













































































RF featured technology

High Speed IC Applications Circuits

By Gary A. Breed
Editor

Here is a collection of applications
circuits for high speed operational am-
plifiers, video amplifiers and buffers.
These devices are seeing increasing
use in RF, IF and video/baseband
applications.

H igh speed “building block” inte-
grated circuits have reached operat-
ing speeds comparable to RF only in the
past three to five years. Their availability
gives RF designers new options when
designing ampilification and signal proc-
essing circuitry. The predictability of a
controlied-feedback op amp circuit, or
the high input impedance and low output
impedance of a unity-gain buffer can be
extremely attractive in RF applications,
as they have been for many years in
lower frequency design.

Circuit Examples

Figure 1 shows the basic supply and
bypassing scheme recommended for
these wide bandwidth components. By-
passing from DC to 100s of MHz is a
challenge. For RF bypassing, a 0.1 uF
(typical) chip capacitor placed as close
to the power supply pins as possible will
assure maximum stability. A low series
resistance (tantalum or similar type)
electrolytic capacitor helps eliminate low
frequency paths through the power bus.
it may be necessary to include a series
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Figure 2. Basic non-inverting
configuration for a current-feed-
back amplifier.

inductor in critical circuits to add another
pole of high frequency rolloff, but it is
not recommended that this be done
routinely — resonances created by the
addition of this component have the
potential for stability problems.

The circuit in Figure 2 is a generalized
non-inverting amplifier using a current-
feedback op amp. A doubie-ended sup-
ply is assumed. Depending on the actual
load, C,, may represent a distributed
element, or it may be a 3 to 10 pF
capacitor added for high frequency
peaking. The 250 ohm feedback resistor
is a typical value, and will most often fall
in the range of 100-1000 ohms. The
combination of R, and R establishes the
gain at R/R .

The inver%ing configuration, shown in
Figure 3 also shows biasing for a single
supply. In this case, the source resis-
tance R, must be added to Rg (51 ohms)

Figure 3. Inverting configuration,
with single-supply biasing.

for gain calculations. If the input is
driven from another op amp, R, will be
very small and can be disregarded in
most cases. This circuit appears in the
data sheet for the Linear Technology
LT1229 dual current-feedback amplifier.

A useful RF application for these
devices is a bandpass filter. The circuit
in Figure 4 is a 40 MHz bandpass filter
with a Q of 4 using the Comlinear
CLC400 current-feedback amplifier. Ad-
aptations of this basic circuit for tuning
or control of Q are possible, which would
be attractive in IF or instrumentation
applications.

A bandstop, or notch filter is another
application which takes advantage of
an op amp’s or buffer’s low output and
high input impedances. The circuit in

U+

Has.e uF louw ESR
_+\~| _?_0.1 uF  chip cap
__7—-| 0.1 uF chip cap

qls.e uF low ESR

U-

Figure 1. Power supply bypass-
ing.
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Figure 4. A 40 MHz active bandpass filter.
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RF featured technology

Design of Low Noise, Wide Dynamic
Range, GaAs Optical Preamps

By Robert Bayruns, Timothy Laverick,
Norman Scheinberg and Daniel
Stofman

Anadigics, Inc.

GaAs MESFET technology is ideal for
use in lightwave receiver applications.
FET devices have a fundamental advan-
tage over BJT transistors in low noise
applications because of their inherent
high input impedance. Another advan-
tage is that FETs are majority carrier
devices and can be easily used as
feedback elements in automatic gain
control applications.

W ith this in mind, two different
preamp designs are presented.
The first obtains a 2 GHz bandwidth
using a 5 kohm feedback resistor. The
second, achieves a 200 MHz bandwidth
and —38 dB sensitivity. An input over-
load level of 0 dBm (1 mA) is achieved
by use of an on-chip AGC.

Low Noise Design

When designing an optical preamp,
there is always a compromise to be
reached between noise and bandwidth
(Figure 1). A large value feedback

resistor is desired since the mean
squared noise of the feedback resistor
is:

4KTAf
in? = —— (1
FB RFB

However, with a large feedback resis-
tor, the 3 dB bandwidth could suffer
since:

1+ A

fas 2nR;C; @

where C, is the total input capaci-
tance (C, 40 + Cyyay T Ceer)s @and Alis the
open loop gain of the preamp. From
Equation 2, a large voltage gain, A, is
needed for low noise and wide band-
width. For this reason, depletion type
load devices are used almost exclu-
sively in the input gain stage. But
at high frequencies, the input gain
stage can produce considerable noise,
so a resistor load can be used instead.
The input referred noise from the gain
stage is:

2
_4KT
“Rrfb >
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gmi gmi
Where g, is the transconductance
of FETM1, I = 1.7 is a GaAs excess
noise factor, and | 2 is the mean
squared noise current of the load de-
vice. For a 200 ohm load resistor, |,.,,°
is 8.3 x 1023A%/Hz. For a 300 um FET,
loaq Na@s a value about an order of
magnitude higher at 1.2 x 102'A2/Hz.
Figure 2 shows the schematic of a
new inductive load which provides both
high gain and a lower noise than is
possible in a resistive and a depletion
load, respectively. The effective imped-
ance of this load device of Figure 2 is:
Z, = Mol Tig,ob) + jol 4)
For a 15 nH monolithic GaAs inductor,
an increase in voltage gain of about two
times is possible, which in turn, allows
the use of a larger feedback resistor.
The inductor also functions to degener-
ate the noise produced by the FET load.
At a frequency of 300 MHz with
Omo=42mS and L=15nH, |,,4? is half.

