























There’s Strength
In Numbers.

Avantek Isn’t Just Here to Stay, We’re Here to Win.

Bolstered by the worldwide strength and long-term
stability of Hewlett-Packard, Avantek is now far more than a defense
technology leader. We're a world leader, prepared to do what it takes to help you win.
As partners, HP and Avantek are committed to serving the defense industryina
whole new way. See our message next month for more details.
You'll find there’s strength in numbers.

Look for our booth (#938) at the MTT-S show in June.
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RF courses

Integrated Services Telecommunications Networking:
High-Speed, Local, Metropolitan, and Wide-Area Networks
May 17-21, 1993, Los Angeles, CA
Hybrid Microcircuit and Muitichip Module Packaging
Technologies
May 24-26, 1993, Los Angeles, CA
Radiation Hardening of Electronic Systems
June 7-11, 1993, Los Angeles, CA
information: UCLA Short Course Program Office. Tel: (310)
825-1047. Fax: (310) 206-2815.

Modern Radar Technology: Monopulse Tracking
Techniques and Other High-Performance Developments
May 24-28, 1993, Washington, DC
Analog/RF Fiber Optic Communications
May 26-28, 1993, Washington, DC
Anomalous Microwave and RF Propagation
June 2-3, 1993, Washington, DC
Electromagnetic Interference and Control
June 7-11, 1993, Washington, DC
Spread-Spectrum Communication Systems
June 7-11, 1993, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Navstar/GPS

June 2-4, 1993, Monterey, CA
Information: University Consortium for Continuing Education,
Tel: (818) 995-6335. Fax: (818) 995-2932.

Eighth Vacation School on Data Communication
and Networks
July 12-16, 1993, Birmingham, UK
Ninth Vacation School on Satellite Communication System
July 18-23, 1993, Guildford, UK
Information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, United Kingdom. Tel: 071-240
1871. Fax: 071-497 3633.

June 7-11, 1993, Stockholm, Sweden
Far-Field, Compact & Near-Field Antenna Measurement
Techniques

June 7-11, 1993, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

ELINT Interception, ELINT/EW Applications of Digital Sig-
nal Processing, Radar Vulnerability to Jamming

May 18-20, 1993, Syracuse, NY
ELINT/EW Data Bases

June 1-3, 1993, Washington, DC
Information: Research Associates of Syracuse, Tel: (315) 455-
7157.

1993 High-Speed Digital Symposium

May 25, 1993, Dallas, TX

May 27, 1993, Austin, TX

June 2, 1993, Burlington, MA

June 4, 1993, Washington, DC

June 8, 1993, Boca Raton, FL
Information: Hewlett-Packard Company, Microwave Instru-
ments Division (MID). Tel: (800) 765-9200.

Designing for EMC Seminar
May 17-18, 1993, St. Louis, MO
May 19-20, 1993, Chicago, IL
June 7-8, 1993, St. Paul, MN
EMC Diagnostics and Retrofitting Seminar
June 7-8, 1993, Rochester, NY
EMC Measurement and Regulation
May 24, 1993, Boston, MA
May 26, 1993, Albany, NY
May 28, 1993, Rochester, NY
June 14, 1993, Dayton, OH
June 16, 1993, Pittsburgh, PA
June 18, 1993, Detroit, Ml
Information: Tektronix Inc. Tel: (800) 426-2200, (503) 629-
4059. Fax: (503) 690-9307.

Computational Methods in Electromagnetics

June 7-10, 1993, Monterey, CA
Finite Element and Finite Difference Time Domain Methods
for Solving Electromagnetic Engineering Problems

July 19-21, 1993, Worchester, MA
Information: Southeastern Center for Electrical Engineering
Education, Kelly Brown - Registrar. Tel: (407) 892-6146. Fax:
(407) 957-4535.

Aspects of Modern Military and Commercial Radar
June 14-18, 1993, United Kingdom
Error Correcting Codes and Trellis-Coded Modulation
with Application to Communication Systems
June 7-10, 1993, Stockholm, Sweden
Analog CMOS Circuit Design for Signal Processing and
Data Conversion
June 7-11, 1993, Stockholm, Sweden
Frequency-Time Signal Processing: Applications and
Algorithms for High Resolution Spectral Analysis and
Time Series Analysis

20

DSP Without Tears
June 7-9, 1993, Norcross, GA
June 16-18, 1993, San Jose, CA
June 23-25, 1993, Chicago, IL
July 26-28, 1993, Salt Lake City, UT
Advanced DSP With a Few Tears
June 10-11, 1993, Norcross, GA
Information: Z Domain Technologies, Inc., Tel: (800) 967-5034,
(404) 664-6738. Fax: (404) 442-1210.

Applied High-Frequency Design Techniques |

June 21-25, 1993, Burlington, MA
Information: Hewlett-Packard HFDS Operation. Tel: (800) 472-
5277.

Applied RF Design Techniques |

May 17-21, 1993, Rolling Meadow, IL
Information: Besser Associates. Tel: (415) 949-3300. Fax:
(415) 949-4400.
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RF featured technology

Simple, Low-Cost UHF VTOs

By Andrzej B. Przedpelski
The SHEDD Group

There are times when, either because
. of cost considerations or standard com-
ponent nonavailability, you have to
design your own VTO for a specific
application. A simple voltage tuned
oscillator (VTO) using a MMIC and a
transmission line for the feedback circuit
may be the answer for non-critical appli-
cations. This simple oscillator design
can be used in a narrow range PLL.

ost of the standard circuits using

discrete transistors are quite com-
plicated and hard to implement. But,
there is an easier way! Using standard
low-cost 50 ohm amplifier devices and
techniques similar to those used in the
crystal oscillator designs (1), VTOs for
specific tuning ranges can be easily
designed. “Designed” may be the wrong
word to describe this process, since it is
easier to optimize the circuit by trial-and-
error than by rigorous analysis. Howev-
er, because of the simplicity and noncrit-
ical nature of the basic circuit, this
process is fast and the success ratio is

high.
Starting with the Barkhausen oscillator
requirements — i.e. the open loop gain

of the feedback circuit has to be more
than unity, and the phase shift has to be
an integer (including zero) multiple of
360 degrees — it is easy to visualize the
required circuit. This is shown in Figure
1. The two requirements are then:

G(s) x H(s) 21 at an angle of 360n (1)
degrees

where n=0,1,2,3 etc.

G(s) >

H(s)>

Figure 1. Feedback oscillator
model.

The simplest implementation is the use
of a 50 ohm MMIC or hybrid amplifier for
G(s) and a piece of transmission line for
H(s). The amplifier will provide the
required gain while the transmission line
provides the phase shift necessary to give
the required total open loop phase shift.

The commercially available modular
amplifiers are essentially either inverting
(180 degree phase shift) or non-inverting
(zero degrees phase shift) types. Howev-
er, at the frequencies of interest, their
phase shifts are typically 150 and -30
degrees respectively. For the designs
described here, the inverting type was
used. The main reason for this decision
was better availability of the inverting type.

First, a suitable amplifier was select-
ed. For these tests the Avantek GPD-
401 was used for three reasons: it is a
low cost device, it has built-in input and
output capacitors, and several were left
over in the lab from previous projects.
The device uses hybrid construction,
which allowed the manufacturer to build-
in internal coupling capacitors. If the
usual MMIC device is used, these

capacitors have to be provided external-
ly, where necessary, for DC isolation.

Looking at the S21 parameter on the
data sheet, it is evident that this is the
inverting type. In the frequency range of
interest, the gain is about 15 dB and the
phase shift is 160-120 degrees (in a 50
ohm system). Unfortunately, these figures
only apply to class A operation. By its
nature, the oscillator operates in a partially
saturated condition, where the gain is
lower. This provides the self limiting
action. Both $21 and S11 are time-varying
and are not defined. Avantek engineers
suggest (2) using the SPICE models given
for the MMIC devices. They feel that it is
almost impossible to predict how S21 and
811 will change, since their change, under
overdrive conditions, is a function of inter-
nal configuration. The only known change
is the reduction of the magnitude of S21
by the amount of compression (the S21
angle change should be small for moder-
ate compression levels). However, the
general feeling is that the phase will not
change appreciably for small amounts of
overdrive.

Fortunately, it is easy to compensate
for all these effects by the transmission
line used for the feedback. The length of
this transmission line can be varied
experimentally until the required fre-
quency is obtained.

