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RF industry insight

Government and Industry Labs
Advance RF Metrology

By Andy Kellett
Technical Editor

Metrology is the study of measure-
ments. RF engineers depend on metrol-
ogy to ensure that whatever quantities
they measure with their instruments,
they have a well defined correspon-
dence to standards, that is, to ensure
that their equipment is calibrated. This
report looks at some of the work being
done at the National Institute for Stan-
dards and Technology (NIST) and in
metrology labs in industry.

On-Wafer Testing

Making accurate on-wafer measure-
ments of semiconductor parameters is
the goal of work by Drs. Dylan Williams
and Roger B. Marks of NIST.

The two NIST researchers have
developed methods for characterizing
transmission lines and other devices in
lossy dielectrics, and have created pro-
cedures for testing the accuracy of on-
wafer microwave measurements.

The lossy transmission line models
developed by Dr. Williams and Dr.
Marks handle lossy and inhomogeneous
dielectrics and yield frequency depen-
dent transmission line parameters,
which makes analysis in the frequency
domain much easier. "Conventional the-
ories don't include [lossy and inhomoge-
neous dielectrics] as properties unless
they are very small order, in other
words, they will include loss as a pertur-
bation but not as a significant factor,"
says Dr. Marks.

"One of the reasons we are interested
in these transmission line parameters is
not only to characterize the transmission
line itself, but also to do accurate S-
parameter and impedance measure-
ments,” says Marks, "In order to accu-
rately measure the impedance parame-
ters you have to know the characteristic
impedance of the transmission line."

Ultimately, the new technique will pro-
vide accurate models of various test fix-
tures and packages, allowing the effects
of the fixtures or packages to be sub-
tracted from device measurements. The
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work was funded by the NIST/Industrial
MMIC Consortium, whose members
include TRW, Cascade Microtech,
Texas Instruments, Raytheon Corpora-
tion, ITT, and Newark Air Force Base.
Many of the recent advances in elec-
tronics metrology that have come from
NIST labs are listed in a publication
titled, Electronics and Electrical Engi-
neering Laboratory: 1993 Technical
Accomplishments. Also mentioned in
the NIST publication are new calibration
services offered by NIST, such as high
accuracy power measurement, S-para-
meter measurements for devices with
2.92 mm connectors, improved power
comparison measurements, and mea-
surements of standard gain antennas.

What's Happening in Industry
Labs?

While NIST's task is to be the ultimate
source of calibration, many companies
have their own metrology labs whose
purpose is to be an in-house source of
calibration.

Benny Smith, Metrology Manager for
Hewlett-Packard's Microwave Instru-
ments Division says his customers
come from both inside HP and from HP
customers. According to Smith, the
three most important parameters for
people who request work from his lab
are power, attenuation, and frequency.

Smith says his lab handles many
tasks, from answering customer's ques-
tions about the NIST-traceability of their
equipment, to assisting in the develop-
ment of new instruments, ensuring that
instrument precision doesn't exceed
capabilities of normal calibration labs.

Not every company has an explicit
metrology department, however, calibra-
tion techniques are developed by com-
pany's design and manufacturing engi-
neers. Hank Pfizenmayer, Principal
Member of the Technical Staff and Prod-
uct Manager for Linear Modules at
Motorola Semiconductor says his group
gets accurate de-embedding matrices for

precise fixtures by simulating them on
HP's High Frequency Structure Simula-
tor.

‘We think that if its done properly, its
probably more accurate than trying to do
an open-short-through type of calibra-
tion for fixture de-embedding," says
Pfizenmayer.

Calibration of RF instruments is as
important as ever, and NIST and indus-
try labs are working together to make
RF measurements more precise and
accurate. RF

Make Your Know-How
NIST-Traceable

NIST publishes several items
which describe their calibration ser-
vices and research work.

The NIST Calibration Services
Users Guide describes all of NIST's
calibration capabilities and all its
standard calibration services. Its
appendix, a separate document, con-
tains the fee schedule for the calibra-
tion services. It can be ordered by
writing NIST at Rm A-104, Bldg.
TRF, NIST, Gaithersburg, MD
20899-0001.

The Electronics and Electrical
Engineering Laboratory: 1993 Tech-
nical Accomplishments (NISTIR
5355), describes some of the
research advances made by NIST
scientists in the fields of microwaves,
EMC, semiconductors, superconduc-
tors and other fields. NISTIR 5355 is
available for $17.50 prepaid from the
National Technical Information Ser-
vice, Springfield, VA 22161, or by
phone at (800) 553-6847. Order by
PB 94-136777.

Finally, a quarterly publication from
NIST can keep you informed about
NIST's activities. Technology at a
Glance can be ordered from NIST by
writing to: Public Affairs, A-903,
NIST, Gaithersburg, MD 20899-
0001.
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RF featured technology

Digital IF Processing

by Clay Olmstead and Mike Petrowski
Harris Semiconductor

With the expansion of wireless com-
munications into new arenas, for exam-
ple, CDPD, PCS, and wireless LANs,
radio designers feel increasing pressure
to keep overall system cost low while
crafting high performance systems. For-
tunately, advances in technology are
making it possible to eliminate portions
of the circuit that classical design tech-
niques made necessary. Cutting stages
reduces the cost and size of the radio
and eliminates the time spent debug-
ging the circuit and testing it in manufac-
turing. Because the receiver often con-
sumes the bulk of the design effort, the
greatest gains can be made in concen-
trating on this part of the circuit.

nalog errors that arise in traditional

IF processing could be reduced by
implementing as much of the receiver as
possible with digital parts, but doing this
creates its own problems. The A/D con-
verter would have to be moved to one of
the higher IF stages, which would result
in a much higher sample rate. Because
more of the input band would be digi-
tized, the power of the input signal to the
sample-and-hold (S&H) would be great-
ly increased, requiring a much larger
dynamic range for the A/D converter.

Such a converter would be more
expensive and consume more power
than the one in the conventional design.
In many cases the demands on the con-
verter would be such that it would be
impossible to build with current technol-
ogy. Moreover, even if an acceptable
A/D converter were available, the output
sample rate would be too high for the
microprocessor.

There is another alternative, however.
Instead of sampling the signal at twice
the IF frequency, the signal can be
undersampled that is, sampled at a fre-
quency that meets Nyquist’s criterion
with respect to its bandwidth, rather than
its frequency. This creates a special set
of considerations for the designer, but in
many cases allows elimination of one or
more |F stages, producing a circuit that
is smaller, often consumes less power,
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and is less expensive than the tradition-
al solution.

Anti-aliasing

Before turning to subsampling a review
of anti-aliasing filter considerations is in
order. (To simplify the arithmetic,
assume that a real, as opposed to a
complex, signal is digitized.)

Traditional baseband sampling digi-
tizes a signal that theoretically has spec-
tral content limited to the region from DC
to the Nyquist frequency, or one-half the
sampling rate. (In the figures, the flat
topped, non-aliased areas are useful
areas of the spectrum.) The input spec-
trum requires a low-pass anti-aliasing fil-
ter with an infinitely sharp transition band
(Figure 1a), which is physically impossi-
ble. In a “textbook” anti-aliasing filter
(Figure 1b), the filter’s transition band
begins at some point in frequency before
the Nyquist frequency and reaches the
required attenuation (which is related to
the required dynamic range of the sys-
tem) at the Nyquist frequency. In most
practical systems, the anti-aliasing filter
can be designed so that the filter’s transi-
tion band can alias back on itself. This
eases the requirements on the anti-alias-
ing filter (Figure 1c).

In many applications, anti-aliasing filter
performance trades off transition-band
roll-off characteristics for nonlinear
phase, and thus group-delay characteris-
tics. An example is the choice between a
Butterworth or an elliptic active filter. A
Butterworth filter has relatively flat group
delay but also relatively slow roll-off
characteristics. An elliptic filter, by con-
trast, has comparatively fast roll-off char-
acteristics but more severe group delay
characteristics.

The greatest amount of group delay in
a filter typically occurs at the transition
region between the passband to the
transition band(s). (This phenomenon is
a direct result of a filter's pole locations.)
One common method of compromise is
to design the anti-alias filter to have a
passband wider than the final band of
interest. Then the transition band reach-

a
Lower Spectral Sideband | Upper Spectral Sideband
/2 D.C. fe/2
| Lower Spectral Sideband | Upper Spectral Sideband |
-fs/2 D.C. fs/2
C
Lower Spectral Sideband | Upper Spectral Sideband
fs/2 D.C. fs/2
d - Usable Band -
Lower Spectral Sideband | Upper Spectral Sideband
-fg/2 D.C. fs/2

Figure 1. Increasingly realistic
passband shapes.

es the required attenuation at frequen-
cies that alias into the band of interest.
The filter is also designed so that the
group delay falls to within allowable toler-
ances at frequencies in the band of inter-
est (Figure 1d,). In the graph, the group
delay is above allowable values in the
dark shaded areas. These areas must
be attenuated by baseband processing.

Digitizing

Digitizing analog signals requires two
components: a sample-and-hold or
track-and-hold (T&H) and an A/D con-
verter. (We use the term S&H generically
to mean either sample-and-hold or track-
and-hold. The primary difference is that a
track-and-hold continuously tracks the
input signal, while a sample-and-hold
samples the value of the input signal
during a finite period before the sample
is taken.)

