


















































RF courses

Antennas: Principles, Design, and Measurements

March 13-16, 1991, St. Cloud, FL
Information: Kelly Brown, SCEEE, 1101 Massachusetts Ave.,
St. Cloud, FL 34769. Tel: (407) 892-6146.

Electrical Grounding of Communication Systems

February 11-13, 1991, Madison, WI
Cellular Radio

March 25-28, 1991, Madison, W1
Information: University of Wisconsin - Madison, Department
of Engineering Professional Development. Tei: (608) 262-2061.
Fax: (608) 263-3160.

RF/MW Circuit Design: Linear/Nonlinear Theory and
Applications

January 28-February 1, 1991, Los Angeles, CA
Power Electronic Circuits: Theory and Practice

February 11-15, 1991, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax: (213) 206-2815.

Antenna Engineering

February 5-8, 1991, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Troubleshooting Microprocessor-Based Equipment and
Digital Devices
January 15-18, 1991, Orlando, FL
Basic Network Measurements Using the HP8510B Network
Analyer
January 14-16, 1991, Los Angeles, CA
Microwave Fundamentals
January 8-11, 1991, Los Angeles, CA
HP11776A Waveform Generation Language User Course
January 10-11, 1991, Los Angeles, CA
Programming the HP 8510 Network Analyzer
January 17-18, 1991, Los Angeles, CA
Information: Hewlett-Packard Company. Tel: (800) 472-5277.

Communication and Radar Signals: Detection, Estimation
& Geolocation Techniques
January 9-11, 1991, Washington, DC
Hazardous Radio-Frequency Electromagnetic Radiation:
Evaluation, Control, Effects, and Standards
January 16-18, 1991, Washington, DC
Mobile Celiular Telecommunications Systems
January 16-18, 1991, Washington, DC
Fiber-Optics System Design
February 4-6, 1991, Washington, DC
Digital Telephony
February 11-15, 1991, Washington, DC
Introduction to Radar ECM and ECCM Systems
February 20-22, 1991, Washington, DC
Cellular Radio Telephone Systems
February 25-27, 1991, San Diego, CA
Principles of Digital Cellular Telephony
February 25-March 1, 1991, Washington, DC
Microwave High-Power Tubes and Transmitters
February 25-March 1, 1991, Washington, DC
Broadband Communication Systems
March 4-8, 1991, Washington, DC
Satellite Communications: System Planning, Design, and
Operation at Ku and Ka Bands
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March 4-8, 1991, Washington, DC
Antennas: Radiation and Scattering

March 11-12, 1991, Washington, DC
Microwave Radio Systems

March 13-15, 1991, Washington, DC
Introduction to Modern Radar Technology

March 13-15, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Digital Signal Processing Workshop

March 12-14, 1991, Campbell, CA
Information: Analog Devices, DSP Applications Department,
Maria Butler. Tel: (617) 461-3672.

Modern Microwave Techniques

February 25-March 1, 1991, Garmisch-Pantenkirchen, Germany
Far-Field, Compact and Near-Field Antenna Measurement
Techniques

February 25-March 1, 1991, Garmisch-Partenkirchen, Germany
Aspects of Modern Radar

February 25-March 1, 1991, Garmisch-Partenkirchen, Germany
MESFET and Hetrostructure Based MMICs

February 25-March 1, 1991, Garmisch-Partenkirchen, Germany
Modern Digital Modulation Techniques

March 11-15, 1991, United Kingdom
Digital Signal Processing: Filtering and Estimation

March 18-21, 1991, United Kingdom
Broadband Telecommunications

March 18-22, 1991, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910,
S-612 01 Finspong, Sweden. Tel: +46 (0) 122-17570. Fax: +46
(0) 122-14347.

Introduction to EMI/TEMPEST Theory
January 14, 1991, San Diego, CA
EMI/TEMPEST Shielding
Janaury 15-17, 1991, San Diego, CA
EMP Hardening, Design, and Test for Facilities
January 15-16, 1991, Washington, DC
EMP Hardening, Design and Test for Electrical Equipment
January 17-18, 1991, Washington, DC
A Quick & Thorough Introduciton to NEC
January 16-18, 1991, Washington, DC
EMI, ESD and Radiation Hazards — Problems & Solutions
January 17-18, 1991, Boston, MA
Information: Praxis International. Tel: (215) 524-0304. Fax:
(215) 524-0438.

introduction to EMI/RFI/EMC
February 20-22, 1991, Orlando, FL
Information: Besser Associates. Tel: (415) 949-3300.