At a frequency of 2 GHz, 1,2 is 7.8 x
Vddo
15nH }_]
Bias I
—(
Vin
+—oVout
V;sc I_{; f{l
Rfb

Figure 1. Equivalent circuit model
of an optical preamplifier.
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Figure 2. Schematic of an induc-
tive load.

Figure 3. Schematic of transim-
pedance amplifier.
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RF design awards

A Quick Microstri

Program

By Toshihiko Takamizawa
Millimeter Wave Laboratory

This program was an entry in the 1991
RF Design Awards Software Contest. It
is a good example of the kind of program
engineers write to make the “‘first cut”
in a design problem. This program com-
putes simple series and shunt microstrip
matching sections.

here are many sophisticated RF and

microwave circuit design software
programs on the market these days.
These programs are very powerful,
accurate, and have many functions. One
such program is SANA, which | have
been using on a PS/2 for a over year. |
have found that | rarely use most of

p Matching

SANA’s software functions with one
exception; the design of matching net-
works using stripline circuitry.

The PC hardware required to run
many commercial programs occupies a
lot of space. In Japan, where space is
at a premium, this is a problem. Time is
also a consideration. Even though | may

ok

RUN

INPUT FREQ. (GHz)

? 1.5

INPUT ABSOLUTE VALUE OF S11
? .964

INPUT ANGLE OF $11

? -42.1

INPUT ABSOLUTE VALUE OF §22
? .634

INPUT ANGLE OF $22

? -24.2

INPUT EFFECTIVE DIE. PERM.
? 2.08

1LIST 2RUN 3LOAD"™ 4SAVE"

S5CONT 6,"LPT1 7TRON

B8TROFF 9KEY OSCREEN

*kkkxkxt+%x WITH PARALLEL
INPUT OPEN STUB LENGTH
INPUT SHORT STUB LENGTH
INPUT PHASE LINE LENGTH

kkkkxkwx**x WITH PARALLEL
INPUT OPEN STUB LENGTH
INPUT SHORT STUB LENGTH
INPUT PHASE LINE LENGTH

x#sxxxrkas WITH PARALLEL
OUTPUT OPEN STUB LENGTH

OUTPUT SHORT STUB LENGTH
OUTPUT PHASE LINE LENGTH

##xsaxkxxr WITH PARALLEL
OUTPUT OPEN STUB LENGTH

OUTPUT SHORT STUB LENGTH
OUTPUT PHASE LINE LENGTH
ok

1LIST 2RUN 3LOAD"

*kkkxkkkx% INPUT MATCHING NETWORK #*#**4askahn

Axkkkkkkk* OUTPUT MATCHING NETWORK *wxkkkwdk

4SAVE"

CAPACITY *hkkdnkikiwk
: 31.64392 mms

: 66,3127 mms

:  29.5302 mms

INDUCTANCE #tawhhin
3 37.69361 mms
:  3.02484 mms
i 23.59006 mms

CAPACITY *rkkkrhhks
1 22.58156 mms
:  57.25033 mns
: 39.76395 mms

INDUCTANCE #kkkasdk
: 46.75598 mms
: 12.08721 mms
:  20.25154 mms

SCONT 6,"LPT1 7TRON 8TROFF 9KEY OSCREEN

Figure 1. Input data.

Figure 2. Output data.

190 PRINT “INPUT FREQ. (GHz)}"

200 INPUT F

210 PRINT “INPUT ABSOLUTE VALUE OF 511"
220 INPUT AB11

230 PRINT "INPUT ANGLE OF S11%

240 INPUT AG11

250 PRINT "INPUT ABSOLUTE VALUE OF 822"
260 INPUT AB22

270 PRINT “INPUT ANGLE OF s22%

280 INPUT AG22

290 PRINT “INPUT EFFECTIVE DIE. PERM."™
300 INPUT E

310 LET LG = 10 * (30 / (F * SQR (E}})
320 REM INPUT MATCHNG WITH PARALLEL C
330 LET AG = AGll

340 LET AB = AB11

350 GOSUB 800

410 REM INPUT MATCHING WITH PARALLEL L
420 LET AG = AG1l

10 REM %% *%x% QMAT *h
20 REM

30 REM COPYRIGHT BY T.TAKAMIZAWA

40 REM MILLIMETERWAVE LABORATORY

50 REM JUNE 5 1990

60 REM STUB MATCHING CIRCUIT.

70 REM THIS PROGRAM CALCULATES

80 REM INPUT & OUTPUT PHASE LINE

90 REM LENGTH AND STUB LENGTH.

100 REM A CIRCUITRY TO BE CALCULATED IS
110 REM PARALLEL CAP. BY OPEN & SHORT STUB,
120 REM PARALLEL IND. BY OPEN & SHORT STUB.
125 REM INPUT PARAMETERS:

