QUALITY 

RF ENCLOSURES 

EACH ROOM \ 
FACTORY ASSEMBLED ' 

WORKING IN THIS ROOM 
YOUR TECHNICAL SKILL 
WILL BE AT ITS BEST 

ERIK A. LINDGREN & ASSOC. INC. 
4515 NORTH RAVENSWOOD, CHICAGO, ILL. 60640 

312/561-0408 
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If, for some reason, you would like to recall the trans¬ 
ducer input and output impedances calculated with card #1. 
key f e. The format here is: 

Xin = 7.829 00 
jYin = -13.85 00 
X out = 42.93 00 
jY out = -184.2 00 

The reactance rule included in the program is unique 
in that one key (f b) inputs inductance, capacitance, and 
reactance. The decision making process treats an input 
greater than 10- 2 as a reactance. Anything less than 
10-2 is capacitance in Farads or inductance in Henrys. A 
minus sign denotes capacitance and capacitive reactance. 
This covers the range of component values used in most 
RF designs. The frequency in Hz is entered using key f a. 
Load card #2. 
Examples: 

Freq. 
L 
XL 

Xc 
c 

Input Key Display 
400x 106 fa 2.513 09 2nf 
10x10- 9 fb 25.13 OhmsXL
50 fb 19.89 -09 Henrys 

-50 fb -7.958 -12 Farads 
-15xW- 12 fb -26.53 OhmsXc

A schematic diagram of the amplifier designed in the 
example is shown in Figure 2. Networks were selected 
to simplify DC biasing and to provide a low pass filter at 
the output. 
Suggested labels for the two magnetic card HP-67 

program are indicated in Figure 3. 
The complete program listing for both cards are included 

in the Appendix. 

_/wBE^ 

BROADBAND EQUIPMENT 

FOR INSTRUMENTATION 

AND COMMUNICATIONS 

Directional Couplers 

Model 
Freq 

MHz 

Coupler 
Type 

1 n Lin« 
Power 

Minimum Directivity 
(dB) 1 n Line 

Loss 
(dBl 

Flatness 
of -20 dB 
port I dB) 

VSWR 
1-500 
MHz 

5-300 
MHz 

A73-20 

1-500 single 

5W cw 
( 10W cw 
5-300 
MHz) 

20 30 
.2 

typical 

X.l 
5-300 MHz 

4.25 
1-500 MHz 

1.1:1 
5-500 
1.5:1 
1-500 

A73-20GA 30 40 

A73-20GB 40 45 

A73-20P 

1-100 

single 

50W cw 

( 75 ohm 
limited 
to 

I0W cw) 

35 dB min 

40 dB min typical 

.15 

-J 

1.04:1 
typical 

A73D-20P dual .3 

A73-20PX single 45 dB min 
.15 

A73D-20PX dual .3 

A73-20PA 

10-200 

single 35 dB min 

40 dB min typical 

.15 

A73D-20PA dual .3 

A73-20PAX single 
45 dB min 

.15 

A73D-20PAX dual .3 

WIDE BAND ENGINEERING COMPANY, INC. 
? O BOX 21652. PHOENIX. ARIZONA 85036. USA • TELEPHONE 16021 254 1570 
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CARD#1 

Step Key Entry Key Code Comments Step Key Entry Key Code Comments 
001 f LBL A 31 2511 2 02 

STO2 33 02= Sn© 060 X 71 
hx^y 35 52 4. 8i 
ST0 1 3301 = SnZ STO E 3315=K 
hRTN 35 22 R/S 84

fLBLB 312512 g X2 32 54 
STO 4 33 04 = Si2© 1 01 
hx^y 35 52 _ 51 
STO 3 33 03=S 12 Z f/x 3154 

010 hRTN 35 22 RCL E 34 15 
fLBLC 312513 h ABS 35 64 
STO 6 33O6 = S21 0 070 h x ̂ y 35 52 
hx^y 35 52 _ 51 
STO 5 33 05 = S21 Z h ABS 35 64 
hRTN 35 22 RCL 5 34 05 

f LBL D 312514 X 71 
STO 8 33 08=S22 © RCL 3 34 03 
h x ̂ y 35 52 8i 
STO 7 33 07=S22 Z flog 3153 

020 hRTN 35 22 1 01 
fLBLE 31 2515 0 00 
h SF 1 35 51 01 080 X 71 
RCL 2+ 34 21 f-X- 31 84 = Gain 
hl- 3521 RCL1 + 3421 
RCL 2 34 02 hl- 35 21 
RCL 8 34 08 RCL 2 34 02 
+ 61 RCL1 34 01 

RCL1 34 01 f— R 3172 
RCL 7 34 07 2+ 21 

030 X 71 RCL0 34 00 
f-R 3172 RCL 8 34 08 
1+ 21 090 CHS 42 
RCL 4 34 04 + 6i 
RCL 6 34 06 RCL 9 34 09 
+ 61 Enter 41 

RCL 3 34 03 h RI 35 53 
RCL 5 34 05 RCL 7 34 07 
X 71 X 71 

f-R 3172 f-R 3172 
040 hl- 35 21 hl- 35 21 

RCL1+ 34 21 RCL1+ 34 21 
g—P 32 72 100 g—P 32 72 
STO 9 33 09 = Ar STO A 3311 = CSR
hx^y 35 52 h x $y 35 52 
STO0 33 00 = Ae STOB 3312 = CS0
RCL 9 34 09 fGSB4 31 22 04 
gX2 32 54 GTO5 22 05 

1 01 ÍLBL4 31 25 04 Calc Bs and Bl 
+ 61 RCL1 34 01 

050 RCL1 34 01 gX2 32 54 
g X2 32 54 RCL 7 34 07 

51 110 g X2 32 54 
RCL 7 34 07 hF?1 35 71 01 
g X2 32 54 h X £y 35 52 
- 51 hx^y 35 52 

RCL 3 34 03 - 51 
RCL 5 34 05 1 01 
X 71 +61 

Registers 
0 △© 1 SnZ 2 Sn 0 3 s12z 4 S120 5 s21z 6 S21O 7 $22^ 8 S220 9 △r 
so S1 xs S2 jYs S3 S4 S5 S6 S7 S8 S9 

A Csr, CLr B CsqCls c Bs Bl D rs,rL E K 1 
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CARD 1 (Cont.) 

Step Key Entry Key Code Comments Step Key Entry Key Code Comments 

RCL9 34 09 h Ri 35 53 
gX2 32 54 hx^y 3552

51 hRt 35 54 
120 STOC 3313=BsorBL - 31

f x<0? 31 71 h R* 35 53 
h SF2 35 51 02 - 51 
h RTN 35 22 hRt 35 54 
fLBL5 31 25 05 5 05 
fGSB3 31 22 03 0 00 
fGSBO 31 22 00 180 CHS 42 
R/S 84 X 71 
GTO2 22 02 f-R 3172 
fLBL3 31 25 03 Calc |TS| or |FL| g-P 32 72 

130 gX2 32 54 fP^S 3142 
4 04 f-X- 31 84 = |Z| 

RCLA 34 11 hx^ y 35 52 
g X2 32 54 f-X- 31 84 = 
X 71 hx^y 35 52 
- 51 f-R 3172 

fyx 31 54 190 h F?1 35 71 01 Source or load? 
RCLC 3413 STO1 33 01 = Xs (Store Source) 
hX^y 35 52 f-X- 3184 
h F?2 35 71 02 hx^y 35 52 

140 CHS 42 h F?1 35 71 01 Source or Load? 
51 STO2 33 02 = jYs (Store source) 

RCLA 34 11 fP^S 3142 
g X2 32 54 h RTN 35 22 
2 02 fLBL2 31 25 02 Repeat for Load 
X 71 h CF 1 35 61 01 
+ 81 200 RCLX + 34 21 

