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Abstract

With the recent surge of interest in global change, the impact of different
ecosystems on the Earth's carbon budget has become the focus of many
scientific studies. Studies have been launched by NASA and other
agencies to address this issue. One such study is the Boreal Ecosystem-
Atmosphere Study (BOREAS). BOREAS focuses on the boreal ecosystem
in Northern Canada.

As a part of the BOREAS study, we have developed a helicopter-borne
three-band radar system for measuring the scattering coefficient of various
stands within the boreal forest. During the summer of 1994 the radar was
used at the southern study area (SSA) in Saskatchewan over the young
jack pine (YJP), old jack pine (OJP), old black spruce (OBS) and old aspen
(OA) sites. The data collected will be used to study the interaction of
microwaves with forest canopy. By making use of three different
frequency bands the contribution to the backscatter from each of the layers
within the canopy can be determined. Using the knowledge gained from
these studies, we will develop algorithms to enable more accurate
interpretation of SAR images of the boreal region.

The following report describes in detail the development of the L-, C- and
X-band radar system. The first section provides background information
and explains the objectives of the boreal forest experiment. The second
section describes the design and implementation of the radar system. All
.of the subsystems of the radar are explained in this section. Next,
problems that were encountered during system testing and the summer
experiments are discussed. System performance and results are then
presented followed by a section on conclusions and further work.
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Chapter 1 - Introduction

Remote sensing is the observation of a target from a distance. Remotely
sensed data are used to provide information about a target that could not
otherwise be obtained or is not easily obtained by in situ measurements.
The primary advantage of remote sensing over direct sensing is the ability
of remote sensing instruments to provide data from large areas on the
Earth’s surface in a small amount of time. In fact, many instruments that
are in orbit tdday can provide global coverage within the span of a few
days [Barbour, et al., 1987]. It is this ability that has propelled remote
sensing to the forefront of global change studies. Remote sensing
techniques provide scientists with spatially large data sets that can be used
to test hypotheses on larger scales than previously possible [Ustin, et al.,
1993]. Therefore, processes on a global scale can be studied in new and
more insightful ways with remotely sensed data. 7

The wide-spread use of remotely sensed data has also spurred a new
approach to Earth science studies. Data made available by remote sensing
instruments have allowed scientists to study the Earth as a system for the
first time. Earth system science has quickly become the catch phrase used
within the scientific community to describe interdisciplinary studies of the
Earth as a complex system of interacting components. An example of this
type of interaction is the fact that many of the greenhouse gases
responsible for global warming that originate on land may end up in the
ocean. Understanding of processes such as these and their impact on the
global climate requires interaction between atmospheric scientists and
oceanographers. NASA's Mission to Planet Earth (MTPE) is an example of
the new approach being taken to Earth system studies by organizations
around the world. During the next decade, NASA will launch a series of
satellites known as the Earth Observing System (EOS) to study the
atmosphere, oceans, cryosphere, biosphere and solid Earth [EOS AM
Spacecraft, 1994]. To utilize the data sets that will be collected by these
sensors, scientists must learn to understand the sensors' interactions with



the Earth's surface and algorithms must be developed based on this
knowledge to provide information that is useful for global change studies.

Before scientists can understand the Earth as a system on a global scale,
they must first study the interaction of thevarious subSYStéms on a
regional scale. Understanding the Earth's subsystems on a regional scale
can be accomplished by performing a series of relatively small-scale
ecosystem-atmosphere studies at various locations on the globe. Ideally,
these studies should brlrjg‘;esgarchers frgm a wide varlety of disciplines
together at a single study area for extensive data collection. Measurements
(aken during the experiment should be analyzed and the results should be
published or presented. The grouhd;baéed data sets collected during
studies such as these allow scientists to understand the ecosystem'’s

interaction with the atmosphere. The ground-based measurements also
can be used to improve existing algorithms for interpreting the remotely
sensed data that are collected during the study. NASA has sponsored
experiments over the past several years aimed at accomplishing these
objectives. Included in these studies are the First ISLSCP Field Experiment
(FIFE) and, currently} the Boreal Ecosystem-Atmosphere Study (BOREAS).

BOREAS is an intensive three-year experiment taking place at two
primary study areas in Canada. The study is a cooperative effort between
the United States and Canadian agencies with NASA taking the lead. The
Southern Study Area (SSA) is located in Prince Albert National Park,
Saskatchewan, and the Northern Study Area (NSA) is located in
Thompson, Manitoba. Each of the study areas is broken down into several
smaller sites on the basis of the dominant tree type. Measurements are
taken throughout the year with the main data collection effort taking place
during the intensive field campaigns (IFCs). The boreal zone was chosen
for this study because of the forest's importance in the global carbon cycle.
A study by Tans, Fung and Takahashi presents evidence of a large
terrestrial sink for carbon in the North Hemisphere [Tans, et al., 1990].
The study implies that the majority of the carbon is being stored in either
living tissue or in the soil [Sellers, et al., 1994]. Therefore, any temperature
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increase or change in soil moisture could create changes in nutrient
cycling in the soils resulting in releases of CO2, CH4 and other trace gases.
If this release of greenhouse gases were to occur on a large enough spatial
scale, the chemistry of the atmosphere would be altered and surface
temperature would again increase. Once this cycle of a surface
temperature increase followed by a release of trace gases into the
atmosphere is set into motion, it will continue to exist until a saturation
point is reached. Saturation will occur when either the soil is depleted of
nutrients or the atmosphere can no longef accommodate the release of
more trace gases. At this point, no further warming would occur.
However, if this saturation point is reached it could have catastrophic
effects on the ecosystem. Aithough reactions such as this have serious
implications in terms of global change, the boreal ecosystem’s interaction
with the atmosphere is not fully understood. As a result, further study is
necessary to learn more about processes within the region to gain a more
complete understanding of the carbon source/sink dynamics of the forest.

An accurate determination of the net carbon flux in the boreal forest
region requires the measurement of many different parameters. Two
* parameters that affect the carbon fluxes within the forest canopy are the
moisture of the soil and the biomass present in the forest. Soil moisture is
important because of its role in supporting organic activity [Schlesinger,
1991]. Furthermore, by monitoring changes in soil moisture and
atmospheric chemistry we can begin to understand the importance of soil
moisture fluctuations in terms of the regional carbon budget. Monitoring
biomass is also important because biomass estimates provide information
about how much carbon is stored within the forest canopy. Additionally,
accurate predictions of photosynthetic rate require knowledge of the
amount of woody biomass present in the forest [Ransron'éf\ci Surﬁ,719'94]. In
other words, monitoring of woody biomass can provide better estimates of
the amount of carbon being utilized by the forest. 7

Parameters such as soil moisture and biomass need to be known on a large
scale to determine their net effect on the boreal ecosystem. Therefore, if a
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suitable sensor can be found, these two parameters are ideal candidates for
being monitored usmg remote sensmg techmques A suitable sensor is

one that is sensitive to the parameter of interest, is able to collect data on
large scales at proper time mtervals, and is able to provide the resolution

necessary to make measurements on a loglcal spahal scale.

My

Although optical sensors have been used succéssfully’for remote sensing
studies of the forest [Sellers, 1985], they have two critical drawbacks that

make ‘them less deslrable than microwave Sensors for morutormg soil
mmsture and blomass One drawback 1s the optlcal sensors 1nab111ty to

‘measure the soil moisture within the canopy "The optlcal sensor's small
wavelength does not allow penetration to the forest floor. Therefore, soil
moisture measurements over the forest with an optical sensor are
1mposs1ble Second, opt1cal Wavelengths cannot penetrate clouds. This

severely limits the utility of optical sensors in the boreal zone where cloud
cover is common throughout the year. Optical data during periods of
interest may be sparse or nonexistent because of clouds. Microwave
Sensors and 1n partlcular radars S are_ sensmve to soﬂ morsture over | the

forest at longer wavelengths Add1tlonally, microwaves can penetrate
clouds and can operate at n1ght lenclmg themselves to studies of diurnal
_ ta sets from season to season

regarrdless of weather condltlons Space-borne microwave sensors such as

CREL I O T T O TN T T TR

~ synthetic-aperture radar can prov1de resolution that is comparable to that
provided by space-borne optical sensors. For example, the ERS-1 SAR
prov1des a resolutlon on the order of a few meters [Attema, 1991]

e

Currently, the Flrst l?uropean RemoteSensmg ”Satelllter (lérlli:Sr-l’), the First
Japanese Earth Resources Satellite (JERS-1) and the third Shuttle Imaging
Radar (SIR-C) have been deployed and have collected radar images of the

boreal regron “Also, m the near future, more data w1ll become avallable
with the Taunch of the Second ‘European Remote Sensmg Satellite (ERS-2)
and the Canadian Radar Satellite (RADARSAT). These satellites will

make a large volume of SAR data available at several different frequencies

ORI AR T A TR

for mveshgahons of the boreal forest regions. To make th1s data useful for
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global change studies, the microwave remote sensing community must
develop reduction algorithms that can accurately transform the SAR data
to useful geophysical products. Reduction of SAR data into useful
geophysical information is essentially an inverse scattering problem.
Problems of this nature are inherently non-unique and prior information
about the target being observed is a necessity. Inversion of radar data for
extracting geophysical parameters is currently in its infancy and
satisfactory inverse scattering algorithms for the forest have yet to be
developed.

We have proposed solving the inverse scattering problem by utilizing a
Vshort-range radar system that measures the scattering coefficient of the
forest. Radars that measure the scattering coefficient are commonly
known as scatterometers. The scatterometer used should measure the
scattering coefficient of the forest at the same frequency, incidence angle
and polarization as the SAR it is supporting. Measurements taken by the
short-range radar system can provide insight into the sources of the
scattering in the forest canopy because of the high resolution and large
dynamic range that can be achieved using a short-range radar system. Asa
result, this type of system can provide useful knowledge for interpreting
SAR data. Additionally, the short-range radar can take measurements at
varying incidence angles and polarizations that prov1de further 1n51ght
into the scattering characteristics of the forest

At The University of Kansas Radar Systems and Remote Sensing Lab
(RSL), we have developed a helicopter-based L- (1.5 GHz), C- (5.5 GHz) and
X-band (10 GHz) radar operating at all four linear polarizations
(VV.HH,VHLHV) with the ability to sweep through multiple incidence
angles. This system is ideal for determlnmg the scattering sources within
the forest canopy. Microwave radiation at L band can penetrate to the
forest floor and provide information about parameters such as surface
roughness and soil moisture. The SAR on board JERS-1 operates at L
band. C-band radiation interacts primarily with the secondary branches
and stems of the trees and is attenuated more rapidly than the L-band
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radiation. This frequency band is covered by the SAR on board ERS-1.

f =The h1gher frequency radiation at X band provides information about
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scattering from ‘the top layers of the canopy and does not penetrate to the

forest floor. This frequency is used by the X-SAR that is part of the SIR-C
mission. With measurements at these three frequencies as well as
different combinations of polarization and incidence angle, we can obtain
a more in-depth understanding of the forest canopy's scattering
characteristics. The knowledge gamed “from the hehcopter-based radar
data can then be used to interpret more accurately the data collected by the
SAR.

The radar we developed is a frequency—modulated contmuous—wave (FM-
CW) scatterometer that is mounted on a UH-1 hehcopter provrded by

:VNASA We have chosen to use an FM-CW radar rather than a pulse radar
_for two reasons. First, we can transmit less peak power using an FM-CW

radar because transnusswn 1s ‘continuous in time [Roddy, 19861 Second
although we Stlll requlre the same amount of bandw1dth for a glven range

”resolutron ‘we can d1ctate the modulatlon frequency ThlS allows us to

' slowly sweep over a large bandw1dth instead of having to use fast switches
to produce a narrow pulse The prlmary motlvauon for basmg the radar

canopy. In addition, the low altitudes that can.be flown with a helicopter
help to lower the transmit power requirements of the radar. Also, flying

as a part of BOREAS and to allow for collectlon of data from above the

at low altitudes reduces the area 111um1nated by th antennas When the

hehcopter is flymg hnes over | the forest canopy, we c

perrod of time. These multlple samples are needed to provrde a good
estlmate of the mean scattermg coeff1c1ent of the canopy

In addition to the prev1ous1y mentloned reasons, the hellcopter is also
advantageous because overflights can be coordinated easily with ground
truth measurements [U_Iaby, et al,, 1986]. Ground truth data are used to

j‘vahdate the scattermg models developed and eventually to test the
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accuracy of the inverse scattering algorithm. During IFC-2 and IFC-3 of the
BOREAS experiment, ground truth data were collected by Dr. K. Jon
Ranson, Dr. Roger Lang and Dr. Narinder Chuahan in conjunction with
the helicopter overflights at the old jack pine (OJP) and young jack pine
(YJP) sites in the SSA. We also took ground-based radar measurements
during IFC-2 to gain a better understanding of the scattering response of
the forest floor. Data collected during IFC-2 and IFC-3 by the helicopter
radar are currently being processed. After the data have been properly
reduced to scattering coefficients, the data will be analyzed and used in the
development of scattering models. The scattering models will then be
used to invert radar data taken by SAR to obtain large-scale estimates of
parameters useful in global change studies such as soil moisture and forest
biomass.

The following report describes the design and implementation of RSL's
helicopter-based twelve-channel radar system. First, a system description
is given and design equations are presented. Second, a description of the
radar's evolution to its current state will be given using the problems
encountered during the IFCs as background. In this section the eventual
remedies to all of the problems encountered are given along with
theoretical explanations of the solutions. The next section quantitatively
describes the system's performance and presents radar measurements
taken after the system problems were eliminated. The future work section
offers suggestions for improving the radar performance and describes
what needs to be done to prepare the radar for future experiments. Also,
the possibility of future data collection is discussed. Conclusions are then
made with suggestions regarding the usefulness of the radar in future
scattering studies.
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Chapter 2 - System Description

A radar can only provide information about the range to a target if it has
bandwidth. Range measurement becomes more accurate as the system's
bandwidth increases [Skolnik, 1980]. Bandwidth is acquired in a radar
system by coding the transmit signal. Typically, a pulsed sinusoid is used
as the transmit signal. For a pulsed waveform, the bandwidth increases
with decreasing pulse width. The range to the target is measured by
keeping track of the time between the transmission and reception of the
pulse. Then, the transit time along with the velocity of propagation can be
used to calculate the range to the target.

An FM-CW radar transmits a signal that is continuous in time but swept
over a band of frequencies. Therefore, the beginning of the frequency
sweep marks the time of transmission. The range to the target is
measured by taking the difference between the return signal frequency and
the transmit signal frequency. This technique of measuring range can best
be understood by plotting the transmit and receive frequencies versus
time (Figure 1).

ﬁ Frequency

Figure 1. Transmit and Receive Frequency vs. Time for an FM-CW Radar

In this illustration, a triangle waveform is used to modulate the transmit
frequency. When the radar is aimed toward a point target at a range R, the
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return waveform will arrive at the receiver after a time T = 2R/c, where ¢
is the speed of light in air. By mixing a portion of the transmit signal with
the return signal, we obtain an intermediate frequency (IF) signal with a
frequency fif. This frequency is commonly referred to as the beat
frequency. The beat frequency can be found in terms of the other FM-CW
radar quantities in the following manner. Equatmg the slope of the
modulation waveform to the change in frequency during the transit time,
we obtain

= 2.1
RO (Twg)
where B is the radio- frequency (RF) bandwxdth in Hertz (Hz) and T, is

the perlod of the modulation waveform in seconds (s). After solvmg for
the beat frequency, equatlon 2.1 becomes o

[ = 4RBf,,

C

@2)

where fm = 1/Tm is the modulation frequency in Hz. From equation 2.2,
we can see that the range to the target is directly proportional to the beat
frequency. When multiple targets are present at different ranges, the
principle of superposition can be applied to show that the return signal
will consist of several different frequency components. The composition,
size, and shape of the scatterers present will determine the magmtude and
phase of the frequency components Because the IF 51gnal is the sum of
several dlfferent frequency components we can take the Fourler transform
to obtain a plot of the return versus frequency Then, by convertmg the
frequency axis to range using the system's parameters, we can acquire the
return versus range.