130 REM F=FREQ. (GHz)

140 REM E=EFFECTIVE DIE. PERM.

150 REM ABlI=ABSOLUTE VALUE OF S11

160 REM ANGLE OF 811

170 REM BSOLUTE VALUE OF 522

180 REM AG22=ANGLE OF 822

360 PRINT ®hkadkkaskxk TNPUT MATCHING NETWORK *%kskkskiisn
370 PRINT “a#a«xdk&x%* WITH PARALLEL CAPACITY *a**hshuss?

380 REM

390 PRINT “INPUT OPEN STUB LENGTH : ™ LG * T1 / 360"mms®

395 PRINT “INPUT SHORT STUB LENGTH : " LG * T1 / 360 + LG / 4"mms"
400 PRINT ®INPUT PHASE LINE LENGTH : " LG +* T2 / 720%"mms"

430 LET AB = AB11
440 GOSUB 900
450 PRINT

460 PRINT "askss¥xaxs WITH PARALLEL INDUCTANCE ##kskktwsn

470 REM

475 PRINT "INPUT OPEN STUB LENGTH
480 PRINT “INPUT SHORT STUB LENGTH :

490 PRINT "INPUT PHASE LI
500 REM OUTPUT MATCHNG WI
510 LET AG = AG22

520 LET AB = AB22

530 GOSUB 800

540 PRINT

560 PRINT "*xxkxxskxs* OUTPUT MATCHING NETWORK **kisiiixt
570 PRINT Mxkxkaxsixs WITH PARALLEL CAPACITY *#kskkiaiitt

580 REM

590 PRINT "OUTPUT OPEN STUB LENGTH

595 PRINT “"QUTPUT SHORT &

600 PRINT "OUTPUT PHASE LINE LENGTH :

61C LET AG = AG22
620 LET AB = AB22
630 GOSUB 900

640 PRINT

650 PRINT “askxkswsssx WITH PARALLEL INDUCTANCE *#%ssiiat

660 REM

665 PRINT "QUTPUT OPEN STUB LENGTH

670 PRINT "OUTPUT SHORT &'

680 PRINT "OUTPUT PHASE LINE LENGTH :

690 END
800 LET AG = 0 - A
810 LET B

820 LET T1
830 LET T1 = TL / 3.14159
840 LET T2 = ATN (B / 2)
850 LET T2 = (0 ~ (T2 / 3
860 IF T2 > 0 THEN 890
870 LET T2 = ATN (B / 2)
880 LET T2 = (0 - (T2 / 3
890 RETURN
900 LET AG
910 LET B
920 LET Tl
$30 LET T1 = T1 / 3.14159
940 LET T2 = ATN ((0 - B)
950 LET T2 = (0 - (T2 / 3
960 IF T2 > O THEN 990
970 LET T2 = ATN ((0 - B)
980 LET T2 = (0 - (T2 / 3
996 RETURN

ATN (B)

0 - AG

ATN (1 / B)

G
(2 * AB) / SQR (1 - (AB * AB))

(2 * AB) / SQR (1 - (AB * AB))

" IG * T1 / 360 + LG / 4"mms"
" LG * T1 / 360"mms"

NE LENGTH : " LG * T2 / 720"mms"

TH PARALLEL C

" LG * T1 / 360%mms"®
® LG * T1 / 360 + LG / 4"mms"
® LG % T2 / 720%mms"

TUB LENGTH :

" LG % TL / 360 + LG [ 4"mms®
" LG * TL / 360"mms™
LG *x T2 / 720"mms"

TUB LENGTH :

26544 * 180

.141592654#4 * 180)) - AG - 90

.141592654# * 180})}) - AG - 90 + 360

26544 * 180
/7 2)
.141592654# * 180)) -~ AG + 90

/ 2)
.141592654# * 180)) - AG + 90 + 360

Figure 3. Program listing.
RF Design
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A Smith Chart-Based Impedance
Matching Program

By Neal C. Silence
Microwave Engineering Consultant

The utilization of the Smith Chart to
design matching circuits for a known
impedance terminating a transmission
line has been extensively documented.
However, the mechanics of manipulat-
ing impedance or admittance data on
the Smith Chart can be quite laborious.
Particularly if one is using a dispersive
transmission line. The use of program-
mable calculators and personnel com-
puters in this process can enable the
user of the Smith Chart to be more
productive and subject to fewer errors.
This RF Design Awards software entry
was written for the engineer or techni-
cian to simplify the task of designing
matching circuits in RF transmission
lines.

his program is menu driven and
provides both graphical and tabular
presentations of the data in impedance
or admittance form. Data can be trans-
ferred to and from disk files in an EESOF
Touchstone format. However, only im-
pedance and admittance data in a
Real/lmaginary format is presently sup-
ported for this transfer. Both TEM and
waveguide transmission lines are han-
dled by this program through the entry
of a cutoff frequency. The units of
measure that are used within this pro-
gram are: MHz for frequency, inches for
length, ohms for impedance, Siemens
for admittance, picofarads for capaci-
tance, and nanohenrys for inductance.
This program was written using Micro-
soft QuickBASIC in order to take advan-
tage of the many features offered by this
relatively inexpensive package. This
allows the engineer or technician the
opportunity of modifying the program to
fit a particular problem with a minimum

****x Impedance Matching Program *****

Exit Program.