RCLA 34 11 hi- 35 21 
X 71 RCL8, 34 08 

STOD 33 14 = |rs| or|rL| RCL7 34 07 
150 h RTN 35 22 f-R 3172 

fLBLO 31 2500 CalcZ/0_ 1+ 21 
RCLB 34 12 RCL0 34 00 
Enter 41 RCL2 34 02 
RCLD 34 14 CHS 42 

1 01 +61 
Enter 41 210 RCL9 34 09 
h RI 35 53 Enter 41 
h RI 35 53 h RI 35 53 
f-R 3172 RCL1 34 01 

160 hRt 35 54 X 71 
- 51 f-R 3172 

hSTI 35 33 hl- 35 21 
h RI 3553 RCLZ+ 34 21 
h RI 35 53 g-P 32 72 
+ 61 STOA 3311 = ClR 
+ 61 220 hx^y 35 52 

g—P 32 72 STOB 3312 = CL0 
hRt 35 54 fGSB4 31 22 04 
h RCI 35 34 fGSB3 31 22 03 

170 g-P 32 72 GTO0 22 00 

Labels Flags Set Status 

a Store Su b Store S12 c Store S2i □ Store S22 e Calc. 
0 

1 used 
2 used 
3 

Flags Trig Disp 

K.A.ZÆ ON OFF 
0 □ X 
1 □ X 
2 Li X 
3 Lj X 

Deg X 
Grad □ 
Rad □ 

Fix 
Sei 
Eng X 
n 3 

a b c d e used 

oCalcZ/<6 1 2 Repeat 3 Calc r 4 Calc B 

5 used 6 7 8 9 
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CARD #2 

Step Key Entry Key Code Comments Step Key Entry Key Code Comments 

001 fLBLA 312511 Initiate + 61 
STO2 33 02 = jYL STO6 33 06 
hx^y 35 52 h RTN 35 22 
STO 1 33 01 = XL fLBLC 312513 Type 1 Network 
h RTN 35 22 060 h F?1 35 71 01 

f LBL B 312512 Output Network fp^s 3142 
t)CFO 35 61 00 ÍGSB1 31 22 01 
h CF 1 35 61 01 STO9 33 09 
h CF 2 35 61 02 fGSB5 31 22 05 

010 STO4 33 04 Store jY out RCL9 34 09 
h RI 35 53 f GSB 3 31 22 03 
STO3 33 03 Store X out ÍGSB5 31 22 05 
h RTN 35 22 h F?1 35 71 01 
fLBLE 312515 Input Network f p^s 3142 
h CF 0 35 61 00 070 h RTN 35 22 
h SF 1 35 51 01 gLBLfc 32 2513 Type T Network 
h CF 2 35 61 02 h F?1 35 71 01 
f p 31 42 Secondaries f p^s 31 42 
STO4 33 04 Store jY in fGSB1 31 22 01 

020 h RI 35 53 RCL5 34 05 
STO3 33 03 Store Xin STO9 33 09 
fp^s 3142 fGSB5 31 22 05 
h RTN 35 22 RCL9 34 09 
f LBL 1 31 25 01 Calc E, fGSB3 31 22 03 
RCL2 34 02 080 fGSB5 31 22 05 
g X2 32 54 h F?1 35 71 01 
RCL1 34 01 f p^S 3142 
g X2 32 54 h RTN 35 22 
+ 61 fLBLD 312514 Type 2 Network 

030 RCL3 34 03 hSF2 35 51 02 
X 71 hF?1 35 71 01 

RCL1 34 01 f P^s 3142 Exchange if Input 
RCL 3 34 03 f GSB 2 31 22 02 

51 f GSB 1 31 22 01 
- 81 090 STO9 33 09 

h LST X 35 82 f GSB 5 31 22 05 
h1/x 35 62 RCL 9 34 09 

RCL 3 34 03 fGSB3 31 22 03 
X 71 fGSB5 31 22 05 

040 RCL 2 34 02 + 61 
X 71 ÍGSB2 31 22 02 
g X2 32 54 h LST x 35 82 

h LST X 35 82 h F?1 35 71 01 
h Ri 35 53 f p^s 31 42 
+ 61 100 h CF2 35 61 02 

fx<0? 3171 Test h RTN 35 22 
GTO7 22 07= Not valid g LBLfd 32 25 14 Type 2’ Network 

f yOC 31 54 h SF 2 35 51 02 
h Rt 35 54 h F?1 35 71 01 

050 h x ̂ y 35 52 f p^s 31 42 
51 fGSB2 31 22 02 

STO 5 33 05 f GSB 1 31 22 01 
hLSTX 35 82 RCL 5 34 05 
Enter 41 110 f GSB 05 31 22 05 
+ 61 RCL 9 34 09 

Registers 

0 2nf i xL 2 ¡Yl 3 Xou t 4 jYout 5 used 6 used 7 used 8 9 used 

SO 2nf SI Xs S2 jYs S3 Xin SA jYjn S5 used S6 used S7 used S8 S9 used 

A B C D E 1 
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CARD2(Cont.) 

Step Key Entry Key Code Comments Step Key Entry Key Code Comme 

fGSB5 31 22 05 R/S 84 
+ 61 170 ÍLBL7 31 25 07 Error Cc 

f GSB 2 31 22 02 h F?2 35 71 02 Routine 
h LST x 35 82 fGSB2 31 22 02 
h F? 1 35 71 01 h F? 1 35 71 01 
f p^S 31 42 f p^S 31 42 
hCF2 35 61 02 0 00 

120 h RTN 35 22 R/S 84 ' 
fLBL3 31 25 03 Calc E2 gLBLfa 32 2511 Store fr< 
STO7 33 07 hn 35 73 and calc 
RCL2 34 02 X 71 w 
+ 61 180 2 02 

RCL3 34 03 X 71 
X 71 STO0 33 00 

RCL7 34 07 f p^S 3142 
RCL4 34 04 STO0 33 00 
+ 61 f p >s 3142 

130 RCL1 34 01 h RTN 35 22 
X 71 R/S 84 

51 gLBLFe 32 25 15 Recall Z 
RCL 1 34 01 f p^S 31 42 
+ 81 190 RCL1 34 01 Xs

h RTN 35 22 RCL 2 34 02 jYs 
ÍLBL2 31 25 02 Exchange Registers fp^s 3142 
RCL1 34 01 RCL1 34 01 XL
RCL 3 34 03 RCL 2 34 02 jYL
STO 1 33 01 gSTK 32 84 

140 hx^y 35 52 h RTN 35 22 
STO3 33 03 gLBLfb 32 2512 Reactar 
RCL 2 34 02 h CF2 35 61 02 Routine 
RCL 4 34 04 f x<0? 3171 
STO2 33 02 200 h SF2 35 51 02 
hx^y 35 52 hABS 35 64 
STO4 33 04 EEX 43 
h RTN 35 22 2 02 
ÍLBL5 31 25 05 CHS 42 
hF?0 35 71 00 gx>y? 32 81 

150 GTO6 22 06 GTO 8 22 08 
hSFO 35 51 00 h x$y 35 52 
fGSB9 31 22 09 h F?2 35 71 02 
h RTN 35 22 CHS 42 
fLBL6 31 25 06 210 GTO 9 22 09 
hCFO 35 61 00 ÍLBL8 31 25 08 
fLBL9 31 2509 Calculate, L,C h x £y 35 52 
fx<0? 3171 XLorXc? h F?2 35 71 02 
GTO 4 22 04 if Xc GTO 8 22 08 
RCL0 34 00 Calculate L RCLO 34 00 