The actual circuit used for the bread-
board tests is shown in Figure 2. Its sim-
plicity is quite apparent. Capacitors C1
or C2 are the tuning elements, and stan-
dard varactor diodes can be used to pro-
vide the needed frequency coverage. The
transmission line, T, is the main feedback
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T Length C1
5” 0
50 5”

1.97 0

= 1.9
0.9” 0

0.9”
0.9” 0

3pF

3 pF

3 pF

Cc2 FREQ OUTPUT
— 410 MHz +2 dBm
— 370 MHz +2 dBm
— 590 MHz +5 dBm
— 530 MHz +5 dBm
0 660 MHz +6 dBm
0] 620 MHz +6 dBm
3 pF 570 MHz +4 dBm

Figure 2. Oscillator circuit.

RF Design

Table 1. Results of experimentation on circuit values.
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RF products cines

ly available in three capacitance
ranges: 0.35-3.5 pF, 0.6-6
pF and 0.8-10 pF. Model
GAA10009 is priced at $6.15
each, in quantities of 100.
Sprague-Goodman Electronics
INFO/CARD #201

Chip Caps

Philips Components’ 0603
microwave NPO ceramic multilay-
er capacitors exhibit very low
insertion loss, even up to 3 GHz.
Rated voltage of the series is 63
V and capacitances range from
0.47 pF to 47 pF, with standard
tolerances of 0.5 pF, £0.25 pF
and +0.1 pF for capacitances
below 10 pF.
Philips Components
INFO/CARD #200

Chip Inductors

A new series of discrete chip
inductors is being called “the
world’s smaliest” by Toko Amer-
ica because of the series’ 1.6 x
0.8mm footprint and 0.8mm
height. Self-resonant frequen-
cies are as high as 4 to 5 GHz,

and inductances range from 3.9
to 39 nH. Tolerances are 10 or
20 percent, and Q’s are over 25
at 800 MHz. The LL1608 series
is available on tape and reel in
quantities of 4000 pieces per
reel.

Toko America, Inc.

INFO/CARD #199

SUBSYSTEMS

IQ Conversion

and Processing
The 1Q200 is a precision in-
phase and quadrature (I/Q) signal
conversion and filtering system.
Two modules are available. The
1Q200-RF performs precision I/Q
mixing to baseband. The 1Q200-
LP is a dual channel, program-
mable lowpass filtering and con-
ditioning system. The two mod-
ules together cost $2990, $900
for the 1Q200-RF alone, and
$2290 for the 1Q200-LP alone.
Elanix, Inc.
INFO/CARD #194

Cellular Combiner
The AutoCELL™ autotune cellu-
lar Tx combiners use ceramic res-
onators from Antenna Specialists
and technology patented by Deci-
bel Products to speed tuning time
and provide automatic frequency
re-allocation between cells.
Decibel Products &
Antenna Specialists
INFO/CARD #193

Radio Modem

Repco announces the NLR-
96, a 9600 bps radio modem
requiring no FCC site license.
The modem uses spread spec-
trum modulation and connects
to any RS-232 data source to
transparently transfer data. It
can be configured for either
synchronous or asynchronous
operation.

Repco, Inc.
INFO/CARD #192

Beamformer
The BM 4422 series of high
reliability broadband beamform-

ers combines four input channels
and provides four simultaneous
outputs with varied amplitudes.
Operating from 0.5 to 2.0 GHz,
the units meet all performance
specs over the —-55 to +125
degree C range. Units exhibit 6
dB insertion loss and measure
4.00 x 3.00 x 0.75 inches.
Technical Research and
Manufacturing, Inc.

INFO/CARD #190

PC-Controlled,
HF Receivers

A group of receivers for stand-
alone or multi-channel operation
in computer controlled applica-
tions has been approved for com-
mercial, industrial and military
use. Each unit measures 6.5 x
4.7 x 2 inches, weighs 1.5
pounds and draws less than 10
W of DC power. Frequency cov-
erage is from 5 kHz to 30 MHz
with resolution to 1 Hz. Model
R232-A costs $5050 and is deliv-
ered in 12 weeks.

Inline Components, Inc.
INFO/CARD #189

Need extra copies of the
1993 RF Design Directory?

Find the Components, Instruments, Software, Hardware and
Services you need!

YES! | need
(] One copy — $19.95 ea.
[J 2-4 copies — $18.00 ea.

copies.
01 5-24 copies — $15.00 ea.
(J 25+ copies — $10.00 ea.

books $ (* postage} S TOTAL
*{add $2.00 postage if outside U.S.}
Please charge my L] AMEX L] VISA 0 MC
No. Exp.

Sig.

PRINT NAME  First Middie Initial Last

Call for Papers
RF Expo East

Tampa, Florida — October 19-21, 1993

RF Expo East suggested topics —

= Personal Communications — DECT, (T2, PHP, PCN, PCS

= Data Communications — WLAN, RF DSP, Voice and Data
Specialized Techniques — Medical, Automotive, Scientific
New Wireless Applications — Part 15, SS, RFID, Security
Cellular and Mobile Radio — Circuits, Components
Test, Measurement, Analysis — Test Methods, CAD/CAE
Essential RF Circuits — Amplifiers, Oscillators, Mixers, etc.

RF Expo PLUS program —

RF Expo PLUS is an additional special track on Commercial Space
Applications. Papers are invited on many topics, including. .
LEO Systems Video Compression

INMARSAT DBS
Iridium Satellite Paging
GPS/NAVSTAR Remote Sensing

In addition to the recognition gained by presenting valuable engi-

Titie Company neering information, all speakers receive a full conference and exhibi-
tion registration and a complimentary copy of the Proceedings.
Address Telephone
Send a 50-word abstract by May 15, 1993 to:
City State Zip
RF Expo East
Cardiff Publishing — Circulation RF Design magazine
6300 S. Syracuse Way, Ste. 650 6300 S. Syracuse Way, Suite 650
Englewood, CO 80111 Englewood, CO 80111
Fax: 303-773-9716 FAX: 303-773-9716
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RF tutorial

A Comparison of Simple Software
Methods for RF Calculations

By Andrzej Przedpelski
The SHEDD Group

As the old saying goes: “there are
many ways of skinning a cat.” There are
also many ways of performing calcula-
tions. The following tutorial is a compari-
son of some of the possibilities.

There does not seem to be any
agreement among engineers as to
what method is easiest to perform some
of the common design calculations. Four
typical methods are presented and their
advantages and problems are dis-
cussed: BASIC, spreadsheet, math soft-
ware and a network analysis program.
The typical selected examples for these
types are: True BASIC v. 3.04, Quattro
Pro v. 4.0, MathCAD v. 3.10 and Mike
Elis’ RF5. These were selected for the
following reasons:

* Comparatively low cost. While “do

R s s
27 o3saz aetH

o
3

®
o A

Figure 1. Crystal equivalent circuit.

everything” software will easily perform
the most common RF calculations, smali
companies and individuals usually can-
not afford their high cost. The software
chosen for this comparison was
obtained as lower cost upgrades or dur-
ing special offer periods.

* Some type of graphic presentation of
data was required, since, as Confucius
says, “A picture is worth a thousand
words.”

* The software had to be flexible and

suitable for other applications in typical
design engineering.

A typical, though somewhat unusual,
design problem was chosen to be
solved using these different approaches
— Determine the impedance vs. fre-
quency of a high frequency fundamental
crystal. This type is not very common
and not much data is available. Its
series resonance is at approximately
91.2516 MHz and the equivalent circuit,
obtained from the manufacturer, is
shown in Figure 1. The basic program
can be then modified to determine the
effect of stray capacitance, resistance,
etc.

BASIC Language Programming
The common BASIC software has
many drawbacks in engineering work,

10¢ REM CRYSTAL IMPEDANCE CALCULATION

398 CALL magnitude
408 CALL angle

426 SUB magnitude
439 OPEN #1: screen @,.49,.1,.9
440 CALL SetGraphType ("LOGY")

630 END SUB
640 END

118 REM NOTE: Use LOAD CMPLXLIB {loads complex math) and SCRIPT LOADSG

380 REM *AXAXXXAAXx %% X*PlOLLING FOULIN@S*ARKAAXKAXKXRAXKARRRKARKRRARAKKR AR

410 REM **AXXXAXXAAXAAXAAMAQRIitude DIOLXAAX AKX RARRARAKRARKKRAXRKRRARRRAR KK &

left half size window
y-axis logarithmic

!
)

450 CALL SetHlabel ("Freq, Hz") ¢ label horizontal axis

469 CALL SetVlabel ("Magnitude") ! label vertical axis

479 CALL SetTitle ("MAGNITUDE") ! label graph

480 CALL SetGrid ("H.V.") ! grid style

490 CALL SetXscale (F1,F2) ! puts limits on X scale

500 CALL SetYscale (1¢,100000) ! puts limits on Y scale

51¢ CALL DataGraph (f,Mag,0,1,"red white red") ! plots f and M

526 END SUB

530 SUB angle

540 OPEN #2: screen .51,1,.1,.9 ! right half window

55@ CALL SetGraphType ({"XY"}

568 CALL SetHlabel ("Freq, Hz")

570 CALL SetVlabel ("Angle, deg")

58@ CALL SetTitle ("PHASE ANGLE")