The S&H captures the signal at equally
spaced sampling intervals and holds
those values to within one-half of the
A/D’s least significant bit (LSB) of accu-
racy during the A/D’s conversion time.
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Figure 2. Original spectrum of
bandiimited signal (a) and result
of subsampling for n even (b) and
n odd (c).

S&H. This is because the A/D is operat-
ing at a rate consistent with the band-
width of the band of interest while the
S&H must operate with a bandwidth con-
sistent with the IF location of the band of
interest.

To illustrate this, extend the above
example, still using a 12.5 MSPS A/D.
Consider a 3.125 MHz-wide band of
interest centered at a 71.875 MHz IF.
The band of interest extends from
70.3125 to 73.4375 MHz. The band of
interest is spectrally reversed in the sub-
sampling process and extends from
1.5625 to 4.8125 MHz in the discrete
baseband frequency domain. Therefore,
the S&H must be designed to meet the
SNR and SFDR specifications for signals
of up to approximately 73.5 MHz in fre-
quency while the A/D must meet them
only for input frequencies up to approxi-
mately 5 MHz.

Another important consideration for
subsampling is the relationship between
the S&H clock and the A/D ciock. The
S&H must be designed for high-speed
signal capture, a requirement that is

-nfs/2

|
Y77
%, DC nfg/2
(n-1)tg2

)

()2 ~(n-1)fg2 (n+1)fs/2

b

s P DC. fs /2

¢ X

-fs P DC. fs 2

Figure 3. Original spectrum of
bandlimited signal (a) and result
of subsampling for n even (b) and
n odd (c¢) with transition band
folding.

incompatible with extended hold times.
Thus, even though the time interval
between samples is relatively long, the
A/D must capture the sample immediate-
ly after the S&H samples the input sig-
nal. Otherwise sample droop before ana-
log-to-digital conversion will cause signal
distortion. If clock relationships can not
be guaranteed, a secondary long-term
hold circuit can be included in the S&H to
prevent signal droop before the A/D cap-
tures the signal.

There are two major advantages to
subsampling. First, it increases the
allowable conversion time for the A/D
Converter. Second, it performs a part of
the downconversion task. As in the
example above, the input passband sig-
nal is brought closer to baseband by the
proper choice of sampling frequency.
Because of this, the second IF stage can
be eliminated in some cases (Figure 4).
Note that the final IF stage is now a digi-
tal circuit, where a multiplier is used as a
mixer, a numerically controlled oscillator
(NCO) replaces the VCO, and digital fil-
ters are used instead of analog filters.

70 MHz S&H A/D SXH \H
AP HHTH
10.7 MHz| DSP
Anti-alias filter —{nco - uP
VCO
N

Figure 4. Receiver architecture using subsampling.
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Practical subsampling

There are two keys to real-life imple-
mentation of subsampling: the S/H must
have a wide input bandwidth, so that the
S/H and A/D converter together maintain
a high ENOB over a useful range of
input frequencies, and there must be a
way of processing the sampled signal.

Sampling A/D converters are available
with 8-, 10-, and 12-bit resolution, con-
version rates to 500 MSPS, and input
bandwidths to 300 MHz. The graph (Fig-
ure 5) shows the effect of input frequen-
cy on ENOB for Harris’ HI5702 10-bit,
40-MSPS A/D converter. Introduced in
July of this year, this converter is a good
indicator of the current state of the art.

Digital IF Processing

Once the IF signal has been digitized,
additional digital signal processing often
includes fine frequency tuning, real-to-
complex signal conversion, channel
selection filtering, matched filtering, and
phase/frequency tracking of the carrier.

For example, to process narrowband
input signals at low input sample rates (<
5 MSPS), an ultrahigh dynamic range
down-converter may be constructed
using two HSP43124 Serial 1/O Filters
(Figure 6). These ICs process serial data
streams with word widths from 8 to 24
bits using a filter compute engine that uti-
lizes 32 bit coefficients. The extended
length coefficients provide floating-point
filter performance that makes possible
down-converter designs with well over
100 dB of dynamic range. The IC is
called a serial I/O filter because it inter-
faces with the serial port of most com-
mon DSP processors. One advantage
of this arrangement is that the serial I/O
filter can off-load the downconversion
function from the DSP uP when either

HI5702 ENOB vs INPUT FREQUENCY
10.0
9.5
9.0
8.5 SRar
8.0 ~
7.5
7.0
6.5
6.0
55
5.0

ENOB

109 10’ 102
INPUT FREQUENCY (MHz)
ENCODE 40 MHz

Figure 5. Effect of input frequen-
cy on ENOB of HI5702 ADC.
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Program: PROTO VF(1): 10.1 MHz/ 10.3 dBm
P;::q 1414520 VF(2): <not connected>
I 101 3 0.0MHz/0.0d8m

* nl. Bits: 12 Clk: 51.2MHz /0.0 dBm
Date: 05-06-94/01:35 PM CikDiv: 1
Operator: Al Devo Samples:  32Kx1
Comments: Temp: 2C
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Frequency In MHz

Fund 1: -0.97 d8FS

SNR: 65.46/ (H) 65.56 dB
SFDR: 86.81 dBe

Harm Dist: 81.08 dBe

IMR: 0.0dBe

Fund 2: <not connected>
Noise Avg: -108.57 dBFS
OCOFF: 767 Q/-4853dBFS
Qlevel: SOIEDIQ

Eff Bits: 10.58 Bits

Figure 2. 12 bit A/D module at 1 MHz video, 51.2 MHz clock.

offset correction loop through the control
lines in the interface connector. A cor-
rected A/D can have the offset in frac-
tions of an LSB.

In 1/Q synchronous converter systems,
phase match is an important considera-
tion between the two A/D converter
channels. When the analog input paths
are not exactly equal, an error appears
as a phase mismatch that could range
from a few tenths of a degree to a few
degrees. This error occurs when the
analog signals are sampled at different
points in the two A/D’s at a specific
instance of time. By sampling the analog
signal in one channel at a slightly later
time, the phase mismatch can be com-
pensated accurately. A digital delay cir-
cuit is inserted in front of each A/D clock
input to delay the clock signal for sam-

12 BIT A/D MODULE SN101 @ 51.2 MHz CLK
5 % - |I-SFOR
R . B T . 8 (5
&
& 85 i
g
»w 80
75
70
>y
65 R
60
0 5 10 15 20 25
FREQ (MHz)

Figure 3. 12 bit A/D SNR and
SFDR summary at 50 MHz clock.

RF Design

pling the analog signal at a particular
instant where the phase is optimally
matched. Typically this method can cor-
rect phase error to better than half a
degree over the operating frequency
band. With this compensation, the out-
put data for one channel will be shifted
by the same amount as the input clock
is delayed. Since this is typically small
compared to the clock period, there is
no impact on timing skew if the data for
both channels are strobed in the middle
of the valid data window.

The A/D data outputs are buffered by
fully differential ECL output drivers con-
figured to drive 100 ohm terminated
loads. The output drivers buffer the A/D
converters from any external system
noise that may corrupt the performance
of the A/D conversion. The output cod-
ing is in two’s complement.

The A/D module is housed in a EMI
shielded enclosure of the size 5.87 x 5.7
% 0.75 inches. A heat sink is mounted on
the back of the housing to adequately
dissipate the power in the unit. The A/D
module uses 7.5V and 5V power sup-
plies.

Dynamic Performance Summary
The A/D converter module is charac-
terized by capturing its digital outputs
into a buffer memory at speed and pro-
cessing the FFT spectrum analysis in a
desktop computer. Histogram and wave-
form reconstruction can be extracted
from this analysis. The HAC 94M12 A/D
Converter Module has been optimized

Leading edge microwave technology . . .
Stilf searching for the boundiy . . .

CHESAPEAKE MICROWAVE

TECHNOLOGIES, INC.

11 Industrial Rd
Glen Rock, PA 17327
PH (717) 235-10655
FAX: (717) 235-2501

PCS POWER AMPS

Model APG 1819 - 150
Rugged - Protected from
User Abuse

Freq. 1.8 - 1.9 GHz
Pout 150 Watts
Gain 50 dB

IPa + 67 dBm typ

SAMPLES OF OTHER
AMPLIFIER FREQUENCIES

850 - 960 MHz 200 W CwW
2.5-2.7 GHz 100 W CW
470 - 860 MHz 200 W CW
14.0-145GHz 10WCW
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RF tutorial

Printed Circuit Board Considera-
tions for Low Cost Design

By Gary A. Breed
Editor

Here is a short summary of the engi-
neering issues surrounding current RF
design practices using printed circuits.
The materials, layout methods and
assembly techniques all are subject to
tradeoffs concerning cost and perfor-
mance.

rinted circuits have been the stan-

dard method for electronic design
and assembly for many years. In the RF
realm, the electronic performance char-
acteristics of p.c. board materials have
been the principal selection criteria.
However, in a changing marketplace,
greater emphasis on cost has required
RF engineers to evaluate materials that
were previously considered low perfor-
mance.

At the same time, p.c. board laminate
manufacturers have been addressing
the performance issues surrounding
their “commodity” materials, as well as
developing lower cost versions of their
traditional RF/microwave materials. In
particular, low dielectric constant materi-
als are being developed that will sell for
a much lower cost than the “classic”
PTFE/glass laminates.