160 +81 X 71 
f-X- 3184 Display h RTN 35 22 
h RTN 35 22 fLBL8 31 25 08 
ÍLBL4 31 25 04 Calculate C RCLO 34 00 
RCLO 34 00 220 X 71 
X 71 h1/x 35 62 

h 1/X 35 62 CHS 42 
f-X- 3184 Display h RTN 35 22 ’ 
h RTN 35 22 R/S 84 

its 

rrecting 

squency 
ulate 

in» Zout 

ice Rule 

Labels Flags Set Status 

a Initiate b Output cType 1 D Type 2 e Input 
oused 
1 used 
2 used 
3 

Flags Trig Disp 

a Freq bL,C 
xL,xc

cType 1’ dType 2’ eRecall 
X +Jy ON OFF 

0 □ X 
1 □ K 
2 □ X 
3 □ K 

Deg X 
Grad □ 
Rad □ 

Fix 
Sei 
Eng X 
n 3 

0 1 used 2 used 3 used 4 used 

5 used 6 used 7 used 8 used 9 used 
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BESIDES SHIELDING 
OUT INTERFERENCE, 
METEX ALSO SHIELDS 
YOU FROM STATIC. 

We also have the best 
instruction materials. 
Our video seminars are the 

only ones that are given free. 
And our 124-page EMI/RFI 

Shielding Handbook, also 
available free, is recognized 
throughout the world as the 
textbook of the field. 
Our point is simply this: 
If you have an interference 

problem, there is no one better 
equipped to come up with an 
economical solution to it and 
deliver it on time than Metex. 
And there’s no one more 

willing to work with you after 
the sale to make sure the 
problem stays solved. 

You're not through with 
Metex after delivery. Just 
knowing that can help you avoid 
a lot of static at the office. 
To find out more about us or 

our shielding products, write or 
call: Metex Electronic Shielding 
Group, a unit of Metex Corpora-

You get enough static on the 
job every day. 

So the last place you need 
static is in the electronic pro¬ 
ducts and systems you design. 
Metex knitted metal and 

elastomeric shielding can help 
you avoid both types of static. 
Metex has been a leader in 

developing shielding solutions 
for almost as long as there have 
been shielding problems. 
We supply EMI/RFI shielding 

products to leading manufactur¬ 
ers in virtually every industry. 

All of whom are pretty de¬ 
manding customers. With de¬ 
manding performance, delivery 
and cost requirements. Includ¬ 
ing very close after sale support 
and service requirements. 
One of the reasons we’ve 

managed to get our foot in the 
door of these industries is 

the door when tough problems 
came up. 

WE UNRAVEL PROBLEMS. 
AND KNIT SOLUTIONS TO 
THEM. 

Instead, we’ve knitted to¬ 
gether innovative solutions to 
them. And stayed with the engi¬ 
neer and the product through 
production and long after 
delivery to make sure things 
work. 
As a result of our problem 

solving capabilities, we now 
have the largest line of shield¬ 
ing products available anywhere 
in the world. 

Including our Metex Shield 
Vu® Window. Omni Cell® 
Panels. Xecon® Conductive 
Elastomer. Metex EMI/RFI 
Shielded Modular Raceways. 
And Combo® or Pola® 

r.f. design 
because we haven’t bolted out Shielding Gaskets. 

INFO/CARD11 

tion, 970 New Durham Rd..Edison. 
N.J. 08817. (201) 287-0800. 
Or 20437 S. Western Avenue, 

Torrance, Calif., 90501. 
(213) 320-8910. 

SHIELDING group 

To get your free 124-page 
handbook, write to us on company 

letterhead. 

ELECTRONIC SHIELDING GROUP 
Copyright, Metex Corporation, 1979. All rights reserved. 
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EMI and RFI — 
Some Causes and Cures 
A broad sweep review of the causes and techniques for reducing RFI/EMI. 

Howard Walker 
Pace, Inc. 
Silver Springs, MD 

EMI Defined 
echnically, EMI is, “any Electrical or Electromagnetic 
phenomenon — Man Made or natural — causing an 

undesirable response, performance degradation, or com¬ 
plete malfunction of operational electronic equipment. 
EMI varies, in time and degree, from a nuisance to 
complete destruction of mission performance.’” 

The sources of EMI are seemingly unlimited. In fact, 
any electromechanical, electric or electronic device is a 
possible source of EMI. Even mother nature is some¬ 
times the culprit via atmospheric and cosmic dis¬ 
turbances. 

3 Major Causes of EMI 
• Natural Sources — Generally due to lightning. 
• Galactic — Originates outside the earth’s atmosphere. 
Caused by solar flares of our sun or other stars millions 
of miles away. This noise is usually found between 
18 and 500 MHz. 
• Man-Made — Due mostly to motors, power lines 
and transformers, neon signs, vehicle ignition, and medical 
and industrial equipment. This type mainly occurs below 
20 MHz. 
Man-made EMI sources include equipment whose func¬ 

tion is to intentionally generate or radiate electro¬ 
magnetic signals, and equipment that unintentionally 
generates electromagnetic energy. Unfortunately, even 
when electromagnetic energy is intentionally generated and 
presumably restricted to the fundamental or intended 
frequency range, it sometimes generates harmonic fre¬ 
quencies that cause interference problems with other 
equipment. 

EMI has been a factor since the first electromagnetic 
wave was propagated intentionally. Also known as Radio 
Noise, Electrical Noise, and Radio Frequency Inter¬ 
ference (RFI), it covers the spectrum from DC to light 
frequencies. 

Until recently, users and manufacturers of electrical 
and electronic equipment were able to ignore the EMI 
generated by their equipment. Now, however, more stringent 
regulations make manufacturers and users alike responsible 
for interference caused by their equipment. 
More stringent regulations have been necessitated, 

not only by the abundance of equipment crowding the 
spectrum, but also by the nature of the modern develop¬ 
ments. The increased use of semiconductors and inte¬ 
grated circuits, as well as the increased use of plastics in 
cabinets and housings; instead of metal, have caused a 
problem with EMI leakage into, as well as, out of equipment. 

Plastics have many advantages, but like all insulators, 
they are poor EMI shields; without special conductivity 
treatment. Although susceptibility to EMI may be reduced 
by filtering, this must be augmented with good design of 
housing and cabinets. The housing should act as a two-
way shield, either keeping EMI out; or in the case of an 
EMI generating device; keep it in. 
The ultimate goal of the various EMI specifications is 

to ensure Electromagnetic Compatibility (EMC) — that 
equipment and systems will fucntion as designed without 
degradation of malfunction in their intended operational 
electromagnetic environment nor adversely affect the opera¬ 
tion of any other equipment or system. 
The FCC has the responsibility of controlling the genera¬ 

tion of any electrical interference that hampers com¬ 
munications. 
The FCC is only one of the many government agencies 

involved in regulating policy and controlling EMI. The 
other primary agencies are: 
• Office of Telecommunications Policy (OTP) 
• Office of Telecommunication 
• Department of Commerce 
• Department of Defense (DOD) and it’s Tri-Service Execu¬ 

tive Agencies 
• National Aeronautics and Space Administration (NASA) 
• Department of Transportation (DOT) including it's 

Federal Aviation Agency (FAA) 
• Bureau of Radiological Health (BRH) 
• The National Security Agency (NSA) 

In addition, there are many others such as the Na¬ 
tional Bureau of Standards and the Environmental 
Sciences and Service Administration, which play an im¬ 
portant role in EMI, but are not responsible for issuing 
EMI specifications, rules, regulations and policy. 

