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EDITORIAL 
Junk Science and Amateur Radio 

L ast night I watched a great show produced Junk d iSci 
by ABC News, called "Junk Science: 
What You Know That May Not Be SO," 

hosted by John Stossel. Of course, I sniggered a Like other forms of science, amateur radio has 

bit about the ABC N~~~ tag. 11 seems a lot of the i t s .~unk Most often these guys are 

news we hear today revolves around ''what the invested in an gone wrong 
(they just don't know it) concerning an antenna, news sources know that may not be so" theme. 
a feed system, an equipment modification, etc. 
Anyone of us could be puttering around in our 
shacks, fiddling with something on the bench, A few tidbits from the show and "discover" something we're sure no one has 
ever encountered before. That's exciting, and 

Did you know there's a government agency that's what ham radio experimentation is all 
that sends out tons of pamphlets which try to about, but here's where the process goes awry. 
convince the public that everyone should severe- Suppose we loose our objectivity about this 
ly limit or eliminate salt in their diets. By doing discovery and begin sharing it with our ham 
so, the agency contends, they can lower their friends-before determining whether our hypoth- 
incidence of heart attack and live longer. When esis is correct, We may be guilty of disselninating 
Stossel confronted the head of this agency with junk science, and, just like other types of junk sci- 
contradictory data from nine prominent physi- ence, what we know may not be so. The idea may 
cians from major hospitals and research centers, sound good, it may look good on paper, it may 
the gentleman refused to back down on his even appear to work; but if it's not based on care- 
claims e\.un tho~rgh he could not ofler convincing ful scientific study, we can't be sure it's really 
proof. It appears the real truth is that only those legitimate. 1 cat1 think of many instances in our 
afflicted with maladies like hypertension should hobby where such ideas have gotten into main- 
limit salt intake. It's just not necessary for the stream via magazine. Internet newsgroups, or 
rest of us. over the airwaves. I've been editing amateur radio 

Remember cold fusion? In March 1989, at a magazines for 10 years, and 1 know I've been 
Salt Lake City press conference, chemists B. caught a time or two by an idea that sounded 
Stanley Pons and Martin Fleischmann incredibly interesting and innovative, but that lost 
announced that they had achieved cold fusion- its luster in the bright light of day. 
setting the scientific community on its ear. Pons 
and Fleischmann went on to claim that they had 
performed this feat at the University of Utah A challenge 
using a simple tabletop apparatus and just a few 
dollars in materials. This alleged discovery spun My challenge to all of us as we start a new 
off two camps: skeptics, who summarily dis- year is to look at our own amateur radio science 
missed the whole idea, and enthusiasts, who con- with a more critical eye. If you read something 
tinue to attempt to prove Pons' and you think may be bogus, or based on a lack of 
Fleischmann's claims. evidence, call the author (or editor) and ask for 

verification. When you see something on One of 
the amateur radio newsgroups or hear sotnething 

Even a Nobel Prize winner 
on the air, put on your skeptic's hat and mount a 
challenge. If YOU make a discovery- document 
your work and try to have it peer-reviewed 

Finally, there was the claim made by Nobel before you disseminate it via the aInateUr press. 
Prize Winner Linus Pauling. He was convinced newsgroups, clubs, etc, 
that taking Vitamin C could prevent or cure the Finally. no matter what side of the fence 

"Id. research revealed you're on, try to handle any challenges or con- 
that while Vitamin C can ease the nasal conges- frontations calnlly, but with sniping 
tion and other SynlptOms of the Common cold, it and flaming does not a dialogue create, Yes, we 

cure it. Only lime can that. here want to debunk the junk scientists in our ranks; 
was a highly respected scientist, who was heavi- but important to do i t  with 
ly invested in his own piece of junk science. It 
just goes to show that the promises of junk sci- Terry Littlefield, KAlSTC 

~dif,,,. ence can lure anyone. 
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TECHNICAL CONVERSATIONS 
Questions about the ultimate 
noise bridge 

Dear Editor: 
I have been unable to understand the 

"Ultimate Noise Bridge" circuit in the Summer 
1996 issue. I find three problems: 

1. The noise generator is built in a "floating" 
box to ensure equal noise currents at A' and C', 
yet the box is AC grounded to the outer box 1 
by the 0.01 and 15 pF capacitors. 

2. The receiver output RX appears to be 
grounded to the outer box. 

3. As you know, there is no such thing as a 9- 
volt NiCd battery. There is the six-cell NiCd, 
with a plateau voltage of only 7.2 volts and the 
seven-cell battery with a plateau voltage of 8.4 
volts. Most 9-volts are of the six-cell construc- 
tion. The Varta and Saft have seven cells. Will 
either work in the circuit, or must you use the 
higher voltage, seven-cell version? 

I enjoy Commut~ications Quarterly. It is out- 
standing in this era of beginner-oriented maga- 
zines. Don't ever let anyone tell you that it is 
too technical. They miss the point entirely! 

Ruddy Ellis, W4LNG 
Atlanta, Georgia 

Cosmic cousins 

Dear Mr. Hyder: 
This is in response to your letter to 

Comn~unicatiotis Quartet.ly, dated June 14, 
1996. 1 regret that I have been unable to 
respond sooner. Your letter raises some very 
valid points; but in addressing them, I come to 
different conclusions that you did. 

I fully agree that the vast distances between 
the stars preclude two-way communications 
with our cosnlic neighbors. But does this 
negate the value of simplex transmissions? All 
my life I have been receiving one-way commu- 
nications which have enhanced my being- 
from Moses, Aristotle, Shakespeare, and 
George Bernard Shaw. Because I cannot 
engage them in a dialogue, is the communica- 
tion any less valid? 

You are absolutely right about the challenges 
of decoding a communication from a race with 
which we have nothing biologically in com- 
mon. But translation and interpretation aside, 
the mere confirmation of the existence of other 
civilizations can have a profound impact on 
humanity. If, because we have at least all phys- 
ical law in common, we do manage to interpret 

some of the intercepted transmissions, I would 
consider that a bonus. But existence of proof 
alone is, in my opinion, still worth the price 

~ - 

of admission. 
Some in SETI may indeed be looking for a 

father figure. I prefer to think more along the 
lines of finding a brother figure, or a distant 
cousin. ~ h o u g h  I've never personally met my 
cousins in Europe, though we do not speak the 
same language, I still feel there is a bond 
between us. Why should it be otherwise with 
our cosmic cousins. 

Finally, Frank Drake's speculations as to the 
nature of alien civilizations are just that-spec- 
ulations. But about the nature of photons, we 
need not speculate. They are indeed the fastest 
spaceships known to man, and stand a far better 
chance of traveling between the stars than do 

u 

alien visitors, be they benevolent or malevo- 
lent. Further, they are the substance of ham 
radio communications, and we hams are in a 
unique position to exploit them for the good of 
all humanity. 

Paul Shuch, Ph.D., N6TX 
Executive Director 

The SETI League, Inc. 

Triode/tetrode efficiency 
comparison 

Dear Editor: 
Thanks to W6MTF for calling my attention 

to an oversight in my article "4CX400A 
Russian Tubes for the MLA-2500 Amplifier" 
(Communications Quarterly, Summer 1996). 
Table 1 is an apples-to-oranges comparison of 
the performance of the 4CX400A tetrode to the 
8875 triode. As W6TMF points out, the Eimac 
8875 data presented in my article was taken at 
432 MHz. As he states, transit-time effects at 
432 MHz will reduce efficiency, so the com- 
parison is unfair. 

When comparing Svetlana 4CX400A pub- 
lished data to the correct Eimac HF data, the 
Svetlana tube still has higher efficiency than 
the Eimac tube because of the unique Russian 
secondary emission inhibiting geometry in the 
4CX400A; however, the difference is less dra- 
matic than shown in the article. 

My thanks to W6TMF for finding the over- 
sight and to Communications Quarterly for the 
opportunity to set the record straight. 

Bob Alper, W40IWl6 
Product Manager 

Svetlana Electron Devices 
Portola Valley, California 
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Thumbs up for Caddock 
Electronics' Kool-Ta b MP850 
resistors 

Dear Rick, 
I was intrigued by your "Quarterly Devices" 

colutnn of Summer 1995, page 73, because the 
users of Svetlana tetrodes wish to use the pas- 
sive input circuit which you covered in your 
"Quarterly Devices" column of Summer 1993, 
page 90. Since you published that article, the 
passive input circuit for tetrode circuits has 
become quite popular because it substantially 
reduces the component count in linear ampli- 
fiers. It has also proved to be rock stable and 
neutralization is not required. 

A problem for the builder is the supply of 
50-watt, 50-ohm resistors. That is why your 
article on power-film resistors was so interest- 
ing. The Caddock Electronics line of tab- 
mount devices (Kool-Tab MP850) power-film 
resistors neatly fill the need for compact, low- 
inductance and high-power resistors for pas- 
sive grid input circuits for full-power amateur 
radio linear amplifiers. 

George Badger, W6TC 
President 

Svetlana Electron Devices 
Portola Valley, California 

A few corrections 

Dear Editor: 
I must have failed to send you the latest draft 

of the letter about the 4CX400 article. Please be 
aware of several errors I made. 

On line on page 4 right column. 
"A look at Eimac's published data shows the 

8877 anode voltage used in Table 1 is actually 
the absolute maximum allowable operating 
voltage, 2200, volts." 

(That was a copy error. Note that it was cor- 
rect in my text.) 

The following were my sole responsibility. 
Regretfully, I understood the early draft was 
wrong and failed to correct it. 

Page 5. The grid resistance formulas should be 

where Eb is the total dc grid bias and also 

The correct grid L-pad series input resistance 
is about 18 Ohms, and the grid's parallel resis- 
tance about 32 Ohms, for 100 watts of drive 
and -35 volts bias with no feedback or loss. In a 

practical circuit these values would have to be 
adjusted slightly. 

Thanks, 
Tom Rauch, WSJI 
Conyers, Georgia 

Reader takes exception 

Dear Editor: 
In reference to W40IW's article concerning 

the 4CX400A, W8JI's letter in the Fall 1996 
issue makes some valid points relative to speci- 
fications and operating conditions. I must take 
exception to W8JI's statements concerning the 
screen supply and control grid circuitry. 

Shunt regulators thrive on high impedance 
sources and in fact prefer a current source. The 
10k resistor in series with Q1 has almost no 
effect on the regulation as long as Q1 remains 
out of saturation. It does greatly reduce the dissi- 
pation in Ql ' s  collector. The impedance seen by 
the screens is very low due to the shunt negative 
feedback around Q1. Negative screen current in 
excess of a few milliamps could cause failure of 
the Zener string feeding the base of QI  with the 
failure a short time later of the 100-Ohm resistor 
in Q l  's emitter. At that point control of the 
screen voltage would be lost. My preference for 
screen voltage regulation would be two 20OV, 
SOW Zeners in series from screen to ground. 
The 2500-Ohm rheostat in series with the source 
along with the tripler's poor regulation should 
keep the screen dissipation within reason. 

I'm not sure where Mr. Rauch was going 
with his math. An ABl amplifier needs only a 
peak driving voltage equal to the grid bias. 
Therefore with 35V bias a single tone sine 
wave of about 24V would be necessary. 24V 
across 50 Ohms requires about 11.5W. A sim- 
ple divider takes care of higher powers. The 
divider should have a total resistance of 50 
Ohms and a tap located such that 35V peak 
appears at the grid. 

While I would have done some things differ- 
ently, I found Mr. Alper's article both interest- 
ing and thought provoking. 

Gerald S. Bower, AB6BO 
Templeton, California 

W401W/6 replies 

Dear Mr. Bower: 
Thank you for a copy of your 18 December 

1996 letter to the Editor of Communicatiorls 
Quarterly. Your courtesy to copy Mr. Tom 
Rauch, as well as myself, is sincerely 
appreciated. 

Enclosed is a copy of my letter response of 
25 November 1996 to Mr. Rauch and a copy of 
his 1 December, 1996, comments to me. It is 
somewhat apparent, at least to me, that he did 
not read with an open mind or possibly did not 
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wish to understand my letter to him. This con- 
clusion was drawn in conjunction with his 
analysis of the screen grid regulator and drive 
requirements, and repetition of questions that 
were answered in my letter of 25 November. 
The denigrating of "on-the-air" testing was not 
completely justified. While certainly not as 
controlled as laboratory tests, "on-the-air" test- 
ing is a valuable addition to static tests because, 
as Mr. Rauch indicated, syllabic laboratory 
testing is anything but standardized. 

 hank you again for the copy of your letter 
and for taking the interest and the time to write 
Con~rnunications Quai-tc~ly. Terry Littlefield, 
KA I STC, Editor of Communicatio~rs 
Quarterly, advised me on 26 December her 
plans to publish correspondence on this subject 
in the Spring 1997 issue. 

B.-N. "Bob" Alper, W4OIWl6 
Portola Valley, California 

"The Monster Antennasu-A 
huge hit 

Bill Byron, W7DHD, sent along copies of 
fhese letters he received after his article "The 
Monster Antennas" upjwared in our Spr-ing 
1996 issue. Congrutulations for un FB job, Bill! 

Dear OM: 
Just a short note to express my admiration for 

your truly excellent article "The Monster 
Antennas" in the spring 1996 issue of 
Communications Quarterly. 

Your article was beautifully researched, writ- 
ten, and illustrated-a rarity in this days of 
inarticulate engineers! 

Archibald C. Doty, KSCFU, Director 
Radio Club of America, Inc. 

Fletcher, North Carolina 

Dear Bill: 
Thanks for sending the copy of Communi- 

cutions Quartc~rlv with your paper on "The 
Monster Antennas." I thought it came out very 
well and is an article you can be proud to have 
authored. I don't know of anvone else who 
could have done so well in dealing with the 
topic. You seem to have found your second 
calling in writing about history of communicn- 
tion technology. Have you selected your next 
topic yet? 

Dr. James Brittain, Professor Emeritus 
History of Technology Department 

Georgia Tech 
Hendersonville, North Carolina 

Dear Mr. Byron: 
My word, what an outstanding article you 

wrote for Comrnu~zic~ations Quarterly. I thor- 
oughly enjoyed it. It was fantastic reading and I 
didn't want it to end. Please accept my sincere 

thank you for all the painstaking effort that you 
went through to write it. Is there any possibility 
you'll be writing more about "The Monster 
Antennas'?" I hope so. 

Dick Weber, KSIU 
Prosper, Texas 

Dear Mr. Byron: 
As one of the four RCA engineers who were 

continuously involved with the Jim Creek sta- 
tion from the proposal stage to the final factory 
acceptance tests, I certainly enjoyed reading 
your article in the spring 1996 issue of 
Con~municutrons Quartrrly. 

The personnel involved were John C. Watler, 
project leader and system design; John W. 
Sanborn, power and control; Charles D. 
Mulford, mechanical engineer; and myself, gen- 
eral RF design. Antenna design was subcontract- 
ed to J.L. Finch at RCA Communications. At the 
completion of the factory phase of this project, I 
left RCA to move to California in August 1950. 
As a consequence, I lost all touch with VLF 
design and moved into other programs. 

While I was still living in New Jersey, I visit- 
ed the alternator station at Tuckerton, New 
Jersey, which was quite an experience. In later 
years, 1 attended an IRE symposium on long 
haul communication at Honolulu about 1958 
and visited the station at Lualualei, Oahu, 
which was built by GE in the 30s. It was not in 
service at the time. 

Your excellent review of the various anten- 
nas for VLF certainly was interesting to read 
and revived some fond memories of people that 
I worked with in years past and, for that, I 
thank you. 

O.B. Dutton, KM6PJ 
Ventura, California 

Dear Bill: 
I greatly enjoyed your Monster Antenna arti- 

cle in the spring 1996 Commr~nic~utions 
Quarterly. I have always been interested in this 
subject. I do remember the Radio Central 
Antennas on Long Island. which we passed 
many times during the 1930s. 

I have never seen any of the OMEGA anten- 
nas pictured. OMEGA operated near 12 kHz. 
One in Norway was described. It was on an 
island in the middle of a fjord. The flat top was 
suspended between mountains on each side of 
the fjord. Many long cables were laid into the 
fjord to get good contact with the sea water. 
OMEGA and LORAN C will be shut down 
within a few years because GPS has made all 
other forms of electronic navigation obsolete. 

The Motorola engineering libl-ary had a copy 
of VLF En~ineering (at my request) and I 
enjoyed reading it. 

Harry Hyder, W71V 
Tempe, Arizona 
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William E. Sabin, WQIYH 
1400 Harold Drive, S.E. 

Cedar Rapids, Iowa 52403 
e-mail: <sabinw@crpl.cedar-rapids.lib.ia.us> 

A LOGARITHMIC 
AUDIO SPEECH 
PROCESSOR 
Improve the effectiveness of your SSB 
transm iffer 

T he comrnunications effectiveness of an 
SSB transmitter may be improved signif- 
icantly if the weaker components of 

speech can be emphasized relative to those that 
are stronger. Normal speech has more than a 
20-dB dynamic,' which isn't good from a 
weak-signal communications standpoint. Most 
SSB transmitters are capable of delivering a 
higher average power level for a given maxi- 
mum PEP rating. 

IF clipping provides one good method of 
speech processing, but it involves modifying 

the internal signal path circuitry of the SSB 
exciter. This can be difficult and tricky, often to 
the point of not being worthwhile. Other meth- 
ods use audio processing, which can be per- 
formed in an external unit ahead of the micro- 
phone input. Audio compressors with fast 
attack (2 or 3 milliseconds) and long decay 
time (1 or 2 seconds) don't offer enough 
improvement in weak component enhancement. 
Audio speech clipping with very fast attack and 
recovery time (without memory) works some- 
what better, but has a tendency to produce a 

Figure 1. Block diagram. 
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Figure 2. Plot of v, versus v,. 

Vout vs Vin With and Without Limiting 

considerable amount of harmonic distortion. 
This is unpleasant to listen to and tends to 
detract from the improvement. Another 
approach is to translate the audio to IF, clip, 
and translate back to audio, then into the mic 
jack. This is a good method and has been used 
a lot because it produces less harmonic distor- 
tion than audio clipping. 

Some audio processors combine compression 
and clipping. The compressor compensates for 
variations in the speaker's voice level and pre- 
sents a more constant level into the clipper cir- 
cuit. Unfortunately, the total audio amplifica- 
tion may become so large that during speech 

pauses, background noise and breath sounds are 
highly exaggerated. Matched amplitude com- 
pander- pairs at the transmitting and receiving 
ends are used cotnmercially to restore the 
speaker's original voice range at the receive 
end. Lincompex is another commercial system 
that does this. 

Some amateurs use other advanced and com- 
plicated methods, such as the "split-band" and 
those that employ DSP. I felt that a simpler and 
less expensive approach would be very desir- 
able for my purposes. 

I'll describe a simple "soft limiting" method 
that's quite effective. It produces less distortion 

I 8 

6 

Vout 4 

2 

,- 

- -- - - -- - - 

- - - -  -- 

-2.53 
Time 

2 4 6 8 
Vin 

---7--y- 

Figure 3. Response of the multiplier to a small sine-wave signal and a maximum-level signal. 
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than audio clipping and is more pleasing to the 
listener. A roughly similar approach was 
described in the amateur literature by 
Schleicher (a telephone company engineer) a 
long time ago.2 We'll adapt that approach to 
modem precision ICs. I haven't added com- 
pression ahead of the limiter, but have used a 
simple and effective method of monitoring 
speech level. The main exercise is to create a 
"system design" and tie the ICs together to 
obtain the desired response. The result is a 
compromise betweencomplexity, performance, 
and cost that may be attractive to many experi- 
menters (I found it so). 

soft-limiting Y 
The block diagram of Figure 1 shows the 

basic principles used in the soft-limiter. The 
multiplier is an Analog Devices AD633JN 
high-precision, low-cost four quadrant multi- 
plier chip. The relationship for this multiplier is: 

The signal input is \jT and, if vy=10 volts DC, 
the gain from I:, to vo 1s 1 .O. If v is reduced to Y 
3.16 volts, the gain is reduced to 0.316. 
Assume that vx is a positive-going voltage. 
Then in Figure 1, vo is also positive-going and 
is multiplied by 2.70. subtracted from 10.0 
volts, and then applied to they terminal. If we 
place this value of ~ j ,  in Equation 1, we get: 

Photo A. Oscilloscope waveforms. 

When we solve this for v, we get: 

Figure 2 plots vo versus vx for both the case 
with and without feedback. We see that for an 
8-volt input to vx, v, is reduced from 8 to 2.53 
volts, a gain reduction of 10 dB. In other 
words, there is I0 dB of amplitude limiting. A 
plot of gain in dB versus vr is approximately 
linear, so I call this a "logarithmic" processor; 
although this isn't esactly correct, it is within 
0.5 dB. 

A problem arises if \i; is a negative-polarity 
input. This would cause vo in Equation 3 to 

Figure 4. Harmonic distortion as a function of amplitude for a 500-Hz tone. 
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Figure 5. Comparison of second and third-order two-tone IMD products for tones at 600 and 1600 Hz. 

TWO-TONE INTERMODULATION 

increase. To fix this, Equation 3 is modified as 
shown in Equation 4: 

0 

w 
z 

-8 
I 

s" 
-16 

3 
0 
W 

The plus sign is used for positive vx and the 
minus sign for negative vx. We accomplish 
this in circuitry by full-wave rectifying v, 
within the feedback loop, using op-amp preci- 
sion rectifiers. 

Using this method, the computer simulation 
of Figure 3 shows the response of the multipli- 
er to a small sinewave signal and a maximum- 
level signal. As the small signal gets larger, its 
appearance approaches that of the large signal. 
This rounding at high levels should be com- 
pared to the sharp comers in a hard-clipped or 

"sliced" signal processor. The actual circuit 
waveforms look exactly like these. 

This rounded waveform has a special advan- 
tage in an SSB system. An audio waveform 
with sharp comers produces unwanted peaks in 
the output of an SSB modulator. This phenom- 
enon is due to a mathematical principle called 
the Hilbert Transform effect. These peaks, 
unless restrained by ALC, can cause splatter in 
the PA. The restraint caused by the ALC, in 
turn, reduces the "talk power." The problem is 
reduced considerably by the AF and IF filters 
in the SSB transmitter, but a 1 or possibly 2 dB 
reduction of talk power is still possible. 
Smoothing the comers in the manner shown 
here helps reduce this problem. Note that this 
shape is independent of frequency: the waves at 
250 and 3500 Hz have the same appearance. 

A brief word of explanation about the Ililbert 
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Figure 6. Bandpass filter schematic. 
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11-JUL-96 COMPACT SOFTWARE - ARRL Radio Designer 1 .5  14:23:35 
F i l e :  c : \ar r l \bandpass .ckt  

I v MVG3 idUl  FILTER I 

Figure 

transformation. It causes each frequency com- same thing as nonlinear distortion, as no new 
ponent in a signal waveform to be retarded 90 frequencies are introduced. The Hilbert trans- 
degrees. This produces a distortion of the former is a linear circuit. 
waveform and, if the original wave is square, Photo A is a dual trace (chopped mode) wide- 
the peaks become very large. This isn't the band oscilloscope picture of 11, and v Y for a large 

Figure 8 . 0 ~ - a m p  microphone amplifier. 
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11-JUL-96 COMPACT SOFTWARE - ARRL Radio Designer 1.5 14:21:27 
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Figure 9. Microphone amplifier frequency response with and without pre-emphasis. 

11,~. Note that I!, and v are in very close phase 
and that v,, has very starp corners at the 10-volt 
level. ~ h & e  thingsare important and require a 
wide bandwidth in the multiplier and in the 
feedback loop of Figure 1. The circuitry used is 
more than adequate for speech frequencies. 

Photo R. Front panel. 
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Distortion products 

The other main attraction of the soft-limiting 
approach is that harmonic and intermodulation 
products are lower than in the audio frequency 
hard limiter/clipper type circuitry often used. 
Figure 4 plots harmonic distortion as measured 
in both cases as a function of amplitude for a 
500-Hz tone. For the hard limiter case. the cir- 
cuitry was temporarily modified (using two 
reversed diodes) to perform this type of pro- 
cessing. Because of waveform symmetry, the 
even harmonics are very small and only the odd 
harmonics are shown. Note the difference in 
the way the higher harmonics fall off. 

~ig;re 5 compares second-order and third- 
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Figure 11. Masks for processor and power supply boards (trace side). 

ic for these is shown in Figure 6. A third-order 
highpass and third-order lowpass, each with the 
Butterworth response, are used and the frequen- 
cy response of each filter is shown in Figure 7. 
The filter ahead of the limiter decreases lim- 
iter-produced distortion products by reducing 
speech components below 250 Hz and above 
3500 Hz. The filter ufter the limiter reduces 
high and low-frequency distortion products 
generated by the limiter. This latter selectivity 
augments, to some extent, the SSB filter in the 
transmitter-especially in its transition band 
region. It also helps to improve the Hilbert 
problem mentioned previously. 

There is an effect, called the "repeaking 
effect," that's produced by the output filter. 

When a flattened waveform from the limiter is 
filtered, the peak value of the filtered waveform 
is slightly greater than the peak value of the 
input waveform. This is predicted by the 
Fourier series analysis of the input waveform 
and is actually observed. The result is that the 
overall limiting is about 9, and not 10, dB. 

The schematic suggests 1 percent metal film 
resistors; capacitor values or combinations of 
values are within 5 percent of the exact values 
shown (see the Parts List). It's advisable to 
follow these suggestions, so the cascade of two 
filters will have a good overall response. The 
capacitors may be hand-picked CK05 ceramic 
types for processor units used at normal room 
temperatures; there's no need to buy large, 



expensive capacitors. The types described as 
X7R have better temperature stability and are 
preferred. A good digital C meter is one of my 
most important pieces of lab gear for experi- 
mental work. 

Microphone amplifier 

Figure 8 is the op-amp microphone amplifi- 
er. My microphone, an Electro-Voice 607 
(noise canceling), is a high-impedance type 
that delivers about 100 mV peak instanta- 
neously on strong voice peaks, as seen on a 
scope. To obtain 8-volt peaks with the mic 
gain pot at 112, a voltage gain of 160 is need- 
ed. The op amps use a +/-I5 volt supply and 
deliver +/-a volts peak output easily. In the 

schematic, R8 and C4 provide about 3 dB of 
high frequency pre-emphasis. which has been 
found to be desirable.' 

The frequency response of the rnic amp with 
and without this pre-emphasis is shown in 
Figure 9. It helps to emphasize the weaker high 
frequency components and augments the 
speech processing. If more or less mic gain is 
desired, change R2. Follow the same guidelines 
for resistor and capacitor values as described 
for the bandpass filters. The microphone itself 
should be of high quality and have a flat voice- 
frequency response (with no peaks or troughs). 

The system 
Figure 10 shows the overall schematic and 

the peak level detector. U4B compares vy with 

Figure 12. Masks for processor and power supply boards (component side). 



I + 

Figure 13. Trace side of processor board. 

3.16 volts. If v, drops below that level on voice 14.5 volts (a 5.2 dB increase over +/-8 volts), 
peaks, the red LED flickers occasionally, accu- the maximum soft-limiting is then 13.8 dB; v, 
rately indicating the 10-dB limiting point. This increases 1.3 dB (from +/-2.53 to +/-2.95 volts) 
simple approach has been very satisfactory, and and, beyond that point, hard clipping begins. 
the exact value of maximum processing is not There's about 4 dB (13.8 to 10.0) processing 
at all critical. "headroom" after the red light comes on. 

Note from Equation 4 that if v, exceeds +/- Transmitter ALC should be able to protect the 
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F i g r e  16. Power supply. 
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Photn C. Internal construction. 

U113171337 

PA linearity with this additional 1.3 dB of sig- 
nal, but the processor distortion will increase a 
few dB in this "overdrive" condition. These are 
the system considerations for this circuit. 

1 

Potentiometer R 17 is screwdriver adjustable, 
and i t  is used to obtain identical output levels 
when the processor is switched in and out (red 
light flickering occasionally). 

Photos R and C show the front panel and 
the internal construction. Masks for the 
processor and power supply boards are shown 
in Figures 11 and 12. Figure 13 is the compo- 
nent side of the processor board; Figure 14 is 
the ground plane. The cabinet was purchased 
from Radioshack and the front panel template 
is shown in Figure 15. The power supply in 
Figure 16 provides regulated + 15 and - 15 
volts. These regulators guarantee precise per- 
formance and hands-off' operation. Parts place- 
ment is shown in Figure 17. For safety, use a 
three-wire line cord with a grounded chassis 
and be sure to tape up all exposed 120 volts 
AC circuitry. Use the microphone connector 
of your choice. 