The first step in designing an FM-CW radar is to determine the RF
bandwidth, the modulation rate, the maximum unambiguous range
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(Rmax) required and the corresponding sampling frequency (fs). The RF
bandwidth dictates the range resolution (AR) according to the equation

AR = 5% (2.3)

Therefore, if we want fine range resolution we must use a large RF
bandwidth. However, a large RF bandwidth presents problems in terms of
added system cost. We have chosen an RF bandwidth of 500 MHz for the
L-, C-, and X-band sections. This provides a range resolution of .3 meters
(m) in free space if the samples are uniformly weighted. Next, we
consulted the helicopter crew and determined the lowest altitude that the
helicopter could fly without disturbing the forest canopy. Then, we
divided this number by the cosine of the largest incidence angle to obtain
Rmax = 60 m. By flying at the lowest possible altitude, we can minimize
the area illuminated by the antennas, minimize spreading loss and reduce
the sampling rate by lowering the bandwidth of the IF signal. The period
of the modulation waveform must be large enough to allow for an
acceptable sampling rate but small enough for the samples to be collected
before the helicopter moves through the antenna's beamwidth. For our
system, this can be achieved with a modulation frequency of 50 Hz. In this
case the helicopter will move a distance of 20 cm during each sweep
assuming a speed of 20 m/s. Plugging our system's parameters into
equation 2.2 yields a maximum beat frequency of 20 kHz. Therefore, using
the Nyquist criterion and assuming that the IF signal has been low pass
filtered, we must sample at a frequency of 40 kHz. This means that during
each upsweep or downsweep we will acquire

P
N=-=f, 2.4)

samples of the return signal. Table 1 presents a summary of the FM-CW
radar parameters used.
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Table 1. FM-CW Radar Parameters

The signal at the output of the RF section is very small and must be
amplified using an IF amplifier before it can be digitized. The exact level
of the output signal from the RF section is unknown and we must
estimate its value to determine the appropriaté gain settings for the IF
amplifier. The gain levels are determined so that they match the output
voltage of the IF amplifier to the input voltage range of the A/D
converter. By matching the gain settings in this manner, the system's
dynamic range is maximized. We can determine the gain settings by using
the radar equation to determine the power level out of the mixer and then
determining the amount of gain needed to amplify this signal to the
appropriate level. The radar equation relates the return power to the
other radar system parameters as follows:

11

Parameter Value Units
RF Bandwidth | 500 MHz
Range Resolution 30 cm
Max. IF Frequency 20 kHz “
" Sampling Frequency 40 kHz
Max. Unambiguous 60 m
Range
H Modulation Rate 50
[Number of Samples for 400
each Sweep

A

- Iyl



_PG'A’0’Au 2.5)
(4TI)’R*L.

P;

Pr = power received (W)

'Pt = power transmitted (W)
G = antenna gain

A = wavelength (m)

o0 = scattering coefficient
Ajll = area illuminated (rn2)
R = range to target (m)

L¢ = conversion loss of mixer

The minimum signal that can be digitized is equal to the input voltage
range divided by the number of counts. For our case, this minimum
voltage is .61 millivolts (mV). The maximum voltage for our A/D
converter is 5 V.

We chose the same gain settings for C and X band for all the polarizations
to eliminate the complexity of providing multiple gain settings. The L-
band gain settings were chosen separately because of the larger signal level
at L band. The L-band return is larger than that of C and X band because
more power is transmitted, the wavelength is longer, a larger area is
illuminated by the antenna and the L-band scattering coefficient is larger.
The gain settings for the L-band amplifier were chosen in the following
manner. The transmit power of the L-band RF portion is 13 dBm. We
estimated the gain of the antenna to be 15 dB and the beamwidth of the
antenna at L band to be 15°. This beamwidth yields an illuminated area of
112 m2 (20 dB) at vertical incidence. Also, we assumed a maximum
scattering coefficient value of -10 dB. Using the values A2 = -14 dB (A = 20
cm), (4n)3 = 33 dB, R4 = 66 dB (R = 45.72 m), and L = 10 dB along with the
estimates of the system parameters, we find a received power of -55 dBm.
When input into a 50 Q load this results in a voltage level of -36.5 dBV.
Since we want the maximum signal to be 5 V, we convert this value to a
root-mean-square (rms) value and find that a 5.5 dBV signal is required at

12



the input of the A/D converter. Therefore, the voltage gain should be 42
dB and the current gain should be adjusted so that the amplifier can drive
a 50-Q load. To accommodate a wide i'ange of input signal levels, we used
a variable-gain amplifier with three different gain settings. This provides
flexibility and allows us to ad]ust the radar's measurement range under
varying conditions. For L band, we chose voltage gains of 20, 40 and 60 dB.
Similar calculations were performed usmg the radar parameters at C and X
band. After performmg these calculahons we chose gains of 50, 70 and 90

T e e e an i

dB for the C- and X-band 'IF amphflers

After specifying the general FM-CW radar parameters and the necessary
gain levels for the IF amphflers, ‘we lwn‘;gan the design and construction of
the radar system. The radar system is divided into four subsystems. These
are | the antenna systerﬁ, the RF section, the IF section and the data

‘acquisition system. Each of the subsystems were designed, built and tested
7 71nd1v1dua11y Then, the entire system was mtegrated and tested. F1gure 2

shows the interconnection of the radar's subsystems.
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The following sections describe the design and implementation of each of
the radar's four subsystems. First, the antenna system is described. Then,
the RF and IF sections are described followed by a discussion of the design
of the data acquisition system.

2.1 Antenna System

The antenna used for the radar is an offset-fed parabolic reflector. In this
configuration, the main reflector is fed from the focal point with the feed
antenna pointing toward the center of the dish. The dish used is a cutout
of a paraboloidal reflector. A paraboloidal reflector antenna was selected
because of its capability to provide a high directivity. An offset feed
configuration is advantageous because it eliminates aperture blockage
[Balanis, 1982] and it allows us to measure backscatter at nadir without
physically pointing the antenna straight down. Elimination of aperture
blockage provides a higher antenna gain because scattering from the feed
structure is eliminated. The latter advantage is convenient when
operating from the helicopter because we can cover all incidence angles
starting with nadir without lowering the antenna structure below the
landing gear. The antenna system design consisted of choosing the main
reflector dish, designing and fabricating the feeds and designing and
building the mounting structure.

The main reflector dish for the antenna system is a satellite TV dish that is
commercially available from Andersen Manufacturing Incorporated of
Idaho Falls, Idaho. By using a commercially available dish we avoided the
high cost of in-house design and fabrication. The dimensions of the dish
that we chose are suitable for operation at C and X band. The dish
diameter is 36" and the f/D ratio is .610. The manufacturer's data sheets

are included in Appendix 1.
After choosing the main reflector dish, we designed three feeds to facilitate

operation of the antenna at L, C and X bands. When designing a feed for a
paraboloidal reflector, it is considered ideal to illuminate the reflector

14
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uniformly over the solid angle of the aperture. If this is achieved, the
taper efficiency is 100%. In addition, we would like provide a spillover
efflaehc'y' of 100% by ehmmatmg radiation from the feed that will not be
intercepted by the reflector. Unfortunately, a feed that can simultaneously
satisfy both of these requirements is not physically realizable. Therefore,
in practical feed design, a tradeoff exists between taper and spillover

efficiency. If taper efficiency is maximized then the feed pattern will

‘radiate energy beyond the angle subtended by the reflector. Conversely, if

a large amount of the feed radlatlon is mtercepted by the reflector then the

‘amount of radiated energy present at the reflector's edges will have

decreased 51gmf1cantly resulting in a poor taper efficiency. Although these
effects counteract each other, a pomt exists where optimal taper and
spxllover eff1c1ency can be achreved Typlcally, thls occurs when the
that at the center [Skolmk 1980]. We have chosen the patterns of our C-
and X-band feeds using this design rule. This results in a first sidelobe
level of 22 to 25 dB.

7 One problem that is present when usmg an offset-center fed parabohc
:Vreflector antenna 1s the hlgh cross—polarlzed components that are
‘generated. Superlor cross-polar performance can be achieved by using

conical horn feeds rather than pyramidal horn feeds [Rudge and Adatia,
1978]. For this reason, we decided to use “conical horns as the C- and X-

band feeds. We decided to provide a taper of 10 dB at the edges of the

reflector. Therefore, the first step in des1gmng these feeds is to determine
the 10-dB beamwidth requlred. This is accomphshed by using simple
geometry. Figure 3 shows the geometry of the parabolic reflector antenna
along with the corresponding dimensions.
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Figure 3. Geometry of the Offset-Fed Parabolic Dish

To determine the angle subtended by the reflector (8AB), we use the
relation sin(6aB) = D/B. We know that B is 36.75" and D is 36". Using
these values, we find 655 = 78.7°. Therefore, we need to design conical
horns that have a 10-dB beamwidth of approximately 78.7°.

While searching the literature, a conical horn with a 10-dB beamwidth of
‘about 78.7° was located {Lové, 1976]”The radiation paftern of the conical
horn antenna from this paper is included in Appendix 1. Rather than go
through the task of designing a new horn, we decided to use the design
presented in the paper. Figure 4 is an illustration of the horn showing the
dimensions spécified in the paper.
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After dete.rmirring the dimensions of the conical h'orris', a section of
waveguide must be designed to allow the desired frequenc1es to propagate

The wavegu1de de51gn is accomphshed as follows:

" 1. Choose the desued cutoff frequency for the wavegul'de

2. Calculate the cutoff frequency for the next higher order mode.

3. Calculate the attenuation per meter over the desired frequency band.

4. If the attenuation is small enough over the desired band and the next
mode does not begm to propagate, then the des1gn is complete Otherw1se,

steps 1 through 3 should be repeated or some bandw1dth may have to be

The dominant mode in a circular wavegulde is TE11 For this mode, the
cutoff frequency can be determined from the radius (a) of the waveguide
[Collin, 1992] using

c
3.41-a

fc,ll = (26)

For the C-band waveguide, the cutoff frequency was initially chosen to be
4.75 GHz. This corresponds to a waveguide with a radius a = 1.85 cm. The
cutoff frequency of the next higher order mode (TMp;) was calculated. For
a radius of 1.85 cm, the cutoff frequency for the TMo1 mode is 6.2 GHz.
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Since this mode begins to propagate at a frequency very close to our
desired band of 5 to 6 GHz, we decided to choose a new cutoff frequency. A
cutoff frequency of 4.97 GHz (a = 1.77 cm) was chosen this time. The cutoff
frequency for the next higher order mode is then 6.5 GHz. The next step is
to insure that our signal will propagate in the waveguide. To determine
this, we calculated the attenuation in the waveguide as a function of
frequency using the equation given by Collin

-4
k2 | g2 2
R c,11 1 n
ao=—2|]-—¢ S (2.7)
2 2 7_2 T 12
az, kOa koa (pll) _n2

R (%)y
o)

® = 2nf

I = permeability of the waveguide material
¢ = conductivity of the waveguide material
Zo = impedance of free space (Q) = 120r

a = radius of the waveguide

ki, 11=p'11/a

p'11 = 3.832

ko = w(noep)1/2

€0 = permittivity of free space

n=1

We used these values along with the conductivity of aluminum (o =

3.54*107 S/m) [Cheng, 1989] in equation 2.7 to create a plot of attenuation
in dB per meter versus frequency. This graph is included as Figure 5.
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Figure 5. Attenuation versus Frequency for the C-band Waveguide

As is evident in the plot, this waveguide will allow a signal centered at 5.5
GHz with a bandwidth of 500 MHz to propagate with very little
attenuation. Similar calculations were performed to determine the radius
of the wavegulde for the X-band horn. The radius used isa =1 cm.

To provide the antennas with the capability to transmit and receive
signals of both linear polarizations, we must excite the fields in the throat
of the antenna using two separate launchers. These launchers should be
orthogonal to one another and they should be positioned in a manner that
provides minimal coupling between them Therefore, the final step in the
provide appropnate spacmg for the two se[;eféte launchers. Additionally,
the distance between the launcher and the beginning of the flare should be
large enough to provide adequate attenuation of the higher order modes
that are introduced by the launchers. The center conductor of a coaxial
cable is used as a launcher to excite the fields within the waveguide. The
length of the center conductor determines the frequency of the wave that
is produced. This length was adjusted until desirable return loss
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characteristics were achieved over the bandwidth of interest. The two
launchers are placed orthogonal to one another so that the antenna can
transmit and receive both vertical and horizontal polarizations. The
distance between the first launcher, the one that excites horizontally
polarized waves, and the back plate of the waveguide is Ag/4 so that the
fields reflected from the back plate will add constructively with those
produced by the launcher at its point of entry. The guide wavelength (Ag)
can be calculated using the following equation

pJ— . (2.8)

_fcy
1 f2

For the C-band waveguide, the guide wavelength is 12.7 cm. A mode
filter, which is simply a metal rod placed orthogonal to the horizontal
launcher, is inserted at a distance Ag/4 in front of the horizontal launcher.
This mode filter attenuates any vertically polarized fields that are
produced by the horizontal launcher. The rod is also used as a _reflecting
plate for the vertical launcher that is placed parallel to the mode filter at a
distance Ag/4. The rod performs the same function for the vertical
launcher that the back plate performs for the horizontal launcher. The
waveguide extends one guide wavelength past the vertical launcher to
allow any higher order modes produced by the launchers to die out.
Figure 6 is a drawing of the waveguide that feeds into the conical horn
with the dimensions labeled in terms of guide wavelength.
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Figure 6. Drawing of Waveguide Design for Conical Horn Antennas

The dimensions were calculated for both the C- and X-band horns.
Detailed calculations and the original drawings of the feeds are included in
Appendix 1. The drawings of the conical horn antennas with the
dimensions were taken to Nelson Machine and Tool of Lawrence, Kansas
for fabrication. '
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‘Designing the feed for L band was a much harder task than we anticipated.

First, we designed a conical horn that would operate at L band. However,
we immediately realized that this design would not be practical for use on
the helicopter because of its size. For example, the mouth of the horn
would be 68 cm and the distance from the throat to the end of the horn
would be 70 cm. Therefore, we were forced to sacrifice antenna
performance and build the L-band feed using an open-ended rectangular
waveguide. The open-ended waveguide provides a higher taper efficiency
but a significantly lower spillover efficiency than the conical horn. Also,
the sidelobe level will be much higher for this type of feed because of the
uniform field distribution that the feed places on the surface of the
reflector.

We initially specified a center frequency of 1.5 GHz with a 20% bandwidth
(300 MHz) for the L-band feed antenna. We used a square waveguide to
‘provide identical performance for both linear polarizations. For a square
waveguide with sides of length a, the cutoff wavelength is given by

2a

Ac= 29
T o )

Using equation 2.9, we can see that TEjg is the dominant mode for the
square waveguide. The cutoff wavelength for this mode is A. = 2a [Rizzi,
1988]. We used the same design procedure that was used for the C- and X-
band circular waveguides to determine the dimensions of the L-band
waveguide. We chose a length of a = 12 cm. The cutoff frequency for the
next higher order mode (TM11) is f. = 1.77 GHz and the guide wavelength
is 36.18 cm. The design calculations and drawings for the L-band feed are
not included because this antenna was not used during the experiments.

‘The L-band waveguide antenna was fabricated by Nelson Machine and

Tool in February 1994. Although the antenna was bulky, we decided to
stick with our original design to save time and money. However, during
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the flight test in May 1994, we were told that the L-band feed was too large
for use on the helicopter. As a result, we had to redesign the L-band feed.

We decided to use a microstrip pafch antenna as the new L-band feed. A
microstrip antenna was chosen because it can be fabricated easily and it is
lightweight. Also, the microstrip antenna provides performance
characteristics similar to those of the open—ended waveguide. Microstrip
antennas consist of a rectangular patch of conductor with dimensions
dictated by the antenna's operating frequency. The rectangular patch is
attached to the top of a dielectric substrate with a ground plane
underneath as shown in figure 7.

Patch Antenna

— Feed Points

Ground Plane

Dielectric Substrate

Figure 7. Geometry of the Rectangular Microstrip Antenna

The antenna is fed by inserting a coaxial probe from beneath the ground
plane and soldering the end of the conductor to the patch antenna. We
used two feed points as shown in figure 7 to provide dual polarization
capability. Also, for identical performance at all polarizations, we used a
square patch (L = W).