Eliminating EMI 
Equipment redesign is not cost effective and, often 

times, not EMI effective. Prevention seems to be the 
most practical procedure, both in terms of economics 
and results. Grounding, shielding, balanced lines, twisted 
pairs and filtering methods are used to prevent or 
contain EMI. 

• Grounding 
A proper ground, for interference reduction, should 

be a zero impedance point which serves as a single 
reference point. Since no two points are at the same 
electrical potential, multiple ground connections introduce 
a “ground loop”, which conducts interference to other 
parts of the system. 
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Grounding should not be considered a cure-all, 
however. In some cases it may be necessary to be used 
with shielding. But, grounding is not shielding. The 
housing sections may be grounded, but still leak 
(radiation). 

• Shielding 
Electric (E) and Magnetic (H) fields travel through 

free space at 3 x 108 meters/second. When these 
waves strike a conductor, some energy is reflected 
and the incident wave also sets up eddy currents 
in the conductor, which attenuate the signal. Thus, a 
shield reduces the effect of the electromagnetic wave 
by reflection and energy absorption. 

For electrically thick material: 

R = 50 + 10logw (PBf) (1) 

A = 1,7t (f/PB) .5 (2) 

Where R = Reflected Wave in dB 
A = Absorbed Wave in dB 
PB = in ohmslcm 

f = Freguency in MHz 
t = Thickness in cm 

A is dependent on frequency, thickness, conductivity 
and permeability of the shield material. 
A major problem with shielding is that any dis¬ 

continuity in the shield can leak EMI. 
Shielding in plastic cabinets can be achieved using: 

Conductive Foil — Generally applied inside the cabinet. 
It usually requires a coating to prevent corrosion. 
Effectiveness of 55-100 dB for 5 mil thickness, is achieve¬ 
able. 
Conductive Coatings — Also applied inside cabinets. 
Coatings include graphite, silver, nickel and zinc. The 
first three are applied with an organic solvent carrier. 
Arc and flame spraying techniques are used to apply 
zinc by utilizing an electric current or gas flame to 
melt zinc or a zinc alloy wire. Droplets of the metal 
are then blown onto the housing suface through an air jet. 
Conductive Plastics — Thermoset and Thermoplastic 
resins are made conductive with the addition of metal 
flakes or fibers, carbon powder or graphic fibers. 

• Shielding for RFI 
Shielding is perhaps the most important method of 

preventing or curing RFI. Maximum effects of a particular 
type shield are realized with no breaks or points of entry 
(in the shielding). 
Ventilation Holes — Honeycomb type vent holes are effec¬ 
tive in that the small tubing of the honeycomb act as a 
waveguide below cutoff. 
Coaxial Cable — Proper termination is a must. The 
braid should be soldered so that the inner conductor is sur¬ 
rounded by the braid at the termination point. 

Improperly designed openings in keyboards or ports, 
and faulty welding can act as waveguide antennas. Above 
100 MHz, leakage is serious, as the required slot size 
becomes smaller. The slot’s length, not the width or 
area, determine it’s shielding effectiveness. For slot 
lengths smaller than the interference wavelength an en¬ 
closure will shield. However, as the frequency increased, 
shielding effectiveness reaches a minimum at the slot 
resonant frequency. 

Panels must be in full contact with the body of the 
housing. A conductive gasket (i.e. braid or graphite 

impregnated rubber) must be used. In the case of two or 
more major housing sections, self-tapping screws are 
wise to use to attain maximum conductivity. 

• Coaxial Cable 
Provides an effective means of shielding an inter¬ 

connecting line against interference and reducing radiation 
from the line. 

• Balanced Lines 
This method to minimize EMI susceptibility utilizes a 

balun transformer at the source and load. Primary and 
secondary windings are shielded from each other and the 
transformers are usually grounded. Balanced lines minimize 
induced voltages and currents caused by interfering 
fields and interference caused by a difference in ground 
potential. 

• Twisted Pairs 
Twisting the conductors along the length of the cable 

provides signal cancellation of EMI, but, the length of 
twist is difficult to control. This method is only effec¬ 
tive when the EMI frequency wavelength is shorter than 
the length of the twist. This method is not recom¬ 
mended for use in circuits with multiple grounds. 

• Filters 
EMI can enter equipment through power and signal 

lines, or through the enclosure via radiation. The previously 
mentioned techniques are employed to minimize radiated 
interference, but they are ineffective against conducted 
interference. EMI filters on power or signal lines are then 
called for. 
Power line filters, which are usually Low Pass, are 

designed to pass frequencies up to the low kHz range. 
Filters used on signal and power lines are classified 

by their type of frequency discrimination. 

• Low Pass — Pass frequencies from DC to a 
specified cutoff frequency and attenuate all signals above 
by an increasing amount. 
• High Pass — Pass signals above a specified cut¬ 
off frequency and attenuate all signals below by an 
increasing amount. 
• Band Pass — Pass all signals in a specified band and 
attenuate all signals above or below cutoff. 
• Band Reject — Pass all frequencies except those in 
a specified band. 

Chebyshev & Elliptic 
Function Filters for RFI 
The Chebyshev low-pass, a common type of filter useful 

for this application consists of alternating series L and shunt 
C components. The attenuation5 of the filter is specified by 

L (dB) =10 log ,0 -- 1 — (3) 
1 + oi t2 Tn2 (oi) 

where 

a> = 2nf (f is the frequency in Hertz) 

r2 = ripple factor (as a numeric) 

Tn (oi) = Chebyshev polynomial of degree n 
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and where 
ripple (dB) 

t2 = 10 10 -1 

n = total number of L(s) and C(s) 
cos (n arc cos o>) 0« 1 

TnM = 
cosh (n arc cosh w) œ> 1 

A more complex and more (characteristic) controllable 
filter, similar in construction to the Chebyshev, is the 
Elliptic Function filter. The shunt C(s), of the Chebyshev, 
are replaced by series L(s) and C(s). This has the ad¬ 
vantage of providing a sharper roll-off with increasing fre¬ 
quency (past the 3 dB or half-power point). 

Filter selection involves several factors, the first of 
which are: 

Frequency of Operation 
The filter selected must have within it’s range the 

frequencies to be filtered. 

Working Voltage 
The voltage level of the application must be within the 

working voltage specification. Most commercial filters 
are rated in the 125-200 VDC range and a few in the 
500-600 VDC range. 

Insertion Loss 
To accurately determine the amount of insertion loss, 

impedances within the circuit must be known. Since 
this is not normally available, a filter is chosen with 
as high an insertion loss/volume ratio as possible. 

Current Rating 
The DC current load rating should be 1.5 to 3 times the 

expected application. 

RF Current 
The type of filter construction limits the amount of 

RF power it can dissipate. Some filters incorporate 
capacitors that will not withstand much RF current, 
while others convert the RF current to heat. RF current 
values in most applications are less than .25 amps. 

Insulation Resistance 
This is a function of the dielectric material used in the 

filter. This parameter determines the leakage current. 

Dielectric Voltage Test 
This is a short term test (5-60 seconds) that 

stresses the filter's dielectric materials 2-5 times the work¬ 
ing voltage level. 

D.C. Resistance 
This is a function of the length and diameter of 

the wire used. Basically, it is the resistance of the wire, 
and it becomes important only in very high current 
applications where voltage drop is a concern. 

Operating Temperature Range 
Industry standards are normally -55°C to +125°C for 

military and -25°C to +85°C for commercial type 
applications. 

Storage Temperature 
Storage temperature is sometimes overlooked. Users 

often store and transport equipment in environments more 
severe than the equipment encounters in actual operation. 