You may etch your own boards using the 
masks printed here, or you may purchase them 
from FAR Circuits. The price for a set of 
boards is $13 plus $2 shipping per order. Visa 
or Mastercard orders are welcome for a $3 ser- 
vice charge. To order boards for this project, 
contact FAR Circuits, 18N640 Field Court, 
Dundee, Illinois 601 18. 
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Figure 17. Power supply parts placement. 

Ad justmen ts 

With the processor switched out of operation, 
talk into the mic and adjust the transmitter for 
correct operation that's both clean and at the 
correct power level. Observe the ALC meter. 
Now switch in the processor and, while talking, 
adjust the processor mic gain until the red LED 
blinks frequently on voice peaks. Then set the 
screwdriver-adjust output pot until the ALC 
level is approximately the same as before. A 
peak-reading RF wattmeter or an oscilloscope 
(that's what I use) is very useful for ensuring 
the right PEP level. Double check the out-of- 
band cleanliness to make sure there are no hid- 
den problems, such as an ALC that's not work- 
ing properly. 

I think the overall effect, with an accurately 
measured 10 dB of soft-limiting, frequency pre- 
emphasis, and multiple bandpass filtering is 
very good. On-the-air comments, contest per- 
fonnance, and my own listening tests verify the 
cleanliness and effectiveness of this simple 
approach. A frequent comment is that the other 
operator's S-meter kicks up an S-unit or more. 
Depending on the dynamic response of the 
AGC and the S-meter (and also its calibration) 
at the receive end, this suggests the increase in 
average power due to speech processing. 

There's always the temptation to use more 
processing (more is better, right?). I find this 
totally unnecessary and counterproductive. If 
the processing is pushed too much, the benefits 
of this simple approach will quickly erode. . 
REFERENCES 
I .  Sabtn and Schwn~kr, Single-Stdehond Syrrcrn, ond Ctn urrr, Second Edltlon. 

Chapter 7 ,  Mctiraw HIII. 1995 
2. Schlccher, "A Pa.,stve Llmtter,"QST, Decernhv 1966 

Parts l i s t  
Component Description Part Number 

C1 0.01 pF 
C8(2),C9(2), 
C10(2),CI 5(2) 0.01 pF 5% 
C2,C6 47 pF 
C3 0.47 pF 5% 
C4 0.0033 pF 5% 
C5 0. I pF 5% 
C7(2),C19 0.001 pF 
C1 l(2) 0.0047 pF 5% 
C 12(2) 0.001 pF 5% 
C 13(2),C38 100 pF 5% 
C14(2) 0.0047 pF 5%) 
C 16(2) 820 pF 5% 
C17,18,28-37 0.1 pF/50 volt 
C20 10 pF tantalum RS 272- 1436 
C2 1 I .O pF 55 volt 
C22,C23 0.01 pF 2 kV AC line RS 272- 160 
C24,C26 2200 pF 35 volt RS 272- 1020 
C25,C27 l .O pF 50 volt 
CR I Red LED RS 276-068 
CR2-6 IN4454 or equivalent 
CR7- 10 1 N400 1 or equivalent 
DL I Neon panel light RS 272-708 
F1 Fuse holder RS 270-362 
Fuse 112 A fast blow RS 270-1047 
J I P I  Mic jacklplug Newark 39F014I013 
Q1 2N2222A 
R I not used 
R2 330 k 
R3 22 1 k metal film 
R4 8.2 k metal film 
R5 10 k pot RS 271-1721 
R6 178 k metal film 
R7 22. l k metal film 
R8 33.2 k metal film 
R9,R35 I k 
R 1 O(2) 47.5 k rnetal film 
R1 l(2) 18.2 k metal film 
R12(2) 332 k metal film 
R 13(2),R 14(2), 
R 15(2),R27,R21, 
R22 I0 k metal film 
R16 10 k 
R17 5 k mini pot, screwdriver adjustable 
R18.R19,R20 22. l k metal film 
R23 33.2 k metal film 
R24 5.62 k metal film 
R2.5 26.7 k metal film 
R26 37.4 k metal film 
R28 22 k 
R29 22 k 
R30 680 
R3 1.32 237 metal film 
R33.34 2.67 k metal film 
R36 Not used 
S 1 DPDT toggle 
S2 DPST AC switch 
TI 25.2 CT 4.50 mA RS 273- 1366 
U 1 ,U2(2),U3,U4 TL082 RS 276-1715 
US AD534LH (Alternative AD633JN) 
U6 LM3 17T RS 276-1778 
U7 LM337BT 
Cabinet 3 x 5-114 x 5-718 RS 270-253 
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Ulrich L. Rohde, DJ2LR, KA2WEU, HB9AWE 
52 Hillcrest Drive 
Upper Saddle River, New Jersey 07458 

MODERN RECEIVER 
DESIGN 

Including Digital Signal Processing 

T raditional radios, both receivers and 
transceivers, use analog parts that are 
bulky, expensive, subject to manufactur- 

ing tolerances, and require alignment during 
production. The number-crunching power of 
digital processing allows the replacement of 
many of these analog functions and moves the 
digital portions toward the antenna. 

Efforts to implement digital signal process- 
ing (DSP) in communications equipment, 
specifically HF and VHF types, date back to 
before 1980. Then, the number-crunching capa- 
bilities were insufficient for the requirements of 
analog parts. In those days, microprocessors 
were too power hungry, expensive, and mostly 

found in state-of-the-art designs for validation 
of the principles of the approach. (A survey of 
the state-of-the-art in what today is called "soft- 
ware" radios appears in my book Communi- 
cation Receivers: Principles and Designs.) 

Today, a number of manufacturers supply 
sufficiently powerful digital signal processors. 
The two best known are the Texas Instrument 
TSM 3232 series and the Motorola 56002. 
There are, however, subtle differences between 
these processors. The key difference is the 
availability of floating point arithmetic versus 
integer calculations, which determines price 
and power consumption. Many commercial/ 
military and radio amateur transceivers rely 

Figure 1. Block diagram of typical modern HF radio. Digitally implemented portions within dashed lines. 
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Figure 3. Block diagram of complete surveillance system. 
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Figure 4. High-performance hybrid synthesizer for shortwave receivers. 
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mostly on the Motorola DSP chip. It comes in 
different flavors relative to computation speed. 

I would like to discuss the few remaining 
problems in the hardware area, which determine 
the high performance capabilities of these trans- 
ceivers, and to look at software solutions (DSP). 
Previous publications and advertisements have 
shown me that there is sufficient confusion con- 
cerning DSP, specifically in the use of DSP in 
IF or audio frequencies or a combination of 
both. Here the main differences in the applica- 
tions seem to be the design and construction of 
high-performance IF filters and the use of DSP 
for "cleaning up" the signals. This cleanup goes 
back to the principle of echo cancellation in 
software and takes advantage of correlation 
techniques that remove unwanted signals and/or 
enhance those that are wanted. 

MHz) 

37.2725 MHz 

Basic 

18.63625 
MHz 

Microprocessor u11 

block diagram 

REF 

As far as DSP is concerned, there is little dif- 
ference between transmitters and receivers 
because the basic architecture allows bidirec- 
tional use. For this reason, I will concentrate on 
the receive path only, but will point out that the 

+256 - 

=A41 12 
U3 U4 

Harris Phllips 
HSP45102 TOA8702 

lOM15CN 

equivalent problems/solutions are relevant in 
transmit as well. 

Figure 1 shows the block diagram of a mod- 
ern HF radio. For various reasons, such as num- 
ber crunching, the last IF is now 25 kHz or less. 
and the number of intermediate IF analog stages 
must be minimized. This is not only true with 
ham equipment, but also within military uses, 
such as frequency hopping, since the architec- 
ture becomes more complicated. It is apparent 
from Figure 2 that the architecture of frequency 
hopping radios goes beyond the purpose of this 
paper, but some of the control mechanisms and 
number-crunching capabilities are consistent 
with this. In general, modern radios are not only 
used for point-to-point communications, but also 
for radio monitoring. Based on the complexity 
of the signals, the actual radio can become quite 
complex. Figure 3 shows a complete surveil- 
lance system that can be easily expanded in fi-e- 
quency range. It does not require much imagina- 
tion to envision the software requirements need- 
ed to collect all the data. 

The transition for existing radios like the 
Rohde & Schwarz EK 890 to DSP-based radios 
like the EK 895 is performed by replacing the 
conventional analog IF section and the audio 
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Figure 5. High intercept point mixer using FET switches. 

portion with the appropriate DSP. In the EK are the input filter switching, the input mixer 
895, the performance increase in the DSP area and its roofing filter (it's too wide for cost rea- 
is more dramatic than the catch up in the hard- sons-narrow filters cost three to five times 
ware area in the front end. The weakest links more). and the synthesizer. 

Table 7 .  Receiving bandwidths 
in Hertz. 

3 dB 60 dB 
+/-25 +I-75 
+I-75 +/- 150 
+I- 1 50 +I-225 
+I-300 +/-430 
+/-SO0 +/-770 
+I-750 +I-990 
+I- 1050 +I- I600 
+I- I 200 +I- 1760 

+I- I900 +I- 1350 
+I- 1550 +I-2 100 
+/-3000 +/-4200 
+I.-4000 +I-5200 

The jury is still out on whether direct digital 
signal (DDS)-based synthesizers are better or 
whether one s h o ~ ~ l d  use the fractional division 
synthesizer approach. In the case of multimode 
transceivers, it is possible to apply fast rnodula- 
tion to the fractional division N synthesizer, but 
care must be taken not to violate some of the 
patents around this area. Figure 4 shows a syn- 
thesizer, which I published recently.2 Its phase 
noise requirements are quite sufficient com- 
pared to shortwave dynamic requirements. 

MOS switches in  mixers have also improved 
the dynamic range. The schematic in Figure 5 
shows a quad circuit with a measured 3rd order 
intercept point of 40 dBrn or better, with a 2nd 
order intercept point of 77 to 80 dBm, and an 
insertion loss of about 6.5 dB. Its upper fre- 
quency limit of about 100 MHz is determined 
by the actual physical construction and the 
capacitance of the MOS transistors. 



Figure 6. Improved filter switching system using JFETs 

Motorola is working on LD MOS devices 
for power applications that show high power 
output up to 40 watts at 1 GHz. It is now possi- 
ble that a side scaled-down version o f  the tran- 
sistor would allow a quad-mixer design that 
can be operated above 1300 MHz. The roofing 
filter, which is driven by the mixer, is also in 
the critical path for radio amateur applications 
with FM capabilities. This filter is generally 
found to be too wide and deteriorates the per- 
formance. A +/- 5 kHz filter is still too expen- 
sive for ham equipment, but the com~nercial 
users with their narrowband frequency modu- 
lation (NBFM) applications take advantage o f  
it. This is the last headache for users o f  ham 
equipment, and it would be nice to have a 
retro-fit available. Radios with multiple IFs 
operating in CW mode show severe in-band 
intermod products. 

The final headache, so to speak, remains the 
input filters' switching mechanism. For low 
loss, relays are the best choice; however, for 
more affordable applications. a novel technique 
~rsing JFETs has heavily biased switches with 
essentially no DC supply voltage. 

Figure 6 shows the simple gating arrange- 
ment. The only complication that arises for the 
designer has to do with the generation o f  a pos- 
itive and negative voltage to bias the gate. 
Companies such as Maxim manufacture small 
inexpensive DC-to-DC converters and, there- 
fore, single power supply radios can be updated 
easily. Having shown intermod performance 
that is better than the mixer, the diodes are 
transparent in the design. 

DSP and the radio 
As outlined in the introductory paragraphs, 

digital signal processing, which is really per- 
formed by a complex chip set, is used both in 
the IF and the audio. In order to sound modern 
and "jump" on the bandwagon, many compa- 

nies have incorporated the DSP in the audio 
area with limited performance increase. 

The first truly affordable all DSP transceiver 
is Kenwood's TS-870. It is a combination o f  
well-established techniques and moves the input 
frequency from a first IF o f  73.5 MHz to 8.8 
MHz, 455 kHz, and finally down to about 1 1  
kHz. In high-end transceivers, like the Rohde & 
Schwarz XK2100, the second IF jumps down 25 
kHz directly. This can be established by using 
an image reject mixer. Such a scheme avoids the 
close-in intermodulation distortion (IMD) prob- 
lems. Figure 7 contains a more detailed block 
diagram o f  a digital SSB receiver as mentioned 
in Reference 3. After review, it becomes appar- 
ent that the digital portion o f  the receiver starts 
at the A to D converter and the overall perfor- 
mance is highly dependent upon this converter. 

The Rohde & Schwarz XK2100's block dia- 
gram illustrates the following properties: The 
gain from the antenna to the input o f  the A to D 
converter is 48 dB with an AGC (automatic 
gain control) range (analog) o f  about 34 dB. 
The A to D converter has an impedance input 
point o f  15 k ,  so part o f  the gain is due to the 
impedance transformatio~l from 50 ohms to 15 
k. The A to D converter part o f  the DSP system 
is a 16-bit device with a 96-dB signal-to-noise 
ratio from 5 volts peak-to-peak input maximum 
voltage down. The A to D converter operates at 
a 3.2 MHz reference sampling frequency exter- 
nally and then internally reduces this to 100 
kHz sampling. 

These types o f  A to D converters are also 
referred to as Sigma (x) Delta (A)  converters, 
which consist o f  a system wherein high accura- 
cy is obtained at relatively slow sampling rates. 
This is accomplished by grossly oversampling 
with a 4-bit A to D converter or higher in a 
feedback loop. At the same time, the require- 
ments o f  the analog anti-aliasing filter are con- 
siderably relaxed. The associated low-pass fil- 
ter needs to be only half o f  the sampling fre- 
quency and, therefore, is 50 kHz. 

By using a mixing process that occurs due to 
undersampling, we can translate the channels to 
a baseband with a narrower decimating filter. 
This decimating process is dependent on the 
actual bandwidth. As the bandwidth becomes 
narrower, the sampling moves from 25 to 12.5 
to 6.25 kHz and ultimately down to 1.78 kHz. 
This sampling frequency is reduced to maintain 
the same amount o f  number crunching and, 
therefore, the same delay. 

While maintaining a 16-bit arithmetic, the fil- 
ter types chosen still have up to 20 m s  delay to 
calculate. Such a system will be difficult for 
ARQ operation. The type o f  filters calculated 
by the DSP system are called FIR (finite 
impulse response) filters. Figures 8 and 9 
show their characteristic appearance. Rather 
than going into the noise floor, these filters 
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Figure 7. Block diagram of a digital SSB receiver. 

have a stop-band ripple typical for these types 
of digital filters. A more dramatic presentation 
of this is shown in Figure 10. 

The use of FIR filters allows for the design of 
arbitrary selectivity curves and orders as high 
as the 100th. The main advantages these DSP 
filters offer is that the time delay is absolutely 
flat and constant with varying frequencies. 

It is practically impossible to build such fil- 
ters in analog form. As to the ringing noticed in 
CW, there are two causes. One is due to the 
reduced bandwidth and the other is due to 
group delay distortion. These particular types 
of FIR filters do not add any ringing; therefore. 
for a given bandwidth, the FIR filter rings less 
than a conventional filter. 

Another problem can also occur if the skirts 
are made steeper than necessary. There is cer- 
tain splatter or bandwidth emissions from all 
amplitude-modulated signals, and because one 
seldom has the task of removing only a con- 
stant carrier (this is done at a different place 
than the DSP), excessive shape factors only 
punch holes into noise producing a sinusoidal 
voltage output much like ringing. Table 1 is a 

useful selection of bandwidths and shape fac- 
tors for receivers. 

The DSP unit not only provides the selecdvi- 
ty, but also handles the automatic gain control. 
For these types of systems, dual-loop AGC is 
required. The analog portion of the AGC, 
which is wrapped around the input stage, takes 
over after the input signal reaches sufficiently 
high levels. This threshold is typically set 
between 1 and 5 mV. 

Some noise ca~cu~ations 

The "digital" SIN ratio: 

where: 
F, = A to D sample rate 
b = number of bits 
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Figure 8. CW filter width. 

This is the theoretical maximum signal to Therefore: 
quantization noise density ratio. It is somewhat 
similar to the signal-to-noise ratio using sinu- F = l +  

(95E - 6)2 
= 970 

soidal  waveform^.^ 6 1.38E - 23 300 153E3 253E3 

If our A to D converter has 5 volts P-P then, F = 10 . (970) =: 30 dB 

25 
To determine the analog gain, we solve the 

( " P - P ) ~  - N =- - Friis formula for VG I : 
12 232 12 4.3E9 

2 - ' with FTOT = F input +- 

= 484E - 12 Watts 
where: 

"GI 

From this equation, U2/R = N, we solve: Finput = noise factor of the input stage 
F7 = noise factor of the A to D converter 

U = d 5 0 - 2 3 E -  12 VG, = voltage gain of the preamp system 

= 34 p V  or We solve this for VG I with the understand- 
= 95 pVP-P ing that we want a total noise factor of equal to 

or better than 10. Assuming that the input stor- 
The noise figure can be expressed as: age noise figure is 3 dB, we now obtain: 

( V K P )  
F =  I +  with 

6KTRsFs 

Solving this for x results in: 
where: 
K = Boltzman's constant (1.388-23), 970 
T = Room temperature degrees Kelvin (300) = - 7 = 138S7 Or 42.8 dB 

R, = Generator impedance of the A to D con- 
verter ( 1  5 k) 

F, = Sample frequency of A to D converter This is the required voltage gain to match the 

(25E3) prescribed noise figure. Recall that we had 
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already set the preamplifier gain to 48 dB, 
allowing for a safety margin towards tolerance 
and differentiating between sinusoidal and 
quantization noise. 

Noise cancellation 

Besides providing superb selectivity in filters. 
the other attractive feature of DSP is its ability 
to deal with correlated and uncorrclated signals. 
The DSP processors either at RE' or IF levels or 
at audio frequencies can compare signals and 
determine whether or not they are: not correlat- 
ed, slightly correlated, or totally correlated. Such 
adaptive filters were developed li)r echo cancel- 
lation in long distance telephone lines. In the 
book Introduction to A~iccl~ti~lr FiltersS by Simon 
Haykin, these methods are well described. The 
DSP can detect certain classes of signals and 
subtract them from a wide frequency band, 
thereby effectively canceling signals. This is 
done in the time domain. The opposite is possi- 
ble, or noncorrelated signals can be removed, 
enhancing the correlated signals. Modern noise 
reduction tcchniques and automatic notch filters 
are a combination of both. 

Given the number of adaptive filters, we can 
distinguish between a) adaptive noise canceler; 
b) adaptive self-tuning filter; c )  canceling peri- 
odic interference without an external reference 
source; d) adaptive line enhancer: e )  system 
modeling; and t) linear combiner. Regardless of 
whether the noise reduction algorithm is the 
Widrow-Hof Least Mean Square (LMS) algo- 
rithm, or the Discrete Fourier Transform 

(DFT)-based "~pectral subtraction" algorithm, 
DSP noise reduction works by finding the most 
significant spectral lines in a signal and then 
forming bandpass filters around the strongest 
energy concentrations. The particular algorithm 
only determines how this is accomplished. To 
understand adaptive noise reduction, it helps to 
think about filters in a different way.h 

A very nice write-up on this topic is found in 
"Using the LMS Algorithm for QRM and QKN 
Reduction."' For those of you who are not 
radio amateurs, QRM refers to interference 
adjacent to the wanted signal and QRN refers 
to noise static. The various DSP units presently 
available on the market operate in  either fre- 
quency or time dornain. Becawse of the trans- 
formation, some of them require extensive 
number crunching, and the products by JPS, 
which generally receive high marks, transform 
the information from the time dornain into the 
frequency domain and back. This method is 
called "spectral subtraction." The resulting 
delay from this can be several hundred mS. 

Without going into details on how to design 
those, I would like to present some pictures that 
deal with the noise reduction itself. 

Figure 11 shows a spectrum from zero (0) to 
4 kHz with a wanted signal around 1.5 kHz and 
two interfering signals-one at 1 kHz and one 
at 3 kHz. After activating the auto-notch, the 
interfering signals are significantly reduced as 
is shown in Figure 12. The DSP-based filtering 
can be performed at the AF  (mostly) and the IF 
(hopefully). The 11; filtering requires signifi- 
cantly more number crunching. Figure 13 
shows the automatic notch filter rather than 



Figure 10. More dramatic presentation of the characteristic 
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beat cancellation done via DSP at the IF level. 
Figure 14 illustrates the effect of the automatic 
notch filter compared with an analog version, 
such as the Kenwood TS 950SDX. The TS-870 
is the first unit that allows beat cancellation in 
the audio and auto-notch in the IF. 

Depending on the signal type, these systems 
have different levels of effectiveness. The 
required number crunching is significant, and 
the Kenwood engineers told me they were not 
able to provide noise reduction and notch filter 
simultaneously. Figure 15 shows the general 
diagram of the adaptive filter used in the TS- 
870; Figure 16 is the block diagram of the cor- 
relation method used for noise improvement. 
Finally, Figure 17 shows the signal-to-noise 
ratio as a function of the various adaptive filters 
or correlation match system. I predict the next 
generation of DSP radios will need to have more 
computation power to deal with this situation. 

Spectral Subtraction 

0 0.1 0.2 0.3 0.4 0.5 
Frequency 

- 

Spectral subtraction is another way to reduce 
the noise in voice signals. The technique 
accomplishes much the same thing as the LMS 
algorithm, but in a different way. 

Up to this point, all of the DSP algorithms 
we have discussed work by processing a series 
of numbers that represent the signal waveform 

- 
- 

appearance shown in Figures 8 and 9. 

MI= 20 
BW = 16 
M = 3  
N + 128 

4 

as a function of time. Suectral subtraction, on 
the other hand, works by processing a series of 
numbers that represent the frequency content of 

- 
13 

C 

- 

our input signall 
To do this, DSPs use a relatively complex 

A 

1 

mathematical operation (called a transform) to 
change the signal representation from the time 

- 

- L I I t 

domain to the,frequency domain. 
For example, what comes out of an analog- 

to-digital converter is a series of numbers that 
represent the audio voltage in time increments 
at 0 ps, 100 ps, 200 ps, etc. The transformation 
operation yields a series of numbers that indi- 
cate signal energy in frequency increments at 
300 Hz, 320 Hz, 340 Hz, etc., up through 3000 
Hz, or more. 

A complementary inverse transform returns 
the frequency data to a time-domain signal. If 
we do the time-to-frequency transform and 
follow it immediately with the frequency-to- 
time (inverse) transform, we get our original 
signal back. 

Spectral subtraction is a three-step process: 
1. Transform signal to frequency domain. 
2. Process frequency domain data. 
3. Inverse transform back to time domain. 
This process repeats for successive short seg- 

ments (a fraction of a second) of audio. 
It relies on two assumptions: 
1.  Voice-frequency energy is concentrated in 

a small number of frequencies, and 
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Figure 11.  Wanted signal of 1.5 kHz in the presence of 1 and 3-kHz interfering signals. 

2. Noise energy is uniformly distributed value at or below the noise floor is noise and 
throughout the audio spectrum. sets the energy at that frequency to zero. 

Using spectral subtraction algorithms we try Conversely, it considers the signal above the 
to determine the "noise floor" of a signal. The noise floor to be voice components and allows 
process assumes that any frequency domain them to pass. 
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Figure 12. DSP removed interfering signals at I and 3 kHz shown in Figure 11. These automatic multi-tone 
notcheslbeat cancellations provide up to SO dB attenuation. 
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Figure 13. TS-870 auto notch (IF). Note the single beat rejection at 1 kHz. 

Some amateur DSPs use spectral subtraction The resulting delay through the DSP (a fraction 
for noise reduction, but the algorithm has sev- of a second) can create an annoying "electrical 
era1 disadvantages. backlash." The delay makes it difficult to rapid- 

I. It takes a substantial amount of time to ly tune receivers because the audio and dial 
perform the forward and inverse transforms. position are not synchronized. The delay also 

Figure 14. Automatic notch filter done in DSP. Can be done at IF (preferably) or at AF (typically). IF notch filter for 
multi-tones requires more computational power. 

Notch FILTER 
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Figure 16. Block diagram of the correlated method used for noise improvement. 

/' 

y (n) =s (n) +d (n) -+ - ,s (n) 
= I  ine enhancer 

,d (n) 
=beat cance 1 l er 

makes rapid contest exchanges impossible. 
2. Spurious audio "tones" result when noisy 

signals are processed in some implementations. 
These appear as seemingly random beeps at 
random frequencies and are caused by the algo- 
rithm's imperfect ability to distinguish between 
signal and noise in the frequency domain. 

3. Spectral subtraction requires much more 
DSP computing power than the LMS algo- 
rithm. All algorithms have their disadvantages; 
yet, under some conditions, spectral subtraction 
may provide the best performance. The JPS 
NIR-12 DSP, for example, provides both spec- 
tral subtraction and LMS noise reduction 
(which JPS refers to as adaptive peaking).  The 
user can choose the best noise reduction 
method for each situation. 

The above is a verbatim description as taken 
from Reference 6. 

delay 

T 

Noise blankers 

- 

Another useful application of DSP, although 
not really demonstrated in ham equipment, is 
noise blanking. Noise blanking is typically 
achieved by analyzing the incoming signal. If 

the rise or decay times are faster than either the 
human voice or transceiver switching, it is 
detected and the receiver is blanked during this 
time period. 

Impulse noise blankers are based on the prin- 
ciple of opposite modulation. In effect, a stage 
in the signal path is modulated, so the signal 
path is blanked by an AM process for the dura- 
tion of the interference. It is also possible to use 
an FM method in which the signal path is shift- 
ed to a different frequency range. The latter 
procedure8 uses the attenuation overlap of IF 
filters in a double superheterodyne receiver. 
The second oscillator is swept several kilohertz 
from the nominal frequency for the duration of 
the interference, so the gain is reduced to the 
value of the ultimate selectivity in accordance 
with slope of the filter curves. 

This method is especially advantageous as 
the switching spikes. which often accompany 
off-on modulation, should not be noticeable. 
However, when using a high-speed (wide band- 
width) FM modulator, components can appear 
within the second IF bandwidth from the modu- 
lation. The most stringent limitation of this 
method is the requirement for two identical nar- 
rowband filters at different frequencies along 

Y (n-T) 

tracking speed=MENU 

Figure 15. Block diagram of the adaptive filter used in the TS-870. 
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Figure 17. Signal-to-noise ratio as a function of the various 

with an intermediate mixer. Thus. the concept 
is limited to a double conversion superhetero- 
dyne receiver with variable first oscillator. 

When using an AM method. two types of 
processing are possible: 

1. The interference signal is tapped off in 
parallel at the input of the systems and 
increased to the trigger level of a blanker by an 
interference channel amplifier having a pass 
bandwidth that is far different from the signal 
path. A summary of such techniques is given in 
Reference 9. This niethod is effective only 
against very wideband interference because 
noticeable interference energy components 
must fall into the passband range to cause trig- 
gering. This method will not be effective in the 
case of narrowband interference, such as radar 
pulses, which are within or directly adjacent to 
the frequency range to be received. 

2. The interference signal is tapped off from 
the required signal channel directly following 
the mixer. 1 It is then fed to a fixed-frequen- 
cy second IF amplifier, where it is amplified up 
to the triggering level. Because there is danger 
of crosstalk from the interference channel, it is 
advisable to use a frequency conversion in the 
interference channel. Thus, interference ampli- 
fication occurs at a different frequency than the 
signal IF. Attention must be paid when using 
this method to ensure that there are no switch- 
ing spikes generated during the blanking 
process that can be fed back to the interference 
channel tap-off point. Otherwise there would be 
danger of puke feedback. The return attenua- 

adaptive filters or correlation match system. 

tion must, therefore, exceed the gain in the 
interference channel between the tapping point 
and the blanker. 

The blanker must be placed ahead of the nar- 
rowest IF filter in the signal path. It must be 
able to blank before the larger components of 
the transient have passed this filter. We must 
assure a small group delay in the interference 
channel by using a sufficiently broad band- 
width and a minimum of resonant circuits. It is 
desirable to insert a delay between the tap-off 
point and the signal path blanker, so there is 
sufficient time for processing the interference 
signal. If this is done, it is not necessary to 
make the interference channel excessively 
wide, while still assuring the suppression of the 
residual peak. 