To find the dimensions for a rectangular microstrip patch antenna with a
center frequency of 1.5 GHz and a 20% bandwidth, we used the design
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procedure described in Bahl and Bhartia [Bahl and Bhartia, 1982]. The
primary concern in the design of a microstrip patch is the bandwidth.
Maximum bandwidth is achieved by using a thick substrate with a relative
dielectric constant close to unity. We sampled a substrate (RT/5870) from
Rogers Corporation of Chandler, Arizona with a thickness of 375 mils (1-
mil=1/1000") and a relative dielectric constant of 2.33. Using this substrate,
we can obtain a bandwidth of only 9.3%. Although this bandwidth does
not satisfy the initial specifications, we sacrificed the bandwidth for the
convenience of using a readily available material. The width W of the
patch is calculated for a center frequency of f; = 1.5 GHz and a relative
dielectric constant of €; = 2.33 using

%
=_C_(€r+1) i (2.10)
28\ 2

The width was found to be 3051 mils. Then, we calculated the effective
dielectric constant (ge) using

B
_ &+l er—1 12h
Eo 5 + 5 (1+ W (2.11)

The line extension was also calculated using

Af;_ (ge+.3)(w/h+.264) 7
h —'412((39—.258)(WA+.8) 212

Next, the results from equation 2.11 and equation 2.12 were used to
calculate the length L of the patch using

C

L=- —2A¢ )
21‘,:/:5:e @13)
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The length of the element was found to be 2346 mils. We wrote a
MathCAD program to perform these calculations and it is included in
Appendlx 1

Since we wanted the patch to be square, we used the largest of the two
values as the length and width of the patch antenna. We etched the patch
onto the substrate using the etching facility at the EE Shop. We tested the
antenna using the Hewlett-Packard 8722C Network Analyzer by observing
the return loss within the antenna's bandwidth.  After testing the
antenna and trying to tune it by changing the dimensions of the patch we
were unable to obtain sat1sfactory performance.

Therefore, after two falled attempts at designing and fabricating our own

L-band feed, we decided to use two commerc1a11y available log-periodic
array antennas. We mounted these antennas orthogonally to provide
transmission and reception of both linear polarizations. The radiation
pattern of the log-periodic antennas is down by 5 dB at the edges of the
reflector. This provides a first sidelobe level of about 18 dB [Silver, 1984].
We used the log-periodic antennas during IFC-3. The log-periodic
antenna specifications are mcluded in Appendix 1.

During February 1994 we designed a mounting structure to prov1de a r1g1d
support for the three feeds. When the orlgmal mounting bar was
designed, we were using the open-ended waveguide feed for the L-band
radar. Because of the size and weight of the original L-band feed, we
placed it at the center of the mountihg'bar. We used the original strut that
was included with the reflector dish for supporting the center of the
mounting bar and two additional struts to be attached to the ends of the
mounting bar were built by Nelson Machine & Tool. These two struts are

necessary to provide rotational stability.
We placed the L-band feed on the mounting bar so that the phase center is

lined up with the focal point of the parabolic reflector at a distance of
21.96", which is the focal length of the reflector. We mounted the L-band
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feed rigidly because the phase center of an open-ended waveguide remains
at the center of the antenna's physical aperture regardless of a change in
frequency. We designed a mounting bracket for the conical horns that
allows the position of the horns' phase centers to be moved. This allows
us to focus the conical horns. By focusing the conical horns, we can
optimize the gain of the antenna. Figure 8 is a drawing of the mounting
structure.

T
X

y
‘ Focal Point of Dish

Figure 8. Geometry of the Antenna Mounting Structure

We determined the angle B such that the conical horn antennas are aimed
at the focal point of the parabola. We also calculated dc,r €, and d.' such
that no interference exists between the C- and X-band feeds and the L-band
feed. Appendix 1 includes the calculations performed to determine the
dimensions of the mounting structure. After the mounting bar and struts
were built, we mounted the feeds onto the supporting bar and the
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positions of the conical horns were adjusted to obtain the desired antenna
performance. Upon completxon of the antenna system, we designed and

built the L-, C-, and X-band RF sections.

2 2 RF Sectlon

The RF sectlon is the main subsystem of the radar Its prlmary task is to
transmit and receive the FM microwave signal. In the receiver, the
receive signal is mixed with a portion of the transmit signal to form an IF
signal. The IF signal's frequency is proportional to the range to the target.
The C- and X-band RF sections are identical and Figure 9 shows a block
diagram.

Triangle Wave In B
TwoWay SPDT Switch Circulator #1
Power Splitter :

<—O©—F€EL

Isolator

A V Antenna
YIG Oscillator TwoWay Mixer #1 Isolator #1
20 Pow er Splitter ' f\
= e () ”
\ IF v
Circulator #2
50
Mixer #2 Isolator #2 H Antenna
T— (2
Switch Position | Channel 1 | Channel 2 h 0
1 vV VH £ —4@> Channel 1
2 HV HH
s> Channel 2

Figure 9. Block Diagram of RF Section for C and X Bands

We built the C- and X-band RF sections and housed them together in a
Hoffman box. We used discrete components and flexible coaxial cable
_suitable for use at the _desired frequencies for interconnecting the RF

_components. Yttrlum-n'on-garnet (YIG) oscxllators are used to generate
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the microwave signals. These oscillators are used because they can
provide good tuning linearity over a wide bandwidth [Ulaby, et al., 1986].
The frequency of the YIG-tuned oscillator is determined by the magnetic
field applied to the resonator according to the relation f = 2.8H where f is
‘the resonant frequency in MHz and H is the field in gauss [Avantek Data
Book, 1990]. The sensitivity of the oscillator is the change in frequency
caused by a change in tuning current. This parameter is typically specified
in units of MHz per milliamp (mA). For example, the C-band YIG
oscillator that we used has a sensitivity of 15 MHz/mA. Therefore, to
generate a FM waveform with a center frequency of 5.5 GHz and a
bandwidth of 500 MHz, we must supply a triangular current waveform
varying from 350 mA to 383.3 mA. We used an oscillator with a built in
voltage-to-current converter and provided a triangular voltage waveform
varying from 5.42 V to 6.25 V. The manufacturer's specifications for the C-
and X-band YIGs are included in Appendix 2. We used a modulator board
to generate the triangle wave. The modulator board was designed and
built at RSL.

We designed the RF section in a manner that allows us to use a single
antenna for both transmitting and receiving.” A radar that operates in this
fashion is known as monostatic. The RF section's design also allows us to
collect data at two polarizations simultaneously while maintaining good
polarization purity. Specifically, we have used a single-pull double-throw
(SPDT) switch to determine the transmit polarization and we used
circulators to isolate the transmit and receive paths. When the SPDT
switch shown in Figure 9 is in position 1 the radar is transmitting a
vertically-polarized signal and receiving both a vertically- and a
horizontally-polarized signal. In other words, we are simultaneously
measuring the VV and VH channels. Similarly, if the switch is in
position 2, we are measuring the HH and HV channels.

The SPDT switches used in the C- and X-band RF sections are PIN diode

switches manufactured by Narda Incorporated of Hauppauge, New York.
We used these switches rather than mechanical ones to provide faster

28



switching times. Because these switches are built using PIN diodes they

‘are current controlled. We designed a driver that converts a TTL control

signal to the proper current levels for biasing the diodes in the switch.
The design of the driver circuit is the subject of section 3.2 of this report.
Appendix 2 contains the data sheet for the SPDT switches used in the
radar. According to the specifications, these switches provide a minimum
isolation of 55 dB in the OFF state and a maximum attenuation of 2.8 dB
in the ON state.

We placed circulators before the antenna ports to enable the radar to
transmit and receive signals simultaneously. Circulators are three-port
devices that use ferrite technology to allow a wave incident in port 1 to be
coupled into port 2 only and a wave incident in port 2 to be coupled into
port 3 only, and so on. Signals can travel only in one direction so that a
signal incident in port 2 will be isolated from port 1. Typical circulators
have an insertion loss of less than 1 dB, isolation from 20 to 40 dB, and
input reflection coefficients less than 0.2 [Collin, 1992]. We used isolators
in the receive paths to prevent reflections at the mixers from being
coupled to the circulators and back to the SPDT switch. Isolators also use
the non-reciprocal transmission characteristics of ferrites to allow signals
to travel in only one direction. Isolators can be constructed by matching
one of the three ports of a circulator and the provide isolations from 20 to
40 dB.

We used a homodyne receiver in which a portion of the transmit signal is
used as the local oscillator (LO) input of the mixer. We used mixers built
by MITEQ, Incorporated of Hauppauge, New York that operate from 2 to 18
GHz. These are double-balanced mixers that require a LO power range of 7
to 13 dBm. The maximum specified conversion loss of the mixer is 8.5 dB
for an IF frequency of 100 MHz but the conversion loss increases as the IF
frequency decreases. We chose to use double-balanced mixers because they
provide good isolation between the RF and LO ports, as well as between
the IF and the RF and LO ports [Collin, 1992]. Double-balanced mixers also
suppress the even harmonics of the RF and LO signals and therefore have
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a lower level of intermodulation distortion than that of a single-balanced
mixer. The data sheet for the mixers used is included in Appendix 2. The
IF outputs of the mixers provide the input signal for the IF amplifiers that
are discussed in section 2.3.

Ideally, we can isolate the transmit channels by 50 dB and the receive
channels by 35 dB using the design shown in Figure 9. To understand
how these values are determined, we must examine the paths where
coupling between the channels is possible. For the transmit path, the only
significant coupling that can occur is through the SPDT switch. Since this
-device has a typical isolation of 50 dB (see Appendix 2) at both C and X
bands, we can see that if we wish to transmit a vertically-polarized signal a
horizontally-polarized signal with 50 dB less power will also be
transmitted. ~Although this seems like an insignificant amount of
coupling, it may be important if the like-polarized scattering coefficient is
much larger than the cross-polarized scattering coefficient. The receive
channel provides less isolation than the transmit path. By examining the
paths, we see that the most likely place for coupling to occur is in the path
from the circulator to the isolator then to the mixer and the power splitter
and, finally, to the LO port of the other channel's mixer. In the worst case,
the RF to LO isolation is 20 dB and the power splitter isolation is 15 dB.
This means that the worst case receive-path coupling is 20 dB + 15 dB = 35
dB.

During IFC-2 and IFC-3, a Hoffman box was used as the housing for the C-
and X-band radars. A drawing of the Hoffman box that was sent to NASA
Wallops is included in Appendix 2. Modifying the RF sections while they
are in the Hoffman box is impractical because the box can only be opened
from the top. As a result of this problem, we were unable to examine or
repair the RF section during the field experiments. Therefore, after IFC-3,
we repackaged the radar in a more convenient box. We designed a rack-
mountable aluminum box with a sliding rack for mounting of the radar
components. Figure 10 shows two views of the new RF box.
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Figure 10. Design and Layout of the New RF Box
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We went through several iterations in the design of the L-band radar
because of logistics decisions made by the aircraft engineer at NASA
Wallops. Initially, we had planned to house the L-band RF section in the
same box as the C- and X-band sections. However, two external decisions
forced us to change the original design of the L-band radar. First, during
the test flight in May 1994, we were informed that the RF box could not be
mounted on the outside of the helicopter near the feed antennas. Second,
we were told that we would have to redesign the L-band feed antenna
because the open-ended waveguide antenna was too big to be mounted on
.the helicopter.

Although we could not mount the RF box on the outside of the helicopter,
we were allowed to mount the RF box on the side of the helicopter's rack
to minimize the length of the coaxial cable running from the outputs of
the RF box to the antenna ports. Even with this configuration, we still had
to run about ten feet of RF cable from the RF box to the antennas.
Although this did not cause us to change the design of the C- and X-band
RF sections, we were forced to redesign the L-band radar. We did this
because ten feet of cable between the circulators and the antenna ports will
cause spikes in the IF spectrum that may drown out low-level return
signals. These spikes are present as a result of mismatches at the input to
the antenna that are not significantly attenuated by the RF cable.
Therefore, to avoid this problem, we needed to come up with a design for
the L-band radar that would allow us to mount the RF section closer to the
feed antenna. Additionally, we had to design a new L-band feed antenna
that would attach to the new RF section. The desxgn of the L-band feed
was discussed in section 2.1.

Initially, we designed the new L-band radar using surface-mount
components. The block diagram of the radar is the same as that in Figure
9 but the SPDT switch and circulators are replaced by a transmit-receive
(TR) switch and a directional coupler. We also built a driver circuit to
convert a TTL control signal to the gate voltage needed to turn the FETs in

32



the TR switch ON or OFF. A diagram of the polarization switchihg for the
L-band microstrip radar is shown in Figure 11. .

V Antenna -

Driver

}%((Copolar) % 50Q

Driver
=
H Antenna
Control Inputs | ON 1’@&!,,,,,, Transmit/Receive
V1 V2 V3 V4 Other paths are OFF _|Tx Rx(CO) Rx(CX)
I o -v o -v Jo-J3andJ1-J4 |V VvV VH
-V 0 -V 0 ~J1-J3andJ2-J4 H HH HV

Figure 11. Polarization Switching for the L-band Microstrip Radar

Six separate microstrip boards were designed and built. We fabricated the
boards using PTFE substrates with one ounce of electrodeposited copper on
both sides. We laid out the boards using Tango and printed the photoplots
on a 600 dpi laser printer. Then, we transferred the patterns to the circuit
boards and cut away the copper on top of the boards in the appropriate
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regions. After the board patterns were completed, we soldered the
components onto the circuit boards and the bare copper was tinned to
prevent oxidation. We then tested the boards individually using the
Hewlett-Packard 8722C Network Analyzer.

Once the boards were working, we designed a compartmentalized box to
house the six boards. The box was milled out of a block of aluminum by
Nelson Machine and Tool. The box is lightweight and it is designed to fit
on the antenna mounting bar in the space previously occupied by the L-
band waveguide feed. The microstrip radar block diagram and the RF box
drawings are included in Appendix 3.

After the entire system was constructed, we connected the boards together
using semi-rigid coaxial cable. We did this by soldering the center
conductor of the coaxial cable to the 50-Q microstrip line on the boards.
These interconnects seriously degraded the VSWR characteristics of the
radar resulting in undesirable system performance. As a result, we did not
have a working L-band radar for IFC-2 in July 1994.

During the time between IFC-2 and IFC-3, we decided to build a new L-
band radar using discrete components. We ordered small components
manufactured by Mini-Circuits Incorporated of Brooklyn, New York. We
also had the compartmentalized RF box completely hollowed out to
accommodate the new RF section. The same design was used for the
discrete L-band radar as was used for the C- and X-band radars except for
the addition of an RF amplifier in the transmit path. The block diagram
‘for the revised L-band radar design is included in Appendix 2. We used
the RF amplifier to compensate for the loss in the RF cable that connects
the L-band YIG in the radar control box to the input of the RF section. We
managed to fit all of the discrete components inside of the small RF box.
After the radar was completed, we ran delay-line tests using both the
spectrum analyzer and the oscilloscope. Two log-periodic antennas were
then fastened to the lid of the RF box and this L-band radar was used
during IFC-3 in August 1994. '
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Because the output level of the mixer is small, an IF amplifier is needed to
boost the received signal to a level that is useful for either display or
digitization. We built an IF amplifier that provides three gain settings for
amplifying the output of the RF portion of the receiver. The following
section discusses the design and implementation of the IF amplifier.

2.3 IF Section

The IF section of the radar consists of a high-pass filter (HPF) and an IF
amplifier followed by a low-pass filter (LPF). The LPF has a cutoff
frequency of 22 kHz and is used to limit the bandwidth of the signal that is
input to the data acquisition system. By limiting the bandwidth of the IF
signal, we can avoid aliasing when the IF signal is sampled. The LPFs and
HPFs are manufactured by TTE Incorporated of Los Angeles, California.
The C- and X-band HPFs have a cutoff frequency of 10 kHz and the L-band
HPFs have a cutoff frequency of 5 kHz. We use these filters to suppress the
low-frequency components in the IF spectrum that are present due to the
reflections at the antenna ports. All of the filters are passive and
specifications are coded on the side of the filter.

The IF amplifier that we designed is a three-stage switchable-gain
amplifier. The gain settings for the IF amplifier are determined as

discussed in the beginning of section 2.0. The circuit diagram for one
channel of the IF amplifier is shown in Figure 12.
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Figure 12. IF Amplifier Circuit Diagram

We used Tango to lay out the PCB and the board was fabricated at Colt
Technology. The board layout and bill of materials are included in
Appendix 4. We made three boards, one for each frequency, and each of
them have two channels like the one shown in Figure 12.