590 CALL SetGrid ("H.V.")

600 CALL SetXscale (Fl,F2)

6190 CALL SetYscale (-98,+90)

620 CALL DataGraph (f,Ang,®,1, "red white red")

MAGM I TUDE

120 REM {loads graphics) before running program

130 REM AKX KKRXRX] St crystal CONSLANES A XA AAAKK R KR KRR ARAKARKRRR KK

140 LET Cs=.3842¢-15 ! series capacity {(Farads)

150 LET Cp=2e-12 ! parallel capacity {(Farads)

160 LET R=42 ! series resistance (ohms)

178 LET L=9.01 ! series inductance {Henry)

180 REM **xaxxaxaxxLigt frequency range and Steps*A*xxAXXAAXXKAAA K4

190 LET F1=91.25e6 ! start frequency led

200 LET F2=91.26e6 ! end frequency (Hz) n

210 LET arF=125 ! frequency steps {Hz) a

220 REM XX AXXXXAXXAXNXASLArt caloulationXXAXKAXRRAKKARKRARKAKAKK AR g

236 DIM Mag(81),Ang{81),f(81) Mie3

240 LET N=1+(F2-Fl)/dF { number of points il 3

250 FOR x=1 to N step 1 t

260 LET f(x)=F1+(x-1)*dF u

278 LET XCs=-1/{2*pi*f(x)*Cs) ! Cs reactance a

280 LET XCp=-1/{2*pi*f (x)*Cp) ! Cp reactance 100

29¢ LET XL=2%pi*f(x)*L ! L reactance e

300 LET A$=comp$ (42,XCs+XL) ! complex representation of A

319 LET B$=comp$(8,-1/XCp) ! complex representation of B [

320 LET D§=csum${cquot$(c_one$,AS),B§) ! complex D

330 LET Z$=cquot$(c_one$,DS) ! complex Z(f) 100

340 LET Mag(x)=cabs{Z$) { magnitude :
350 LET Ang{x)=cang(Z$)*368/(2*pi) ! phase angle in degrees L
360 PRINT f{x),Mag(x),Ang{x) ! print results 9.125e7?
379 NEXT x

Freq, Hz

9.126e7?

-

PHASE ANGLE

I S R N R

T S S S R S N

9.125e? 9.126€7?
Freg, Hz

Table 1. BASIC program for calculating crystal

impedance.

RF Design

Figure 2. Magnitude and phase plots generated with
a BASIC program.

61









CRYSTAL IMPEDANCE

R= 42

L= 001

CS= 3.04E-16

CP= 2E-12

Fi= 91250000

F2= 91260000

OF = 230
FREQ xcs XL XCP  XL+XCS A
91230000 3733809 5733407 -872.082 -202 0.0048
91230230 5733583 5733422 -872.079 A7 0.0057
21230300 5733577 5733438 872.077 -139 0.0069
91230730 5733362 3733434 872075 -108 0.0086
91231000 85733548 5733469 -872.072 -76 0.0115
91251250 5733530 3733483 -872.070 43 0.0182
81251300 H733814 5733501 -872.088 -14 0.0227
91251730 5733498 5733517 -872.065 18 0.0218
91252000 5733483 3733332 -872.063 49 0.0135
91252250 5733487 5733548 -872.060 8t 0.0t10
91232500 5733452 5733564 -872.058 112 0.0084
91232750 5733438 3733379 872.058 143 0.0067
91233000 5733420 5733595 -872.033 175 0.0036
91253230 5733404 5733611 -872.031 206 0.0047
91233500 5733389 3733627 -872.048 238 0.0041
91233730 5733373 5733642 -872.048 269 0.0037
91234000 -3733337 5733858 -872.044 301 0.0033
91254230 3733342 3733674 872,041 332 0.0030
91234500 57333268 5733689 -£72.039 363 0.0027
91254730 5733310 5733703 -872.036 393 0.0025
91233000 5733295 5733721 -872.034 426 0.0023
91255250 5733279 5733736 -872.032 458 0.0022
91258500 5733283 3733732 -872.028 489 0.0020
91255730 5733247 5733768 -872.027 520 0.0019
91256000 5733232 5733784 -872.025 352 0.0018
91256230 5733216 3733799 -872.022 383 0.0017
51256500 -5733200 3733818 -872.020 813 0.0016
91256730 5733183 35733831 -872.017 646 0.0015
91257000 -5733169 5733846 -872.013 678 0.0013
91237230 5733133 5733882 -872.013 708 0.0014
91257500 5733137 5733878 -872.010 740 0.0013
91237730 5733122 5733894 -872.008 72 0.0013
81258000 -3733108 57338908 -872.005 803 0.0012
91256230 -5733080 3733928 -872.003 833 0.0012
91258500 -5733073 3733941 -872.001 886 0.0012
91238730 -3733039 5733656 -871.998 897 0.0011
91239000 -5733043 3733872 -871.996 929 0.0011
91239250 -3733028 3733968 -871.983 960 0.0010
91258500 -3733012 5734003 -871.991 992 0.0010
91259730 5732096 5734019 -871.969 1023 0.0010
912680000 -5732880 5734035 -871.988 1035 0.0008

angA B [ D MAG ANG
1.366  0.00099 0.00474 0.00389 167.44 80.30
1.330 000138 0.00552 0.0067 148.87 78.48
1.278 000199 0.00858 0.0077 123.31 -75.59
1.189  0.00314 0.00805 0.0082 102.80 7147
1,068 000352 0.01003 00112 80.10 -63.74
06820 0.01108 0.01188 0.0130 58.48 -49.60
0.313  0.02135 0.00897 0.0081 43 42 -20.64
-0.401 0.02017 -0.00858 -0.0074 46.52 2019
-0.885  0.01008 001178 -0.0108 88.51 46.62
-1.091 0.00308 -0.00975 0.0086 100.07 59 48
-1.212  0.00293 -0.00782 -0.0087 137.13 66.28
1.286 0.00188 -0.00842 -0.0033 178.66 7039
1.335  0.00130 -0.00841 0.0043 224.60 73.05
-1.370  0.00083 -0.00463 -0.0033 273.26 74.88
-1.396  0.00072 -0.00408 -0.0029 331.18 76.18
-1.418  0.00057 -0.00383 -0.0023 383.07 77.15
-1.432  0.00048 -0.00326 -0.0021 461.88 77.64
-1.443  0.00038 -0.00298 0.0018 538.70 78.34
-1.436  0.00031 -0.00272 -0.0018 825.05 78.69
1465  0.00027 -0.00250 -0.0014 722.72 78.90
1.473  0.00023 -0.00232 -0.0012 834.08 78.99
1.479  0.00020 -0.00217 -0.0010 962.17 78.97
1.483  0.00017 -0.00209 -0.0009 1111.02 78.83
1.490  0.00018 -0.00191 0.0008 1286.07 78.57
1488  0.00014 -0.00180 -0.0007 1494.81 7817
1.499  0.00012 0.00171 -0.0006 1747.89 77.60
1.503  0.00011 -0.00162 -0.0003 2060.87 76.82
1506 0.00010 £.00134 -0.0004 2437.43 773
1.509  0.00008 0.00147 0.0003 2973.33 74.27
1.912  0.00008 0.00141 -0.0003 3678.04 7217
1.514  0.00008 -0.00133 0.0002 4679.83 69.06
1.516  0.00007 -0.00129 -0.0001 6202.34 64.15
1.519  0.00006 -0.00124 -0.0001 8700.19 35.61
1.521 0.00008 -0.00120 -0.0000  12938.73 38.80
1.322  0.00006 -0.0011% -0.0000  17822.01 5.32
1.524  0.00003 0.00111 0.0000  15934.29 -33.88
1.526  0.00005 0.00107 0.0001 11470.06 56.14
1.527  0.00003 0.00104 0.0001 8573.99 -87.08
1.528  0.00004 0.00101 0.0001 6623.48 -73.09
1.330  0.00004 -0.00098 0.0002 5693.21 -76.82
1.53t 0.00004 -0.00093 0.0002 4913.50 -79.32

Table 2. Spreadsheet for calculating crystal impedance.