Figure 18 is the block diagram of a super- 
heterodyne receiver with this type of impulse 
noise blanker. Figure 19 illustrates its opera- 
tion in the presence of a strong interfering radar 
pulse. An essential part of the blanker is the use 
of a gate circuit that can operate linearly over a 
wide dynamic range. Figure 20 shows such a 
gate, using multiple diodes. The circuit is dri- 
ven by the monostable tlip-flop, which is trig- 
gered by the noise channel. 

Figure 21 is a schematic of a noise blanker 
circuit designed following these principles. 
When the noise channel is wider than the signal 
channel, this type of noise reducer can also 
have problems from the interfering signals in 
the adjacent channels. 

In analyzing the recently published circuits 
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Figure 18. Rlock diagram of a superheterodyne receiver with blanker. 
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Table 2. Digital VL F-HF Receivers EK8 95/EK8 96. 

Frequency range 10 kHz to 30 MHz 

Resolution 1 Hz 

Frequency drift -10 to 45°C 

Frequency standard 5x 1 0-7 

Oven-controlled frequency 
standard I X I O - ~  

External frequency standard 1/5/10 MHz, 0.2 to I V,,, 

Antenna input BNC connector, 50 i2 
VSWR <3 
Max. input voltage 

(1 30 MHz) 100 V EMF 
Oscillator reradiation into 

50-ohm termination 110  pV 

Demodulation modes CWIMCW (A 1 A, A I B, A2A, A2B) 
FAX1 (FIC) 
AMIAME (A3E, H2A, H2B, H2E) 
USBLSB (R2A, R3E, J2A, J3E) 
TSB (B8E) 
FSWAFSK (FIA, FIB), F6 (F7B) 
FAX2 (F3C), FM (F3E) 
DATA LINK acc. to MIL STD 188-203- 1 A (on request) 

IF bandwidth in Hertz (standard values) 
3 dB 60 dB 
+/-75 +/- 1 50 
+/- 150 +/-225 
+/-300 +/-430 
+/-SO0 +/-770 
+/-750 +/-990 (Continrted) 
+/- 1050 +/-I 600 - 

AGC 
Amplifier 
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+/- 1 200 +/- I760 
+/- 1350 +/- 1 900 
+/- 1550 +/-2 100 
+/-2000 +/-3400 
+/-2400 +/-3700 
+/-3000 +/-4200 
+/-4000 +/-5200 

Quasicontinuous bandwidth 128 steps, 100 Hz to 8 kHz (optional) 

Sensitivity (for S/N=l OdB, f=0.1 to 30 MHz) 
AIA (CW) 0.4 pV EMF (-121 dBm), BW=300 Hz 
J3E (SSB), J7B 1.0 pV EMF (-1 13 dBm), BW=2.7 kHz 
H3E (AME), I kHz. m=60% 2.7 pV EMF (- 104 dBm), BW=6 kHz 

with preamplifier, f 3 . 2  to 30 MHz 
A1 A (CW) 0.2 pV EMF ( -  127) dBm), BW=300 Hz 
J3E (SSB), J7B 0.4 pV EMF (-121 dBm), BW=2.7 kHz 
H3E (AME), I kHz, m=60% 1.0 yV EMF (-1 13 dBm), BW=6 kHz 

Immunity to interference, nonlinearities 
Intermodulation (1.5 to 30 MHz; 
Af 230 kHz; interfering signal 0 dBm) 

IP, >60 dBm (typ. 70 dBm) 
I P ~  >30 dBm (typ. 35 dBm) 

Crossmodulation (0.1 to 30 MHz, 
interfering signal 5 V EMF (+21 dBM); 
Af 230 kHz: m = 0.3; f= 1 kHz: 
signal level 10 mV EMF (-33 dBm) 1 1  dB signal attenuation 

Blocking (0.1 to 30 MHz); 
interfering signal 6.3 V EMF 
(+23 dB); At230 kHz; 
signal level 1 mV EMF (-53 dBm) 
m = 0.3; f= 1 kHz; 

Desensitization 
(interfering signal 300 mV EMF; 
Af230 kHz: signal level 
30 yV EMF; bandwidth 3.1 kHz) 220 dB SINAD 

Inherent spurious signals 
(f> 100 kHz) <-I 13 dBm (nominal -124 dBm) 
Image frequency rejection >90 dB 
IF rejection >90 dB 
Weighted S/N ratio for 1 mV EMF >46 dB SINAD 

Gain control automatic (AGC), manual (MGC), or remote (DGC) 
AGC error 1 3  dB (I pV to I V EMF) 

Current measurements show IP2 of more than 100 dBm and IP3 typically 42 dBm between 5 
MHz and 20 MHz. It assumes the digital binary pre-selector (EK896 or XK2100) 

21 dB signal attenuation 

and their transceivers, it becomes quite obvious ess, and gating the signal in particular, has been 
that companies-for cost-saving reasons-are found to be a solution. 
not going to the extreme in having two inde- It is apparent that this process can be dupli- 
pendent receivers. By analyzing the attack/ cated in DSP in the IF stage. The first true 
decay times. a decision based upon this proc- implementations of this technique are also 



Figure 19. Waveform sketches illustration operation of noise blanker. (a) Interfering radar noise pulse 40 ps, (b) 
desired signal, (c) interference and signal after diplexer, (d) noise channel output signal, (e) blanking monostable out- 
put, (f) linear gate output, (g) delayed version of linear gate input signal, (h) delayed version of linear gate output sig- 
nal at  main channel. 

found in the XK2100 and in the EK895196. 
Research is currently underway to determine 

Summary 
whether or not the attack/decay times can be This short paper provides an overview 
evaluated based on some adaptive methods. regarding "leftovers" in the area of RF hard- 

Table 2 shows the performance of a typical ware problems and an insight into the use of 
modern DSP-based VLF-HF receiver. DSP, both for filtering and noise cancellation. 
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Figure 20. Schematic diagram of hlanker gate with high dynamic range. 

T2 0 . 4 7 ~ ~  IN4148 lN4148 0.47uH T3 - IA l0l 

r? 

The current, most advanced of these units, units installed in the United States and two in 
which combines all the available techniques, is Germany, which are used for Pactor 11, and 
the Rohde Rr Schwarz XK2100 (see Photo A). take full advantage of all filtering. Photo I3 
As 1 write this, I have two mail boxes with such shows my Florida ham station at Marco Island, 

Photo A. M y  ham station using both the analog (IC-781) and digital (XKZl0O) systems KA2WEUl4, Marcn Island. 
Florida. 
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Figure 21. Schematic diagram of an analog noise blanker circuit. 
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is connected to my ham station in the pent- 
house. The antenna is 160 feet or 50 meters 
ahove the Gulf of Mexico. 

Photo 1%. Eight-clement. log-pcri~ldir antenn;~ atol) the (';~p Jlarro %lcricl:~ 
Condominium. 3larm 1sl;lnd. Florida ( 160 feet or 50 meters .shove g r o ~ ~ n d  level). 
I t  is connect to ham station Rt\Z\VI<UN locatctl in the penthouse helow. 

using hoth the analog (IC-78 1 ) and digital 
(XK2100) systems. In Photo C, you see a 13- 
story building situated on the Gulf of Mexico 
on Marco Island, Florida, with an eight-ele- 
ment. log-periodic antenna sitting atop, which 
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Robert M. Miller, KE6F 
9655 Appalachian Drive 

Sacramento, California 95827, and 
David D. Sipe, KD6QFZ 

3367 Peace Court 
Sacramento, California 95826 

DIRECT DIGITAL 
SYNTHESIS 
On a PC platform 

T he recent introduction of single-chip 
Direct Digital Synthesis (DDS) synthe- 
sizers has opened up this once complex 

technique to a broader segment of the amateur 
radio population. DDS chips make audio and 
radio frequency generation possible to resolu- 
tions better than one 2X 10-3 Hz and at fre- 
quencies approaching the Nyquist maximum of 
fo/2 or 25 MHz with a 50-MHz clock. 

The unit described here is designed around 
the Analog Devices AD7008 and was built on 
an IBM AT format printed circuit card (ISA 
bus) shown in Photo A. The synthesizer card 
will operate in any properly designed ISA bus 
computer with a vacant, full-length, 8-bit slot. 
All power for the synthesizer is derived from 
the host PC. A stand-alone microcontroller bus 
interface is included in the board's design 

should you want to incorporate the DDS unit 
into a stand-alone, non-PC application. 

Objectives 

The original objective was to design, con- 
struct, program, and implement a low-cost sig- 
nal generator for use in a commercial six-tone 
multi-frequency shift-keyed data encoder. 
However, the finished product has many other 
uses, such as: 

signal generator from 0.01 Hz to Nyquist 
maximum, 
multi-octave sweep signal generator, 
phase contiguous FSK generator, 
radio frequency VFO to control older trans- 
mitters, receivers, and transceivers, 

Photo A. Rare hoard with reference parts location. 
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Figure 1. The schematic diagram. 



Figure 2. AD7008 PLCC pin definitions. Taken from Analog Devices Application 
note C17Y1-18-4/93 (Rev 0) page 4. 

complex waveform generator capable of con- 
current amplitude, frequency, and quadrature 
modulation via computer control. 
moderate noise component local oscillator for 
new radio designs, 
platform for DDS software developnlent to 
support future, stand-alone DDS projects, 
primary delta reference source for low-noise 
phase lock loop (PLL) systems, 
nearly unlimited programmed frequency sig- 
nal source for receivers, transmitters, and 
transceivers, and 
automated signal generator for bench testing. 

Additional features 

The board contains additional features, which 
ease the integration of the DDS function with 
external applications (see the schematic in 
Figure 1). These include: 

three general purpose TLL-compatible 8-bit 
output ports, 
three general purpose TLL-compatible 8-bit 
input ports, 
onboard crystal reference oscillator for non- 
critical DDS applications, 
general purpose line amplifier pad-out with 
isolated DC-DC converter power to minimize 
PC power bus noise contribution to the unit's 
signal-to-noise budget, 
generic passive filter pad-out area. 
a generic microcontroller interface connector 
for stand-alone applications, 
status LEDs for software debugging, 
standard DB-25 connector for both DDS sig- 
nal output and selected bit level IIO. 

external reference clock selection, and 
Bit Serial interface to DDS for dedicated con- 
troller software development and testing. 

The Analog Devices AD7008 
synthesizer chip 

Analog Devices introduced their 7008 single 
DDS synthesizer chip in 1994. This chip was a 
first in that all components for accepting binary 
frequency values and generating sinewave sig- 
nals were cast into a single plastic package (see 
Figure 2 and Photo B). You need only send a 
few bits of mode and control infortnation to the 
chip followed by a 32-bit phase accumulator 
value to generate a discrete sinewave signal. 
Calculation of the phase accumulator value and 
the actual frequency of the output signal is 
based on the formula: 

fclock * fo/2x 1 0E32 (1) 

where,fi.loc.k is the reference oscillator, and 
,fi) is the desired output frequency. The result of 
this calculation is a 32-bit binary value sent 
byte-sequentially to the AD7008 data port 
address. The AD7008 is composed of the fol- 
lowing functional areas (see Figure 3): 

control bit interface logic block, 
data bus logic block, 
dual phase accun~ulator registers, 
command and mode resisters, 
special function and modulation registers I 
and Q, 
sequence logic. 
sine ROM, 
digital-to-analog converter, 
gain control block. and 
serial data mode and frequency set interface 
logic. 

How does it work? 
Direct digital synthesis is predicated on sev- 

eral assumptions: the first is that any alternating 
current signal can be represented by a mini- 
muin of two waveform samples per signal peri- 
od (the Nyquist sample minimum). The more 
bits that can be developed per signal period, the 
better the representation of the desired wave- 
form prior to any low-pass filtering. 

The DDS system takes advantage of Nyquist 
~nathematics and produces accurate waveforms 
by representing the desired sinewave signal 
with a binary sample quantity of 10 bits. Close 
observation of the waveform coming from the 
unfiltered output shows tiny steps in amplitude 
along the time axis. The output waveform 
shape is determined by the device's lookup 
ROM table. In the AD7008, the ROM table 



contains binary values that represent a 
sinewave function. Therefore, as the phase 
accumulator transfers its contents to the address 
bus of the sine ROM, the ROM output binary 
value drives an on-chip digital-to-analog con- 
verter. This, in turn, produces a stepped 
sinewave signal with step intervals equal to the 
step value in the phase accumulator. 

How is the unit put together? 

Analog Devices has eliminated most of the 
guesswork by integrating the entire process into 
a functional block. You must, however, exer- 
cise some care in circuit layout and power 
decoupling to minimize the effects of external 
noise sources. To this end, the circuit board 
uses under-chip decoupling capacitors or inte- 
grated socket-capacitors wherever possible. A 
completed board appears in Photo C. 

The dilemma of analog and digital signal 
grounds is minimized via the use of large cop- 
per pour zones around all logic areas and 
onboard analog functions. primary power dis- 
tribution on the board also takes advantage of 
copper pour zones where routing permits. 
Power from the PC bus connector is either 
decoupled or post regulated with three terminal 
regulators. Where low noise requirements must 
be met, an optional isolated DC-DC inverter 
module can be installed to produce the f 12 volts 
DC sources for the onboard post amplifier. 

The DDS chip mounts in a 44-pin Plastic 
Leaded Chip Carrier (PLCC) socket. The 
remaining integrated circuits can be soldered 
directly onto the board, but under-chip bypass 

capacitors must be used to minimize digital 
noise on the board's power distribution bus. 
Sockets with built-in bypass capacitors should 
be of the milled pin variety to ensure the unit's 
long-term reliability. The design, however, is 
amenable to hand wiring, as the unit was ini- 
tially breadboarded on an AT protoboard and 
was operated without any noticeable instability 
or noise problems. 

Connecting and communicating 
with the PC 

The PC interface is from an Intel applications 
note (see Figure 4). Data to and from the 
board's assets are buffered to the AT bus via a 
74LS245 bidirectional bus transceiver. An 8-bit 
board address comparator, 74LS688 compares 
a switch pack for a card base address (block of 
8) and enables the card's various I10 units 
when satisfied. A 74HC138 decodes the lower 
three bits of the address bus and provides 
unique chip select signals for the AD7008 and 
auxiliary input/output port logic. Additional 
nandfnor logic is used to generate the final 110 
strobes to the 74HC373 output ports and 
74HC244 input ports. 

How are connections made to 
the unit from the outside? 

Primary DDS output signals are brought off 
the printed circuit card through a right-angle 
DB-25 connector (see PI in Photo A). Auxil- 
iary digital input and output ports, along with 

Photo H. The heart of the 1)I)S hoard. Note the A1)700X rno~~nted in a I'I,CC socket. 
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Figure 3. AD7008 functional block diagram. From Analog Devices Data Applications 

optional reference clock signaling. are brought 
off the card via single-in-line-square post head- 
ers. Onboard exclusive OR gates and power 
MOSFET drivers have been incorporated into 
selected oiltput control port pins to provide 
direct relay coil drive (less than 30 volts DC) 
and for software-independent configuration of 
bit logic levels. You niust, however, provide 
back EMF spike diodes across any driven relay 
coil to prevent damage to the driver device. 

A complete microcontroller bus connector is 
available for your dedicated controller applica- 
tions. The data bus, address bus. memory 
readlwrite. and auxiliary control signals are pat- 
terned after the Intel 805 1 n~icrocontroller. The 
interface, however, is generic in that a number 
of different microcontroller chips could be 
adapted to drive the DDS chip as well as the 
general purpose I/O ports (see Figure 5). 

Resolution versus accuracy 

The onboard crystal oscillator may be 
bypassed in favor of an extemal clock source. 
The extemal clock signal must conform to stan- 
dard TTL levels. The maximum extemal clock 
frequency is 50 MHz. The onboard crystal oscil- 
lator is an integrated. metal-can crystal oscillator 
assembly (U15 in Photo B). For most noncriti- 
cal applications, the simple onboard oscillator 
will do quite well. In moderately stable tempera- 
ture environments. the absolute frequency of the 

note C1791-18-4/93 (Rev 0). 

onboard crystal oscillator can be measured with 
an accurate frequency counter. That measured 
frequency can be inserted into the phase assimi- 
lator calculation and can correct, in software, 
any firm error attributable to the reference oscil- 
lator-a software derived free lunch. 

How is the unit calibrated? 

A principal factor to consider in the quest for 
the last digit of accuracy is the dilemma of find- 
ing an accurate calibration source. The most 
common frequency calibration sources are the 
National Institute of Standards and Technology 
(NIST) high-frequency broadcasts via radio sta- 
tion WWV. The good news is that high-frequen- 
cy broadcasts from WWV on 2.5, 5 ,  10, 15, and 
20 MHz can be received by almost any inexpen- 
sive shortwave receiver. A simple zero-beating 
of the DDS output at any of these frequencies 
will facilitate calibration. The bad news is that 
errors introduced by high-frequency propagation 
anomalies reduce WWV high-frequency accura- 
cy to approximately 0.1 parts per million. This 
will lead to an error of approximately k2.5 Hz at 
the DDS maxinlum output frequency of 25 MHz 
(50-MHz reference clock assumed). Sixty kilo- 
hertz broadcasts from WWV may be used to 
enhance the accuracy of the calibration process, 
but noise-free reception in many areas of the 
country is often problematic. 

On the other hand. high-quality frequency 



counters can provide accuracies approaching a 
few parts per 100 million. Still, this degree of 
accuracy is only obtainable if the frequency 
counter has been calibrated against either a pri- 
mary source or a recently calibrated transfer 
standard. For many radio amateur high-fre- 
quency applications and VFO substitutions, an 
accuracy of a few parts in 10 million will usual- 
ly suffice. 

How pure is the DDS signal? 
The primary spurious components in the 

DDS process are alias signals. The alias deriva- 
tion Drocess can lead to some extended calcula- 
tions and a modest amount of hair pulling. But, 
in its simplest form, the effects of alias signals 
can be minimized if DDS signals are not gener- 
ated at, or even near, the theoretical ~ ~ q ~ i s t  
maximum of fol2. 

A rule of thumb suggests that the maximum 
DDS signal frequency should not exceed one 
third of the reference clock. This would permit 
signal generation up to 16.65 MHz with a 50- 
MHz reference clock. The addition of brick- 
wall low-pass filters to the DDS may permit the 
generation of signals beyond the one third 
guideline; however, the incremental increase in 
frequency coverage may be offset by the filter's 
implementation cost. Passing the DDS signal 
through a modest LC low-pass filter will reduce 
alias signals and spurious noise by approxi- 
lnately 60 to 70 dbsr. This level of purity is sat- 
isfactory for signal generators, sweep genera- 
tors, and most transmitting applications; but 
close-in spurious noise or birdies are strong 
enough to limit the use of a DDS system as a 
local oscillator in high-performance receiver 
designs. There is, however, a mechanism that 
will minimize alias problems and, at the same 
time, mitigate phase noise comrnon to simple 
PLL signal generation. 

Combining DDS and PLL to 
minimize alias and phase noise 
components 

The fundamental flaw in simple PLL systems 
is that a small frequency step puts a strong 
demand on the filter as~ociated with the PLL 
comparator error signal. If the filter time con- 
stants are large enough to smooth out the error 
ripple, the response time to make a frequency 
step will be too long to be practical. If the loop 
time constant is made short enough to facilitate 
a reasonable response time to frequency 
change, the residual ripple on the error signal 
will cause the voltage-controlled oscillator 
(VCO) to produce numerous close-in side- 
bands--commonly referred to as phase noise. 

In a receiver mixer, the phase noise acts like a 
multitude of secondary local oscillators result- 
ing in what would have been out-of-band sig- 
nals appearing as increased noise in the desired 
receiver passband. 

Some PLL designs incorporate VCOs that 
operate at 10 to 100 times the desired frequen- 
cy to produce a larger frequency step incre- 
ment, thereby minimizing the phase noise near 
fo. The VCO signal is then divided or hetero- 
dyned down to the desired frequency. The 
process works, but the added complexity in 
both analog and digital circuitry is costly. 

The dilemma of PLL time constants, spectral 
purity, and loop response times can be mitigat- 

- - 

ed by inserting the output of a DDS generator 
in place of the PLL fixed reference. The phase 
comparison is now performed with signals in 
the RF range, rather than signals in the near 
subaudible. The VCO will still respond to the 
PLL comparator error signal, but, because the 
comparison is made at frequencies in the kilo- 
hertz or megahertz range, the error loop filters 
can be extremely sharp, with no noticeable 
response delays. 

The alias problem is also mitigated because 
the VCO would normally run at 10 or even 100 
times the DDS frequency. Therefore, a spec- 
trally pure DDS signal ranging from 3 to 6 
MHz could control a VCO running in the 30 to 
60 MHz range and perform the local oscillator 
function for an upconverted superheterodyne 
receiver. The upconversion scheme would also 
enhance image rejection. The DDS, in combi- 
nation with a simple but well designed PLL. 
would provide the following: 

frequency resolution to less than 1 Hz at 60 
MHz, 

Figure 4. Applicable AT BUS pin definitions. 
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Photo C. The hlly stuffetl board. 

RF generation without the penalty of signifi- 
cant alias signals or close-in phase noise, 
frequency stability determined mainly by the 
DDS reference clock. 
frequency accuracy determined by the refer- 
ence clock, but correctable in software, 
automated frequency setting versus time and 
event, 
nearly unlimited frequency memories, 
candidate for frequency hopper spread-spec- 
trum local oscillators, and 
remote control of radio system's frequency 
via computer data link. 

Software requirements 

Software development may be accomplished 
using a variety of PC-based program languages, 
including: Borland Turbo C@, GWBASIC@. or 
Assembly Language. Test software referenced 

in this article was developed with Borland 
Turbo C. 

Talking to the AD7008 internals 

Communication with the AD7008 intemals 
can be done in a 8/16 bit parallel mode or 
clocked bit-serial. The 8-bit paralleled mode 
was chosen over the simpler clocked bit-serial 
to ensure rapid frequency and modulation 
updates in future applications. The clocked bit- 
serial mode requires that all data (32 bits) and 
some control information be shifted into the 
device with every frequency change. 

The parallel loading process is accomplished 
in four PC I/O write cycles (see Figure 6). 
Eight-bit parallel data was chosen over the 16- 
bit option to maintain compatibility with early 
8088-based personal computers. The software 
listing references all applicable control and data 

Figure 5. Microcontroller bus definition. Notes: ( I )  RWRX is a protected write from microcontroller, (2) CHIP SELX 
is a predecoded chip select, (3) TXD is microcontroller UART transmit. and (4) RXD is microcontroller UART receive. 
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<----------------- 32-Bit Parallel Assembly Registry----------------> 
1 I I I 

I D7-DO <<A BYTE 
I I 

I I 1 A BYTE I B BYTE { D7-DO <<B BYTE 
I I I 

I I A BYTE 1 B BYTE 1 C BYTE D7-DO <<C BYTE 
I I I 

A BYTE I B BYTE I C BYTE I D BYTE I BYTE 

Figure 6. Eight-bit parallel loading sequence. Taken from Analog Devices Application note Cl791-18-4/93 (Re\ 0 )  page 4. 

registers in the AI17008 (Figures 7.8, and 9). ofher specified on comrnund line. 
~ o r n ~ l e x  n~odulation t~iodes are addressed in This value was selected because i t  didn't 
the Analog Devices data sheet. which can be cause a conflict with cards in my computer. 
downloaded from the Analog Devices Web This may not be true of your machine, 
Server on the Internet. Step = 1 Hz on startup unle.sh specified on 

cornlnand line. 
Driving the DDS board from the Frequency steps are I HZ. 5 HL. I0 HZ, 

PC keyboard 
25 HL. I00 Hz. I kHz. I0 kHr. I00 kHz. and 
I MHz, and 
Desired output frequency should not exceed 

The test program. DDS.EXE, was written by ,fi/3 and is limited to,fs/-9. 
David Sipe. KD6QFZ (see Listing 1). I t  may 
be used freely. in whole or part, by anyone who 
wishes to do so. No warranty is expressed or 
implied. Use at your own risk. Files included in 
the archive are: 

DDS.C-The C source code. This was com- 
piled using Borlatid C++v3. I .  It will also com- 
pile under Borland C v2.0 without modifica- 
tion. All code is contained in this file. Only the 
header and library files supplied with the above 
mentioned compilers are needed with the 
source file for a successful compile. 

DDS.EXE-The DOS executable file has 
been cotnpiled using the small metnory model. 
but should compile in iiny other memory tnodel 
without modificatioti. 

DDS.TXT-This is n document file. 

Command line parameters 

C<frequcncy in Hz> specifies,f:s other than 
default, 
P<portbnse>portbnse = a hex value to use 
other than default porthase of 24031. 
S<frequcncy in Hz> specified starting vitlue 
for step other than the def~ul t  must be a value 
listed above, and 
Note that conlmand line parameters are NOT 
case sensitive. 
Example: dds ~32000000 p24X s25 

This specifies a source clock of 32 MHz at a 
portbase address of 248h. The initial step value 
is 25 Hz. 

Program information and Menu options 
default values 

UpArrow-lncrementsfi) by the step value. 
Output frequency (JIJ = 0, DownArrow-Decrementsfo by the step 
Source clock If:,.) = 50 M H z  on startup unless value. 

Figure 7. Source and destination registers. Cro~n Analog Devices Application note ('1791-18-4/93 (Rev 0) page 6. 
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TC3-TC2 

0 0 

1 0 

1 1 
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/* Test code for AD7008 DDS 

Source clock (Fs) = defaults to 50 Mhz on startup unless specified on command line 

Portbase = defaults to 240h on startup unless specified on command line 

Step = defaults to 1 Hr on startup unless specified on command line. Selectable frequency Steps 
are 1Hz, SHz, IOHz, 25Hz, 100Hz, lKHz, IOKHz, IOOKHz, and 1MHz. 

Desired output Frequency (Fo) should not exceed Fs/3, and is limited to Fs/2. 

Command line parameters: 
C<freqency in Hz> specifies Fs other than default 
P<portbase> specified as a hex value to use other than default portbase of 240h 
S<freqency in Hz> specified starting value for step other than the default. Must be a value 
listed above. If not, the next lower value will be substitued. 

