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Klaus Eichel, DC 6 HY and Hans-L. Rath, DL 6 KG

GrafTrak and Mirage Tracking Interface
(MTI) — Something Really Good for the

Radio Amateur!

In the autumn of last year, UKW-TECHNIK
took the agency for an antenna-control pro-
gram, called MIRAGE TRACKING INTERFACE
(MTI), from the Californian firm of MIRAGE/
KLM. The software used for this application
came from the Texas firm SILICON SOLU-
TIONS, Inc. Its developers, W 5 SXD and
WB 5 CCJ were honoured in 1986 by the
AMSAT-NA in recognition of these out-
standing programs which have been called
“GrafTrak” and “Silicon Ephemeris”. The
latter program takes its name from the astro-
nomical tables which indicate the pre-calcu-
lated position of a heavenly body at any
glven time.

Before dealing with the antenna control, which
automatically tracks satellites, the Sun and the
Moon, the complex software developed by Silicon
Solutions will be described. This software is
definitely not intended for the normal amateur
who just requires a certain satellite to utilize in
order to conduct QSOs. For the amateur, how-
ever, who has a fascination for all things satellite,
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and is prepared to pay a lot of money for his
interest, then this is THE program for him. Not all
the possibilities of these programs can be dealt
with here as the original manual for the MTI is
covered by a good one hundred pages!

1.
THE SILICON SOLUTIONS'
PROGRAMS

In order to enable a radio link to be established
via a satellite path, the time must be known
during which the satellite Is available together
with information concerning the antenna's
position in both the azimuth and elevation. The
first satellite programs for computers were pre-
sented in the form of tables of time, azimuth and
elevation which could be imparted manually to the
antenna. The next step, entailed a graphical
representation of the earth by the software which
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Fig. 1: GrafTrak presentation of OSCAR 11 over the Pacific Ocean. The dotted lines mark its path, the time be-
tween 2 dots being chosen as 2 minutes, This curve indicates the Sun's “movements”, its momentary
position is marked with a large cross.

Fig. 2: GrafTrak presentation of Fugi-OSCAR 12 (FO-12) over North America with a twofold magnification
(zoom 2). Four minutes are shown In the upper left insert, indicating the count-down time to the
satellite’'s appearance,
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showed the operator the various countries over
which the satellite was passing at a given time (1).
The development by Silicon Solutions combines
a graphical representation with twelve digital
functions which are updated every second
(fig. 1), whereby the satellite's orbit and the radio
communication range is displayed every 15
seconds.

1.1. The “GrafTrak" Program
1.1.1. Orbital Tracking

This program has been written for the IBM-PC or
a compatible version of it. Furthermore, equip-
ment requirements are: CGA, RGB or mono-
chrome monitor, HD and one FD or two FD, 8087
or B0287 coprocessors, 512 kByte RAM. Hard-

LM QSCAR 3

ECHO
FRE
DOP
DRF

41.5%
28,89 4
435 km

disc operation is to be preferred but is not abso-
lutely necessary,

The user can store up to a maximum of 16 satel-
lites and 16 ground locations and decide which
satellite of these is the most important and should
appear first, together with one's own QTH. The
changing over from one satellite to another or
from one ground terminal to another is, however,
quite simple. In the “"autoswitch” mode, the
computer gives several acoustical alarms before
the satellite comes up and also the count-down
time (given in a superimposed insert window, see
fig. 2) until the satellite's appearance.

The earth's presentation uses the Mercator
projection and the various country boundaries
are surprisingly detailed and precise. A zoom
facility enables the picture to be enlarged — ideal

“ 1987 DEC 2

BRI ME S

2 ms
145, ggee
-E2239 Hz

-253 Hzm

Fig. 3: GrafTrak presentation of OSCAR 9 over the Atlantic using a 4-fold magnification (zoom 4),
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Fig. 5: GrafTrak with a global presentation showing OSCAR 10 over Saudi-Arabia. This fig. belongs to fig. 15.
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if the rise and set of a a satellite and its de-
tectability are to be followed closely. Using the
automatic zoom facility, the program selects a
scale by which the chosen observation point will
see the sub-satellite point at its maximal magni-
fication (see fig. 3).

The Sun's lllumination on the satellite, or lack
of it, and also that of the earth itself, can be
studied if the Sun's rays are superimposed. The
dark curve represents the night side and the white
side is the daylight zone. Also, the position on
the earth at which the Sun is directly overhead
is marked with a large cross (fig. 1). This particu-
lar presentation could be of interest for the low,
HF-band DXers (Gray-Line DXing).

For satellite communication, the program runs
in real-time but with the EPOCH mode, any
chosen time, past or future, can be programmed
in order that certain observations can be ex-
amined more closely or for the planning of
future orbits. In addition, the program allows
all satellites (reception only) to be prominently
tagged. The great versatility that both program
developers have incorporated into the commands
and presentations, never fail to elicit surprise!

The graphical presentations are supplemented
by a series of alpha-numerical entries (figs. 1,

Silicon Ephemeris V2,0
Bilicon Bolutions, Inc.

Copyright (C) 1908, (%8s,

2, 3). The top row shows the selected observation
point, that is, in most cases, where the operator's
QTH is located. The selected satellite is also
indicated together with the date and time. If the
compuler is required to be used for other appli-
cations, local time may be programmed for Graf-
Trak instead of GMT (UTC).

The information at the bottom of the display in
the left-hand column gives the sub-satellite
position (SSP) in longitude and latitude together
with the satellite’s height over the SSP and the
point-to-point distance to the observer,

The middle column "ECHO" indicates the time
a radio signal requires to traverse to and from
the satellite. “FRQ" is the satellite's transponder
frequency with an inbuilt correction for the
Doppler shift effect. “DOP" represents the actual
Doppler shift frequency and "DRFT" is the shift
in Hertz per minute.

The right-hand column contains first, the two
quantities required for the antenna guidance
system, azimuth and elevation. "ORBIT" is the
continuously updated orbit count of the satellite's
trips around earth, Theta () is numbered from
zero to 256 and, as far as OSCAR 10 is con-
cerned (for Germany), is known as MA (middle
anomaly)(2).
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Mode © = enit to Operating System
Hode | = one obwerver to all satwllites
Mode 2 = all observers to one satellite
Mocde 1 = schedule for one cbeswrver to one satellite
Mode 4 = window Detwsen two obeervers and one setellite
Mode 3 = rise and set times for one setellith
Mode & = time ordered alerts for all satellites
Mode 7 = one cbeserver to all seatellites lastro)
Mode @ = all obuervers Lo one setellite (astral
Mode 9 = schedule for one observer to ane satellite lastro
Mode 10 = detalled ephemeris for Bun/Moon
Fode 11 = all obeervers to Bun/Mooh
Mode 12 = schedule for one obwerver to Moon
Mode 13 = window between two cbnervers and Moon
Hode 15 = schedule for one chwerver to Sun
Mogde 1B = Bun/Sateliite visibility
Mode 20 = select & new database file H""
Silicon Ephemeris 15
Enter mode { BE ol working possibilities
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ris V3.0 QCopyright (C) 1983, 19

Bilicon Ephe

Ohwer ver (a1 Weisssnhorn

Wochenplan for Oscar 10

Length
Bun 20D0wcB? 15147 196.7 TA00 10134
Mon 2iDwcB? 15108 187.2 402 10831
Tue 22DwcB? JROA V0827
Wad Z3DecE” LA AT |
Thu Z4DecE? 1408 10111
Fri 28Dwch? 3 L 1L
Bat. TeDecH? Ja1
Bat ZeDecH? AL
Bun Z70ecA? D111} 284, a1
Bun 27DecB? 12114 B2.5 3414
My PBDwLBE? Glgol 27, 1Y ey IR

The arrow, accompanying every data item,
indicates the trend of the on-going series of in-
formation.

The column on the right-hand edge of the display
shows the various symbols of the selected
program mode. "TRACK" is the output mode and
is almost continuously in operation. “ZOOM"

B&, 197 Silicon Bolutions, Inc, ﬂ,_?:
obiect (sl Oscar 10 sili

Ephemeris:
Example of a

T azim oroit week's schedule
for OSCAR 10

Man 21DecB? 02:21 132,23 2A00 1

Tue 22DecB? 01134 125.7 3402

wWed 23DecB7 00:31 118.9 3404

Thu 2 cB? DOrOn 1123 3404

Thu 24DecB7 23117 106.1 1408

Fri 289DecB8? 22:19 9.6 410

Hat 24Dece? 05T 302.8 TAL1

Sat 2eDecB7 21: 308 7,3 M2

Bun 27DecB? O&1ld TOL. 8 2413

Bun 27DwcB7 20944 @W7.0 Hia

Man ZBDwcB? OAi P 294.2 Wiy

indicates the magnification x 1, x 2 or x 4. With
“SAT" and "OBS", the desired satellite or ob-
servation point can be selected from sixteen
applications, in each case. "EPOCH" represents
the desired time-frame. With "ASTRO", the Sun,
Moon or a star may be selected. The "MOVE"
facility shifts the map of the earth. The manual

Sulicon Epheserie VZ.0 Copyright (C) 1985, 1986, 1987 Gilicon Bolutions, Inc.
abaer ver (sl LM pbjectimis all
date abject Dwacon riee tca net wlev az
Thu 17Decl? RS 10¢11 29,3570 O02eS1114 QXsDA114 02057 2 297
Thu 17DecB? FO - 12 AZS.TRT0 OKIABIAT7 061 BVI00 07109 23 12a
Thu 17DecB? FO - 12 4TS, 7970 08ra7134 O0B:5F126 09111 & 144
Thu 17DecB? FD - 12 A38.79700 1044F10%  11eOledl 13013 B84 32
Thu 17DecB? RO 10+11 293570 11030 Lliléad8 L1 24 17 78
Thu 17DecB? FO - 12 435, 7970 12081014 13:03124 13018 90 2
Thu 17DecB? RE 10+)1 SR.3870 12953148 1203141 PH IO a8 M7
Thu 17DecB? RA 10411 29,3870 14140147 143:86129 14156 18 300
Thu 17DecB? FO - 12 435, 7970 1M 53086 130450 1Bi11b 4y 220
Thu I7DecB? RE 10«11 9. 3870 163528 1637129 1é 39 1 327
Thu 17Dec@” FO - 12 AT, TR0 16835133 1710832 1Tl 15 23%
Thu 17DewcB? RE 10+11 29,3570 2017144 20420319 20122 ] k-
Thu 17DecB7 RS 10401 29,370 220128 2e0N1T 217 v L1}
Thu 17DecB? RE 10+11 29,3870 JJ 4657 IS5 54 00104 Be 291
Thu (7DecB? passes = 15
Fri 18DecB7 RS 10+11 29,3570 01133133 Ol 80142 01147 16 283
Fri 18DecB? FO - 12 AN 7970 OSaSerdH 0M103:39 O&1 14 14 121
Fri 1|BDecB? FO - 12 43,7970 O7154:01 OB10OJIE 08117 a7 140 Pl". :
Fri 18DecB? FO - 12 430,7970 O848 10001 jniW B9 ]
Fri 1BDec8? K6 10+11 29,3570 0918946 10103113 10104 2 ae Silicon Ephemeris:
Fri 18DwcBT RE 10+11 29,3870 11038141 11eM6:SA 11159 32 a4 lm
Fri 18DecB? FO - 12 A38. 7970 10487003 12009113 132 ar & lite' O'I"
Fri 1BDecB? RS 10411 29,3570 1323142 13332124 13141 S0 2e@ satellite's passings
Fri 18DecB? FO - 12 4357970 13139101 14111100 14122 &3 213 for 2 transponder
Fri l8DecBY KRS 10+11 29,3870 1Mi%30 1HiinES 15124 10 309 mmﬂ“‘
Fri |BDecB? FD - 12 A3ZS. 7970 181001102 1410130 1éedd 24 233
Fri \BDecA? FO - 12 4357970 18:08138 18110129 1By 12 o281 two days and ordered
Fri 18DecB? RB 10+11 29,3570 20:47104 20182:20 20157 8 A48 according to time.
Fri 18DwcB? RS 10+11 29,3570 2213103 280124 2248 33 L] {m = time of
Fri 10DecH? passes = 14 closest approach)
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Silbcan Buptweerie ¥Y2.0 Copyright (C) 1983, (986, 107 Silicon Bulutions, Inc. m':

abser ver (w) s ULM obiwctiniy Oscar 11 Silicon

Bulletin-Empiang von Oscer Qi Ephemeris:

wlwvy szim  range lLat lon height beacun Ew“m

e MEE ______ dwg deg km deg  deg  km Mha orbit phi OSCAR 11

Bat LYDwcB? 17134400 7ot 126.2 2346 J35.3 268.9 TOZ 145.827% 0283 24 time

Gat I9DwcB7 (9436:00 17,9 110,8 1893 42.4 26,7 706 149,0273 20282 30 Increments of

Sat 19DecB? (7138100 20.2 77,6 130% A4%.6 24,0 709 148, 8297 20282 39 two minutes.

Bat 19DecB? 1Wi 4000 J4,6 J4.4 1420 Dé.é 20,7 711 1458,8235 20282 40

Sat 190ec@7 LTidn00  13.4 0.2 1933 &2.0 16.1 713 143,8224 20282 A3

Sat |7DwcB? 19544100 4.3 3I5E.9 2662 7T0.4 .0 713 148.8220 20282 90

Sat 19DecB? 2110000 3.5 1E7.9 2702 24,0 6. & L99 143,.8281 20283 18

Sat 19DwcB7 21112300 13.1 196.4 1930 33.3 4.0 702 145,827% 20285 23

Sat 190ecD? 21144000 27,46 2Mb.4 1313 40,8 2.7 TON 143,8271 20203 20

Sat 19DecBY 21118100 39,1 207.0 048 47,8 0.2 708 1435,8248 30283 33

Sat 19Dwc@7 21118000 28,9 313414 1390 S4.7 2. ¥ Tii 3%

Sat 1¥DecH? 21520000 11.9 330.4 2031 41,7 ~7.1 713 a4

Bat 19DecB? 21422400 Z.8 3368.3 2807 &b.e -13.3 719 143,821% 20283 49

Sat 19Dwc@? 22132500 1.2 230.2 2948 8.6 -21.4 704 143,0262 20284 27

Sat 19DecB? 22:94;00 2.0 278.9 2769 45,7 =-23.7 707 1435.0253 84 32

Sat 190ecB? 22038100 2.6 294.7 2821 52,0 -26.4 700 140,8243 20284 37

Bat 190ecB? 22158100 0.1 311.4 3089 99.% ~30.9 712 145.8233 20284 42

Sun 20DecB? 07120000 1.6 3B.4 2904 S3.8 4RO 703 145,8360 20289 @7

Bun 20Dec@? 071 30100 2.9 Te.b 2762 48.5 44,8 701 145,82351 3028y 93

Gun 20DecB? 07132100 2.0 5.1 2882 44.3 42.2 &7 143, B24A2 2028% w8

Bun 20DecBT 0910800 7.8 25.% 2343 84,3 9.3 TOR 145.8200 20290 @1

Sun Z0DmcE7 OFi0&100 19,2 38.2 1629 957.95 24,4 TO6 183,8277 20290 88

Bun 20Dec@? 0108000 33,1 70,1 1117 S0.4 20,9 702 145,8262 20290 Wi

Bun 20DecB7 OFii0a00 33.6 128,35 1140 43,3 8.2 V8 145,.82326 20290 Wb

Sun Z0DecB? 091200 17.7 187.9 1678 lb,1 16,0 494 143,822 20290 102

Sun 20DecB7 OV 14100 6.5 169.3 2403 26.9 14,0 6%0 145,821 20290 107

Bun TODwcB? 1.2 2.9 2981 72.9 5.4 712 145,8281 0291 74

Bun 20DecB? 10542400 §.4 3535.3 2221 6.3 63 710 145.8279 20291 7%

Sun 20DecE? 10ca4100 20.0 337.0 13%4 IV.4 0.9 706 143,827 20291 03

doesn't always need 1o be consulted as there
is a “"HELP" facility which outlines the important
commands and presents other information on the
screen. With "QUIT", the computer leaves Graf-
Trak and re-joins DOS.

1.1.2. Spherical Representation

The program contains a further surprising feature
inasmuch that it can present a three-dimensional
view of the earth as seen from the satellite. First,
the longitude and latitude co-ordinates are drawn
in, followed by coast lines and country borders.

72

Figures 4 and 5 show examples of this lacility
from the perspective of FO-12 and OSCAR 10
satellites showing clearly the gain in distance
when the salellite moves out further from the
earth in its orbit,

It is also possible 10 store these pictures or to
print them out. Furthermore, these pictures may
be presented for any desired altitude of the
satellite and at any desired co-ordinate, Several
of these 3-D presentations which have be stored
can be re-played thus making a "movie”. In
order to ensure that these computer-intensive
presentations occur in rapid order, a co-
processor is necessary.
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2

lilicopn Lpheser L VIZ.0 Copyright (C1 1980,

198a, 1967 Silicon Solutions, Inc.