Linear Seminar for Designers
January 29, 1991, Santa Clara, CA
February 6, 1991, San Diego, CA
February 7, 1991, Los Angeles, CA
Information: Linear Technology. Tel: (800) 637-5545.

Modern Power Conversion Design Techniques

February 25-March 1, 1991, San Diego, CA
information: efj Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239,
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Figure 3. The converted version of the stepped impedance element

shown in Figure 1b.

Figure 4. As seen from equation 5, by
the suitable choice of the impedance
Z; (Figure 3) we can change the values
of impedances Zg, and Z, of the circuits
shown in Figure 4. These impedances,
as well as Zg;, Z,,, Z,,, and Zg, should
satisfy the condition of the physical
realizability given by

(6)

Z $Zg <2 fori=1,2,...,5

Omin Omax
where Z, . and Z, . denote the mini-
mum and maximum values of the per-
missible impedances respectively.

It has been found numerically that for
both circuits presented in Figure 4 the
constructional parameter ir
[max(Zg,Z45)] /[min(ZSj,ZSS)], where i,j
1,2,...,5, reaches its minimum value
when the shunt stub is connected with
the second and third sections (Figure 3)
and Z¢, = Z... Thus the characteristic
impedances %81 and Zg are also equal.

The optimum value of the impedance
Z{,. understood in such a way, can be
easily obtained from equation 5 by
solving the corresponding standard quad-
ratic equation (see the computer pro-
gram listing at the end of the article).

Experimental Results

The experimental model of the reso-
nant circuit under investigation has
been designed for the following data: f,
= 0.5 GHz, C =1 pF, Z,, =50.415 ohm,
and 8o = 0.45n radians. The input
impedance Z {f) of the stepped imped-
ance element calculated from equations
1, 2, and 3, see Figure 1b, is

7)

Z.(f) = S5 + 20.7681S° + 30.1836S
L 21109954 +.705378S2 +.190699
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where S = jtan[nf/(7f))]. Consequently,
the section impedances of the converted
circuit such as shown in Figure 4a are:
Zg, = Zgg = 37.228 ohm, Z , = 50.966
ohm, Z., = 66.847 ohm, Z,, = 64.843
ohm, and Z,, = 46.922 ohm. The

electrical lengths of these sections at the
fundamental frequency f, are equal to
n/7 radians.

Figure 5a shows an outline of this
resonant circuit constructed in the mi-
crostrip line technique by using an
epoxy-glass substrate with permittivity,
£, of 4.32 and thickness, h, of 2 mm. Its
experimentally obtained insertion loss
function L(f) is shown in Figure 5b.

Conclusions

The validity of the presented design
formulas has been confirmed both by
numerical analysis and experiment. Here
it should be pointed out that the reso-
nant frequencies at which the insertion
loss function L(f), Figure 5b, achieves its
local maxima are dependent only upon
the properties of the distributed stepped
impedance element. In other words,
these frequencies are independent of
the shunting capacitance C and intro-
duced load impedance (Figure 5a).

Zss  Zs
2283 ZS1
Zss Zs, 5
@ pzzzzzzzzy
V]
“
%
/] ZS3 zS1
/
Zss Zs,

Figure 4. Two microstrip line structures of the circuit shown in Figure 3:

(@) Zg, = 2Zy,, Z, = 27y, Zgy = 22,5, Zg, = 24, Zgg = Zi;, and Zgs =
2Z. (b)/ Zs, = 2Zy,, Zg, = Loy Zgy = 24y, Zg, = sa» Zg5 = Zgs, and
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Figure 5. The investigated resonant circuit: (a) microstrip line layout, (b)

measured insertion loss function.

Figure 5b shows that the measured
resonant frequencies are slightly shifted
with respect to the corresponding theoreti-
cal values. In my opinion, this shifting
results from the fact that the microstrip
line discontinuities have not been taken
into account in the design process.