Read a Data File

Plot a Smith Chart.

Change between Impedance and Admittance
Change Reference Plane.

Add a Series or Shunt Element.
Change Z2o.

List Current Values.

Save Current Values

Generate a Fixed Load Impedance
10 List Files on a Directoery.

VONGU S W O

Which?

of effort. For those who do not have or
wish to use QuickBASIC, the stand
alone executable version of the program
can be used. This program will run on
an IBM compatible computer, using
MS-DOS. The computer should be
equipped with an EGA or VGA adapter.
The program will work with either a
monochrome or color display. The stand
alone program is executed by entering
the foliowing command from the MS-
DOS prompt: ZMATCH [\E \V].

If one of the optional parameters in
the brackets is used then the software
will be configured as follows:

\E - EGA adapter and color display (640
x 350 resolution).
\V - VGA adapter and color display (640
x 480 resolution).

No parameter will default to an EGA
or VGA adapter with a monochrome
display (640 x 350 resolution).

If the program is being executed from

QuickBasic, then the optional parame-
ters are entered in the “*Modify COM-
MANDS$”’ dialog box that is accessed
from the “RUN"’ menu.

The program starts with the display
of an introductory screen which provides
the usual information such as: program
name and title, version number, etc.
Pressing the ENTER key clears this
screen and displays the main control
menu. A copy of this menu is shown in
Figure 1.

Selecting an appropriate number wili
cause that task to be executed. After
completing the task, the program re-
turns to the main menu. Data must be
present for tasks 2 thru 8 to function.
Data can be entered into the program
by reading a data file or using task 9 to
generate a fixed load. Most of the
various tasks afforded by this menu are
described below. The ones that are not
described will be found to be self
explanatory.

1. Series Capacitance.
2. Series Inductance.
3. Series Resistance.

11. Shunt Capacitance.

12. Shunt Inductance.

13. Shunt Resistance.

20. Undo the last change.

Which?

0. Return to previous menu.

To add a series or shunt element
Select one of the following:

4. Series Short circuited line.

5. Series Open circuited line.

6. Series Circuit from data file.

7. Series Connection of a Series Resonant L~C circuit.
8. Series Connection of a Parallel Resonant L-C circuit.

14. Shunt Short circuited line.

15. Shunt Open circuited line.

16. Shunt Circuit from data file.

17. Shunt Connection of a Series Resonant L-C circuit.
18. Shunt Connection of a Parallel Resonant L-C circuit.

Figure 1. The main control menu.

RF Design

Figure 2. Menu used to add a series or shunt element.
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SAMPLE DATA

TEST PLOT
REF = 0.000 inches. Zo = 50.0 Ohms
Fco = 0.0 MHz
-- Reflection Coefficient -- -- Impedance --
Frequency AMP Phase Return VSWR R X
Loss
[MHz] - [Deqg]) [dB] - [Ohms ) [Ohms])
1000.00 0.825 -157.2 1.7 10.40 5.00 -10.00
1025.00 0.678 156.5 3.4 5.21 10.00 10.00
1050.00 0.571 143.8 4.9 3.66 15.00 15.00
1075.00 0.571 79.8 4.9 3.66 30.00 50.00
1100.00 0.620 29.7 4.1 4.27 100.00 100.00
1125.00 0.600 0.0 4.4 4.00 200.00 0.00
1150.00 0.558% -29.9 5.1 3.49 100.00 -80.00
1175.00 0.352 -56.0 9.1 2.09 60.00 -40.00
Figure 3. A typical listing of impedance data.
FET S22 DATA
REF = 0.000 inches. Zo = 50.0 Ohms
Fco = 0.0 MHz.
-- Reflection Coefficient -- -- Impedance ~--
Frequency AMP Phase Return VSWR R X
Loss
[MHz} - {Deg] [dB]) - {Ohms )} [Ohms ]
250.00 0.690 -3.6 3.2 5.44 264.60 ~44.20
260.00 0.689 -3.8 3.2 5.44 263.80 -45.80
270.00 0.689 -3.9 3.2 5.44 263.10 ~47.40
280.00 0.689 -4.1 3.2 5.44 262.30 ~-49.00
290.00 0.689 -4.2 3.2 5.43 261.60 -50.60
300.00 0.689 -4.4 3.2 5.43 260.80 ~52.20
310.00 0.689 -4.5 3.2 5.42 255%.60 ~53.90
320.00 0.688 -4.7 3.2 5.42 258.40 ~55.60
330.00 0.688 -4.9 3.2 5.41 257.20 ~57.40
340.00 0.688 ~5.1 3.3 5.40 256.00 -59.10
350.00 0.687 ~5.3 3.3 5.40 254.80 -60.80
Figure 5. FET output impedance data.
FET S$22 DATA
With L~C Matching Network
REF = 0.000 inches. Zo = 50.0 Ohms
Fco = 0.0 MHz.
—- Reflection Coefficient -- -~- Impedance --
Frequency AMP Phase Return VSWR R X
Loss
[MHz ] - [Deg} [dB} - [Chms ) [Ohms ]
250.00 0.419 -90.5 7.6 2.44 34.87 -35.39
260.00 0.328 -96.7 9.7 1.98 37.68 ~27.54
270.00 0.239 ~-102.6 12.4 1.63 40.59 -20.12
280.00 0.154 -108.0 16.2 1.36 43.60 -13.10
290.00 0.075 ~-113.3 22.5 1.16 46.70 -6.46
300.00 0.002 -120.2 54.7 1.00 49.91 -0.16
310.00 0.064 57.2 23.8 1.14 53.29 5.79
320.00 0.124 53.3 18.2 1.28 56.77 11.43
330.00 0.177 49.7 15.1 1.43 60.36 16.80
340.00 0.224 46.5 13.0 1.58 64.03 21.87
350.00 0.265 43.5 11.5 1.72 67.80 26.66