Fig.10:
object: Owcar 10

Ghsar varwi Wel ssenlior n/Honclulu m

Vertindung wmit Mawsii via Decsr 10 w:
—— PTABary e Mllwrnate _ fora
wte wlav azim  range el azim  range erpit  phi contact schedule
between DL and

This 10Decl? 0% 00100 12.1 298.5 19923 0.7 67.3 #0065 2w 1. Hawall

Thu 10DecB? 08¢ 30400 10,7 289.% . 18- 2.4 6r.8 19332 1378 14s m

Thu 10DwcB? 06100100 F.1 29,0 38e62 13,7 e8,2 38175 3378 157 OSCAR10.

Thu 10DecB? Oa 30800 7.9 291.4& 17344 14,6 a%. 0 6594 2378 1e®

Thiu 10DecBY O Q000 5.8 291,7 BN 1a.m 70,0 34577 1378 179

Thu 10DecB? 07130500 4.0 2V1.1 J3200 14,0 f1.4 321260 3370 1v0

Thu 10DecB? 0830000 2.1 2892 J0294 1.7 73.2 29251 3318 201

Thi ODecE? 1430100 0.0 3.2 Jnaos 0.% 292.7 I8lus 31379 L]

Thu 1ODWc@? 1500000 T 3.7 9993 o0 294,22 19822 3379 e

Fri 110ecl? 0800100 1¥.2 19304 18 b4, 5 a1197 IJe0 129

Fri 11DecH7 04iJ0100 17.8 IRiTA 3.1 L. 9 40732 330 180

Fri 11DwcB? 05400100 16.3 lBsve 4.6 83.3 9044 1280 130

1.2. The “Silicon Ephemeris* Program

As impressive as GrafTrak is, for planning a
program of work which involves using the trans-
ponder of a certain satellite, a software Is required
which has the necessary wizardry for the display
on the screen, printer or to store on a diskette.
The Silicon Ephemeris program is extraordinarily
versatile, which may be seen from a perusal
of the 15 various methods of working, given in
fig. 6.

Gatwllite Databewe Editor Vv 2.0
filwi DERO

Litler Amateu

Copyright

cheer ver nane Weisaenharn

48.31
10.17

north letitude
want longitude
height

dugrees |-
degress |
mutera

matelditoun:

Four examples should make this clear. Figure 7
is a print-out for a weeks scheduled working
using OSCAR 10 (mode 5 of fig. 6).

Figure 8 shows a table of the two active satellites
In a circular orbit with transponders, given as a
function of time (mode 6 of fig. 6).

Finally, the table such as fig. 9, enables the
antenna lo be manually aligned, here for OSCAR
11, using a chosen time interval ot two minutes
(mode 3 of fig. 6).

(L) [985,84,87 Hilicon Bolutions

1987 10k
114

wditedi 31 Dec

8

cbser var st

anmaind

sauti}
want )

aojects 13

wait
satellite
obeer ver
neat

- prEvious

- object Ol-ié
cliwar antry

= resd entry
write enbry
gel data
roll up

= wdit file title
L LR Y
guit

= ko this meny

Fig. 11:
Satellite editor:
Table for the

observer QTH.
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Satwllitw Databauw EditLor ¥ 2.0 Copyright (L) 1985,86,87 Gi}ican Balut Flg‘\‘z:
filer DEMO wdited:s JI1 Dec 19E i < .
titlet Amatwur satallites: B obser v Satellite editor:
Table for the
watellite name Dscar 10 commandi K.phr orbital
wlement set desc Dby @ 14129, Set # 311 objeit data
wpoch year 1ya?
epoch day EM ruua L E wdit
inclination degrwes 5 sateliite
Fe @ A Na degr sus ¥ [EI- L L
eceentricity N Text
arg of periges dogress f By dus
mean ancomaly degrees aTin object Ol-lé
mean mot o arbite/day L Glwar entry
decay indotl) prioits/day /day K read entry
use decay” I%ng, 1*yee ] wrlle sntry
oreit number u gl dala
orbit bane Oeperigee, 1 equalor u roll up
wEmi-Maior anis km T wdit file titlw
beacon freguency l43.8100 M2 ) wHlL
uplink freguency #18,1 MHa Q auit
ofteet freguency (4] MHz Esu Ly this menu
doppler type ) Osb@acan, l=scho

Figure 10 for example, shows a path between
Weissenhorn and Hawail via OSCAR 10 (mode 4
of fig. 6). A corresponding schedule for an EME
contact is possible with mode 13 of fig. 6. There
is no more space here to show any examples of
its astronomical utilization.

1.3. The “Satellite Editor* Program

This program enables files from both GrafTrak
and Silicon Ephemeris to be made available
for satellites and observers. This enables the user
to continuously express his requirements, for
example, all active transponder satellites in one

file, weather satellites in another and the current
active orbiting satellites FO-12 as well as
RS-10/11 load into a third file. For the fixed
locations, longitude and latitude together with
altitude above sea-level should be given (fig. 11).

The satellite data corresponds to that of the
Kepler orbital data (3.4), as they are used world-
wide (fig. 12), Both entries can be changed
easily with the editor program in order that the
necessary updaling of the Kepler values for the
closer orbital satellites wil be no problem
Provision was also made for this data to be
transferred from one file to another.

The final part will follow at a later date.

We accept VISA Credit Card, Eurocard
(Access/Master Card) and only require
the order against your signature, card
number and its expiry date.
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circuit can be even more difficult and requires
expensive test equipment (oscilloscope,
spectrum analyzer ...) besides a skilled engineer.

Easy to use B bit microprocessors solved many
of the problems of digital circuit design, testing
and maintainance, beside a further reduction of
the cost of the hardware. The desing time was
shortened by introducing complex but reliable
microprocessor and peripheral integrated cir-
cuits while test and / or debugging routines could
be implemented at litle # any additional cost
in the final product. Although microprocessor
technology created some new problems, like
software design and maintainance, the overall
effect was a great simplification over hardwired
logic designs, either hardwired SSI TTL or CMOS
logic or custom ICs. In fact, microprocessors
replaced hardwired logic in all but the highest
speed digital circuits.

Of course, continuous efforts were made to
simplify the design and testing of the more difficult
analog circults. For example, a very sucessful
Innovation was the introduction of the operational
amplifier: the design engineer could finally con-
centrate on the differential equations describing
his problem instead of thinking how 1o bias his
transistors ... Some analog problems could be
solved more easily i electrical signals were re-
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placed by other physical quantities. For instance,
a long-delay line is easier to make with mechan-
ical waves, and Surface Acoustic Wave (SAW)
filters can now be found In aimost all IF strips of
domestic TV sets.

The basic idea of Digital Signal Processing

real time. The latter can be done either with
hardwired logic or with computers. Of course
DSP circuits do not require any tuning or
alignment, since the tolerances of the com-
ponents are only limited by the accuracy of
the numerical models used. Production line
testing and maintainance is limited to check
the operation of a microprocessor.
Beside cost advantages, DSP circuits allow the
designer to use components that could hardly be
implemented with analog electronic components:
tuned circuits with arbitrary, even infinite but
stable values of Q, easily variable component
values during circuit operation (adaptive proc-
essing) or very complex algorithms that would
require a very large number of high accuracy
analog components (Fast Fourier Transform).

The main drawback of DSP is a limited bandwidth
of all the signals present in the circuit: all the
computations usually have 1o be performed at
a rate of at least twice the signal bandwidth. DSP
circuits are therefore limited to IF, audio and
video applications. DSP circuits also require very
fast logic or powerful microprocessors o provide
useable results. This is the reason why DSP has
only become popular with advanced 16 and 32
bit microprocessors and corresponding periph-
erals.

DSP has much to offer to radio-amateurs as well,
especially since little If any alignment Is neces-
sary. DSP circuits will certainly replace expensive
crystal filters within a few years. Some “forgotien”
techniques like the phasing method for the
generation of a SSB signal will again become
popular due to the accuracy (and the ease with
which it can be obtained) of DSP circuits. A micro-
processor-based DSP hardware can be pro-
grammed for different circuits. For instance,
the same hardware can generate all possible

modems for all known amateur modulation
standards, including new experiments. DSP
techniques can also improve weak-signal com-
munications: narrowband CW filters can be
built which ring much less than their analog
counterparts and weak-signal detection and/or
demodulation circuits can be built with per-
formances beyond that of a human ear. Finally,
some communication modes could become more
popular thanks to DSP, especially image com-

2,
DSP CIRCUIT EXAMPLES

2.1. Principles of DSP circuits

A DSP circuit can generally be split into an inter-
face part including A/D and D/A converters and
related circuits to interface to the analog “environ-
ment” and a digital part performing some
numerical operations on the digitalised analog
signals (fig. 1). Of course, a DSP circuit may also
include digital inputs or outputs, either when
the signals are already available in digital format
or when a conversion between an analog and a
digital format is performed by the DSP circuit
(DSP modems).

The input analog signal Is first band limited
essentially to prevent Interferences called
aliasing: a finite number of samples taken by the
following sample-and-hold stage can only re-
present a limited bandwidth signal. The sample-
and-hold circuit and following A/D converter
are friggered periodically at regular intervals
called the sampling period or its inverse, the
sampling frequency. The latter should be at
least twice the signal bandwidth: practical
applications require a sampling frequency 2.5
to 3 times the signal bandwidth due to circuit
Iimperfections.

The accuracy of the A/D and D/A conversions
affects the available dynamic range of the DSP
circuit: if the digital signal format Is binary (as
usual), then every additional bit increases the
dynamic range by 6 dB. Finally, the output of the
D/A converter again requires some analog
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Fig. 1: DSP circuit principles

filtering to obtain the desired signal without
spurious frequencies or distortions.

The following discussion will concentrate on the
digital part of a DSP circuit and in particular on
the various algorithms used to generate different
circult functions. The analog circuit designer has
a number of different components available to
generate the functions desired. The former could
be grouped in three groups: linear amplifiers
and attenuators to adjust signal levels, energy
storing components like capacitors, inductors,
delay lines and resonators to generate frequency
dependent networks, and finally nonlinear com-
ponents like rectifiers or multipliers (balanced
mixers).

The DSP circult designer has to replace all
these components with mathematical algorithms
that will be computed on each input signal sample
coming from the A/D converter and will provide
a regular stream of output signal samples to
the D/A converter. Which algorithms are actually
available to the DSP designer? Gains and
attenuations can simply be performed by multi-
plying signal samples with a constant. Of course,
a separate multiplication has to be performed
on each signal sample. Although division could
also be used, the hardware required for division
is usually more complex (or, in other words, a
microprocessor usually needs more time 1o
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perform a division than a multiplication operation)
and a multiplication with the inverse value is
usually used.

Frequency dependent networks are usually
built using delay lines. The delays are usually
selected to be equal to or to be integer multiples
of the signal sampling period: such delays can
simply be implemented by using one or more
previous signal samples in the computations
on the actual signal sample. Circuits using
delay lines and feedback can efficiently simulate
capacitors, inductors and resonators,

Nonlinear components are represented by non-
linear functions. For instance, full wave rectifica-
tion can simply be obtained by Inverting the
polarity of the signal subtracting the value from
zero only when the sign Is found negative.
Multipliers or balanced mixers can be straight-
forward replaced by a multiplication operation.
More complex functions, like the square root,
trigonometric or other transcendent functions
are very time consuming to be computed in real
time on every signal sample. Therefore, function
tables are prepared in advance and stored in
memory. During real time processing, the
operation Is limited to retrive the precomputed
value from the lookup table memory (either
ROM or RAM).
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2.2, Simple linear circuits

Engineers usually describe the operation of
linear analog circuits using linear differential
equations (this is the reason why such squations
were invented for...). The total number of inde-
pendent energy storing components, like inde-
pendent springs and masses in a mechanical
problem or independent capacitors and inductors
in an electrical circuit determines the order (and
the complexity) of the resulting diferential
equation.

A DSP circuit will be a good replacement for an
analog circuit if its operation can be described
by a similar equation. Since DSP circuits work
on an uniform stream of signal samples and not
on continuous signals, there is no way to com-
pute derivatives nor to obtain a differential
equation. One can however compute differences
between successive samples: I the sampling
period is sufficiently short these can be con-

Simple (analog) low pass

Cotresponding difterentisl squation
o fuy (1) F wm o owim
L] RC L

Fig. 2: A simple analog lowpass and its DSP equivalent

sidered a good approximation for derivatives.
DSP circuits are therefore described with finite
difference equations. Although the latter can
be arranged in a form similar to the differential
equations describing analog circuits to show the
similarities, in practice it is usually simplier
to solve the difference equation immediately!

A simple RC lowpass and its DSP equivalent are
shown on fig. 2. The RC lowpass is described by
a first-order differential equation since it contains
@ single capacitor. Its DSP equivalent includes a
delay element and a feedback network. Re-
arranging the difference equation and con-
sidering that the difference between two succes-
sive signal samples divided by the time interval
T between the two samples can be a good
estimate for the first derivative, the difference
equation bacomes very similar to the differential
equation of the analog circult, except for a gain
factor.

Equivalent DSP circuit:
wim wieT) sl (1)
t 0
K
ek | SR Wi
Finite differsnce squation
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Fig. 3: An LC tuned circuit and its DSP equivalent

An LC-tuned resonant circuit contains two
energy storing components and is described by
a second order differential equation. Its DSP
equivalent (fig. 3) must contain two independent
delay elements. Again, the difference equation
describing the DSP circuit can be re-arranged
to become similar to the differential equation of
the analog resonator: three successive signal
samples are required to compute the approxima-
tion for the second derivative.

The analog LC circuit shown and its equation
correspond to the ideal case of a lossless
resonator. It is well known that such a resonator
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can not be built in practice, since there are
always some loss mechanisms. On the other
hand, a lossless resonator (with infinite Q)
can readily be built as a (stablel) DSP circuit,
The loss (or gain) factor depends on the co-
efficient that multiplies the output of the second
delay element: (— 1) corresponds to a lossless
resonator. Since the multiplication with (— 1)
only involves a sign change, itis always accurate:
there is no truncation of the result. The output
of such a circuit is a constant amplitude sine-
wave, depending only on the initial conditions —
energy stored in the two delay elements when
the circuit was started,



VHF COMMUNICATIONS 2/88
YTIMV gl Fig. 4:
s (0 A single “tuned circuit
band pass: Infinite
$ “ = or

us () + wult+T “:' 2 0 o-:, wit-T mmu.m

mutipty | U (1

s )

Ky g (1)
multiply gt - T)
“-mp-n)

Equation: ug (t+ T) = Uy (1) + byoug (1) = Ky w1

2.3. Infinite Impulse Response (lIR) or re-
cursive filters

The DSP lowpass and resonator described above
are just two members of a more general group of
DSP circuits called Infinite Impulse Response
(IR) or recursive filters. These circuits always
contain feedback networks and their response to
a single input pulse always includes a form of
exponential decay. In practice they are used as
a DSP replacement for analog fiters using
discrete components like capacitors, inductors
or resonators (quartz crystals).

Fig. 4 shows a simple recursive filler corre-
sponding to a single LC damped resonant circuit.
Compared to the lossless resonator, the output of
the second delay element is multiplied by a
negative constant (- k2) whose absolute value is
less than one. The input signal is simply added
to the feedback signals and fed into the delay
elements. The overall transfer function is similar,
except for a gain factor, to that of a loaded LC
circuit.

n

More complex IIR filters can be obtained by a
series connection ol “single-tuned-circuit”
filters or by designing a filter with more delay
elements. Compared 1o analog filters, the series
connection is simplier since there is no influence
from the next filter back to the previous one:
no separation amplifiers are required and the
overall transfer function is simply a product of
all the transfer functions of the single filters.

2.4, Finite Impulse Response (FIR) filters

Finite Impuise Response filters also include
delay elements and multiplications with co-
efficients, but they do not include any feedback
loops, as shown on fig. 5. Their impulse response
is therefore limited in time to the sum of all the
delay elements used, FIR filters are also built
in analog technologies using tapped delay lines.
The most popular analog implementation are
Surface Acoustic Wave (SAW) filters.

The coefficients of a FIR filter have a straight-
forward influence on the impulse response of
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Fig. 5: A stage Finite Impulse Response (FIR or nonrecursive) filter

the filter, if one imagines a single pulse propa-
gating along the delay line.

FIR filters require more stages and more com-
putations for the same frequency response when
compared to IIR filters. On the other hand, their
time-domain response and group delay can be
easily controlled. The differential group delay
of a FIR filter becomes zero if symmetrical co-
efficients are selected: for example k, equals ks
and k; equals k4 in the filter on fig. 5,

FIR filters are therefore very useful where
differential group delay is a problem, like with
image or data transmissions, either to avoid
distorting the signal or to correct distortions
already present in the signal. SAW filters have
therefore a definite advantage over conventional
LC filters in television IF strips. DSP FIR filters
will probably be used by radio-amateurs for CW
reception, since they ring much less than dis-
crete-component filters, which necessarily have
an infinite impulse response.