In addition to the materials, design
and assembly methods are also being
reevaluated for low cost RF design.
High volume, low cost products must be
assembled by automatic machinery, and
the component selection and physical
layout must accommodate this require-
ment. Often, however, optimum design
for manufacturing is far less than opti-
mum for RF performance.

Adapting Consumer Electronics
Techniques

Consumer electronics, which general-
ly involves entertainment products like
radio, audio, television and games, is a
good model for low cost, high volume
production. These products almost
exclusively use fiberglass-based lami-
nates (the ubiquitous FR-4 or G-10).
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Second layer: ground plane

Top layer: main circuit

h N \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Third layer: power bus

< \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Bottom layer: ground plane

Figure 1. Basic concept of separating the power bus from the remain-
der of the circuit using a multilayer p.c. board.

These are high dielectric constant mate-
rials (¢, = 5 or greater). They are also
much lossier than laminates that have
been typically used in the higher RF and
microwave range (€ = 2.4 or lower).

For many designers, the cost of mate-
rials and the cost of etching and assem-
bly dictates that FR-4 type laminates will
be used. What are the major tradeoffs,
and how are performance factors to be
dealt with?

If the entire design is to be included
on the board, the designer may have to
adapt the design to allow for practical
impedances of any microstrip lines that
are part of the circuit. Lines on 1/16 inch
FR-4 are much narrower than on
microwave laminate, for the same char-
acteristic impedance. In a few cases,
this will actually help, by making
microstrip structures more compact.
However, the increased dielectric and
radiation losses will decrease the perfor-
mance of those structures.

To combat performance losses, cir-
cuits can be made a small as possible to
minimize the lengths of interconnecting
lines. Localized shielding can be used
where radiation is a problem. The total
gain of the system, and its distribution in
the circuit may be another way to com-
pensate for the lower performance of
inexpensive p.c. laminates.

Critical performance areas may

require special attention. Many circuit
elements are available as preassembled
modules. VCOs, synthesizers, low-noise
amplifiers, couplers and splitters, and fil-
ters are all available as board-mounted
components. A last-resort possibility is
embedding a section of microwave lami-
nate within a larger glass board. This
may solve performance problems when
only one part of the circuit is the prob-
lem area — such as receiver front-end
circuitry.

Multilayer Boards

increased use of multilayer p.c.
boards is part of the new trend in design
of RF products. Size reduction and per-
formance requirements are the reasons
for using multilayer boards.

A simple example, a four layer board
(Figure 1) might be used. The top layer
contains the main circuit paths for a nor-
mal SMT assembly. Below that is a
ground plane, creating both shielding
and a return path for transmission-line
elements on the top layer.

Below this ground plane is a power
distribution layer, which is used to carry
power and bias voltages to various parts
of the circuit. Again, there is a combina-
tion of shielding and transmission line
effect that greatly helps isolate the
power bus from the operating circuit,
and reduces unwanted coupling that
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RF filters

A Design Method For Unequally
Terminated Elliptic Filters

By Michael G. Ellis
U.S. Army Corps of Engineers

Unevenly terminated passive elliptic fil-
ters can be obtained from normalized
evenly terminated lowpass midshunt pro-
totypes without the need for iterative
techniques. This paper summarizes a
method for obtaining these element val-
ues by modifying the expression for the
input impedance.

he voltage transfer function, G(s), for
any linear filter can be written as

1

R (O 15 M)
P(s)P(s)
PSP(-S) _ P(o)P(=s)

~ P(s)P(=s) + F(s)F(-s) E(s)E(-s)

If the normalized filter has even termi-
nations, as shown in Figure 1, then its
input impedance is given by

_E(s)+F(s) @)
" E(s)-F(s)

Both E(s) and F(s) contain even and
odd powers of s since Z,,, as defined in
Figure 1, includes the 1 ohm termination
resistance.

If arbitrary source and load resistances
are desired, then the new input imped-
ance becomes

M(s)M(-s)

4R1R2
e p(s)P(—

(R1+R2)? (9F(=s)

Since E(s), F(s), and P(s) can easily
be found for the evenly terminated ellipti-
cal filter, equation (3) provides the input
impedance for the unevenly terminated
filter from which a new set of element
values can be computed. The extraction
process given in Table 1 will be used in
the following example to find the element
values of the unevenly terminated filter.

= E(S)E(_S) (4)

Example

The elliptic filter in Figure 2 is an evenly
terminated normalized lowpass elliptic fil-
ter with 1 dB passband ripple, 50 dB
stopband attenuation, and a cutoff fre-
quency of 1 radian per second. The task
is to modify it for a 2 ohm termination.
Step 1: Find E(s), F(s), and P(s) — E(s),
F(s), and P(s) are normally given by the
computer program in the initial design of
the evenly terminated prototype[2]. There
are other means of obtaining these poly-
nomials such as the one given below.

1) From inspection:

P(s) = K [s2 + (1.630707)3]
[s2+(1.273134)3

where 1.630707 and 1.273134 are the

10
¥ G(s)= ) R23
E(s) 12 Vout
Zpn
Figure 1. Network model for

derivation of the input imped-
ance, Z;,..

2) The input impedance, Z;,, for the
evenly terminated filter can be deter-
mined from the element values. E(s) and
F(s) can then be determined analytically
using equation (2).

In this case:

g = 0.0356362 [s2+(1.273134)]
[s2+(1.630707)?]

and

E(s) = s® + 1.179969s5 + 2.234428s* +
1.781004s3 + 1.345695s2 + 0.602656s +
0.1519941

Step 2: Determine M(s) — Since the
source and load terminations are
unequal, M(s) must be found using equa-
tion (4) with R1 = 1 and R2 = 2 such that

R1E(s) + RIM(s) resonant frequencies of the shunt L-C
Zn = e () resonant circuits. The value of K can be  M(SIM(-=s) = E(s)E(-s) (5)
E(s) — M(s) : ;
determined once E(s) is known so that 4.1.2 P(s)P(~s)
where the DC gain of G(s) is unity. (1+ 2)2
1414444 H 1 393034 H 1.157516 H 30740846 H 2, 983208 H 25831443 H
1.127055 F 1.14298 F 10 0.589032 F 1.14298 F 20
T~ 1694950 F —< 0.5538933 F
0.3336594 H 0.5397744H 0.6384241 H 12732238 H
,=1630707  ,=1273134 (O,=c° W,=1630707  (0,=1273134 (M=o
Figure 2. Evenly terminated normalized lowpass  Figure 3. Final design for 6th order elliptic filter with
elliptic filter. 2Q termination.
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pole removal remainder function
L
1] —M— L= Zin Zi =2y - sl
D —————— S S o
I 1/Z, 1 1
2 c C = —_——n =7 == SC
S lgzw VAT
I L= SZin
c 2 2
3 S HOX2o o2 A1 s/t
L c_ q AR AN 52+ UJX2
Lo,?
Table 1. Removal process for synthesis for elliptic filters [1].
A root-finding routine is used to find all Z,, ~The inputimpedance, Z;,, given by
the roots of the 12th-order polynomial
that results from eq. 5. Taking those
roots that are in the left-hand plane  » _ R1E(s) + R1M(s) (6)

yields, (computation details can be found n = E(s) - M(s)

in [3]):
becomes

M(s) = s8 + 0.6276991s5 + 1.735267s% +

0.8786084s + 0.7858717s2 + 0.273009s Z,, = (2s® + 1.80767s* + 2.65961s5 +

2.13157s2 + 0.8757s + 0. 20266) /
(0.552270s% + 0.4991s* + 0.90240s3 +
0.55982s2 + 0.3296s + 0.10133)

+ 0.0506646

Step 3: Find the new input impedance,

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HF AMPLIFIERS per MOTOROLA BULLETINS 100 WATT 420-450 MHz PUSH-PULL LINEAR

Complete Parts List for HF Amplitiers Described :::UF'ER—M
in the MOTOROLA R.F. Device Data 67—PK (Kit)......
EB63 140W § 8965  LEoo'—PCB (PC Boa

EB27A 300W $136.80  'EB67—! Manual) ...
EB104 600W $371.65  We also stock Hard-to-Find parts

AR305 300W $346.82 CHIP CAPS—Kemet/ATC

AN758 300W $154.15
AN762 140W § 95.15
AN779L 20W § 83.79
AN779H 20W §$ 93.20

AR313 300W $366.00
NEW! 1K WATT 2-50 MHz Amplifier
MOTOROLA AR347 $1,100.95
POWER SPLITTERS and COMBINERS
2 METER VHF AMPLIFIERS 2—30MHz
$ 69.95

y 600 Watt PEP 2—Port .
35 Watt Model 335A.......... $ 79.95 Kit $ 79.95

" 1000 Watt PEP 2—Port .
75 Watt Model 875A ........... $119.95 Kit
Available in kit or wiredftested 1200 Watt PEP 4—Port . $ 89.95

For detailed information and prices, call or write for our free catalog.

METALCLAD MICA CAPS—Unelco/Semco
RF POWER TRANSISTORS
MINI—CIRCUIT MIXERS

SBL—1 (1—500M2)................ $ 6.50

SBL—1X (10—1000Mz) ........... $ 795
ARCO TRIMMER CAPACITORS
VK200—20/4B RF Choke .............. $ 120

56—590—65—3B Ferrite Bead ...... $ 20
8roadband HF Transformers
Add $4.00 for shipping and handling.

mlgommumcatlon pony
i epts Inc. ‘*
508 Millstone Drive * Beavercreek, OH 45434-5840 » (513} 426-8600

FAX (513) 429-3811

LTI R FQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.