Program menu options: 
UpArrow - Increments Fo by the step value 
DownArrow - Decrements Fo by the step value 
PageUp - Increments Fs by the step value 
PageDown - Decrements Fs by the step value 
LeftArrow - Decrements the step value to the next lower value 
RightArrow - Increments the step value to the next higher value 
Home - Sends the most recent Fo to the DDS 
End - Sends Fo = 0 Hz to the DDS 
Del - Resets the DDS 
F l  - Increments the portbase by 8 
F2 - Decrements the portbase by 8 
F3 - Toggles the Red LED On/Off 
F4 - Toggles the Yellow LED On/Off 
*/ 
/* Includes*/ 
#include <stdio.h> 
#include <stdlib.h> 
#include <string.h> 
#include <conio.h> 
#include <dos.h> 
/* General programs */ 
#define EVER .. 
#define MAXCLOCK 5 1000000.0 
#define DEFCLOCK 50000000.0 
#define NUMSTEPS 9 /* max number of selectable step frequencies */ 
/* Keyboard return codes */ 
#define ESC Oxlb 
#define ENTER OxOd 
#define UPARROW 0x4800 
#define DOWNARROW 0x5000 
#define LEFTARROW 0x4b00 
#define RIGHTARROW 0x4d00 
#define PGUP 0x4900 
#define PGDN 0x5 100 
#define HOME 0x4700 
#define END Ox4fO0 
#define INSERT 0x5200 
#define DEL 0x5300 
#define PLUS 0x2b 
#define MINUS 0x2d 
#define STAR 0x2a 
#define SLASH 0x2f 



#define F 1 0x3b00 
#define F2 0 x 3 ~ 0 0  
#define F3 0x3d00 
#define F4 0x3e00 
#define F5 Ox3fOO 
#define F6 0x4000 
#define F7 0x4 100 
#define F8 0x4200 
#define F9 0x4300 
#define F 10 0x4400 
/* Port addresses */ 
#define ASMREG 0x240 
/* Command stobes */ 
#define RESET 0x20 
#define LOAD Ox 10 
/* Control bits */ 
#define TCO 0x0 1 
#define TC 1 0x02 
#define TC2 0x04 
#define TC3 0x08 
/* Destination Registers */ 
#define FREQO 0x00 
#define FREQ 1 0x0 l 
#define PHASE 0x02 
#define IQMOD 0x03 
/* Source Registers */ 
#define PAR2CMD 0x00 
#define PAR 0x08 
#define SAR 0 x 0 ~  
I* Lights */ 
#define RED 0x40 
#define YEL 0x80 
I* Function prototypes */ 
void cmdline(int ac,char *av[]); 
unsigned int getkey(void); 
unsigned long calc-ph-acc(unsigned long f); 
void write-phaseaccum(unsigned long ph-acc,int dest); 
void reset-dds(void); 
void xfer(int dest); 
void lights(int cmd): 
/* Global Variables modified dymamically during program execution */ 
unsigned long step; /* the frequency change step in Hz */ 
int stepnurn = 0; /* step pointer */ 
unsigned long freq = OL; /* the output freqency in Hz */ 
unsigned long phasecrccum = OL; /* 32bit phase accumulator value sent to DDS */ 
I* global variables modified either from command line or interactively */ 
iouble fclock = DEFCLOCK; /* source fclock frequency */ 
I* port addresses for DDS board */ 
~nsigned par = ASMREG: /* parallel assembly register */ 
~nsigned control = ASMREG + 1 ;  /* tranfer and control register */ 
unsigned auxl = ASMREG + 2; /* auxilliary control register #I - lights */ 
.Insigned aux2 = ASMREG + 3; /" auxilliary control register #2 */ 
lnsigned aux3 = ASMREG + 4; /* auxilliary control register #3 */ 
'* global variable used as constants */ 
msigned long steplist[NUMSTEPS]= ( 1 L,SL, I OL.25L. 1 00L, 1 000L, 10000L. 100000L. 1000000L ) ; 
jouble twoto32nd = 4294967296.0;; 
qoid main(int ac,char *av[]) /* will add command line parms later */ 
I 

unsigned long f; 
unsigned ch; 
int i,t; 
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double tclock; 
step = steplist[stepnum]; /* initial step */ 
/*init();*/ /* set all variables to default values */ 
if(ac > I )  /* if any command line parameters, use them */ 
cmdline(ac,av); /* parse and decode command line */ 
clrscr(); 
for(EVER) 
{ 

gotoxy( l , l ) ;  
clreol(); 
printf("0utput Frequency = %Id Freqency Step = %ld\n",freq,step); 
clreol(); 
printf("PortBase = %Xh Source Clock = % 1 . 1  h",par,fclock); 
printf("hLEFT and RIGHT arrows adjust Step,hn); 
printf("UP and DOWN arrows adjust Freq by steph"); 
printf("PGUP & PGDN adjust Clock by steph"); 
printf("H0ME - Send most current Freqh"); 
printf("END - Stop Freq outputh"); 
printf("DEL - Reset DDSh"); 
printf("F1 - Increment portbase address by 8h"); 
printf("F2 - Decrement portbase address by 8h"); 
printf("F3 - Toggle RED leclb"); 
printf("F4 - Toggle YELLOW ledh"); 
printf("ESC - Exit programb"); 
ch = getkey(); 
switch(ch) /* Selects user function by keypress */ 
( 

case RIGHTARROW: /* increment step */ 
if(++stepnum < NUMSTEPS) /* still in range'? */ 

step = steplist[stepnum]; /* set the new step value */ 
else 

stepnum-; /* else restore step pointer */ 
break; 

case LEFTARROW: /* decrement step */ 
if(-stepnum >= 0) /* still in range? */ 

step = steplist[stepnum]; /* set the new step value */ 
else 

stepnum++; /* else restore step pointer */ 
break; 

case UPARROW: /* increment freq by step */ 
f = freq + step; 
if(f <= fclock/2L) /* Not > fclock/2, else do nothing */ 
( 

freq = f; /* save the new frequency */ 
phaseaccu~n = calc-ph-acc(freq); 
write-phaseaccum(phaseaccum,FREQO); 

I 
break; 

case DOWNARROW: /* decrement freq by step */ 
if(freq >= step) /* must have room to dec, else do nothing */ 
{ 

freq -= step; /* update to the new frequency */ 
phaseaccum = calc-ph-acc(freq); 
write-phaseaccum(phaseaccu~n~FREQ0); 

I 
break; 

case PGUP: /* increment clock by step */ 
tclock = fclock + (doub1e)step; 
if(tclock < MAXCLOCK) 

fclock = tclock; 
break; 



case PGDN: /* decrement clock by step */ 
tclock = fclock - (doub1e)step: 
if(tc1ock >= 0.0) 

fclock = tclock; 
break; 

case HOME: /" write most recent freq value to dds */ 
phaseaccum = calc-ph-acc(freq); 
write-phaseaccum(phaseaccum,FREQO); 
break; 

case END: /* write '0' freq value to dds */ 
wri te-phaseaccum(OL,FREQO); 
break; 

case FI : /* increment base port address by 8 */ 
par += 8; /* PAR port address */ 
control = par + 1 ; /* Control register address */ 
aux I = par + 2; /* Aux Control register address */ 
aux2 = par + 3: /* Aux Control register address */ 
aux3 = par + 4; /* Aux Control register address */ 
break; 

case F2: /* decrement base port address by 8 */ 
par -= 8;  /* PAR port address */ 
control = par + 1; /* Control register address */ 
aux 1 = par + 2; /* Aux Control register address */ 
aux2 = par + 3; /* Aux Control register address */ 
aux3 = par + 4; /* Aux Control register address */ 
break; 

case F3: /* toggle red light */ 
lights(RED); 
break; 

case F4: /* toggle Yellow light */ 
lights(YEL); 
break; 

case DEL: /* reset */ 
reset-dds(); 
break: 

default: 
break; 

1 
if(ch == ESC) /* exit program */ 

break: 
1 
return; 

1 
I* 
FUNCTION NAME: cnidline() 
DESCRIPTION: Parses and interprets the cotnmand line parameters 
REQUIRES: The command line variables. 
RETURNS: nothing 
COMMENTS: Sets global variables with values that override 

default values for Source clock frequency, port 
base address, and the step frequency. 

*/ 
void cmdline(int ac,char *av[]) 
{ 

int i; 
int a; /* temp variable to keep track of command line parameters */ 
char *p; /* temp pointer to command line parameters */ 
a = a c -  I ;  
while(a > 0) 
I 
p = av[aJ; /* point to parameter string */ 

1 



switch(p[O]) /* use first character to identify */ 
{ 
case 'C': /* Source clock frequency both upper and lower */ 
case 'c': /* case so not case sensitive */ 

p++; /* increment the pointer past the switch value */ 
fclock = atof(p); 
break; 

case 'P': /* base port address, in hex on cmd line */ 
case 'p': 

p++; 
sscanf(p,"%lx",&par); 
break; 

case 'S': /* Starting step value in decimal */ 
case 's': 

p++; 
sscanf(p."%ld",&step); 
i = NUMSTEPS - 1 : 
while(i >= 0) I* check against all legit values */ 
{ 

if(step >= steplist[i]) 
( 
stepnum = i ;  /* save the pointer */ 
step = steplist[stepnurn]; /* and closest legit value */ 
break; /* done, short circuit while loop */ 

1 
i-; /* decrement for next test */ 

I 
break; 

default: 
break; 

I 
a-; /* decrement to look at next parameter */ 

1 
return: 

I 
/* 
FUNCTION NAME: getkey() 
DESCRIPTION: Waits for a keystoke and then reads the key pressed. 
REQUIRES: nothing 
RETURNS: The value of the keypress. 
COMMENTS: Reads the keystoke, determines if it is a normal key 

or and extended key. If i t  is a normal key, letter, 
number, etc, the first getch() returns the ASCII value 
of the key, an unsigned int value from Ox01 to Oxff. This 
value is returned by the getkey function. If the keypress 
is and extended key, a second call to getch() returns the 
scan code of the extened key. This value is shifted to the 
upper byte of the integer and returned as a multiple of 
256. For example, FI returns Ox3b00, F2 returns 0x3~00 .  

"1 
unsigned int getkey(void) 
{ 

unsigned int ch; 
ch = getch(); 
if(ch == 0) 

ch = get&() << 8; 
retum(ch); 

I 
/* 
FUNCTION NAME: calc-ph-act() 
DESCRIPTION: Calculates the 32 bit phase accumulator value representing 



the desired output frequency for the DDS chip 
REQUIRES: The desired output frequency as an unsigned long int. 
RETURNS: The phase accumulator value as an unsigned long int 
COMMENTS : Floating point is used to eliminate errors caused 

when integer values would be tumcated during the 
divide operations. 

*/ 
unsigned long calc-ph-acc(unsigned long fl) 
{ 

double f; 
f = (doub1e)fl; 

return( (unsigned long)((twoto32nd/fclock)*f) ); 
1 
/* 
FUNCTION NAME: write-phaseaccum0 
DESCRIPTION: Writes the 32 bit phase accumulator value to the 

parallel assembly register in the AD7008. 
REQUIRES : The 32 bit phase accumulator value an unsigned long int. 
RETURNS: nothing 
COMMENTS: Breaks the 32 bit phase accumulator value into four 

bytes. Each byte is sequentially written the the 
parallel assembly register as it is parsed from the 
32 bit word. The most significant byte is done first, 
followed by the next most significant until the least 
significant is done last. After the fourth byte is 
written, the xfer() function is called to transfer 
the value to the frequency register, thus generating 
the desired output frequency. 

*/ 
void write-phaseaccum(unsigned long ph-acc,int dest) 
( 

int i = 4; 
gotoxy(l,20); 

clreol(); 
printf("phase-acc = %Ixh\nW,ph-acc); 
while(i-) 
( /* start with MSB and send 4 bytes in decreasing significance */ 

outp(par,((int)(ph-acc >> (i*$)))&Oxff); 
1 
xfer(PARldest): /* now transfer from the PAR to the FREQ register */ 
return; 

1 
/* 
FUNCTION NAME: xfer() 
DESCRIPTION: Transfers the 32 bit phase accumulator value from the 

source register to the destination register in the AD7008. 
REQUIRES: An integer value with the 4 bit command specifying the 

source and destination registers. 
RETURNS: nothing 
COMMENTS: The first output writes the 4 bit command to the 

latch on the transfer control bus of the AD7008. 
This is done prior to insure that the data on the 
transfer control bus is stable prior to the load 
strobe. The second ORs in  the load strobe bit, thus 
strobing the LOAD tern1 on the AD7008. The third again 
writes the 4 bit command to insure the data on the bus 
remains after the strobe. 

*/ 
void xfer(int cmd) /* c1nd=4 bit cmd, source and dest reg */ 
( 

outp(control,cmd&0xff); /* write command (cmd) */ 
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outp(control,(LOADlcmd)&0xff); /* now with the load (transfer) bit */ 
outp(control,cmd&0xff); /* hold command after lsoad bit drops */ 
return; 

) 
/* 
FUNCTION NAME: reset-dds() 
DESCRIPTION: Resets the AD7008 to power up defaults. 
REQUTRES: nothing 
RETURNS: nothing 
COMMENTS: 

*/ 
void reset-dds(void) 
{ 

outp(contro1,RESET & Oxff); 
outp(contro1,0~00); 
return; 

1 
I* 
FUNCTION NAME: lights() 
DESCRIPTION: Toggles either the red or yellow LED on/off 
REQUIRES: An integer value specifying which LED to toggle 
RETURNS: nothing 
COMMENTS: Reads the current state of the latch controlling 

the specified LED. Then writes a value toggling the 
latch to the opposite state. 

*/ 
void lights(int cmd) 
( 

char old; 
old=inp(aux 1); /* read the current status */ 
if(cmd && old && Oxff) /* already set? */ 

outp(aux 1 ,(-cmd)&old&Oxff); /* then clear it */ 
else 

outp(auxI,(cmdlold)&0xff~; /* else set it  */ 
return; 

I 

Figure 8. AD7008 control registers. Taken from AD7008 DDS Modulator Applications Note C1791-18-4/93 (Rev 0) page 7. 
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Description 

Command Register. This is written to uslng the p a d e l  assembly 

refiter 

Frequency Select Register 0. This def ies  the output Frequency, when 
FSELECT = 0, as a fraction of CLOCK frequency 

Frequency Select Register 1. This deflnes the output Ikquency, when 

FSELECT = 1, as a fraction of the CLOCK frequency 

Phase offset register. The contents of thls Is added to the output of the 

phase accumulator 

I and Q Amplitude Modulation Register. This def ies  the amplitude of 

the I and Q signals as 10-bit two complement binary fractions. DB(9:Oj b 

multiplied by the quadrature (sine component and DB[9;0] is multiplied 

by the IN-Phase (cosine) con~ponent. 

Reset 

State 

AU Zeroea 

AU Zeroes 

AU l ames  

AU Zeroes 

All Zeroes 

Register 

COMMAND REG 

FREQ 0 REG. 

FREQ 1 REG. 

PHASE REG 

1 Q Mod Reg. 

Size 

4 bits CR3-CRO 

32 Bits, DB313BO 

32 Bits, DB31-DBO 

12 BITS DB11-DBO 

20 Bits DB19-DBO 
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Parts l i s t  
Source Codes: A=Allied 

D=Digikey 
J=Jarneco 
M=Mouser 
N=Network 

Item Qty Reference Value Source 
1 15 Cl,C2,C3,C4,C6.C7,C8,C9,ClO,Cll, 

C12, C14, C18, C19. C21 .1 UF D, J, M 
2 1 C5 22PF D, J, M 
3 2 C13, C20 4.7UF D, J, M 
4 2 CIS. C16 .33uf D, J ,  M 
5 1 C17 .33UF D, J ,  M 
6 1 CR I MOV D, J ,  M 
7 4 DI, D2, D3, D4 LED D, J, M 
8 1 DC 1 DCDS 0 5  12s M 
9 1 J 1 P/O PC Board 
10 9 JPI, JP2, JP3, JP4, JP5, JP6, JP8, JP12, JP25 HEADER 4 D, J, M 
1 1  1 J P7 HEADER 9 D, J, M 
12 5 JP9, JPIO, JPI 1, JP13, JP26 HEADER 2 D, J, M 
13 7 JP14, JP15, JP18, JP20,21, JP22, JP23 HEADER 8 D, J, M 
14 1 JP19 HEADER 6 D, J, M 
15 1 JP24 HEADER 20x2 D,J,M 
16 1 P l (short reach PCB right angle) CONN. DH25 D,J,M 
17 6 Q 1, Q2, Q3, Q4, Q5, Q6 VN l OKM D, J, M 
I8 1 R 1 l 00K D, J, M 
19 1 R2 536 D, J, M 
20 4 R3, R4, R15, R16 1 K D, J ,  M 
21 2 R5, R6 1 OK D, J,  M 
22 2 R7, R8 68 D, J ,  M 
23 1 R9 18K D, J,  M 
24 1 R10 604 OHMS D, J, M 
25 4 Rl1, R12, R13, R14 180 D, J, M 
26 1 R17 4.7K D, J ,  M 
27 1 R 18 (10K app. Specific) POT D, J, M 
28 1 RPI (10k) RSIP9 D, J ,  M 
29 1 S I SW DIP-8 D, J, M 
30 1 TI (see ARRL Handbook 1: 1 50 Q) Application Specific 
31 1 U I 74LS688 D, J ,  M 
32 1 U 2 74LS245 D, J, M 
33 1 U 3 NE5534/LM6 13 1 D, J, M 
34 1 U4 74HC 138 D. J, M 
35 1 U5 LM7805 D, J, M 
36 1 U6 AD7008 D, J, M 
37 2 U7, U8 74HC86 D, J ,  M 
38 4 U9, Ul0. U16, U17 74HCT373 D, J, M 
39 1 U11 74HC02 D, J ,  M 
40 1 U 12 74HC32 D, J, M 
41 4 U13, U14, U18. U19 74HCT244 D, J, M 
42 1 U 15 50 MHz OSC D, J, M 

Milled IC sockets with built-in bypass capacitors are available from Mouser Electronics under the 
Mil-Max brand. Mouser stock numbers: 575-4933 14 (14 pin), 575-493316 (16 pin), and 575- 
493320 (20 pin). 
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Figure 9. Command register bits. Taken from AD7008 DDS Modulato~ 

CRO 

CRI 

CR2 

CR3 

PageUp-Increments,fo by the step value, 
PageDown-Decrements fs by the step value. 
LeftArrow-Decrements the step value to the 
next lower value, 
RightArrow-Increments the step value to the 
next higher value. 
Home-Sends the most recent fo to the DDS 
and is useful after adjusting,fs to send new 
phase accumulator value to DDS, 
End-Sends fb = 0 Hz to the DDS, 
Del-Resets the DDS, 
F 1 -Increments the portbase by 8, 
F2-Decrements the portbase by 8, 
F3-Toggles the Red LED On/Off, and 
F4-Toggles the Yellow LED OnIOff. 

The finalities 

1 0  

-1 

-0 
-1 

-0 

-1 

-0 

-1 

The basic DDS board can be used in a variety 
of applications. The additional 110 ports pro- 
vide for control of external hardware. Items 
such as antenna .;election, band switching 
relays, and mode of transmission changes are 
just a few of the possibilities. Through software 
development, complex modulation schemes are 
also possible. Accurate and phase contiguous 
FSK signals can be generated by manipulating 
the FSELECT bit in the DDS control port. 
Another attractive capability of the DDS board 
is its ability to enhance older radio perfor- 
mance. With some restrictions, the DDS board 
may be used as a stabilized replacerl~er~t for the 
Collins 3 12B5 external VFO. The venerable 
Heathkit DXlOO can take on rocklike stability 
with a simple DDS interface board to raise the 
injection voltage to vacuum tube levels. 

Tests were run using the DDS board with a 
Heath SB-104A transceiver. The NE5534 oper- 
ationril amplifier was replaced with a National 
LM7618 1 current rnode device with a gain set- 
ting of five. The DDS signal (unfiltered 4-volt 
P-P) was inserted into the SB-104A's external 

- 

Eight Bit Databus. PLns D15-D8 are ignored and the parallel assembly register shifts eight places lef? on 
each write. Hence four successive nrifos are required to load the 32-bit parallel assembly register 
Sixteen-Bit databus. The pardel assembly register shlltr 16 places left on each waite. Hence two successive 
writes are required to load the 32-bit parallel assembly relister, Figure xxx 

Normai Operation 
Low Power Sleep Mode. Internnl Cloclrs and DAC cumr~t  sources are turned OR 

Amplitude Modulation Bypaas the output of the s h e  LUT ia dlrectly sent to the DAC 
AmpUtude Modulation Enable. I Q moddatlon is enabled dowlng AM or QAM to be performed 

Synchronizer Logic Enabled. The FSELECT, LOAD, and TC3-TCO signals are passed through a Cstage 

pipeline to synchronize them d t h  the CLOCK fkquency, avoiding metnstnbllity problems 
Synchronizer Logic Msabled. The FSELECT, LOAD, and TCJ-TCO signals bypnss the synchronization 

logic. This allows for faster response to the control signals 

r Applications Note C1791-18-4/93 (Rev 0) Page 7. 

VFO jack. On-air tests were encouraging. 
Frequency stability was excellent. A 24-hour 
worst case drift of 4 Hz was noted. All SB- 
104.4 crystal oscillators and sideband selection 
oscillator errors were accounted for in software. 
The end result was digital frequency control 
accurate to a few Hz with tuning steps ranging 
from 1 Hz to 1 kHz-quite an improvement 
over the Heath VFO. In-depth off-air analysis 
hasn't been compiled at this time, but no 
increase in receiver noise or spurious responses 
were noted during the on-air tests. 

Specific application schemes for other radios 
are beyond the scope of this article. but the suc- 
cess of the Heath SB-I 04 test is encouraging. 
Nunierous ham radio transmitters. receivers, 
and transceivers use variable local oscillators in 
ranges less than 10 MHz and would be candi- 
dates for a Digital Frequency Oscillator (DFO). 

Building information 

Those interested in building their own DDS 
board will find the cornponents needed for this 
project in the Parts List. For pc board informa- 
tion, contact <rmmiller@IX.netcom.com> or 
<dsipc@calweb.com>. 
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Dennis R. Blanchard, KI YPP 
143 East Road 

Hampstead, New Hampshire 0384 1 

A CONTINUOUS 
DUTY BATTERY 
CONTROLLER 
Charge any size lead-acid battery 
system, gelled electrolyte, or l iquid 

u nder emergency conditions, battery 
power is often the best possible source 
of immediate energy to run communicn- 

tions equipment. It's quiet, portable. ready to 
use. and compact. Gelled-electrolyte cells are 
available from surplus suppliers and at flea 
markets. These cells are often "pulls" from 
companies that replace cells in their equipment 
on a routine basis (say, every two years), so a 

good power back-up system is always ready to 
meet emergency demands. Typically, thesc 
cells haven't been abused and are in excellent 
condition. with many years of use left in them. 

Keeping batteries ready for use can be a bur- 
densonic task without a proper charging sys- 
tem. A standard department storo charger is 
often nothing nlore than a bulk charging system 
that durnps a large current into [lie battery until 

Figure I. Battery controller po\sler supply schematic. 

NOTE: U 5 ,  R 1  and R 2  a r .  not pr.s.nt 
and D 6  i s  c n l v  j u m p e r  on a l l  
n o d a l a  *xc.pt 2 8  uolt mod.1. 

D5 

T I A  
r - - - - - - -  1 7 

U E X T  
U 

u 4 
Ln317T 

+USUP 

R 2 

Vin+  a n d  Vin- so to UC3906 
P r i n t a d  C i r c u l t  B o a r d .  I . u r n -  
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Figure 2. Battery controller schematic. 
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it's somewhere near fully charged. This is fine 
in situations demanding a quick charge, as 
when a battery is needed to jump start an auto- 
mobile, but can be very destructive to the bat- 
tery if used as a continuous duty charger. 

I'll describe a controller you can use to 
charge and maintain any lead acid battery sys- 
tem from 6 to 28 volts, regardless of size. A 
battery charger is usually a simple circuit- 
basically nothing more than a bulk charger. A 
controller, on the other hand, is a precision 
device that carefully controls the battery's 
charge state. The printed circuit board system 
described handles currents of up to 1 amp and, 
with a few offboard components, can control 
even larger currents. 

How big should the battery be? 

Many amateur operators shy away from bat- 
tery power, believing it's for QRP operators. 
Nothing could be further from the truth! 
Batteries can store substantial power, and a 
100- or 200-watt station can easily be powered 
by lead acid cells. In most cases, an automo- 
bile-sized battery is sufficient to power a typi- 
cal transceiver and a few acces~ories.~ 

How big should the 
controller be? 

The key here is usage. If you're very active, 
perhaps using RTTY or AM for long periods. 
the demands on the controller will be high. If 
you operate SSB or CW just a few hours a day, 
a I -amp controller will return power to the bat- 
tery at about a 14-watt per hour rate, which 
means the battery should be fully recovered in 
about 6 hours. 

What is a "Smart Charger" and 
do I really need one? 

A "Smart Charger" can monitor and satisfy a 
battery's needs. This type of charger is a con- 
trolled loop (controller) using feedback from 
the battery to maintain proper charge under all 
conditions-including maximum bulk charg- 
ing, overcharge, and float voltage rates. A well- 
designed controller should include the follow- 
ing: reverse battery protection, trickle-charging 
for severely discharged batteries, temperature 
compensation, and low-voltage disconnection 
of the battery when it's dangerously low and 
the source of charging power is absent. My 
charger meets all these requirements. 

The Smart Charger is an around-the-clock 
sentry for those who haven't the time to moni- 
tor a station battery constantly. More primitive 

Table 1 . Values needed for various voltages. 

Battery XFMR RA RB RC RD 
Voltage Voltage kohms kohms kohms kohms 
(volts) (VAC) 
6 8-1 1 69.8 16.9 43 392 
12 15-18 200 16.9 43 499 
14 16-20 743 16.9 43 511 
24 24-28 453 16.9 43 549 
28 28-32 549 16.9 43 549 

d 

chargers can work; however, particularly with 
gelled electrolyte batteries, you'll pay a price in 
battery life and performance. 

There are two popular methods for charging 
lead acid batteries: dual level floating voltage 
charging or dual step charging. The floating 
voltage approach tracks battery voltage during 
charging and, at a preselected voltage, transi- 
tions the charging current by reducing or 
increasing it as needed. The advantage of the 
floating voltage charger is that it can charge 
practically any lead acid battery-regardless of 
size-because it uses voltage information com- 
rnon to all lead acid batteries, whether liquid or 
gelled electrolyte. 

The dual step current approach switches the 
charging currents based on those that the bat- 
tery draws during charging. The dual step cur- 
rent charging method is only feasible if you 
know the size and type of' battery ahead of 
time, because it depends on the current require- 
ments of the specific battery. A dual step cur- 
rent charger may be used to charge strings of 
batteries by controlling the charge rate in one 
of the batteries in the series. provided all the 
batteries are of a like type and size. One com- 
mon application is electric car battery charging. 

My controller is a dual level floating voltage 
charger. However, the printed circuit board, 
with jumper changes, can be configured for 
duty as either type. 

Circuit description 

Refer to the schematic in Figure 1, starting at 
the input on the left and working towards the 
r i g h t . ~ n y  good amateur radio design should 
have a power supply capable of operation on 
either 1 I0 or 220 volts AC and 50 or 60 Hz. 
This circuit uses onboard switch S2 and trans- 
former T 1 to meet this requirement. The sec- 
ondary has three jutnpers so the secondaries 
con be wired in parallel or series, depending on 
the output voltage required. An oftboard 
ON/OFF switch, S 1, may be used if desired. A 
bridge rectifier, D 1 -D4, converts the AC to DC. 

The filter capacitor, C'l (2200 pF), provides 
more smoothing than is really necessary. 

Communications Ouorteriy 6 1 



Photo A. Front view of controller shows four LEDs, current meter, and larger 
power transformer inside. This is the 5-amp controller. 

Resistor R2 1 provides a small bleeding current 
that drops the supply voltage to almost zero 
volts in about 20 seconds, so the loss-of-power 
circuitry can detect that the power is gone. At 
this point, Vext comes in and can operate as an 
external source of power, such as a solar panel. 
If you use solar power and have a diode in series 
with the panel current, the line current can be 
used simultaneously. The source with the higher 
voltage will supply the charging current. 

Voltage regulator U4, an LM3 17T, is used 
only in the 24- and 28-volt charging configura- 
tions to keep supply voltages below 40 volts. 
This is the maximum voltage rating for the 
UC3906 controller IC (see Figure 2). R 1 and 
R2 provide the voltage regulator setpoints and 
D5 provides transient protection for the regula- 
tor. R1, R2, U4. and D5 aren't used for the 
6- to 14-volt regulators, and D5 is replaced 
with a jumper. 

Diode D8 keeps the battery current from 
reaching the power supply when the power 
drops off. This reduces back-drain current that 
results from leaving the battery and running it 
down prematurely when the power quits. 

RSA and RSB are the current sense resistors. 
The ever-popular Unitrode UC39062 controller 
chip holds the current through the sense resis- 
tors to a 0.25-volt drop. The maximum charge 
rate is determined by the voltage drop across 
them. RSB is brought out to a connector. An 
external switch may be used to switch between 
high and low current ranges. If only RSA is in 
the circuit (0.5 ohms) the current is: 

Imax = 0.25 V 1 RSA 
0.5 amp = 0.25 10.5 

Switching RSB in parallel reduces the paral- 

lel resistance to 0.25 ohms, doubling the cur- 
rent to 1.0 amp. Other resistor values may be 
used; however, the etch on the board is only 
capable of 3 amps of current and the trans- 
former is only capable of 1 amp of current. An 
offboard transformer or DC supply would be 
needed with currents greater than 1 amp. 

The sense resistors provide a convenient 
point for measuring the charging. Because the 
voltage drop across the sense resistor combina- 
tion will never be greater than 0.25 volts at 
maximum current. a 250-mV meter (M 1) will . , 

show maximum current rate, regardless of the 
current setting. Using this approach, the meter 
will indicate 100 percent current, whether the 
current is 1.0 amp or some other value. 

The UC3906 is capable of charging a battery 
at up to a 25 mA rate, but this is inadequate for 
most applications. Pass transistor QI, a TIP42A, 
supplies a more practical rate of charge. IC pin 
16 provides base current to Q1 to control the 
current passing through it; this is determined by 
the sense current in RSA and RSB. 