In practice the circuit under consid-
eration can be utilized as a simple har-
monic filter as well as a component ele-
ment of more complicated filtering struc-

tures. By way of example the bandpass
filter incorporating such stepped elements
(instead of the shunt quarter-wave length
stubs) has been investigated. The ob-
tained frequency response indicates
that this filter is also nontransparent for
third and fifth harmonic components.
From the standpoint of practice it
is important that the proposed circuit
is easy to construct in the microstrip
line technique and its geometric dimen-

sions are relatively small, i.e. are compa-
rable with the quarter part of the wave-
length evaluated at the fundamental
frequency. RF
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90 INPUT*fo{Hz]}=",6FR

150 PRINT

160 PRINT"Please wait "
170 PRINT

180 LET PI=3.1415927#
190 DIM A(3,4)

200 DIM Z(5)

210 LET DL=1/{14%FR)
220 LET A1=30.1836

230 LET A3=20.7681

240 LET R=.75

250 GOSUB 730

260 LET A{1l,1)=S*S*5*§
270 LET A{l,2)=-5*5
280 LET A{(l,3)=1

290 LET A{(1,4)=PCN

300 LET R=.9¢%

310 GOSUB 730

320 LET A{2,1)=8*5*$*S
330 LET A(2,2)=-8*S
340 LET A(2,3)=1

350 LET A(2,4)=PCN

360 LET R=1.25

370 GOSUB 730

380 LET A(3,1)=S*S*S*S
390 LET A(3,2)=-§*8
400 LET A(3,3)=1

410 LET A(3,4)=PCN

420 GOSUB 840

430 LET BO=A(3,4)

440 LET B2=A(2,4)

450 LET B4=A{1,4)

460 REM Impedances

470 LET Z{5)={1+A1+A3)/(B0O+B2+B4)

100 IF FR <= 0 THEN PRINT"Error: fo <= 0": GOTO 90
116 INPUT"C{[F}=",CO

120 IF CO < 0 THEN PRINT"Error: C < 0%: GOTO 110

130 INPUT"Zeq[ohm]=",6 ZEQ

140 IF ZEQ <= 0 THEN PRINT"Error: Zeg <= 0": GOTO 130

600 LET 2(1)=1/YSS

10 REM IRC 610 FOR I=1 TO 5

20 CLS 620 IF Z{(I) <= 0 THEN PRINT"Unsuitable input data , please reduce the value of c
30 PRINT"This program is an integral part of the paper" apacitance C": GOTO 1100

40 PRINT"* A distributed resonant circuit with improved filtering" 630 NEXT I

50 PRINT"properties * by Stanislaw Rosloniec, Warsaw 1990." 640 PRINT"Results, see Figure 3%

60 PRINT 650 PRINT

70 PRINT"Data:™ 660 PRINT"to[s]=";DL

80 PRINT 670 PRINT

680 FOR I=1 TO 5

700 NEXT I
710 PRINT*
720 GOTC 1100
730 REM Subroutine 730
740 LET OS=2*PI*FR*R*DL
750 LET C8=COS(08)

760 LET SN=SIN(OS}

770 IF ABS(CS) <
780 IF ABS(CS) <
790 LET S=TAN(OS)

830 RETURN

840 REM Subroutine GAUSS
850 FOR K=1 TO 3

860 LET C=0

870 FOR M=K TO 3

880 LET D=A(M,K}

300 LET C=D

910 LET L=M

920 NEXT M

930 IF C<>0 THEN GOTO 970
940 PRINT

950 PRINT"Singular matrix"
960 GOTO 1100

970 LET A(L,K)=A(K,K)

980 LET A(K,K)=C-1

990 FOR J=K+1 TO 4

1000 LET D=A(L,J)

1010 LET A(L,J)=A(K,J)
1020 LET A(K,J)=D

1030 LET D=D/C

1040 FOR I=1 TO 3

1060 NEXT I

690 PRINTZS(";X;")[chm]=";Z (I

ZSS[ohm)=";1/YSS

-000001 AND SN >
.000001 AND SN < -.999999 THEN LET S=~10000001:

800 IF CO=0 THEN LET OE=PI/2
810 LET OE=ATN(1/(2*PI*FR*CO*ZEQ))
820 LET PCN=(Al*S-A3*S*S*S+S*S*kS*S*S) / (ZEQ*TAN (OE*R) )