We used three separate stages to provide the gain levels required. The
first stage of the amplifier uses an SSM-2017 audio preamplifier
manufactured by Analog Devices Incorporated of Norwood,
Massachusetts. This is a fixed-gain amplifier that requires only one
resistor to set the gain and provides good noise performance over the
desired frequency range. The data sheet for this amplifier is included in
Appendix 4. We designed the first stage of the C- and X-band amplifiers
with a fixed gain of 30 dB (Rg =330 Q) and a gain of 0 dB (Rg = o) for the L-
band amplifier. Ideally, the preamplifier should have a low noise figure
and a large gain. If this is the case, the noise characteristics of the
preamplifier will dominate. We can see this by examining the expression
for the overall noise figure of a three -stage amplifier [Haykin, 1989]

Fz -1 Fs -1
F=F,+ + 2.14
e GG, 214
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Equation 2.14 tells us that the noise characteristics of the C- and X-band IF
amplifiers are determined primarily by the first stage. The noise figure for
the L-band amplifier is dominated by the noise ﬁgures of the first and
performance at L band will not be as g&;& es the noise performance at the
other two frequencies. - . - -

To provide the amplifier with three gain settings, we used a digitally-
programmable amplifier with gains determined by two digital inputs (A;
and Ag). Table 2 shows the digital inputs and the corresponding gain
settings.

l A1 AQ Gain Gain (dB)

I| 0 0 1 0
Lo 1 10 20
| 1 0 100 40

|| 1 B 1 ~1000* 60*

* Only applies to new IF amplifier

Table 2. Gain Settings for the Second Stage of the IF Amplifier

The programmable-gain amplifier is a PGA-103 that is manufactured by
Burr-Brown Corporation of Tucson, Arizona. The manufacturer's data
sheet is included in Appendix 4. We chose this particular amplifier
because it requires no external components for operation. The amplifier is
also small and inexpensive.

We designed the third stage of the IF amplifier using two op amps to
enable it to drive a 50-Q load. We accomplished this by using a high-
current buffer in the feedback loop of an OP-27 op amp to boost the output
current. We used this configuration to provide the amplifier with the
ability to drive loads requiring high current levels while remaining
relatively immune to noise on the power supplies [Sedra and Smith, 1991].
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The OP-27 is manufactured by Analog Devices and the buffer is a BUF-634
available from Burr-Brown. The data sheets for both of these integrated
circuits are included in Appendix 4. Figure 12 shows the design of the
output stage. The OP-27 is used in the inverting configuration with the
BUF-634 in its feedback loop. This stage provides a fixed gain of 10 dB.

The output of the IF amplifier circuit is fed to a single-pole R-C high pass
filter that provides a DC block. This HPF also provides a 50-Q output
impedance to match the 50-Q input impedance of the A/D board.

We used a switching power supply to provide the DC voltages throughout
the radar system. The power supply provides DC voltages of £ 24 V.
Therefore, to provide the op amps with the proper supply voltages of + 15,
we used voltage regulators to convert the + 24 V levels to + 15 V levels.
We used the LM-7815 and LM-7915 voltage regulators for this purpose.
We decoupled the power inputs to all of the integrated circuits using a .1-
LF monolithic ceramic capacitor. This prevents parasitic oscillations
within the circuit [Analog Devices, 1992]. A 10-pF tantalum capacitor is
also used on each power input to suppress low frequency spikes.

The IF amplifier was tested using a signal generator, a variable attenuator,
and an oscilloscope. All of the gain levels were tested by using two voltage
sources to provide the TTL control signals. The amplifier worked well on
the test bench. However, when the IF amplifier is introduced into the
radar system, we are unable to operate in the highest gain setting (90 dB)
because of unwanted oscillations. At present, we have been unable to
solve this problem and we have opted for a simpler design of the
amplifiers. We feel that the problem with the amplifiers can be attributed
to either the PCB layout or the wiring within the old RF box. However,
we have been unable to isolate the cause.

After tests were run and significant progress was not made, we decided to

build new amplifiers with separate channels for each polarization. This
time we made six individual amplifier boards. The new IF amplifiers are
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2.1" square and they consist of threes stages. The first stage is a high-gain
preamplifier that is used for the same reasons as discussed earlier. The
second stage is a programmable gain amphﬁer that has four different gain
settings. We used a PGA-202 by Burr-Brown for this stage. This amplifier
is similar to the PGA-103 and the gain settings for the new IF amplifier are
included along with those for the old amplifier in Table 2. The third stage
is a high-current op amp (BUF-634) that is used to drive a 50-Q load.

We packaged the new amplifiers in a box with separate compartments for
each channel. By placing each of the channels in a different compartment
and by carefully managing the ground, we were able to achieve a much
higher isolation between the channels. The new amplifier boards provide
a 30-dB isolation between all channels in the highest gain setting. In the
second gain setting the isolation between channels is 50 dB.

The first stage of the IF amplifier is constructed using an OP-37 op amp
with an inverting gain of 20 dB. The maximum value of the noise
spectral density for this IC is 3.8 nV/VHz. Assuming that the noise
characteristics of this stage dominate and that we are driving a 50-Q load,
we can distinguish a signal at a level of -100 dBm from the noise [Franco,
1988]. The circuit diagram for the new IF amplifier circuit is included in
Appendix 4.

After the signal has been amplified, it is digitized using a high-speed A/D
board. The design and implementation of the data acquisition system for
the radar are the subject of the next section.

2.4 Data Acquisition System

The data acquisition system is used to digitally record the radar data.
Recording the data in digital form is advantageous because it allows us to
process the data after the experiment is completed. Therefore, we can

make use of digital signal processing (DSP) techniques to eliminate
unwanted signals and thereby improve the quality of the data. Each of the
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twelve channels (CVV, CHH, CVH, CHV, XVV, XHH, XVH, XHV, LVV,
LHH, LVH and LHV) of the radar are digitized during the helicopter
overflights. We collect the data using a datd acquisition board that is
manufactured by Datel Incorporated of Mansfield, Massachusetts called the
PC-414-B2. The specification sheet for this board is included in Appendix
5. We chose this board because of its ability to sample four channels
simultaneously at 14 bits per sample (actually uses two bytes when storing)
with sampling rates as high as 5 MHz. Also, the board has a built in first-
in first-out memory (FIFO) for easy transfer of the data from the A/D
board to the personal computer's memory.

We used the simultaneous four-channel sampling mode along with a
switching scheme to collect data from all 12 channels during the flights.
Channels 0 and 1 of the A/D board are dedicated to C-band V receive and
C- band H receive respectively. Channel 2 switches between L-band V
receive and X-band V receive and channel 3 switches between L-band H
receive and X-band H receive. The switching between L and X band is
performed once every four periods of the modulation waveform (a 50-Hz
triangle wave). During the upsweeps of the modulation waveform , we
keep the SPDT switch in position 1 (see Figure 9). This means that we
collect CVV, CVH, LVV or XVV and LVH or XVH during the upsweeps.
During the downsweeps, the computer switches the SPDT switch to
position 2 and we collect CHV, CHH, LHV or XHV and LHH or XHH.
Using this switching scheme, we obtain several independent samples of
the backscatter for each frequency and polarization combination during
each flight. Figure 13 illustrates the switching scheme and shows how all
12 channels are sampled multiple times during every flight line.
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Channd 0 CHY CHV CHV CHV
C Band(V Receive) m— cvv cvv Ccvv cvv cw

Channd 1 CHH CHH HH CHH

C Band (H Receive) [m— CVH CVH CVH CVH cvH

Channd 2

L or X Band (V Receive) %

Channd 3 XHH
L or X Band (H Receive) m-— VH XVH XVH LVH,

Flgure 13 Data Acqulsltlon Scheme for D1g1t1z1ng 12 Channels ¥

We chose a samplmg rate of 160 kHz Tlus is four times the samphng rate
required for a single channel. The sampling rate for an individual

channel is determined based on the maximum unamblguous range -
) idesued as described in Section 2.0.

»Each fhght lme is covered in a perlod of 40 seconds Therefore, sinoe 160

ksamples are taken each second and the sample length is two bytes, we

_collect approxunately 12 Mbytes of data during each flight line.
7Add1t10nally, each fhght hne must be flowrnislx times for collection of

”jbacksrcatter data at varying mc1dence ‘angles. This results in a minimum
_ data volume of 72 Mbytes for each ﬂlgl;;tﬁ]gg_gm - RIS S

The PC-414-B2 data acquisition board is de51gned to fit into a standard PC
slot. The board is controlled using a program written in C. Basically, the
program tells the board the sampling frequency, the mode of operation
and the format of the data. The program also controls the acquisition of
the data and the flow of the data to the PC. While the data are being
sampled they are directed to the data acquisition board's FIFO and then to
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the PC's memory. At the end of the flight line, the data are transferred
from the memory to a 150-Mbyte Bernoulli disk.

We controlled the switching of the transmit polarization and the
switching between L- and X-band data acquisition using waveforms
generated by a digital input-output (I/0) board. The I/O board that we
used is the CIO-DIO24 manufactured by Digital Boards, Incorporated of
Mansfield. Massachusetts. The polarization switching is controlled using
a 50-Hz TTL-level square wave. This square wave controls the position of
the SPDT switch in the RF section. A 12.5-Hz TTL-level square wave is
used to switch between the L- and X-band channels. This square wave
controls the position of a switch on the L/X-band LPF board in the control
box.

The details of the programs written for the data acquisition system are not
included here because they are beyond the scope of this report. All of the
programs were written by Simone Pinheiro during the spring and
summer of 1994. They are the subject of an RSL Technical Report that is
currently being written [Pinheiro, 1994].

2.5 Systems Integration

After all of the systems discussed in sections 2.1 - 2.4 were tested
individually, we integrated the entire radar system. The radar system was
powered up for the first time in the summer of 1994. However, several of
the subsystems discussed were not functioning as well as they are at
present. After several modifications, we packaged the radar system into
three rack-mountable boxes. The first of these boxes is the rack-mountable
PC that we obtained from Appro Incorporated of San Jose, California. The
Bernoulli drive was attached to the top of the computer box for mounting
in the helicopter. The second box is the RF box that has already been
discussed in Section 2.2. The Hoffman box was mounted in the helicopter
during IFC-2 and IFC-3 but a new RF box (see Figure 10) is currently being
used. The third box is the control box. We used an old control box with a
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linear power supply during IFC-2 but a new control box was built using a
Vicor switching power supply for IFC-3. We designed the control box so
that we could easily monitor the radar's output during the helicopter
flights. A drawing of the front and back panel of the radar control box is
shown in Figure 15a. Flgure 15b shows the layout of the radar
omponents w1th1n the control box T

24V A5V -5V

Back Panel

Figure 14a. Front and Back Panel of the Radar Control Box
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Back Panel

VICOR Voltage
Power Regulators
Supply

Front l;anel
Figure 14b. Layout of the Components within the Radar Control Box

_We mounted all of the boxes along with an HP digital oscilloscope inside
the helicopter during both of the IFCs. Appendix 6 includes several
photographs of the radar system.

As mentioned earlier, we operated the radar from the helicopter during
IFC-2 in July 1994 and later during IFC-3 in September 1994. The following
section describes the problems that we encountered during IFC-3 and
provides detailed explanations of how we were able to overcome some of
these problems. '
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Chapter 3 - Problems with the Radar System During IFC-3

Although we experienced problems during IFC-2, they were not
as interesting from an electrical engineering standpoint as the ones that
we faced during IFC-3. Therefore, this section describes the actions we
took to overcome the problems encountered diiring IFC-3. First, we will
examine the problems caused by the long RF cables for the C- and X-band
sections. We were forced to use long cables because the Hoffman box that
houses the C- and X-band RF sections could not be mounted outside of the
helicopter. We made changes to our original system design to counteract
the effects of the long cable. Despite our efforts, the long cables still
degraded the performance of the radar. After we have examined the
problems with using long RF cables, we will discuss the mistakes made in
the design of the switch driver board used to control the SPDT switches in
the C- and X-band RF sections. Although the design of this circuit seemed
to be simple, we made an error by overlooking a subtlety in the design
when implementing the circuit. We did not detect this error until IFC-3
and we had to design and build a new circuit in the field. Then, we will
discuss other problems that we faced during the field experiment. At
present, we can not explain the causes of some of these problems.
However, we will describe the tests that we have performed and discuss
possible causes of the problems.

3.1 The Problems Caused by Long RF Cables

Using long RF cables causes problems because of the interference signals
generated by multiple reflections and the loss of system sensitivity due to
the lower transmit power at the antenna ports.

The worst-case scenario for multiple reflections occurs when we have long
cables with very little loss and a poor match at the antenna port. For our
case, this occurs at C band. We used ten feet of RF cable with loss of .4
dB/ft. The transmit power measured at the output of the circulator is 9
dBm. The C-band antenna has a 10-dB return loss at the edge of the
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passband. Using these values and assuming a perfect match at the
circulator port, we can calculate the power returned by the first reflection
as 9 dBm - 10 dB (due to mismatch at antenna i:)ort) - 8 dB (due to cable
loss) = -9 dBm. The mismatch at the inputs to the antennas and the long
RF cables cause a spike in the IF spectrum with a magnittide that is 18 dB
less than that present when the circulator port is shorted. The frequency at
which this spike occurs can be calculated using equation 2.2 and is
approximately 2 kHz. Additional spikes will be present at multiples 2 kHz
and the magnitude of each of these spikes will be 18 dB lower than that of
the previous spike.

Using this estimate, we chose to precede the IF amplifier with a HPF with
a cutoff frequency of 10 kHz. This filter is used to attenuate the multiple
reflections caused by the long cable and the antenna port mismatch.
However, the HPF also attenuates the antenna feedthrough signal that we
had planned to use in place of a delay line as our internal calibration
signal. The RF sections were constructed before we learned that the RF
box could not be mounted outside of the helicopter and we decided to use
the attenuated version of the antenna feedthrough as our calibration

signal.

Another more fundamental problem caused by the use of the long cables
is the loss of transmit power at the antenna port. At X band, the radar's
transmit power is lowered by 10 dB due to the loss in the cable. Lowering
the transmit power of the radar will cause the system to be unable to detect
small objects or large objects at longer ranges. Therefore, by introducing
the long RF cables into the radar system, we have lost dynamic range. The
only ways to remedy this situation are to either use a source with more
output power or to somehow move the RF section closer to the feed
antennas. Neither of these options were feasible and we had to sacrifice
system performance.
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3.2 The Switch-Driver Circuit

PIN-diode switches are used in the RF section rather than mechanical
ones to provide faster switching times. We used switches that were
readily available in the lab. However, these switches did not have a built-
in driver circuit to convert the TTL control signal to the current levels
necessary to properly bias the diodes. The switch-driver circuit controls
these PIN-diode switches in the C- and X-band RF sections of the radar.
We want to control the transmit polarization of the radar using TTL
signals but the PIN-diode switches require two 30-mA currents of opposite
polarity to control their position. Therefore, we needed to design a circuit
to convert the TTL input signal into two 30-mA currents of opposite

polarity.

We first designed the switch driver using a voltage-to-current converter
commonly found in the literature [Sedra and Smith, 1991]. This circuit
was used in conjunction with a comparator to produce the correct output
current given the TTL input. The circuit diagram is shown in Figure 15.

Depending on the input voltage, the comparators hit either the positive or
negative supply rail. Then, the rail voltage V is converted to a current
(Iout = V/R) by the voltage-to-current converter. Therefore, by using two
comparators and two voltage-to-current converters, we can produce the
currents needed to control the switch. The original circuit was designed,
built and tested by Steven LeBueof during the summer of 1994.

We used this circuit throughout IFC-2. After we returned from the field,

we redesigned the switch driver board and fabricated it using the etching
facility. We then tested the circuit in the lab and it was working properly.
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Figure 15. Original Switch Driver Circuit

When the radar was operating for longer periods of time during IFC-3, we
observed that the comparator chips were abnormally hot. We then tested
the circuit and found that it was not working. After taking a closer look at
the circuit, we realized that the original design requires the comparator
stage rather than the voltage-to-current stage to supply the current to the
load.