including lack of n, log10, complex num-
ber calculations and graphics. My first
experience with BASIC was using an
HP-86 with the built-in HP BASIC, which
had provisions for these functions. Thus,
| may be somewhat spoiled. After
switching to a “compatible” computer, |
had to look for some other solutions.
Very suitable BASIC software is avail-
able from TransEra and HP, but is
somewhat expensive and did more than
1 needed. | finally settied on True BASIC
(1). One of its advantages, in addition to
the low cost, is the possibility of tailoring
it to your needs by using the “Toolkit”
additional software. For my work | chose
the True BASIC Language System with
the Mathematician’s Toolkit which,
among other functions, includes com-
plex number calculations, and the Sci-
entific Graphics Toolkit, which lets you
chose among several types of graphs
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and facilitates printing. [/t doesn’t really
matter what your favorite programming
language is. Most of these comments
about BASIC apply to writing your own
programs in other popular languages,
such as Fortran, C or Pascal — Editor]
The first step is to reduce the problem
to a formula, which can be then solved
using a BASIC program. The second
step is to write this program, run it, debug
it (if necessary) and then print the graph.
Some engineers argue that you can
buy programs which do all this for you
and all you have to do is enter the data.
I don’t necessarily agree with this for
two reasons: Deriving the formula and
writing your own program gives you an
idea of how the circuit works and how it
can be possibly modified; and, if some-
thing goes wrong you may be able to
adjust the program to rectify the prob-
lem. | have had cases, in unusual cir-

Figure 3. Magnitude plot generat-
ed by Quattro Pro.

cuits (and who does not run into these?)
where the “canned” programs would
give me obviously wrong answers. This
can get you into trouble, since some
engineers believe the computer explicit-
ly (I learned the hard way to be more
careful)!

To begin the analysis of the crystal
impedance, we use:

X, = j2nfl (1)
X¢ = 1/j2rfC (2)

where L is the inductance in Henries
(0.01), C is the capacitance in Farads
(0.3042x10-15 for the series capaci-
tance and 2x10-12 for the parallel
capacitance) and the series R (42
ohms). We obtain, using the series
and parallel impedance combining, the
overall impedance formula, as a func-
tion of frequency:

[(42 +j2nf-0.01+ (j2nf - 0.342 x 10-15)”
. @)
+ (j2nf 2x10-12) "]

We can now write the BASIC program

RN ‘
& ‘
oo b
0 N A O |
N5 91.252 91.254 91.256 91.258 91.26
91.251 91.253 91.255 9.257 91.259

Figure 4. Phase plot generated by
Quattro Pro.
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to obtain the desired graph. | like to
break up the program into smaller
pieces and to add comments and to
make debugging and modifying easier:

D (denominator) = 1/A + B, and (4)
Z (impedance) = 1/D (5)

The BASIC program is shown in
Table 1 and the resulting graphs in
Figure 2. Log Y-axis is used for the
magnitude to show better the series
and parallel resonance points because
of the large differences in values. Line
360 prints the data and can be delet-
ed, if not necessary. The two graphs
are displayed side-by-side to show
their relationships. However, they can
be made full page size by changing
430 and 540 to 0,1,0,1. As a result,
more labeled frequency grids are
shown, making reading easier.

Spreadsheet
To use the spreadsheet, the calculation
can be broken into steps as shown below:

1

‘ 6

AZangA +j T ®)
XCP

]
B+'C+'W1~
Mrlver

1 1

B+j(C+—1—) B+iD (@)
XCP

@

A typical spreadsheed, using Quattro
Pro (2), is shown in Table 2. The first col-
umn is the frequency. It can be set-up
using the “FILL” command. The next 3
columns show the reactances of the com-
ponents at the given frequency. The next
6 columns show the computation as it pro-
ceeds. Finally, the last 2 columns give the
desired results: the magnitude and the
phase of the impedance. Having the in-
between calculations simplifies debugging
and also gives a better insight into what is
happening. The XL+XCS column shows
how the series reactance changes from
capacitive to inductive at the series reso-
nance point. The next 5 columns are
defined as follows:

A= ‘1/ (R(XL +Xcs))| 9)
angA = —atan[(XL+XCS)/R] (10)
(in radians)

B = real part of A (11)

RF Design

C =imaginary part of A (12)
D=C+ 1/XCP (13)
The last two, giving the answers, are:

1

MAG = —— (14)
B +D|

ANG = —atan(D/B) (in degrees) (15)

The graphs, shown in Figures 3 and 4,
were made using the XY graph format
and use the frequency column for the X-
axis and the MAG and ANG columns
respectively for the Y-axis. If desired,
they can be combined into a single
graph.

To reduce the size of Table 2, 250 Hz
steps (instead of 125 Hz) were used.
This produced the somewhat (umpy Fig-
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Figure 7. Magnitude plot using
linearly scaled y-axis. Additional
signifigant figures must be added
to the x-axis by hand.

Network Program

A nodal network analysis program can
also be used to obtain the desired
answers. A program such as Gary
Appel's ACANAL (4) would be suitable
for most applications. However, in this
case it cannot be used since the pro-
gram allowed minimum capacitance
value is 0.01 pF and the value of the
series capacitor is less than that. A pro-
gram such as LCAS provides good data
in table form, but the graphs are confus-
ing since the Y-axis reference is offset
by an odd number making graph read-
ing difficult. Michael Ellis’ program RF5
(5) is used here as an example. This
program does not calculate impedance
directly, as is the case with some other
similar programs. To get around this
problem, a constant current source
(using the available FET) is used. Since:

Z=Vl (16)
and gain of an idealized FET is
I/Vin =0Om (1 7)

then

Figure 8. Impedance magnitude
plotted in dB.

Z = Vig, x V,, (18)

where V = the output of the FET.

Using the above, the circuit of Figure
6 can be used if we use g, = -1 (the
FET normally inverts the phase). Now,
the gain from node 1 to node 4 will give
us the desired Z. Two more problems
remain. The program is set up for label-
ing the X-axis with only 3 significant fig-
ures, and 5 or 6 are needed. Thus, the
labeling has to be changed on the graph
by hand. The other problem involves the
very large differences between the
impedances at series and parallel reso-
nances. Using a single Y-axis scale, as
in Figure 7, the series resonance is not
readable. One solution is to break up
the total frequency range into two parts:
one covering the series resonance and
the other parallel resonance. This is not
a very elegant solution. A better one
would be to use a log Y-axis. Since it is
not available in this program the gain in
dB plot can be used, as shown in Figure
8. While expressing impedance in dB
may not be common, it provides the
desired results. The Y-axis scale can
then be converted using dB = 20 log (2)

This new scale can then be substitut-
ed manually. The phase, using this pro-
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Figure 9. Impedance phase plot.

gram, is plotted in Figure 9. Both curves
are not very smooth at the resonance
points, since the program, as written, did
not allow the use of 125 Hz steps (250
Hz steps were used).

Conclusions

A few alternative methods for computer
analysis of a simple circuit have been
presented. The above example is some-
what unusual because of the sharp reso-
nances, but even so, several different
techniques can be used to obtain the
desired data. If the source code is avail-
able for the iow cost or public domain
programs, they can be modified to pro-
vide a more desirable format of the
required outputs. If not, some other
“fixes” are possible, as shown in the Net-
work Program case. The above exam-
ples are by no means all of the possible
solutions. For example, in some cases,
Smith chart programs can be used. RF

Notes and References

1. True BASIC, Inc., West Lebanon, NH.
2. Quattro Pro is from Borland Interna-
tional, Scotts Valley, CA.

3. MathCAD is a product of MathSoft,
Inc., Cambridge, MA.

4. G. Appel, “A Nodal Network Analysis
Program,” RF Design, November 1989,
p. 82. Available from the RF Design
Software Service as disk number RFD-
1189.

5. M. Ellis, “A Comprehensive Filter
Design Program,” RF Design, July 1991,
p. 31. RF5 is the circuit analysis module
of this program, which may be used as a
stand-alone. The program is number
RFD-0791 from the RF Design Software
Service.
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A Program for Impedance
Format Conversion

By Thomas Bavis
ENI

This impedance conversion program
was written as a way to relate measure-
ment results from a variety of equip-
ment, each having a different output for-
mat. Like many single-purpose tools, it
is much faster to use than a general-
purpose one. It is still used frequently,
eight years after it was written in Apple-
soft BASIC.

U sing the program is simple. Type Z
and hit enter to start. A list of
impedance formats is shown — series
or parallel R and X, polar Z and 6,
reflection coefficient, SWR, etc. Enter
a system impedance (or hit enter for
the default value of 50 ohms), then
press enter or an arrow key until the
cursor is on the format you wish to
enter.

After entering the value, the remain-
ing formats are calculated and dis-
played. Scalar entries (VSWR, return
loss, etc.) are converted only to other
scalar formats. Press Q to quit, or
enter another value as you did before.
Figures 1 and 2 show examples that
demonstrate the program’s ability to
convert scalar and complex imped-
ances.

These are the formulas needed for
the impedance format conversions
performed in this program. (the job
of inverting the equations to do the
conversions in reverse is left to the
reader.)