Crystals Oscillators

* Microprocessor * Hybrid Clock
» Military Spec/QPL * TCXO

* Communication * VCXO

* Custom Crystals + Custom Oscillators

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL  Fax (913) 888-1260

INFO/CARD 56

80

Step 4: Extract the new element values —
Using the extraction rules given in Table
1, the new filter is shown in Figure 3.
Frequency and impedance scaling can
now be applied, including bandpass
transformations, to convert the lowpass
prototype into a passband, stopband, or
highpass filter.

Summary

Optimization routines that attempt to
find the element values of an unevenly
terminated filter from an evenly terminat-
ed prototype almost always converge to
a sub-optimal solution and should be
avoided. The method given here always
preserves the exact shape of the fre-
quency response regardiess of the ratio
of the source-to-load resistance. While
classical methods were used to extract
the element values for the new network,
the permutation method of synthesis due
to Amstutz [4] can be used in higher
order filters without the accumulation of
roundoff errors that eventually destroy
the accuracy of classical synthesis meth-
ods. For elliptic filters where the polyno-
mial P(s) is known from direct inspection
of the trap elements, the polynomials
E(s) and F(s) can be determined analyti-
cally if the first stopband frequency that
meets the prescribed stopband loss is
known. RF
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RF computer tools

Utility Programs Simplify RF
Analysis in SPICE

David K. Lovelace
Motorola, Inc.

With increased use of SPICE for
analysis of RF circuits, techniques are
required to get common RF data info a
usable format. This article describes
two utility programs to be used with
SPICE in the analysis of RF circuits.
SSWEEP is used to command SPICE
to change bias conditions for which an
S-parameter analysis is conducted,
then SSTRIP takes the SPICE format-
ted data and puts it into a Touchstone®
type S-parameter data file.

he first of the programs to be

described is SSWEEP, a SPICE util-
ity written to aid the designer who
requires that an AC analysis be con-
ducted at several DC bias conditions on
a circuit. SPICE does not allow an AC
analysis to be conducted during a DC
sweep. SSWEEP gives the SPICE user
the ability to sweep up to two indepen-
dent DC voltage or current sources and
perform an AC analysis at these user
defined DC operating conditions.
SSWEEP could be used to generate S-
parameters for a device at many differ-
ent DC bias points on the 1-V plane, and
perform a noise analysis at several bias
conditions. A description of how
SSWEEP operates is given as follows:

1) The SPICE user writes a circuit file
designed for AC analysis but that is
desired to be evaluated at several DC
bias conditions. A typical example is
shown in file MOS_L.CIR (Appendix A).
This example shows that through the
use of SPICE, S Parameters can be
generated for a device model at many
DC operating conditions as set by the
two independent sources VG and VD
and swept by SSWEEP.

2) The SPICE file should contain a
line with the following syntax:

*SWEEP PARAM1 START1 STOP1
STEP1 PARAM2 START2 STOP2
STEP2

RF Design

*MOS _L.CIR
* LUMPED RD/CDS OUTPUT TO THE MOS MODEL

* THIS CIRCUIT FILE WiLL GENERATE THE S-PARAMETERS FOR A CIRCUIT
* USING SPICE.

*REFERENCE: “S-PARAMETER WTPUT FROM SPICE PROGRAM”
BY: RAVENDER GOYAL
* MICROWAVE SYSTEM NEWS AND COMMUNICATIONS TECHNOLOGY
* FEBRUARY 1988, PGS 63 -66.
*ASSUMPTIONS:  TERMINATIONS ARE IN 50 OHMS REAL IMPEDANCE
* (COMPLEX IMPEDANCE TERMINATIONS CAN BE SIMULATED
* THROUGH THE APPROPRIATE CIRCUIT ELEMENTS USED TO
* REPLACE RS AND RL.)
* FILE NAME: MOS_L.CIR
* DATE: 23 JUL 91
" BY: DAVID LOVELACE

MOTOROLA, INC.
SEMICONDUCTOR CUSTOM TECHNOLOGIES CENTER

x4 *

* INSERT THE CIRCUIT TO BE ANALYZED HERE AND USE AS A SUBCIRCUIT TO
* GENERATE THE S-PARAMETERS

T I I

e I N NNy

* WE WANT TO GENERATE S-PARAMETERS FOR SEVERAL BIAS CONDITONS
*VARY VD 0 - 10V IN 0.5V INCREMENTS AND VG 3 - 5V IN 0.2V INCREMENTS

* THIS IS THE SSWEEP SYNTAX
*SWEEP VD 01005VG350.2

N T e I T T T T T T TR
*
[ L A L R L R

* MOS MODEL

P Y O T TN

*

.SUBCKT TEST 1 2
L1 13 1MEG

VG 30DC4.0

RG 14120

M1 10 4 0 0 NDMOS L=0.9U W=752U
M2 7 410 0 NDDMOS L=0.8U W=752U
CBLOCK 4 510.0

RX14 5 1MEG

D CY56Y

RX2 5 6 0.03MEG

CX 67 (CAX)

RX367 1MEG

RNHV 78 0.1

DDS 99 8 CDS

REPI 99 0 20

RD28210.0

L229 1MEG

vD9075

.ENDS TEST

PARAMS: CAX=(A1*C1)

O e e R T TN T T

* PARAMETERS SET FOR CAPACITANCES USED IN THE MODEL

B R R R A R R R e

*

* AREA FACTORS FOR CGD CAPACITANCES (continued on next page)

Appendix A. A sample SPICE circuit file as used with SSWEEP.
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assume an extension of .CIR. The
“file_name” cannot exceed five charac-
ters in length!

Limiting the file name to five charac-
ters allows for up to 999 bias conditions
to be evaluated since DOS allows a
maximum of eight characters in a valid
file name.

4) SSWEEP will start a SPICE analy-
sis for each of the bias values given by
the “*SWEEP ...” line of the circuit file.

5) A new SPICE circuit file and output
file will be generated for each of these
DC operation points.

Example: The circuit file MOS_L.CIR
(see Appendix A) will generate the fol-
lowing files:

MOS_LO0.CIR MOS_L0.OUT
MOS_L1.CIR MOS_LIL.OUT
MOS _L3.CIR MOS_L3.0UT

6) The file RESULTS.SWP will be
generated giving a table of the DC oper-
ating points and the names of the files
that resulted from SPICE.
the

Example: A sample of

RESULTS.SWP file:

The SPICE file included the following
““SWEEP ...” line:

*SWEEP V15 10 5 |1 SE-6 10E-6 5E-6

This caused an AC analysis to be per-
formed at each of the bias conditions
that are shown by the results file:
RESULTS.SWP

SSTRIP Program Description

SSTRIP will strip out S-Parameter
results from PSPICE and HSPICE two
port network analysis and convert them
to a “Touchstone” compatible two port
S-parameter data file. SSTRIP converts
data in the SPICE output files, .QUT for
PSPICE and .LIS for HSPICE, into S-
parameter data files with the same
SPICE file name with the exception of a
.S2P extension. Some important infor-
mation concerning the successful use of
SSTRIP is given as follows:

PSPICE — Although PSPICE was
used in this example, most any SPICE
program will function with SSTRIP
including HSPICE, ISPICE, UCB
SPICE, etc. A template circuit file that
should be used with SSTRIP is given in
Appendix B. This circuit file, SPAR.CIR
was derived from previous work by

RF Design

other users of SPICE [1,2]. [3]
describes how 2-port S-parameter data
are derived from SPICE. Comments
located within SPAR.CIR will describe
any specific details concerning its use.
SSTRIP assumes that the name of the
PSPICE output file has a .OUT exten-
sion.

HSPICE — HSPICE users are less
confined as are other SPICE users.

HSPICE has a “NET” command that
will allow it to generate two port S-para-
meters. Users of SSTRIP need only do
the following to their circuit file (this is
based on the proper use of the .NET
command; readers should refer to the
HSPICE users manual):

1) Include the statements: CO=132
INGOLD = 2 in the .OPTION line. This

Relax! (Hbithas solutions to your surface mount problems .

Q-bit offers a broad line of surface mount amplifiers in a
variety of packages. The amplifier specifications shown
below represent some of our current products.

Please call Q-bit with your specific requirements.