A major application area of DSP s adaptive
signal filtering to eliminate distortions: the actual
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signal distortion is monitored continuously and
the data obtained Is used to update the co-
efficients of a distortion correcting FIR filter.

2.5. The discrete Fourier transform and the
FFT algorithm

The Fourier transform is an algorithm that com-
putes the spectrum of a signal from its waveform.
It has the form of an integral with infinite bounds
and the result is a function which is also defined
over the interval from minus to plus infinity.
Such a mathematical problem is very difficult to
solve numerically for an arbitrary input function.
The inverse Fourier transform, used to obtain
back the original signal, is mathematically
almost identical to the Fourier transform itself.

A limited bandwidth signal can be sampled
without loosing any information. On a limited
number N of successive samples an approximate
algorithm can be compulted, called the discrete
Fourier transform. The discrete Fourier transform
is equivalent to a batch of FIR filters each tuned to
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its own frequency. From N signal samples N
different frequency components can be com-
puted using N FIR filters each having N stages.
Since the phases of the various spectral com-
ponents are not known, all the computations
are assumed 1o be done with complex numbers!
The Inverse operation, obtaining N signal
samples from N frequencies, is very similar lo
the discrete Fourier transform too and requires
the same number of mathematical operations,

The discrete Fourier transform is still a very

have to be performed. The main idea of the Fast
Fourler Transform (FFT) algorithm is to change
the order of multiplications and additions to
reduce the overall number ol operations. FFT
works on numbers ol samples N that are integer
powers of 2, N = 2", the number of operations
required can be reduced 10 only N*M!

The FFT aigorithm has many applications, not
limited to DSP and signal processing al all.
The most obvious is a spectrum analyzer, un-
fortunately only for audio bandwidths or slightly
above using available microprocessor technolo-

gy. The possibility to obtain the inverse transform
in a similar way makes FFT-based filters and
other circuits practical.

2.6. Nonlinear functions
Nonlinear functions can be computed either
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Fig. 7: A sawtooth/sinewave voltage controlled oscillator

obtained from a VHF FM recelver is an amplitude
modulated 2400 Hz subcarrier with the video
signal, which has a bandwidth in excess of
1600 Hz. Any residual carrier frequency will
cause severe interference patterns on the image
when the demodulated signal is sampled to
obtain discrete pixels, if the pixel sampling
frequency is not an exact submultiple of the
carrier frequency.

An alternative, high-performance AM demodula-
tor, that does not require any post-demodulation
low-pass filtering, is shown on fig. 6. The
amplitude of a sinewave can be computed from
two successive samples, but this operation
requires 4 multiplications, two additions and
one square root to be computed for each sample.
With the sampling frequency set to 4 times the
carrier frequency, the formula becomes much
simpler: only two multiplications, one addition and
a square root are required, This is still not very
practical, since the algorithm to compute the
square root is time consuming: it requires a
minimum of § division operations and as many
additions and shifts.

A further speedup can be obtained by considering
the actual data formats. The logarithmic A/D
converter supplies samples coded to 8 bits:
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one sign bit, 3 exponent bits and 4 mantissa
bits. The sign bit can be discarded Immediately,
since only the square of the signal is used in
computing the function. The desired result is
a function of two 7 bit samples, totally 14 bits.
These 14 bits are used to address a function
table of the size of 2'* = 16384 memory locations
containing all possible function results. The result
is computed by a single access to the lookup
ROM!

Function tables are therefore very practical as
long as their size Is affordable. In the above
case, the size of the lookup table Is multiplied
by four for every additional bit supplied by the
A/D converter! On the other hand, the direct
computation of transcendent functions can be
very time consuming, usually more than 10
multiplications and as many additions. Even
some of the most powerful dedicated DSP micro-
processors already have an on-chip lookup table
ROM for the sine function!

2.7. Fixed-frequency oscillators and VCOs

Like their analog equivalents, DSP circuits need
oscillators for carrier generation, frequency
mixing or signal demodulation. Although models
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of analog oscillators could also be built using
DSP techniques, there are a number of simpler
algorithms to generate oscillators in DSP. One
was already mentioned: a lossless resonator
circuit, Bullding oscillators can be even simpler
if one considers the actual data formats.

For example, the circuit shown on fig. 7 would
generate a contiuous slope if the addition were
an ideal mathematical operation. However, at a
certain time instant, overflow Is reached. In the
case of integer arithmetics, the value suddenly
jumps from the most positive to the most negative
number. The circuit generates a sawtooth wave-
form which is a slowly increasing slope from Ny,
10 N @and then a sudden jump back 10 Ny,
The amplitude of the oscillator is constant and
equal to the maximum dynamic range that can
be represented by a given data format.

The oscillator frequency is defined with the ratio
of the number added each time compared to the
available number range and of course multiplied
with the sampling frequency. The number added
each time can be a variable or the output of
another DSP circuit. In this way a VCO can be
built to form a phase-locked loop for example.

A sinewave output can be obtained from a
sine-function table addressed by the original saw-
tooth. Triangular and square waves can be
obtained by simple operations on the original
sawtooth waveform. Harmonic frequencies,
sometimes required In PLL carrier-recovery
circuits, can be obtained by a simple multipli-
cation (with overflow) of the sawwtooth signal:
due to the higher amplitude, overflows will occur
more frequently.

2.8. A practical example: a 1200 bps PSK
demodulator

Replacing a simple RC low pass with an ex-
pensive microprocessor is probably not worth
the eftort, DSP circuits become useful when
more functions are performed by the same DSP
hardware, like a complete demodulator or
modem. The following example shows how
different DSP algorithms can be combined into
a useful circuit.

JAS1, renamed FUJI-OSCAR-12 after its
successful launch in August 1986, is a radio-

amateur satellite recelving in the 145 MHz band
and transmitting in the 435 band. Beside a
linear, analog transponder it carries a digital
transponder connected to the onboard computer.
The latter is usually programmed to work as a
multi-user mailbox to support store-and-forward
type communications between radio amateurs.
The downlink in the 435 MHz band is a 1200 bps
PSK transmission and its bandwidth corresponds
to that of available SSB receivers. PSK modu-
lation was chosen since it efficiently uses the
satellite transmitter output power and can be
efficeintly demodulated using coherent de-
modulators.

The signal at the output of a SSB receiver is
suitable to be processed by a DSP circuit, In the
actual circuit, the receiver audio output is
sampled 9600 times per second with a 8 bit
logarithmic A/D converter (telephone CODEC).
Using a lookup table the samples are converted to
a 16 bit linear format and sent to the circuit
shown on fig. 8.

The signal path is straightforward: the incoming
signal samples are multiplied by the locally
regenerated carrier, This multiplication generates
32 bit products. This result is truncated so that
only the most significant upper 16 bits are used
for further processing. A two stage recursive
low pass filter follows to eliminate any residual
carrier signals. The output of the circuit is a
NRZI data stream, which is simply limited and
sent 1o the digital circuits for clock and data
recovery (not shown on fig. B).

The carrier recovery PLL is slightly more com-
plex. The original PSK transmission does not con-
tain any discrete spectral components at or
around the carrier frequency. However, if the
square of the signal is computed, a discrete
spectral line appears at twice the carrier fre-
quency. Squaring would require an elaborate
AGC circuit to keep the PLL loop gain constant,
50 it was replaced with a simple search for zero
crossing transitions in the original PSK signal:
this rough approximation generates a discretle
spectral line at twice the clock frequency as
well.

The transition detector triggers a sampling phase
detector operating on a double frequency saw-
tooth signal coming from the VCO. In fact, the
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Fig. 8: 1200 bps PSK demodulator
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frequency of the sawtooth is only doubled after
the sampling detector to reduce the average
number of mathematical operations. After adding
a phase correction constant, the PLL error signal
is passed through the loop filter. Since the PLL
itself introduces a 90 degrees phase shift in the
loop, the low-pass loop filter has to be designed
to introduce an even smaller phase shift to avoid
reaching instability at 180 degrees. The familar
resistor-capacitor network used in analog PLLs
can be easily reproduced in DSP too: part of the
feedback goes through (- ky) directly to the
VCO (resistor divider) while another part goes
through a recursive filter (RC low pass).

The sawtooth generated by the VCO Iis trans-
formed to a sinewave using a lookup table.
Since a 16 bit accuracy is not required, only the
most significant 8 bits are used to address the
lookup table. The choice of the carrier frequency
is arbitrary in theory. In practice, interferences
with the bit rate frequency and passband limi-
tations of SSB receivers limit the carrier fre-
quency range to between 1500 and 1800 Hz for a
1200 bps PSK signal.

The circuit shown on fig. 8 was practically built in
the form of a machine-code program for a
MC68010 microprocessor (shown on fig. 9)
and tested in real time on live satellite signals,
Since the execution of this machine code routine
only takes 31 microseconds or less for each
signal sample, while samples are taken every
104 microseconds, the same microprocessor
was also used for all data handling from the
A/D converter to data demodulation and display,
including an “all software” AX.25 controller
(a detailed description is omitted for simplicity).

Practical results have shown that there Is a con-
siderable margin on the satellite signal, received
with a 10-turn helix antenna and masthead pre-
amp. Reception of error free AX.25 frames was
still possible when the signal was more than
10 dB below normal (due to local obstructions),
when noise was audible and contact with the
satellite was already lost due 1o insufficient
uplink performance. With such a high per-
formance demodulator and a higher power trans-
mitter (around 200 W), operation with the JAS1
mailbox using omnidirectional antennas should
be possible.

3.
HARDWARE FOR DSP

3.1. A/D and D/A converters

Although not related directly to the DSP theory,
A/D and D/A converters are important parts of a
practical DSP system and may sometimes limit its
performance. DSP systems require relatively fast
A/D converters with sampling frequencies be-
tween 10 kHz and several tens MHz. D/A con-
verters can more easily meet the specifications,
since a simple R-2R network D/A can work at
video frequencies and above.

Basically, two different types of A/D converters
can be used: the “successive approximation”
A/D converter and the “flash* A/D converter.
“Successive approximation" A/D converters
compute the digital result in steps, each additional
bit taking one step. During all this time the input
analog voltage must remain stable: "successive
approximation” A/Ds require a high-performance
sample-and-hold circuit for correct operation.
Due to the Internal step-by-step algorithm and
the requirement for a high-performance sample-
and-hold their operation is not particularly fast,
up to about 100 kHz sampling frequency. They
can however provide accuracies of up to 16 bits
and beyond. Telephone CODECs are 12 bit
“successive approximation" A/D converters,
the format Is however internally converted to
8 bits logarithmic (floating point).

"Flash" A/D converters include internally a large
number of voltage comparators, one for each
quantization step. Their outpuls are connected
to a priority encoder which supplies the digital
result. “Flash® A/Ds usually don't need any
sample-and-hold circuitry since the signal is
sampled in an internal latch between the com-
parators and the priority encoder. Their operation
Is very fast: cheap types for video applications
work up to 20 MHz, others can reach several
hundred MHz, Their accuracy is however limited
by the number of comparators that can be inte-
grated into a single circuit to about 8 bits (which
require 256 comparators, as many latches and a
256 input priority encoder),

87



X

VHF COMMUNICATIONS 2/88

*#*% 1200 bps PSK demodulator program for MC68010 ***

Input: D1.W
Output: D1.W
Address reference: A2

Other registers used: DO, D2

3401
3012
E048
E348
0640
0250
C3F2
0000
301A
3212
0242
8000
34c2
9441
670E
3400
E34A
0442
2000
3202
EB41
9041
321A
D441
945A
E042
9242
3541
FFFC
D041
3540
FFF8
4841
D252
E241
34c1
D252
E241
34C1

Fig. 9: PSK demodulator program example

MOVE.W D1,D2
MOVE.W (A2),DO
LSR.W #8,D0
LSL.W #1,D0
ADDI.W #0250,D0

MULS #00(A2,D0.W),D1

MOVE.W (A2)+,D0
MOVE.W (A2),D1
ANDI.W #8000,D2

MOVE.W D2, (A2)+
SUB.W D1,D2

BEQ #0E

MOVE.W DO,D2
LSL.W #1,D2
SUBI.W #2000,D2

MOVE D2,D1
ASR.W #4,D1
SUB.W D1,DO
MOVE.W (A2)+,D1
ADD.W D1,D2
SUB.W (A2)+,D2
ASR.W #8 ,D2
SUB.W D2,D1

MOVE.W D1,#FFFC(A2)

ADD.W D1,D0

MOVE.W DO,#FFFB(A2)

SWAP D1
ADD.W (A2),D1
ASR.W #1,D1
MOVE.W D1, (A2)+
ADD.W (A2),D1
ASR.W #1,D1
MOVE.W D1, (A2)+

S b e s e e G b S S e e SeE S SR S SN SEE S GMD SES S SE SES SN Se Sem Sam s Sem tam vaS S tem sed tem sam sem wem

Save input sample to D2

VCO output to DO

Truncate DO content to 8 bits
Even address ofset

Offset to start of sine table

Multiply with carrier

VCO output to DO
Previous sign to D1
Extract sign in D2

New sign to (A2)+

Any sign difference?

Branch if signs equal >>------
VCO output to D2

Multiply by 2 (overflow!)
Phase correction

Phase difference to D1
Multiply by 1/16

Correction to VCO phase

VCO frequency to D1 {lmmm———
Get new VCO frequency

Add center frequency constant
Multiply by 1/256

Get new VCO frequency

Save VCO frequency

Get new VCO phase
Save VCO phase

Result to lower 16 bits
Lowpass #1
Multiply by 1/2

Lowpass #2
Multiply by 1/2
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D/A converters are usually driven to supply a
constant output voltage during the time interval to
the next sample. The output of a D/A converter
should therefore be a step function, but due to
the finite speed of its internal circuit the output
needs some time to settle to the new value.
During this settling time spikes may appear on
the output due to the internal switching
processes. These spikes may cause severe
distortions, especially to video signals. The
parameter that describes the magnitude of
these spikes is called the glitch energy and should
of course be minimized if possible,

The step function supplied by the D/A is not the
best solution: ideally the D/A should provide very
narrow pulses sent to an ideal low pass filter.
The step function generates a low pass filter
with a frequency function of the form SIN(X)/X.
The D/A converter therefore requires at its output
both an analog low pass filter 1o eliminate har-
monics and an analog high pass to correct for the
SIN(X)/X spectrum dependence.

3.2. Data formats

When designing a practical DSP system, a
suitable digital data format has to be selected.
The accuracy of the data format will limit the
dynamic range of the system, Errors caused by
data format inaccuracies are called quantisation
noise. When selecting a data format it is not
sufficient to find the corresponding A/D con-
verter. The dynamic range may substantially
increase in some DSP algorithms. For example,
a recursive resonator filter may increase the
signal magnitude by its Q factor, a FIR filter
may increase the magnitude by the absolute sum
of all its coefficients (usually many) and the FFT
algorithm may increase the magnitude by a lactor
equal to the number of signal samples on which
the FFT was computed. .

A simple and widely used data format are binary
integer numbers. The dynamic range of a binary
integer is roughly equal to the number of bits
multiplied by 6 dB (smaller deviations from
this simple rule are caused by different methods
of measuring the quantisation noise). Thus, an
8 bit binary integer will allow a dynamic range of

roughly 48 dB and a 16 bit binary integer format
will allow a dynamic range of roughly 96 dB.

Binary integers can be signed or unsigned.
Unsigned integers are always considered posi-
tive, A signed integer is considered negative if its
most significant bit is a logical one. For example,
the value of the binary number 1111 is con-
sidered 15 (fifteen) if it is an unsigned integer,
butitis a — 1 (minus one) if it is a signed integer.
Microprocessors usually support both integer
formats: addition and substraction instructions
are identical for both integer formats, there are
only differences Iin the multiply and divide
instructions.

The selection between signed and unsigned
integers depends on the actual problem to be
solved with the DSP circuit. Signed integers
are suitable for signals that can have both
polarities, like audio signals in general. Un-
signed integers are suitable for single polarity
signals, like video signals or image processing in
general.

When the absolute magnitude of a signal is not
known, the floating-point data format (also called
real-number format) has to be used. The floating-
point format includes a sign bit, a binary ex-
ponent and a mantissa. The exponent itself is a
signed integer while the mantissa is an unsigned
integer. Floating-point mathematical operations
require more hardware and more time to be
executed than Integer operations, therefore
they are not very popular in DSP.