R, = system impedance

p = reflection coefficient

RL =return loss (dB)

s subscripts indicate series elements

p subscripts indicate parallel elements

R :R§+X§’ X =R§+X§
? RS P XS

_ 2 2 RL
oo (Re R,) +Xs 1o

(R +R,)* +X2

polar: Z=/R2 +X2

0 = atan l(-s—
R

reflected power (%) =100p?

it takes less time for you to run the
program than it would to look up a for-
mula or table. Formulas used in the pro-
gram came from the Radio Amateur’s
Handbook from the Amateur Radio
Relay League (ARRL).

Conversion to other BASIC dialects
should not be difficult — It was convert-
ed to GWBASIC in 20 minutes by trans-
ferring it via serial cable, then using a
word processor to search and replace
the APPLE specific keywords (HTAB to
LOCATE, etc.)

This program is available on disk, (in
GWBASIC and in compiled form),
through the RF Design Software Ser-
vice. See page 84 for ordering informa-
tion. RF

About the Author

Thomas Bavis has worked in prod-
uct support and new product devel-
opment at ENI since 1989. Prior to
his current job, he worked at Scientif-
ic Radio Systems. He can be
reached at ENI at 100 Highpower
Rd., Rochester, NY 14623, or by
phone at (716) 292-7532.

<Q> Quit <Any>

SYSTEM IMPEDANCE 50

IMPEDANCE CALCULATION

Continue

PROGRAM

<Q> Quit

SERIES R,X :10,12.5 Normalized :.2, .25 SERIES R, X
PARALLEL R, X 25.63 , 20.5 PARALLEL R, X
POLAR 7, THETA 16.01 , 51.34 Deg POLAR %, THETA
REFL COEFF .684 REFL COEFF
SWR : 5.32 : 1 SWR : 1.2 : 1
% REFL PWR 46.76 % % REFL PWR
RETURN LOSS 3.3 dB RETURN LOSS

IMPEDANCE CALCULATION PROGRAM

SYSTEM IMPEDANCE

.83

<Ay > Continue

50

.091

&S]

20.83 dB

Figure 1. Conversion of a complex impedance.
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Figure 2. Conversion of a scalar impedance.
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Continuously Variable Bandwidth
Feedback Demodulator for Home
FM Stereo Reception

By Jerry Pulice
Smith’s Industries

In the Princeton, New Jersey area,
halfway between New York City and
Philadelphia, every FM broadcast chan-
nel, (spaced 200 kHz from 88 to 108
MHz in North America) is occupied by a
transmitter with high received signal
strength. During FM stereo reception,
interference from adjacent channel
transmitters presents a severe problem.
Even with a rotatable, highly directional
outdoor antenna it is difficult to achieve
high quality, noise free FM stereo recep-
tion. This is because the requirements
for good adjacent channel selectivity
compete with the requirements for clean
stereo FM reception.

I n this paper | present a simple, very low
cost method to easily configure the
home receiver for any compromise
between low distortion using wide IF band-
width and greater adjacent channel rejec-
tion using a high selectivity IF bandwidth.

Review of FM Theory and
Practice

Carson’s Rule (1) gives a good work-
ing number for the bandwidth occupied
by an FM transmitter: twice the sum of
the peak carrier deviation and the high-
est modulation frequency present. In the
case of monaural broadcast, this would
be 2 x (75 kHz deviation plus 15 kHz
modulation limit) or 180 kHz (+90 kHz).
This generally gives the spectrum occu-
pied by 99 percent of the transmitter's
energy, for most typical modulation
inputs. With a channel spacing of only
200 kHz (100 kHz), any receiver
intended to achieve good adjacent
channel rejection would require IF filters
with extreme shape factors.

FM IF filters are designed for phase
linearity (constant Aphase/Afreq, or con-
stant group delay) across their pass-
band (2) and, in general, such filters do
not have idealized rectangular pass-
bands. This leads to degraded adjacent
channel rejection.

In 1961, a suppressed carrier AM-on-
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Figure 1. System block diagram.

FM stereo multiplex subchannel was
added on as an afterthought: the
increased bandwidth requirements
made the above problems worse. This
stereo subcarrier added baseband fre-
quencies up to 53 kHz. The subcarrier,
(but not the added 19 kHz pilot tone
used for sync), tends to vanish when the
signal tends to mono (little difference
between left and right channels), and 75
kHz peak carrier deviation is permitted
at this time. Large amounts of stereo
information (left or right channel pre-
dominant) reduce the peak carrier devi-
ation permitted to only 45 percent of the
mono spec in an effort to keep down the
need for bandwidth (3). Even so, the
new format needs even more bandwidth
than before. Typical ceramic filters sold
for FM stereo use have bandwidths from
230 to 280 kHz (4).

Since 200 kHz channel spacing was
maintained, adjacent channel receiver
performance was degraded further.
Other subcarriers, as high as 91 kHz,
are also used for such services as SCA
(background music services, data, etc.)

FM IF Bandpass Filter Practice
The classical IF filter design best suited
for flat group delay FM service is the
Bessel characteristic — noted for a slow
rate of rolloff and poor shape factor. Other
classical filter designs have “dog eared”
phase response and can be compensated
for flat group delay using all-pass phase
compensation networks which can have
flat amplitude response, but specified

phase response. In the complex plane
such filters have right hand plane zeros,
and their transfer functions can be visual-
ized using the method taught in school
using the length and angle from the origin
to each pole and zero. Compensated LC
filters using this technique were used in
the Mcintosh MR-78 tuner, but this was an
extremely expensive audiophile-targeted
design not representative of the average
FM receiver. Articles on compensated
crystal filters have been published in RF
Design (5).

Modern SAW filters are non-minimum
phase designs which can specify phase
and amplitude response independently
and would seem to be the ideal candi-
date for a modern FM receiver IF filter.
The very narrow FM radio bandwidth
(relative to TV IF which uses SAW fil-
ters) and/or the very low 10.7 MHz IF
traditionally used in FM receivers lead to
large amounts of expensive SAW filter
substrate which is probably why low
cost SAW filters for commercial FM
reception have never been developed.

Current IF Design Practice for
High Quality FM Stereo

To accommodate the wide range of
reception conditions usually present, high
end manufacturers such as Sequerra and
Mclintosh provide their top-of-the-line
receivers with three selectable phase-
linear IF filters as follows:

One of uncompromising bandwidth (of

D LI ARITY

L Lt

Figure 2. Measured VCO linearity.
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Figure 3. Linear VCO schematic
— output 98.7 to 118.7 MHz.

about 280 kHz) for strong signals not
corrupted by adjacent channel splatter,
and where the highest audio quality is
wanted. The adjacent channel(s) must
be essentially vacant when receiving
with this filter.

Another of minimal bandwidth (about
180 kHz) where acceptable monophonic
reception is about all that can be hoped
for in the presence of strong adjacent
channel splatter, and where the highest
audio quality is wanted. Some stereo
reception is possible, but with an
increase in distrortion over the wideband
filter above.

Finally, a compromise filter with band-
width of about 230 kHz, about equal to
that used in the average home FM stereo
receiver, to be used for average reception
conditions and with average results.

Clearly the above choices are not an
economic solution for anything less than
the most expensive receiver designs, so
an experiment was tried where only one
high quality, group delay equalized filter
is used only during the most difficult
reception conditions. Special means are
used to “shoehorn” wider received sig-
nals through it when conditions warrant,
resulting in decreased distortion and
improved stereo decoding. Such means,
in general, rely on placing feedback
around the demodulator to instanta-
neously reduce the deviation of the FM
signal and were first described by H.C.
Chaffee in 1939 (6).

FM Demodulators Currently
Employing Negative Feedback
Feedback FM demodulators are actu-
ally now in common use in one con-
sumer application. Designers of home
TVRO systems operating in the 3.7 to
4.2 GHz downlink band work under
severe cost constraint, since these sys-
tems are intended for backyard use.
Textbook FM demodulators typically
require a 10 dB  carrier-to-noise ratio in
their IF bandwidth to achieve “thresh-
old”; below this CNR, demodulated

RF Design

50 kHz

T
L

10.70 MHz

L

L 10.70 MHz

Figure 4a. Group delay vs. fre-
quency for two cascaded Murata
SFA 107z filters.

video output quality degrades so rapidly
the system becomes useless (7). Meth-
ods currently in use to overcome this
threshold effect are one example of the
above mentioned feedback technique.

Threshold Extension

A three-dB increase in threshold per-
formance is equivalent to doubling the
area of the receiving dish, therefore, it is
not surprising that TVRO designers
incorporate this “threshold extension”
into their receivers. A ten foot dish then
becomes comparable to a fourteen foot
dish when operated near FM threshold
by incorporating this feature in the
receiver electronics.