Diode D9 keeps power going to the con- 
troller when the power source is absent. This is 
important during a power failure, or, should 
you be using solar charging, at night or when 
the sun is behind the clouds. During this time 
the power comes from the battery that's being 
charged, but the current is only a few mA. Of 
course, you can eliminate D9 and shut the 
charger down entirely when there's no power, 
which means the low-voltage disconnect cir- 
cuits won't be functional. 

Dl 1 and Dl 3 prevent the battery from dis- 
charging through the charger when power is 
unavailable. Diode Dl0 provides a short circuit 
path to ground when a battery is connected 
backwards, causing heavy flow through PTCl, 
a positive temperature coefficient device. With 
heavy currents of over 1.35 amps, the PTC acts 
like a fuse and goes open. Once the backwards 
battery is removed, the device cools and allows 
current to flow again. In essence, the PTC is an 
automatically resetting fuse. 

Resistor RT sets the controller trickle current. 
Any current up to 25 mA is allowed. A trickle 
current brings the battery up to a minimum 
voltage before bulk charging begins. Resistors 
RA. RB. RC, and RD are voltage-sensing resis- 
tors, and set the various points for the charging 
curve. Table 1 lists the values needed for vari- 
ous voltages. 

Pin 7 of the UC3906 is an internal transistor 
open collector. The sensing resistors are con- 
nected to ground through pin 7 when the tran- 
sistor is turned on. Whenever the UC3906 
detects that the power supply voltage is too 
low, it will cause pin 7 to go open and discon- 
nect the sense resistors from the ground refer- 
ence. This off state, in conjunction with the 



K1 
TO ALARM, IF USED 

I 
TO PTC1 CONNECT LOAD HERE, USING LOW 

VOTAGE OPTION. 

+ BATTERY 

CONNECT LOAD HERE IF THER E IS NO 
LOW VOLTAGE SHUTDOWN RELAY 

Figure 3. Possible connections for low-voltage option. 

reversed diodes elsewhere in the circuit, limits 
reverse-trickle currents from the battery to a 
few pA when the power is off and the battery is 
still connected to the controller. If diode D9 is 
used in the circuit, the LEDs can draw several 
mA each, if on. This isn't a problem if long 
term power outages aren't expected. 

Pin 8 is the over-charge terminate input. It 
tells the charger that the battery is completely 
charged. As configured in this design, the input 
signal comes from pin I-which is the current 
sense amplifier output. When the amplifier 
determines that the battery current has dropped 
to a sufficiently low state, it switches the con- 
troller to the final state of charge. a floating 
state. Capacitor C5 filters pin 8, preventing it 
from responding to transients that could prema- 
turely end the charge cycle. One note to 
builders: the current between pins 1 and 8 is 
only about 10 pA. After soldering, make sure 
all residue is washed off. Even trace amounts of 
resin can act as a resistance to other points and 
cause some very strange symptoms. 

Capacitor C2 is a compensation capacitor to 
keep things stable. For most applications, 0.22 
pF is quite adequate. 

Jumpers W8 and W9 are used to configure 
the drive arrangement. In this application, W9 
is empty and W8 is a 22-k resistor. Those inter- 
ested in other variations of the driver circuits 
should refer to the Unitrode Application Notes. 

U2 is a voltage regulator, set to 6.4 volts by 
R11 and R16, used to create a supply for the 
indicator circuitry. The quad op-amp, U1, an 
MC3403, is used as a logic circuit to drive the 
LED package. The op-amp output has a drop of 
about 1.4 volts from the supply voltage, so it's 
at 5 volts when the output is high. The LED 
package has an internal resistor for each LED 
that sets it to operate at 5 volts. R* is that resis- 
tor. Photo A shows the LEDs on the front of 
the controller. 

LED1 (green) indicates that power is avail- 

able. The power can be from any source; i.e., the 
batteries (if D9 is in circuit), the power line, or 
an external input. The indicator simply shows 
that power is available from some source. 

LED2 (amber) indicates that the battery is 
approaching the fully charged state and will go 
into float state next. On smaller batteries this 
state may only last an hour or less; on larger 
batteries i t  could last for many hours; and with 
very large batteries. a day or more. 

LED3 (green) indicates the battery is fully 
charged. It will stay on until the battery is dis- 
charged to about 90 percent of full charge. If 
the battery is used while in this state, the con- 
troller wiII replace the energy without going 
through a complete charge cycle. If the battery 
drops below 90 percent, the controller will 
switch to the bulk charge state, and a complete 
charge cycle will commence. 

LED4 (red) indicates that all sources of 
external power are down, and the controller is 
now getting its power from the battery. This 
LED doesn't light immediately; it comes on 
after about 20 seconds without external power. 
Op-amp U1A senses supply voltage on pin 2 
and is held to 6.2 volts when it is present. Pin 3 
is at 5.15 volts and is the reference voltage of 
regulator U2. When the Vsup voltage drops 
below the 5.15 reference, LED4 lights. 

Low-voltage shutdown circuit 

If the battery is to be left unattended with its 
load attached, it's useful to have a battery-dis- 
connect circuit. If the battery reaches dangerous 
discharge levels, it may be damaged and need 
to be replaced. This circuit offers two possible 
battery disconnection methods (Figure 3). 

Relay K1 is used to disconnect the battery in 
a low-voltage state. Transistor Q2 is a switch 
that turns the relay on or off. Let's examine a 
situation where a battery is discharged and the 



Photo R. Battery controller designs place great demands on the 
heatsink. shnrvn here mounted nn the hack of the controller hox. 

power is off. Initially. the relay is assumed to 
be in the normally closed position with the con- 
tact connected to the DC out terminal. If 
desired. a very low current alarm device can be 
connected here to warn of the situation, or the 
signal can be used to trigger an alann on a 
remote radio, etc. 

The power comes on. If the battery is very 
low, below 10.5 volts in the case of a 12-volt 
system. the UC3906 senses this and put out a 
trickle voltage on pin 1 1. This, in turn. starts a 
trickle charge to the battery to bring i t  up to 
10.5 volts-where bulk charging can com- 
mence. Assume for the moment that jumper 
W17 is in place and MOSFET Q5 isn't present. 
The voltage on pin 1 1  then also drives transis- 
tor Q.3, which turns on and pulls the drive to Q2 
low. so Q2 can't turn on and the relay stays off. 

When battery voltage reaches the bulk charge 
state, the trickle voltage turns off. The Vin sig- 
nal on R4 turns on Q2 and the relay pulls in. 
connecting the battery to the load. Bulk charg- 
ing now begins. 

If you use MOSFET Q5 instead of W 17. the 
battery won't be connected to the load until the 
"ready" state is reached. You must decide which 
scenario you preferred. as you can't use both 
W 17 and Q5 in the circuit at the same time. 

The battery charges until the float state is 
reached. If the power source is eliminated, the 
system continues to run off battery power. If . . 

jumper W17 is used, the battery continues to 
discharge until the trickle voltage is reached 
again. The trickle voltage comes on and fires 
Q3, which causes the relay to disconnect. The 
controller now loses all power and shuts down 
until power returns. 

If you build this circuit without the low-volt- 
age disconnect components (Table 2), the load 
is connected directly to the battery. If you use 
the low-voltage circuit, connect the load to the 
DC out connector (Figure 3). 

This circuit can be used as a low-voltage 
shutdown circuit without the charging capabili- 
ty. Such a circuit might be useful in a recre- 
ational vehicle or in a situation where a very 
high-current charger already exists and a dis- 
connect circuit is needed. Relay K1 can be used 
to drive an offboard solid-state relay with much 
greater current capability. 

When do I need a greater than 
1 -amp controller? 

Stations that use SSB or CW as their primary 
operating mode can be quite efficient; however, 
stations using FM, RTTY, or repeaters can put 
very high demands on their energy source. 
Repeaters, particularly during emergencies, 
may perform "around the clock" duty. A 50- 
watt repeater can easily draw 10 to 15 amps 
from a 12-volt power source. Quick recovery 
for this type of service demands a controller 
that provides at least 5 amps, assuming the bat- 
tery is at least 50 A/H, preferably larger. 

Heat and battery charging 

Regular power supply designs must always 
take heat dissipation into consideration, but bat- 
tery controller designs place even greater 
demands on the heatsink (Photo R). Because 
the output voltage for a 12-volt battery can be 
as low as 10.5 volts, and the power supply sec- 
tion can be as high as 18 volts under load, the 
heatsink must dissipate as much as 40 watts at a 
5-amp load! This is a substantial amount of 
heat to dissipate without a fan. Fortunately, a 
lead-acid battery won't stay at the 10.5-volt 
point for very long and. if it's in good condi- 
tion, will reach close to 12.0 volts in a very 
short time. However, there will still be 30 watts 
of heat to dissipate. Only build as much battery 
controller as is needed to save wasted energy. 
In most cases, 5 amps is sufficient. 

Let's look at a specific 5-amp controller, 
with suggestions to support larger versions. 

Power supply section 

A rule of thumb for battery charging is to use 
1000 p F for every amp of current needed. For 5 
amps. a 5000-pF capacitor in the filter section 
will suffice. In this controller. I use a 6800 pF  
capacitor. At 5 amps, the diode bridge dissipates 
nearly 6 watts: the two diodes in the path to the 
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Table 2. low-voltage Opfion Components 

Designator Item Source 

K 1 Relay Potter-Brumfield T-70 series. 
(Select relay and R3 for voltage used.) 

R7 90.9 k 
R4,RS,R6 9.09 k 
Q2.Q3 2N3904 general purpose transistor 
Q5 BS170 Jade Products 
D l 2  IN4148 general purpose diode 

battery dissipate an additional 6 watts. This loss 
must be considered when arriving at the trans- - 
former's power capability. Consequently, when 
using capacitive input filters, it's wise to choose 
a transformer capable of approximately twice 
the current needed (see Figure 4)! 

Pass transistor selection 

Unitrode controller chip UC3906 is capable 
of driving up to 25 mA. Five amps is 200 times 
this current. Most standard power transistors 
don't have near a Beta (gain) of x200. There's 
a family of transistors with two transistors in 
one package that multiply their gain: these are 
known as Darlington Pairs. The Darlington Pair 
I've chosen for Q l  is the MJ900. Its Beta is in 
the thousands, even at these current levels, and 
it can handle the very high junction tempera- 
tures of high-current charging. With ambient Photo C. Inside view of the 5-amp controller. Large power 
temperatures of 29 degrees C, the case temper- components mount along terminal strips along the hack wall. 
ature of the pass transistor can approach 90 
degrees C. This is well within the capabilities 
of the transistor; however. as with any design, At these gains you must be concerned about 
the lower the temperature, the better. For high stability. as it's possible for the controller to 
reliability and continuous duty. a fan is benefi- oscillate. The capacitor at pin 14 of UC3906 will 
cia1 (see Figure 5) .  compensate adequately under these conditions. 

Figure 4. Five-amp controller supply. 
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Figure 5. Five-amp pc board. 
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Figure 6. Five-amp terminal strip. 
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The printed circuit board described earlier 

t LI I 
rl 

isn't capable of handling these higher currents 
directly. For this reason. some of the parts that 
were "onboard" the I -amp controller are now 
mounted offboard. Wires connect them for the 
5-amp design. The diodes. pass transistor. 
wires, and PTC for high-current charging 
mount along the back wall of the controller on 
terminal strips (Photo C). In this case, the PTC 

L U - 

is rated at 8 amps at room temperature and 
operates at around 6 amps under normal charg- 
ing temperatures (see Figure 6). 

- -  " - J  r1 D5 3 - 
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NJ,BB 
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Low-voltage shutdown circuit 

- - - ZEROHM 

NOTE: D G  1s 8crumllv 
10c.t.d on PC b o a r d  

TO BnTTERV 

Although I've already discussed the theory of 
the low-voltage shutdown circuit. a few com- 
ments about using it at higher currents are war- 
ranted. In situations where an unattended battery 
system could possibly discharge below a safe 
point, it's recommended you have a shutdown 
circuit to disconnect the battery. My pc board 
has an onboard relay (see Photo D) that discon- 
nects the battery from the load under such con- 
ditions. The relay can handle load currents of up 
to :! amps. For larger loads, use the relay output 
to drive an offboard solid-state relay. 

This particular low-voltage shutdown ci~cuit  
is advantageous because i t  can be added later. 
after the circuit is up and running and without 
changes to the original circuit. Many shutdown 
circuits require you to break the current path 
and make many modifications to the original 
circuit to accommodate the shutdown circuit. 

The low-voltage shutdown circuit is particu- 
larly useful for those who use automobile or 
motorcycle lead-acid batteries in t~xed  station 

designed for deep cycle usage. the standard 
auto battery is more susceptible to damage 
under these conditions. Even though deep cycle 
batteries, such as those used in forklifts and 
golf carts, have become less expensive in 
recent years. the department store automobile 
battery is a bargain. The low-voltage shutdown 
circuit will prevent "dcep cycling" from occur- 
ring and prolong battery life. 

- 

Higher currents 

I. 
- 

The most difficult part in designing a high- 
current controller lies in providing proper 
cooling of the pass devices. For very high 

I'hoto I). PC hoard with terminal strips, using screws to connect wires. 'fhe 
large black "hltwk" is the low-voltage shutdown relay. The tall block next to 

- 
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amateur use. Unlike batteries specifically the ICs is the four-pnsitinn I.ED holder. 
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Figure 7. Possible connection for charging high-voltage battery arrangements with a lower voltage dual-step current 
controller board. 

>2- + 

Input 
Voltage 0 

currents, you can use forced air cooling or you Conductor size must be considered when 
can submerge the heatsink in a motor oil bath; dealing with very high currents. A no. 20 wire 
the voltages involved will not be affected by can safely handle 5 amps of current over short 
the oil. But use TeflonT"-coated wire in this distances (i.e., several inches) without substan- 
case, because motor oil can damage many tial voltage drop. Pay particular attention to 
standard insulations. long runs of wire or cable from the controller 

output to the battery. The voltage drop over 
many feet of wire can be substantial. If long 
wires are necessary, use a separate wire to con- 
nect the top of resistor RA directly to the bat- 
tery. This will overcome the high-current drop 
in the charging cable and give the sense resistor 
a proper measurement of the voltage at the bat- 
tery (the sense current is only about 50 FA). 

Dud-step 
current I - BATT. #1 
Controller BATTERY LESS 
Board RA - THAN 40 VOLTS 

(13) 

Dual-step current controller 

This design offers potential for the electric 
automobile, or other situations where a high- 

(6)  

voltage battery supply is needed. A power sup- 
ply section can be designed to supply over 100 
volts. The controller board can be "floated" so 
the controller section charges an individual bat- 
tery or group of cells at 12 or 24 volts, and the 
96-volt battery system is charged by the current 

BATT. #X 

controlled in the lower-voltage section. In 
essence, the current to charge battery #1 is car- 
ried through the other batteries in the series 
(see Figure 7). Under these conditions, the bat- 
teries must all be the same type and size. The 
Unitrode Application Notes provide more 

- 

T 

information about dual-step current controllers. 

Parallel battery charging 

Figure 8. Top overlay. 

Lead acid batteries-gelled electrolyte, in 
particular-can be charged in parallel. All the 
cells should be of like size and condition. It's 
wise to put some sort of small resistance in 
series with each battery for better equalization 
during bulk-charge mode. A 0.10-ohm resistor 
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Parts fist,  I -amp Controller 

Complete kits. including enclosure, meter, pc board, transformer, and all other parts are avail- 
able from JADE PRODUCTS, Inc. See ads in QST, or call 1-800-JADE PRO (1-800-523-3776). 

Individual parts are also available from JADE PRODUCES, Inc., or as indicated below. 
All resistors are 114 watt, 1 percent, unless otherwise noted. 

Designator Item Source 
PC board Part no. 3 1-00004-00 Jade Products, Inc. 
R2 1 8.2 k, 1 W, 5% Jade or Mouser 
RT 5 10 ohms (for more than 

20 volts use 1 k) 
PTC 1 RUE1 35 Ray-Chem. available from Sager or 

Jade 
D5,D6,D7 I N4148, general purpose diode 
D9,DIl,D14 
R l 1  240 ohm, 5% 
R 1 6.65 k 
RSA,RSB 0.5 ohm, 112 W 
Dl-D4, D8 1 N5401. 3-amp silicon rectifier 
D10,D13 
F 1 314 amp Pico fuse 
R10,R19 90.9 k 
R17 
R16 1.05 k 
C 1 2200 pF/50 volts 
C2,C3 0.22 pF/100 volts 
C4,C5 0.1 pFI100 volts 
LED 1-4 LEDs: 2 green, I amber, I red. Individuals or single package from 

Jade 
Q 1 TIP-42A Power transistor, TO-220 
Heatsink 20 W Digi-Key or Jade 
Heatsink 3 W 24/28 volts only Digi-Key or Jade 
U I MC3403 quad opamp 
U2 LM3 17LZ progressive voltage 

regulator 
U 3 UC3906 Jade or Active Electronics 
U4 LM3 17T progressive voltage 

regulator 
J2,J3,J4 4-terminal screw-type terminal Mouser or Jade 

strip, pc mount 0. I00 inch 
J I 3-terminal screw-type terminal Mouser or Jade 

strip, pc mount 0.100-inch centers 
T 1 Transformer Digi-Key or Jade 

For 12 or 14-volt battery, 16 VAC; 
for 24 or 28-volt battery, 28 VAC; 
for 6-volt battery, 10 VAC 

is more than sufficient, but don't forget about This is justification for one high-current con- 
the heat lost in that resistor-it can get quite troller, rather than a series of srnaller ones. 
warm if it's too low a wattage. The charging 
setpoints will be affected slightly, but probably 
not seriously enough to justify changing the safety 
programming resistors in the controller. Using 
this method, a bank of batteries can be kept As is true with any power system, certain 
ready to go, all tnaintained by one controller. precautions are necessary. Battery power sys- 



Jade, Mouser 

Parts l ist,  5-amp Controiier 

Complete kits, including the enclosure, meter, pc board, transfonner, and all other parts 
are available from JADE PRODUCTS, Inc. See ads in QST, or call 1-800-JADE PRO 
(1 -800-523-3776). 

Individual parts are also available from JADE PRODUCTS. Inc., or as indicated below. 
All resistors are 114 watt, I percent, unless otherwise noted. 

Designator Item Source 

PC board Part no. 3 1-00004-00 Jade Products, Inc. 
R2 1 8.2 k, 1 W, 5% Jade or Mouser 
RT 510 ohm 
PTC RUE800 Ray-Chem, available from Sager or Jade 

DS,D6,D7 1 N4 148 general purpose diode 
D9,Dl l,D14 
RI 1 240 ohm, 5% 
R I 6.65 k 
RSA.RSB 0.1 ohm, 1 W 
DB 1 10-amp rectifier 
DX,D 13 6-atnp silicon rectifier 
D l 0  IN5401 4-amp silicon rectifier 
F 1 5-amp fuse 
RlO,R19 90.9 k 
R17 
R 16 1.05 k 
C 1 6800 p F163 volt 
C2,C3 0.22 pF/100 volt 
C4.C5 0. I pF/100 volt 
LED 1-4 2 green, 1 amber, I red Individuals, or single package from Jade 

Q 1 MJ900 Power Transistor. TO-3 
Heatsink 50 W Digi-Key or Jade 
U 1 MC3403 quad opatnp 
U 2 LM3 17LZ progressive voltage 

regulator 
U3 UC3906 Jade or Active Electronics 
J2,J3,J4 4-terminal screw-type terminal Mouser or Jade 

strip, pc rnoitnt 0.100-inch 
J I ?-terminal screw-type Mouser or Jade 

terminal strip, pc mount 
0.100-inch centers 

TI Transformer: for 12- or 14-volt Jade or Mendelson 
battery. 16-1 8 VAC 

tems have two unique situations that deserve tery systems have enough energy stored to easi- 
special attention. ly melt large wrenches and screwdrivers. Fuses 

First and foremost, these systems are very and good-quality circuit breakers are a must. 
high-current sources of energy. You must be Always connect the positive battery terminal 
careful to place the batteries and all associated first to prevent accidental shorting of tools to 
wiring in such a way as to avoid shorts between the ground bussing. 
the positive and negative terminals. Large bat- Second, when performing high rates of 



Figure 9. PC board bottom layer. 

charging, provide proper ventilation--especial- 
ly for vented batteries. High charging rates can 
create gases that must be ventilated. These 
g a s e s  are not only dangerous. they tend to eat 
up cloth in furnishings and curtains. Usually, 
when charging at rates of 1 arnp or less. this 
isn't a particular concern. 

Construction notes 

A double-sided board for this charger is 
available from Jade Products, Inc. Jade also 
offers a complete parts kit. You can also make 
your own boards using the pc art found here. 
Figure 8 is a pictorial parts layout for the pc 
board. Figures 9 and 10 are one-to-one art- 
work for the bottom and top views of the 
board. The Parts Lists provide component 
information for both the I - and 5-amp version 
of the controller and order~ng information for 
boards and kits. 

Figure LO. PC board top layer. 

Conclusion 

Battery power can be substantial, and can 
o f f e r  the  average  amateur  user  plenty of energy 
if proper planning and charging schedules are 
maintained. It can be a real joy to have the 
main power go out in a storm and have the sta- 
tion keep on "going and going and going." 

Thanks 

Special thanks to Warren Dion, NIBBH, for 
his encouragement and to Jane, KA IFUN, for 
her support and abilities in making this con- 
troller a reality. = 
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L.R. Cebik, W4RNL 
1434 High Mesa Drive 
Knoxville, Tennessee 37938 
E-mail: cebik@utk.edu 

MODELING AND 
UNDERSTANDING 

SMALL BEAMS: PART 5 
The ZI Special 

W hen George Prichard (ZL3MH. later 
ZL20Q, now deceased) introduced 
two-element horizontal phased 

arritys in 1949, they promised to overcome all 
the shortcomings of early homebrew Yagis.l 
Preliminary experimental results by F.C. Judd. 
G2BCX, who dubbed the antenna the "ZL 
Special" in honor of Prichard's work. seemed 
to indicate gains as high as 7 dBd and front-to- 
back ratios as high as 40 dB.2 Moreover, the 
antenna was relatively simple to construct. 
Two half-wave elements, separated by about 
45 degrees relative to the frequency of choice 

and connected by a phasing transmission line 
with a half twist, would produce an array 
phased 135 degrees with maximum gain and a 
deep null to the rear. Figure 1 shows the gen- 
eral outline of the antenna, which uses either 
straight or folded dipoles. 

The variability of success in replicating the 
claimed results has been exceeded only by the 
variety of explanations of what makes a ZL 
Special work. Moxon and Lewallen have point- 
ed out that the success of any phased array 
depends, not upon shifting the impedance of an 
element. but upon establishing correct current 

- - 
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- -  
Al ternat ive  Folded Dipole Rear Element 

-- -- 
L -- - - -- -4 __ _- -7 

Rear Element: L = .5 w.1. a p p r o x .  
.- -- -- - - - - - - .- - 

Note Phase Line 
hal f  t w i s t  , L = .I25 w.1. 

1. a p p r o x .  

- - -  - 
~ r ~ n t  Element L = .5 w.1. approx .  

Feedline 

r -  -- - -- -- - I 
~ l t e r n 6 3 v e  ~ o l d e d  Dipole F r o n t  Element 

Figure I .  The basic construction of a ZL Special horizontal 2-element phased array. 

magnitude and phase angle relationships 
between the two elements. Indeed. Moxon 
found that successful ZL Specials were more 
likely the result of accident than engineering- 
although Lewallen succeeded in designing 
replicable and reliable equal-length element 
models using "twinlead" for service as "Field 
Day  special^."^ 

It would be very easy to lose ourselves in the 
history of misconceptions regarding the ZL 
Special within the amateur conlmunity. Let's 
look instead at a (not THE) conception of the 
ZL Special that permits one to design an anten- 
na that works as predicted. The design tech- 
nique involved combines data supplied by 
antenna modeling programs, such as NEC and 
MININEC, with further algebraic analysis to 
produce an accurate model of both the geomet- 
ric and the phasing dimensions of the ZL 
Special problem. 

The background for ZL Special 
analysis 

We can reduce the ZL Special problem to an 
orderly series of propositions and explanations. 

1. The significant rcPuson,for phasing h.c1o 
horizontal half-wavclcngth elements is fi-ont-to- 
hac,k ratio, not gain. Two phased half-wave- 
length horizontal elements will not significantly 
exceed the gain of a two-element Yagi. For ref- 
erence. the performance figures of the modified 
W6SAI beam appear in Table 1. Although 
two-element yagis with higher gain are possi- 
ble, they sacrifice even the modest front-to- 
back ratio of the Orr beam. 

The rationale for designing a phased array is 

to improve the front-to-back ratio of the anten- 
na for QRM reduction. Phasing promises, in the 
abstract, to produce a deep rear null, while pre- 
serving the gain obtainable with a two-element 
Yagi. Figure 2 compares the plots (35 feet 
above real ground) of the reference Yagi and a 
modestly well-designed ZL Special. 

2. We may think ofthe ZL Special as a "-45 
degree" antenna. Traditionally, we considered 
the ZL special as two parallel horizontal ele- 
ments connected by a short (about 45 degree) 
phaseline with a half twist. Thinking in imped- 
ance terms, where all values reappear every 
half wavelength, we subtracted the half-twist 
line from 180 degrees to obtain 135-degree 
phasing. However, we can make two modifica- 
tions to this traditional view. 

First. we mav think of the antenna in terms of 
current phase shifts rather than impedance 
phase shifts. Current magnitude-phase combi- 
nations occur only once per wavelength along a 
transmission line. Although fi~ll-length, 135- 
degree lines will achieve the desired phasing 
for well-designed models, a 45-degree length of 
phaseline with a half twist is not the equivalent 
of a 135-degree line with respect to current. 

Second, for modeling purposes, we may 
move the half twist of the phase line anywhere 
along the line-including the point of junction 
with the rear element. In modeling terms, this 
move means twisting the element. In practical 
terms. if the front element is modeled in 
increasing length values (for example, from -8 
feet to +8 feet), then the rear element is niod- 
eled in decreasing values (for example, from +8 
feet to -8 feet). The two elements are 180 
degrees out of phase and connected by an 
untwisted 45-degree length of phaseline. 



Figure 2. Comparison of azimuth plots for the reference Yagi and a ZL Special at 28.5 MHz, 35 feet above real medi- 
um earth. 

With respect to the front element, the rear 
element is ideally current-phased 4 5  degrees 
(or 315 degrees). The model will now return 
correct values for calculating voltage and cur- 
rent along the phaseline, with no change in the 
impedance transformation. However, imped- 
ance transformation is largely incidental to 
understanding the ZL Special. 

3. For any CM'O close-spaced, near-resonant 

elements, there is a value c?f'c.urrent magnitude 
and phase for. etrc,h element that  ill yield a 
deep nit11 to the rear. The values of current 
phase relative to the front element are roughly 
proportional to the spacing between elements. 
F i g u r e  3 shows the results of modeling half- 
wavelength elements for maximum front-to- 
back ratio. The precise angles required by the 
front and rear current depend to some degree 

Wide-Band 2-Element Yag i Performance 
Antenna Driven Element Reflector Element Material 

Dimensions Length Length Spacing Aluminum 

DE + Ref 16.0' 17.5' 4.3' I " dia. 
Free Space: 
Frequency (MHz) 28.00 28.25 28.50 28.75 29 .OO 
Gain (dBi) 6.7 6.5 6.3 6.1 5 .9 
F-B ratio (dB) 10.3 11.0 11.2 11.0 10.6 
Impedance (RkjX) 24 - 17 28 - 8 32+ 1 36 + 9 30+ 18 

35' over real medium earth: 
Frequency (MHz) 28.00 28.25 28.50 28.75 29 .OO 

Gain (dBi) 12.1 11.9 11.7 11.5 11.4 

F-B ratio (dB) 11.7 12.5 12.5 11.9 11.1 
Impedance (RkjX) 26 - 18 30 - 9 34 + 0 38 + 8 42 + 16 

Table 1. Performance characteristics in free space and at 35 feet over real medium earth of a wide-band 2-element Yagi using a 
driven element and a reflector. 



Element Space vs. Phasing for Max. Null 
2-Element Horizontal Phased Array 

. . . .  , .......... - .  .................................. ............ ....................... ._ ............................... ................................................................... 
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Element Spacing in Wavelengths 

Figure 3. Graphic representation of the relationship between ZL Special element spacing and the phase angle required for maximuni 
front-to-back ratio. 

on the antenna geometry and may vary slightly 
from those graphed. 