890 IF ABS(C)>=ABS(D) THEN GOTO 920

1050 LET A{I,J)=A(I,J)~D*A(I,K)

-999999 THEN LET S=1000000!: GOTO 800

GOTO 800

:GOTO 820

480 LET Z(4)=(Al-1+Z(5)*(B4-B0))/(2*BO+B2+(1~-A1)/2(5))

490 LET Z(3)=(A1-BO*(Z(4)+Z(5))+%(4)/2(5))/ (BO+B4*Z(5) /2 (4)~1/Z (4)
500 LET 202=(Al-BO*(Z(3)+Z(4)+2(5)))/ (BO+LZ(4)/(Z(3)*Z(5)))
510 LET ZO1=Z02%Z(4)/(Z(3)*Z(5)*B0)

520 LET BOO=1/(201+202)

$30 LET BO2=BOO*Z01/Z02

540 REM Calculation of 258

550 LET BB= -2%(BOO+RB0O2)

560 LET CC=BOO* (BOO+BO0O2)

570 LET DD=BB*BB-4*CC

580 LET YSS=(-BB-SQR(DD))/2

590 LET Z({2)=1/(BOO+B0O2-YSS)

—1/2(5))

1070
1080
1090
1100
1110
1120

1130 IF N$="CONT" THEN RUN 10
1140 IF N$="END" THEN END
1150 GOTO 1110

NEXT J
NEXT K
RETURN
REM Control subroutine
PRINT

INPUT"Enter END or CONT :",N§

Figure 6. Program used to solve quadratic equation for distributed resonant circuit with improved filtering.
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RF featured technology

Electronically Tunable Active Filters

By Yue Xu
Department of Electrical Engineering
The Ohio State University

Active filters have been used for many
years, but often at frequencies up to only
a few tens of kHz due to limitation of the
unity gain bandwidth of op amps. Re-
cently, much improved op amps became
available for higher frequencies. The
objective of this paper is to describe
electronically tunable active filters. We
shall show that, for example, the center
frequency, f,, of a bandpass filter can
be conveniently tuned over a wide range
(up to MHz) by a voltage without explic-
itly changing its bandwidth and gain.
Thus, the filter can be controlled by a
microprocessor and used in a variety of
applications.

he basic circuit of an active BP filter
is shown in Figure 1. The circuit is
very simple, without strict demands on
elements and is suitable for applications
with Q < 100.
For the above circuit, according to the
principles of op amps and the node
equations, we can easily find:

Vs (-
V(s = <42 (sC ) (1)
Vis) ~ V/(s)
R, B
(2
VAS) — Vils) | Vels) | Vo)
1 R, R,
sC,
=% 2Ry
Ry w
Ui Vv c,[a N L. Uo
RE <> "

Figure 1. A second order band-
pass filter.

Figure 2. Complete circuit for a
second order bandpass filter.
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Eliminating V'(s) in equation 2 and using
equation 1, we get

Vols) _
Vi(s)
3
_1
R1
1 1 1\ 1 1
+ A S I
C, <SC R, " R,) R, "R, TG
so that
(s)
H(j o =
(Jw) V<(S) S = jw

(4)

RB CZ

R ¢,
P jaf et Yo (e L)1
C,+C, R, R,/jw(C,+C,)

We can express H(jw) as:

H(jw) = PP — (5)
1+ jQ(LT - —(f)
0
in which:
— RS CZ
Hi) = ! % 53, (6)
1 1
\/é C.,R <—-— + —>
Q= 172 3 R1 Rg (7)
C, +C,
R, +
w, = 1 Ry (8)

We may choose C, = C, = C, thus:

R
H(f,) = ‘éﬁ“ 9)

=1 SRR
Q= R3<R +R> (10)

=1/ 1
“ = CV/R, <R, * R2> (1)

We can solve for R, R,, and R, from
equatlons 9, 10, and 11 (for a value of
C given in Table 1):

__a

R = Zic A (12)
_ Q

R = ot 22 - A (13)
_ 20

R; = 2nf C (14)
f(Hz) c
1-10 10-20 uF
10-102 0.1-10 uF
102-103 0.01-0.1 ,F
10%-104 10%-10¢ pF
10%-105 102-10° pF
105-108 10-102 pF

Table 1. Ranges of C for different
frequency ranges for Figure 2.

Now we can determine all the elements
of the BP filter from the given parame-
ters Q, H(f ), f,. An example is shown in
Figure 2 with H(f )=10,f =1kHz, Q=
5 and C = 0.0t pF (from Table 1). From
equations 12, 13 and 14 we get:

I!