A special case of the floating-point format is
the telephone CODEC format: 1 sign bit, 3 ex-
ponent bits (chord bits) and 4 mantissa bits (step
bits), for a total of only 8 bits. A/D and D/A con-
verters for this particular format are available
under the name CODEC and are inexpensive
since they are widely used in telephone ex-
changes all over the world. Unfortunately there
are two slightly different standards: the American
mu-law and the European A-law. Although no
mathematical operation can be performed
directly on the 8 CODEC bits, the format is
very suitable for lookup-table processing due
to the very small size of lookup tables! Even some
of the most powerful dedicated DSP micro-
processors have ROM conversion tables for the
CODEC formats.
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3.3. Hardwired logic DSP circuits

The first real-time DSP circuits were implemented
in hardwired TTL logic, since no suitable com-
puters were available. Due to the high complexity
and cost, DSP circuits were only used in places
where there were no alternatives. Algorithms
were simple due to the high cost of multipliers.
The main function of DSP circuits was usually
analog data storage for time expansion or con-
traction functions, like scan converters between
different imaging systems.

Even today high-speed video DSP systems
require hardwired logic, although integrated
on a single chip. The new MAC television stand-
ard will probably use such decoders in domestic
TV receivers. Another consumer video applica-
tion is an adaptive FIR filter for automatic ghost
elimination.

Hardwired logic DSP circuits are both complex
and expensive. Once built they can not be re-
programmed for another function and modifica-
tions are difficult. While custom-integrated
circuits may reduce costs in volume industrial
applications, these are out of reach for amateur
experimenters. General purpose or dedicated
DSP microprocessors are therefore used where-
ever possible in place of hardwired logic designs.

3.4. General purpose microprocessors

General purpose microprocessors can be used
for DSP, but due to speed limitations their use
is restricted to audio and lower frequencies. For
example, a voice audio signal is usually sampled
at 8 kHz, or every 125 microseconds. A typical
8 bit microprocessor takes about 200 micro-
seconds to compute a single 16 bit by 16 bit
product yielding a 32 bit result, using ADD and
SHIFT instructions in a short machine code
program. Therefore, an 8 bit microprocessor
can not compute even the simplest DSP filter in
real time. Some simple lookup table algorithms
are however possible.

16 bit microprocessors offer an increase in the
computing speed of about two orders of magni-

tude. The latter is not due much to the increased
bus speed but rather to the much more powerful
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instruction set, so that much less instructions
are required for the same operation. A larger
number of internal registers allows to decrease
the number of data transfers on the bus even
further. Multiply and divide operations are
implemented as single instructions. A 16 by 16
bit multiply only takes about 4 microseconds in a
modern 16 bit microprocessor, like the Intel
80286, NEC V30 or Motorola MCE8010.

These components allow many useful DSP
circuits to be built in software. If a sampling
frequency of around B kHz Is used (voice-band-
width audio signal), filters of up to about 10th to
15th order can be built. This is sufficient for a
complete FSK modem for RTTY, ASCIl or
PACKET up to 1200 bps and including all post-
demodulation processing (UART or X.25 con-
troller) and data display to be implemented in
software on a single 16 bit microcomputer, A
real-time 256 point FFT is also within range of
16 bit microprocessors.

Many actually available 32 bit microprocessors
are merely 32-bit-bus coples of their 16 bit
counterparts and are not significantly faster.
Their processing power is limited by the same
problems as 16 bit microprocessors: pipeline
instruction decoding and relatively long exe-
cution times for some instructions.

Pipeline instruction decoding means that an
instruction is not executed immediately after it
has been fetched from the program memory but
Itis decoded sequentially and finally executed two
or three instruction fetch cycles later. This
process does not slow down the execution as
long as the program does not contain jumps.
After a program jump however, the content of
the pipeline decoder is no longer usable and
the execution only resumes after two or three
instruction fetch cycles. This process slows down
the execution of short program loops con-
siderably.

16 bit microprocessors require a large number
of clock cycles to execute complex instructions,
like multiple shifts, multiply or divide instructions,
The hardware used to execute the latter is
usually a state machine with a microprogram
ROM. Since hardware shifters, multipliers and
dividers are at least an order of magnitude faster
than a state machine, considerable improve-



VHF COMMUNICATIONS 2/88

X

ments in the computing speeds can be expected
in future microprocessors,

Floating point coprocessors are usually of
litle use in DSP: their high computational
accuracy (up to 64 bit mantissa) is actually not
required in DSP, while low accuracy (16 bit)
integer arithmetics s not faster than that of the
master (general purpose) CPU.

3.5. Dedicated DSP microprocessors

As soon as microprocessor-based DSP became
technically possible, the first dedicated DSP
microprocessors appeared. Dedicated DSP
microprocessors are optimized according 1o
the specific requirements of DSP: very high
speed arithmic operations but (relatively) little
memory both for data and program. High com-
putation speeds are achieved both by using
hardware adders, shifters and multipliers and
by using separate buses for instructions and
data,

Since separate buses require a very large
number of connections, the memory is usually
integrated on the same chip together with the
microprocessor and only a few connections are
taken out through the pins of the IC. The on-chip
program memory is either ROM or RAM or both,
since accessing external memory usually slows
down the microprocessor.

One of the first and now most popular DSP
microprocessors is the Texas Instruments
TMS32010. Thanks to an on-chip hardware
multiplier it is able to compute a 16 by a 16 bit
product in just 200 nanoseconds, more than an
order of magnitude faster than general-purpose
16 bit microprocessors. State of the art dedicated
DSP microprocessors, both from the TMS320xx
family and from other manufacturers are able to
comput a product in less than 100 ns,

A disadvantage of dedicated DSP micro-
processors is certainly their complex internal
structure making them more difficult to program,
Compared to general-purpose microprocessors
they have a very small addressing range (for
example: TMS32010 only 4 kilowords); this slows
down the microprocessor when using large look-
up tables or longer programs or when

processing large amounts of data, like images.
Finally, a dedicated DSP microprocessor typically
needs the support of a general-purpose micro-
processor to work efficiently.

4,
RADIO-AMATEUR APPLICATIONS
OF DSP

4.1. Demodulators and modems

The first amateur applications of DSP techniques
are certainly different demodulators and
modems. These circuits are usually connected
between an amateur receiver or transceiver and a
home computer to receive and transmit in RTTY,
ASCIl, PACKET and other digital communica-
tions formats. Although amateur modems are
usually not very complex, usually just a few
operational amplifiers or other audio frequency
components, the construction is made difficult
due to the large number of transmission
standards used.

For instance, FSK RTTY transmissions can have
shifts of 170 Hz, 425 Hz or 850 Hz. 170 Hz shift
transmissions can use low tones (1275/1445 Hz)
or high tones (2125/2295 Hz). The transmission
speed can be 45, 50, 75, 100 or 110 bps. Each
of these combinations requires its own filters
for best results since the bandwidth of the filters
must match the transmission speed used. While
changing the center frequency and the bandwidth
of an analog filter at the same time is difficult
at best, changing all of the parameters of a DSP
filter is restricted to changing a few constants
in the program!

Since amateurs usually only need a single
modem at a given time, only one DSP processor
is required. Changing from one standard to
another is performed by simply changing the
software running on the DSP processor. New
standards, like satellite PSK transmissions,
can be implemented quickly by writing new soft-
ware, and most important of all, at little if any
additional cost!

Modems working on voice-bandwidth audio
signals, as provided or required by standard

9
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Fig. 10: An “all mode, general coverage" DSP oriented HF receiver

amateur transceivers, do not require very power-
ful DSP microprocessors. They can usually be
implemented on general-purpose 16 bit micro-
processors, The same microprocessor can be
used for all data decoding, handling and dis-
play, since the latter require even less computing
power than the DSP algorithm. A prototype
RTTY, ASCIl or PACKET terminal was built
around a single 16 bit microprocessor (MC68010)
including a DSP modem. Compared with analog
modems built with operational amplifiers, the
DSP modem performed much better in heavy
QRM or poor signal-to-noise conditions thanks
to the optimized filters for each transmission
format.

4.2. All-mode receivers and transceivers

State-of-art commercial amateur transceivers
use microprocessors only for the front panel
control and display functions. The signal
processing part of the transceiver is a complex
analog circuit including several conversions
and intermediate frequencies and a complex
multiple-loop PLL frequency synthesizer. Some
of the analog components are very expensive,
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like narrowband crystal filters. During production,
the transceiver requires expensive test equip-
ment and skilled technicians for alignment,
further increasing the cost of the final product.

A DSP alternative for an “all mode, general
coverage” HF receiver is shown on fig. 10, The
front end is similar to analog receivers: a low-pass
filter followed by a mixer and a first, wideband
IF crystal filter around 45 MHz, After an AGC
amplifier to optimize the level, the signal is
sampled. The sample-and-hold circuit works as a
harmonic mixer, translating the 15 kHz wide
signal at 45 MHz down to frequencies acceptable
for a dedicalted DSP microprocessor, A 16 bit
(or even more accurate) A/D converter has to
be used to obtain the maximum possible dynamic
range.

The DSP microprocessor generales the required
filters and demodulates the signal. An 8 bit D/A
provides sufficient dynamic range to drive the
loudspeaker. Digital transmissions, like RTTY,
can be demodulated direclly and supplied in a
digital format through an RS-232 port. The
DSP processor also controls the AGC amplifier
lo optimize the useful dynamic range. Con-
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sidering the amount of computations to be per-
formed a dedicated DSP microprocessor has to
be used. Practical receivers will probably use
single-chip DSP microprocessors with an internal
program ROM storing all the algorithms to receive
all the modes (SSB, CW, RTTY...) with optimum-
bandwidth filters.

A command and control microprocessor, similar
to that used in “analog" transceivers, is also
required in this DSP-oriented receiver, Another
interesting detail is that a DSP-based receiver
only requires a 10-kHz-step frequency synthe-
sizer, which can be a single-loop PLL. “Analog”
receivers require very fine-step (10 or 20 Hz)
synthesizers with multiple-loop PLLs whose
phase noise sidebands usually limit the receiver
dynamic range.

Finally, a DSP-based "all mode, all features"
HF receiver does only require little if any
alignment! A companion transmitter can be built
in a similar way. Considering all the above
facts, the introduction of DSP technology means
that the size and complexity of an HF receiver
can be reduced to that of a VHF handie-talkie
FM transceiver bringing at least a five fold re-
duction of the manufacturing costs! For a com-
plete transceiver the simplification Is slightly less
spectacular since the transmitter output stage
and corresponding power supply remain ex-
pensive, and a two to three fold reduction of
prices can be expected.

The technology required to build DSP-based
transceivers is available NOW. Since it brings
substantial adavntages. all the manufacturers
will be forced either to accept it soon or to dis-
appear from the market.

4.3. Weak-signal communications

Up to now weak-signal communications required
a skiled operator with well trained ears, the
final steps in the processing and decoding of
weak CW or SSB signals being left to the human
brain. Computer-aided communications were not
used due to the poor performance of available
modems and other problems, like interferences
generated by the computer itself.

Improvements when recelving weak signals
hidden in noise can only be obtained by reducing

the data rate: the significant quantity is the energy
radiated by the trnsamitter per each bit of in-
formation. The main limitation of the human
ear (and related part of human brain) is that the
data rate can not be reduced indefinitely: below
a certain speaking speed the probability of
undertanding a word decreases and below a
certain keying speed CW characters become
difficult to decode.

Radio operators therefore use redundancy:
they repeat the same message (either CW or
SSB) several times to be understood by their
correspondent. Repeating is again limited by
the memory available in the human brain. .

DSP computers allow, at least in theory, almost
umlimited filtering in front of the detector and
averaging of the detected signal. The limit is of
course defined by the usable data rate! The most
interesting amateur application is certainly low-
power EME (moonbounce) communication using
(relatively) small antennas. DSP computers will
certainly be advantageous at data rates below
1 bit per second. Some DSP experimenters
already reported very enthusiastic results, like
detecting their own signal echo using a single
yagi antenna and a solid state TX. Maybe EME
communications will no longer be a privilege for
those having very large antenna systems, but
one may still argue that the very low data rates
that may result, like 1 bit per hour (1) can hardly
be useful: DSP computers are not able to do
miracles!

4.4. Image communications

Amateur image communications have never
become very popular, probably due to the
problems with transmission standards. Live
image transissions (ATV) have a very high in-
formation rate and thus a limited range com-
pared to other communications modes. SSTV,
FAX and other slow-scan standards require, each
Its own, incompatible hardware.

DSP microprocessors will essentially simplify
the hardware required for slow-scan standards:
just one microprocessor equipped with different
software will be sufficlent for all present and
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future transmission standards. Of course, a TV
monitor will be used as a display driven by the
computer video board. The next step will be
simple image processing: zooming, filtering,
sharpening and contrast enhancement.

Digital image communications require even
more bandwidth (or transmission time) but offer
a much better image quality. Researchers all
over the world are working on image data com-
pression algorithms and hardware, which also
requires high-speed DSP microprocessors.
Hopelully these new techniques should some day
allow a live image transmission at a limited data
rate, maybe as low as 64 kbps.

5.
A PROTOTYPE DSP COMPUTER

5.1. Hardware configuration

In the beginning of 1987 | started working on an
image processing computer designed especially
to demodulate, process and display weather-
satellite APT pictures. At the beginning the
project was intended as a state-of-art replace-
ment for the now obsolete but famous “"APT Scan
Converter" developed more than six years ago.
The design requirements were a high resolution
video, a large memory to store images, and a fast
bus to update the video as quickly as possible.

According to previous experiences, satellite
APT pictures require at least 64 grey levels, 256
grey levels corresponding to 8 bits or one memory
location per pixel were selected for convenience.
To remain compatible with standard TV monitors
a picture format of 256 useful lines out of 320 was
selected with 512 pixels per line. The video
board thus contains 128 kilobytes of special
dual-port memory to avoid slowing down the
microprocessor.

It was immediately clear that a 16 bit micro-
processor was required already to move the data
to the video board. After consulting various
manufacturer's catalogues and distributor's
price lists | decided to use a Motorola 680xx
series microprocessor, and in particular the
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MC68010. The MCE8010 has a 16 Mbyte linear,
non-segmented adressing space and 16 general-
purpose 32-bit internal registers. Other available
16 bit microprocessors had the adressing space
divided into 64 kbyte segments which makes it
very difficult to handle large amounts of data like
images or to write programs longer than 64
kbytes.

At first, a hardware demodulator like that in the
APT scan converter was planned, except for
using switched capacitor filters in place of op
amps. After studying the problem It was found
out that the MC6B010 was not just able to
generate a much higher performance DSP signal
demodulator but it could automatically adjust
the signal level, reliably extract sync pulses,
process the demodulated video signal and dis-
play it on the TV monitor as well.

Once decided to do as much processing as
possible in DSP with the microcomputer, only a
band-pass filter was placed in front of the A/D
converter. A telephone CODEC IC (MK5156) was
selected as the A/D converter since its con-
version speed and accuracy correspond to the
bandwidth and dynamic range of the signals
available at the output of a voice communications
receiver (including the APT signal). The MK5156
already Includes a sample-and-hold circuit and
an almost independent D/A converter.

The block diagram of the prototype DSP com-
puter is shown on fig. 11. The computer is built
on several printed circuit boards connected with a
mother board with 64 pole “eurocard" con-
nectors. The computer actually includes the
following printed circuit board modules:

A) Processor board Including the MC68010,
32 kbytes of EPROM (operating system),
a keyboard interface and a real-time
calender/clock.

B) Video board including 128 kbytes of dual-port
dynamic video RAM, video D/A converter
and all the timing circuitry.

C) CMOS RAM boards carrying 256 kbytes of
battery-backed RAM each. Usually four such
boards are Installed for a total 1 Mbyte of
non-volatile RAM.
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D) Analog I/0 board carrying the CODEC A/D
and D/A converter, a programmable timing
generator and an RS-232 port.

E) Floppy controller board including a WD2797
floppy controller, a high-speed dual serial
port (28530 SCC) and corresponding support
circuitry.

F) Bus motherboard carrying 8 “eurocard”
connectors.

G) Switching power-regulator board including
a NiCd RAM-backup battery and a very
reliable RESET signal generator to protect
the non-volatile RAM content regardless of
the actual power-up or power-down timing.

H) Rotator interface board designed to control
a KR5600-type rotator through the RS-232

port.

Up to date 4 prototypes have been bullt and
tested at different CPU clock frequencies. All the
software developed requires a minimum clock
frequency of about 9 MHz while reliable operation
of the hardware can be obtained at clock fre-
quencies up to 13 MHz,

5.2. Software developed and tested

The basic DSP routines are usually not very
complex, up to 100 instructions using simple
integer mathematics, but they are executed
several thousand times per second. To use the
available computer efficlently, programming
directly in machine code (or assembly language)
is required. This is especially important if a
general-purpose microprocessor has to be used
close to its theoretical speed limit, On the other
hand, DSP support routines, like those com-
puting the coefficients of the basic DSP routines
or retriving the final results, are not executed so
frequently but may be quite complex and require
floating point mathematics and transcendent
functions.

In order to fulfill both the above requirements, a
high-level language compiler that allows the
insertion of arbitrary-size machine-code routines
was written. The structure of the high-level
language is similar to FORTRAN, allowing both
single variables and multiple dimension arrays,
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floating point mathematics, transcendent
functions and conditional jumps or calls to
labels. Most important of all, it allows a simple
and efficient communication (data transfer)
between the high-level language program and
the machine code routines!