Guaranteed Specs 25°C

> % 0.625" Flatpack

Q-bit Frequency Gain  Compression VSWR NF Isolation 3rd/2nd DC Power
Model MHz daB dBm Ratio dB dB aBm Volts/mA
QBH-210 5-500 15.0 Q.0 1.541 3.0 25.0 23/33 15.0/29
QBH-215 10-500 12.3 260 1.5:1 7.8 250 35/42 15.0/165
QBH-217 5-100 16.5 4.5 1.5:1 1.5 35.0 17724 15.0/11
QBH-231 15-700 14.6 16.0 1.7:1 6.5 27.0 29/39 15.0/44
QBH-233 5-500 10.5 150 1.5:1 4.2 250 29/45 15.0/61
QBH-236 10-200 200 210 1.6:1 40 26.0 35/45 156.0/70
QBH-238 5-150 15.5 21.0 1.6:1 35 26.0 37/49 15.0/99
QBH-254 200-1200 12.8 8.0 2.0:1 2.6 230 21/31 15.0/23
QBH-261 10-150 133 27.0 2.0:1 3.5 16.0 45/55 16.0/175
QBH-271 10-150 135 27.0 1.5:1 65 27.0 39/45 15.0/105
QBH-277 10-300 16.0 120 1.5:1 2.6 30.0 22/32 5.0/26
QBH-280 5-150 29.0 19.0 1.6:1 38 50.0 32/42 15.0/59
QBH-284 5-100 19.8 240 1.5:1 40 27.0 38/48 15.0/82
QBH-287 10-1500 13.5 200 1,51 60 13.5 32/42 15.0/100
A n
> £0.450" SMD (SMTO-8)
Guaranteed Specs 25°C

Q-bit Frequency Gain  Compression  VSWR NF Isolation 3rd/2nd DC Power
Modei MHz dB aBm Ratio dB dB dBm Volits/mA
QBH-5119 10-500 15.0 12.0 1.5:1 3.0 220 26/36 15.0/33
QBH-5122 10-500 17.0 20.0 1.8:1 42 22.0 30/38 15.0/65
QBH-5147 20-1100 13.5 9.0 1.6:1 3.7 21.0 22/32 15.0/27
QBH-5237 10-200 12.7 22.0 1.8:1 4.5 15.0 38/50 15.0/97
QBH-5255 5-250 14.8 220 1.6:1 55 16.0 37/48 15.0/94
QBH-5271 10-150 13.2 26.0 1.7:1 4.0 15.0 39/48 15.0/148
QBH-5284 10-100 19.8 220 1.5:1 40 21.0 38/48 15.0/82
QBH-5407 50-2000 10.0 270 2.0:1 6.0 200 39/50 15/225
QBH-5804 10-100 200 240 1.5 40 27.0 38/48 15/82
QBH-5811  200-1200 12.8 80 2.0 2.6 230 21/31 15.0/23
QBH-5817 10-1500 13.5 20.0 1.5:1 6.0 13.5 32/42 15.0/100
QBH-5819 2-1000 155 18.0 2.0 60 16.0 30/42 15.0/84
QBH-5857 10-200 8.1 1.0 2.0:1 20 10.0 25/38 15.0/15

10-200 7.9 20.0 1.5:1 29 10.0 36/49 15.0/31

QBH-5870

|®

MIL-STD-1772 Qualified

Q-bit Corporation

2575 Pacific Avenue NE Palm Bay, Florida

32905

Main ‘B 407/727-1838 » Toll Free Sales B 800/226-1772 © FAX g 407/727-3729
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RF product forum

Custom ICs and ASICs Provide
Wireless Design Solutions

Custom and application-specific inte-
grated circuits are seeing a rapidly
growing level of interest from engineers
who are designing new wireless prod-
ucts. Many variations of digital, analog
and RF functions are required to meet
design goals for a diverse collection of
new radio-based communications prod-
ucts. In addition, the need to make
those products small, with low power
consumption, also leads many design-
ers to investigate custom integrated
components.

Basically, there are two general direc-
tions to follow: full custom and semi-cus-
tom. Full custom means that a specific
integrated circuit is designed “from the
ground up” to perform the desired func-
tions. This is the same process used to
develop standard catalog ICs, and has
the greatest design flexibility, but by far
the greatest engineering cost.

Semi-custom ICs can be divided into
two further groups: configurable transis-
tor arrays and standard-cells. Transistor
arrays typically contain an assortment of
single transistors, matched pairs and
emitter-coupled pairs, perhaps repre-
senting a couple different speed/power
levels, plus some resistors. The transis-
tors are interconnected with additional
metallization layers, which also include
additional bias resistors. Standard cells
are pre-designed amplifiers, mixers,
gates, flip-flops, etc., with layouts that
can be “glued” together to combine
functions to meet the customer’s needs.

The choice of whether to design with
standard ICs or to pursue a custom IC is
typically complex, relating to size of the
production run, performance require-
ments of the product, time-to-market
concerns, and short-term costs versus
costs over the lifetime of the product.

Here are summaries of custom and
semi-custom IC capabilities of just a few
companies capable of handling RF
applications:

Maxim Integrated Products

With their acquisition of Tektronix-
developed high frequency IC processes,
Maxim adds RF capabilities to their well-
established lower-frequency analog

88

expertise. Their QuickChip design
automation approach is an array of tran-
sistors, capacitors and resistors that can
be configured for a wide range of func-
tions using Maxim’s QuickTools design
software package.

Full-custom high frequency ICs are
also available for high-volume, perfor-
mance-critical applications. Design tools
are provided for this approach as well.
Available semiconductor processes
have NPN F; ranging from 9 GHz to 27
GHz.

Raytheon

Raytheon has a wide range of IC ser-
vices, drawing from the company’s
experience in high performance military
applications. Their RPA90 and RPA160
precision grid/tile arrays are suited for
high speed analog and digital systems
requiring NPN transistors with 4 GHz F-
and PNPs with 1.5 GHz F+.

The RSC4000 standard cell capability
uses a complementary BICMOS
process with similar speeds to the RPA
arrays, but with greater design flexibility
for mixed signal ICs. A wide variety of
analog and digital standard cell circuit
functions is intended to provide rapid
development time.

Raytheon also has GaAs MMIC capa-
bilities for high performance ICs with
devices having F; up to 27 GHz.

Hitachi America Ltd.

Hitachi offers ASIC technology in
CMOS and BiCMOS. Somewhat better
equipped for high speed digital circuits
like PLLs, counters and dividers, Hitachi
has developed the greatest number of
customers in computer and disk-drive
businesses. IC design. Design support
is provided by third-party design cen-
ters: Locus Inc., Micral, Indiana Micro-
electronics Center and Digital Equip-
ment Corp.

Harris Semiconductor

The Harris FastTrack design system is
the highlight of this company’s custom
and semi-custom IC program. Com-
bined with high performance bipolar and
CMOS processes, the focus is on com-

bining the performance of an IC design
with the modularity of RF circuit design.
To ease the design process, the soft-
ware includes numerous RF building
blocks that can be used as designed by
Harris developers, or modified to opti-
mize performance. One specific feature
is scalable transistors, allowing opti-
mization for noise figure, gain, and
power handling capability.

Hughes Microelectronics

Hughes ASIC capabilities are cen-
tered around their CyberCell library,
which provides an extensive selection of
analog and digital circuit functions.
Included with a complete package of
analog and digital cells, which includes
nonvolatile EEPROM capabilities, is an
RF library with ampilifiers, PLLs, quadra-
ture detector, oscillators, Gilbert cell, PN
generator and others.

Hughes ASICs have been widely used
in the RFID industry, where small size
and power consumption are critical
design parameters. Spread spectrum
applications are also an area where
Hughes ASICs have been developed.

Walmsley Microsystems

A new entry into the U.S. market,
Walmsley (of the U.K.) has a 20 GHz Fr
silicon bipolar process, offering arrays of
100 to 3000 transistors, including
devices with peak F; at 1 mA and 5 mA.
The larger arrays also include 0.25 mA
devices. Their high speed bipolar
process is well suited to RF and high
speed digital applications. RF

For more information on ASIC capa-
bilities, circle the Info/Card number
next to company of interest:

AT&T Microelectronics 170
Harris Semiconductor 171
Hitachi America 172
Hughes Microelectronics 173

M/A-COM Microelectronics Div.174
Maxim Integrated Products 175

Mitsubishi Electronics 176
Raytheon 177
Stanford Telecom 178
Walmsley Microsystems 179
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RF marketplace

Classified display ads are available at $115 per column inch. Frequency rates available for multiple
insertions. Please call for further information, 1-800-443-4969, ask for Carmen Hughes. Or fax your ad

copy for a rate quote to (404) 618-0342.

SERVICES

RF/MICROWAVE

RF POWER CONSULTING
Engineer with over 20 years of experience in high power

HF-VHF designs is available for consultation.
(Recently retired from a major semiconductor manufacturer).

Specialties: MOSFETs, amplifiers (classes A-D), power combiners, RF
transformers, filters, PC lay-outs, directional couplers, ETC.

Modern RF lab is available at the premises.

H.0. Granberg
Phone: 602-943-0401 Fax: 602-944-5019

IOWA MIDWEST

WIRELESS
WORK WITH AN RFENGINEER IN YOUR MOVE TO THE MIDWEST!

My clients need top-notch RF Design Engineers and Managers,
3 to 10+ years experience, HF to 3.0 GHz, Receivers, Transmit-
ters, Power Amplifiers, Synthesizers, Spread Spectrum,
ASIC/MMIC Design, Modems, Communications DSP.

DON GALLAGHER MSEE

Phone:  319-895-8042 Fax:  319-895-6455

1145 LINN RIDGE RD. MT. VERNON, IA 52314

40 YEARS OF RF ENGINEERING. MANAGEMENT. AND PLACEMENT OF ENGINEERS

INFO/CARD 80
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Nationwide opportunities in the

CELLULAR/WIRELESS industry. - i

i

RF Design
Marketplace

Debra Sola-Furnari Full-Featured Conversion System Design
TELE-TECH SEARCH Waypoint =i .

7 Canada Goose, 1st Floor Software. - TxRx Designer
Hackettstown, NJ 07840 Fommi bl Only $149.95
(908) 852-8896 FAX (908) 852-8907 (507) 8357429 *  Please call or write for information
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1-800-443-4969
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RF SOLID STATE

P.A. DESIGN ENGINEERS

Harris, a $3 billion Fortune 200 Corporation, is seeking
World Class candidates for an RF Solid State P.A. Design
Engineer, at their Broadcast Division Headquarters, a
worldwide supplier of radio and TV broadcast equipment
and integrated systems, in QUINCY, IL.