795 kohm R, 99 kohm
160 kohm R,

1
R,
5.6 kohm

R,
R3
R

[ (R
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A = 180Hz

|

1 kHz

Figure 3. Characteristic graph of
H(f) versus f for the circuit shown
in Figure 2.

The characteristic of H(f) versus f is
shown in Figure 3.

The circuit should be carefully ad-
justed to satisfy the required relations.
According to equations 9, 10 and 11,
both H(f,) and Q are independent of C.
Only w, is inversely proportional to C.
H(f,) is independent of R, also. Thus, the
procedures of adjustment are:

1. Adjust R, to obtain H(f ).

2. Adjust R, to change Q (i.e. Af).

3. Adjust C, and C, simultaneously to
obtain w,.

Note that possible parasitic oscillation
in the circuit should be properly elimi-
nated, eg., by circuit compensation.

Incidentally, if the required bandwidth
is very wide, it is better to choose a
lowpass and a highpass combination
filter than a bandpass filter. The charac-
teristics of the bandpass filter can easily
be changed to a lowpass or a highpass
filter by simply changing the resistors to
condensers and vice versa. Table 2
gives the detail information.

In Table 2, H(0), H(=), and H(f) are
the values of the transfer function at f=
0, = and f_respectively. For the lowpass
or highpass filter, **d”’ is the damping

coefficient, related to the shape of the
H(f)-f curve. When d < 0.707, the H(f)-f
curve shows a peak. At d = 0.707, the
curve becomes flat. “w_’ is the 3 dB
cutoff frequency. For bandpass filters,
the shape of the curve is determined by

Electronically Tunable Second
Order BP Filter

In order to make a BP filter with its f_
shifted by an applied voltage, put Q =
f./Af into equations 12, 13 and 14 then,

R = 1

e {
' 2nAf H(t)C (15)

(7)

where Af is the —3 dB bandwidth.
Clearly, f, can only be varied by R,, after
R,, R, and C are chosen. So electroni-
cally changmg R, by a JFET, for ex-
ample, results in a voltage controlled f.

To expand the frequency coverage
of the filter, i.e., to expand the range of
variable resistance between D and S of
the FET, it is better to select a FET with
a large I .. For example, |, should be
5-8 mA or larger. Meanwhne pinch-off
voltage [Vp[ also should be large enough.
Sometimes for higher frequency cover-
age, a resistor (> 500 ohms) can be
connected between D and S of the FET.
A practical example is shown in Figure
4,

LOWPASS HIGHPASS BANDPASS
R1 R1
1/5C, R,
R, 1/5C,
Ry 1/sC, 1/sC,
1/sC, R;
Ry c, Ry C,
= 3 ES hal Hf ) = —2
HO) = - & He) = - &t O
P N— PR S— AL
\/ R,RC,C, v/ C.,CsRR; o R,R,R,C,C,
- _g Ry + 3 +\/ Rz 3 d= Ce Cs Q- C,C,R,(1/R, + 1/R,)
C Ry \/ C203 Ca C,+C,

Table 2. Values of variables for lowpass, highpass and bandpass filters

for Figure 2.
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i W
0.1 uF 2K

ECGY59

-12 v

Figure 4. An electronically tunable
second order bandpass filter.

The elements are calculated by the
equations mentioned earlier. When R.,
a 100 kohm pot, is adjusted, the gate
voltage is changed. This tuning voltage
can also be an external gate voltage of
any waveform.

In terms of the circuit in Figure 4, R,
can be chosen between 1 kohm an
10 kohm. To get large gains (o reduce
R,), one should keep V, low to avoid
saturation and distortion of V,. The
purpose of adding R, in Figure P is to
raise f_ to higher frequencies, essentially
maintain the same Af. For example,
when R, is absent in Figure 4, the tuning
range rs 25 to 35 kHz; with R, added to
the circuit, the tuning range becomes
33 to 42 kHz. The highest center
frequency (f.) is limited by the unity gain
bandwidth of the op amp. Here, LM6361
has a unity gain bandwidth as high as
32 MHz, so it works well in a few tens of
kHz range.