Once we found the problem with the circuit, we came up with a new
design for the switch driver. The new switch-driver circuit is not as
complex as the original. A circuit diagram of the new switch driver is
shown in Figure 16. '
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Figure 16. New Switch-Driver Circuit

We used this design because the parts needed to build the circuit were
readily available. The voltages at the input are provided using 1-amp
regulators (LM-7805 and LM-7905) and the switches are implemented
using a DG-189 made by Siliconix Incorporated. The data sheet for the
switch is included in Appendix 6.

The operation of this circuit is simple. The load current i; is determined
by the input voltage Vin and the series combination of the resistor R and
the load resistance R as

. _ Vi |
IL R+RL (3-1)

Therefore, by choosing the proper value of R, we can adjust the amount of
current supplied to the load. While designing this circuit, we made
certain that the components possessed the ability to supply the current
required by the load. The new switch-driver circuit was built in the field
using a prototype board. This circuit was used successfully throughout
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IFC-3. When we returned, we made a PCB version of the new switch-
driver circuit.

3.3 Other Problems Encountered During the IFCs
In addition to the problems discussed above, we also solved a series of
smaller problems during the field campaigns.

A new control box was constructed during the period between the second
and third IFCs. One of the main reasons for building a new control box
was to decrease the weight of the system by using a switching power
supply rather than a bulky series supply. Although the switching power
supply is very lightweight it has the disadvantage of being very noisy.
Therefore, we used ripple attenuation modules inside the control box to
filter the power supply noise. Initially, we did not obtain the performance
that was specified by the manufacturer after installing the modules. After
running several tests during IFC-3, we noticed that a mistake had been
made in the wiring of the modules. We corrected the wiring error and
this resulted in a drop in the noise floor of 20 dB.

The most mysterious problem that we encountered in the field was the
appearance of a noise spike at 12 kHz when the system was mounted in
the helicopter. The 12-kHz spike was not present during system testing
and when we first saw the spike it was confused with the radar return.
We realized that the spike was system induced after we started sweeping
incidence angles and the spike did not move. Initially, we thought that
the spike was being generated by the electronics on board the helicopter.
However, when we landed, we tested the system using power from a
nearby generator and the spike was still present. We then took the radar
back to the lab to see if we could find out where the noise was coming
from.

Once we figured out that the noise was not created by the helicopter, we
began to suspect a grounding problem. After we returned to the lab with
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the radar, we stacked the system as it was mounted in the helicopter and
used grounding straps to interconnect the boxes. We were then able to see
the 12-kHz spike in the lab. After testing the system, we discovered that an
improper value resistor had been used on the input to the A/D board. We
replaced the resistors and the 12-kHz spike disappeared leading us to
believe that the problem was solved. However, when we remounted the
radar in the helicopter for the next flight, the 12-kHz spike appeared once
again.

To avoid interference with the 12 kHz spike, we took data at ranges
corresponding to larger frequency values by flying at higher altitudes.
Although this helped us to avoid interference between the radar return
and the noise spike, the system sensitivity was lowered because of the
larger area illuminated by the antennas and the increased spreading loss
when flying at higher altitudes.

During the field experiment we could not find the source of this problem.
We felt that the problem was either due to the wiring in the RF box or to
the layout of the IF amplifier boards. Therefore, after we returned from
the field, we repackaged the entire RF section and redesigned the IF
section. We carefully wired the RF box making sure that we did not create
any ground loops.

The following section describes the performance of the radar system at
present. Also, results of test measurements are presented.
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Chapter 4 - System Performance and Results

In this section we will discuss the performance of the radar system in its
current state. First, the method used to calculate the antenna's beamwidth
and gain at all three frequencies is discussed. This is followed by delay line
measurement results with a table showing the isolation between channels.
Delay line results are followed by lens measurements taken behind
Nichols Hall. Using these results, we discuss the system's measurement
capabilities and possible improvements that can be made. Several tree
measurements are also presented. At the end of the section, we have
included some of the initial results from the L-band radar data collected
during IFC-3 over the YJP site.

4.1 Antenna Performance
Since we have not measured the antenna patterns to date, we estimated

the antennas performance using basic equations [Ulaby, et al., 1986]. The
L-, C- and X-band half-power beamwidths were calculated using

i
B..= a7 (4.1)

where A is the wavelength, d is the diameter of the aperture and a is a
factor based on the taper. We also calculated the gain of the antennas at
each of the bands by first calculating the directivity using

Do=782F% 42)
ﬂl/Z
Then, the gain is calculated using
Go=1Do (4.3)
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where m is the radiation efficiency of the antenna. The results of these

calculations are presented in Table 3.

{ Freq. a A d n B1/2 Do Go
(GHz) (cm) (m) @) (dB) (dB)
“ 10 3.00 9 25 3.0 36 30

5.5 1.5 5.45 9 25 5.2 31 25
Las | 12 | 200 9 20 15 21 14

Table 3. L-, C- and X-Band Antenna Gain and Beamwidth

We measured the isolation between the V and H channels of the C- and X-
band conical horns using the HP Network Analyzer. The isolation for
each of the antennas is 20 to 25 dB. oo . '

4%@ Output Power Levels o

The output power levels were measured for each of the transmit channels

of the radar using a power meter. The results of these measurements are

- shown in Table 4.

I Frequency Band V-Channel Power Out | H-Channel Power Out
(dBm) (dBm)
L 13.5 12.1
C 58 6.3 I
| X 10.2 %

NOTE : The output power of the C- and X-band section is measured at the
RF box rather than at the antenna ports so the loss in the RF cable must be

taken into account before using these numbers in the radar equation.

Table 4. Output Power for the Transmit Channels

53

R

I e



4.3 Delay Line Measurements

After the system was reconstructed, we ran a series of delay line tests to
determine the amount of interference between the channels for the C- and
X-band sections. Figures 17, 18, 19 and 20 show the delay line results for
the all of the C- and X-band channels at gain setting 2 (40 dB) and gain
setting 3 (60 dB). Gain setting 1 (20 dB) results are not included because no
coupling between channels can be seen at this gain setting.

Power Return (dBm) vs. Frequency Power Return (dBm) vs. Frequency
C-Band (delay line = v),(gain = 2) C-Band (delay line = v),(gain = 3)
O — - 0 —r—r—r—————
—_— er Return (dBm) [vv] [ Power Retumn (dBm) [vv}
«F |- Power Return (dBm) [vh] o N Power Return (dBm) [vh]
'E‘ ~ = = Power Retum (dBm) {hv| — + — — = Power Retumn (dBm) [hv}
g o é ] :
g =20 g -20
-4
E 4 £ 4w A
F3 g A'. \ sin H‘nll N
o hat! ‘f’ \ y A
= . : ' A " "'4‘ W. | ’l
'°° * .ws‘ R “ E.*"f*arf B *
50 A . ll.A 50 e L. :
0 4 ] 12 16 2 o " 4 8 12 16 20
Frequency (kHz) Frequency (kHz)

Figure 17. Delay Line Results for C-Band (V) at Gains Settings 2 and 3

Power Return (dBm) vs. Frequency Power Return (dBm) vs. Frequency
C-Band (delay line = h),{(gain = 2) C-Band (delay line = h),(gain = 3)
0~ — 4@ T T -
——— er Return (dBm) [hh) [ Power Return (dBm) [hh}
- - —- - - Power Return (dBm) |hv] L - - =~ =« Power Return (dBm) {hv]
20 F - = = Power Return {dBm) [vh] 2 - — = Power Return (dBm) {vh)

o

Power Return (dBm)

Power Return (dBm)
S

g & &

Figure 18. Delay Line Results for C-Band (H) at Gains Settings 2 and 3
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Power Return (dBm) vs. Frequency Power Return (dBm) vs. Frequency

X-Band (delay line = v),(gain = 2) C-Band (delay line = v),(gain = 3) ~ ~
© r TrrTTTT —waerMm(dBmK vv] © o T T T T Power Retumn (dBm) [vv]
N R Power Retum (dBm) [vh] [ - - == - -Power Retumn (dBm) {vh]
. D — — — Power Retum (dBm) [hv) 2 2 — = — Power Retum (dBm) [be]
g [
g g of
g ol
& ;O
40 LT P )
g g A 5y }\.l;""\!‘\lk ! \‘*‘l 4 \I
e~ & e Py TR "ﬁ' "%%? [ v
o H s ' ! 1
80 Lo L 1 I ETE TN
0 4 8 12 16 20

Figure 19. Delay Line Results for X-Band (V) at Gains Settings 2 and 3

Power Return (dBm) vs. Frequency Power Return (dBm) vs. Frequency
‘X-Band (delay line = h),(gain = 2) X-Band (delay line = h),(gain = 3)
o ——r——T - o P
ower Return (dBm) [hh] Power Return (dBm) [hh}
eee-.PowerRetum@o)fe) § ¢  feemmcs Power Retum (dBm) fhv]
- 2F — « — Power Retum (dBm) [vh] .. or ~ — — Power Return (dBm) [vh)]
J J
: :
~
: :
4 [
0 4 8 12 16 0
Frequency (kHz)

Figure 20. Delay Line Results for X-Band (H) at Gains Settings 2 and 3

Table 4 lists the isolation between channels obtained from the
measurements displayed above for gain setting 3, which is the worst case.
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Frequency | Delay Line | Transmit [ Channel | Isolation Isolation
Band Position |Switch Pos.| Measured | from VV | from HH
(dB) (dB)
C \' \' H 26 N/A
C \Y H \Y% 53 N/A
C H H A" N/A 27
C H Vv H N/A 65
X \% \Y% H 29 N/A
X \Y% H \Y% 33 N/A
I x H H v N/A 29 |
L x H v | =H N/A 3 |

Table 5. Isolation Between Channels for C and X bands

We also tested the functionality of all of the switches on the control box.
Figure 21 shows the results of a test of the X/L switch. During this test the
L-band radar was not connected and the delay line was connected to the X-
band V channel.

Power Return (dBm) vs. Frequency
X-Band (delay line = v),(gain = 3)
[Isolation Between X and L Band]

40 T+ T T 7

Power Return (dBm) [vv]
- - == - - Power Return (dBm) [lvv]

Power Return (dBm)

0 4 8 12 16 20
Frequency (kHz)

Figure 21. Functionality of the X-band/L-band Switch
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Although the isolation provided by the amplifier is at worst 26 dB, this is
not the limit of the system. The antennas provide only 25 dB isolation
and this determines the isolation between the channels for the entire
system. After the delay line tests were completed and we were satisfied
with the system's performance, we connected the antenna and took the
radar outside to perform lens measurements.

4.4 Lens Measurements

Lens measurements were collected in the field behind Nichols Hall using
all three frequency bands and both VV and HH polarizations. We
collected data at two different ranges for e eech of the bands' VV and HH
channels. The ranges were » chosen to represent typxéal raﬁges temt‘;;gets
present when taking data from the helicopter. The X-band returns exhibit
a higher signal-to-noise ratio (SNR) than the returns at L and C bands.

Figure 22 shows the X-band VV return from the lens at ranges of 100 feet

and 157 feet. Figure 23 shows the X-band HH return from the lens at
ranges of 100 feet and 160 feet.

X-Band Lens Return X-Band Lens Return

Polarization = VV Polarization = VV
IR =100 ft) [R=157fi]
0 T T T T T T W T
El IRERAREEEERLARRAE E Power Return (4Bm) |
10 E \ PowrrRﬂum(dBm)l 10
E o 3 E ot
3
;';-lo ‘\ 2 a0 \
§ 20 F g -20
Y & ! -30 i Mt
] W M ] ; ﬂ ;
g -40 ‘l‘ﬁ ?’% % -0 A
& g & v
50 -50
o Bbadaddadadidibidirad, PR AAARKRRRARARRRREAN
0 2 4 6 8 10 12 4 16 18 20 . 0 2 4 6 8 10 12 14 16 18 20

Frequency (kHz) = = o  Prequency (kHz)

Figure 22. X-Band VV Lens Return at 100 and 157 feet
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[R = 100 £t] [R = 160 ft]
¥ e TTTT T T T T T OO T 20 FTTTT T T T T T T T

E [———-waelimm(dBm)I w0 f ]—Powzrbmm(dhm)l

N \
_ N

Power Return (dBm)
8 5
Power Return (dBm)
B8
o
=

-30 N Fhbads ﬁ N -30 W lv‘w
o pptp ‘ o
-50 E 1 -50 :
_60 . e ' i Alads adalgly '60 o adadelaluls Adadadataladedlaly
0 2 4 6 & 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 N
Frequency (kHz) Frequency (kHz)

Figure 23. X-Band HH Lens Return at 100 and 160 feet

At R = 100 ft (30.5 m), the SNR is about 40 dB for both the VV and HH
polarizations. Using this value for the SNR, we can determine the
minimum detectable 60 for the X-band radar at this range. The radar cross
section of the lens is known to be 13 dB and we can calculate the area
illuminated at nadir using

Au=7R'By, , (4.4)

Using the value for the half-power beamwidth for X band given in Table 3,
we find that the area illuminated is 3 dB. Therefore the equivalent 60 that
we are measuring is the radar cross section of the lens divided by the area
illuminated or 10 dB. This means that we can measure scattering
coefficients as low as -25 dB with a SNR of 5 dB at a range of 100 feet with
the X-band radar. Before we decide that the radar actually has the ability to
detect a o0 this low, we must calculate the power returned when ¢© = -25
dB and make sure that the IF amplifier can handle a signal this small.
Using the radar equation and the values Pt = 5 dBm, G2 = 60 dB, A2 = 30 dB,
00 = -25 dB, Ajn = 3 dB, (4n)3 = 33 dB, and R4 = 60 dB, we find that the
power returned is -80 dBm. Therefore, since the IF amplifier can
accommodate signals as low as - 100 dBm (see Section 2.3), we can detect
this signal.
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By performing the same calculations for the return at 160 feet, we find that
the X-band radar can measure scattering coefficients as low as -18.5 dB at
this range. Since typical X-band scattering coefficients for vegetation are
above this threshold, the radar provides sufficient dynamic range at X
band for use in the forest.

Figures 24 and 25 show the C-band VV and HH lens returns at ranges of
100 feet and 160 feet.

C-Band Lens Return C-Band Lens Return
Polarization = VV Polarization = VV
[R =100 £t} [R =160 ft]
b1l TTTTTTITY m—r—— 2 T T T T T T TR O I IO
10 10 Powchetum(dBm)l
=~ -0 i ~ -0
[ A E g
» JAVARY » |
obibmnt rimd bbbt
so AL ‘ % |
0 ARAEARANRNARNNRNTA &0 L ANAARAANNTAARR
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 4 16 18 20
Frequency (kHz) Frequency (kHz)

Figure 24. C-Band VV Lens Return at 100 and 160 feet

C-Band Lens Return C-Band Lens Return
Polarization = HH Polarization = HH
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Figure 25. C-band HH Lens Return at 100 and 160 feet

The signal is lower at C band than X band because of the lower antenna

gain and the smaller cross section of the lens at this frequency. Also, the
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difference in the returns from the VV and HH channels can be attributed
to differences in focusing of the antenna. Table 6 lists the results of
calculations made to determine the minimum measurable scattering
coefficient. We performed these calculations using the method described
for the X-band radar.

Figures 26 and 27 show the lens return at L-band for the VV and HH
channels at ranges of about 100 feet and 160 feet:

L-Band Lens Return L-Band Lens Return

Polarization = VV Polarization = VV
" [R =100 ft] " (R =160 ft]
10 : I Power Return (dBm) ] 10 l Power Retumn (dBm)1
T of T o f
5 E . g E 3
~ 10 I R ] ,\ 14
£ = A i = P
-20 20 A i
5 f‘ LT IR § L
5 -30 F v k -30 t p
£l ol AL S
50 f s F
'60 Al s Ll A ol o d a1t 4 1ol d,4.]1,4 ’60 o ol il odalalals 1 e dadadh, Fu W . 1
o 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Frequency (kHz) Frequency (kHz)
Figure 26. L-band VV Lens Return at 100 and 160 feet
L-Band Lens Return L-Band Lens Return
Polarization = HH Polarization = HH
» [R =108 ft] » [R = 165 1]

Power Return (dBﬂ E

= A =
& o g 0
=
% 10 ]M F‘ & 3 2 g f A
g et \f[\ b \i 3 5 2" Tt | f
o i i oan. i3 & “ M h
N [ e M Vi
& Y ng. 0
-50 F -50
‘60 E A ad g ) o b Laf o bk talol, o427 .w adalaly alala)ale i
0 2 4 6 8 10 12 U4 16 18 0 2 4 6 8 10 12 14 16 18 20
Frequency (kHz) Frequency (kHz)

Figure 27. L-Band HH Lens Return at 108 and 165 feet

The L-band returns do not exhibit peaks at a single frequency because the
ground is present in the area illuminated by the antenna. Also, the noise
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floor is higher at lower IF frequencies because of the larger internal
reflections in the L-band section. Table 6 shows results of calculations of
the minimum measurable scattering coefficient at L band.