Figure 7. Output impedance of FET with L-C matching network.
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Enter the number of frequency points? 10

Enter the Start, and Step Frequencies{MHz]? 1000,100
Enter Zo[Ohma)? 50

Enter the Cutoff Frequency[MHz]? O

Enter Load Resistance? 75

Enter Title: Task 9 Example

Figure 4. Setting imaginary part
of load impedance to zero.

These and other useful equations are
may be found on page 72 of Reference
5.

Notation:

I = Complex Reflection Coefficient

P = Magnitude of [

© = Phase angle of " (radians)

Z = Complex Impedance R = Real part
ofZ

X = Imaginary part of Z

Z = Characteristic Impedance of the
transmission lineZ=R+ XY =G + B
Y=1/Z

The complex reflection coefficient is
obtained from the impedance by the
following:

€
I Ay ©°
o Z f
[T } L ouT
~ l
l o

Figure 6. L-C matching network.

r=gen=2_2 1
e Tz, M
_[R-12+ X

CTVRT I+ X2 @)

. 2 X

6=Tan‘[(R2+X2_1] (3)

The compiex impedance is obtained
from the reflection coefficient as follows:

1 - 2
1 — 20Cosf + @? )

R =
- 20Sin6 5
X 1 — 20Cos8 + ¢? ©)
The input reflection coefficient of a
transmission line of length ‘I’ that is
terminated by a load whose reflection
coefficientis ', , is given by:

r r

load

ei2o!

(6)
@

input = ioad

_ 2n
b=7"
where:

T
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RF expo program

RF Expo West Features a

Comprehensive Technical Program

Wednesday, March 18
8:30-10:00 a.m.

Session A-1 - Smith Chart Tutorial

The Smith Chart and Its Usage in RF
Design

Neal C. Silence, Consultant

The theory behind the Smith chart, its
capabilities, and its uses for impedance
matching, circuit modeling and design
are described in this tutorial presenta-
tion. Examples include a waveguide
transition, FET output matching, PIN
diode modeling and design of a matched
PIN diode switch.

Session A-2 - Modern Design Meth-
ods

Designing for a Competitive Market-
place

Chairman: Gary Breed, RF Design
This session will include a presentation
of the fundamental techniques required
for low cost design, design-for-manufac-
turing, and short design cycles. A panel
will discuss modern RF engineering
methods and answer questions from the
audience.

Wednesday, March 18
1:30-4:30 p.m.

Session B-1 - Low Cost Design

Receiver Mixers and LOs

Jack Lepoff, Hewlett-Packard Co.

A balanced mixer design using a dual
Schottky diode in a SOT-23 package is
presented. The cost of the entire mixer
is under $1.00, and it is useful for
DBS/VSAT frequencies.

Low Cost SMD Power Limiters
Raymond W. Waugh, Hewlett-Packard
Co.

Many receivers are at risk of having their
front ends burned out by high power
RF and microwave stray signals. This
paper presents practical design tech-
niques for low cost power limiters oper-

70

ating at below 2 GHz. Measured data
on prototype limiters is presented.

Practical Variable Gain Amplifiers
Gary Franklin, Hewlett-Packard Co.
This paper shows how PIN attenuator
circuits can be combined with fixed gain
silicon monolithic amplifiers to form low
cost variable gain amplifiers.