This challenging position calls for a driven, RF engineer,
with at least five years of experience in the design of lin-
ear, class A/AB, RF amplifier systems and circuits, power
dividers and combiners, and control/monitor circuits for
high power VHF/UHF application. Must be experienced in
solid state design utilizing MOS FET’s, and a champion of
design for low cost, manufacturability, and high reliability.
The desired candidate will have the skills to manage small
project teams, as well as the capability of being a hands-on,
individual contributor. This position requires a BSEE or
equivalent experience; MSEE preferred.

Harris Corporation offers a competitive starting salary,
with a comprehensive benefits package and opportunities
for growth and advancement. If qualified please send
resume (including salary history/requirements) in confi-
dence to: William G. Kellner, Supervisor, Human
Resources, Harris Corporation, Broadcast Division, Dept.
PA, P.O. Box 4290, Quincy, IL 62305-4290.

a0 HARRIS

An Equal Opportunity Employer, M/F/D/V
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for all aspects of base station and handset synthesizer design, including synthe-

Lead Engineer-Synthesizer/VCO : Provide technical direction and leadership
sizer control loop, VCO’s and reference frequency generation and distribution.

Develop detailed subsystem specifications for top-level systems requirements.
BSEE/MSEE 10 plus years designing VCO's and synthesizers. ’

lem Ran Jun )
QaQQ
QO
QOQ
Qo9
(e
.. YOUR CAREER
Spread Spectrum Design: Responsible for design development and test of RF cir-
—/

cuits and systems for spread-spectrum wireless systems. Designed 1.8/2.4 GHz
wideband frequency synthesizer and VCO and GAAS linear power amplifiers. Ana-
lyzed and simulated communications system performance. Assisted in producibility
redesign and system integration.

Product Marketing Manager: Our client, a well known communications firm, seeks an experienced
professional to perform classical marketing functions for a product line: i.e., develop short and long
term business plan, determine marketplace, etc. Excellent compensation package along with execu-
tive benefits. ‘

Director Wireless Technology: Scope of fields: PCS (Personal Communicatiions Services)
and its applications :

* New PCS systems compatible with FPLMTS (Future Public Land Mobile Telecom Systems)

+ PCS Intrastructure of new intelligent network for PNS

* GPS (Global Position Systems)

* Anti Collision Systems — Ph’d with 5 plus years.

RF Design Engineer: Design and develop various RF circuits (including but not limited to PA’s,

LNA's, mixers and filters). Perform subsystem and system level testing. BSEE/MSEE 5-7 years RF
circuit design experience with proven frack record of developing RF subsystems from concept |
through manufacturing introduction.

RFIC Design: MS or PhD in Electrical Engineering with minimum § years related experience pre-
ferred. The candidate should have a good knowledge and experience in Linear Bipolar High Fre-
quency IC design and measurement techniques in design IC’s like Amplifiers, Mixers, Oscillators,

0O’s, Synthesi Limiting A ifiers, etc. operating up to 2 GHz in Bipolar or BiC-

MOS téchnologies.

MMIC Design Engineer: Develop L/S band GaAs MMIC power amplifiers for
commercial wireless communications. Requires: M.S. or BSEE, +2 years experi-
ence with GaAs MMIC design, simulation, packaging and test.

RF System Design: Design of analog and RF systems and circuits
for consumer and commercial digital wireless products, Five to ten
years experience in RF system design. Experience with low cost
design techniques for frequency synthesizers, power amplifier,
up/down converters and baseband circuits for digital communica-
tions systems. Must be able to derive RF systems an module require-
ments to meet overall performance and cost goals. Familiarity with
time division duplex or CDMA a plus.

COMMUNICATIONS
‘ EXECUTIVE SEARCH

800 Turnpike St. « North Andover, MA 08145

We specialize in the placement of communications both nationally and internationally.

FOR THESE AND OTHER OPENINGS
CALL COLLECT: TEL: 508-685-2272

FAX': 508-794-5627
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worldwide to create future product lines. Axonn continually researches
new, patentable RF communication techniques. If you want challenge,
variety, design creativity and the growth available in a smaller
company, call or FAX your resume.

AXONN CORP. is the leading supplier of high
performance, low cost, embedded spread spectrum
technology. Axonn’s Fortune 500 customers integrate
our SW and HW designs into an impressive array of
innovative, very high volume applications. Our
designers work hand-in-hand with engineers

SENIOR & STAFF RF DESIGN ENGINEERS =————=—————

Hands-on design experience required with freq. synthesizers, rcvr.
design, X-mitter design and 900 to 2400 MHz. Must be proficient with
RF modeling software such as Touchstone or Eagleware and familiar
with surf, mount. 5 to 10 years experience required for Sr. position.

'E Phone: (504) 282-8119 Fax: (504) 282-0999
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RF Design
1-800-443-4969

Senior Microwave
Design Engineers

Successful candidates will have three
plus years hand-on experience in
design RF/microwave circuits and/or
subsystems. Must be familiar with
microwave circuit simulation and
layout CAD tools. Will work in Tai-
wan.

Microwave Hybrid Circuits Testing /
Assembly Senior Engineer / Manager

Successful candidates will have three
plus years hand-on experience in
design MIC circuits testing or have
the knowledge of microwave hybrid
circuit fabrication. Will work in Tai-
wan.

Regional Sales Engi-

neer /| Manager

Successful candidates will have five
plus years experience in Microwave
IC and components sales. Will work
in United States.

Send Resume with salary history to:
HEXAWAVE, INC
P.O. Box 7205
Fairfax Station, VA 22039-7205

INFO/CARD 87

RF Design

Engineering
i %
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TECHNICAL /
COMMUNICATIONS

¢ VP of Facilities Management

and Engineering
This position is accountable for ensuring
the readiness and suitability of all commu-
nication site facilities which includes all
managed, leased and owned facilities.
This position will ensure that client needs
with regard to these facilities are anticipat-
ed and /or satisfied. In addition this posi-
tion oversees and directs the construction
of new tower facilities.

e VP of Site Acquisition -
Managed Facilities
This position is accountable for the loca-
tion of suitable facilities for AAT to man-
age. We are seeking an individual with a
strong background in contract negotiation.
Knowledge of the telecommunications
industry a significant plus. This position
will require travel.
Interested Candidates please submit
your resume complete with salary
history to:

MJ. Peseau * Corporate Headquarters
AAT Communications Corporation
1854 Hylan Boulevard
Staten Island, New York 10305

or FAX to: 1-800-622-2669

INFO/CARD 107
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RF ENGINEERING
MANAGER

ITT Aerospace/Communications Division,
Fort Wayne, IN has an immediate need
foran RF Engineering Department Man-
ager who willlead and develop a strong
RF design team involving VHF and
microwave products.

The individual selected must be able to
provide technical leadership to 20 or
more technical professionals, and en-
sure adherence to, and improvement
of design processes.

BSEE, MSEE preferred and 12 or more
years of directly related engineering
experience including a significant
amount of experience in a leadership
role. Prefer experience with tactical
military communications equipment,
and experience modeling VHF circuits.

We offer a competitive salary/benefits
package and an attractive relocation
program. Please fax or send your re-
sume along with salary history to:
Manager Recruiting, ITT Aerospace/
Communications Division, 1919
West Cook Road, P.O. Box 3700, Fort
Wayne, IN 46801, Fax: 219-487-6124.
Aerospace/

IT Communications -

DEFENSE & .~
ELECTRONiCS  Division

We are an Equal Employment Opportunity (M F H) Employer

\

INFO/CARD 88

EricssoN GE MoBILE COMMUNICATIONS LAND
MosiLe Rapbio Division in Lynchburg, Virginia
has immediate openings for qualified senior
level engineers for our RF Hardware design
and systems. B.S.E.E. or M.S.E.E. required
with 5-10 years Hardware design experience.
Thorough knowledge of Land Mobile Radio a
plus. Candidates must be proficient in design
and test of one of the following RF modules;
Power amplifier, receiver, synthesizer or
system.

We are also currently seeking qualified devel-
opmental and staff engineers responsible for
the design and test of RF modules for
terminal and base station products.

For immediate consideration please call
(804) 948-6540 or send resume to:
Ericsson GE Mobile Communications
Mountain View Road, Room 1401
Lynchburg, VA 24506
Fax: (804) 948-6543

We are a leading company in Mobile
communications and experts in EDACS. We
also offer attractive benefit packages,

competitive salary, an incentives.
-2 n
ericsson Z [ §D |

Ericsson GE Mobile Communications, Inc. is an
equal opportunity employer.

INFO/CARD 89 91




RODUC

SUNBELT OPPORTUNITIES

1) BSEE - RF Receiver design, Sat Comm, Commercial wireless product
Design/Development

2) BSEE -~ RF Test Engineer — 50 MHtz to 1 MHtz. Spectrum analyzers,
Network analyzers

3) BSEE - RF Circuit Design Engineer — Frequency Synthesizers

4) BSEE - Section Manager Analog IC Design

Knowledge of non-linear modeling.