Since the economic advantages of using dynamic
RAMs are declining, | decided to use CMOS static
RAMs in my computer. The content of static
RAMs can easily be made non-volatile with a
small NiCd backup battery. This means that it is
no longer necessary to base the operating system
on floppy disks or other magnetic storage
devices: all the software can remain in its place in
the non-volatile computer RAM where it is
actually executed. The floppy disk drive is only
used for memory backup.

The software developed includes the operating
system written directly in machine code and
stored in an EPROM and various application
programs written in high-level language and
stored either in their original form or compiled
in the non-volatile RAM or on floppy disks. The
operaling system includes a machine code
monitor program (hardware debugging, data
movements including the floppy disk), a screen-
text editor program and a high-level language
compiler. The operating system allows a simple
interrupt-driven multitask, provided that the
application programs use different peripherals
with different interrupt vectors,

Up to date, the following application programs
were developed and tested, not including various
test and/or support programs and the software
actually under developement.

A) Universal BAUDOT/ASCII receiving pro-
gram. Allows to set the tones between 1000
and 2400 Hz, the speed between 45 and
1200 bps and all standard data formats,
The received text is displayed on the TV
screen and can be stored, on command, in
the computer memory and handled later by
other programs. Includes a tuning indicator.
Tested both in heavy HF QRM and on
satellite signals, it always performed equal
or better than optimized analog modems
built with operational-amplifier active filters,
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B) FSK PACKET RADIO (1200 bps, BELL-202)
RX/TX program. Supports standard VHF
terrestrial packet radio communications.
Includes a terminal program. The received
text can be stored, on command, in the
computer memory for later use. Text files,
prepared by other programs, can also be
transmitted.

C

—

Satellite tracking program. Computes the
position of a selected satellite from its
Keplerian Elements in real time once per
second (using the real-time clock) and
supplies the result to the antenna-rotator
interface through the RS-232 port. It includes
editing routines for the 40 satellite data
sets stored. Different tracking procedures
can be selected and during the tracking all
the relevant parameters are displayed on
the computer screen.

D) Satellite APT-images receiving program.
Designed especially to receive APT images
from polar-orbiting weather  satellites,
Includes a menu of 12 user-defined picture
formats including line rate and sync pulse
data, pixel and line sampling ratios and dis-
play parameters. The display parameters
include independent horizontal and vertical
zooming in very fine steps and a sophisti-
cated grey-scale enhancement function
that does not saturate any part of the image.
All the display parameters can be controlled
interactively, without disturbing image re-
ception or other tasks running on the com-
puter.

E) PSK PACKET READIO (1200 bps) program.
Includes a PSK modem with a tuning indi-
cator, but otherwise it is very similar to the
FSK packet radio program. Specially
designed to communicate with FUJI-
OSCAR-12, it can be used for lerrestrial
PSK communications as well.

The satellite tracking program can be combined
with any of the other four programs in a simple
interrupt driven multitask so that only one com-
puter is required to track a satellite and process
the received data at the same time.

6.
CONCLUSION

Digital Signal Processing will certainly bring
many changes to the design and construction
of electronic circuits, at least in the audio fre-
quency range, where many problems can be
solved efficiently using microprocessors. Engi-
neers now have a whole group of new compo-
nents to be considered in their new designs.
Of course it was not possible to describe all
possible applications of DSP techniques in this
article: most applications of DSP probably have
yet to be discovered! Similarly, some important
DSP algorithms were merely mentioned to exist,
like the Fast Fourier Transform.

DSP should be Interesting for amateurs not just
because it solves some problems but since it
offers a much wider space for experiments than
analog circuits can do. Beside Iimproving
existing communications modes it is hoped that
DSP will make new communications modes
possible, like QRP EME operation or live picture
transmission over narrowband channels.

Finally, it is demonstrated that a general-purpose
16 bit microprocessor can generate many
practical DSP circuits, provided it is not slowed
down by inefficient hardware nor by a stupid
operating system. Expecting that there is
sufficient interest, a more detailed description
of my prototype DSP computer is planned to
follow,
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Dr. Eng. Jochen Jirmann, DB 1 NV

A Thermal Power Mount

The exact measurement of high-frequency power
possesses, for most amateurs, an enormous
problem. The most accurate results are provided
by the so-called thermal power meters. These
process the heat developed in an HF-mount
resistor which has been subjected to the signal-
under-test. The home construction of thermal
power mounts has already been covered in VHF
COMMUNICATIONS in (1), (2) and (3); they
operate right up to 11 GHz but exhibit a very
large inertia.

Another form of thermal mount will be de-
scribed in this article which utilizes micro
lamps as the measurement element. The
electronic processing can be carried out by
an easily modified power meter, indicator
unit such as the Hewlett Packard 431 C,
These items, without the thermal mounts, may
be purchased at flea-markets etc, for a very
favourable price.

T
ALITTLE POWER MEASUREMENT
THEORY

The techniques involved in power measurements
can be roughly divided according to (5), into
two main caregories, thermal and diode rectifi-
cation. The thermal technique can be further
divided into direct and substitution methods,
The calorimeter techniques, also mentioned in
(5), for the measurement of large powers will
be ignored in this article.
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When the radio amateur thinks about the subject
of HF power measurement, he immediately calls
to mind the circuit of fig. 1. This is a typical power
instrument using rectified HF by means of a
diode. The power to be measured is absorbed
into a resistor (typically 50 (1) and thereby prod-
uces a potential difference across it, which is
measured by a diode detector/voltmeter, This
simple technique will yield accurate results only
if two conditions are fulfilied. Firstly, the HF
voltage to the diode rectifier must exceed a few
volts in order that the diode barrier voltage be-
comes negligible in comparison. Secondly, the
voltage to be measured must be sinusoidal, as
the measurement circuil responds to the peak
value of the voltage but the HF power is assessed
from the root-mean-square of the Input.
Assuming a sinusoidal display, the peak value
can be written down Immediately as being
\/ 2 x rms value and the indicator scale may be
calibrated accordingly - directly in terms of
power.

A diode rectifier can, in principle, detect high
frequency voltage right down to a milli-volt
(approx.) I.e. a power of — 47 dBm/50 (). At very

»—br-—ﬂ—
HE
— 50N == in

Fig. 1: Circuit of an HF power detector using diode
rectification
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low HF voltage inputs, however, the behaviour of
the diode rectifier changes such that the output
voltage is increasingly proportional to the input
power, and not to the input voltage. If itis required
only to measure very small powers, the rectifier
characteristic has to be compensated for both
linearity and temperature. Using this kind of
attention to design detail, it is possible to con-
struct a power meter which possesses a dynamic
range which extends from — 50 dBm to + 20
dBm. The advantage of employing this com-
plexity is that the end result is a responsive indi-
cator system equally suited to sweep displays as
well as for the momentary displays of transient
signals. Commercial instruments, nowadays,
carry the necessary information to correct the
diode characteristic in an EPROM which Is auto-
matically called into service whenever a
measurement is made.

As the complexity of the electronics is quite high,
and the indication is still only true for sinusoidal
signals, this type of realization for a precision HF
power meter is not feasible,

The thermal method of power measurement is
inherently capable of delivering an exact power
value of the test signal quite irrespective of its
form. The usual technique is to heat the load
resistance with the test signal and then measure
the heat expended by means of a thermistor, The
advantage of this technique is that the resistor's
physical form can be optimized to accomodate
the frequency of interest, e.g. a chip resistor
can be employed at very high frequencies. The
indicator display's inertia, which is determined by
the thermal mass of the resistor and its coupling to
the temperature fransducer, can be in the order
of a few seconds.

A more responsive display is obtained when the
measurement resistor and the temperature trans-
ducer are unified in one construction. The basic
principle of the technique is the self-balancing
bridge circuit of tig. 2. A temperature-dependent,
measurement resistor is included in one arm of a
Wheatstone bridge. The actual value of this re-
sistor is dependent upon the converted power
loss, and in consequence, upon the supply
voltage to the bridge circuit. This implies that
the bridge is only balanced at a certain bridge

operational
amp .

R 500

Re500

Fig. 2: Self-balancing bridge for the measurement
of AF power

supply voltage, at which value, the measurement
resistor is equal to the resistance of the other
three arms of the bridge. An amplifier adjusts the
bridge supply voltage to achieve this balance. If
the HF power to be measured Is increased, the
measurement resistor heats up and the bridge
unbalances. The operational amplifier reduces
the DC supply current to the bridge until it again
balances. The reduction in supply current is
proportional to the increase in HF measurement
power, This is a type of substitution measurement
technique in which the DC power is substituting
for HF power. Instead of a DC source, however,
the bridge supply could work at a low, alternating
frequency, say 10 kHz. The principle remains
exactly the same but the advantage lies with the
elimination of DC drift problems in the operational
amplifier which would falsify the very small
voltage changes involved.

This circuit cannot, however, distinguish between
a temperature change which is due to the power
to be measured and a change in the ambient
temperature. For this reason, a practical
measurement instrument contains two bridges,
one for the actual measurement, and another
which is Influenced by the ambient temperature.
The indicated reading is then the difference
evaluation of the two bridge balances.

Thermal power meters from General Microwave
and Hewlett-Packard (4) work according to this
principle, and use bead thermistors as the
measurement element. This type of instrument,
logether with its measurement mount, is ex-
ceedingly expensive but the instrument itself can
be picked up quite cheaply, The author therefore
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set himself the task of designing and con-
structing a replacement power mount which could
be reproduced by the radio amateur,

2,
MICRO LAMPS AS
MEASUREMENT ELEMENTS

The first thoughts for the design of a power mount
involved the use of a thermistor as the measure-
ment element, Experiments with glass en-
capsulated bead thermistors resulted in a dis-
appointing outcome.

An alternative Is the use of a PTC resistor: in the
beginning of the microwave technology,
barretters were used for power measurements.
These are thin tungsten filaments which are
heated by HF power and thereby change their
resistance. The resistance change per degree
of temperature change is lower than with the
thermistor and the temperature characteristic is
opposite to the thermistor being positive with in-
creasing temperature. In addition, the barretter is
not so rugged and can easily be destroyed by an
electrical overload. Barretters are therefore
considered as being obselete for professional
purposes.

It suddenly became apparent, when watching the
behavior of some micro lamps of the type used to
lluminate LCDs. These lamps are tubular, wire
ended, and extremely small, approx. 4 x 1 mm,
the filament is not coiled, and the thermal re-
sistance of the lamps is about 100 {2 to 200 (.

DB1 NV to moasurement

bridge
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These lamps just had to be suitable for HF
measurement elements! Accordingly, a test
circuit was constructed as shown in fig. 3. It may
be seen that it conforms exactly to the circuit of a
normal coaxial thermister mount but the ther-
mistors have been replaced by the micro lamps.
A Hewlett Packard micro-wave power meter
431 C was employed as the display instrument.
As this instrument was designed for operation
with thermistors, the control sensing of the two
self-balancing bridges had to be reversed. Thisis
simply accomplished by merely changing over
the bridge supply connections. The best way of
doing this is to exchange the polarity of primary
windings of the bridge transducer which is
designated in the HP circuit diagram with T1A
and T2A, A change-over switch may be inserted
at this point, if operation with either a thermistor
or a PTC mount is contemplated. This operation
is easily accomplished if the circuit diagram is
available.

The results of the test circuit with the modified
power meter were so good that a reproducible RF
mount was developed which will be described.

3.
CONSTRUCTION OF THE
RF MOUNT

An “N" panel plug forms the basic for the con-
struction. This plug has on its rear side a metal

@@
+-O-@—
|
Fig. 3:
to comp. Circult diagram of micro-lamp
bridge RF-mount
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DB1NV Fig. 4:
4 N panel plug Mechanical construction of
RF mount

e e e s

4 micro lamps -
(moas.)

1 n¥F chip cnp_—-'_’__'-

4 micro lamps .
(temp. conp.) Itg[,,..f

collar of approx. 11 mm diameter. From a 16 x 30
x 0.5 mm brass plate, a semi-circular (in cross-
section) channel Iis fabricated which is then
soldered on to the collar of the plug. The plug's
inner connector is then shortened to 1.5 mm
approx. The rest of the components may then be
soldered on as shown in fig. 4.

Firstof all, a 1 nF disc capacitor of 5 mm diameter
is soldered concentrically to the tip of the plug's
(shortened) centre pin. Afterwards, four other
1 nF chip capacitors are soldered on to the inside
lip of the brass channel. Four micro lamps are
then soldered from the central chip capacitor, as
directly as possible, to two adjacent 1 nF ca-
pacitors on the brass channel piece. Each leg
carries two parallelled micro lamps as shown in
fig. 4. Two small 47 uH RF chokes are then ex-
tended to the second pair of 1 nF chip capacitors.
These chokes, together with the 1 nF capacitors,
form an additional filter which prevents low-
frequency RF components of the test-signal from
being carried along the cable mantle and directly
to the instrument. The four other micro lamps are
soldered on to stand-off insulators formed here
by 10 pF chip capacitors. The given values should
be used, as the indicator unit is adjusted for this
value (4),

1 nF chip cap.
-

-10 nF chip cap.

Now, the connections from the mount to the
indicator unit may be made. The pin number,
given in fig. 5, refer o the HP 431 C power meter.
The connecting cable is a 6-way, screened, LF
cable - the screening may be dispensed with if

aal ]
cable screening l

DB 1 NV

Fig. 5: Wiring diagram of RF mount connections
to HP power meter
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lengths under 1 meler are used, The lead to pin 5,
apparently doing nothing, is is fact used for cable
capacity compensation purposes. As the HP
cable connectors cannol be obtained for a
reasonable price (o buy the complete mount,
cable assembly from HP will cost you more than
you paid for the indicator unit!-G3ISB) it is ad-
visable 1o put a 6-pole plug in the rear of the
instrument and wire up the mount 10 a socket 1o
suit it. The whole HF mount is then encapsulated
fully by a metal housing which will prevent the
movement of air from causing temperature
differentials thereby unbalancing the bridge. A
suitable enclosure is the “circuit box” by Green-
par or “sucobox” from Suhner

3.1. RF-Mount Components

1 Piece 16 x 30 x 0.5 mm brass plate (see text)
B micro lamps 1.5V
4 x 1 mm: e.g. Conrad Electronics, Hirschau
1 "N" panel plug
5 1 nF chip capacitors
2 10 pF chip capacitors
2 micro chokes 47 uH (Siemens, Jahre)
1 enclosure (Suhner, Greenpar)
1 length of 6-way screened cable
1 plug or socket 1o suil the one used in the in-
strument (see text)

4.
ADJUSTMENT

The indicator unit is swilched to the 10 mW range
and the unit is switched on. All lamps will then
glow weakly but not necessarily with the same
intensity, due 1o manufacturing tolerances. The
“zero” potentiometer on the front panel Is then
adjusted for a meter null reading. If this is not
possible, it is due to the lamps being too dissimilar
from each other in both measurement and tem-
perature compensation bridges. The temporary
Inclusion of 10 - 20 () small, series resistors be-
tween the power meter and the bridges could be
tried in order to effect a balance. When the null
has been achieved, the capacitive symmetry is
effected by the screw-driver adjustment on the
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front panel — just as it is described in the HP
instrument handbook. The RF mount is now
ready for service.

5.
RESULTS

No major differences could be detected between
the manufacturers “power mount” and the RF
mount described here, except perhaps, the drift in
the lower measurement ranges is somewhat
greater.

A network analyzer was employed o measure the
RF mount's return-loss in the range 500 MHz -
18 GHz. It proved to be constant at about 14 dB
(vswr = 1.5) to approx. 6 GHz, and deteriorating
to 6 dB (vswr = 3) at 18 GHz. There were no
the RF mount may be used as a measurement
instrument up to 6 GHz, and as an indicator up to
18 GHz.
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Matjaz Vidmar, YT 3 MV

Receiving Converter for 4 GHz-Band Satellite

In two previous articles (1) and (2), a complete
receiving Installation for Ku-band (11 to
12 GHz) television satellites was described.
The present article describes an outside
unit for the C-band thus extending the capa-
bility of the system into the 4 GHz range. The
same “inside" unit (2) can be used with it, as
the 4 GHz television transmissions possess
similar modulation characteristics namely:
wideband-FM with a spectrum interleaving
signal and FM sound subcarrier.

1
TV RECEPTION IN THE 4 GHz-BAND

On the one hand, the technical demands made
upon the microwave units, such as the profile
accuracy of the parabolic reflector or the noise
figure of the antenna pre-amplifier, are easier
to fulfil at 4 GHz than at 11 GHz. On the other
hand, however, only a few television programmes
are 1o be received in the 4 GHz-band in Europe
and even then, only with antenna diameters so
large as to put them out of the question for most
private people. The easiest to receive is certainly
the Soviet satellite "GORISONT" (in English
HORIZON) at 14 degrees latitude (west). Every
HORIZON satellite has six transponders on

board each having an output of 40 W. One of
them is connected to a spot-beam antenna and
used for television broadcasting. This trans-
mission may be received, noise-free, by antennas
having only a 90 cm diameter dish. Unfortunately,
the spot-beams of the other HORIZON satellites
are positioned 53 degrees east and 70 degrees
east covering the eastern part of the Soviet Union
and can only be received with difficulty in Western
Europe.