The graph dispels the idea that the two-ele- 
ment horizontal phased array is in any sense 
either a 135-degree or a -45-degree antenna. 
Within reason, there is a continuu~n of usable 
spacings and phasings. Consequently, the ratio- 
nale for using wide-spaced planar folded 
dipoles for elements is lacking, and computer 
models detect no advantage for that geometry. 

Figure 3 also indicates why many hams 
obtain usable results from casually designed ZL 
Specials-ven those somewhat off the critical 
marks. Figures 4 and 5 graph the results of 
modeling phased arrays at increasing depar- 
tures from the optimal current phasing and the 
optimal current magnitude (relative to a front 
element current value of I at 0 degrees). If we 
arbitrarily set 20 dB front-to-back ratio as the 
minimum mark of an improved two-element 
array relative to the standard Yagi, then ZL 
Specials may depart considerably from optimal 
values and still meet the criterion. 

4. NEC and MININEC models ~r.sin,q sepurute 
,fi.ont and rear element sources are "forced" 

ccnd may not he urncnahle to phtrscline con- 
strirction. By judiciously arranging the antenna 
geometry (element length, diameter, and spac- 
ing) and the relative current magnitudes and 
phase angles, we may obtain a deep rear null in 
many antenna models. In general, such anten- 
nas rarely translate into arrays that work with 
phasing lines of the ZL Special sort. 

Virtually any forced or two-source model can 
be built successfully under the condition that 
each element can be supplied with the correct 
magnitude and phase angle of current. Perhaps 
the only practical way to achieve this goal is 
through a lumped-constant network. 

5 .  Horizontal two-element phased urray.s 
~ Y t h  phusclines u1.e hea\ily interuc.tive at u l l  
points ~f 'n~ea,sur~rnent.  Basic antenna geometry 
consists of the element diameters and their 
lengths (both absolute and relative to each 
other) and the spacing between elements. Slight 
variations in any parameter yield different val- 
ues (magnitude and phase angle) of voltage, 
current, and impedance at the element feed- 
points. The rear element values undergo trans- 
formation along the phaseline, depending upon 



the characteristic impedance and the velocity 
factor of the transmission line used. The phase- 
line front terminal values combine with the 
front-element values to produce a feedline 
matching situation. 

NEC and MININEC 2-source models calcu- 
late the feedpoint values of magnitude and 
phase angle for voltage, current, and impedance 
for each element. Moreover, for available trans- 
mission lines-and for those one might build- 
we know the characteristic impedance and the 
velocity factor. Therefore, it's possible to ana- 
lyze proposed ZL Speclal designs to evaluate 
their feasibility and likely performance and to 
adjust the design to a level of satisfactory per- 
formance. The following procedure permits 
some precision in the design process. 

Analyzing ZL Special designs 

The analysis of two-element phased arrays 
with phaselines is a stepped procedure that uses 
the values of voltage and current magnitude 
and phase provided by a two-source model 
derived from NEC or MININEC a n a l y s i ~ . ~  
Table 2 lists the meanings of the terms in the 
equations below as a handy reference. Most 
two-source models used to obtain values for the 
following analysis will nor~iially designate the 
Element 1 current as I at a phase angle of 0 
degrees and the Element 2 current as a set of 
values optimized by trial. The magnitude of the 
rear element current will be close to 1 and the 
phase angle will be close to the value corre- 
sponding to the element spacing, as found in 
Figure 1. Alternatively, one may use a ti-ont 
element current value of 0.5 and a correspond- 
ingly adjusted rear element current close to 0.5. 

I .  For any antenna geometry that yields a 
"perfect" ZL Special, the voltage at the front 
element feedpoint is identical to the voltage at 
the input end of the phaseline connected to the 
rear element. We may use this fact as a starting 
point in our analysis of the antenna design, as it 
provides the necessary third term (in addition to 
the values of voltage and cuuent at the rear ele- 
ment feedpoint) for calculating either the char- 
acteristic impedance of the phaseline or its 
length, where the other is given. The basic for- 
mula for calculating the voltage along a lossless 
transn~ission line is given by Equation I :  

where EL and IL are the rear elelllent feedpoint 
values, Ei, is the front element feedpoint volt- 
age value, and the parenthetical expressions 
represent the phaseline length. We may simpli- 
fy calculations by precalculating the line length 
into radians to obtain 4..5 

Table 2. Terms of equations used in the analysis of hor- 
izontal 2-element phased arrays using phaselines. 

Equation Terms 

Ef, Voltage at the front element; appears as 
Element 1 voltage in modeling program 
outputs; corresponds to Ei,, in general 
equations for transmission lines 

lEr Current at the front element; appears as 
Element 1 current in modeling program 
otttputs 

E Voltage at the rear element; appears as 
Element 2 voltage in modeling program 
outputs; corresponds to EL in general 
equations for transmission lines 

I,, Current at the rear element; appears as 
Element 2 current in modeling program 
outputs; corresponds to IL in general 
equations for transmission lines 

2,.  Impedance at the rear element feed- 
point 

Ii ,  Current at the input end of the phasing 
transmission line; corresponds to Ii,, in 
general equations for transmission lines 

Efp Feedpoint voltage, equals Ef, in "per- 
fect" ~nodels of ZL Specials 

Ilp Total current at the antenna system 
feedpoin t 

Zrp Impedance at the antenna system feed- 
point 

Rfp Resistive component of the feedpoint 
impedance, Z+ 

Xfp Reactive component of the feedpoint 
impedance, Zfp 

I ,  Recalculated rear element current 
t, Length in feet 
e,,, Length in meters 
td Length in electrical degrees 
t,. Length in radians 
Zo Cliaracteristic impedance of the phase- 

line 
VF  Velocity factor of the phaseline 

Note: Each term for E, I, and Z will have an 
associated phase angle, 6. 

Because we cannot calculate the line length 
and Zo simultaneously, we must assume one or 
the other. Letting the line length equal the ele- 
ment spacing is most convenient. We can 
always set up a small utility program in BASIC 
to step the calculation through several plausible 
values of line length. each of which will require 
a different Zo. We must also make a judicious 
guess as to the likely velocity factor of the line. 
In general, if tlie proposed ZL Special design 
uses straight dipoles, use a figure in the 0.67 to 
0.7 range, as tlie phaseline will likely have a 
low Zo. If the design uses folded dipoles, an 

- 
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Phase Angle vs. F-6 ratio 
Constant Spacing And Current Ratio 
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2nd El. Phase Angle (1 st El. = 0 deg.) 

Figure 4. Front-to-back radio versus phase angle for two-element arrays. 

initial velocity factor of 0.8 will serve because The value of current obtained, along with its 
the range of the phaseline Zo will be from phase angle, will also be crucial in evaluating 
about 150 to 350 ohms. the proposed array design. 

If we select tr and VF, rewrite the terms for 3. For the array, if perfect, the total current at 
front and rear element values, and solve for Zo, the feedpoint is the sum of currents in the two 
we obtain Equation 2: branches-namely, the front element and the 

phasing line input end, or: 

E . - E,., cos tr z, = .fr 
jl,.,.sin t,. 

If the array design is "perfect," it will require 
a phaseline with line length tr and the charac- 
teristic impedance, Zo, in order to provide the 
correct phase and magnitude shift of current to 
the rear element. 

2. To understand the conditions at the antenna 
feedpoint, we must also know the current at the 
input end of the phaseline. We may obtain this 
value from the standard equation for calculating 
the current along a transmission line (written 
here in tenns of front and rear elements): 

I .  - I  + I ,  ,ti> - .fi 

This equation, of course. is for a vector sum. 
The phase angle of the total feedpoint current 

represents in "perfect" models the appropriate 
source current phase angle to obtain a forward 
element current phase angle of 0 degrees and a 
rear element current phase angle of the value 
obtained from the original model. If fed with a 
current at 0 degrees phase angle, the antenna 
forward element will show a phase angle shift- 
ed in the positive direction by the amount of the 
phase angle of If,,. with the rear element current 
shifted positive by the same amount. The net 
difference between forward and rear element 
current phases will remain the same. 

4. We may obtain the feedpoint impedance 
from the front element voltage and the feed- 



Current Ratio vs. F-B ratio 
Constant Spacing And Phase Angle 
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2nd El. Current11 st El. Current 

Figure 5. Fronl-to-back ratio versus current ratio at element feedpoints for two-element arrays. 

noint current. along with values for the resistive then this calculation will s i m ~ l v  return the cur- '~ - - - -  
.-- '= 

and reactive components: 

The calculation of Zrp is, again, a matter of 
vector division involving the subtraction of 
Ifp9sphase angle from the phase angle of Efr. 
Rfp and Xfp provide the values of resistance 
and reactance to be matched to the feedline for 
the system. 

5. The preceding steps provide the crucial 
data for a "perfect" phased array. To test the 
design's feasibility, simply recalculate the rear 
element cut-rent, I,?, using the calculated value 
of IiI, and Zo, along with E f r  Use the standard 
equation (with the terms rewritten for the pre- 
sent problem). 

= I,,cost,. - j Efr sine,. - 

z,, 
If the model's chosen geometry is perfect, 

L d 

rent magnitude and phase angle of I,. Any- 
thing less than perfect will vhow a divergence 
between I,? and I,,, espec~ally with respect to 
the phase angle. 

Evaluating ZL Special designs 

The calculations above provide a significant 
body of data by which to evaluate the feasibili- 
ty of a proposed ZL Special design. Table 3 
describes seven lnodels for which Table 4 pro- 
vides selected results. The results appear in 
three groups. The first data group cotnes from 
two-source models and provides the current 
magnitude and phase relationship between the 
elements, along with the models' projected 
front-to-back ratio. The second data group 
comes from calculations in accord with the 
equation just described, listing the output Zo, 
the return current phase (and its difference from 
the design value), and the calculated feedpoint 
impedance. The last data group comes from 
applying the basic antenna model to a version 
of NEC capable of handling transmission lines 



Test Models of ZL Specials 
Name El. Type 

Folded Dipole Models 

Short 1" Cu 
Off z 1" Cu 
I" 1" Cu 
318" 3/8" Cu 

( Straight Dipole Models 

Front El. Lft Rear El. Lft El. Spacing Lft 

( Notes: Cu = copper; Al = aluminum. Folded dipole element type dimension = width of the folded 1 
dipole; straight dipole element type dimension = element diameter. The 1" folded dipole approxi- 
mates the use of 45042 ladder line as the element, while the 3/8" folded dipole approximates the 
use of 3 0 0 4  twinlead as the element. 

I I 
Table 3. Test models of ZL Specials discussed in text. 

within the modeL6 Using one or more values 
for the phaseline Zo, the data group provides 
the projected front-to-back ratio and the feed- 
point impedance. All the antennas were mod- 
eled over real medium earth using NEC's more 
accurate ground modeling capabilities. 

The "Short" model represents a casual 
design I found in the literature. Although 
model calculations indicate a promising phase- 
line Zo of about 269 ohms, which suggests the 
use of 300-ohm twinlead for both the elements 
and the phaseline, notice the phase differential 
between the design figure and the return calcu- 
lation. In general, any difference greater than 
+4 degrees or so is likely to bringdisappoint- 
ment. Moreover, as the phase differential 
between the design value and the return calcu- 
lation increases, the feedpoint impedance val- 
ues grow more inaccurate. Compare the calcu- 
lated value with either of the test models to the 
right, noticing the subpar front-to-back figures 
along the way. 

Perhaps what made this model attractive was 
the wide-band low SWR of the antenna. 
Frequency sweeping the 300-ohm phaseline 
model indicated that the antenna would show 
an SWR below 2: 1 for over a MHz of 10 
meters. Unfortunately, horizontal two-element 
phased arrays cannot be adequately designed 
by reference to SWR. Feeding the asse~nbly 
tnust be the last design step, not the first. 

The model named "Off Z" demonstrates 
another problematic situation. The two-source 
model and the calculations show that the design 
is quite feasible and capable of good perfor- 

mance, as indicated by the tiny 0.07-degree 
phase differential. However, the 194-ohm char- 
acteristic impedance of the recommended 
phaseline is uncommon, to say the least. 
Attempting to execute this model using the 
nearest common transmission line (300-ohm 
twinlead) as the phaseline results in a serious 
degradation of performance. Phaseline Zo 
should be within approximately 10 percent of 
the calculated value for reasonably successful 
array performance. Unless you can build a 
short length of your own transmission line, 
many good ZL Special models must be set 
aside as impractical. 

The two models we've evaluated so far used 
elements based upon Yagi theory: the rear ele- 
ment should-in a driven element-reflector 
design-be somewhat longer than the forward 
element. This mode of Ihinking is detrimental 
to ZL Special design. The remaining models in 
the group all use equal element lengths as a 
starting point. There are good reasons on occa- 
sion to alter the length of either (or both) the 
forward or the rear element, but those reasons 
have virtually nothing to do with the considera- 
tions crucial to Yagi design. We shall look at 
some design alterations after examining the 
better models on the list. 

The 1 -inch and 318-inch folded dipole mod- 
els required care in selecting the current magni- 
tude and phase angle for the rear element, while 
the straight dipole models were more quickly 
settled by letting the current ratio between ele- 
ments be 1 : I .  Use of 0.5 A as the current value 
permits a more rapid correlation of values with 



Figure 6. Comparative azimuth patterns for equal-length element and "improved" versions of the 518-inch straight 
dipole ZL Special (35-feet above real medium earth). 

those of the NEC transmission line models 
using a source current value of 1 A. In actuali- 
ty, the total antenna current for the antenna sys- 
ten1 is slightly higher than 1 A. because the 
phaseline transforms not only the current phase 
angle, but its value as well. 

Both folded dipole models show similar 
results, despite their different lengths. Although 
the figure varies slightly as the length-to-diame- 
ter ratio changes, the folded dipole elements for 
a ZL Special should be about 3.44 percent short- 
er than a single self-resonant folded dipole at the 
frequency of interest. The #12 straight dipole 
model used elements only about 2 percent short- 
er than a self-resonant single dipole, while the 
tubular elements required a little under 2.9 per- 
cent shortening. 

The 1-inch folded dipole model is interesting 
because it demonstrates the fall-off in perfor- 
mance (front-to-back ratio) as the phase differ- 
ential between the design value and return cal- 
culation value increases. Although 30 dB is a 
respectable ratio, it's down nearly 10 dB from 
the two-source model with only a 1.74-degree 
phase differential. Greater attention to the rear 
element current phase angle would likely have 
resolved the difference, but also resulted in a 
different phaseline Zo value. Compare this 
model to the 318-inch model for a closer corre- 
lation of all relevant values. 

In practical terms, the differential is moot, as 
330-ohm twinlead is not common. Both anten- 
nas promise very good performance with a 300- 
ohm phaseline, if a figure of 25 to 27 dB for the 
front-to-back ratio can be considered very 
good. Compared to the reference Yagi, the fig- 
ure certainly represents an improvement that 
may be both detectable and desirable. Note that 
the phaseline meets the + 10 percent criterion 
mentioned earlier. 

Feeding a ZL Special that utilizes folded 
dipoles and equal-length elements presents lit- 
tle problem. The resistive component of the 
feedpoint impedance presents a reasonable 
match to 50-ohm coax. The remnant inductive 
reactance can be canceled by the use of either a 
capacitive stub or a pair of capacitors-each 
with half the reactance value-in series with 
the two sides of the feedline at the feedpoint 
j ~ n c t i o n . ~  Indeed, it is characteristic of well- 
designed ZL Specials using equal-length ele- 
ments to have similar numerical values for the 
resistive and reactive components of the feed- 
point impedance: in other words, for the feed- 
point impedance to have a phase angle 
approaching 45 degrees inductive. 

Similar results can be obtained from straight 
dipoles and 72-ohm nominal twinlead. The 
three models differ only in the wire size used, 
with consequential differences in element 
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Antenna gain vs. Height Above Ground 
2-Element Yagi and ZL Special 

... ... --... ... . . ........ . . ... .... .... ..... .... .... ... . .......... ... 

Height Above Medium Earth in Feet 

Figure 7. Yagi and ZL Special gain versus height ahove ground from 20 to 40 feet over real medium earth. 

length. The calculated phaseline Zo of 66.7 to 
67 degrees departs from the twinlead imped- 
ance by only about 6 percent, and the transmis- 
sion-line models of the antennas verify antenna 
performance. Unfortunately, the very low feed- 
point impedances require careful attention to 
both design and construction to minimize loss- 
es. A 71-ohm twinlead or a 75-ohm coax stub 
something over 4 feet long provides the 
required match to 50-ohm coax. Either a capac- 
itive stub or a parallel capacitor is used to can- 
cel the remaining reactance, w h ~ c h  will be in 
the range of 150 to 200 ohms. 

Improving ZL Special 
r 

pertormance 

One straightforward means of improving ZL 
Special perforniance is to construct a phaseline 
with a characteristic impedance and velocity 
factor that agrees with calculations, after fully 
optimizing a two-source model of the desired 
antenna. However, most builders will be limit- 
ed to altering the antenna geometry in accor- 

dance with the available transmission lines. In 
general, there are only two methods of achiev- 
ing this goal. 

First, you may change the spacing. Unfort- 
unately, element spacing is insensitive to 
change. Raising the required characteristic 
impedance of the phaseline for the straight 
dipole models demanded shortening the spirt- 

ing to approximately 2.5 feet. Lowering the 
required line impedance of the folded dipole 
models demanded an increase in spacing to 
around 7 feet. Neither move seerns very attrac- 
tive mechanically. 

Second, you may change the ratio of element 
lengths. Each model with equal-length ele- 
ments was initially optimized with respect to 
element length for maximum front-to-back 
ratio. Only the ratio of element lengths remains 
to be changed in pursuit of a geometry that 
requires a phasing line of the desired character- 
istic impedance. The rule of thumb is this: to 
decrease the required Zo, make the front ele- 
ment shorter than the rear element. To increase 
the required phasing line Zo, make the front 
element longer than the rear element. The 



Modeling and Calculation Resuits with Tesf Models 

Model c Two-Source Data > < Calculations > < Test Model Results > 
Name I @El. 1 I @ El. 2 F-B (dB) Zo R Rtn 1 El. 2 Ph. Dif. R jx Zo F-B (dB) R jx 

Folded Dipole Models 

Short 0.510" 0.491-38.7" 41.89 268.9 -63.61" 24.9 1" 55.8 -48.9 268.9 12.80 29.5 -18.1 
300 12.46 35.3 -12.8 

Off Z 0.5/0° 0.491-42.7 44.95 194.4 -42.63" 0.07" 52.3 36.3 194.4 45.38 52.4 36.3 
300 17.95 74.9 56.2 

1" 0.5/0° 0.51-42.9" 39.52 330.2 -41.16" 1.74" 40.8 53.4 330 30.12 43.3 51.3 
300 25.64 37.8 44.9 

318" 0.5/0° 0.491-42.7" 44.16 330.1 -42.69" 0.01" 42.0 42.7 330 44.19 42.0 42.6 
300 27.60 36.6 36.4 

Straight Dipole Models 

#12 0.5/0° 0.51-34.75" 29.61 66.9 -35.44" 0.69" 6.7 6.6 7 1 27.17 7.1 5.8 
518" 0.5/0° 0.51-34.75 26.06 67.0 -36.19" 1.44" 7.1 7.7 7 1 26.63 7.2 8.8 
314" 0.510" 0.51-34.75 25.66 66.7 -36.57" 1.82" 7.2 7.5 7 1 25.46 7.2 8.8 

See Notes, Table 3. 
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Front-to-Back Ratio vs. Antenna Height 

2-Element Yagi and ZL Special 

20 21 22 23 24 25 26 27 28 28 30 31 32 33 34 35 36 37 38 39 40 

Height Above Medium Earth in Feet 

Figure 8. Yagi and ZL Special front-to-back ratio versus height above ground from 20 to 40 feet over real medium earth. 

adjustments will be small if the original anten- 
na requires a phaseline ZO within 1 U percent of 
the desired value. In addition, either or both 
elements may require adjustment. 

Table 5 catalogs four improved models. 
Note that the folded dipole models have front 
elements slightly more than an inch shorter 
than the rear. Not shown are the new design 
values of rear element current magnitude and 
phase, which will change as the element-to-ele- 
ment ratio changes. 

The straight dipole models show the reverse 
effect: to raise the required Zo from 67 to 7 1 
ohms, the rear element must be slightly shorter 
than the front element, with a consequential 
change in rear current magnitude and phase rel- 
ative to the front element current. Because the 
curves approaching the maximum possible 
front-to-back ratio are steepest above 30 dB or 
so, very small changes in element dimensions 
produce large changes in front-to-back ratio. 

Having shown that, and how it's possible to 
refine ZL Special performance by adjusting the 
antenna geometry, we must consider whether 
such a measure is worthwhile for the average 
home builder. Figure 6 superimposes two of 

the straight dipole antenna patterns-one for 
equal-length elements, the other improved. 
Although there is some improvement in the 
overall front-to-rear pattern (taking into 
account the entire region from 180 to 360 
degrees), the itnprovement isn't large compared 
to the initial improvement over the reference 
two-element Yagi. 

Moreover, achieving the absolute maximum 
rear null in fixed construction may be beyond 
the building and measurement capabilities of 
most hams. Indeed. phased arrays with equal- 
length elements may have advantages that off- 
set their slightly reduced front-to-back perfor- 
mance. Such an array is reversible if we attach, 
to both elements, ladder line feeders that are a 
multiple of a half-wavelength (adjusted for the 
velocity factor). One feeder is attached to the 
line to the transceiver, the other left open as an 
indefinitely large impedance that doesn't sig- 
nificantly affect antenna operation. 

However, carefully pruning a ZL Special for 
maximum null at the design frequency does 
center the front-to-rear pattern within a desired 
frequency span. For a front-to-back null of over 
40 dB, the front-to-back ratio degrades uni- 
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formly above and below the center frequency. 
On 10 meters, the front-to-back ratio is better 
than 25 dB 25 kHz each side of the design cen- 
ter and about 20 dB 50 kHz each side of the 
design center. Less careful pruning will likely 
improve the front-to-back ratio in one direction 
from the center frequency, but degrade it in the 
other down to about 15 dB. 

Construction and placement 
notes 

All the antennas in this analysis have been 
modeled at 35 feet above medium or average 
ground. More than many antennas, ZL Specials 
require modeling over real ground, rather than 
the construction of free space models, because 
they are somewhat sensitive to ground effects. 
This applies most especially to the array's 
front-to-back ratio. 

Figures 7 and 8 graph the gain and front-to- 
back ratio, respectively, of the ZL Special (the 
518-inch diameter straight dipole model), with 
comparable values for the reference Yagi pro- 
vided as a standard. The gain curves are quite 
parallel. Their spacing is a graphing conve- 
nience: the difference in values makes little, if 
any, operational difference. However, the 
excursions in front-to-back ratio for the ZL 
Special are many times those for the Yagi. The 
curves are based on a single configuration for 
each antenna. While the Yagi shows a relative 
constancy of performance, the variability of the 
ZL Special's front-to-back ratio suggests that 
optimizing it for the anticipated height of use is 
in order. 

As a further indication that Yagis and ZL 
Specials operate according to quite different 
principles once we move beyond the mutual 
coupling of elements, the correlation of feed- 
point impedance and other parameters differs 
for the two antennas. ZL Special front-to-back 
peaks and nulls tend to correspond with peaks 
and nulls in the reactive component of the 
feedpoint impedance. For driven-element- 
reflector Yagis, the front-to-back peaks and 
nulls correspond with their counterparts in the 
resistive component of the feedpoint imped- 
ance. By way of contrast, to the degree they 
are detectable. gain peaks and nulls show a 
reverse correspondence. 

There's little that anyone can add to the con- 
struction of ZL Special, whether using straight 
dipoles or folded dipoles. Straight dipoles lend 
themselves to the use of rotary beam tech- 
niques. One caution is required: do not permit 
metal antenna structural elements (such as a 
boom or mast) to disturb the balance of the cur- 
rents in the phaseline. Moreover, the sum of 45 
years of ZL Special construction wisdom dic- 

Table 5. Modeling and calculation results using 
improved test models. 
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Figure 9. General sketch of a single-mast support structure for testing wire ZL Specials. 

tates that we use parallel feedline, not coax, for 
the phaseline. A mixture of wood, PVC, and 
similar construction materials for the structural 
assembly can leave your twinlead phaseline 
unaffected. Unfortunately, the demise of 70- 
ohm twinlead as an easily obtained co~nmodity 
has made the straight-dipole version of the ZL 
Special an endangered-if not an extinct- 
species of the antenna. What remains to build 
are twinlead folded dipole versions. 

Use caution when buying materials for a 
folded dipole ZL Special. Belden 8230, the 
standard 300-ohm twinlead for many amateur 
applications, has #20 stranded conductors and 
a nominal velocity factor of 0.80. It is the 
basis for the models and the test antenna stud- 
ied here. Many common local sources of sup- 
ply for twinlead no longer carry equivalents of 
this transmission line. The foam lines they do 
carry often have no listed velocity factory, and 
it's unlikely that the figure will be 0.80. 
Velocity factor is important chiefly in the 
physical length of the phasing line, which is 
perhaps the most critical factor in building a 
ZL Special. 

Decades ago, when bamboo was cheap, tap- 
ing 300-ohm twinlead to support elements per- 
mitted folded dipole versions of the ZL Special 
to approxi~nate rotary beam configurations. 
More recently, the idea of fixed beam installa- 

tions. whether in an attic or in the field, has 
regained popularity-if for no other reason 
than necessity in today's tighter ham quarters. 
A twinlead ZL Special, following W7EL's 
lead, makes a good Field Day Special, because 
it  rolls up into a small ball for transport. 
Elevated at the ends and pointed roughly 
toward the main body of hams to be worked, 
the antenna outperforms dipoles by a good 
measure. Coastal hams can use a single feed- 
line version. while midwestern operators may 
opt for a reversible version. 

As a test bed for validating modeling figures, 
I huilt the single-mast support system shown in 
Figures 9, 10, and 11 and Photo A. With inner 
arms of Schedule 40 PVC and outer t~-iangular 
sections of lighter PR 3 15 PVC, the assembly 
permitted me to place practically no metal in 
the vicinity of the antenna elements or the 
phase line. Support arms for the center connec- 
tions to each folded dipole are optional. If you 
use them, lightweight 112-inch nominal CPVC 
is recommended. All junctions are glued. 

Although the assembly is a good bit more 
rigid than it appears at first sight, I don't rec- 
ommend it for a permanent installation. The 
guys don't stabilize the structure in all axes and 
certain twisting motions are possible in high 
winds. In lighter winds, the structure is quite 
stable. Thus, it is adaptable to short-term 



portable operations if some of the junctions are 
only press-fitted into the couplings. 

Those who wish to hang the elements from 
their ends might use the 17-foot length, because 
a 10-meter two-element phased array is just 
over 16 feet long. My own final version of the 
support system was about 15 feet, 9 inches 
long. The ends of each front-to-back arm were 
slit, with the twinlead pressed in place. A pair 
of holes punched in the insulation of the twin- 
lead permitted the use of a cable tie to hold the 
element in place. The short ends sticking out 
beyond the-limits of the structure were self-sup- 
porting and easily accessed for pruning. 

The antenna tested was the irnproved 318- 
inch model in Table 5. The insulation on twin- 
lead elements requires about 1 to 2 percent 
shortening (relative to the models) of the ele- 
ments forresonance at 10 meters. (Note: the 
velocity factor of a transmission line used as a 
radiating antenna element isn't the same as the 
velocitvfactor of the material used as a trans- 
mission line. As a radiator, twinlead is just 
another type of insulated wire.) The final 
lengths for the test frequency of 28.5 MHz and 
a height of slightly tnore than 20 feet were 16 
feet and 16 feet, I inch using Belden 8230. 
Feedpoint series capacitors are 300 pF in each 

leg of the feedline on the antenna side of a 
choke balun. Because the impedance at reso- 
nance is in the neighborhood of 40 ohms resis- 
tive, the lowest SWR doesn't necessarily indi- 
cate the frequency of the null, which will be at 
a slightly lower frequency. If heights other than 
20 to 35 feet are used, these test numbers may 
be somewhat different. 