Noise Generation 
Theremal noise is caused by the agitation of elec¬ 

trons in resistance. The mean square value of thermal 
noise (E2) is: 

E2 = 4 RKT-Af 
Where 

K = Boltzmann's Constant(1.38 x 10~ 23 joules/°K) 
T = Absolute Temperature (in degrees Kelvin) 
= Bandwidth (Hz.) 

R = Resistance (in ohms) or real component of Z 

Noise Measurement 
RFI and EMI are measured in the same manner as 

radio wave field strength. However, peak rather than 
average values of noise are generally of interest. The 
overall bandpass of the measuring device must be ac¬ 
curately known. 

Calculation of Noise Values 
Estimation of noise levels in a receiver, due to external 

noise, requires taking into account two factors: 
• Orientation of the receiving antenna. 
• Gain of receiving antenna. 

In general, noise power is proportional to bandwidth. 
Thus, where 

Fa = Effective Antenna Noise Factor 
Then 

Fa= Pn/KT0B=Ta/T0
Where Pn = Noise power from equivalent lossless antenna 

(Watts) 
K = Boltzmann's Constant 
To = Reference Temperature (290° Kelvin) 
B = Effective Receiver Noise Bandwidth (Hz) 
Ta = Effective antenna temperature with external 

noise (Kelvin) 

References 
1. Reference Data for Radio Engineers. Radio Noise 
and Interference, Atmospheric Noise, Howard W. 
Sams and Co. 
2. CCIR Report 322 10th Plenary Assembly, Geneva; 
1963. 
3. “EMI Filters”, Hopkins Engineering Co. San 
Fernando, Calif. 
4. “AMP Quiet Line Filter Handbook", AMP In¬ 
corporated Harrisburg, PA. 
5. The Radio Amateur’s Handbook, American Radio 
Relay League. Newington, CT 1979. 
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Miniature Rotary Attenuator 
DC-1 GHz 
Texscan Corporation announces the 

addition of its MA-211 attenuator. 
The new product offers 3 watt 
average power handling, DC-1 GHz 
frequency coverage and minimal 
package density. It provides 0-60 dB 
in 10 dB step attenuation. Weighing 
only 6 1/2 oz. and packaged in a 
case diameter measuring 1.0 inches, 
the MA-211 occupies minimum behind-
the-panel space and is constructed 
to offer superior RFl performance. 

Specifications include attenuation, 
0 to 60 dB in 10 dB steps; 
impedance, 50 ohms; frequency range, 
DC to 1 GHz; accuracy, ± 1 per¬ 
cent or 0.3 dB at 30 MHz, ±2 per¬ 
cent or 0.3 dB at 500 MHz, ±3 per¬ 
cent at 1000 MHz; inserstion loss, 
0.2 dB; maximum VSWR, 1.2:1 at 
500 MHz, 1.3:1 at 1 GHz; average 
power handling capability, 3 W; 
peak power handling capability, 100W, 
3p Sec. Pulse; operating temperature 
range, 0° to + 55°C; temperature 
stability, 1 x 10 ~4; rotation angle 
between steps, 30°; connectors, SMA; 
weight, 6 1/2 oz. (185g.). 

Contact: Texscan Corporation, 2446 
North Shadeland Avenue, Indianapolis, 
Indiana 46219. (317) 357-8781. Circle 
INFO/CARD #126. 

This equipment will have two-way 
capability and the reverse system will 
have a bandpass of 5-30 MHz. All 
main line passives will have a fre¬ 
quency response from 5 to 400 MHz. 
Shipment of the equipment will de¬ 
pend upon the availability of 400 MHz 
hybrids from the hybrid manufacturers. 
The performance of the equipment 
will be a function of those hybrids. 

Contact C-COR Electronics, Inc., 
(814)238-2461. INFO/CARD #125. 

Front-End Crystal Filters 
IXF front-end crystal filters for 

VHF high-band and low-band opera¬ 
tion offer protection against over¬ 
loading and intermodulation. Two-
pole and four-pole models allow you 
to choose the selectivity you need. 
Data sheets available on request. 
Contact Piezo Technology Inc., 

P.O. Box 7859, Orlando, Fla. 32854. 
(305) 298-2000. INFO/CARD #118. 

variable from 1 to 10 microseconds 
at duty cycles of up to 10 per¬ 
cent. Other pulse width ranges are 
available as options. Complete meter¬ 
ing and monitoring are included as 
well as protection for the signal 
generator, load, and personnel. 
The series 1691 is used for the 

high power testing of microwave 
components such as filters, RF as¬ 
semblies, circulators and attenuators, 
for RFI and EMC measurements, 
and for plotting antenna patterns. 
The system is also suitable for use 
as a microwave source for studying 
the effects or potential hazards of 
high power microwave radiation. Other 
applications include use for the evalua¬ 
tion of radar systems and as an 
ECM simulator. The model 1691 is 
21”W x 27”D x 6O’’H and weighs 
approximately 600 lbs. Delivery is 
120-150 days. 
Contact Coberg Electronics, Inc., 

7 Gleason Ave., Stamford, Conn. 
06902. INFO/CARD #123. 

400 MHz Equipment 
C-COR’s 400 MHz equipment will 

include trunk amplifiers with an op¬ 
erational spacing of 22 dB and dis¬ 
tribution amplifiers similar in con¬ 
figuration to C-COR’s D-500 series with 
a bandpass of 54-400 MHz. 

High Power Microwave 
Signal Generator 
Cober Electronics announces a new 

line of pulsed high power signal 
generators for the microwave in¬ 
dustry. Designated the series 1691, 
these units satisfy the need for an 
economical, precisely controllable, 
laboratory microwave transmitter. The 
system provides peak powers con¬ 
tinuously adjustable from 200 watts 
to 1.8 KW over the frequency range 
of 975 MHz to 10,475 MHz using 8 
interchangeable heads. A system may 
be ordered with a full complement 
of RF heads or individually for the 
particular frequency range of interest 
at the time. Additional heads can 
be ordered as frequency requirements 
change. Pulse width is continuously 

Broadband Linear Amplifier 
ENI, Inc. announces the model 

3200L RF broadband, solid state power 
amplifer. With a linear power level 
exceeding 175 watts over a fre¬ 
quency of 250 kHz to 150 MHz, 
the model 3200L is a compact and 
efficient power amplifier. This linear 
Class A unit has a high gain of 
55 dB making it compatible with 

r.f. design 
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yourneed 
inVHF 
Monolithic 

check 
OUtPTI! 
Need low phase noise? 
PTI can deliver state-of-the-art 
performance. 

Need high attenuation? 
PTI can deliver 60 dB or better in 
an ultraminiature package. 

Need top IM performance? 
PTI can deliver. We know what 
can and can't be done. 

Need small size? 
PTI can deliver four-pole filters in 
an F (HC-18 size) package. Two-
poles in our new ultraminiature A 
package. Resistance-welded, 
too. 

Need low cost? 
PTI can deliver standard VHF 
models from 30 to 180 MHz 
including new models at 45 MHz 
Plus, the widest selection of HF 
monolithics around — from 5 
MHz and up. 

Need something special? 
PTI can deliver custom 
monolithic filters to your 
production requirements. 

For these and any other 
monolithic needs, drop us a line. 
We ll respond in a jif! 

Ri 
Plezo Technology Inc. 
PO Box 7859 «Orlando, FL 32804 
(305) 298-2000 • TWX 810-850-4136 

The standard in monolithic 
crystal filters. 