The simple circuit described above is
very versatile due to its flexibility and
reliability. The gain, bandwidth (Q), and
f, can easily be changed. RF
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RF design awards

A Linear Driftless VCO

By Luis Cupido
C&TC Corporation

There are RF applications that still
require analog controlled oscillators. For
applications where feedback is not used
in the oscillator control circuitry, linearity
and low drift are highly desireable
performance features. This article de-
scribes a method of achieving a voltage-
variable frequency without many of the
problems associated with conventional
VCOs.

ost VCO designs with tight specifica-

tions imply the use of stable me-
chanics and temperature controlied or
compensated design. The design pre-
sented here is more a system than
an oscillator, but used as a module, it
acts like a VCO. Thus it has one voltage
input and a signal output which has its
frequency proportional to the input volt-
age. No drift is observed compared with
a free running VCO.

An additional feature is that it needs no
special devices or mechanics and wide
temperature range is well supported with
very little degradation of performance.

Circuit Description

Figure 1 is a diagram of the circuit
described here. Basically, the circuit is
a PLL system with an ordinary VCO.
Additional digital circuitry produces a
continuously variable reference (Figure
2).

A continuously variable reference is
generated from 2 quartz crystal con-
trolled oscillators with outputs that are
mulitiplexed to generate a signal such
that the mean frequency value is some-
where between the frequency of the 2
crystal oscillators.

By selecting the multiplexing ratio of
those two references, a third signal at
the mean frequency between reference
1 and reference 2 is obtained. The
multiplexing circuitry is driven by a
variable duty-cycle signal at the output
of a comparator. The two comparator
inputs are a reference signal with trian-
gular waveform and the input voltage.
This circuit generates an output pulse
with the width a function of the input
voltage.

The VCO is controlled by a loop filter
that takes the mean of the error signal at
the output of the frequency detector. By de-
sign we must assure that the loop filter
is slow enough to extract the mean and
produce a DC signal with no noise in it.

The frequency detector must be one
that produces a signal proportional to
the frequency difference, while keeping
within the active region of operation at
any input frequencies. Therefore, the
VCO is locked on the mean of the
reference signal times the prescaling
factor.

Figure 3 is a complete block diagram
of the circuit.

Design Example

Let’s take an example of application
to make some design calculations: The
substitution of a PLL with 50 kHz steps
in the 900 to 990 MHz band with this
concept, for a continuous manual tun-
ing. Most of the decisions were made in
order to get a circuit as compact as
possible.

1016

H70K

C-700 Z COMMUNICATIONS

'y
470 nF

W

W vuco
nf e ‘L

Figure 1. Design example of a linear driftless VCO.

RF Design

61









RF expo

The RF Expo West Technical Program

The papers to be presented in Santa
Clara represent a broad cross-section
of RF engineering subjects, from tutori-
als on basic components to descriptions
of major RF systems.

Tuesday, February 5 —
8:30to 11:30 a.m.

SESSION A-1: RF DIODES

The PIN Diode - A Tutorial

Raymond W. Waugh and Jack H.
Lepoff, Hewlett-Packard Company
Under ideal conditions, the PIN diode acts
as a current controlled variable RF resistor.
However, there exist certain limitations re-
lated to frequency and power. This paper
covers the low and high frequency limitations
of PIN diodes, power limitations, attenuator
performance, and control parameters.

The Schottky Diode Mixer - A Tutorial
Jack H. Lepoff, Hewlett-Packard
Company

A major application of the Schottky diode is
in frequency mixers. This tutorial paper
covers basic mixer performance parameters,
and describes how the characteristics of
Schottky diodes affect mixer performance.

PIN Diode Theory and its Design
Tradeoffs

Peter Sahjani, M-pulse Microwave

A wide variety of PIN diodes are available,
from a number of manufacturers. This paper
discusses the four most important tradeoffs
that must be considered when evaluating PIN
diode specifications for a particular applica-
tion.

SESSION A-2: POWER AMPLIFIER
PERFORMANCE

High Power RF Calibration

Daniel Hoshiko, Bird Electronic Corp.
Accurate high power calibration is difficult to
accomplish, requiring careful attention to the
entire system. Comparisons between the use
of attenuators and microwatt meters and high
power RF calorimeters are discussed, with a
focus on the intricacies of high power RF
calorimetry.