Once pruned, the antenna worked as predict- 
ed, within the coarse methods available for 
tests. Point-to-point contacts established a 
front-to-back ratio at the design frequency that 
rivaled the Moxon rectangle. Performance held 
up across the first MHz of 10 meters, both in 
terms of anticipated front-to-back ratio and in 
terms of an SWR bandwidth within 2: 1 limits. 
Unless one has a very special operating need, 
the extra work of obtaining a "perfect" null 
would not likely show up, as it is frequency 
specific and flattens rapidly with excursions 
away from the design frequency. 

One ZL Special variant is especially apt for 
attic use (assuming the broad surface faces the 
best QSOs). W9BRD bent the ends of straight 
dipoles toward each other and phase fed the 
resultant a ~ s e m b l y . ~  Figure 12 shows the gener- 
al outline of the antenna. The original design 
used equal-length elements and a system of volt- 

Figure LO. Detail A of the support structure, showing the combination of PVC materials used in its construction. 
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age feeding a transmission line segment between 
the element ends on one side. The dimensions 
shown are for a modified version using # I  8 wire 
unequal length elements and a 7 1-ohm phasing 
line. The resulting feedpoint impedance is 33 + 
j45 ohms-a tolerable match for coax once the 
inductive reactance is canceled. 

Figure 13 shows the pattern at both 20 and 
35 feet above real medium earth for the 'BRD 
Zapper. Relative to a model with linear ele- 
ments, the closed geometry of the 'BRD 
Zapper costs a little under 0.5 dB of gain. At 
the higher elevation, the worst rear lobe is 
down over 25 dB. At 20 feet (perhaps an aver- 
age attic height), the front-to-back ratio drops 
to about 20 dB, although further refinement of 
the geometry may restore much of the dimple 
in the most rearward direction. Perhaps the 
only competitive small parasitical antenna in 
this respect is the Moxon rectangle. In fact, 
either antenna would make a good fixed bean1 
for attic use, and the Moxon would be easier to 
build because it requires no phase line. The best 
reason for noting the 'BRD Zapper here is to 
demonstrate that the geometry of horizontal 
two-element phased arrays isn't exhausted by 
straight and folded dipoles. 

In fact, this analysis of ZL Specials hasn't 
even come close to exhausting the possibilities 
for horizontal two-element phased arrays. The 
lure of indefinitely deep rear nulls is likely to 
keep the creative juices flowing in tnany a ham 
builder. Hopefully, this exploration into model- 
ing and analyzing ZL Specials has added to a 
better understanding of the process. The opera- 
tion of ZL Specials can be understood in terms 
of the voltages and currents at the terminals of 
each element and along the transmission line 
used to establish correct phasing. A combina- 
tion of modeling and calculation makes the per- 
formance of a proposed version of the ZL 
Special far more predictable than was thought 
in the past. My hat is off to all those early 
experimenters who made workable ZL Specials 
while laboring under a limiting set of assump- 
tions. That is a testimony to persistence of trial 
and error efforts. 

Notes 

Special thanks to Elaine Richards, News and 
Features Editor for PW Publishing Ltd.. pub- 
lishers of Shortwave Magazine and Practical 
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Figure 12. General configuration of the 'BRD Zapper ZL Special. 

feedpoint 

Figure 13. Azimuth patterns of the 'BRD Zapper at 28.5 MHz, 20 and 35 feet over real medium earth. 
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Wireless. for her kindness in supplying me with 
copies of articles on the ZL Special appearing 
in those journals. My thanks also go to Brian 
Egan, ZLILE, for providing copies of ZL 
Special articles appearing in Break-In, and to 
Bridget DiCosimo of the ARRL for finding 
similar materials that have appeared in QST. 
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Appendix: Using the ZL Special Equations 

Using the equations given in the main text for the ZL Special requires that we expand them to 
account for the fact that each voltage, current, and impedance may be a complex number-that is, 
a magnitude with a phase angle. As a convenience to anyone who might wish to put these calcula- 
tions into a utility computer program, the following expansions are provided, along with some 
additional calculations of casual interest in the analysis of horizontal two-element phased arrays. 

First, the rear element values of E, and I,. along with their associated phase angles, yield the 
impedance at the rear element, Z,: 

Err 
Zrr = - O ~ r r  = O ~ r r  - Olrr 

I, 

where Z, is the rear element feedpoint impedance and OZ, is its associated phase angle. 
Obtaining this figure allows one to determine the impedance phase change along the phaseline as a 
matter of interest. 

The use of Equation 2 in the text requires that we first convert the physical length of the phase- 
line, initially identical to the spacing between elements, into radians. This is a standard two-step 
process that begins with the conversion of the physical length into an electrical lenyth in degrees: 

.366ftf '.2ft,,, , .  6 - . td = 
VF VF 

where td is the length of the line in degrees, f is the frequency in MHz, VF is the velocity factor 
of the line, and t,,, and tf are the initial lengths in meters and feet, respectively. 

Converting degrees into and out of radians requires the familiar equations, 

- "%i 1 8% - and t d = -  
180 x 

where tr is the electrical length in radians. 
Equation 2 in the text yields a value of Zo that produces the desired change of current phase 

with an incidental change of magnitude: 

E - E,,cosC,. 2, = .fi 
jlrrqintr 
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Expanded to accc 1, it  becorr 

E cc ~,sinOEp z, = L 
jlrrcostlr 

Gatheri~ d imagina n the nurr ows one to split the into its 
parts. Hov ause the c :or is also inverting the parts rther 
subdivisio :al and im ubdivisior I be recombined by dition. 
Reinverting and using vector additlon once more produces the final result, the Lo ot the 
phaseline. 

Calculating the ct nd of the phaseline, given the : Z,, is 
straightforward: 

i 

uation expands into the following form 

1 ;,. - 1 . . . .LUS@,~~CO~~?~ E W - : . . ~ ~ , ~ ~ , , ~ , +  :IT -:.. qIrr&.vwr I- Err COS@~,. ,Z~~~~L.~,  
Z" 

~e real anc tion are recombined by vector addition. 
,e at the ir f the phaseline, may be obtained from Err and Ii,,.by the 

5 :thod use( 1,. The difference in the phase angle for the two ~mped- 
i pedance le change for the phaseline. 

-,,,,..; tile total feedpoint current IS a vector sum: that is, 

I 

tne magnltuae ana pnase angle of Ifp are determined from: 

qp = 4% I sinOlf,. + l i n ~ i n 0 ~ ; ~  
lincosOli,,)Z + ('f,...inOvr + linsinOli,,)~ OlfP = arctan fr+ 

'frc0",fr + l inc~~o,i, l  

Precalc~ various recurrent terms can simplify programming of such equations. 
Determination or the feedpoint impedance, resistance, and reactance are self-explanatory from 

the equations in the main text. with the addition of one item: 

E 
zfp =J OzfP = @Efr - @Ifp . Rfp = zfpco~~o~fp Xfp = ZfFvin@~fi, 

'fP 

The rec: of Ir2. the rear element current magnitude and phase angle, via the standard 
formula, 

h = lincostr - il' sint, 
Z" 

requires an expansion similar to that for calculating input current from load current, with some 
appropriate sign changes along the way. Expanded, the equation is: 

Ir2 = fi,,cosOli,costr + Efi sinOEfisintr + j (li,,sinOli,,cost?r - .Err cosOef,...intr) - 
Z" Z" 

The equation requires completion in the same manner as the calculation of Ii,. 
I hope this appendix will assist a few readers. Those who wish precision beyond the capabilities 

of average home construction may replace the lossless transmission line formulas with those for 
Ic . Terman's Rudio Engineer's Handbook and Johnson's Anretina En~ineet-ing Nandhook 
P ~ d y  references. 
- 



Fred Brown, W6HPH 
Box 73 

Palomar. California 92060 

BUILD A 5- TO 
SPECTRUM 

ANALYZER 
Low-cost TV tuners make this project 
a snap! 

A spectrum analyzer can be a useful and 
helpful tool. It lets you look at any part 
of the RF spectrum and see at a glance 

just what signals are there. Normally, a good 
used or new spectrum analyzer would run over 
a thousand dollars-placing it out of the reach 
of most pocketbooks. But, by using commonly 
available varactor-tuned TV tuners. you can put 
one together with ease! 

A major cost component is represented by 
the CRT display section. If you already have a 
good shop scope with DC coupling and XY 
inputs, you have half of a spectrum analyzer 
already in hand. By adding a CATV tuner and a 
UHF TV tuner, along with some simple support 
circuitry, you can cover from 5 to 850 MHz in 
two bands! The block diagram is shown in 
Figure 1. Either tuner can be selected, and its 
output amplified by the 62-MHz IF strip and 
detccted. The detected signal feeds the vertical 
(Y) input of the scope. The tuners are swept 
across their tuning range by a sawtooth wave- 
form generator that's also used to drive the 
scope horizontal (X axis) input. 

More about TV tuners 

Photo A shows a typical CATV tuner mod- 
ule. These devices can be found surplus at very 
low cost. You can also salvage suitable tuners 
from discarded cable-ready TV sets that have 
electronic tuning. In Figure 2, 1 show a block 
diagram depicting what goes on inside one of 
the CATV tuners. The input signal first passes 
through a high-pass filter with a cutoff at 40 
MHz. A low-pass filter limits signals above 

Photo A. A typical CATV tuner has F cnnnectnrs for RF input and output. 
Power requirement is +I2 volts 75 mA. 

500 MHz. The internal VCO is used to up-con- 
vert signals in this passband to a fixed first IF 
at 612 MHz. A second fixed LO down-converts 
the IF to an output on TV channel 3. 

Removal of the input high-pass filter will 
allow operation down to as low as 5 MHz. 
Simply take out two small coils and three chip 
capacitors. A coupling capacitor replaces the 
high-pass filter section (see Figure 3). The 
VCO that drives the first mixcr is varactor 
tuncd by a tuning voltage of from 2 to 20  volts. 
This wils originally tuncd by a PLL system. and 
a divide-by-356 ECL prescaler chip in the mod- 



Figure I. Rlnck diagram of the spectrum analyzer. 

62 MHz 

IF amplifier 

ule was used to drive the divide-by-N portion 
of the PLL. However. the prescaler isn't used; 
it's left in the tuner. 

Editor's note: CATV tuners used by cable 
boxes are designed for negative voltage power 
supplies and also use negative-going tuning 
voltages-CATV tuners such as the Jerrold 400 
or 450 series cannot be used in this analyzer! 

My UHF tuner has a bipolar RF stage, 
mixer, and local oscillator. All three stages are 
tunable and tracked by varactor diodes. The 
input coupling loop is for 300-ohm line. By 
reducing this to one turn, a better match is had 
for 50-ohm lines. Enough turns were removed 
from the mixer output coil to raise its frequen- 
cy from the normal TV IF of 43 to 62 MHz, or 
channel 3. Other than a minor alignment 
touchup, these are the only modifications 
needed for the UHF tuner. 

To keep things simple, no further frequency 

Photo R. The author's spectrum analyzer is huilt on a 7 x 9 x ,?-inch chassis. The stages are used after the tuners; lhat 

power supply is underneath and sweep circuits are on the circuit hoard at the is, the IF runs straight through at 62 MHz. I felt 
right. The IF strip runs along the top and the two high-0 air-wound mils, L2 and this reduced the likelihood of generating spuri- 
L3, are clearly visible. ous signals in the analyzer. As it is, there are no 

VHF input + 
10-500 MHz 

Figure 2. Rlnck diagram of a CATV tuner. 
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Low pass 

Mixer ' T i  
A A 

BEFORE 

Figure 3. Before and after configuration of the CATV converter front end. The high-pass 40-MHz lilter components are 
removed and replaced with a I nF capacitor to extend the frequency response down through HF. 

spurious blips anywhere within the analyzer 
range. Using Hi-Q coils. with light loading, in 
the IF stages yielded a passband with a 3-dB 
bandwidth of 180 kHz. This may seem overly 
broad, but for most ham applications it's entirely 
satisfactory. You might be able to improve the 
resolution using crystal or SAW filters, but this 
would increase the complexity and cost of this 
project. The lack of an RF stage in the CATV 
module, and the broad IF bandwidth, limits the 
sensitivity of the analyzer to about 3 pV- 
signals weaker than this are lost in the "grass" 
(noise above the analyzer display baseline). 

Figure 4 shows the complete analyzer circuit 
diagram. Photos R and C show the exterior and 
interior views of my completed analyzer. The 
sawtooth waveform generator has an 80 Hz 
repetition rate. Transistors Q1 and Q2 perform 
this function.  hi^ scan rate is high enough to Photo C. The frnnt panel measures 8-114 x 6-112 inches. The center fre- 

flicker but low enough that rise time quency control has two scales-nne calibrated for VHF  and one for UHF. 

a problem. The sawtooth waveform is ampli- 
fied by the op amp, U 1. It was nesessary to use 
an FET-input op amp because of the high 
impedance level of the sawtooth oscillator cir- 
cuit. The output of U I provides a voltage swing 
of +2 to +20 volts when scan width control. Rl ,  
is set for maximum sweep. This sawtooth is 
then combined with a variable DC voltage. 
from the center frequency control, R2, so any 
part of the RF spectrum can be examined in 
detail. The TV tuner modules have a fairly lin- 
ear tuning voltage-to-frequency curve. Photo D 
illustrates linear tracking up to approximately 
400 MHz. The discrepancies above 400 to 500 
MHz could have been compensated for by 
using op-amp drivers with nonlinear diode 
feedback schemes. But, again, the results are 
livable for my applications. 

IF strip I'hoto I). This shows the h;trnlonic strltctltre ol'a 5 0 - M I I L  cr~st;tl-con- 
trolled nscill;itor coupled to a stcp-recovery diode h;~rmonic generator. 
Note that the spacing of the harmonics is quite uniform from zero up to 

The IF strip uses three dual-gate MOSFETS, 400 MIIX, but the sweep rate falls oRat higher frequencies as evi- 
Q5, 46,  and Q7. Total gain from IF input to dcnced hy wider spacing hetween harmonics. 
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P Coil data. 
LI : 7 turns no. 24 enamel wire, close wound on 114-inch OD slug-tuned coil form. 

S L2: 6 turns no. 14 wire. 0.4-inch ID, 112-inch long, air wound. 
L3: Toroid core, wound for 0.32 p H  inductance. 

* 

t PI 

Figure 4. Complete circuit and part values for the spectrum analyzer. 
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I'hoto I*;. 'l'lii\ shot of the 1<1' spec l r~~ l r~  :at the ;~uthcrr's ()'I'll \\:Is obt;~inetl 
I)! connecting the VHF input ol'the spectrum an;alyzer to ;I broadhancl 
antenna. The sweep is approximately zero to 80 MHz with 50 MHz at the 
center of the screen. The signals on the left are H F  skywave signals. Note 
that the M U F  cuts off at ahout 18 MHz. The strong signal just to the right 
o f  center is the video carrier of channel 2. Next is the sound carrier of 
channel 2, and the subsequent strong signal is the video barrier o f  channel 
4. This is followed by a couple o f  communications signals i n  the 72 to 76- 
MHz band, which are followed by the video carrier of channel 5. 

I'hoto 1;. 'l'his scan i.; from zero lo  220 Xll lz :lntl sho\!s :111 the V11F '1's 
channels p l ~ ~ s  many communications signals. The part that's saturated 
with signals. just to the left of center, is the F M  broadcast hand. 

maintain a high Q. It was also necessary to 
place a shield between the two coils to reduce 

Figure 5. The power supply provides both 12 and 24 the coupling. If there's too much coupling, YOU 
volts regulated from one small transformer. end up with a double-hump response curve. 

Because of the high Qs of L2 and L3 (about 
DC output is about 75 dB. The two high-Q 250), optimum coefficient of coupling is very 
coils, L2 and L3, form a two-pole filter and small. RF toroids were used for L4 and L5; this 
provide most of the selectivity. It was neces- avoids stray magnetic fields, but solenoidal 
sary to tap Q5 and Q6 down on these coils to coils could also be used if shielding is adequate. 
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The IF assembly is built on a 1-112 by 7-inch 
section of pc board. Each amplifier is individu- 
ally shielded. The liberal use of feedthrough 
capacitors helps to maintain the needed isola- 
tion. With 75 dB of in-line gain, you need at 
least 7 dB of isolation between the input and 
output. Isolation also affects the skirt selectivity! 
Any spectrum analyzer will have a large blip at 
a zero frequency. At this point. the LO reaches 
the first IF frequency and saturates the analyzer. 
The skirt bandwidth of this "blip" determines 
the lowest observable signal. (Editor's note: The 
baluns used in the construction of the diode mix- 
ers may also play a role here.) 

RF gain control R3 provides a control range 
of more than 70 dB, while maintaining good 
linearity in the IF stages. As the arm of R3 
nears the 56-k resistor, the DC source voltage 
of Q5 and Q6 increases-reducing the gain of 
those stages. Additionally, as the voltage on the 

arm of R3 nears 112 volt, diode Dl begins to 
conduct, shunting the input signal to prevent 
overloading of the Q5 IF stage. 

The detector is a simple germanium diode! 
Techies may use a Schottky device here, but 
the results will remain the same. Capacitor C1 
and resistor R4 determine the detector time 
constant-about 114 psec for the values shown. 

A reasonably logarithmic response results 
from switching in diode D2, providing a log 
response over a 40-dB range. There are better 
methods, but this offers simplicity and is ade- 
quate for my needs. Photos E and F show off- 
air signals received on two different scan ranges. 

The analyzer power supply is shown in 
Figure 5. A center-tapped 24-volts AC trans- 
former provides the needed 24 volts DC and 12 
volts DC regulated outputs. The 24-volt supply 
filtering is especially critical, because it's used 
for developing the tuner varicap tuning voltages. 

r~ An Invitation To Authors 2 

C ommrtnicatioris Qrtartcrly welcomes manuscript submissions from its readers. If you have 
an article outline or finished manuscript that you'd like to have considered for publication. 
we'd like the chance to review it. 

Those of you who are thinking of writing, but aren't sure how to put a piece together, or what 
programs we accept, can write for a free copy of our author's guidelines (SASE appreciated). 

Interested? 
Send your manuscripts or requests for author's guidelines to: Editorial Offices. Conimrmi- 

cations Qrrarterly, P.O. Box 465, Barrington. New Hampshire 03825. 

We're waiting to hear from you. 

PRODUCT INFORMATION 
New Rottom Mount Slides for Heavy Loads back-up trays, air conditioning units, and more. 

The heavy-duty slides are made of heavy 
Chassis TrakB bottom mount slides, Models gauge cold rolled steel. coupled with solid 

D-1050 and D-1054, from General Devices. pro- stainless steel rollers and a patented retainer 
vide load bearing capability and ease of exten- assembly. The D-1054 slide locks at the fully 
sion for cumbersome components. The slides closed position and at the fully extended posi- 
have a weight capacity of 400 to 1,200 pounds tion. The slides can be modified for special 
or more, depending on the number of slides applications. 
under the load. These telescoping slides can be For further information, contact General 
used for service and installation requirements of Devices Co., Inc., 1410 S. Post Road, P.O. Box 
large electronic enclosures. power supplies, 391 00, Indianapolis, IN 46239-0 100: or call 800- 
tclecomrnunications racks, generators. battery 626-9484 for literature; or fax 3 17-898-29 17 
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TECH NOTES 
Edited by Pelrr Bertini. K l Z I H  
Senior Technic.al Editor 

In this issue of' "Tech Notes," we,fc.urure just 
one article on 1 / 7 ~  attenuutors by Chr.is Fagas, 
W B d V W .  These n i j ~  lirtlr.  gadget.^ huve tnczny 
applicutions in RF, HF, VHF, and UHF pro- 
jects. Mounted in small boxes, they'll even 
ser.\!e as inexpensive VHF "Fox Hunting" 
adjl~stable rcttcnuatot.~. I'tn sure you'I1,find 
many additionul use.c.for these hcmcly delices! 

-Pete, KlZIH 

Adjustable 50-ohm Attenuators 
Make Level Matching Easy 
Between RF Stages 

Tliese nifty little attenutrtol-s have many 
~~/~plicutions.  

This approach to 50-ohm attenuators is 
usable almost anytime such a device, which can 
be tweaked to its final attenuation value in the 
operating circuit, is needed between stages. 

Although this little-known technique has 
been used by many in the past, very little time 
and effort has been spent to date in understand- 
ing the perfhrnlance characteristics that can be 
attained through it. 

By carefully choosing component values, 
the response of this simple pi-network resis- 
tive attenuator (Figure 1) can be optimized 
to provide: 

1. An appropriate range of attenuation; 
2. A smooth response over the desired range. 

Measurements 
All of the examples discussed here will yield 

input and output VSWR with respect to 50 
ohms of under 2: 1 (return loss over 9.5 dB). 
even over their maximum adjustment range. 

This low theoretical input/output VSWR has 
been calculated in the following tables and 
graphs (Figures 2 through 4) without taking 
component inductive/capacitive reactance into 
account. This is simply a matter of individual 
circuit execution, with an understanding that 
these reactances will become more bothersome 
at higher frequencies. In my experiences under 
30 MHz, little regard for neat execution is nec- 
essary to achieve excellent performance. 
However, at higher frequencies more careful 
attention should be directed towards component 
choices and cleaner execution. 

I used the Wiltron S33 1 Vector Network 
Analyzer to create the circuit plots from 25 to 
330 MHz in the minimum, median, and maxi- 
mum attenuation settings. These show the 
VSWR and Smith Chart of these settings over 
this frequency range. The Scalar Network 
Analyzer plots of the circuit from 300 kHz to 
1300 MHz in the minimum, median, and maxi- 
mum attenuation settings were created using 
the Hewlett Packard HP8711B. These plots 
show two channels for these settings over this 
frequency range. Channel number 1 is trans- 
mission loss, or loss through the circuit. 
Channel number 2 is return loss, or the delta 
between energy put into the circuit and energy 

Figure 1. Pi-network resistive attenuator. 
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Fixed Fixed 
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Figure 2. ( A )  VSWR (Reflection) of minimum attenuator setting (approximately -3 dB). 

Figure 2. (B)  Smith Chart plot. 
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b1: T r a n s m i s s i o n  Log Mag 10.0 dB/ Ref 0.00 dB 
D2: Reflection Log Mag 10.0 dB/ Ref 0.00 dB  

1 
2 

Figure 2. (C) Network analyzer plot of the circuit. 

-30 

-40 
Abs 

-1: Mkr (MHz) de 
1> 100.00 - 
2: 200.00 -4.12 
3: 300.00 -4.34 
4: 400.00 -4.63 
5: 500.00 -4.62 
6: 600.00 -4.84 
7: 700.00 -5.17 
8: 800.00 -4.95 

reflected by the circuit (for reference, 6 dB of 
return loss equals a VSWR of 3: 1.9.6 dB of 
return loss equals a VSWR of 2: 1, and 14 dB 
of return loss equals a VSWR of 1.5: 1 ). 

Figures 5 through 8 show that 100-ohm 
fixed resistors yield the greatest adjustment 
range in this circuit. Standard carbon composi- 
tion or metal-oxide fixed resistor legs to ground 
will generally yield excellent results. At higher 
frequencies, you'll need to keep all leads very 
short and neat for acceptable performance. At 
even higher frequencies, surface-mount chip 
resistors might be necessary to attain accept- 
able performance. Wirewound resistors must be 
avoided because of excessive inductance. 

The choice of potentiometer is quite similar; 
again, wirewound varieties must be avoided. 
Unfortunately, this means that most of the 
high-quality, panel-mount, multi-turn poten- 
tiometers aren't usable because they're of the 
wirewound variety. However, many composi- 
tion potentiometers are available in both the 
panel-mounted and on-the-board "trimmer" 

* 

2: Mkr (MHz) dB 
1> 100.00 -9.66 
2: 200.00 -10.31 
3: 300.00 -10.45 
4: 400.00 -9.74 
5: 500.00 -11.12 
6: 600.00 -11.29 
7: 700 .OO -10.68 
8: 800.00 -13.37 

S t a r t  0.300 MHz Stop 1 300.000 MHz 



Figure 3. (A) VSWR (Reflection) of median attenuator setting (approximately -30 dB). 
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Figure 3. (B) Smith Chart plot. 
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Figure 3. (C)  Network analyzer plot. 

b1: Transmiss ion  Log Mag 10.0 dB/ Ref 0.00 dB 
?Z: Reflection Log Mag 10.0 dB/ R e f  0.00 dB 

Start 0.300 MHz Stop 1 300.000 MHz 

style. Also. surface-lnount "trimmer" poten- potentiometer weren't particularly neat or 
tiometers will push the upper frequency limit direct. However, the performance of this circuit 
of the circuit even higher. was excellent to 100 MHz. 

I:  Mkr (MHz) - dB 23 1> 100.00 
2: 200.00 -10.38 

300.00 -10.50 i1 400.00 -10.56 
5: 500.00 -10.64 
6: 600.00 -10.73 
7: 700.00 -10.69 
8: 800.00 -10.63 

A Test Fixture Circuit Applications 
As an example, I made a test fixture with a Applications in which I have successfully 

surface-mount 5-k potentiorneter installed on a llsed this circuit, with various styles of execu- 
SO-ohm microstrip. whicl, I cut onto a small tion. are as follows: 

i 

- 
2: Mkr (MHz) - d B  1> 
2: ;:::::- 
3: 300.00 -26.89 
4: 400 .OO -28.13 
5: 500 .OO -32.35 
6: 600.00 -20.85 
7: 700.00 -23.76 
8 :  800.00 -19.95 - 

piece of glass epoxy FR4 double-sided board 
stock (Photo A). 1 used fixed value 100-ohm 
surface-mount chip resistors froin the 
microstrip to a low impedance ground. I then 
tested this circuit on a network analyzer and 
was pleased to note excellent performance up 
to 1000 MHz. 

For a lower freq~rency application at 28 
MHz. I used a standard cotnposition 1-k panel- 
mounted potentiometer on the side of a diecast 
box, with fixed value 100-ohm composition 
resistors to n grounding tab on the bottom of 
the box. The leads of the fixed resistors were 
left full size. The dressing of the mini-coax 
leads from the input and output BNC connec- 
tors on the opposite side of the box to the 

A. Panel mounted within a diecast box to 
allow srnooth 28-MHz IF transmitter drive con- 
trol for a transverter-based UHF system. A 
high-power amplifier is used with the moon- 
bourice/terrestrial system, and a rneans of con- 
trolling drive is necessary during amplifier tun- 
ing. In addition, full transmit power isn't neces- 
sary for terrestrial cornrnunications, arid this 
circuit allowed the 432-MHz R F  output power 
to be easily adjusted frorn I0 watts to 1.5 kW 
(approximately 22 dB). 

B. Board mounted and following an 850- 
MHz low noise amplifier, or LNA (preamplifi- 
er), which was to be used ahead of a spectrum 
analyzer. This allowed an accurate setting of 
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Figure 4. ( A )  VSWK (Reflection) of maximum attenuator setting (approximately -36 dB) 

Figure 4. ( H )  Smith Chart plot. 



bl :  Transmiss ion Log Mag 10.0  dB/ R e f  0.00 dB 
D2: Reflection Log Msg 10.0 dB/ R e f  0.00 dB 
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Figure 4. (C) Network analyzer plot. 

1: Mkr (MHz) dB 
> - 2: 288% -%:E 

300.00 -30.43 
:1 400.00 -28.38 
5: 500.00 -27.03 
6: 600.00 -25.72 
7: 700.00 -24.30 
: 800.00 -23.54 

the system gain for noise floor measurements 
and calculations. 

C. Board mounted between stages in HF, 
VHF, and UHF receivers to allow redistribution 
of gain for i~nprove~nent in strong signal han- 
dling capability. This allows for the shifting of 
gain within the receiver for best strong signal 
handling while connected to the appropriate 
test equipment. 

D. Board mounted and following a masthead 
preamplifier in order to avoid overloading a 
VHF receiver with excessive gain. This 
allowed the preamplifier's gain to be tweaked 
on the tower, once it was installed and tested, 
to take into account the feedline loss of the 
entire system. 

2: Mkr (MHz) dB 
1> 100--30 -11.01 
2: 200.00 -10.63 
3: 300.00 -10.69 
4: 400.00 -11.97 
5: 500.00 -10.50 
6: 600.00 -10.43 
7: 700.00 -11.58 
8: 800.00 -8.83 

Components for a practical 
attenuator 

As a starting point, 100-ohm fixed resistors 
to ground with a 1, 2, or 5-k potentiometer will 
yield a very practical adjustable attenuator. 