Frequency Band Range (ft) SNR (dB) 6%min (dB) with
“ SNR =5 dB
B L 108 35 -36
IF L 165 20 21

C 100 30 27
| C 160 20 21

X 100 40 25

X 160 30 -18.5

NOTE: Results are shown only for HH channel with but VV channel
results are similar.

Table 6. Minimum Measurable Scattering Coefficients

The results from Table 6 indicate that the system gain is sufficient to
measure the backscattering coefficient of vegetation at 150 feet. However,
the helicopter often flies at an altitude of more than 150 feet. Also, larger
incidence angles will increase the range to the target. Furthermore, the
forest canopy will cause more attenuation than air. Therefore, we would
still like to add an 80-dB gain setting to the system. This gain setting would
be very useful for the C- and X-band portions of the radar. |

Following the lens measurements, we performed measurements with the
radar pointing at evergreen trees behind Nichols Hall.

4.5 Tree Measurements
We collected backscattering data from several evergreen trees behind

Nichols Hall. We took these measurements to test the radar's ability to
see trees with foliage present at ranges comparable to those that will be
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encountered during field experiments. When taking the measurements
we manually adjusted the antenna position to point at the trees. We
made sure that the antenna was pointing in the right direction by placing
the lens in front of one of the trees and validating that the tree was being
seen by the radar. Linear plots of the X-band VV and HH returns are
shown in Figure 28.

X-Band Return from Trees X-Band Return from Trees
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Figure 28. Linear Plots of X-Band VV and HH Tree Returns
The X-band antenna was aimed at three trees at ranges of about 130, 150
and 160 feet. The VV return from the second tree is not large but the third
tree can be seen fairly well. The HH channel shows a large return from

the second tree which shadows the return from the third tree.

Linear plots of the C-band VV and HH returns are shown in Figure 29.
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Figure 29. Linear Plots of C-Band VV and HH Tree Returns

The C-band antenna was looking at only two trees. The VV return in
Figure 29 has some reflections from the ground in the lower frequency
range and only one of the trees is present in the return. This is a result of
the antenna's position. With the HH channel, we have no reflection from
the ground and a second tree can be seen behind the first.

The L-band returns from the trees are broader than those at C and X band
because of the larger antenna beam. The large beam also allows many
reflections from the ground to be seen by the radar. Unfortunately, these
ground reflections were dominant in the data that we collected. Figure 30
shows the L-band returns from the trees from both the VV and HH

channels.

Although the ground return can be seen in these plots, it does not appear
at the same range as the return from the trees. Therefore, by using filters,
we can easily separate the return from the ground and the trees.
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Figure 30. Linear Plots of L-Band VV and HH Tree Returns

4.6 IFC-3 Measurements

We collected data at all three frequencies during IFC-3. However, we have
only processed the L-band spectra from the YJP site. Figure 31 shows
normalized power return vs. range at incidence angles of 5° and 20°.

Normalized Power Return vs. Range Normalized Power Return vs. Range
(YJP - §° Incidence) (YJP - 20° Incidence)

IFC-3 Data taken on 9/16/94 IFC-3 Data taken on 9/16/94
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Figure 31. L-Band Normalized Power Return vs. Range at 5° and 20°
The data show a single spike at 5° incidence that is most likely the ground

return preceded by smaller returns from the canopy. At 20° incidence, we
see a spreading of the spectrum and the ground return no longer
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dominates. Further processing is necessary before a more complete
analysis of the IFC-3 data will be available.

Although the radar is currently working well, we have planned to make
several additions to improve the system's ability to obtain a high quality
data set. These additions along with conclusions are the subject of the next
two sections.
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Chapter 5 - Conclusions

Over the past year, we developed a three-frequency radar for use in
backscattering studies over the boreal forest region in northern Canada.
The radar is operated on board a UH-1 helicopter provided by NASA.
During the summer of 1994, we participated in two IFCs as a part of the
BOREAS project. ’

IFC-2 took place in July of 1994. The L-band portion of the radar was not
operational during this experiment because of changes made in the design
of the feed antenna. Therefore, we operated the radar at C and X band.
We collected backscatter data in the SSA at the OJP, YJP, OA, and OBS sites.
Although some of the data from this IFC are good, we experienced several
system problems. As a result, we made improvements to the radar system
in the time between IFC-2 and IFC-3.

The primary change that we made was to replace the IF amplifiers used in
IFC-2 with higher gain amplifiers capable of driving a 50-Q load. We also
built a new control box that includes a switching power supply rather than
the heavier series power supply that was used during IFC-2. We also built
PCBs for the switch driver and the filters used in the system.

During IFC-3, we once again took measurements in the SSA. The L-band
portion of the radar was operational at this time. We repeated the flight
lines from IFC-2 paying special attention to the YJP site. The data taken
during IFC-3 are good with the exception of those data sets taken when the
amplifier was set to the highest gain.

Although the system was improved greatly for IFC-3, we still experienced
some problems because of the long RF cables used to connect the RF box
to the feed antennas. Also, the noise spike present at 12 kHz and the
inability to operate the radar at the highest gain setting decreased the
sensitivity of the radar during IFC-3. At present, we have rewired the RF
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section of the radar and made further improvements to the IF amplifiers.
As a result, the radar is performing better than ever before.

We plan to take the new radar system to the field in the summer of 1995.
We will once again perform measurements at the SS5A over the
previously mentioned sites. The improvements that we have made to the
radar over the past year will allow us to collect a superior data set for use
in studying the canopy's interaction with microwave radiation. By using
the data collected with this radar, we plan to develop scattering models
that will allow us to estimate important geophysical parameters. These
parameters include soil moisture and biomass.

Although the radar is fully functional at this point in time, we plan to
make several additions to the system that will improve its functionality
during the 1995 experiments. h S ' :
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Chapter 6 - Future Work

We collected data using the helicopter-borne radar during IFC-2 and IFC-3.
The IFC-2 data are very difficult to interpret because of the numerous
system problems that were present. Also, during IFC-2, the L-band RF
section was not operational. After IFC-2, we repaired the radar and
improved the data acquisition system. We also built a new L-band radar
during this time. Therefore, the IFC-3 data set is easier to interpret and
more complete. Although we did experience some problems during IFC-3,
we feel that the data collected will be useful.

After JFC-3, we made further improvements to the radar system. As a
result, the radar is now working better than it was during either of the
IFCs. It is for this reason that we are attempting to organize another set of
flights during the summer of 1995. Since the radar system is performing
well and time still remains for system testing, we believe that a better data
set can be collected. If our proposal is accepted, we will repeat the
measurements made during IFC-3 using the radar in its improved state.

6.1 Improvements to the Radar System

Although the radar is fully functional at this point in time, we still would
like to add several features to the system. These features will improve the
radar's ability to provide accurate backscattering coefficient measurements.
The following is a list of the improvements that we would like to make to
the radar system. The list is not in the order of priority.

1. Use of a differential-mode GPS to determine the position of the
helicopter
2. Add another inclinometer to the mount outside of the helicopter to

provide information about the azimuth angle or build a more
advanced antenna mount for this purpose
3. Add a delay line to the system for more accurate internal calibration
4. Temperature stabilize the RF box using a Minsco heater
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10.

11.

12.

13.
14.

Add gain setting switches so that each bard can be controlled
separately -

Improve the data acquisition program

a) Add the capability to sample at any frequency

b) Real-time display of time domain data for all bands

c) Faster transfer of data to storage medium

d) Ability to process data in the field

Mount a video camera on the antenna structure and synchronize
the clock with the GPS

Cut the antenna pattern for all three frequencies

Add two more BNC connectors to the front of the control box for
monitoring X-band signals

Calibrate the digital panel meters (DPM) properly so that angle
calibration does not have to be performed before flights

Purchase sturdy low-loss RF cables for the connecting RF box to the
antennas

Calibrate the radar system using corner reflectors to allow for
application of vector correction techniques to the data set

Put new IF amplifiers in the L-band section

Figure out why the highest gain setting of the IF amplifier will not
work and repair the problem
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TRUE FOCUS OFFSET REFLECTOR SPECIFICATIONS

DISH DIAMETER DIMENSION YAM DIMENSION “B"
(.75 M) 30.0 IN 18.3 IN 30.5 IN
( MH);‘ 3670 IN. 21.96 1IN, 36.75 1IN, )
(1.0 M) 42.0 1IN. 25.62 IN. - 42.31 IN,
(1.2 M) 48.0 IN. 29.28 IN. 48.87 1IN.

PARENT DISH F/D .305
OFFSET REFLECTOR F/D .610

/q\
. A ’

. : ’ npn

"A"

OFFSET ANGLE _223°

Al-2



RSN R

s

-

FREQUENCY:
PEAK GAIN:
EFFICIENCY, NET (*):

BEAMWIDTHS (3dB):
AZIMUTH
ELEVATION

CROSSPOLARIZATION:
MAXIMUM ‘WITH
1 dB CO-POLAR
BEAMWIDTH

SIDELOBES:
MAXIMUM IN
AZ. OR EL.

(*) NET EFFICIENCY IS BASED ON ACTUAL REFLECTOR DIAMETER USING THE GAIN,

REPORT 9116-710

SUMMARY OF TEST DATA

ANDERSEN MANUFACTURING
{ .9M) KU-BAND OFFSET ANTENNA

11.7 11.953
39.1 39.6%
65 70
1.9 1.9
1.9 1.9
24.2 21.3
24.0 24.5

MEASURED AT THE WR-75 FEEDHORN WAVEGUIDE FLANGE.

NO1SE TEMPERATURE AND G/T:

12.2

39.75

69

-
w m

22.1

25.6

GHz

dBi

daB

‘4B

ELEVATION ANTENNA NOISE G/T
ANGLE ( ) TEMPERATURE aB/K
30 28K 18.3
40 26 18.3
50 246 18.4

SKY CONDITIONS. _

G/T ASSUMES A LNA WITH A 1.4 dB NOISE FIGURE,

Al-3
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IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, SEPTEMBER 1968
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Attenuation for a Circular Waveguide (a = 1cm)

0.7

0.65(

0.6

0.55[

od
(4]
T

" Aftenuation (dB/m)
o
>
[4,]

o
F -y
T

0.35f

T I 1 L 1

TE nmode

1 i 1 1 1

0.25

9.5 10 105 - 11 115
Frequency (GHz)
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0.8 T

Attenuation for a Circular Wavegulde (a = 1.77 cm)

0.7

0.6

o
n

Attenuation (dB/m)
<)
'Y

0.3

0.2

0.1 :

1 - ) L J ¥ o L] 1 '

1 1 1 1 1 1 1 1

5.2 5.3 5.4 55 5.6 57 5.8 5.9
Frequency (GHz)
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L

The next step is to calculate the bandwidth that we can get .

e, =885410 12 BoiSénl0 x°:=fi

loss_tan 2= 0005

-

k°?=2~x-fr'Jeo-uo ko = 31437

x
k o W_cale-cos( 8)} 2 )
1= lein . -(( 8))%-sin( 8) 40
1, = 1.798511
R Rty Q, = 7585 .
r
R i=.00027- LI Q2 R _ = 0.014625
€ 108 Woeale T L
R .o J0-loSS_tan o Q R .= 0.152794
d €, LWk ¥ d
o2
R, = ‘2": R, = 366.146
h
RY
Rr_prime Z=T
'_Qr-(R.r_prime-O-Rd) .
Ur Qp=17591
s:=2
o s=1
BW 1= BW = 0.093

“orts

This shows that we can only get a 3% bandwidth with the thickest substrate that we can
get from Rogers (meaning a standard thickness). To obtain the desired bandwidth we
would need 1o use a substrate with a 410 mil thickness. As of June 19, 1884, three
substrates have been obtained (125,125,93) and they will be stacked to obtain better
bandwidth than the 125 mil slab alone (about 8.7% can be obtained ideally).
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€, =233 f, = 1500 10° c=310°

' cale 1T ————ee “Equation 2.66 in Bahl and Bhartia (page 57)
(f) [ 4
¢
2
W_cake = 0.077

This width is given in meters and needs to be converted to mils

con_factor .= 39370.0787402 *Conversion factor (meters to mils)

W_mil := W_calc- con_factor

W_mil = 3.051°10°

h_mil 1= 375

h = 0.009525
The effective dielectric constant is calculated using equation 2.31 (page 48)

_|ertd s,-—l.

. PR L ALPILE S S N €= 2.088
) 2 "
1+ 12—

Now, cakulate the line extension using equation 2.32 (page 46)

ALZh (e g+ 3) (% + .264)

(se—.258)~(%+.8)

Al =

Al = 0.004814

Using the effective dielectric constant and the line extenslon, we can caiculate
the length of the resonant element using eguation 2.67 (page 57)

<
Lis——— =24l L = 0.059581
21,-Je,

Next...convent the length of the element to mils

L_mit = L-con_factor ' L_mil = 2.346° 10°

ORIGINAL PARE iS A1-16
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Linearly Polarized Log-Periodic Antennas

& 20 MHz TO 18 GHz FREQUENCY COVERAGE
ADBAND

® BRO
& NEAR CONSTANT GAIN AND BEAMWIDTH

W.J-45050 and WJ-48100 Serles. These standard log-
fodic antennas cover the frequency range from

20 MHz up to 1100 MHz Alt models are linearty

polarized and matched to 50 ohms. These antennas are

designed for receiving applications, and are capable of

handling moderate transmitter power.

All the antennas in this serles are constructed with
stainless-steel spars and stainless-steel radiators, the
fonger of which are threaded for easy assembly and
disassembly. Such construction makes them equally
practical for portable uses as well as fixed installations.
Log-periodic design results in electrical properties that
are nearly independent of frequency. The WJ-48075
demonstrates the low VSWR of these log-periodics; its

W.J-48000 Serles. The WJ-48000 Series consists of

~ four linearly polarized antennas: the WJ-48005 for the
frequency range from 1 to 124 GHz, the WJ-48010 from,

05 to 12.4 GHz, the WJ-48015 from 1 to 18 GHz and
the WUJ-48020 from 0.5 to 18 GHz These antennas are
specifically designed to fluminate parabolic refiectors.
They are fabricated by high-precision techniques and
are completely enclosed by foam-filed outer fiberglass
housings.

The radiating structure of the WJ-48000 Series of
antennas has been painstakingly adjusted to obtain
outstanding electrical performance. Radiation pattems
remain nearly constant from 1 1o 18 GHz, ylelding an
average ilumination taper of 10 dB for reflectors with

VSWR never exceeds 2.1 as measured from 225 to F/D ratios of approximately 0.4.

1100 MHz. Uniformity of the patiern characteristics of

the WJ-48050 Series antennas is illustrated by the

radiation patterns for the WJ-48055 which are taken at

30, 100, 500, and 1000 MHz Gain for all antennas in this

-sefies also remains near a constant value of 8 dB.