Synthesis of Test Signals for Linearity
Measurement of High Power Amplifiers
Gilles Brassard, SPAR Aerospace
Limited

This paper describes a flexible approach to
the synthesis of complex test signals for the
measurement of linearity of power amplifiers.
Two-tone test theory is presented, and a
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practical approach for the synthesis of such
signals is proposed, based on a computer-
ized synthesis of signals reproduced with an
arbitrary waveform generator.

Very Low Phase Noise in a Puised 10
kW L-Band Triode Power Amplifier
Richard Ferranti, MIT Lincoiln
Laboratory

In doppler radar, phase noise can mask weak
target returns appearing near a large signal,
such as ground clutter. This paper includes
a description of phase noise and spurious
tests performed on a triode power amplifier
designed for the L-band Clutter Experiment.

SESSION A-3: FREQUENCY
SYNTHESIS

Synthesizer Switching Time and
Physical Mechanics

Earl McCune, Jr., Digital RF Solutions
Modern communications requirements have
grown to where synthesizer switching time is
often the limiting factor of performance in the
system. This paper reviews the basic physics
of motion, as they are related to the motion
of frequency: switching time.

Interference Problems in UHF
Frequency Synthesizer

Mikko Pesola, Nokia Mobile Phones

A clean signal with low sidebands and low
residual modulation are important goals in
synthesizer design. These can be affected
by interference. This paper discusses inter-
ference mechanisms and coupling paths,
with special attention paid to sidebands in a
synthesizer which uses a separate prescaler.

Direct-Digital Waveform Generation
Using Advanced Multi-Mode Digital
Modulation

Bar-Giora Goldberg, Sciteq
Electronics

This paper defines methods by which a
direct-digital synthesizer (DDS) can provide
precise all-digital manipulation of every char-
acteristic and modality of the output signal.
An architecture is presented that integrates
these capabilities.

SESSION A-4: ANALYTICAL
TECHNIQUES

Symbolic Circuit Analysis

Jerry Bares, Bares Inc.

A symbolic circuit analysis program, SCAN,
for linear circuits in the DC to GHz range is
described. SCAN can calculate all common
circuit functions, two-port parameters and
equivalent noise sources for circuits de-
scribed by SPICE-like files.

Modeling and Simulation of
Multicoupled Microstrip Lines in High
Speed Integrated Circuits

Wei-Xu Huang and Qui Zhang,
Compact Software

The continued introduction of high speed,
high density solid state devices and the rapid
growth in RF design technique have together
created a need for accurate interconnection
simulation. This paper reports on a CAD tool
to simulate the nonlinear lossy multi-coupled
microstrip lines, using a field based, compu-
tation-efficient model.

Tuesday, February 5 —
1:30 to 4:30 p.m.

SESSION B-1: RF SYSTEM
PERFORMANCE

The Testing of a Communications
Satellite Repeater

Neal C. Silence, Microwave
Engineering Consultant

The testing of a typical communications
satellite repeater is described. The system
description, typical performance standards,
test sequence, measurement setup and test
software configuration are presented. Cur-
rent trends, particularly cost reduction are
also covered.

Interoperability Testing of
FED-STD-1045 HF Radios

Paul C. Smith, David R. Wortendyke,
Christopher Redding, U.S.
Department of Commerce, NTIA

The testing program described in this paper
was established to evaluate system perform-
ance and assess the degree of interoperabil-
ity among adaptive HF radio systems used
by Federal agencies.

Generalized Modulation Mathematics
Applied to RF/Microwave System
Simulation

John Baprawski, EEsof, Inc.

To simulate a system with a complex modu-
lated carrier, the frequency-domain and time-
domain characteristics should be observable
at various points of interest within the system,
as well as at the output. Describing signals
in the I-Q domain offers a mathematical
convenience for analytically simulating a
modulated carrier.