Session B-2 - Communications
Systems

Single Phase Unidirectional SAW
Transversal Filters for Communica-
tion Systems

Bob Potter, Tyson Turner, Dr. Peter
Wright, RF Monolithics

This paper describes a low loss filter
implemented at 70 MHz for GSM appli-
cations. Losses as low as 5.5 dB and
rejection of 50 dB have been achieved
with this low cost technique.

Mixer Intermodulation Performance
and Dynamic Range Enhancement
Elwood Brem, Locus, Inc.

A simple, elegant method to predict
the location and amplitude of spurious
mixer products. A new spur chart
will be presented, and data on a new
high dynamic range mixer will be illus-
trated.

Session B-3 - Thermionic Devices

Session Chairman

Frank A. Miller, Quarterwave Cor-
poration

This session will cover various RF power
devices such as traveling wave tubes,
and the requirements of their power
supplies and modulators. Frequencies
examined cover 0.5 to 40 GHz.

Session B-4- Radar Systems

Space-Based Angle-Tracking Radar
System

Valverde, Stilwell, Russo, Daniels,
McKnight, Johns Hopkins University,
Applied Physics Laboratory

This paper describes the S-Band Bea-

con Receiver radar system, a space-
based system for tracking cooperative
targets, such as 4-watt beacons at a
distance of as much as 8000 km.

RF Electronics Design for Space Flight
Applications

A.A. Russo, Johns Hopkins Univer-
sity, Applied Physics Laboratory

The design tradeoffs and criteria for
selection of various parts of the beacon
receiver are examined in this paper

Spurious Noise Prediction and Reduc-
tion in Direct Digital Synthesizers
C.C. DeBoy, C.R. Valverde, A.A.
Russo, Johns Hopkins University,
Applied Physics Laboratory

This paper examines DDS spurious
signal generation resulting from phase
and amplitude quantization in the
sine ROM and DAC input, plus
DAC nonlinearities, including glitches
and second and third order intermo-
dulation.

Electrical Performance of a GaAs DDS
System for Space Applications

A.A. Russo, Johns Hopkins Univer-
sity, Applied Physics Laboratory

The design of a DDS system providing
35 Hz steps up to 240 MHz is summa-
rized, along with test results on several
DDS systems tested for this project.
DDS-to-DDS repeatability test are also
noted.

Signal Processing for a Space-Based
Monopulse Radar

T.R. McKnight, C.R. Valverde, Johns
Hopkins University, Applied Physics
Laboratory

Signal analysis using digital processing
on four receiver channels is described
in this paper. The system uses spectral

To Register for
RF Expo West

call:
1-800-525-9154
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analysis to perform narrow-band phase
measurements of target radiation re-
ceived on four spatially separated anten-
nas.

Thermal Distortion Analysis for Space-
Based Monopulse Radar Antenna Ar-
ray

A.R. Jablon, D.F. Persons, Johns
Hopkins University, Applied Physics
Laboratory

This paper describes a method for
predicting the beam pointing errors
caused by thermal distortions. Distortion
characteristics and final pointing error
data are presented.

Thursday, March 19
8:30-11:30 a.m.

Session C-1 - Power Amplifiers

The Design of RF Modules Intended
for Combining High Power

David N. Haupt, Erbtec Engineering
This paper describes device selection,
impedance matching networks, bias sta-
bilization techniques and cooling re-
quirements in a high power amplifier
system using multiple models.

High Power VHF Power Dividing and
Combining Techniques

Hugh Gibbons, Erbtec Engineering
Two power dividing and combining
schemes are described for low loss and
high reliability, as used in a 15 kW NMR
amplifier with 16 1200-watt amplifier
modules.

Monitoring, Control and Diagnostics
of an RF Amplifier Over a Modem Link
Paul Beaty, Erbtec Engineering
Diagnostic and monitoring software re-
quires ongoing attention in order to
provide useful feedback to the product
design group. Data gathering via tele-
phone modem is an option for fieid
monitoring of an operating unit.

Session C-2 - RF Components |

RF Components for the 90s

Peter Hoffeins, Siemens Components,
Inc.

A review of the current state of the art
is presented for silicon RF transistors,
RF diodes and GaAs MMIC compo-
nents. Packaging and quality considera-
tions are presented, along with applica-
tions for these devices.

RF Design

Survey of Components for 900, 2400,
and 5700 MHz Spread Spectrum

Al Ward, Avantek

This paper reviews current components
available for amplification and control
functions in low cost UHF and micro-
wave applications, such as spread spec-
trum communications authorized under
Part 15.

Various Mixer Types Used in Cellular
Radios

Phyllis Austin-Lazarus, Hughes Net-
work Systems

Four type of mixers are explored in this
paper, covering characteristics benefi-
cial to transmitter requirements in dual-
mode cellular radios.

Session C-3 - Filters

Tunable Bandpass Filters for VHF-
UHF Receivers as a Preselector Appli-
cations

John Horvath, Minaret Radio

This paper presents a tunable bandpass
filter design for use as a preselector in
VHF/UHF receivers. The prototype cir-
cuits are implemented using low cost
SMT components.