PHYSICAL SPECIFICATIONS OUTLINE DRAWINGS
Mot W Em  mm  mom  hlom  Bebg) How T W-ANO0Se
Wi48005 9 (23) 7 (18) 4B75 (123B) 1250 (318) 178 (452) 06 (03) 832 N Femwle o~ |—

WI4B010 17 (421) 1375 (359) 12 (048) 2 (508) 3 (762) 27 (12) %28 N Femee ]_

W4B015 96 (244) 77 (196) 4875 (1238) 1250 (318) 195 (495) 07 (32) 832 3mmFemae -} D
W48020 17 (431) 1375 (359) 12 (3048) 2 (508) 3 (762 27 (12) %28 3mm Female ] ‘_I
WI48055 245 (622) 204 (518) 02 N_Female_ ‘__I |'__‘-—*
W48080 78 (198) 67 (169) 200 ° N Female

Wi48065 31 (79) 24 (62) 4 (2) . N Femele WJ-48050 and
WI4B070 156 (395) 130 (331) 60 @en N Female WJ-48100 Sertes
WI48075 37 (94) 28 (1) - 5 (23 N Femele

WI4B105 244 (620) 205 (520) 122 (60} ° N Female )
*Outine drawings fumished on request ) ) __I
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BROADBAND
DIRECTIONAL
ANTENNAS
PERPOAMANCE SPECIFICATIONS
- Cross
[ ] Frequency VSWR  Gain F-l0-B Polarization cw
Shumber Range (Max) {Nom.) Polarization Ratio (Min.) Power*
005 10-124 GHz 251 8 @8 Linear 18 dB, 15 ¢8 - w
) - {1-8 GHz)
w10 05124 GHz 251 8 8B Linesr 18 d8 T 15 8 0w
(05-8 GHz)
w-ans 10180 GHz 251 8 d8 Linear 18 d8 10 dB Sw
W20 05180 GHz 251 8 d8 Linear 18 dB 10 dB Sw
WS 301100 MHz 2251 8 d8 Linear 2 o8 15 dB 400w
Above 35 MHz
W-M000 901100 MMz 2251 8 d8 Linear 20 @8 15 d8 400w
Above 110 MHz
P05 2501100 MHz 2t 8 @B Linear 20 dB 15 d8 400w
Above 300 MHz
W-070 501100 MHz 2251 8 08 Linear 20 @8 15 o8 400w
Above 60 MHz
W|0rs 2251100 MHz 21 8 B Linear 20 d8 15 d8 400w
Above 250 MHz
WO-48108  20-1000 MHz 251 6 d&B Linear 15 d8 12 d8 200w
‘hmmmspedﬁedish!eedupwenaligredmdScﬂfovsalerylaciaandlakenatheﬁghedoperaﬁng
Sam.ency Conditions assumed are 86a level and +40°C ambient operation. Anlennas with higher power ratings are avaiable.
BADUTION PATTERNS .
WH48084 (Scale: 0 to 100% Voltage) WJ-4B005 (Scale: 10 dB/Division) )
) e,
RN

-E\S‘V’L

7,

k )
F‘J
-

——

A1-18 ORIGINAL PAOR IS

OF POOR QUALITY



K:

A= z1.4946"

Q@ Choose d1

@Choost Jc lnl"h.ch canses
’7 lo be small (iterade)

de= 236"+ 9+ d.’

A1-19
ORIGINAL PAQE IS
OF POOR QUALITY



e et ——r - e i+ =

|§I ”’crﬂh'on
dl = bu
de = IP"

fan X = dieA | 20"y s = 74327
L'4
dc l¢ ﬁ_’ lq,é:’}'

Han OM' (P‘_io' )/44.957"
Crone = 15.¢¢5°
$ =50.52°

5!‘71 @(’an( = ( 7%‘“) /"\unl

“l
heoe = (1227 ) fom (15.005%)
hene = 15,2927

cos = do’/h 3 de' = 15.298" ((eos (56-52°))
dc’ = 6. ‘é‘(‘ "

foodem T26Ns g e gttt (p.e” > 1g"

S We rlust increase ous initia] uess t'-f A

Z nd o ationt

di,___ L’” = ]7‘/'}- on r/MLAB é did //‘('ra‘VL/Zns

A, * 19.75" Fi.AL , p
veuuess  d. T €.955
= 27.0234° | % See
note
o = L7.9%U4° on neyt
vaald !

A0 VAL FADE 1S

GF POUR QUALITY



* Ay Can naw Fe /‘rv/é//en‘//y SJ/J‘usﬂltt{ so thot #re
horns cem be qc{l'u.s#z( %hroﬁlxowf the /}ass;b/e

range of phase center velues

( apey Lo fsvjt Flzrt ) a\x’rf‘uve 67( cmc\[«(:lay¢>

» L chse dy= 3.45" so the Y-band C(mest cribicsl)
can be adjushd Hnmuﬁhowl- e fanjf. & Fo;sa'blc

Phase cenber values

L= bonct is riqidly mounbed £ X arnd € band hore
braekeds for phase center :r_{"‘us-}',—mw}y

¥ aclually used
d, rew = 1.9644
A=bde1°
p=2zs.14,°
¢=51.09°
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Installation

8ias voltage should be within ¢ 0.2 volts of the correct value to obtain
specifled operation. At 2 or 3 volts above the correct value the Zener
diode, placed in the bias circuit to provide protection, will begin to draw
excess current.

CAUTION: If the bias current exceeds the maximym bias current shown on the
data sheet by as much as 50 milliamperes, the protective Zener will
be endangered. For GaAs oscillators, a current peak up to 200 mA
higher than the value recorded on the data sheet may be observed
at low (-2 to -4V dc) negative bias levels, however,

If excess current is drawn, check for high bias voltage or reversed
bias polarity.

Heaters ;

Heaters are often included in the oscillator to minimize such temperature
effects as frequency drift and power output variation. These heaters are
self-requlating and may be operated from an unregulated voltage within the
range of 22 to 30 volts. Transients of up to 80 volts in accordance with
Figure 6 of MIL-STD-704-A will not normally damage the heater.

Mounting

The oscillator may be mounted in any orientation, The unit (particularly
units that tune above 4 GHz) should be mounted to a smooth heat sink capable
of dissipating up to 10 watts without raising the temperature at the base of
the unit adjacent to the heat sink above the specified operating temperature
range. (Use of heat sink compound (e.g., Dow Corning 340) is recommended on
mounting surface).

YIG-TUNED GaAs OSCILLATOR

Type No.: 5157-300D Serial No.: 1027 (ER)
Operating Conditions: .
Heater Voltage: +28,0 vdc Current: 180 mA at -54° ¢
Bias Voltage: +18.00 vdc Current: 1050/500 mA
Test Data:
Tuning Calculated :
Vdc Frequency & Frequency (MHz) Power Output (mw)
(GHz) +25° ¢ +25° ¢
0 8.00 0 30
1 9.00 -10 58
2 10.00 -13 62
3 11.00 -10 68
4 12.00 -6 64
5 13.00 -3 L6
6 14,00 -2 49
7 15.00 + 1 4
8 16,00 + 2 29
9 17.00 + 1 21
10 18.00 -3 19
Hysteresis: 11 MHz
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Y1G-TUNED GaAs OSCILLATOR

Type No: 5157-300 DF Serial No: 1092
Operating Conditions:
Heater Voltage: +28.0 Vdc Current: 170 mA
Bias Voltage: +18.00 Vdc Current: 500 mA
Test Data:
Calculated

Tuning Frequency a Frequency (MHz} Power Output (mw)
Vdc (GHz) +25° C +25° €
0 .00 R - 0 24,0
1 9.00 ’ + 1 38.0
2 10.00 +9 38.0
3 11,00 +7 54,0
4 12,00 +9 54.0
5 13.00 +13 ~ 44.0
6 14,00 +9 . 48.0
7 15.00 +16 35.0
8 16.00 +10 31.0 .
9 17.00 +5 28.0
10 18.00 . 0 19.0

Hysteresis: 8.0 MHz

4 3 + 2 1
A < - == e

— nf conuECTOR —POOBE T WDLaY
. _ / ewTomuaTiON
o, . — e
/
/ ] /
3 0
. )L 2
’ ( =
. . 1
et — & . t
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o b E 2 .
] \ - \
\).ll —— e L e .
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Taul A0S WU RTY weriy
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Ry ]
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PR DY

L ad . way . L
. 1,138 2300
Tiens i T
RN
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Ta0e ! yomw
T84y

3 retm ol Rt SRd TED ITD 3Y). COLDR 1309
#3 w3t PAIeT DT TOM WOWNTINE SURFACC
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AT -54.0 DEGAEES CENTIGRADE
AT 25.0 DEGREES CENTIGRADE
AT 71.0 DEGREES CENTIGRADE

L |

n
o

0l
8.0 9.0 $0.0 11,0 32,0 13.0 14.0 150 16.0 7.0 40.0

FREQUENCY (GH2) M
POWER OUTPUT, Y1G-0SCILLATOR MODEL# 5157-3000F

POWER OQUTPUT (NILLI WATTS)

¢ — AT -54.0 DEGREES CENTIGRADE
B eeens AT 25.0 DEGREES CENTIGRADE
o cmeenee AT 71.0 DEGREES  CENTIGRADE
100.
g0.0=_
80.0f=—
70,08
0.0 ]
=Nia PN
s0.0= [ f T
0.0
0.0 N
20.0F_ .. e,
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10.0— o
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8.0 9.0 10.0 1.0 12,0 13.0 140 150 8.0 17.0 18.0

FREQUENCY (GHZ)
POWER OUTPUT, YIG-0SCILLATOR MODEL# 5157-3000
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YIG-TUNED TRANSISTOR OSCILLATOR

Type No.: 6708-304F
Operating Conditions:

Serial No.: 1094

{Catalog Item)

Heater Voltage: 28 vdc Current: 26 mA
Transistor Voltage: +15 Vdc; ~15 Vde Current: 643 mA; L4 mA
Tuning Calculated
Voltage Frequency Frequency Deviation (MHz) Power Output {mW)
v " (GHz) 25° € 25° ¢
0 2.0 0 35
1 2.6 - .8 53
2 3.2 -.3 b6
3 3.8 +1.4 60
] 4.4 +2.1 73
5 5.0 +4.8 : Lo
6 5.6 +7.2 - 55
7 6.2 +7.1 54
8 6.8 +9.0 50
9 7.4 +9.5 54
10 8.0 - .2 65

Drift: 7.7 MHz (max)

Hysteresis: 8 MHz
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AT -54.0 DEGREES CENTIGRADE
AT 25.0 DEGHEES CENTIGAADE
AT 71.0 DEGREES CENTIGRADE

80,

TS)

[
o

~
o

('
o

POWER OUTPUT (MILLI WAT
3
-1

-
o

8

20,

j .

Hlllll[[lll’lllIl[llllllIJIIIHIHH[IHIIJ[I
2.6 3.2 3.8 4.4 5.0 5.8 €.2 6.8 7.4

FREQUENCY (GHZ)

POWER QUTPUT AT DIFFERENT TENP

A2-6

8.0



Y

Lo D T
i ControliProd

(R

ucts:

2-18 GHz

DESCRIPTION

These SP2T, SP3T, SP4T switches are medium speed
multithrow PIN switches employing a series/shunt diode
configuration to provide high isolation and low insertion
loss with moderate switching speeds. These switches are
available in hermetic and non-hermetic versions, with and
without TTL compatible drivers.

Custom configurations are available. These configurations
can include filtering, phase matched arms, amplitude
matched arms, optimization of performance over narrower
frequency bands, drop-in packages, and ruggedized
construction,

MEDIUM SPEED
MULTI-THROW

Models S123, $123D, $133, S133D,
S$143, S143D, $123S, S123DS, S133S,
S$133DS, $143S, S143DS ’

In order to insure the availability of custom configurations,
consult the factory with your specific requirements.

FEATURES

s Laser Welded, Hermetically Sealed*
s Low VSWR

u Low Insertion Loss

= High Isolation

» Small Size

= With or Without Drivers

SPECIFICATIONS
FREQUENCY | INSERTION
MODEL RANGE LOSS VSWR ISOLATION | SWITCHING OUTLINE
NO.* TYPE 2-18 GH:z dB (Max) (Max) dB (Min) SPEED DRAWING
$123 SP2T 2-4 1.5 1.75:1 60 B0 nsec 3/4
$123D0 4-8 1.7 1.75:1 60 50 nsec
8-12 20 1.75:1 60 50 nsec
12-18 25 2.0:1 55 50 nsec
731535 SP2T 24 1.8 1.75:1 60 50 nsec 3/4
$123DS 4-8 20 1,751 60 50 nsec
8-12 23 1.9 60 50 nsec
12-18 28 2.0:% 55 50 nsec
5133 sPar | 24 15 1.75:1 60 50 nsec 5/8
S133D 4-8 1.7 1.75:1 60 50 nsec
8-12 20 1.75:1 60 50 nsec
12-18 25 2.01 55 50 nsec
narda )
e mysb AL *§" SuHix denotes Hermetic as in Mode! 51235, Typcal
A2-7
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... ControlProducts
SPECIFICATIONS

FREQUENCY | INSERTION
MODEL RANGE LOSS VSWR ISOLATION | SWITCHING OUTLINE
NO.° TYPE 2-18 GHz dB (Max) (Max) dB (Min) SPEED DRAWING
$1338 SP3T 2-4 1.8 1.751 60 50 nsec 5/6
$133D05 4-8 20 1.75:1 60 50 nsec
8-12 23 1.75:1 60 50 nsec
12-18 28 2.00 55 50 nsec
$143 SP4T 24 1.5 1.75:1 60 50 nsec 710
$1430 48 1.7 1.75:1 60 50 nsec
8-12 2.1 1.75:1 60 50 nsec
12-18 27 2.0 55 50 nsec
$143S SP4T 24 1.8 1.75:1 80 .50 nsec 7/10
$14308 4-8 20 1,750 60 50 nsec
812 23 1.75:1 60 50 nsec
12-18 28 201 55 50 nsec

TRise/Fall Times (See Switching Definitions)

POWER s‘{oPNFE,‘(-i)YPgRETQOLr’q!'FEMENTs CONTAROL INPUT CHARACTERISTICS

“~OH" TTL 2 UNIT LOADS
1 1 -
g,gg;g,ggg sgg 8: _gg gﬁ (A unit load is 1.6 mA sink current
$143/51435 and 40uA source current)
$123D +5V 229 100 mA
§1230S -5to ~15v -50mA
CONTROL LOGIC
$133D +5V =29 150 mA o
$133DS -51t0 ~15v -100 mA LOGIC—Non-Inverting TTL
Logic "0” (-0.3to +0.8V) for port ON
S143D +5V £29% 220 mA Logic “1" (+2.410 +5.0V) for port OFF
$143DS ~5to -15v -110mA
NOTE: Data Shown is Typical for $123/5123D.
28
20 2.0 8 s
L1 g
;!PEC > & SPEC [ 5 7 \
s - H - ~N
< 10 g 1.5 3 [T Ny
- ] 2
SPEC
b 10 17 14 6 W 1.0 55,
FREQUENCY GHz ‘ '|=ltz‘¢)ue'2vcv1 :EH:‘ o h n:‘ougacv; ::N‘x. 1.