SESSION B-2: RF APPLICATIONS

Embedded Microcontroller
Techniques Applied to an RF
Subsystem

Edwin Tucker, FEI Microwave
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RF software

A Plotter Subroutine for

BASIC Programs

By Bert K. Erickson
General Electric

When a computer program has a parameter that must be
modified several times to search for an acceptable result, the
print statements will provide long lists of comparative data.
However, in the process of searching for the final result, the
user must look at line after line of large numbers which is not
always appreciated. For these intermediate runs, a graphical
display would be convenient even though it has limited
accuracy.

he program described here was used to observe Fast Fourier
Transform spectral data which can vary considerably as the
input parameters are modified. However, the same program
can be used to display continuous functions. The program is
quite short and can be added to any main program as a
subroutine. The only requirements are that the main program
and the subroutine use the same array and input statement to
designate the number of data points. If the amplitude can be
arranged to have a value between = 999 then the vertical axis
will be scaled between the minimum and maximum values and the
horizontal axis will designate subscript numbers for the columns.
The subroutine has default values for a small screen that
has an 80 by 25 text format. After numbers are printed on the
scales, 75 columns are left for data points and the amplitude
is divided into 22 rows. Although it would be impressive to use

a graphics card and draw lines between coordinate points, the
problem of printing numbers for the scale can become
complicated. In this subroutine a character in an 8 by 8 matrix
was used to represent a point to keep the program very simple.
The program listed has a check solution for the raised cosine
waveform shown in Figure 1. Use N=74 to display 75 points
and use Shift PrtSc for a printed copy. Press Return if you wish
to exit the program. To expand the section near the origin,
change the D$ print default from “xxx+"" t0o “+.+*”" and use
N=5 to get the plot shown in Figure 2. To use the program as
a subroutine, delete the first line. If you have a monitor with a
large screen, change the coiumn and row defauits to display
more data points.

This program is available on disk from the RF Design
Software Service. See page 8 for ordering information. RF

About the Author
Bert Erickson is a senior engineer with the Government
Electronic Systems Department of General Electric. He
received his BSEE from the University of Wisconsin and his
MSEE from Union College, He can be reached at the
General Electric Co., CSP 5-H4, Syracuse, NY 13221, Tel:
(315)456-7741. ‘ - o
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1LIST 2RUN 3LOAD" 4SAVE" SCONT 6,"LPTlI 7TRON 8TROFF SKEY

Figure 1. Plotted points for a raised cosine waveform.
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1LIST 2RUN 3LOAD" 4SAVE" SCONT 6,"LPT1 7TRON BTROFF SKEY OSCREEN

10 DIM A(80):GOSUB 400:GOSUB 30:END
20 'PGM PLOTS SEQUENTIAL DATA
30 D$="#4###":MX=~1000000! :MN=1000000! :CLS

40 PRINT"SCREEN COLUMN DEFAULT M = 80":M=80
50 PRINT"SCREEN ROW DEFAULT R = 22":R=22
60 PRINT"PRINT USING DEFAULT D$ = ";D$
70 INPUT"NUMBER OF DATA POINTS, N = ",N

80 K=INT((M-6)/N-1) : T$=SPACES (K)

90 FOR J=0 TO N

100 IF A(J)=>MX THEN MX=A(J)

110 IF A(J)=<MN THEN MN=A(J)

120 NEXT J

130 L=(MX-MN)/(R-1):Q=MX:CLS

140 FOR I=0 TO R-1

150 Q=MX~L*I:PRINT USING D$:Q::PRINT"|";
160 FOR J=0 TO N

170 IF ((K+1)#*J+5)>M THEN 250

180 IF A(J)=>(Q-L/2) AND A(J)=<(Q+L/2) THEN 220
190 IF J=0 THEN PRINT".";

200 IF J>0 THEN PRINT T$:".";

210 GOTO 240

220 IF J=0 THEN PRINT"O";

230 IF J>0 THEN PRINT T$;"O";

240 NEXT J

250 PRINT:NEXT I

260 PRINT" ";:FOR J=0 TO (K+1)*N+1:PRINT"-";
270 NEXT J

280 PRINT:P=(K+1)*N+5:IF P>M-2 THEN P=M-2
290 M$=STR$ (N):IF K>0 THEN 310

300 PRINT" 01" ;TAB(P) ;M$; :GOTO 340

310 Q$=SPACES (K~1):IF N=1 THEN 330

320 PRINT" 0":Q$;1;TAB(P) ;M$; :GOTO 340
330 PRINT" O";TAB(P+1) ;M$;

340 INPUT"",Z$:RETURN

400 CLS:PRINT"WAIT":X=2%3.14159/75

410 FOR J=0 TO 75:A(J)=10.5% (1-COS (TJ*X))
420 NEXT J:RETURN

Figure 2. Expansion of section near the origin.
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Figure 3. Subroutine program.
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