44 -o-r-t-un-e
PERSONNEL CONSULTANTS OF RALEIGH, INC.
P.O. Box 98388R ¢ Raleigh, NC 27624-8388
Phone: 919-848-9929 ¢ Fax: 919-848-1062
Stan Deckelbaum

Several of our growing commercial major electronic companies located in the
southeast have asked us to identify candidates in the mid-level experience range.

5) MSEE - MMIC for Military Systems ~ L. Band thru KU Band (2-18 GHtz) -

INFO/CARD 90

SERVICES

e Voltage Controlled Oscillators
* Phase Locked Oscillators
* Frequency Synthesizers
* Radar Receivers
» Subsystems
¢ Integrated Assemblies

:de

A Division of Aura Systems Inc.

27721-A La Paz Road
Laguna Niguel, CA 92677

132182 % |

]
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Ph: 408.280.7073 Fax: 408.280.1633

Z t
= '
: Learn DSP and
Ou put your
knowledge to
™ work
Tears IMMEDIATELY!

INFO/CARD 91

ANALOG & RF MODELS

SPICE models from DC to 10 GHZ
Full non-linear models including:
RF pin diodes, class C, opto, & logic.
We also do measurements and consulting.

Give us a call at (602) 575-5323

INFO/CARD 92

A-Comm ELECTRONICS
Refurbished Test Equipment
DC-26ghz HP GR Wavetek Tektronix
= Send for Catalog listing =
7198 S. Quince Street

Englewood, Colorado 80112
303 290 8012 Fax 303 290 8133

INFO/CARD 93

NOLAN LABORATORIES, INC.

Consulting, Design, Test and Manufacture

6}1/] 7 Domain Technologies, Inc.
BO0-GE7-5054

COMING TO A

ity NeaR You ¢
Washington, BC

By taking this
3-Day Course

EOR

RF, Microwave, Antennas,
Electromagnetics, EMI/RFI,

Austin. TR San Jose Hours 9-5 EST. you will really Bioelectromagnetic Sensors
Scottsdale, AZ Agk fzol; a t;(rjochuge. learn DSP. Design and Support for Manufacturability
’ L ur 2-Da vance
Atlanta Denver H. . is r)éady. cal for § Guaranteed! B | JamesA Nolan, MSEE PO Box 567
Long Beach, CA I more info. E= | President Conifer, CO 80433-0567
= = (303) 838-005
INFO/CARD 106 INFO/CARD 94
FREQUENCY CONTROL PRODUCTS
CRYSTAL OSCILLATORS CRYSTAL OVENS COMTRONIX SYSTEMS’ INC.
VCXO's Mo5 CUSTOMIZED
TCXO'’s M18
OCXO's M43 SOLID STATE#HIGH POWEREDeVHF/UHF
v LOW PROFILE 1 SINE OR SQUARE WAVE AM PLI F l E Rs
v TIGHT STABILITIES v PHASE LOCKING INPUTS

1 INTERNAL SMD CONSTRUCTION

z SOTEMP
RESEARCH., INC.

P.O. Box 3389 Charlottesville VA 22903
(804) 295-3101 FAX (804) 977-1849

DESIGNED AND BUILT TO YOUR SPECIFICATIONS

UP TO 200 WATTS
HIGHEST QUALITY/BEST PRICES

CALL OR SEND FOR INFORMATION  TEL413/785-1313 Fax 413/739-1352

INFO/CARD 95
92
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" PRODUCTS & SERVICES

* STD. 5 AND 10 MHZ OCXO

* TCXO » VCXO » TC-VCXO

* VCO’s « CLOCK OSCILLATORS

* CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ

« L/C FILTERS

* STANDARD JF FREQUENCYCRYSTALS

¢ SURFACE MOUNT AND LEADED
PACKAGE

ELEBT%DNICS

[ " Where your dreams turn into reatiey.” |

Call or Fax requirements.
16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301

INFO/CARD 97

RSG-10

SIGNAL GENERATOR

The $2495 profit generator
Quality crafted in the USA

Finally, a synthesized signal generator that’'s
designed to help you generate more than just signals. The
erator you can afford, the signal generator that’s designed to do what a signal generator is
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz.
For the price, you wouldn't expect any more. But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/programmable memory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units, just one touch of the memory
exchange button is all it takes to quickly shift from one test set-up to another. You get more
work done, easier and faster.

At $2495, the Ramsey RSG-10 is your profit generator.

— | RAMSEY ELECTRONICS
793 CANNING PARKWAY, VICTOR, NY 14584
Fax: {716) 924-4555

TELEX: 466735 RAMSEY Cl
ORDER DIRECT—CALL 1-800-446-2295

INFO/CARD 98

Switching Power Supply Noise?

We can make your switcher
quieter than a linear!

REGIONAL FREQUENCY
DATABASE SYSTEMS
ON CDROM

Data Access Program Included

* Easy Installation
* More Fields : Now 61 * Easy To Use

* Many New Program Enhancements

* New Format : Regional / Multi State

* Improved Performance / Faster Radius Search

Cail for more information and pricing on our complete product line.
Custom Databases and Services are also available ...

All frequencies within the FCC Master Frequency Database
for the entire US on CDROM -12 Fields $79.95 + $5.00 S&H

PerCon is the official contractor to the FCC for
the Master Frequency Database on COROM

PerCon Corporation
4906 Maple Springs / Ellery Road
Bemus Point, NY 14712
(716) 386-6015 (716) 386-6013 FAX

* New Data

INFO/CARD 99
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SWITCHING EM LOAD
POWER FILTER
SUPPLY

You can now use a switcher to power your
most sensitive RF, Analog or
instrumentation circuits. Our most effective
filter will attenuate high level noise spikes
(as high as 40V) and ripple

(as high as 1.5V pk-pk) to an output ripple
of typically 30uV to 1mV pk-pk.

Features:

«* One, two or three filtered lines
* +28V, -28V, +/-28V 4A standard versions

(613) 269-4247
“We specialize in difficult filter designs”

INFO/CARD 100

CALL

1-800-443-4969

Yellow Page
Directory
Section

. Equipment wall or through bulkhead FOR

+ Gustom; applicaton specifc versons DETAILS ON .
available AN EXCITING m‘deSIQI’I
EMC Consulting Inc. INTRODUCTORY Classified D ~—

P.O. Box 496, Merrickville, Ontario OFFER! assified Department

KOG 1NO, Canada. :

6151 Powers Ferry Road NW
Atlanta, GA 30339-2941
(404) 955-2500 Fax: (404) 618-0342
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CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759

INFO/CARD 65

Radio Links

Eliminate leaseline and wireline
costs

Aggressively priced with quantity
discounts available

Transmitter and receiver links in
VHF, UHF and 900 MHz are
designed specifically for high-
performance data transmission
Utility data system accommodates
audio inputs (modem tones) or
TTL-level digital inputs

RS-232 radio modems available in
VHF, UHF and spread-spectrum
(unlicensed) frequencies

A two-way radio manufacturer for
more than 30 years

| Aerotron-Repco Sales, inc.
1-800-950-5633

2400 Sand Lake Road
Orlando, Florida 32809

Dealer Inquiries Invited
INFO/CARD 66
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REF literature

Frequency Synthesis

Catalog

Sciteq’s 90-page, 1994-1995 catalog
includes tutorials on frequency synthesis,
plus technical and application data on the
company’s DDS, PLL and fractional-N syn-
thesizer products. It also includes a line of
microwave prescalers and other components
commonly used in synthesizer designs.
Sciteq Electronics, Inc.
INFO/CARD #210

Trim Cap Bulletin

Sprague-Goodman offers Preliminary Engi-
neering Bulletin SG-310, featuring their new
GPY series of sapphire dielectric trimmer
capacitors. Bulletin SG-310 includes features,
specifications, and a detailed outiine drawing.
The GPY models measure 5.2 x 4.3 x 3.2
mm and are available in capacitance ranges
from 0.4 - 2.0 pF to 0.8 - 8.0 pF.
Sprague-Goodman Electronics, Inc.
INFO/CARD #209

Representative Locator

The Electronics Representatives Associa-
tion (ERA) announces publication of the
1994/95 edition of the Locator Directory of
Electronics Industry Manufacturers’ Repre-
sentatives. The Locator contains listings of
member firms and the territory each covers,
categories of products handled, names of
company officers and managers, number of
personnel, branch offices and additional facil-
ities or services.
Electronics Representatives Association
INFO/CARD #208

Network Analyzer News

The latest version of Hewlett-Packard’'s HP
8510/8720 News includes an article on mea-
suring at rated current densities on-wafer”,
new product news, and a question and
answer column.
Hewlett-Packard Co.
INFO/CARD #207

Amplifier Linearity Note
“Evaluating Amplifier Linearity”, is an illus-

trated, four-page tech note from ENI. The

publication explains the different methods

commonly used to evaluate the linearity per-

formance of RF power amplifiers. The tech

note is available at no charge.