All the other European transmissions emanating
from geostationary television satellites, such as
the INTELSAT series, ARABSAT or TELECOM
together with other transponders of HORIZON,
use antennas with little directional gain and
have a correspondingly large footprint — large
enough to illuminate all areas bounded by the
observable hemisphere from the satellite. These
signals are 15 to 20 dB lower than those of the
spot-beams from the HORIZON satellite and
even antennas having a 3 m diameter yield very
poor picture quality.

2.,
BLOCK DIAGRAM

All 4 GHz satellite signals, directed towards
Europe, are circular polarized — either left or
right handed. As most of the television signals,
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g

including those from the powerful HORIZON, are
right-handed, a short, helical, parabolic-mirror
exciter element was installed.

The block diagram of fig. 1 shows that the re-
ceived signal is taken from the helical antenna on
to a low-noise, two-stage pre-amplifier equipped
with GaAs-FETs. The following converter pos-
sesses a 5.1 GHz fixed oscillator, this frequency
being chosen in order that the image-frequency
suppression is simplified and thereby facilitating
the rejection of spurious signals, This oscillator
enables the satellite band of 3.6 - 4.2 GHz to be
translated to 900 - 1500 MHz, This corresponds
to the frequency of the ‘indoor’ unit (the details
of which have already been published) and is the
range in most use in proprietary satellite re-
ceivers. It must be observed, however, that the
polarity of the FM video signals is inverted with
respect to the signals from the 11 GHz converter
since the translating oscillator lies beneath this
band at 5.1 GHz.

Following the mixer is an intermediate frequency
amplifier in order to compensate for the con-
necting cable loss between outside and inside
equipments, This IF amplifier is identical with the
11 GHz equipment described for the YU 3 UMV
019 module and will therefore not be described
again in these pages.

YT3MV »“’—1/

Plastic screw with brass tape
M3 spacer 0.3mm thick
Smm wida

/

N

t
plastic rod .___Hii____,.J

Trm @

\

. AN {t

solder jointm

3.
THE 4 GHz HELICAL PRIMARY
RADIATOR

The sketch of fig. 2 shows how the feed element
can be realized in the form of a 4 GHz helical
primary radiator. The two-turn helix, together
with a pot-formed reflector, produces a suitable
polar diagram which llluminates a paraboloid re-
flector of #/D at about 0.4. The helix consists of a
brass or copper band which is supported on an
Insulated structure.

The author used the polyethylene dielectric from
coaxial cables of the requisite diameter for both
the boom and the helix, support pillars. Nylon
screws were used to fix them together. The pot
reflector was made from thin brass sheeting.
Its diameter is 0.7 of a wavelength with a lip of
0.2 wavelength.

The helix has a relatively high feed-point impe-
dance and the purpose of the quarter-wave trans-
former Is to reduce it to a nominal 50 (). This
maich may be trimmed more finely — If found
necessary — In the low-noise amplifier. The
matching transformer is fabricated from a length
of 50 1} rigid coaxial cable. In order to bring its

M4 brass nut

SMA plug

500 soml-rigid
cable 3. 6mm @

ol f-tapping sorew (motal)

" brass sheet
0.3mm thick

Fig. 2:

The 4 GHz helical
parabolic antenna
exciter
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impedance to a nominal 80 (1, the original copper
outer is removed, A tube of dielectric material is
then slipped over the tefion inner of the rigid
cable and the assembly pushed into a 6 mm
internal diameter copper tube. One end of the
copper tube is soldered to the reflector disc and
the other end 1o a brass nut, which is In turn
screwed on to the rigid coaxial cable.

Taking the velocity factor of the PTFE insulated
cable into account, the length of the transformer
is 14 mm. As it is quite difficult to find a PTFE
(teflon) tube of the requisite internal and external
diameters, a polyethylene tube was used instead,
despite its somewhat higher dielectric constant.
In practice, a piece of dielectric taken from
RG-214 cable could be used.

The outer copper tube Is heated to the melting
temperature of the polyethylene with a soldering
iron and the dielectric is then pressed Into the
copper ube. When the assembly has cooled to
room temperature, the Inner diameter is carefully
drilled out by using increasingly larger drills at

low speed until the inner of the rigid coaxial cable
can be slipped inside the polyethylene sleeve.

The parabolic reflector is a mirror and it reverses
the sense of the circularly polarized wave. There-
fore, if the satellite transmits a right-handed
signal, the feed point must be left-handed to
accommodate the sense reversal caused by the
parabolic reflector. In general, the sense of a
helical antenna can be related to that of screw
threads; a right-handed helix is like a right-
handed set-screw and vice-versa.

4'
LOW-NOISE AMPLIFIER FOR
3.6-4.2GHz

If one were to consider the noise figures of
proprietary mixers, the conclusion might be
reached that at least 20 dB of pre-amplification

I} a
| 1
== 110n 100n e
T |F—r'-| Yprinted’ cap I ”‘l( 'printed’ cap
YT3MV 001 o
[Jse
: i
g RF amp g \
4.ntage
input iy ok 4 "
SHA (male)  microstrip 5011 s (femalo)

Fig. 3: The 3.6 to 4.2 GHz low-noise antenna amplifier
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will be necessary in order to reduce the effects of
second-stage noise. This degree of amplification
is readily obtainable at 4 GHz by means of two
GaAs-FET stages.

The circuit diagram of the low-noise, 4 GHz pre-
amplifier is shown in fig. 3. The transistors are
maltched by means of a very simple method using
two inductive stubs at the input and two capacitive
stubs at the output. The matching between stages
is achieved by the correct length of 50 (1 stripline.
The data of the amplifier for a particular narrow
band of frequencies can, of course, be improved
by using additional matching lines which com-
pensate for the spread in transistor lolerances or
antenna mis-matches. This process is described
in (1) for example.

With the exception of modifications, made neces-
sary only by the differing frequency range, the
bias feed arrangements are exactly the same as
for the 11 GHz amplifier. Each of the two source
leads of the FETs is decoupled to earth by a
leadless ceramic disc capacitor and the drain
currant of each transistor s brought to the
nominal value of 15 mA by a “trial and error”
method involving changing the value of the
source resistance.

The prototype version used a CFY 18-23 in the
first stage and a CFY 18-18 in the second stage.
Al 4 GHz, the parameters of these two types are
fairly similar. The cheap CFY 19 could be used
in the first stage and the even cheaper CFY 13,
CFY 19-22 or 27 in the second stage with only a
marginal deterioration in the noise-figure
specification.

The micro striplines are etched from glass-epoxy,
reinforced PTFE (teflon), printed circuit board -
the pattern details are shown in fig. 4. The
board is 60 x 35 mm in dimension and 0.79 mm
thick with a relative dielectric constant ¢, of 2.6.
The PCB (YT3MV 001) is soldered into a brass
box, made to size. The cover of the box is
dampened by a piece ol microwave absorber
foam in the same manner as the 11 GHz amplifier.

This amplifier does not require any tuning what-
soever. A component which might possibly cause
trouble is the 6.8 pF coupling capacitors. The
specimen module used the very smallest
available structure (RM 2.5) and soldered in
using the very shortest component leads.

Fig. 4: Teflon printed circuit board for the amplifier
offig. 3

5.
OSCILLATOR AND MIXER

The module shown in the circuit schematic of
figure 5 has an oscillator, the frequency of which,
(5.1 GHz) lies above the received signal fre-
quency. It also contains a GaAs-FET mixer and
an IF pre-amplifier stage

The mixer (T4) is built around a single GaAs-
FET. Both the received signal and the local
oscillator signal are fed 1o iis gate. The signals
are Isolated from each other by a selective net-
work, with quarter-wave traps, followed by a
matching network to the gate of T4. The drain
stub functions as a quarter-wave short circuit for
the recelved signal and the oscillator frequency,
and as a capacitive reactance at the IF frequency
This capacity, together with the inductance of L1,
forms a matching-transformer, low-pass filter to
match the pre-IF transistor T5.

A cheap bipolar transistor, type BFQ 69, is used
for the 5.1 GHz oscillator T3. Its frequency of
oscillation is determined largely by the stubs in
the emitter and base circuits. The collector stub
serves lo adjust the oscillator power output to
the following mixer stage. When a bipolar tran-
sistor is used at microwaves, a working-point
stabilizing circuit is required. This is supplied
by T6 which hoilds a constant current, flow
through the oscillator transistor and thereby
also improving the phase-noise charactenstics
of the stage

107



VHF COMMUNICATIONS 2/88

<«

ZHD §°L - 6°0 01 ZHD Z ¥ - 9'C SSIBSURI] YIIYM JXIW PUB JOIRIISO S Big

IHD LS I gy
dexry [eubys o

qnas uteap




VHF COMMUNICATIONS 2/88

X

The micro striplines of the oscillator and mixer
are etched from the same material as thal of the
pre-amplifier. The track pattern and the com-
ponent layout plan of the 60 x 60 mm board,
YT3MV 002, is shown in fig. 6.

A 5 mm hole must be drilled in order to accom-
modate transistor T3 although there are no con-
tacts to the ground plane 1o be made. The hole
must therefore be covered with copper foil in
order to provide a ground plane.

Three low-inductance, leadless, ceramic-disc
capacitors, each of 470 pF, are required In this
circult: one in each of the source leads of T4 and
another in the emitter circult of T3, The 2.2 pF
coupling capacitor is also somewhat special as it
is made from a piece of 0.15 mm glass-fibre,
teflon printed circuit board material. The in-
ductance of L1 is identical to the equivalent in-
ductance in the 11 GHz converter (1) and L2 is a
quarter-wave at the IF frequency.

The printed circuit board YT3MV 002 for the
converter is also soldered into a suitable housing
(brass with an aluminium cover with absorber
foam).

A few tuning adjustments must be made to the
module. First the oscillator frequency must be
checked. Its frequency is varied by altering the
length of the tuning stub at its open end in the
base circuit. The quarter-wave traps do not
normally require any adjustment.

In order to effect a match to the input of T4, a
tuning stub, In the form of a small plece of copper
foll, is adhered onto the circuit, the position of
which Is varied until the maximum mixer gain is
obtained. The output positions for this are shown
dotted in fig. 5

The mixer test-point can be used as an indirect
Indication of the oscillator's outpul power.

s‘
CONCLUDING REMARKS

The converter described was used mainly for the
reception of the Russian satellite HORIZON,
located at 14 degrees west. The Effective Iso-

tropic Radiated Power (EIRP) of this transmission
is estimated to be about 46 dBW. Usinga 1.2 m
diameter parabolic dish antenna, many other
television signals may be heard in the 4 GHz
band, some having EIRP powers as low as 22 to
24 dBW. Of course, such low-level signals cannot
be expected to produce a usable picture but the
characteristic picture-change rumbling could be
heard when an audio amplifier was connected to
the video output.

The video monitor synchronizes to the received
signal at EIRP powers of 30 to 33 dBW which,
both the hemisphere beam of HORIZON and the
zonal beam of INTELSAT radiate. These trans-
missions are usable — but not quite noise-free
- with anlenna-dish sizesol 24103 m

There are two problems worthy of note in the
connection of the subject 4 GHz converter to the
indoor unit described in the publication of (2).

The first one concerns the module YU3UMV 020,
the tunable second converter. The local oscillator
harmonics of this module fall into the receive fre-
quency band and cause interference. This is no
problem when it Is used with the 11 GHz down
converter, but at 4 GHz the harmonics are very
much stronger. They can only be seen, however,
when the “indoor” unit is brought into the vicinity

Fig. 6: Teflon printed circuit board for the converter
offig. 5
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of the “outdoor” unit for test purposes etc. Nor-
mally, if the distance between indoor and outdoor
units exceeds 10 m or if a metal screening object
is strategically placed between them, the inter-
ference disappears to practically zero. The other
alternative is, of course, to tackle the problem at
its source and use more screening for the indoor
module YU3UMV 020.

The second problem in connecling indoor to
outdoor units, Is manifest in the HORIZON
transmission's FM  sound-carrier deviation
index which is much greater than that of most
Ku-band television broadcasts. This causes
distortion which can only be corrected by a modi-
fication to the sound demodulator. This, naturally,
compromises the sound signal's quality of the
Ku-band TV transmissions which must be ampli-
fied again to restore them if the highest fidelity is
to be maintained.

It still remains a fact that the European 4 GHz
band has much less to offer than the 11 GHz
band. It is, highly interesting for the TV-DXer,
especially if a large antenna dish Is available.

There Is yet another band waiting to be explored:
the frequency range 2.5 to 2,69 GHz. This is

divided up according to the transmit powers of the
various television satellites. There are satellites
which have already been commissioned, such as
INSAT or ARABSAT and there are a few third-
world countries who are planning transmissions
in this band. The ARABSAT has a 50 W trans-
mitter in the 2.6 GHz band and its footprint
covers the whole of southern Europe.

7
REFERENCES

(1) M. Vidmar, YT 3 MV;
TV Satellite Receive System;
Part 1: Low-Noise 11 GHz Down-Converter
VHF COMMUNICATIONS, Vol.18,
Ed. 4/1986, Pages 194 - 213
(2) M. Vidmar, YT 3 MV:
TV Satellite Receive System;
Part 2: Indoor Unit
VHF COMMUNICATIONS, Vol. 19,
Ed. 1/1987, Pages 35 - 56

VHF COMMUNICATIONS — Selected Articles on a Common Topic

Each collection comprises 9to 11 VHF COMMUNICATIONS articlesina
blue binder. By ordering please quote the number of the desired
collection.

1. Antennas: Fundamentals 13. HF Power Measurements
2. Antennas for 2 m and 70 cm 14. Shortwave and IF Circuits
3. Antennas for 23 ¢m and 13 cm 16, Mini Radio Direction Finder for 2 m and 70 cm
4. Microwave Antennas 16. Converters and Pre-amps for 2 m and 70 ¢cm
5. Amateur Television (ATV) 17, Converters and Pre-amps, for 23 cm and 13 cm
6. Crystal Oscillators: XOs and VXOs 18. Transverters and PAs for 2m
7. VFOs 19. Transverters and PAs for 70 cm
B, Synthesizers 20. Transverters and PAs for 23 cm and 13 cm
9. RF and AF filters 21, Circuits for 9 cm and 6 cm

10. Frequency Counters and Dividers 22, 10 GHz Technology Part 1

11. Noise-Figure and Noise-Spectrum Measurements 23, 10 GHz Technology Part 2

12. Simple Test Equipment 24, FM Equipment for 3 cm and 1.5 cm

Single-theme collection, including binder and postage, only DM 29,50

k UWiberichte terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 9133 47-0. For Representatives see cover page 2

110



VHF COMMUNICATIONS 2/88

Carsten Vieland, DJ4 GC

50 2 Wideband Detectors

Foliowing a discussion about various
measurement techniques and diode types,
this article gives a description of a broadband
detector and a logarithmic indicator amplifier
(tig. 1).

Fig. 1: A dBm-meter with a 70 dB indicator dynamic
range (scaled for low-barrier diodes)

1.
MEASUREMENT TECHNIQUES

In high-frequency technology, there Is a recurrent
demand for signals to be registered in terms of
their amplitudes. This is the case in every swepl
measurement which is used with a normalized
impedance (invarnably 50 (1) receiver (detector)
the latter exhibiting no amplitude variations with
frequency of its own. The difficulty in meeting
adequate specifications increases sharply with
Increased sensitivity requirements, such as that
presented by the assessment of return loss, by
means of a wideband directional coupler. Al-
though often, a relative indication will suffice
(e.g. Wwning for maximum); the power detector, or
voltage detector, should satisty the following
demands

1) Voltage or power displayed accurately over a
wide frequency range

2) Good matching to the 50 (1 measurement
system over a wide frequency range

3) High measurement dynamic range logether
with an accurate as possible display over a
wide range of input levels

4) High basic sensitivity

5) High transil response for the measurement
system in ordar that it may be used in a swept
system

m
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Fig. 2: |dealized characteristic of a Schottky diode

Between the requirements of 1) and 2), there is a
certain common ground because an exact display
is not possible in the absence of a good 50 (1
match. On the other hand, however, even with a
good match, the absolute accuracy, under
amateur construction limitations, is very much
open to question. The requirements of 1) and 2),
and with reservations 3), are easier to fulfil with
a diode detector than with a thermal head. The
high transit response requirement of 5) can only
be accomplished thermally using highly de-
manding evaporation plating techniques (at
threshold levels of approx. = 50 dBm). This
demand is met, almost always, by the employ-
ment of a diode detecting head in self-made
sweepar equipment,

The diode detector Is very simple to effect when
the demands upon a high absolute accuracy (i.e.
relative indication), are not too great. Using
careful constructional methods, a good basic
accuracy and a high measurement dynamic
range can be achieved. Some manufacturers
have concentrated on this technique for their
commercial wattmeters, e.g. HP: sensitive
wideband milli wattmeter, Bird: watimeter with
changeable directional heads, and SSB-Elektro-
nik: frequency-compensated power meler,

In order to achieve an even greater frequency
range without sacrificing measurement dynamic
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range and accuracy, a few criteria ahould be
observed: —

1) The employment of a diode which has the
most favourable high-frequency specifica-
tions.