INFO/CARD 9 

any commercial synthesizer, signal or 
sweep generator. The wide frequency 
and linear phase response of this 
instrument enables it to amplify 
AM, FM, SSB, TV or pulse signals 
with minimum distortion. Unconditional 
stability and instantaneous failsafe 
provisions in the unit provide ab¬ 
solute protection from damage due 
to transient and overload conditions. 
It will operate continuously into 
any load impedance from an open 
to a short circuit without causing 
damage or oscillation. 

For applications where slightly higher 
distortion levels can be tolerated 
the model 3200L will provide more 
than 250 watts of CW and pulse 
power from 2 to 80 MHz. This 
unit is complete with integral power 
supply and cooling system for op¬ 
eration from 115/230 VAC. The wide 
range of applications for the model 
3200L include linear accelerator drive. 
RFI/EMI susceptibility testing, on-
the-air transmission, plasma genera¬ 
tion, power meter calibration, NMR/ 
ENDOR spectroscopy and general 
laboratory instrumentation. 

Contact Electronic Navigation In¬ 
dustries, Inc., 3000 Winton Rd. South 
Rochester, N.Y. 14623. (716) 473-
6900. INFO/CARD #1 11. 

Linear RF Multiplier 
A true linear RF multiplier for 

weighting RF signals in adaptive 
systems is being introduced by Signa¬ 
tron, Inc. of Lexington, Massachusetts. 
The SIGNATRON model SLM-70 is 

a true linear RF multiplier that 
differs from double balanced mixers 
by providing an output signal level 
linearly proportional to the signal 
levels at both inputs. RF input range 
is 40 to 200 MHz; baseband input 
range, DC to 230 kHz; voltage driven 
baseband input, ±10 VDC; linearity, 
±4 percent; dynamic range, 40 dB; 
and 3rd order intercept, +30 dBm. 

Hermetically sealed in a 1.37”L 
X 0.80”W X 0.29”H dual in-line pack¬ 
age, the 0.5 oz. SIGNATRON model 
SLM-70 operates over a 0 to 50°C 
temperature range or -25° to +75° 
with slightly degraded specifications. 
Power requirement is +15 VDC. 

Typical applications include complex 
signal weighting, phase shifter circuits, 
modulation, amplitude modulation, 
and voltage controlled linear attenua¬ 
tors. 

Contact Signatron, Inc., 12 Hartwell, 
Avenue, Lexington, Mass. 02173. (617) 
861-1500. INFO/CARD #120. 

Precision Trimmer Capacitors 
The SF/SP line of precision trimmer 

capacitors has been expanded by 
Voltronics to include many more 
tuning ranges formerly covered only 
by the larger TF/TP styles. All of 
these sealed glass dielectric capacitors 
use Voltronics non-rotating piston de¬ 
sign. Temperature coefficients are 
±50 or ±150 PPM/°C. Seal with¬ 
stands 40 PSI. Typically, a 1 to 20 
pF SP20, a horizontally mounted, 
.440” long P.C. style, is 40 percent 
shorter and has 25 percent more 
capacitance than rotating piston 
MIL-C-14409D types. 
New avionic, communication and 

military devices such as receivers 
using synthesizer techniques need 
only one critical precision trimmer 
capacitor where old designs had 
from 5 to 15. The SF/SP line de¬ 
signed for these applications is not 
only small and completely sealed, 
but also has the highest resolution 
of any trimmer — 72 turns per 
inch. Its tuning is linear without 
reversals because of the non-rotating 
piston action. The line has been ap¬ 
proved in many new OEM designs 
using these types of circuits. It is 
now available in standard maximum 
capacitance ratings of 4.5, 5.5, 8.5, 
10, 11, 12, 14, 16, 17, 20, 22, 25, 
28, 30, 36 and 40 pF in both 
horizontal and vertical P.C. mounting. 
Contact Voltronics, West Street, 

East Hanover, N.J. 07936. (201) 887-
1517. INFO/CARD #106. 
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portable 
spectrum 
analyzer 

4—1000 MHz Model AL-51A From Texscan 
■ .4-1000 MHZ IN ONE SCAN ■ 500 CYCLE RESOLUTION ■ 
DEMODULATION & AUDIO SYSTEM ■ PHASELOCK STABILITY ■ 

115 dBM SENSITIVITY ■ AM-FM 
CRYSTAL MARKERS STANDARD 

Texscan Corporation 
2446 North Shadeland Avenue 
Indianapolis, Indiana 46219 
Ph: 317-357-8781 
TWX: 810-341-3184 
Telex: 272110 

INFO/CARD10 

Texscan 
1, North Bridge Road 
Hertfordshire, Berkhamsted, 
England, UK 
Ph: 04427-6232 
Telex: 82258 

Texscan 
Peschelanger 11 
D8000 Munchen 83 
West Germany 
Ph: 089/6701048 
Telex: 5-22915 



Advertisement 

WHERE 

DID I SEE THAT ARTICLE? 
30,000 articles on Beverages, Yagis, Receivers, Preamps, Oscillators, Filters, SSB, Lasers and 84 other subjects are 
referenced in the new book: 

“FROM BEVERAGES THRU OSCAR - A BIBLIOGRAPHY” 

288 different magazines, journals and publications that include PIRE, TAP, BSTJ and QST comprise the source material for this book. 

620 pages of chronological data (see “typical page”), spanning a 65 year period, is available as a book or in individual 
booklet form, (choose subject areas from the list below) 
A need to rapidly locate articles started it all. I needed — so why not others? 

LIST OF SUBJECTS 

0001 INVERTED VEE ANTENNAS 
0002 BEVERAGE AND OTHER WAVE ANTENNAS 
0003 GROUND SYSTEMS 

* 0004 YAGI -UDA PARASITIC ANTENNAS 
* 0005 PROPAGATION, ASTRONOMY 

0006 ELECTRONIC SCANNING/ STEERING 
0007 SUPER DIRECTIVE ARRAYS 

0008 MINIATURE RECEIVING ANTENNAS 
0009 LARGE LOOPS :QUADS ,DELTAS 
ooio SHUirr excitation 

0011 RHOMBICS 
0012 CURTAINS (BRUCE ,STERBA) 
0013 GROUND PLANE VERTICALS 
0014 SLOPING ANTENNAS 

0015 BALUNS 
0016 WIND LOADING, STRESS ANALYSIS 
0017 COLLINS RECEIVER MODIFICATIONS (75A, 51J,S-LINE) 
0018 GAMMA/OMEGA MATCH 
0019 DIRECTIVE ANTENNAS .MISCELLANEOUS 
0020 VEE ANTENNAS 

» 0021 MEASUREMENTS, TECHNIQUES AND INSTRUMENTS 
0022 NOISE 
0023 BROADBAND ANTENNAS 

* 0024 VERTICALS 
0025 SITING 
0026 LOG PERIODICS 
0027 MINIATURE AND REDUCED-SIZE TRANSMITTING ANTENNAS 
0028 HELICALS 
0029 DDRR ANTENNAS 

♦0030 LINEAR AMPLIFIERS AND ASSOCIATED POWER SUPPLIES, ETC 
0031 EICO 753 TRANSCEIVER MODIFICATIONS 
0032 REMOTE CONTROL DEVICES 
0033 PREAMPLIFIERS 
0034 HEATHKIT SB SERIES MODIFICATIONS 
0035 PHONEPATCH AND TELEPHONE CIRCUITS 
0036 NOISE BLANKERS, LIMITERS AND GENERATORS 
0037 ROTATORS ,DRI VES AND INDICATORS 
0038 TOWERS AND MASTS 
0039 STACKING ANTENNAS 
0040 PC BOARD FABRICATION AND MATERIALS 

♦0041 TUNERS, COUPLERS, TRANSMISS ION LINES AND CONNECTORS 
0042 ALTERNATE POWER SOURCES 

♦ 0043 CONVERTERS 
0044 T.O.M. (THE OLD MAN) 