GaAs Technology Opens New
Frontiers in Electronically Tunable
Filters

David Peterson, ITT Aerospace/Com-
munications Div.

Narrowband preselector filters for high
dynamic range receivers have been
implemented using a bank of switched,
binary weighted capacitors fabricated
on a GaAs monolithic chip. The example
filter tunes 30-88 MHz SINGCARS band.

Session C-4 - Antenna Design

Shaped Beam Microstrip Antennas
Applied to Personal Communication
Networks

John R. Sanford, Huber & Suhner AG
The pattern advantages of a shaped
beam antenna over a conventional broad-
side antenna for PCN applications is
discussed in this paper. Propagation
models and measured data are pre-
sented in comparison to a dipole an-
tenna.

Development of Microstrip Antennas
Marc Yacoubian, Micro Engineering

Design, fabrication, testing and im-
plementation of microstrip patch an-
tennas is the subject of this pa-

per. Practical aspects of design
and data on actual antennas is pre-
sented.

Analysis of Dielectric Materials in
Waveguide and Feedhorn

Tsang-Fu Chang, KAIMEI Electronic
Corp.

Theoretical analysis methods of an
electromagnetic wave in a dielectric
loaded waveguide are reviewed, then
analysis of a wave in a dielectrically
loaded feedhorn for operation at 10.95
and 12.75 GHz is analyzed.

Thursday, March 19
1:30-4:30 p.m.

Session D-1 - RF Design Awards
Contest (Open Session)

Theoretical Basis for a Comprehen-
sive Filter Design Program

Michael Ellis, U.S. Army Corps of
Engineers

This 1991 RF Design Awards Software
Contest winner is a collection of pro-
gram modules for the synthesis and

HIGH ENERGY CORP

CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

@Q

A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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analysis of filters. The author describes
the program configuration and the
models used for the various computa-
tions.

Low Frequency Circulator Uses No
Ferrite or Magnet

Charles Wenzel, Wenzel Associates
This paper describes an active RF
circulator which has DC to hundreds of
MHz performance for isolation and meas-
urement applications. This is the win-
ning design in the 1991 RF Design
Awards Circuit Design Contest.

Session D-2 - Modulation and
Demodulation

Spread Spectrum Cellular Communi-
cations

Steve Moriey, QUALCOMM inc.

An overview of system requirements and
performance benchmarks for cellular
communications is presented, with ex-
planations of how CDMA spread spec-
trum communications fits power, noise,
and channel protection requirements.

How a QPSK Modulator Vector Error
Relates to its Spurious Oulput

Phyllis Austin-Lazarus, Hughes Net-
work Systems

This paper derives the relationship be-
tween the CTIA digital cellular radio
modulator error specifications, the ac-
tual modulator phase and amplitude
errors, and the output spectrum of the
modulator.

Direct IF to Digital Conversion Using
New Monolithic RF Track and Holds
Allen Hill and Tom Gratzik, Analog
Devices

This paper describes the use of mono-
lithic track and hold circuitry in direct IF
to baseband conversion using low cost

To Register for
RF Expo West

call:
1-800-525-9154

analog to digital converters. Conversion
of 10 MHz to 70 MHz is described.

Session D-3 - RF Integrated
Circuits

Design of High Density, High Yield
MMIC Devices for Low Cost Applica-
tions

Henrik Morkner, Avantek, Inc.

This paper describes how to design low
cost MMICs for best manufacturing yield
by minimizing occupied real estate, and
presents several products as examples.

Characterization of a Silicon Bipolar
Process for RF ASIC Development
John Brewer, Tektronix Microelec-
tronics

An ASIC process for custom semicon-
ductor manufacturing has been charac-
terized for RF devices fabricated with
the process. Design aids and standard
cell designs are offered, as well.

GaAs MMIC Control Devices: Theory
of Operation & Fabrication

RFdesign

REPRINTS!

You can now order article reprints
from this publication!

Have you ever read a well-written,
informative article in a magazine,
thrown the magazine away and
then a month later wished you had
saved it?

RF Design offers a highly
convenient article reprint service to
accommodate your needs. Articles

appearing in RF Design are avail-
able for printing in quantities of
500 or more.

For further information contact:

Reprint Department
RF Design

6300 S. Syracuse Way
Suite 650

Englewood, CO 80111
(303) 220-0600
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RF tutorial

Attenuator Basics

By Gary A. Breed
Editor

Attenuators are common components
in RF systems and test setups, but they
are too often taken for granted. This
tutorial note reviews the basic principles
of resistive attenuators.

he common resistive attenuator is

intended to perform a simple func-
tion — absorb a specified amount of
power while presenting a defined imped-
ance (ideally, purely resistive) at both
input and output. lts function is that of a
lossy voltage divider, with the relation-
ships of its resistive elements presenting
desired impedances at the input and
output. While this is not an especially
complex function, it represents three
variables:

Z,, (input impedance)

Z,, (output impedance)

A (attenuation, numerical ratio of input
to output power)

Note: Attenuation in dB = 10 log A

For resistive attenuators, there are two
common topologies, the Tee and Pi, as
shown in Figure 1. It can be shown
(analysis not included here) that three
elements are required to maintain con-
trol over all three variables. The particu-
lar topology is selected primarily to allow
practical values of resistance; both Tee
and Pi configurations are equivalent.
Typically, low attenuation values will be
easier to implement with a Tee network,
with higher attenuation more practical
using a Pi arrangement.