ENI

INFO/CARD #206

Software App. Note

"Using Microwave Harmonica PC to Design
and Simulate a Clapp Oscillator” is the title of
an application note offered by Compact Soft-
ware. The eight-page document describes
the use of nonlinear analysis at all stages of
the design process, from searching for the
frequency of oscillation to determining final
oscillator performance.
Compact Software
INFO/CARD #205

Circuit Design Book

A reprinted edition of Circuit Design Using
Personal Computers, by Thomas R. Cuthbert
Jr., has bee released by Krieger Publishing.
This book is a guide to designing electronic
circuits using small computers and program-
mable calculators. The 512-page, cloth-
bound book sells for $63.95.
Krieger Publishing Co.
INFO/CARD #204

Distribution Systems

Literature

K&L Microwave offers a folder containing
18 individual data sheets featuring model
specifications, photos and individual product
features on switch matrices. Included are:
coaxial, solid state, HF, video, audio, digital
and hybrid switch matrices.
K&L Microwave, Inc.
INFO/CARD #203

Mixer Catalog

Miteq’s 16-page, color short-form catalog
summarizes the important input, output and
transfer characteristics of eight mixer product
groups. Among the product types listed are,
single, double and triple balanced mixers;
high IP3 mixers; mixer/IF amplifiers; image
rejection mixers; LNA/image rejection mixers;
biphase, I/Q modulators; biphase, 1/Q detec-
tors; and mixer subsystems. The catalog also
describes Miteq's customization services and
quality assurance testing.
Miteq
INFO/CARD #202

Material Selection Guide
Emerson & Cuming offers an eight-page

brochure describing their microwave materi-

als. The materials described in the selection

guide range from lossy foams, magnetically

loaded rubber sheets and high-loss castable

resins to low loss dielectrics.

Emerson & Cuming

INFO/CARD #201

Chip Cap Catalog

A new 24-page surface mount chip capaci-
tor catalog from Johanson Dielectrics covers
a wide variety of capacitor types inciuding
new MemoryGUARD® decoupling chips with
overall heights of 0.018 and 0.015 inches,
and MLC’s for hybrid circuit applications. Also
included is an application note covering SMT
manufacturing, and tape and reel information.
Johanson Dielectrics
INFO/CARD #200

Coaxial Adapter Catalog

Now available from Amphenol
RF/microwave Operations is a 24-page cata-
log detailing 159 coaxial adapters and preci-
sion phase-matched cable assemblies for
use in test, measurement and instrumenta-
tion applications.
Amphenol Corp.
INFO/CARD #199
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RF Design Soft
Programs from RF Design provided on disk for your convenience ®
September Program Disk — RFD-0994
“Utility Programs Simplify RF Analysis in SPICE” by David
Lovelace. SSWEEP program sets up various bias condi-
tions for analysis, and SSTRIP converts SPICE data to
Touchstone® compatible S-parameter data. (C++ source . |
code and compiled version that runs on any PC) 948 Yea rs Experlence !
A p Disk — RFD-0894 When reliability and accuracy count, call us. 948
“ Fl’lrgousrta n:oélzﬁ?ulaltf% —Easca(;ed System Parameters” b years of combined employee crystal experience
8 ) Y 4 and 43 years of service to businesses like
Raymond Meixner. CHAIN GANG program analyzes a translates int dedication t :
chain of RF components by gain, NF, noise bandwidth, 1 yours transiates into our dedication to
dB compression point. (FORTRAN, compiled, directly the quality products and customer satis-
executable). faction that you deserve.
* ENGINEERING AND DESIGN SUPPORT
. . * EXPERIENCED SALES STAFF
Monthly program disks: $25.00 (U.S.) $30.00 (foreign
y prog $ (Us) s (foreign) « CRYSTAL ANALYSIS
. ¢ EXPEDITE SERVICE
Yearly d's";‘f;(s)- oiea 5058‘*(; #RF D)'(Yea’) -SET « CUSTOM CRYSTALS TO YOUR SPECS
00 (U.5.) LU ttoreign * MICRO-BALANCED/LAB CRYSTALS
.. * SOON TO BE 1SO 9001 CERTIFIED
Annual Subscriptions -— get every program for a year: o LIFETIME CRYSTAL GUARANTEE
$170.00 (U.S.) $220.00 (foreign) ) )
8 Call or FAX for more information about Crystals,
All orders must be pre-paid by check, money order, or major charge card. All Elements, Oscillators and Accessories.
checks must be in US dollars and payable to a bank located in the U.S.
Prices nclude shipping WHEN QUALITY COUNTS. ..
RF Design Software
Argus Direct Marketin (§ Dept. INTERNATIONAL (RYSTAL MANUFACTURING. €O., INC.
6151 Powers Ferry Rd., 24-HOUR FAX
Atlanta, GA 30339- 2941 1- 800 725 1426 » 1-800-322-9426
’ P.O. BOX 26330 « OKLAHOMA CITY, OK 73126
Tel: (404) 618-0219
Fax: (404) 618-0347
( ) INFO/CARD 67
RF Design 97



Just Because
Somebody’s
In Business
Doesn’t Put
Them On The
A-List

Lemonede’
1Ne

No part-timers, no pretenders,
no padding. Mailing lists from
Argus deliver targeted, audited
decision makers to maximize
your marketing investment.
Direct from our blue chip lineup
of niche publications, covering
everything from adhesives to

Get the A-List from Argus.
For our complete catalog call
Renae or Diane at 404-618-0154
or fax 404-618-0347.

A
ARGUS

Home of the A-List

waste disposal. Don’t just get a list.

98

RF software

Simulator Runs in Windows
Compact Software is demonstrating a new
version of its Super-Spice time-domain simu-
lator operating under the Microsoft Windows
environment. The simulator is fully Windows
compliant and features a flexible graphics
report writer that allows users to graph differ-
ent forms of simulation output in multiple
graphics windows. Super-Spice for Windows
is based on the same 32-bit simulation
engine as the workstation version of Super-
Spice. Super-Spice includes models of lossy
transmission media, accurate models for vari-
ous discontinuities, and an “electromagnetics
module” that allows analysis of muiti-
layer/multi-strip media.
Compact Software, Inc.
INFO/CARD #195

Vacuum Tube Model Library
Over 40 vacuum tube models are available
in a SPICE library from Intusoft. The devices
have all been characterized in a laboratory
environment using actual devices. The library
comes with a number of examples including
regulated power supplies, preamps, ampli-
fiers and tube test circuits. In addition, a tube
modeling service is available. The library
sells for $525.
Intusoft
INFO/CARD #194

Updated Coverage Software
SoftWright LLC has released version 3.0 of
the Terrain Analysis Package (TAP™) engi-
neering software. A new batch processing
capability allows users to set up multiple pro-
jects and let the computer prepare multiple
studies without user intervention. The new
multi-user capability enable two or more
users to access TAP on a local area network.
Other new features include the ability to
locate the highest topography near a possible
transmitter site and a very large library of
several hundred antenna patterns.
SoftWright LLC
INFO/CARD #193

Updated System Design
Version 2.10 of TxRx Designer from Way-
point Software offers an innovative 3-D repre-
sentation of frequencies and cascade para-
meters, moveable windows and extensive on-
line help for every screen. Calculations of
dynamic range, filter noise bandwidth, LO
and input power leakage to output, as well as
spur power calculations are performed. The
software comes with a comprehensive manu-
at and costs $149.95.
Waypoint Software
INFO/CARD #192

Test & Measurement

Software

Liberty Labs has released a series of soft-
ware libraries for a variety of measurement
applications. The software was developed
using National Instruments, LabVIEW for

Windows. Among the available program mod-
ules are: |IEC 801-3 Automated RF Suscepti-
bility, HP Series spectrum analyzer software
for emissions/site attenuation, mobile
radio/cellular radio software, and impedance
measurement. The modules are available as
stand-alone executables, or as code along
with the LabVIEW for Windows development
system. A package including the LabVIEW
for Windows development package and two
library modules costs $5750, program mod-
ules consisting of source code and documen-
tation cost $750, and stand-alone executa-
bles cost $500 each.

Liberty Labs, Inc.

INFO/CARD #191

VHDL-A/Verilog-A

Analog Simulator

Cadence Design Systems' SpectreHDL™ ,
accepts both VHDL-A and Verilog-A circuit
descriptions, as well as SPICE netlists. The
package includes a dual-language AHDL
engine, and a language compiler for both
Verilog-A and VHDL-A modeling. It is avail-
able as an option the the Cadence Analog
Artist and Analog Workbench environments.
SpectreHDL's U.S. list price starts at $10,000
and requires purchase of the underlying
Spectre simulator.
Cadence Design Systems, Inc.
INFO/CARD #190

Analog Optimization

Paragon is a new member of MicroSims'
Design Center family of products which does
analog performance optimization. Paragon
can adjust design parameters simultaneous-
ly, eliminating the process of manually tweak-
ing each design parameter one at a time. It
also offers constrained and unconstrained
optimization (including non-linear con-
straints), interactive circuit exploration and a
model parameter fitter. Paragon, and all
members of the Design Center support Win-
dows NT. Paragon is priced at $1900 on the
PC under MS Windows, and $3900 on the
Sun.
MicroSim Corp.
INFO/CARD #189

ASIC Layout for the Mac

Version 5 of Tanner Research's L-Edit and
L-Edit Pro mask layout editor and chip verifi-
cation system for the Macintosh upgrades L-
Edit's hierarchical edit features and verifica-
tion utilities for ASIC design. Chip designers
can now take advantage of hierarchical edit-
in-place for faster and easier editing, window
stretching, cell and layer locking, cut and
merge capability, group and ungroup as well
as new features and increased performance
in design rule checking, parameter extraction,
and layout vs. schematic comparison. Pricing
for L-Edit 5.0 on the Macintosh starts at
$1495 and ranges up to $5295 with the full
complement of verification tools.

Tanner Research
INFO/CARD #188
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