»0045 NEW PRODUCTS (REVIEWS) 
0046 SQUELCH 
0047 SIMPLE RIGS AND TECHNIQUES (XMTR,RCVR,CPO) 

* 0048 SIGNAL ENHANCEMENT TECHNIQUES 
*0049 HOMEMADE CONSOLES AND CONSTRUCTION HINTS 
0050 TRANSFORMERS, RELAYS AND TRIACS 
0051 INDICES 
0052 INTERFERENCE 

LIST OF SUBJECTS (CONT.) 
0053 TRAP ANT AND STUB MATCHING 
0054 RADIO REGULATIONS AND LICENSING OVERSEAS 

0055 TUBES 
♦ 0056 RECEIVERS 
0057 VLF,LF 

»0058 SSB 
0059 BREAK-IN 
0060 LOUDSPEAKERS, HEADPHONES AND MICROPHONES 

*0061 SOLIDSTATE CIRCUITS (XMTRS ,AMPS ,ETC) 
0062 HAZARDS 
0063 COLLINEARS 

*0064 50 MHZ AND UP (VHF /UHF /MICROWAVE ARTICLES AND CKTS)*F.M. 
♦0065 KEYERS, CALL ING DEVICES ,READERS 
0066 ANTENNA HARDWARE 

♦ 0067 SURPLUS 
*0068 MOBILE (ANTENNAS ,REGS ,ETC) 
♦0069 OSCILLATORS (INCLUDING FREQUENCY SYNTHESIZERS) 
0070 AUDIO FILTERS (PASSIVE AND ACTIVE) 

♦ 0071 RTTY 
0072 AMATEUR TV, FACSIMILE 
0073 SOLIDSTATE PWR SUPPLIES ,MULTIVOLTAGE TUBE PWR SUPPLIES 

*0074 REPEATERS 
0075 COUNTERS, DIGITAL CLOCKS 

»0076 PC BOARD ARTWORK (SPECIFIC CIRCUITS) 
0077 CRYSTAL, LC AND MECHANICAL FILTERS 
0078 INTERESTING ANTENNAS 
0079 THEORY 
0080 COMPONENTS 
0081 OSCAR (SATELLITES) 
0082 DRIVEN ARRAYS-OTHER THAN LOG PERIODICS 
0083 160 METER ANTENNAS AND EQUIPMENT 
0084 COMPUTERS, PROGRAMMING, MICROPROCESSORS AND PERIPHERALS 
0085 WRITING 
0086 BINDING MAGAZINES 
0087 73 MAG CARTOONS 

*0088 INTERESTING CIRCUITS 
0089 POWER LINE CIRCUITS 
0090 INTERESTING ARTICLES 
0091 YAESU IMPROVEMENTS 
0092 LASER, OPTICAL SIGNAL PROCESSING 

0064 50 MHZ AND I P (VHF/l HF MIC ROM AM ARTICLES ANDCKTS) 

ARF A ABBRFAIATED TITLE OR TOPIC SI NOPSlS FROM N RMO PM.E 

0064 144,220 & 420MHZ DISCONE ANT 0001 7812 0028 

0064 DOUBLE STUB TUNER FOR 1296MHZ 0003 7812 0072 
0064 1.5GHZ DIVIDE-BY-FOUR PRESCALER 0003 7812 0084 
0064 AN X BAND TRANSCEIVER 0004 7812 0064 
0064 1 KW 220MHZ CLASS AB,C AMP 0001 7811 0029 
0064 A 2M FQ SYNTHESIZER-FDBK 0001 7811 00 
0064 FOR ALIGNING 2M BEAM ELEMENTS 0001 78” 
0064 2M AM XMTR 00^ 
0064 VMOS FET 6 THRU 160M POWER , 
0064 VHF/ÜHF PREAMP *’- (TYPICAL PAGE) 

40 

Rich Rosen 
6043 W. Maplewood Dr. 

Littleton, CO 80123 
(303) 797-2575 

Order the complete book for $20 ( + $2 Handling) 
OR 

only the subjects that interest you for $2 ( + $.50 Handling) 

‘Larger subject volumes: (up to 2378 entries) $5 (+ $1 Handling) 

Colorado Residents please add 3 1 /2’7o 

INFO/CARD8 
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Armored Cable Assemblies 
Trompeter Electronics has developed 

new armored coax, audio and electro 
optic cable assemblies that combines 
the excellence of our Wrench-Crimp 
BNC connector with the physical 
protection and supplemental R-F and 
hum shielding of a flexible stain¬ 
less steel sheath. Intended for abusive 
environments such as television elec¬ 
tronic news gathering and military 
field use, these rodent-proof cables 
withstand pull loads well in excess 
of 150 pounds and are unaffected 
by crush loads associated with heavy 
automotive and industrial traffic. Coax 
assemblies can be fabricated from 
either 50 ohm (RG122) or 75 ohm 
(Belden 8218) miniature cable; audio 
assemblies from Trompeter Twinax 
miniature cable; Electro Optic as¬ 
semblies from a variety of fiber 
cable from 300pm to 215pm. Custom 
cable assemblies for various uses 
are available on special order. These 
new cable assemblies are available 
in standard lengths of 10 to 50 feet 
in 10 foot increments, or custom 
lengths to your special order. A 
free catalog listing the many patch¬ 
ing systems and coax connectors is 
available. 

Contact Trompeter Electronics, Inc., 
8936 Comanche Avenue, Chatsworth, 
Calif. 91311. (213) 882-1020. Circle 
INFO/CARD #1 19. 

SHIELD IT SO IT 
WORKS EVEN BETTER! 

Your components and systems, that 
is. Accurate magnetic shielding en¬ 
hances performance to full potential 
levels. 
Over 90% past and present magnetic 
shields have been created and fabri¬ 
cated by engineers and production per¬ 
sonnel with Ad-Vance. That’s why your 
shielding problems end at Ad-Vance. 
Call our Problem Solving Magnetic 
Shielding Specialists for help with your 
shielding problem. 

AD-MU Foils Cut. 
Wrap Easily / 
& Quickly 

I 

F h 

Ask for 48- Page 
Time-Saving Reference 
Data/ Catalog on 
Magnetic Shielding Techniques 
& Problem Solving 

Typical Custom Fabricated Shields 
For Components & Systems 

AD-VANCE MAGNETICS, INC. 
625 MONROE ST. ROCHESTER, IND. 46975 

(219) 223-3158 TWX 810-290-0294 

Our 3rd Decade of Magnetic Shielding Leadership 

INFO/CARD 12 

Sprague-Goodman. 
The first and last name 
for trimmer capacitors. 

A Versatile DC 
To 500 MHz Amplifier 
The CLC100 amplifier combines 

wide bandwidth, very flat passband 
response, low distortion, and excel¬ 
lent pulse response into one unit. 
A 500 MHz-3 dB bandwidth, as well 
as passband flatness of ±.15 dB 
max from DC to 300 MHz are obtained 
while peaking is held to + .2 dB max. 
The deviation of the phase response 
from linear is 5° max to 300 MHz. Total 
harmonic distortion is less than .3 
percent from DC to 200 MHz, at 0 dBm, 
while the two-tone third-order intercept 
is +27 dBm at 200 MHz. The rise 
time is 750 ps max and settling time 
to 2 percent is 10 ns max. Nominal 
gain is 19.6 dB while the -1 dB 
power output compression level is 
+12 dBm. Input and output impedances 
are 50 ohms. Supply current is 45 ma 

At Sprague-Goodman we specialize 
in trimmer capacitors. They re our only 
business. So we offer prompt service 
and off-the-shelf delivery of our full 
line of catalog ports From multi-turn 
tubular Pistoncops*in gloss or quartz, 
thru ceramic single turn and Filmtrim™ 
plastic single turn, to our new Mica com¬ 
pression line. 