One way to achieve threshold exten-
sion in an FM system is to use a PLL as
the demodulator, with carefully chosen
loop bandwidth and damping. Usually,
the loop bandwidth is less than the IF
bandwidth, and this reduces the instan-
taneous system noise bandwidth, which
improves CNR. (Such PLLs also tend to
reject quadrature noise.) In practice, this
can be used to lower the FM threshold
several dB, as the Plessey SL1451
demod does (8).

Another way to achieve threshold exten-
sion is to employ a narrower IF filter than
would normally be used with this FM TV
format, and use the demodulated FM
video information to deviate the receiver's
local oscillator slightly in the opposite
sense. The FM signal passing through the
IF filter then has had its deviation reduced
(by the amount of FM introduced to the
LO). This narrower filter has less noise
bandwidth, and the CNR at the demodula-
tor is again improved enough to allow
operation with a somewhat smaller anten-
na (8).

Obviously, there are other considera-
tions — you are putting feedback

Figure 4b. Amplitude vs. frequen-
cy for same cascaded filters.

around the time delay of the IF filter and
servo design rules apply, but that is the
basic idea. Again, a somewhat narrower
passband “chases” the FM carrier,
instantaneously reducing its peak devia-
tion and bandwidth. As with PLL demod-
ulation, the final selection of circuit con-
stants and bandwidth tends to be some-
what empirical.

Application of Feedback to FM
Broadcast Demodulation

A similar idea was tried to selectively
reduce the deviation of high quality,
interference free FM stereo signals to
the point where a single, very narrow,
high selectivity IF filter could be used.
Demodutated audio from the CA3089
FM detector was fed back to a very lin-
ear 98.7 to 118.7 MHz local oscillator
such that peak deviation could be
reduced on demand from the normal 75
kHz, to about 50 kHz at the mixer out-
put. See Figure 1.

When narrower bandwidth is needed,
the feedback is reduced or turned off.
This is how the IF bandwidth is modified
as reception conditions change. The
advantage over several discrete |F fil-
ters is that only one is needed, and any
degree of bandwidth between two
extremes is available. Noisy reception
may then be cleared up by adjusting the
tuning and bandwidth controls.

Design Details

An important block is the local oscilla-
tor of this superhet receiver. To produce
a 10.7 MHz IF when receiving the FM
band from 88 to 108 MHz, it has to tune
from 98.7 to 118.8 MHz (so called high
side injection). More importantly, it is the
summing junction where the demodulat-
ed audio is applied to the incoming sig-
nal which reduces its deviation. Any
voltage to frequency non-linearity will be
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Figure 5a. Demodulated output
without feedback.

transferred to the demodulated output
and increase audio output distortion.

A highly linear VCO was designed
based on M/A-COM'’s design data and
nomograph in their catalog SP-101 “Semi-
conductor Products Master Catalog” (9).

The LC tank for the oscillator has a
resonant point proportional to 1ALC. If
the L is a fixed inductor, then C (usually
a varactor diode used to tune the circuit
electronically) must exhibit a voltage
squared capacitance law for linear tun-
ing in MHz per volt. Special doping pro-
files within the diode are used to pro-
duce given values for Gamma, the
capacitance voltage slope exponent.

When this number, Gamma, is a con-
stant over the tuning range, it is possible
to design a linear VCO. When equal to
two, the voltage-squared-law mentioned
above is obeyed exactly. For other val-
ues of constant Gamma, M/A-COM has
a nomograph (on page 5-29 of the cata-
log mentioned previously) that was used
to produce the following design.

1. Ratio of Fmax/Fmin — 98.7 to
118.7 MHz in our case.

2. Diode Gamma required — 1.5 was
chosen from the nomograph.

3. Necessary diode capacitance ratio
Cmax/Cmin — 2:1, which was chosen as
4.5 to 9.0 pF for the particular diode we
used, a GaAs hyperabrupt-junction part.

4. Circuit coupling factor — A parame-
ter determined by an additional series or
shunt fixed capacitance that determines
the degree of control the varactor has
over the resonant frequency. In this
case, 6 pF shunt C was taken from M/A-
COM design curves.

A tuning inductance of 178 nH was
needed with the above values; we used
a 180 nH fixed coil.

The oscillator circuit, as implemented, is
shown in Figure 2. The 6 pF circuit cou-
pling capacitor was made from two 10 pF
NPO caps in series, allowing 1 pF for stray
C. Proper phase for oscillation with an
inverting active device was obtained by
grounding the center tap of the tank as
shown. The MiniCircuits MAES is an ideal
active device for oscillator design because
it is self biasing, has a low output Z, and a
very high input Z that does not load down
the resonant circuit, as a matched device
would. This linear VCO design method
produced a prototype that met all expecta-
tions at first turn on, and no changes were
required to part values or the schematic.

The circuit tunes linearly over the
required band from 4.5 to 9.0 volts. The
slope is such that 0.004 V audio feed-
back in the proper phase reduces 75
kHz incoming FM deviation to 50 kHz,
which is the design goal. (See the V-F
curves in Figure 3). A resistive attenua-
tor network sums the audio with the
channel select tuning voltage. Nonlin-
earity was low enough that it did not to
compromise audio distortion to any
great degree. However, low distortion
audio grade test equipment was not
available at the time to confirm how low.

IF Filter and Stability
Considerations

The most difficult part of this design was
deciding whether the final design would be
stable when feedback was applied around
the system. To do a Bode plot requires
accurate models of each circuit element:
little group delay data was published on
the parts | intended to use, and a highly
detailed paper analysis was not attempt-
ed. One SAW IF filter candidate had 21
uS average delay across its passband.
Clearly, at about 23.8 kHz, this represents
180 degrees phase shift. If there were
another time delay and/or phase shift in
the system, (and there certainly is!), this
would reverse the sense of the negative
feedback we are trying to apply and cause
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Figure 6. Schematic diagram of the experimental receiver.
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Figure 5b. Demodulated output
with feedback.

gain peaking, or in the extreme, oscillation.

The best compromise of IF filter delay
vs. narrow bandwidth | found resulted from
the cascade of two Murata group-delay-
compensated ceramic filters of about 150
kHz BW each. Each filter, part number
SFE10.7Z, had 3.5 uS measured average
delay. The two filter cascade provided a
close-in rapid rate of rolloff and ultimate
rejection of almost 70 dB total (see Figure
4). Without feedback, this filter is too nar-
row for broadcast FM reception. A ground
plane is mandatory to achieve this level of
ultimate rejection.

An eight uS delay in the IF strip alone
corresponds to 180 degrees phase shift
at 62 kHz. More delay anywhere in the
system will reduce the phase crossover
point toward the FM stereo baseband
limit of 53 kHz. At this time no attempt
was made to modify the gain margin via
lead compensation. Typically, we need
very little feedback to reduce 75 kHz
deviation to 50 kHz. At this time it was
decided to just try this concept rather
than design in phase compensation
based on incomplete models.

It is important to note that this is really a
form of frequency-locked loop or Automat-
ic Frequency Control system. Frequency
is the controlled and controlling variable. In
contrast, a phase locked loop integrates
system phase to produce a frequency
control effect. Such an integrator adds
another 90 degrees of phase shift and
must be accounted for in stability calcula-
tions. It really is excusable, on a first cut, to
simplify the analysis we used in the receiv-
er design above since neither an integra-
tor nor phase detector is included.

Receiver Design

The IF strip consists of the cascaded
filters with MRF901 buffer amplifiers.
They feed a CA3089 FM demoduilator.
The voltage controlled oscillator with its
audio input and a 10 turn channel selec-
tion (tuning) pot is used to generate the
required LO frequency. The mixer is a
MiniCircuits SRA 1 dBm. Avantek MSA
1105 MMIC amplifiers are used in two
places: to isolate and amplify the LO to
the required power level, and to termi-
nate the mixer output in a resistive 50
ohm load. This is necessary to terminate
possible birdies (spurious responses)

May 1993









REF filters

High Dynamic Range Tunable
Bandpass Filters for Communications

By Richard Markell
Linear Technology Corp.

Octave or decade wide bandpass fil-
ters are non-trivial to design. This is
because the bandpass output of the
state-variable filter configuration, be it
switched capacitor or active RC, severe-
ly limits the achievable dynamic range.
Thus, wide bandpass filtering requires
the use of a highpass filter at the input in
series with a lowpass filter to achieve
the desired specifications.

Wideband bandpass filters occupy a
niche in the communications arena
of signal processing. The wideband
bandpass function is required in receiver
IF applications which traditionally used
the crystal filter and/or active RC’s.
Sonar applications also demand steep,
wide, low noise bandpass filters to allow
analysis of “chunks” of the frequency
spectrum, one at a time or, perhaps
more likely, in parallel.