In Figure 5, you'll see that extraordinary 
adjustment range is possible via these poten- 
tiometer values. In addition. these potentiome- 
ter values tweak quite smoothly over their 
entire range. Potentiometer values over 5 k 
adjust extremely quickly and, as a result, are 
much coarser, albeit they allow for even greater 
range. This too is illustrated in Figure 5. It 
should be very clear that a tradeoff exists 
between adjustment range and smoothness. 
You must decide what it is that you need in 
your circuit. 

E. Panel mounted and following a second- When you're selecting potentiometers, you 
stage VHF preamplifier to allow adjustment in might also have a choice between linear and 
weak-signal receive system gain, this provided log varieties. Each has its own advantage based 
for changing antenna noise temperatures based on the tradeoff you make between the adjust- 
on antenna position and time of day. ment range and the smoothness. 

F. Panel mounted in small boxes as inexpen- Good luck using these very practical 
sive VHF "Fox Hunting" adjustable attenuators. adjustable attenuators. They've served me well! 
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Ground 
Pi-Network Resistive Attenuator 1- 
100 ohm ~ i x e d  ~esistors to ( - I 

- 

Pot Value Attenuation VSWR Reflection 
ohms dB x:l  - coefficient 

0 3.01 2 
-p --- 0 333 

- - 

5 3.78 1.8 0.287 - - -. . - - - __ ___  - -  - -- 

-- - - 

-- 

10 4.46 1.65 0.246 
25 . 6.19 1 . 3 6  7 1 5 2  

- 

- - _ -  __ L--- -- --- 

50 -- 8.37 1.1 0.048 - 
I---; 

75 10.07 1.04 0.02 
+-------I. - -- 

1 
&-~ - 

.. -. . - - - - -- - - - - - . . . - -. - - - - - . - - .- , . - -  , - -  - -  ~- + - 

100 1 1146- 1.14- 0.067 I 
-- - _  - -  i--- - . ! - - -  

150 13.69 1.29 0.128 - .  .-i . I  _ - ----  , - - - -L- .- I 

200 15.44 1.4 0.167 - _ _  __- - - -  -- . - . - - 

250 16.89 1.48 0.193 _ - - -- - - 
350 19.21 1.59 0.227 1 - - P -- - - - - - 
450 21.03 I . 6 6  0.247 

i -- 

- _ _ _  __ - --- - - ! - 4  - 

1.71 0.261 550 22.54 I - . . - . . - . - - - - -- - - - - - - - -- t - +  - . - I 
650  -- 

- - -  

23782 1.74 0.271 _ - C_--. - 
750 24.93 1.77 0.279 I I 

- 4 --: ;.-- -~ 

1.82 0.292 I 1000 27.22 I 

-. -- - -- -- -+-- - 1  --.- - -- - 

1.88 0.305- 
pp 

1500 30.52 I I 
. -- _ - - . ,- + : -  I..- - 

2500 34.77 1.92- 0.316 -- - 1 
- _ _ _  . . - -,-- 

5000 40.65 _ . -- _ - - 
10000 46.61 - - __ - - -~ - 
I00000 66.54 2 0.333 

1- I 

100 ohm Fixed Resistors 

2 

1.8 

1.6 

1.4 

1.2 

5 1 cn > 
Q Series1 

dB Attenuation 
w 

Figure 5. Pi-net\vork resistive attenuotnr, I(M-ohm lived resistors to ground. 



xed ~ e s  
Pi-Network Resistive Attenuator I -- 

150 ohm Fi Ground - 
- 

Pot Value Attenuation VSWR Reflection - -  .- - .- 
ohms dB x : l  Coefficient 

0 2.22 1.67 0 25 
-- -- - - -- 

5 2.88 1.51- 
p-p 

0.203- 

10 3.47 - - -- 0.162 1.39- 
- - 

- - - - -- 

2 5 4.98 ___ 1.13- 0.063 -___ _ -- 

50 6.92 1.11 0.05 
. - -- -- - 

75 8.45 1.29 0.125 - - - - - - - - - - - - - - -.. - -- 

100 9.72 1.43- . _ -  0.179 -- .I-----~---L 
- -- - --- 

+ . - - . -- - - 

150 -- -11.76- 1.67 0.25 _ - - -  -- --i 
. ---+ 

200 13.39 1.84 -. - -- 0.295 
14.74 2 5 0 - -  

---- 
1.97- 0.327 

.- -- * , -- - . 
i 
L I ,.>-~- 

150 ohm Fixed Resistors 

r 

- 
t 

riseriisl : ! 

1 

dB Attenuation 

t 
, 
I 

I 1 I 1 

Figure 6. Pi-network resistive attenuator. 150-ohm fixed resistors to ground. 



%I ohm / 
Pi-Network Resistive Attenuator 

- -- -- 
-. - 

- 

2: :ixed Resistors to Ground - I. 

1 I -- 

Pot Value Attenuation VSWR Reflection , 
ohms dB x:l - coefficient 

0 1.63 1.45 - - - - - - 
0.185 

5 2.21 1.32- 0.138 
. -- - - - 

10 2.74 1.21 0.096 - -- 
25 4.1 1 .O1 0.006 -- ----. 
50 5.87 1.28 0.125 
7 5 7.26 1.52 0.205 
100 8.42 1.72 

1 I 
220 ohm Fixed Resistors 

I 
4 

QSeriesl 

5.87 . -. --- 
dB Attenuation 7.26 

i 8 42 

4 

I 

1 1 I I 

Figure 7. Pi-network resistive attenuslor, 220-ohm fi-ied resistnrs to grouncl. 
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VARI-NMCH@ DUPLEXERS @ 
FOR 2 METERS 

The TX RX Systems Inc patented Van-Notch filter 
c ~ r c u ~ t ,  a pseudo-bandpass des~gn, prov~des low 
loss, h~gh TX to RX, and between-channel ~so la t lon ,  

excellent for  amateur  band app l~ca t l ons  TX FIX 
Systems Inc has been rnanu fac tu r~ng  multtcoupl~ng 
systems slnce 1976. Other models ava~lable for 
220 and 440 MHz, UHF ATV and 1.2 GHz. 

MODEL 28-37-02A 
144-174 MHz 

92 dB ISOLATION AT 0 6  MHz SEPARATION 
400 WATT POWER RATING 

TX RX SYSTEMS INC. 
8625 INDUSTRIAL F'ARKWAY ANGOLA NY 14006 

TELEPHONE 716 5494700 FAX 716 549 4772 (24 HRS ) 
W W V T  , r t s e  , 4 1 1 1 1 ~ 1  >+a( *.I + a t $ u  

Ordcr Your I3ac.h I \ \ [ l c \  

Of C'ammunicatinns Quarterly TOIIAJ' 
Call 516-681-2922 or I: t lS  516-681-2926 

O r  \end SX.00 per ~ \ \ u c  to: 
Comn~unicatinns Quarterly 

I 76 North 13roaclway. Hick\villc. N Y  11801 

I I 

I J J J  -/ J J J J J J  I I ANTI0 
be type 

DSP I Software 
DSP Blaster" 1.0 replaces hardware DSP 
boxes. It uses your PC and sound card t o  

1 provide high- and low-pass SSB filters, 
CWIDATAISSTV bandpass filters, CW 
peaking filters, adaptive nolse reduction, 
automatic notch filtering, and AGC. DSP 
Blaster displays the signal waveform and 
spectrum to provide ins~ght about the signals 
you're hearing. It's fasc~nating to  correlate 
the sound of a voice w ~ t h  its spectrum. A 
system block diagram makes the program 
simple to  use. Pass your mouse over a filter 
block to  display ~ t s  properties. Click t o  alter 
them or to activate the filter. DSP Blaster 
can run in the background. Mouse required. 

Rl lTY  1.0 is a hlgh.perforrnance software 
modem that uses a limiterless frontsnd, 
optimal matched filters. ATC, numerical 
flywheel, and other advanced techniques to  
recover RTTY signals other modems can't. 
RlTTY has an FFT spectral tuning indicator, 
variable marklspace frequencies, precision 
AFSK, FSK & PTT outputs, and supports 
WF1 R's RTTY contest-logging program. 

388140 + 387, VGA. and Sound Blaster 16, 
Vibra 16, or AWE32 required (no com- 
patibles"). One program, $ 100; both, 6170. 

Antenna 
Software 

A 0  6.5 automatically optimizes antenna 
designs for best gain, pattern, impedance, 
SWR, and resonance. A 0  uses an enhanced, 
corrected MlNlNEC for improved accuracy. 
A 0  features 3 - 0  radiation patterns. 3 - 0  
geometry and wirecurrent d~splays, 2-D 
polar and rectangular plots w ~ t h  overlays, 
automatic wire segmentation, automatic 
frequency sweep, skin-effect modeling, 
symbolic dimensions, symbol~c expresslons. 
current sources, polarization analysis, near- 
field analysis, and pop-up menus. 

NEClWirea 2.0 accurately models true earth 
losses, surface waves, and huge arrays with 
the Numerical Electromagnetics Code. Best 
for elevated radials, Rnvnrngns, wire beams, 
giant quads, delta loops, LPDAs, local nolse. 

YO 6.5 automatically optimizes monoband 
Yagi designs for maximum forward gain, 
best pattern, minimum SWR, and adequate 
impedance. YO models stacked Yagis, dual 
drlven elements, taperedelements, mounting 
brackets, matching networks, skin effect, 
ground reflection, and construction 
tolerances. YO optimizes Yagis with up to  
50  elements and does R hundreds of tifries I faster than NEC or MININEC. I 

tn sn.?q somr. n r n  qrld-, nn l hv  VHFIUHF tl m d s  l i t  ,1cwces l r c> r r l  

STRIDSBERG ENGINEERING w~l l  CI#VP you 1 1 1 ~  pprforrnance you 
a r ~  I r w ~ h ~ n q  l o r  I r i  [>n'\%wP and aclvvp Lornmnenls 

t , , 1 Moonlrouncn A W  B Rrpeaters  Salelllfrs I . . 

'1 ? ' Our Power Olvlders LOOD Yaals and Weak Slanal Sources are 

NECNagls 2.5 prov~des reference-accuracy 
modellng of lnd~v~dual Yagls and large arrays. 
Use NEC/Yagis to model b ~ g  EM€ arrays 

. - ...---.-, deslgned and bull1 to comrnerc~al standards for long sewce life and 
pred~ctable perlormance But, pnced for l h ~  amaleur rad~o fnakel 
Models stocked lor bands between 144 MHz lhrough 2400 MHz 

~ransverters,  50 to 2304 MHz models, Phase 3D Upconverters & Oven Controlled 
UHF LO Sources. Please c o n t a c t  us for d a t a  sheets, p r ic ing  and delivery in forma-  

t ion. MasterCard and VISA a c c e p t e d  

TA 1.0 plots elevation patterns for HF 
antennas over irregular terrain. TA accounts 
tor hills, valleys, slopes, diffraction, 
shadowing, focusing, compound ground 
reflection, and finite ground constants. Use 
TA to optimize antenna height and siting for 
your particular Ql H. 

' One antenna program, $70; three, 6120; 
five, 6200. 386+387 and VGA required. 
Visa, MasterCard, Discover, U.S. check, 
cash, or money order. Add $5 overseas. 

Commerual rrequenues avarlable ANpmduds are desgned and burn In the USA 

s TRIDSBERG~INEERING,  INC. 
Brlrn Boezly, K6Sn 3552 Unda Wr t .  

P.O. Box 5040 
Phone: (318) 861-0660 San Marcos, CA 92069 (619) 5994962 

Fax: (318) 861 -7068 k6tt i@nZmt 
Shreveport, LA 71135-5040, USA. I&- - -- - i - -- I I .  I . I - 



Pi-Network Resistive Attenuator -- - -  - -  - 

1000 ohm Fixed Resistors to Ground 1 
Pot Value 

ohms d~ X:I ~ o c n i c ~ e n t  

0 0 41 1 1  - 0 048 

5 0 87 1 0 

10 1.28 1 09 0 043 
25 2.35 1.35 0 15 -- -- -- 
50 3.73 1.78 0 28 

-1 - I I 

I 
I 1000 ohm Fixed Resistors 

- 

- 
- 
I - 
C 

I 

L 

- 

- 
- 
- 

dB Attenuation 
2 35 

3 73 

I I 

Figure 8. Pi-network resistive attenuatnr. 1000-ohm fixed resistors. 
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At long last, the proven HAL DSP Modem architecture, niotic\. and software are avnilahlc. t'or 
applications that cannot use plug-in PC cards. While the DSP4100 closely follows the concepts 
of the PCI-4000, now you get CLOVER-I1 and high-performance TOR, Pactor, and RTTY in 
a stand-alone DSP modem. Requiring only 0.25A from a 12V battery, the 2.75 Ib DSP4100 will 
go anywhere you can take your LAP-TOP PC and transceiver. Software changes are easily made 
in the field. Just pick-up new software from HAL and upload i t  to the DSP4100 via the serial 
port for storage in non-volatile FLASH RAM. A 2nd RS-232 port is included for customized 
systems. Call HAL now for complete details. $1,295.00 List 

fw HAL Communications Corp. W 
P.O. Box 365, Urbana, IL 61 801 USA Phone (21 7) 367-7373 Fax (21 7) 367-1 701 
E-Mail: halcomm@cu-online.com WWW: http:llwww.halcomm.com 

310 ~ o > f l d  St Suite 4 / 'm I -. mh2748 
t 1 ECTRON its Cugene, Oregon 974021 

I http://www.motron.corn I 

Our exclusive TXID'" Software and the 
patented technology of the TrlD-l lBMl 
Compatible circuit board can help you 
identiFy the abusers on your repeater! 
CTCSS, DCS and DTMF decoding, as 

! well as Deviation measurements and 
1 Spectrum Occupancy features further 
enhance the system. 

' E ~ I ~ I I N A I  A~APIFR f01I Mol)ilt ()PI I(AI~ON. 
()ONNF( I \  1141 I x l l )  ro youn Laplol~ C~M~)UIER! 
-1 Fim,mPaiutirr, S w r u  699.00 Plus 
TxPorter'" hkhilr M4prra f 449.00 .Shi 

' Se Habla Espaiiol. Pida por Don Moser. 

1 orders: (800) 338-9058 
I Info: (54 1) 687-2 118 Fax: (51 1) 687-2402 

Connectors 
Adapters 

Cable Assemblies 
Coaxial Cable 

Manufacturer Of Custom 
Electronic Wire And Cable. 

Low Minimums Quick Delivery 

CALL US AT 1-800-522-2253 
OR FAX YOUR REQUIREMENTS TO 

1-305-895-81 78 
EMA1L:nernal @mcirnail.com 

Internet:h~p://www.nernal.com 

I Call for your copy of our new 48-page Cable & 
Connector Selection Guide. More than 2.500 

MlNlNEC Professional 
Series for Windows 

by J. Rockway and J. Logan 

Advanced computer programs for design 
and analysis of wire antennas. 

4 MlNlNEC for Windows - Ideal for 
students and hobbyists. $125 ( 
MlNlNEC Professional - A powerful 
engineering design capability. 1390 1 
MlNlNEC Broadcast Professional - An 
advanced tool for the professional 
broadcast engineer. $790 

Features Include: 
New, Fast and Accurate Formulation. 
On-line Context Sensitive Help. 
Design Long Wires. Yagi's & Quads. 
Visualize geometry 8 results in 3-D. 
A Windows application. 

For more information, visit our WEB Site. 

ORDER TODAY from: I 
EM ScientMc, IN=. 

2533 N. Carson Street, Suite 2107 
Carson City, NV 89706 

TEL: (702) 888-9449 
FAX: (702) 883-2384 
TELEX: 170081 

E-MAIL: 761 ll.3171@compuserve.com 
WEB SITE: http:llwww.sierra.neVemscil 

Cornrnun~cotrcns Quor~erlv 109 



Double your contacts 
Double your fun 

See that two DSPs work much better than one 
The NIU-12 I \  the 111o\t ;I I IV; I I ICCCI  DSI' ~ ioi \~ .  I C ~ U C I I I I I I  t1111t 

;tv:~~l;~l>lc.. I ~nn;rrallt~letl m,rli~rrn:rnce. sumv-selcctivr FIR 
fil:er\. lt~lly adjt~hti~hle center frequency ;~nd h;lndwidth. hoth 
Dynamic Peaking and Spectral Suhtraction Nnise 
Hnlurtion. spectral niultl-tone NOTCH tiller. All NIR-I?- 
1ncu1c.i are us;~hle s~multana~usly. Use on all operating modes 
incltrtling AMTOR and PACTOR. Installed between rhc 
reccivcr autlio and external speaker. 
S.349.95 ,sf~~~e.src.~l  rrrlril price,. 

ANC-4 Antenna Noise Canceller (not shown) 
NIR-12 Dual DSP Noise Reduction Unit t<liminates power line noise hefore it enters t l~c  receiver to let 

you hear signals you did not know were there. Reduces any 

~ - ~- - - 
locally-penerated noiw typici~lly 50dR. Uset~hle hetween 
l(M)kHz and XOMHz. Noisewhip and wire antenna supplied I ORDER LIME: 800-533-3819 I with each unit. nuto xnlit switchover up to 2MW l n s td ld  
betwcen the ;lntenn:l ilnd receiver. 
$1 7 5 . 0  srrg~rsrcd rrrrril pric19. 

v d  JPS Communications In'. P.0, Box 07757 U:~leigh NC 27024-7757 LISA 
Tech Line: 919.7UO. I(UX Fax: 019.7'M). 1456 

http://www.jps.com Rmail: s:~les@jps.com 

Edited by Doug Grant, Kt DG 

- 

Over 600 pages of hi figures and informatior wrce 
you'll refer to again ana again! Here's just a sample ot wnat's ~nsrae: 

3 facts, . - 0. This i - . -. 
Propagation Predictions tor 199 listorical Propagation Data C Updated I 
1996 Amateur Radio Year in Re\ Yorldwide Sunrise/Sunset Charts C 'utorials 
Internet and Ham Radio :quipment Review Listings Contest Records 
Ham Radio Around the World Easy Reference Tables & Charts VHFNHF Distance Records 



plus $5 00 
sh~pp~ng  

VISA. MC, AX 

OP YAGlS MEAN PERFORMANCE 
S a t d l k .  signal wwk, FM, AW or padret d o :  

there is no mode that cannot benefit from a 
LOOP YAGl I 

horn 800 MHz t h ~  3500 MHz. there is a loop yagi 
in your future. When performance and rugged 

construction are important, a Directive Systems 
LOOP YAGI is your only choice! 

www.noblepub.com 

an antenna handbook unlike any other- 
by one of ham radio's most respected 

authors, Bill Orr, WGSAI. Rather than filling nearly 
200 pages with theory andcomplicated diagrams, 
CO has produced a thoroughly practical text for any 
antenna enthusiast. The WGSAI HF Antenna 
Handbook is jam-packed with dozens of inexpen- 

VISA. MC. AX sive, practical antenna projects that work! This 
invaluable resource will guide you through the 
construction of wire, loop, yagi, and vertical anten- 
nas. You'll also learn about the resources and tools 
available to make your future antenna installations 
easy-to-build with world-class results. Don't miss 
out. Order your copy today! 

Here's just a sample of what 
you'll find inside: 

Multiband dipole antenna designs Low-cost yagi beam projects . . , 

Off-center-fed multiband antennas * A high-gain 2-element yagi you can ' 
All about baluns, tuners, and matching build 

What your SWR meter readings are 
Valuable information on loop antennas really telling you 
How antenna analysis programs can How to adjust your yagi beam-on the 



( ' \ I I I ~  st;itc-of-tlie-art prop;cgation model\ .  I-ll:u . ~ c c u r a t c l ~  I , r c i l ~ ~ t \  t l ~ c  I,c\t r i tnc\ .)nil 

I rc i l~ tenc ies  t o  use w h e n  c o r n m t t n i ~ a r i n ~  w i t h  any  par t  o t ' t h c  wc~ r l d .  A n d  e v e ~ t h i n g  is 

presented in a n  intui t ive, easy t o  unders tand graphical  format.  
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I Antenna Soflware I 
Visualize the antenna structure a s  you design i t !  

Output your analysis with fantastic plots! 
Simplify your design process - Save time and money! 

NEC-Win Basic 
Easy data entry 

Cut, copy. and paste commands 
1)ifkrent conductivities for each wire 

Bu i l t - in  defaults for w i rc  diameter 

Graphical ground plane selection 
Bu i l t - in  defaults for ground planes 

Transni iss~on lines ant1 networks 
Automatic w i rc  scale. rotate. and translate 

a Graphical plaoernent o f  sources and loads 

- I >  visualization of antenna struclure 

Rotate. Zoom ant1 Pan antenna structure 

Tabular data for VSWR 

Tabular data for input tnipetl,mce 
Polar plots o f  power gain 

Antenna analysis w i t h  Gain  and l k l t a  pro& 

Comparison o f  mult ip le antenna files 
3-11 surface plots o f  antenna p;lttems 

NEC-Win Pro 
NEC-Win Pro includes 311 o f  NEC-Win Basic 
plus the h111 NEC2 con~tnand set. 

Arc. Helix. Cylinder. Wires. Surface Patches 

Source/LoadlWirclC~~m:nt Identification 

Color display o f  currents on  structure 

Numerical Gmen's Function 

S t n ~ t h  Chart. Polar and Rectangular plots 

3-D surface plot - antenna tlisplayed in centel 

Ncar Elcctric ant1 Magnetic fields 

I l i a l og  box input for each command 

Plotting includes: 

Power Gains Electric Fields 

VSWR C u m n t s  
Input Impedance Axial  Rat io 
Admittance T i l t  I)esree 
Ncar Fields R X  Patterns 

................. ~~toelec t ronics ,~~nc.  Cov III 
.......... I Pacific-Sierra Research Corp 1 12 

.................... Stridsberg Engineering 107 - - 

........... Svetlana Electron Devices Cov I1 
......................... TX RX Systems Inc 107 I 

Reach this dynamic audience with your 
advertising message, contact Don Allen, 
W9CW at 217-344-8653. FAX 217-344- 
8656, or e-mail: Q@lyAds@aol.com 

EZNEC ("Easy-NEC") captures the power of the NEC-2 
calwlatlng engtne whlle offertng the same friendly, easy- 
to-use operatton that made ELNEC famous UNEC lels 
you analyze nearly any klnd of antenna - lncludlng quads 
long Yagls and antennas wlthln tnches of the ground - m 
,!s actual operabng envrmnmen! Press a key and see ~ts  
pattern Another. 11s galn, beamdlh, and fronVback ratlo 
Sne the SWR feedpo~nt tmpedance a 3-D vlew of the 
antenna and much, much more Wlth 500 segment 
capab~l~ly, you can model extremely complex anlennas 
and lhe~r surround~ngs Includes true current source end 
transmlsslon ltne models Requtres 80386 or h~gher w~th  
coprocessor. 486DX. or Penl~urn. 2Mb available ex- 
tended RAM, and EGANGNSVGA graphlcs 

ELNEC IS a MININEC-based program wtlh nearly all Ihe 
features of EZNEC except transmtsston llne models and 
127 segment l~m~tat~on (68 total wavelengths of wlre) Not 
recommended for quads long Yagls or antennas with 
hor~zontal wtres lower than 0 2 wavelength, excellent 
results w~th other types Runs on any PC-compal~ble wlth 
640k RAM. CGAIEGANGNHercules graph~cs Speclfy 
coprocessor or non-coprocessor type 

NEC-Win  Basic and NEC-Win  Pro include the popular NEC2  core. NEC-Wtn  Pro includes an Both programs suppon Epsoncompattble dot-rnatrlx, and 
nntirnirt-rl ??-hit rnrr which qunnons dvnaniic n~emorv  allocation to handle :~nv size prohlcm. I 



*mo-Line LCD display 

p ' f j $  displays f i q ~ t e n c y .  Sp~o  
cr/5Q,\ switches f)c.h%vccrz 

v- 
CTCSS, DCS. I ) T L f F  ,'7iq 
Strength, or ~ t t r n r r r c . n w " " a l  

Deviation. 

The New Xplorer Test Receiver. Idea. 
for any two-way communications testing or 
monitoring. The Xplorer is a value packed 
performer integrating the functions of a 
CTCSS, DCS. and DTMF Decoder, 
Frequency Recorder, Nearfield Receiver and 
more into one hand-held unit. No more 
guessing when programming a frequency for 
monitoring-the Xplorer captures nearfield f I 1" fir- 

frequencies off the air from 30MHz - 2GHz " ' 1 "  ' ""' 
~ / ~ ~ l l l f ~ ~ / / / / l l / ~ ~ ~ /  101.  / l l \ / ~ l l l /  

in less than I second. The New Xplorer; pro- 
l l l ~ O l . , l l ~  

viding the power of handheld portability with 
state of the art functionality and performance. 

NEED. 
Features & ~ ~ e ~ i f f i ~ a t t i o r t ~  ) *F(I.:I. /orrc.lr c ~ o l l l l ~ o /  / j i l ( l .  F'l cc F.-~ 

k('l ' \  ( ' 0 1 1 1 1 1 ) /  f / / /  .\j~/Oll'l' j l / l l ( ' -  

*Frcqucricy Lock O u f ,  Mariu:tl Sklp. ;ir~d ,>\trto or. M;~nual Hold I I O I I Y .  / l o / ( / .  .Ski/), .Start, 

*Internal Speaker. Autl~o l:arplionc/l Icadphonc Jack , I I I ( /  I O < , / , , I I I I  ,111 ~ ~ ~ 1 ~ 1 1 ~ 1 ~ ~ ~ 1  

*Built-in PC Interface, PC Connection Cahlc and Downl(~d Soban, includcd / / ~ / ~ o r / g / /  111ts L ( ; I ~ ( I ( / .  
*Rclativc ten scgmcnt Signal Strength Bargraph 
*Optimum Maximized Sensitivity for increased nearfield distancc reception 
*Tape Control Output with Tape Rccordcr Pause control relay and D'I'MF Encoder for audio data 
*High speed FM Communications Ncarficld Rcccivcr. swceps 3C)MHz - 2GHz in less than 1 second 
*Two linc LCD displays Frcqucncy and cithcr CTCSS, DCS, DTMJ:. Deviation or Signal Strength 
-NMEA-0183 GPS lnterfrice provides tagging data with location for mapping applications 
-Frequency Recording Memory Register logs 500 frequencies with Time, Date. Number of Hits and 

LatitudeiLongitudc. (lotirnclc~ R L n n p i t r d  r o o n l i n n ~ ~ ~ . ~  on, o n b  di,v,r,,lnlr~l in nit>mnr?3 nhrn 1r.vcd tvirh GPS) 
*Real-Timc ClockICalcndar with lithium battery back-up 

and Power Supply included 

CTORY R/RIFCT ORDER LINE 800.327~5912 
m n a  A P P ~ ~  

b n  n%,%,,,,F~%wn&.,p 
Ft Lauderdale, FL 33334 Tel: 954-771-2050 Fax: 954-771-2052 
Prices and Specifications are subject to change without notice or obligation Ch 
nlacl O p t ~ < ~ / < ~ ~ ~ / r o ~ i I ( ~ . ~ ~  fitr trlu/~l~in,y .vo/ht,c~r(, ~ I ~ ( I I / ( I / ~ I / I ~ I ~  



"I never opened the manual for my HP 8920A." 

Either the new HP 8970A RF 
Communications Test Set is easy to 
use, or the people who use i t  are par- 
ticularly intuitive. 

mer. Like what, you ask? Like the 
fact that virtually every R F  test you'll 
ever need to do is available at the push 
of n fror~t-pa11t.1 ~ U I L U I I .  

The results? You get your job done 
faster. And better. Because the HP 
8970A provides a high-performance 
spectrum analysis,built-in encode1 
decode capabilities for paging and 
trunking, and easy-to-use software for 
fast, repeatable, documented results. 

Speaking of pushing buttons, just 
push 1-800-344-3802 and speak to 
Charlie or one of our many seasoned 
vets who can answer all your ques- 
tions. They can also give you the 
details on how to get the HP R930A 
for under $12,500. 

Latest Enhancements 

Variable frequency notch filter 
for SlNAU (900 Hz to 10 kHz) 
5% power measurement 
accuracy 
SignaVnoise ratio 
measurement 
Acijacent channel power 
measurement 

There is a better way. 

HEWLETTm 
PACKARD 

We can't vouch for the latter, but The HP 8920A -the end of manual 
there's a lot we can offer about the for- labor. 
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