Our comprehensive line of trimmer 
capacitors deliver reliability at com¬ 
petitive prices, and our staff is always 
available for custom designing to your 
needs 

So the next time trimmer capacitors 
ore called for. coll us or your distributor 
and ask for them by name Sprogue-
Goodmon 

r.f. design 

SPROGUE 
GOODmnn 

Sprague-Goodman Electronics, Inc. 
(An Affiliate of the Sprague Electric Company) 

134 FULTON AVE GARDEN CITY PARK NY 11040 • 516-746 1385 • TLX 14-4533 

INFO/CARD 13 
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from ±5V to ±15V supplies. Input 
and output offset voltages are kept 
to within 10 mV of ground reference. 

Also available is the CLC101 which 
features true differential inputs and a 
DC to 150 MHz bandwidth. Passband 
flatness from DC to 100 MHz is ±.5 
dB max, while delivering +18 dBm 
into 50 ohms. THD is less than .3 
percent at 10 kHz, and less than 1 
percent up to 20 MHz at +24 dBm 
into 50 ohms or at 20 Vpp into an 
open circuit. As a pulse amplifier, 
the output can slew at 3300 V/ps and 
deliver 16 Vpp into 50 ohms. Fora 10V 
step, rise time is 3 ns, overshoot less 
than 10 percent for a duration of less 
than 10 ns, and settling time to 1 per¬ 
cent is less than 1 ps. Nominal 
gain is 29.6 dB, input and output 
impedances are 50 ohms, and supply 
current is 190 ma from ± 15V to ±24V 
supplies. 

Special features of the CLC101 
are a DC offset adjustment which can 
be used to offset the output wave¬ 
form by as much as ±5 VDC, and 
operate as a limiter. When the inputs 
are overdriven, a limited version of 
the input waveform results. An adjust¬ 
ment is provided to vary the amplitude 
of the output over a 20 dB range. 
The use of these features allows the 
CLC101 to drive any logic family 
from ECL to TTL to CMOS at logic 
levels determined by the user. 

Both the CLC100 and the CLC101 
contain internal voltage regulators 
so that well regulated power supplies 
are unnecessary. Also, inputs and 
outputs are well protected against 
short circuits and overload conditions. 
The unique performance capability 

of these amplifiers is made possible 
by combining a high frequency fixed 
gain amplifier in such a way that they 
work to complement each other. One 
other beneficial result is that the high 
gain low frequency amplifier stabilizes 
the DC offset and distortion of the 
high frequency amplifier so that tem¬ 
perature changes have little effect. 

Contact Comlinear Corporation, 514 
Railroad Ave., Loveland, CO 80537. 
(303)669-9433. IN FO/CARD #110. □ 

If you’re looking for qualified 
personnel ... or a new position ... 

Put r.f. design Classified Advertising 
to work and get fast results. 

Write: 
Classified Advertising 
r.f.design Magazine 
Cardiff Publishing Co. 
3900 S. Wadsworth Blvd. 
Denver, CO 80235 

Classifieds 
MICRON AVE EQUIPMENT U ANTED 

Ue bin and sell all brands of used 
Microwave equipment. Ue have need for 

the following. 
• Towers • Rec & Trans 

• Antennas • Order Wires 

• Mux • Racks 

San Bernardino 
Industrial Communications 

133 E. Rialto Ave. 
San Bernardino. CA 92408 

71 1-889-1712 

RADIO NETWORK 
DIRECTOR OF ENGINEERING 
Six station interconnected FM radio 
network in Minnesota seeks engineer 
with AM, FM, audio, microwave and 
satellite experience, plus administrative 
skills, to be responsible for engineering 
activity as Director of Engineering. Send 
resume, salary requirements, letter of 
interest and references to: 

Tom Kigin 
Minnesota Public Radio 

400 Sibley St. 
St. Paul, MN 55101 

AA/EOE 

AD INDEX 
Ad-Vance Magnetics . 41 

Eaton Corp. (Electronic 

Instrumentation Div.) . 9 

Electronic Navigation 

Industries (ENI) . 43 

Hewlett-Packard . 8 

Lindgren, Eric A. & Assoc .. 26 

Metex . . 31 

Mini-Circuits . 5 

Optoelectronics . 15 

Piezo Technology . 38 

Rich Rosen . 40 

Rockland Systems . 23 

Sprague-Goodman 

Electronics . 41 

Tektronix . 2-3 

Teledyne Relays . 44 

Texscan . 39 

Wavetek . 17 

Wide Band Engineering. ... 26 

R.F. ENGINEER 

A nationally known leader in the broad¬ 
cast instrumentation field is seeking a 
Project Engineer to join our Develop¬ 
ment Group and expand our product 
lines. We are looking for an individual 
with 2 to 5 years design experience 
who is willing to be responsible for a 
project from inception to production 
release. 

We offer profit sharing, free life, medical 
and dental insurance, credit union, full 
vacation and holiday plan, competitive 
salaries, and excellent advancement 
opportunities. 

Please send your resume or call Judy 
Warner to arrange for an interview. 

TCT TIME & FREQUENCY 
I IL TECHNOLOGY INC 

3090 Oakmead Village Dr. 
Santa Clara, CA 
408-727-6415 

Equal Opportunity Employer 
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Now. 
the only RF power amplifier 

you may ever need. 

The nev 
delivers 50W, 1.5-400 MHz. 

This single unit is so incredibly 
versatile it can replace several 
you may be using now. And you 
may never need another. It's an 
extremely broadband high 
power, solid state. Class A linear 
amplifier. It's rated at 50W from 
1.5-400 MHz. But it can provide 
100 Watts from 1.5-220 MHz. All 
you need with the 550L is any 
standard signal or sweep gener¬ 
ator and you've got the ultimate 
in linear power for such applica¬ 
tions as RFI/EMI testing, NMR, 

—**‘***‘ 

RF Transmission, ultrasonics 
and more. 
And, like all ENI power ampli¬ 
fiers, the 55OL features uncon¬ 
ditional stability, instantaneous 
failsafe provisions, and absolute 
protection from overloads 
and transients. 

The 550L represents the pinnacle 
in RF power versatility. There's 
nothing like it commercially avail¬ 
able anywhere! And it may be 
the only RF power amplifier you 
ever need. 
For more information, a demon¬ 
stration, or a full line catalog, 
please contact us at ENI, 3000 
Winton Road South, Rochester, 
NY 14623. Call 716/473-6900, 
or telex 97-8283 ENI ROC. 

ENI 
The advanced design line of power amplifiers 
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Still the world’s smallest 
RF relay 

and the stingiest 

When we first told you about the inherently low inter-contact 
capacitance and low contact circuit losses of oui* TO-5 relays, 
you agreed that they were ideal for RF switching. And you began 
designing them in immediately. They provided high isolation 
and low insertion loss up through UHF (typical performance 
45 db isolation and 0.1 db insertion loss at 100 MHz). 

Then you discovered another benefit — particularly for hand¬ 
held transceivers where battery drain is critical. The TO-5 is 
very stingy on coil power ; the sensitive versions draw only 
210mW at rated voltage. 

So if you’re looking for a subminiature RF switch, don’t 
settle for anything less than TO-5 technology. It’s available in 
commercial/ industrial as well as MIL qualified types. Write or 
call us today for full technical information. 

W TELEDYNE RELAYS 
12525 Daphne Avenue, Hawthorne, California 90250 • (213) 777-0077 
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