Recent improvements in switched
capacitor filter technology allow design-
ers the luxury of using switched capacitor
filters in these applications. True clock
tuning allows variable bandwidth filters to
be implemented with only a few parts.

This article details the design of a
wideband (10 kHz-100 kHz) bandpass
filter using a single LTC1064 plus an
LTC1064-4. The filter may be tuned
ratiometrically by simply changing the
clock frequency. As an example, by sim-
ply changing the clock frequency, the fil-
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Figure 1. Schematic diagram of bandpass filter.

ter may be operated from 1 to 10 kHz or
100 Hz to 1 kHz, and so on.

The LTC1064 is a quad universal
switched capacitor filter while the
LTC1064-4 is the same basic chip but
with integrated resistors configured to
implement an 8th order elliptic low-pass

filter. Both filters have low noise and can

operate to 100 kHz. The combination
bandpass filter has a set of tough design
specifications: total integrated noise in the

passband less than 200 microvolts, pass-
band ripple less than .4 db or + .2 db, and
steep rolloffs at the band edges (-70 db
at 5 kHz, and -70 db at 200 kHz).

Filter Trade-Offs

RF designers generally design filters
using inductors and capacitors or, if the
filter is at a lower frequency, using op
amps, resistors and capacitors. The lim-
iting factor in these types of designs is

GAIN (4B) / FREQUENCY (Hz) ANPL(dBr) ve FREQ(Hz) GAIN (dB) ~ FREQUENCY (Hz) AMPL(4Br) va FREQ(Hz)
18.868 1.0088
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Figure 2. LTC 1064/LTC 1064-4 bandpass response
with high pass filter cutoff frequency varied. V,, = 2.2

Vrms.V,=+7.5V.
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Figure 3. Passband detail, LTC 1064/LTC 1064-4. 10
kHz - 100 kHz BPF, V., =+t7.5V, V,,=2.2 V rms.
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the sensitivity and accuracy of the
capacitors and inductors. A high Q filter
section requires precise (generally .1
percent or better) components which are
either too expensive or impossible to
obtain. Additionally, the physical printed
circuit board area required for a complex
filter implemented with op amps or pas-
sive components is considerable.

The switched capacitor filter is not a
newcomer to the filter party. It has been
used in telephony systems for years,
albeit in non-specification intensive situa-
tions. Recent advances in switched
capacitor filter technology have greatly
improved their specifications, allowing
single 24 pin DIP or 16 pin SO (surface
mount) packages to replace multiple op-
amp circuitry in all but the most noise crit-
ical applications. As a tangible example,
a switched capacitor 8th order Butter-
worth filter is available as the LTC1064-2.
This filter provides clock tunable corner
frequencies to 140 kHz, 80 uV RMS total
wideband noise, stopband attenuation
better than 74 dB (at 3 fc) and a typical
THD (Total Harmonic Distortion) specifi-
cation of 0.03 percent or better.

In addition, software is now available
to optimize switched capacitor filter
design for lowest THD or lowest noise
performance. This software (LTC’s Fil-
terCAD) frees the designer from the
mathematical exercises which often are
not dear to the heart of the busy sys-
tem engineer. The software program
not only can be very useful for filter
design and calculation of the resistors
required for implementation, but it also
contains algorithms to ensure optimiza-
tion of the dynamics of the switched
capacitor filter devices so that no node
of the part can saturate before the
desired output node.

Design

The topology for the bandpass filter
combines an LTC 1064-4 elliptic low-
pass filter with an LTC1064 elliptic high-
pass. The highpass filter was designed
using Linear Technology’s FilterCAD fil-
ter design software. The LTC1064-4
gives attenuations of greater than 70 db
at 2 times cutoff; the highpass filter was
designed to be almost the mirror image
of the lowpass filter. Figure 1 shows the
schematic of the composite bandpass
filter. The 74LS90 is used as a divide-
by-5 to clock the LTC1064 10 kHz high-
pass filter. In addition to providing both 5
MHz and 1 MHz clocks, this circuit
allows the clocks to be synchronous.
This is essential for well behaved opera-
tion of sampled data filters.

Test Results

Figure 2 shows the overall frequency
response of the bandpass filter at high-
pass corners of 5, 10 and 20 kHz. Note
the steep slopes at the transition regions
of the filter. The measured noise in the
passband of the filter was 160 micro-
volts RMS. This translates to a dynamic
range (with a 2.2 volt RMS input)
greater than 80 dB. Passband ripple
(Figure 3) shows excellent specifications
of less than = .3 db. It should be noted
that the values of the resistors marked
with an asterisk in Figure 1 were modi-
fied slightly from the values given by Fil-
terCAD. The passband ripple using the
FilterCAD values measured better than
+ .4 db. An additional note should be
made of the 50 picofarad and 30 pico-
farad capacitors shown with double
asterisks. These capacitors serve as RC
filters on two of the highpass outputs of
the LTC1064 to roll off the response of
the HPF (well past the passband of the
overall filter) to limit noise aliasing back
to the filter's passband. These capaci-
tors may limit the overall tunability of the
filter or they may need a range changing
switch.

Conclusions

A 16th order low noise, high quality,
bandpass filter can be designed with only
4 active components and a handful of
resistors. The filter meets specifications
that can only be approached with the
most sophisticated hybrid filter solutions.
Further, the filter was primarily designed
with the FilterCAD program, so that the
designer may change parameters with
the push of the “Enter” key. This band-
pass filter only touches on sophisticated
designs, formerly the domain of wise
mathematicians. These filters can be
designed and implemented with Linear
Technology’s switched-capacitor filters
and the FilterCAD software package. RF
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REF test systems

Noise Generators Find Key Uses in
VXI Based Systems

By Edward J. Garcia
Noise Com, Inc.

Noise sources have proven to be a
valuable component in ATE applica-
tions. Their programmable output lev-
els and bandwidths have been inte-
grated into IEEE-488 bus controlled
systems with great effectiveness.
Now, VXlbus controlled systems are
finding growth in the RF and
microwave frequency ranges, which
has facilitated the need for a new line
of VXlbus controlled noise sources.
Currently, there are already hundreds
of VXIbus products available with
many manufacturers producing RF
and microwave products.

he VXlbus is a complete modular

standard which offers numerous
advantages over other bus controlled
standards. It is designed to be indepen-
dent of manufacturer and system hierar-
chy, therefore the user is not bound to a
specific operating system or a particular
microprocessor.

Standardization is required for effec-
tive downsizing of both commercial
and military test equipment. The
VXlbus, unlike its predecessor, the
IEEE-488, is not just an interface stan-
dard, but a modular standard which
incorporates common power supplies,
cooling systems and a common chas-
sis. This concept of shared resources
shrinks component size dramatically
and enables modules to be coupled
close together eliminating long cable
connections and their associated prop-
agation delays and timing uncertain-
ties. The result is a downsized test
instrument or test station with several
orders of magnitude of increased
interface speed enabling higher level
components to be integrated together.
The elimination of redundant support
components improves the reliability of
a system. In addition, the modularity
increases serviceability. It also pro-
vides good re-configuration capabili-
ties, since instrument modules are
easily removed and instailled. Unique
capabilities can be incorporated in a
VXibus based system without design-
ing specialized hardware. This is

RF Design
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Figure 1. Noise figure measure-
ment using the substitution
method.

achieved by linking several instru-
ments together to perform a special-
ized function. This is known as a virtu-
al instrument. The user interfaces with
the instrument cluster as if it were a
single unit. The virtual instrument con-
tains a command instrument, which
controls one or more servant instru-
ments. The interaction between the
command instrument and the servant
is transparent to the end user.

Early applications of VXI were most-
ly military, but the portability and flexi-
bility of VXI is becoming more attrac-
tive to commercial users as well. A
VXI test station can be easily trans-
ported for on-site testing and a VXI
chassis can be configured to operate
on vehicle power if mobile site testing
is required.

Since many VXIbus systems interface
with an IEEE-488 bus controller, they
can be limited in their speed due to this
architectural choice. Regardless,
increased throughput resuits due to the
memory mapped architecture of VXlbus.
This direct access to the registers is
unencumbered by intervening protocol
and can result in at least a factor of 10
increase in throughput.

RF

®AsEBAND

FREGUENCY sTaNaL
DETECTOR

PROCESSOR
CONVERTER

Figure 2. Using a noise source for
receiver bite.

Until recently there was no easy way
to integrate a noise source into a
VXlbus system. Since there is now a
standard line available for users, it will
be helpful to discuss the fundamentals
of noise sources and their applica-
tions.