Computation of the element values
for a Tee attenuator follows these formu-
lae (1):

— 2 Zin ) Zoui " A
A )
L (A+1)
21=2 ( — ) z3 @
22=zom<2f]> -73 @®)

For Pi attenuators, the formulas are:

_ 2 A
B=a-1lz 2 @

in . Tout
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_ 1 /[A+1 _

Z1_Zm<A—1> z3 (5)
=V [(At+1) _

2= Zout (A - 1> 23 ©

When using these equations, remember
that A is a numerical value for attenu-
ation, not a decibel notation.

Why Use Attenuators?

The signal level reduction provided
by an attenuator can be used for many
purposes, such.as:

Matching signal levels. Keeping sys-
tem components within specified operat-
ing ranges is often required. Common
usage is to match levels between off-the-
shelf components or assemblies which
have different design signal levels.

Extending dynamic range. By adding
attenuation at high signal levels, the
range of instruments or circuits can be
extended.

Calibrating signal levels. Comparison
of an unknown signal to a known
reference level can be done by adding
calibrated attenuation to the stronger of
the two until the levels are equal, then
noting the difference.

Controlling impedances. Another prop-
erty of resistive attenuators is that they
are not directional. Attenuation is the
same in both directions. This means
that they can be used to improve an
impedance match by increasing the

21 22
Zin zout
23

(a) Tee configuration

23
Zin o ' A 1 0 Zout
Zl{ %ZE

(> Pi configuration

Figure 1. Basic Tee and Pi attenu-
ator configurations.

return loss. For example, a 6 dB attenu-
ator guarantees a worst-case 12 dB
return loss if either port is open or
shorted (6 dB loss, 100 percent reflec-
tion, another 6 dB loss back to the
originating port).

When the additional loss introduced
by the attenuator can be tolerated, an
attenuator may be a reliable and inex-
pensive alternative to more complex
impedance-controlling networks.

Other Variations

Attenuators can be made variable to
meet specific performance goals. Vari-
able attenuators can have adjustable
resistors in the three legs. In cases
where precision is not required, a single
element (usually Z3) can be made
variable, and the attenuation can be
varied over a modest range without too
much variation in the impedance. For
this kind of application, another topol-
ogy, the bridged-tee is often used,
adding an extra element to keep the
impedance relatively constant over a
wider range of attenuation.

Another common variable attenuator
circuit uses PIN diodes, which act as
voltage-variable resistors (2). To mini-
mize component count and circuit com-
plexity, these attenuators typically use
a bridged-tee or similar configuration.
At VHF and higher frequencies, PIN
diode attenuators are very common.

It is possible to make variable attenu-
ators using FETs as variable resistive
elements (3). This implementation is
often used in GaAs MMIC circuits.

Another common configuration is the
step attenuator. A number of fixed at-
tenuator sections are switched in and
out of the circuit — large or small incre-
ments as required for the application.
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RF SYNTHESIS SOFTWARE

Smithsoft Plus by Somersoft

PC Software for Every RF Engineer

INTERACTIVE SMITH CHART
Data are entered directly onto the chart by using the mouse,
keyboard, or by loading a disk file. Component arcs,
including parasitic effects, are drawn on the chart by making
component selections from the top menu bar. A schematic
is automatically generated and displayed as components
are selected. Once a circuit is entered, the circuit editor
allows you to randomly tune, cut, copy or paste any
component. This makes it very easy to experiment with
many different kinds of circuit topologies in order to achieve
the best design. This also makes the software very
educational for those who are just learning the Smith chart.

... PARTIAL LIST OF FEATURES ...

Network Analyzer Z-Theta Chart
H, S, Y, Z, ABCD Conversions
Common B - Common E - Common C
Simultaneous Multiple File Analysis
Operating and Available Power Gain Circles
Unilateral Power Gain Circles
Noise Circles  Stability Circles
S-Parameter Stack for Recursive Operations
Data Tables on Screen or Dump to Printer
Internal Graphic Screen Dump

$259.00, Somersoft, (707)829-0164
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CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every
10% value from 1pf to 33uf. CR-1 Resistor Kit contains
1540 pieces; 10 ea. of every 5% value from 1002 to 10 megfl.
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and
available for Immediate One Day Deliveryt
Order by toll-free phone, FAX, or mail. We accept
VISA, MC, COD, or Pre-paid orders. Company PO’s
accepted with approved credit. Call for free detailed
brochure.

COMMUNICATIONS SPECIALISTS, INC.

B 406 West Taft Ave. - Orange, CA 92665-4296
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