2) The installation of this diode in a sultable
detector circuit.

3) The employment of DC processing circuits
which have high dynamic range, a very low
intrinsic drift and equipped with an exact
indicator.

2!
FACTORS IN THE CHOICE OF THE
DETECTOR DIODE

The rectification of high-frequency signals for
measurement purposes may be undertaken by a
variety of diodes. They are listed as follows: —

1) Germanium diodes (AA...)

2) High-barrier Schottky diodes (HP 2800)
3) Low-barrier Schottky diodes

4) Silicon point-contact diodes (1 N 23)

5) Planar-silicon diodes (1 N 4148)

6) Gallium-arsenide diodes (MFG 3000)

For each and every type of diode (fig. 2) there are
many variants in relationship to the working fre-
quency, the form of packaging (fig. 3), and other
factors affecting both availability and price. If
the exactly specified diode simply does not exist,
the leading characteristics can be reviewed in
order to arrive at a suitable choice for the particu-
lar application.

2.1, Germanium Diodes

The sometimes lowly-regarded germanium diode
invariably displays, up to about 500 MHz, an
optimal characteristic. The internal resistance
of the germanium diode, which is important for
matching purposes, is less dependent upon
frequency than other types of diodes. The limit
of detection lies under — 50 dBm (10 nanowatt)
in a 50 (1system. Now that this type of diode can
be purchased by the kilo, it represents a very
good choice right up to the 70 cm band.
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Fig. 3: Microwave diode forms from left to right:

At higher frequencies, the rectification properties
gradually diminish, and despite the impedance
remaining constant, sets a system limit,

2.2, Schottky Diodes

Schottky diodes in glass packaging display no
marked tendency to lose their rectification
characteristics at high frequency in the same
way that germanium diodes do. They are still
rectifying efficiently at 23 cm. The series im-
pedance (2), however, is low and very strongly
dependent upon frequency. The impedance is
very frequently under 50 (} at frequencies around
1000 MHz.

The residual inductance, working in conjunction

1. BAT 14-084  Siemens (with connecting leads)
2. BAT 14-093  Siemens (plll-box form)

3. MA 40203 M/A-Conn. (small cartridge)

4. HP 5082-2778 (beam-lead housing)

5. MGF 3000 Mitsubishi

6. DDB 6783 Alpha Industries

Note: The beam lead-diode ring has a diameter
of 2mm

with the barrier capacitance, causes a disconti-
nuity in the impedance at high frequencies. This
effect is common to all rectifiers and makes the
measured value very inexact at high frequencies.
In general, a step-up transformation is effected,
which makes the detected voltage many times
higher.

In addition, the voltage current characteristic of
high-barrier diodes is very unfavourable. Al-
though the so-called barrier voltage is similar
to that of the germanium diode at approx. 0.3 V,
the V-l-characteristic exhibits a much sharper
transition, making it unsuitable for use at very low
signal levels. The lower limit of detection for
high-frequency signals in a measurement
system, without a bias current, is in the order
~ 20to — 30 dBm in a 50 (1 system.
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formance is extended down to — 50 or - oouem
using this type of diode in a 50 (! measurement
system. In order to compensate for the ger-
manium diode’s inherently good properties, the
low-barrier has lo resort to special constructional
techniques. A whole range of favourably-priced,
low-barrier Schottky diodes encapsulated in
glass, have appeared on the market in the past
few years. They are mainly intended as a substi-
tute for diodes (e.g. BAT 42, BAT 43
from CFS, the VALVO BAT 86 or the TOSHIBA
188 99),

There are also low-inductive and low-capacitive
microwave forms, having small dimensions, in the
form of cartridges, pills or beam-lead housings.
These types, however, are decidedly expensive
(30 10 300 DM} but they do represent the almost
optimal detector diode. This is the type that
commaercial manufacturers of wideband detector
heads employ.

2.4. Silicon Point-Contact Diodes

At first sight, all the problems of the favourably-
priced point-contact diodes, such as the 1N21,
1N23, 1N78, 1N26 elc, seem able to be remedied
at one fell swoop. The low-barrier characteristic
Is associated with very favourable high-frequency
characteristics. A more exacting study ol the
technical data reveals, however, an unsur-
mountable problem. It concerns those diodes
possessing internal LC compensation and there-
by having a relatively narrow range of fre-
quencies. They are so constructed that their
incorporation into a proprietary microwave wave-
guide is easily carried oul. The semiconductor
crystal is located in an optimum position in the
high-frequency field in order to effect a suitable
maltch. In a waveguide detector, these silicon
point-contact diodes display good characteristics
although the input VSWR can only be optimized
over a 10 % frequency range. For coaxial wide-
band measurement, however, their large di-
to the diflering impedance relationship to the
114

mandatory 50 (1 system impedance, this type of
diode is about 20 dB more sensitive than its
coaxial relatives. The lower threshold limit of an
X-band waveguide detector using an 1N23 is
astounding — 70 dBm. Saturation effects occur
at quite a low level. At 0 dBm the rectified DC
no longer follows the increase in HF input power.

2.5. Silicon-Planar Diodes

Silicon-planar diodes for small signal applications
have so many disadvantages lor detector work
that they will not be considered at all.

2.6. GaAs Diodes

Gallium-arsenide diodes are suitable for high
levels and therefore find applications in low-
intermodulation mixers al up o very high radio
frequencies. As the barrier voltage is quite high
{about 0,75 V), and well above that of the silicon
diode, its application in a universal detector is not
favourable as the result lable indicates.

3.
THE CONSTRUCTION OF A
BROADBAND DETECTOR PROBE

The general experience in the dealings with
microwave components seems lo favour con-
struction in a stripline technique with as little
disturbance from stray Inductance and ca-
pacitance as possible. On account of the very
small current angle-of-flow, series inductance
can be very disruptive (step-up transformation).
For HF, VHF and UHF bands a printed circuit
board was tried out which has already proved
itsell in attenuator pad construction. The me-
chanical construction detalls conform to those
detalled in (6). A teflon board (RT-DUROID 5870)
with an SMA plug (threaded, flanged plug) is
used. The board housing can, ol course, be
tallored according to ones own mechanical
possibilities.

The decoupling of the “cold” end of the diode
requires a particularly lossless and low-inductive



VHF COMMUNICATIONS 2/88

g

wave rectifier output, reveals an unending series
of harmonics of the inpul signal. if the basic
frequency lies in the GHz region, the filter re-
quirements musi be effective right to the highest
amateur band. Even an input at 500 MHz 1o a
rectifier with a high-grade filter capacitor, has
been observed to produce harmonics as high as
20 GHz - using a very expensive spectrum
analyzer for the evaluation, of course!

As disc capacitors are not normally specified at
high frequency with tan &, the constructor must
use a certain amount of intuition in order 1o search
a suitable one out. In the author's experience,
capacitors with a small capacity, ol smallest
thickness and a light dielectric, seem 1o fit the
bill. High-quality chip capacitors (e.g. from ATC)
can also be employed. The capacitor is o laid in
the board that the copper removed by the drill
can be replaced over it by thin sheet copper

diode impedance with frequency (even with high-
grade microwave diodes) preciudes a truly wide-
band maich without reson to some special
measures. For the diode used here, chip resistors
and capacitors did not yleld the author the kind of
root-locus that he was seeking. An HP applica-
tion, however, suggested a solution, Using a
computer, the maiching in the entire X-band (8 to
12.4 GHz) was accomplished by selective trans-
former-line optimization. This measure resulted
in a 4 dB gain in sensitivity, as a bonus. Outside
the working frequency of the device, this form of
compensation crashed. The design aim of a
working spectrum extending into the X-band
regions from the shor-waves, was not realized
by an optimized transformer circuit but by an
experimentally optimized, wideband, maich
similar to that used in a diplexer (fig. 4).

In order that the total series impedance is not
determined solely by thal of the diode, a 27 ()
senes resistor, in chip form, is included in the
measurement head. This series circuit displays,
according to the diode employed, a very good
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Schottky
{low barrier)
glass diode

BNG BNC
plug socket
DJLGC

Fig. 5a: Detector circuit for diodes having glass
encapsulation

match across the band, 3 1o 5 GHz, even without
other circuit refinements. The series resistor also
dampens resonant effects in the diode and also
the effects of the step-up transformation due to
the stray LC components, The dependence of the
detector head's output voltage with frequency is
therefore reduced.

In the interests of a 50 (1 input resistance, even at
low frequencies, the present circuit contains a
parallel resistance to earth (fig. 5a) which is
countered by the effects of stray series in-
ductance at high frequency (fig. 5b), that is, a part
of an RL low-pass circuit. In a practical circuit,
this inductance is formed by the lead wire to the
chip resistor.

The soldered-board construction of this diplexer
circuit has, due to this inductance, lost something
of its functional elegance but does possess a
good malch and directional characteristics from

Fig. 6: HP detector with APC 3.5 plug
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microwave diode

50(l-stripline

BNC
socket

high-grade chip cap.
or ATC 50-200 pF

low~-pass

Fig. 5b: SHF detector circuit diagram

HF right into the X-band frequencies. This
favourable result is obtained using a 2 to 6 mm
length of 0.5 mm wire — length according to
diode.

4.
MEASUREMENTS ON VARIOUS
DIODE DETECTORS

Using a standard construction with a 3 mm long
wire for the compensation inductance, many
types of diodes were examined, As a screen
presentation of the DC output voltage repre-
senting the return loss (indirectly the VSWR)
over a trace width of 0 - 12 GHz surpasses the
author's equipment capability, only representa-
tive bands in the total range have been given,

Fig. 7: Stripline construction for SHF using diode
DDB 6783 and SMA plug, PCB material
0.5 mm RT-Duroid
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The reference detector used in this survey was
the HP 33330 B (fig. 6) for which the manufac-
turers specify a detected output voltage con-
stancy over the 10 MHz to 12.4 GHz of % 0.3 dB
and 12.4 GHz to 18 GHz, + 0.6 dB. The VEWR
up to 8 GHz is better than 1.2 and from 8 to
18 GHz the VSWR does not exceed 1.5.

This kind of phenomenally-small, ripple specifi-
cation in both input VSWR and output voltage is
only achievable with computer optimized and
miniaturized deposition techniques and is far
removed from the soldering-iron techniques open
to the amateur. But despite these limitations,
reasonable results can be achieved even with the
simple equipment to hand. A home-constructed
detector using the diode DDB 6783 (fig. 7) by
Alpha-Industries had an output ripple of + 1 dB up

to 12 GHz relative to that of the highly expensive
Hewlett Packard head (fig. 8), but with a some-
what higher output voltage,

Al 12 GHz, the testing had 1o be curtailed owing to
the lack of a suitable sweep generator. There
was, however, a return-loss of less than 10 dB
(VSWR 2 : 1) at this frequency — within the
borders of serious measurement accuracy. The
relatively small filter capacity of 50 to 200 pF
determined the lower frequency limit al approx.
100 kHz.

The detector shown In fig. 9 has a low-barrier
diode MA 40202 and possesses a still higher
sensitivity, well into the X-band, but due to its
larger diode geometry, displays a somewhat
larger ripple over the spactrum for both detected
output and matching.

Fig. 9:
Circuit as in fig. 7 but with ATC filter capacitor
under the diode housed in a small cartridge
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Fig. 10; Stripline construction to 2 GHz approx. for
BNC connector

The BNC detector (for diodes having glass en-
capsulation, fig. 10) displays a practically con-
stant output voltage extending from short-waves
right up to 1.3 GHz. The characteristic then
gradually rises by 2 dB at 2.3 GHz under the
combined influence of the series inductance R,
and the diode. A similar characteristic is also
apparent with the diode 1 SS 99 as regards the
output voltage and input VEWR but the sensitivi-
ty, and thereby the dynamic range, is some 20 dB
better.

Fig. 12: Amateur-constructed detectors in three
forms of construction. The housing with
the SMA plug contains the circuit of fig. 7
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Fig. 11: The series Inductor to the 50 {| resistor is
shown here

Not all the diodes examined here are commonly
available in every corner shop. The basic con-
structional details of figs 11, 12 and 13 may be
regarded as typical. In the search for a suitable
semiconductor, properties such as: small form,
high-limit frequency, low-barrier characteristic,
price and availability are the deciding factors.
An unknown flea-market type diode, implanted
into a standard-constructed detector head, will
nearly always produce results not too far short
of the best available. The traces of figures 14,
15, 16 and 17 show representative test results.

Fig. 13: This is also admissible — up to about
500 MHz!
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Fig. 14: Return loss of a circuit as in fig. 10 using
diode BA 481 (Valvo) from 0 - 2 GHz
h: 200 MHz/box
v: 10dB/box
Note: The reference line (upper) indicates
0 dB return loss

Fig. 15: Same circuit as In fig. 14 but with a 27 ()
diode series resistor

Fig. 16: Return loss of the SHF detector of fig. 7
(SHF detector)

Fig. 17: Detected output of a BWO signal from B to
12 GHz using the detector of fig. 7
h: 400 MHz/box (approx.)
v: 10dBbox
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Fig. 18: The stepped attenuation of an HF signal in
10 dB steps to ~ 60 dB in a log-linear
presentation. The lowest level is conta-
minated by noise (arrow)

5.
LOGARITHMIC DISPLAY
AMPLIFIER

The detected output (voltage) of a diode detector,
represents the measure of the high-frequency
input signal. In the simplest form, a suitable
indicator could be a voltmeter with a calibrated
scale but only a very limited dynamic range would
be avallable. The low-level region can only be
readily detected with the aid of a low-drift DC
amplifier, This must be capable of accepting
Input voltages of between about 1 uV and 5 V and
handling them in exactly the same manner
Detector heads with low-barrier diodes can
handle inputs with a range of 70 dB (figs. 18 and
19)

Fig. 19: The same range of attenuation using a
linear system. The measurement range can
be clearly seen to be several orders smaller

The author has developed a circuit which displays
this high dynamic range linearly on a meter-
scale (fig. 20). The heart of this unit is a loga-
rithmic, operational amplifier, the output of
which is proportional to the logarithm of its input,
For circuit technical reasons, this analogue com-
puter circuit is changed into a current converter
as this type of circuit has a higher dynamic range
with current drive (fig. 21). The input to this
voltage/current converter may be reversed in
polarity by means of the DPDT switch at its input.
The log. amplifier's output voltage lies between

7Vand + 2 V and must be offset to be refer-
enced to ground potential.

An unfortunate trick of nature has given deteclor
diodes a characteristic knee at about the —~ 20
dBm input level. Under this power, the input

-

of feet
stage

V/A con-
verter

log.amp.

DC input

i

Fig. 20: Measurement amplifier block diagram
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Fig. 21: Detailed circuit schematic of measurement amplifier

level is power-linear and above about 0 dBm a
linear rectified voltage output is generated. In
the transition region there Is, of course, a mixture
of both, This knee in the characteristics can, how-
ever, be largely compensated by the final equal-
Izer stage.

As this circult is intended to have a universal
application, it was designed 1o work with various
diodes of differing types and circuit dispositions
and therefore the unit has been provided with the
necessary means of adjustment to cope with this
variety.

The operational amplifiers used in the first two
stages are extremely low-noise and low-drift
types such as the OPO7, or better the OP77.
Experiments with the integrated log. operational
amplifier, Intersil ICL 8048, despite its high price,
did not deliver the same good results as one
made from discrete components, Although, at low
levels, the operational frequency limit of the log.
amplifier sharply decreases, it is still fast enough
to fulfil the highest demands of sweep frequency
measurement. At the threshold of detectability
(under — 50 dBm), the few microvolts of DC signal

Fig. 22: Component layout plan of the PCB DJ 4 GC 002
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are overwhelmed by the thermal noise and
residual hum. The output indicator then displays
a certain nervous behaviour which disappears
completely when the input is raised just 10 dB.
This threshold noise limit may be seen in fig. 18
at an attenuation of 60 dB. To compensate long-
term temperature variations and thermal voltages
generated in input connections, the offset adjust-
ment of the first stage has been made variable
from the front panel in order that the basic noise
lies on the moving-coil indicator at — 53 dBm
(approx.).