Noise Applications

Noise sources are specified in terms
of their output power and frequency con-
tent. For calibrated low level noise
sources, output is expressed in terms of
Excess Noise Ratio (ENR):

ENR = 10 « LOG[(Th-290)/290] (1)

with Th being the equivalent noise
temperature (in Kelvins, K) of a
matched resistor. Qualitatively, ENR is
simply a measure of how much the
output of the noise source is above
the thermal noise floor. From Equation
1, one can see that an ENR value may
be negative for output levels near ther-
mal noise. For higher output levels,
ENR is approximately the number of
decibels above -174 dBm/Hz that a
noise source produces.

Noise sources are commonly used
to inject a calibrated amount of noise
into a system or a device and measure
its response. The noise figure and
gain are two key parameters which
can be measured and monitored using
noise.sources. Figure 1 depicts a
noise source being used to measure
the noise figure of an amplifier. There
are several techniques for measuring
noise figure, but one of the most accu-
rate is the substitution method. This
method eliminates the non-linearity
uncertainty of the power measuring
device. Accuracy is dependent only on
the variable attenuator. A reference
point is set on the power detector with
the noise source de-activated. The
noise source is then turned on and the
variable attenuator is increased until
the power reading is the same as
when the noise source was off. The
measuring device can be a spectrum
analyzer or frequency selective power
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RF product report

Signal and Sweep Generators
Re-Aimed at Commercial Market

By Andy Kellett
Technical Editor

Signal and sweep generators are
essential to lab testing of RF compo-
nents and systems. Occupying a role
analogous to a wind tunnel in aeronauti-
cal engineering, signal and sweep gen-
erators provide controlled, electronic
tests of RF circuits and systems.
Because test signals are such an essen-
tial part of RF testing, these instruments
are used all across the RF field.

The basic tests performed with signal
and sweep generators are the same as
they have always been: receiver testing,
LO substitution, and device and system
characterization, among others. What
has changed is the market in which
these tasks are done.

RF manufacturers are selling less to
military customers and trying to sell
more to the growing number of commer-
cial customers. With the shift in market
comes new considerations. “Companies
are having to learn how to do a whole
new business where there are a lot of
new driving factors, particularly cost.
Given that, we are all babes in the
woods again, starting out in a new mar-
ket,” says Donn Mulder, Product Market-
ing Manager at Anritsu Wiltron Sales
Co.

What to sell in a new market is one of
the first decisions to be made. Wiltron’s
Mulder notes that customers want to
buy signal generators and sweepers
that do what they need them to do, no
more, no less. Special capabilities can
be offered as options. This is what Mar-
coni Instruments has done with their
2030/2040 line of signal generators.
“We offer different options, each of
which represents a vertical market,”
says Marconi President Carl Pepple. For
instance, Option 6 for the Marconi 2030
adds capabilities for testing avionics.

Special features aside, users are most
interested in frequency range and stabili-
ty, power output, harmonics, phase noise
and modulation capabilities according to
Dave White, Vice President of Marketing
and Sales at Gigatronics. The frequen-
cies in which tests are done reflects
where in the spectrum most of the activity
lies. Part 15 applications are stimulating
generator activity at 2.4 GHz.

86

Frequency stability, harmonics and
phase noise are functions of the method
used to generate the carrier frequency.
Fractional-N synthesis is the predomi-
nant carrier generation method into the
UHF range. Many of the companies that
make generators that reach above the
UHF band use YIG oscillators, mixing
them down to reach the HF and VHF
ranges and multiplying them to get high-
er. Very accurate, very low noise signal
sources are made by Programmed Test
Sources by using very stable SC-cut
crystals and direct synthesis. Signal
generator features such as modulation
capabilities can be added as options to
these sources.

Direct digital synthesis (DDS) is
known for its frequency agility and
waveform flexibility. DDS generators
from Stanford Research, Analogic and
others are still in the tens of MHz, but
they find use in LO applications and can
be mixed up to higher RF frequencies.
“Everyone is worried that with ones and
zeros running around that there will be
glitches everywhere,” says John Willi-
son, Vice President of Engineering at
Stanford Research. “but our spurs are
—70 dB down.”

Signal and sweep generator control
is another specification that customers
and manufacturers focus on. “Button-
per function” control is the dominant
control panel architecture. “The instru-
ment before our new 2200/2210
sweeper was menu driven. The reason
that was done was to bring price down;
it eliminates a lot of hardware. The cus-
tomer base just didn’t like it, so we
went back to the button per function
design,” says Boonton Electronics
Sales Manager, Richard Anlas. The
readability and ruggedness of front
panels are also important when consid-
ering generators that will be used in the
field. “We’re using low current LED dis-
plays so that you can use them in any
light conditions, and we use tactile front
panels. They have two distinct advan-
tages, they are have very, very low
radiated emissions and the other is reli-
ability,” says Ken Harrison, National
Sales Manager for Wayne Kerr.

More signal and sweep generators are
being controlled by computer. Automatic
test equipment is slowly working its way
onto manufacturing floors. Nearly all sig-
nal and sweep generators possess an
RS-232 or GPIB bus as at least an
option. These instruments generally
retain the front panel and front panel
controllability. Eliminating the front panel
reduces the space an instrument occu-
pies, and size reduction is one of the
goals of the VXIbus standard. VXlbus
instruments are exclusively computer
controlled and contained in racks much
smaller than the traditional 19 inch,
rack-and-stack types.

Like the much of the rest of the RF
test and measurement industry, signal
and sweep generator manufacturers
have seen less business over the past
few years. Military spending declined
while a recession made companies
more sluggish and less able to adapt to
changing conditions. For whatever rea-
son the market slowed down, it seems
to be recovering now. According to Russ
Byrd, Wavetek Product Marketing Man-
ager, business at his company has been
steady, and they are beginning to sell
replacements to old equipment. Giga-
tronics’ Vice President of Marketing and
Sales, Dave White, says sales of their
7000 series of multiband signal genera-
tors is growing, and that sales overall
have been strong.

There will be no shortage of potential
customers for signal and sweep genera-
tors in the future. Whether those poten-
tial customers become real buyers
depends on whether manufacturers can
meet both cost and performance
requirements. Now that many RF appli-
cations are leaving the talking stage and
entering the building stage, perhaps the
performance requirements will be clear-
er. With the economy siowly improving,
perhaps more companies will have the
ability to take the steps necessary to
bring prices down. RF

For reprints of this report contact
Cardiff Publishing at (303) 220-0600.
Ask for the Circulation Department.
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print service to accommodate your needs. Ar-
ticles appearing in RF Design are available for
printing in quantities of 100 or more.

For further information contact:

Reprint Department

RF Design

6300 S. Syracuse Way, Suite 650
Englewood, CO 80111

(303) 220-0600

GPS RECEIVERS
TELECOMMUNICATIONS
REMOTE OCEAN SENSING
EHF COMMUNICATIONS
SPACE SYSTEMS
C4

TOMORROW'S TECHNOLOGY TODAY!

If this sounds like the technology you are interested
in pursuing, talk to E-Systems, ECI Division. We are in
search of talented engineers to staff a variety of exist-
ing programs and to lead in the pursuit of new busi-
ness.

Opportunities exist for individuals with a back-
ground in one of the following areas:

GPS RECEIVERS . . . Kalman Filters, Dynamic
Simulation, Differential GPS, GPS Inertial Aiding,
Attitude Determination.

CRYPTOS . . . Embedded Cryptographic Design,
Red/Black Isolation, Security Fault Analysis, NSA
Documentation.

TELECOMMUNICATIONS . . . Operational
Concepts, ISDN Trunk Interfacing, Acoustic Design,
Smart Card Development, Multi-Chip Module (MCM)
Technology.

C‘I APPLICATIONS . . . LANs/WANs, Multi-level
Security, RF Modem Design, HF/UHF/VHF, IMBPS
to 5GBPS, 68000/VME Designs.

EHF SYSTEMS . . . Space and Ground Terminals,
MILSTAR LDR/MDR Waveform, Up/Downlink
Systems.

RE/MICROWAVE DESIGN . . . MIC Solid State
Power Amps, Ku Band.

SOFTWARE DESIGN . . . Ada, C, 17504, RISC,
DSP, Real-time, embedded microprocessor, DOD
2167A, CASE Tools, SW Methodology.

E-Systems offers very competitive salaries and
an excellent benefits package which includes an
Employee Stock Ownership Plan, 401(k), and medi-
cal and dental insurance. Qualified candidates should
forward a resume and salary history to: Manager of
Staffing, E-Systems, Inc., ECI Division, Post Office Box
12248, St. Petersburg, Florida 33733-2248.

=2 E-SYSTEMS

The science of systems.

U.S. Citizenship Required.
Equal Opportunity Employer, M/F, D, V.
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