As commercial diode detector heads frequently
have a negative output voltage, the voltage/
current converter's input is fitted with a DPDT
switch to accommodate this. This switch should
be of the highest quality in order to avoid thermal
voltages being generated at the contacts,
voltages which can be as high as the input signal
when working at low levels. The Influence of
temperature on the two low-noise transistors
(e.g. BC 549 B or BC 550 B) is opposing and
therefore to a large extent cancelling. It is ad-
visable to bind these two transistors together with
a metal band to make them thermally as one -
they are deliberately located by each other for
this purpose.
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Fig. 23:

In the completed instrument,
the cover has been removed to
show the board. The smail
power supply unit is located
behind it in a second tin-plate
box

The printed circuit board of fig. 22is 116 x 48 mm,
single-sided and designated DJ 4 GC 002. It is
fitted into a tin-plate box together with a 10-turn
potentiometer for the offset voltage adjustment
and the polarity change-over switch (fig. 23). The
box is totally sealed against the ingress of ex-
ternal electrical fields.

6.
ADJUSTMENT OF THE
MEASUREMENT AMPLIFIER

The multitude of adjustment points designed
into the measurement amplifier will probably
cause a few misgivings about the realization of
the project. By a methodical and accurate adjust-
ment, together with an exact adherence 1o the
following procedure, an accuracy of + 1 dB may
be attained throughout the whole of the 70 dB
dynamic range.

The following test equipment is required:

1) Asignal source of exactly 100 mW (+ 20dBm)
with an adjustable output. For example, a
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handheld Tx/Rx set to “low power” and with a
variable power supply.

2) A0 - 70 dB attenuator, switchable in 10 dB
steps. Fixed pads of 10, 20 and 40 dB are
also usable but not so convenient.

The adjustment procedure is as follows:

1) Without an input signal, the front-panel
potentiometer P1 is adjusted until the voltage
to ground after the 8.2 kil resistor of the
voltage/current converter is zero.

The point at which the voitage has been nulled

in 1) Le. the common of the 91 ki1, 8.2 k{}

and 22 ki) resistors, is then temporarily

strapped to ground. Transistor T1 is then

bridged with a 22 k{1 resistor. By meansof | 2's

offset timmer P2 (22 kil), the output of | 2 is

also brought to zero voltage. The strap and the

22 kil resistor are then removed and the

logarithmic amplifier is ready for service. lts

output voltage, for a 70 dB dynamic range,
varies between - §Vand + 1V, '

3) The detector is then connected to the ampli-
fier's Input and a signal from the signal
generator injected via the stepped attenuator.
When the Input signal to the detector is
switched between — 20 dBm and — 50 dB, in
10 dB steps, the amplifier's output voltage
should follow accordingly. If it does not,
correct it with P1. Adjust trimmer P3 (22 k{})
of the offset-stage such that its output is
~ 50 dBm when its input is zero voltage. This
step ensures that the output of this stage is
always positive with respect to ground.

Note: This applies to Schottky low-barrier or
Germanium diodes, “Normal" Schottky
diodes cannot achieve the lowest levels
and the instrument scale must be cali-
brated accordingly.

4) Set the HF input level to ~ 10 dBm with the
stepped attenuator and then adjust the multi-
turn pot P4 such that a flow of current through
the diode chain Is just detectable. The voltage
at the input of the last stage is then around
1.4 V. P4 determines the position of the com-
pensating characteristic knee in the amplifier.

2

-—

5) The diode chain, together with multi-turn
potentiometer PS5, corrects the voltage
linearity characteristic of the detector diode in

the “high-level* range. The trimmer is ad-
justed so that the rise in voltage at the output of
the amplifier (i.e. the instrument) between 0
and + 10 dBm Is exactly the same as that be-
tween, for example, — 30 dBm and — 20 dBm,

6) The multi-turn P6 for the instrument is ad-
justed so that the indicator calibration scale is
in accordance with the input level.

7) The linearity and range of the indicator scale
may also be optimised with controls P4, P5
and P6.

It must be admitted, that a simple equalizer such
as this cannol be expected to match exactly
every detector characteristic. The provision of
four or five diodes in the compensating chain of
the same low-barrier type that is used in the
detector head, will normally yield a small im-
provement in the compensation. The inclusion
of temperature compensation measures was
also considered.

In more demanding applications, commercial in-
struments take the detector head output to an
analog to digital converter. The digital output is
then compared with a memory which holds in-
formation as to the exact characteristic of the
detector head in use. Using high-speed con-
verters, and very low access times for the
memory, enable this approach to be used in a
sweep frequency system. In order to ensure a
high display accuracy, a new program is neces-
sary each time the detector head is changed.

The application of a bias current to normal
Schottky diodes for sensitivity enhancement,
causes problems with temperature dependent
offsets and thereby deformation of the amplified
transfer characteristic. It is the author's ex-
perience that this measure, in spite of complex
circuitry, is not as effective as the employment of
low-barrier diodes.

A
APPLICATIONS FOR THE
HF DETECTOR HEAD

The wide frequency range, the good match and
the high-dynamic range of the subject diode
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Fig. 24: The basic test set-up of a sweep measurement

detectors are favourable requirements for tuning
work, for power and attenuation measurements
as well as for applications in sweep techniques
(fig. 24). The logarithmic indicator assists in the
assessment of the test results. The cathode-ray
tube used in the indicator oscilloscope should be
of the long-persistence type. More practical
still, is the employment of storage oscilloscopes
which are making ever increasing inroads into
the measurement scene. They will also allow a
printed output of the displayed trace by means of
a picture store output to a graphic printer.

The return loss is the quantity by which an im-
pedance is adjudged to approach that of the
system normalized impedance (mostly 50 (1).
This may be carried out using a wideband sweep
test set-up in order to detect discontinuities
caused by spurious resonances etc. (fig. 25).
The directional coupler, or RF bridge, must
possess a uniform coupling factor over the whole
of the test frequency range.

The one described by DJ 7 VY in (7) has a con-
stant coupling factor extending from the short-

wave band right up to the 13 cm band — il it has
been carefully constructed (| constructed a longer
version of this RF bridge and the return loss was
better than —~ 30 dB over a frequency range of
100 kHz to 1000 MHz — a highly recommended
item of precision test equipment for the amateur
constructor — G3I1SB). Hewlett Packard has
produced a wideband coupler with a - 22 dB
coupling factor, constant and with high directivity,
over the frequency range 2 to 18 GHz!

A reference line Is established before the test
object is introduced, by either open-circuiting
the test-object port or terminating it with a pre-
cision pad of known impedance. By this means,
any frequency dependent errors in the RF bridge,
or in the detector, may be eliminated. The dis-
plays of fig. 14, 15 and 16 were produced using
this technique.

High-dynamic range measurements are de-
pendent for their accuracy upon the spectral
purity of the signal- or sweep-generator em-
ployed. Both harmonic and non-harmonically

dir. coupler

-/l_/ veco

6—-

DJ4LGC
‘a) under
T test
detector log.amp.
._a_ -0
V00 bt - V1 O D T

Fig. 25: The basic test set-up for a swepl return-loss measurement
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Diode Manufacturer | Threshold | Type Housing/

Limit frequency
AA 118 ITT — 48 dBm | Germanium-Diode Glass bead
AA 143 ImT ~ 52dBm | Germanium-Diode to 500 MHz
HP 2900 HP ~ 28dBm | Schottky-Diode Glass bead
BA 481 Valvo ~ 31 dBm | Schottky-Diode to 2 GHz
15599 Toshiba ~ 55dBm | Low-Barrier-Schottky-Diode
MX 14356 | Metelix ~ 25dBm | High-Barrier-Schottky-Diode
BAT 14-093| Siemens -~ 18 dBm | High-Barrier-Schottky-Diode | Miniature SHF-diode
DDB 6783 | Alpha-Industries| — 40dBm | Low-Barrier-Schottky-Diode | to 12 GHz
MA-40203 | M/A-COM —~ 55dBm | Low-Barrier-Schottky-Diode
MGF 3000 | Mitsubishi ~ 8dBm ()| Gallium-Arsenide-Diode

Table 1: Measured threshold limits of detector diodes

related signals can easily present a very much
worse measurement result than Is actually the
case. In particular, sweep-generators often have
spurious output signals which are only — 20 dB
with respect to the fundamental output. These
harmonics must be kept out of the measurement
system by means of low-pass filters when using
wideband sweep techniques. The "exclusive"
way to make a swept measurement is to use a
spectrum analyzer with a tracking generator.
The latter follows the received swept signal
exactly over the whole of the measurement
range. This technique allows measurements
with a dynamic range of up to 100 dB.

Using a small Gunn oscillator, for example, the
polar diagram of a directional antenna may be
taken. This test set-up can be used for directional
antennas of all frequencies and is characterized
by the absence of measurement range-switching
because of the high-dynamic range of the de-
tector head,

In general, this technique is useful for all RF
measurements involving voltage or power linear
scales which require amplifier or attenuator-
range switching, In particular, where range pads
have to be inserted and removed, involving per-
haps the use of connector adapters, the swept
technique can avoid quite massive measurement
errors.
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MATERIAL PRICE LIST OF EQUIPMENT

described in edition 2/1988 of VHF COMMUNICATIONS

YTamv
PCB

DB1NV
Components

Receiving Converter for 4 GHz Satellites
YT3MV 001 and 002

Thermal Power Mount
DB1NV TLM 8 micro-lamp bulbs, 5 cer. chip
1 nF, 2 cer, chip 10 pF, 2 RFC

47 uH
Ready-made power mount
DJAGC 50 () Wideband Detectors
PCB DJ4GC 002 for logarithmic amplifier
Components DJ4GC 002 1 tin-plate box, 5 op.amps,
2 transistors, 3 diodes, 5 multi-
turn pots, 15 0204 resistors, 2 foll
caps, 2 elkos
Kit DJ4GC 002 PCB and components
Ready-made diode detector (BNC) 0 - 2.5 GHz
ditto (N)0-3.0GHz
DC10OP ATV-FM Driver for the 13 cm Band
PCB DC10P 001 double-sided, drilled
PCB DC10P 002 double-sided, (one side etched)
DB1NV Spectrum Analyser

Ready-made unit

Modules

with power supply and 0 to 70 dB
step-attenuator (10 dB steps).
Range: DC to 2 GHz, in a rugged
table-top housing, without display
circuitry.

Price per unit

Set consists of four ready-for-use
PCBs in tin-plate boxes
Price per set

Art.No.

6994

6986

6987
6988

6989
6990

6074
6075

3303

(export price

3302

(export price

Ed.2/1988
upon request

Ed. 2/1988

DM 13
upon request

Ed. 2/1988
DM  26.-

DM 61.-
DM B82.-

DM 89.-
DM 112.-

Ed. 1/1988
DM 45—
DM 28.-

Ed. 3 + 4/1987

DM 6350.—
DM 5571.-)

DM 2995.—
DM 2628.-)

kful}\‘&’m Terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf
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The ideal soluton Computer-Controlled
for the most . .
Satellite Tracking

discriminating
satellite operator: . .
MTI (Mirage Tracking Interface)

MTI consists of:
Interface with cable
Software (3 floppies)
Manual (106 pages)

Order nr.: 3400 (ex stock)
Introductory price:
DM

1740.—

(Export price)

23.7% s

95.3°% w
7782 km
12862 km

e« Automatic tracking of
any orbiting body

e Antennas stay aimed
correctly at all imes

e MTI works with Silicon
Solutions software
GRAFTRAK, SILICON

EPHEMERIS, SATELLITE

EDITOR

s The computer controls
the satellite rotators

KR-5400 A/ B, KR-5600 A/ B

via the Interface

s The user can change the

current time and date
forwards or backwards

Information and
demonstration at!

UKW technik
UKW berichte

ELEV
AZIN
ORBIT

86 ms
145, 8876
-1359 Hz

-14 Hzm| ¢ 123

ECHO
FRQ
DOP

153,7°
3yas

Features:

Switch selectable for

Elevation 0° — 90° and 0° — 180’
Elevation factor x 1 or x 2
Northern or southern hemisphere
Manual or automatic mode

Baud rate 300 ... 2400

Detailed manual (in English)
Cable for rotators KR-5400 A/ B and
KR-5600 A /B

Required hardware:
PC / XT / AT or compatible

Required software:
MS-DOS

Telecommunications, VHF-Communications
UKW-Technik Terry D. Bittan oHG

JahnstraBe 14, D 8523 Balersdorf

Tel (09133)47-0, TIx. 629887, Tfx. (09133) 4718
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EXTENSION OF OUR
ANTENNA-ROTATOR PROGRAM

Azimuth Rotators

@ for large VHF / UHF or medium-sized

shortwave-antenna installations Art.Nr.  Exportprice
@ rotation range of 450 degrees, KR-800 S 1024 DM 658.—

with auto stop KR-800 SDX 1025 DM 780.—
® pre-selection of the direction and KR-1000 1026 DM 758.-

variable speed for the ... SDX-types =~ KR-1000 SDX 1027 DM  890.—

New Elevation Rotators

® same dimensions as the KR-500

@ higher rotation torque; (100 Nm ALNr.  Export price

or 140 Nm instead of 40 Nm) KR-500 A 1017 DM  460.—

@ higher brake torque, faster rotation KR-500 B 1018 DM  600.—

Satellite Rotators

Art.Nr.  Export price
@ including the enhanced dates of

elevation rotator KR-500 A: KR-5400 A 1013 DM  710.—
(100 Nm /200 Nm) and KR-500 B KR-5600 A 1014 DM 938.—
{140 N/ 400 ) KR-5400 B 1015 DM  947.—
@ suitable for the tracking interface KR-5600 B 1016 DM 1120.—

Available from:

Telec ications, VHF-Con ications
L JI}@IM wlnik UKW-Technik Terry D. Bittan oHG
“ W@WW JahnstraBe 14, D 8523 Baiersdor
AN Tel. (09133) 47-0, TIx. 629 887, Tix. (09133) 4718
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Plastic Binders for
VHF COMMUNICATIONS

e Attractive plastic covered in VHF blue

o Accepts up to 12 editions (three volumes)
e Allows any required copy to be found easily
o Keeps the XYL happy and contented

e Will be sent anywhere in the world for
DM 9.00 including surface mail

Order your binder via the national representative
or directly from the publishers of
VHF COMMUNICATIONS (see below)

Reduced Prices for VHF COMMUNICATIONS !!!

Volume Individual copy

Subscription 1988 DM 25.00 each DM 7.50
VHF COMMUNICATIONS 1987 DM 24.00 eachDM 7.00
VHF COMMUNICATIONS 1986 DM 24.00 eachDM 7.00
VHF COMMUNICATIONS 1985 DM 20.00 eachDM 6.00
VHF COMMUNICATIONS 1980 to 1984 DM 16.00 eachDM 4.50
VHF COMMUNICATIONS 1975 to 1979 DM 12.00 eachDM 3.50
Individual copies out of elder, incomplete

volumes, as long as stock lasts:

1/1970, 2/1971, 1/1972, 2/1972, 4/1972, eachDM 2.00
2/1973, 4/1973, 1/9174, 3/1974 eachDM 2.00
Plastic binder for 3 volumes DM 9.00

All prices including surface mail.

When ordering 3 complete volumes, a free binder is included!

UIK

berichte terry D. Bittan - Jahnstr. 14 - Posttach 80 - D-8523 Baiersdorf
Tel. West Germany 9133 47-0. For Representatives see cover page 2




You should know
what’s behind our sign

We are the only European
manufacturers of these

Miniature TCXQO’s

CCO0 102, CCO 103,
CCO 104, CCO.152
modulable table
higher stability than a
quartz crystal:
less than & 3 ppm over
the temperature range
-30 to +60°C. (types B)
low ageing rate;
less than 1 ppm per
year.
wide frequency range!
10 MHz to 80 MHz
low supply voltage:
+BV
low current consumption:

Our R + D engineers are
constantly working with
new technology to
develop new products.
We can offer technical
advice for your new
projects or manufacture
against your specification,

Quartz crystal units in

| the frequency range

| from 800 kHz to 360
MHz Microprocessor
oscillators (TCXO's,
VCXO's, OCXO0’s)
crystal components
according to customer’s
specifications

3mA max (series CCO 102)

small outlines: CCO 104 = 2,6 cm8, CCO 102/182 = 3,3 cm?,
CCO103 =40cm?

widespread applications e.g. as channel elements or reference
oscillators in UHF radios (450 and 900 MHz range)

Types ccoioz CCcol03 CCcol104
A | B | F A | E | F l B | F
Freq range 10 -B0MHz= G4 - 28 MHz 10-A0MHz
stability -30 to +B0PC —30 to +60°C 30 to +80°C
vetemp. range d
Cumvent max 3mA max. 10mA max. l0mA CCO 15 CWeRT B
consumption atUB = +5V atlfg =+8V at UBE = +BV gize
? am:u‘laﬁon ot 1V
input -10 dB/50 Ohm TTL-compatible OdE/S00Rm 10O {ation: 1010 K
signal (Fan-out ] C}:;é fr Bquenc‘{! ook ORI
mpedancs

... Your precise and reliable source

TELE-QUARZ GMBH - D-6924 Neckarbischofsheim 2
Telefon (7268/801-0 - Telex TB2358 tg d - Telefax 07268/1435
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