SCHEMATIC o o rﬂg
ot ¥ i —Q— = {1 o
' —— , il

SP2T SP3T SPAT
A\
e | narda
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2 to 18 GHz DOUBLE BALANCED MIXER
MODELS: DB0218LW2 and DBO218LA1

FEATURES:
« RF/LO COVERAGE: 2 to 20 GHz

« IF OPERATION: DC to 750 MHz
. LO POWER RANGE: +7 to +13 dBm

« 6.5 dB TYPICAL CONVERSION LOSS

« HERMETICALLY SEALED PACKAGE

MITEQ's DBO218LW2 mixer is constructed of a balanced diods quad fed by microswip RF and LO baluns
and a DC coupled IF structure. The construction, coupled with the hermetic packaging, provide for high
inhersnt reliability and performance over an extremely broad {requency range. This device performs as an
up or down converter covering most EW bands, utility testing and breadboard applicarions.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS - UNTS| MIN TYP MAX
RF FREQUENCY RANGE GHz 2.0 18.0
RE VSWR (RF = +10 dBm, LO = 410 dBm) 210 18 QHY | RATIO 1.5:1

121 20 GHal | RATIO 2.5:1 ]
LO FREQUENCY RANGE GHz 2.0 18.0
LO POWER RANGE dBm +7 +10 +13
1.0 VSWR (RF = -10 dBm, LO & +10 dBm) 12 1o 18 GHa2) RATIO 1.5:1

1210 20GH1) | RATIO 2.0:1
TRANSFER CHARACTERISTICS UNITS| MIN TYP MAX
CONVERSION LOSS (IF = 100 MHz) (210 18 GHal 48 6.5 8.5

12 te 22 GHI} 1) 15 10.0
SINGLE SIDEBAND NOISE FIGURE 12 to 18 QH1) a8 0
ISOLATION - LO TO RF 12 to 18 OH) 48 22 30
ISOLATION - LO TO IF 12 w 16 GHal 4B 20
1SOLATION - RF TO IF - (2 10 18 OHY) da 20
INPUT POWER AT 1 dB COMPRESSION (WO = 410 ¢Bm) dBm +5
INPUT TWO-TONE 3RD ORDER INTERCEPT POINT L0 = +10 dBm) dBm +18
[OUTPUT PARAMETERS UNITS| MIN TYP MAX
[iF rrecuENCY RANGE (3 48 bandwidth) MHz oc 780.0
{IF VSWR (RF .10 dBm, LO = +10d8m) RATIO 1.8:1

"o

I l g PECIAL MIX PRODUC EPARTMENT .
100 Davids Drive, Hﬂupp.uﬂ.. NY 11788

A2-9
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'MITEQ MODEL: DB0218LW2/A1 TYPICAL TEST DATA

VSWR (L0 » +10 d8m) ISOLATION A0 ta AF and LO 40 IR
9
i 101
T g, 10 1o IF leclation
i NiNEZES
3:1 R ™
£ 3 [ S 7
> DV Kor vswe s N\ |f L0 10 RE Incletion
) Lovswe| 2. »® \J
T:s t
° . ) 2 18 2 o 4 . 12 13 F
FREQUENCY (OHz2} FREQUENCY (Gl
Conversion Loss Single Tone {m] RF ¢ /- (n] LO Spur Lavel
Relative IF Response 1o = ¢t0d8m) Relative {dB¢c) to REF (RF = -10 d8m. LO= + 10 dBm)
° |
L R Rowponee |, 5 |>8s[>85]>85/>85> 85|
5 - - e 2| 4175]/75/8085]80
£
-§' $ 77T Convarsion Loss RS 2 i 3]45]60]55]|65]85
2 N 2 2]a3]a9!s0]50}|s0
10 N\ 6 Y
/ 1 |rer[ 30| 11[33]20
1 \\ : * 1]213]a]ls
1O Harmonic
o #F FREQUENCY {GRz1 P
0.0 ¥ FREQUENCY (GH2) 1.0
MAXIJMUM RATINGS ~ Specifications st 425 Deg C.
Qpetating Temperature 5410 «850eg C
$t1arage Temperature WSte +125Deg €
GENERAL NOTES; Available Optiong: - Hih drnemic range speratien
- Custom Micrestrip Packaging
QUTLINE DRAWING . :
W2 OUTLINE A1 OUTLINE
o) s
Jdl-l—::%-,ma 1 1 i = (1 macEcs)
1 L ;Jr"” » O A1)
e 1—;
a2 F - -
T N ] "y 24 0% D, Wl WTC. wOLLS
wu 'H Newm s -“"_“  mats)
o7 . T nn/ T un ACD RDRACEMLY . T e =
urm ¥ ot n' v 2038 200 »
14 maces] B .ml._ wt B s ETOR -l]";—, - |y .:|=~ r i
j .0 aed 1 1 |
n iR o ’ ww sl klv w b L]
- .30 \ ! “’_ o l— [ E
™. OPIONAL PaCIN PAT ’ o L g
o N

( !" | WA I T G _seecial mixer pRODYCTS DEPARTMENT
100 Davids Drive, Hauppauge. NY 117§§
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Appendix 3
L-Band Microstrip Radar
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Bill of Materials IFAMPRV2.PCB

IF Amplifier Board v2.0
Quantity Type Value Ref Designators
1 25Pin D-type CON_I
2 ADOPQ7 Us,uU7
2 BUF634 Us,u9
31 Capacitor .1uF C1,C2,C3,C4,C5,C6,C7,C8,
- 09,C10,C11,C12,C13,C14,
C15,C16,C17,C18,C19,C20,
C21,C22,C23,C24,C25,C57,
C58,C59,C60,C61,C62
2 Capacitor 47 uF C53,C54
27 Capacitor 10 uF C26,C27,C28,C29,C30,C31,
C32,C33,C34,C35,C36,C37,
C38,C39,C40,C41,C42,C43,
C44,C45,C46,C47,C48,C49,
C50,C51,C52
2 Capacitor 68 pF C63,C64
2 Capacitor 220 pF C55,C56
1 DG-189 Ul
4 JUMPER JMP1,JMP2,JMP3,JMP4
I LM7805 PR3
2 LM781S PRI1,PR2
2 PGAIl03 U4,US
4 Resistor 2.2 kohm R7,R8,R9,R10
4 Resistor 10 ohm RI3,R14RI5R16
2 Resistor 22 kohm RI11,RI2
4 Resistor 51 ohm R3,R4,R5,R6
2 Resistor 330 ohm R1,R2
2 SSM-2017 U2,u3
A4-3
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*Self-Contained
Audio Preamplifier

SSM-2017

m‘runss .

 Excollent, Noise Performance: 950 pv/\ Az or 1.5 dB
Nolu Flgurd Yo
4‘ hhl;w THO: <0 01% @ G = 100 Over the Full Audio

WdoB dwldth 1MH:@G=‘IOO
«High Slew Rate: 17 w... tvp

3 Unity Gain Stable -

A\ Trire Dlﬂ'orontu( Inputs -

] Spruiﬂq 1/f Noiss Corner

?O«i’ n Mini-DiP with Only One External Component
. oquiud ‘v .

Vory Low Cost * ;

[ Extondod Tempserature Range: —40°C to +85°C

A#PLICAnONs
"' Audio Mix Consoles
'I ’” lnincomlPogmg Systems
1 Two-Way Radio
'1,Sonar
*.Dlgiul Audio Synoms
e

dENERAL Dnscrumou
) nu; SSM-2017 is & iatest generation audio preamplifier combin-
: kg; SSM prumphf ier dmgn expertise with advanced process-
The result is excellem abidio performance from a self-
! ’4'» mned 8-pin muu -DIP’ device, requiring only one external
pm u; resmor or po(cnuometer The SSM-2017 is furthet
+ven) ‘, ced by its umt? ‘gain snbnluy. W

; pecifications incliide ulmlow noise (1.5 dB noise figure)

‘I dnd HD (<0. 01%.& G i' 100), complemented by w»dc band
: widt'h lnd high sxevrme.;, L

Apﬂfuuom for dus,,lbw con device include nucmphone pmm

; th ers and bus sumnun; unphﬁen in professional and con- -
sdmer audio eqmpmgnl, sonar, and other applications requiring .

noue uutrumenupdn amplifier with high gam capability.

HIER A [
. '-“HEV.’A N
! Infonmﬁon ‘furnished by Anslog Dowcn is believed to be sccurats snd
refiable. However, no responsibility is assumed by Analog Devices for its
i 0”' nor for sny mhmgomoms of patents or other rights of third parties
whu:)\ may résult from its use. No license is granted by implication or
Btherwiie uhdcr lny pllonl or patent rights of Anslog Devices.
’

., bt
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k §PEC|FIOAT|0NS 1A 1 s e

frm tmi

ypical specmcatms applyat Iy = +25°C)

Max | Units

Symbol Conditions Mia Typ
T, = +25°C
Vo =7Vams
R, = Sk
THD+N G = 1000, f = 1 kHz 0.012
G =100,(=1kHz 0.005
G=10,f{=1kHz 0.004
G=1,{=1kHz 0.008
ESL | e, | f=1kHz, G = 1000 0.95
f=1kHz; G = 100 R
IBRets: f=1kHz; G =10 RN I ¥ IS ;
R R fa=1kHz; G =) BT AT aVivHz
B ;jhp{rCummNom Dehsxty ia f=1kHz, G = 1000 S p
" tswmxc RESPONSE S
) bl SR G=10 10 17 Vins _
. Ry, = 47k )
RS C_ = S0 pF
fuiBe T, = +25°C
A BW_,un G = 1000 200 kHz
G = 100 1000 kHz
AR G=10 2000 kHz
: Q G=1 4000 kHz
G TPOR . 3
S Input! emm Voluge ' Vios mv
: ) ‘Bias Current -, Iy Ven =0V uh
- 5 Inm‘omm Current ¢ . Tos Veu =0V A
‘ ',_.CoqunMode Repecﬁon fovn CMR Veu = 28V . 1
j b b S G = 1000 80 . dB
£ L ) G.= 100 60 . 1dB .
N G=10 40 1dB
G=1,T,=+25C - 2% ; a8
G-l T, = —40°C 10 +85°C 20 ap
PSR = 26Vio =18V i 1
G ="1000 80 dL
= 100 60 dB N
G =10 40 dB
G=]) %" 1 dB, -
IVR = +8' V.:
Rn Differential, G = 1000 1 | MO
. G=1 r1MQ
¢ Common Mode, G = 1000 I | MO
e G=1 ‘M0
v T - - : :
1%, Oulpit Voltage Swing 5. Vo Ry = 2k Ty = +25°C =110 =123 v
G Outpug Offsct Voluge . Voos -4 S00 |mV
< &hmn‘\um Resistive Lo-d pnve Ta = +25°C 2 K}
s T, = —40°C to +85°C 4.7 K
;; Maxsmum Capacitive Lotd Drive 50 pF
P Short Lircuit Current Limit lsc Output-to-Ground Short =50 mA
Ao Qutput Short Circuit Duration 10 . |sec
¥, GAN
= (‘%% T, = +25°C
R; = 101, G = 1000 025 1 dB
Re = 101 01, G = 100 020 1 dB
Rg = 1.1kN, G = 10 020 1. dB
Rg==,G=1 0.05 ' 05 (dB
G 70 . |{dB
[ 5:”'{ -.iv"nl IS - S - i
A4-5
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K - i
PR i
. ; fif
. no
B 11
; ssm-znn
Symbol Conditions Min Typ Max |Unit
10 {k}
=B v
1 viv
WER SUPPLY
‘valyVoltueRm:e Vs =6 2 |v
-y, Supply Current - Iey Veu =0V,R_ = = =106 =14.0|mA
. mbmwdnnqemumlmhz
NOTE .
P 7 1 "»ivdfﬂfwmmwwwm.h-.'»iwh

I e e Supply Voltge
OutputSmelrcuuDunnon y AT
o Smue"l'embehmre Ran;e P2z Pachges) -65°C 10 +150°C
! J\mcnon ......... . =65°C 10 +150°C

henml Resistance' !

i ! 1 8:Pigy Hermetic DIP (Z): Ba=134,0c=12 ...... ‘oW

118, Pint Plasti¢ DIP (P): 9,, = 9%; e,c-37 ...... R v 4
v‘*l’gn sbxc (S): oM =928 =27 ... W

- g s

Y

Flpynl Typical. THD+No:sa aaG=110, 100 1000; .
Vo;- 7v,“, v, o o1sv R =540 T, = +25°C

- .Figure 3. Typical DIM et G = 1, 10, 100, 1000;
Vo =7 Vaus Vs= 215V, B = 5kN); T, = +25C

.'wkﬂxbmp-ﬁllﬂudkrﬂgum 1-2.

. i
2t e e e e

-A4-6

device in socket for cerdip and plastic DIP; ¢,, is specified for

dd«dlomuddmtbudhvsmcm

devics

ORDERING GUIDE
Operating v

Model Temperature Range* | Package
SSM-2017P | —40°C 10 +85°C 8-Pin Plastic DIP
SSM-2017Z | -40°C to +85°C 8-Pin Hermetic DIP
SSM-2017S | —40°C 10 +85°C 16-Lead SOIC
*XIND = —40°C 10 +85°C. ‘

" RN B0 Mer Mz) @ BN [T LX)

.1 it = FIIRet N

TR
Figure 2. Typical THD+Nonsc ch-Z. 10 100 1000;
Vo = 10 Vg Vg = 218V, R =G kD) Ty'= +2

Figure 4. Typical DIM a1 G = 2, 10, 100, 1000;
Vo = 10 Vaps, Ve = 218V, R, = 5ki; Ty = +25°C
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“The SSM-}OW on.ly requu'ea l un;lc external resistor 10 set the
. woluage pin The voltage glm , G, is:

Ml
o k
;i , 10 k0 ‘1
+ i
and
e 10 k02
v, iR
I3 5_1-‘0( eumenience lelc 1 qu various values of Rg; for common
“gain lpvels. '

ik

CTETR

10 |NC

10| 4.7

(m'_". zn. L1k
e 330

_ ,-{5 4 100 4o 100
A 134 |50 |32
r'i 771000 | 60 | 10

ugem can range from 1 10 3500. A gain set resistor is
< 2 not nqumd for unity gain applications. Metal-film or wire-
H

:, woyng gn;mn are recommended for r best results.

:" The lonl gain accuracy of the SSM-2017 is delermmed by the
’ 15, tolerance of the external gain set resistor, R, combined with

the gain équation accurscy of the SSM-2017. Total gain drift
Ty oombmu the mismatch of the external gain set resistor drift
"y with that of the internal resistors (20 ppm/°C typ).

o Blndwxdl,h of the SSM- 2017 is rtlnuvely independent of gain as
3 sbowd i’ Fxcun: 23. For a voltage gain of 1000, the SSM-2017
has's gniall-signal bandwidth of 200 kHz. At unity gain, the
ne bmdmdth ol' xhe SSM-ZOI? exceeds 4 MHz.

FCI

e s

B

il

T e e

ot

VOLTAGE GAN - 48
1
V4

B R LT P PP

I

' T

i 100 Tk 10k 100K tru’ T
W FREQUENCY - Mz 1'

‘Figure 23. Bandwidth of the SSM-2017 Ior Various Vlluu
‘of Gain

NOISE PERFORMANCE

The SSM-2017 is a very Iow noise sudio preamplifier exhnbui.n;
2 typical ¢ noise dentity of only | nV at ] kHz. The
exceptionally low noise characteristics of the SSM-2017 are in
part achieved by operating the input transistors at high collector
‘currents since the voltage noise is inversely proportional to the
square root of the collector current. Current noise, however, is
directly proportional 10 the square root of the collector current.
As a resuly, Qesgﬁu_nqxi\uﬂmumuw
SSM-2017 is obtained at the ex&u_gf_clm%%mw

mance.

!

Flow preampllf ier gains, the effect !hc SSM-2017"s
voluge and current noise is insignificant.

The total noise of an audio prcamphf ier cbann:l un be calcu-
lated by: . j“,' ;

E,= VeIy G.R,? + d,’ s
where: T
E, = total input referred noise
&, = amplifier voltage noise
i, = amplifier current noise
R, = source resistance
€, = source resistance thermal noise.

For a microphone preamplifier, using a typical microphone im-
pedance of 150 () the total input referred noise is:

€& = 1aVINVHe @ | kHe, SSM-2017 ¢, :
is = 2pA/Hs @ | kHs, SSM-2017i, . .
Rs = 150 0, microphone source mpcdana m N

& = 1.6 nV/NHz @ | kHs3, microphone therinal mnsc ?'-’:t"

E, = u.W\uaauuzwvmnsonh“
1.93aV/VEHs @ | AHz.

This total noist is extremely low lnd mduu
) dly transparent to the user,

A.v-'—
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SSM-2017

INPL l’l'SA < "
i ! The $SM-2017 has protection diodes across the base emitter

“ N . juictions of the input transistors. These prevent accidenta! ava-
Che T Ianiche breakdown which could seriously degrade noise perfor-
o mince. Additional clamp diodes are also provided to prevent the

.
Tty v

inputs from being forced 100 far beyond the supplies.

B R P

IR R e

ooy

PRI N oty

. ek e e

Sy

oS P

- A e True Differential
3 DA LN [ S R AV

S -:'ﬂﬂuf!?i’ Three Ways of interfacing Transducers for High
) 9!30‘.1'11fnur,)ity Wl )

rye immur L

Although the SSM-2017's inputs are fully flosting, care must be

. :xercisedtoensurelhubothinpuuhveldcbiuoonnecdou

capable of maintaining them within the input common-mode
range. The usual method of achieving this is to ground one side
of the transducer as in Figure 24, but 4n alternative way is 1o
float the transducer and use two resistors to set the bias point as
in Figure 24b. The value of these resistors can be up'to 10 kY,
but they should be kept as small a3 possiblé lishit ommon-
odepickup. Noise contribution by%mwlves 1s eg-
%l?u‘n’ce it is attenuated by the tranisdiuder’s fmpddance.
Balanced transducers give the best nos fimmunity and interface

dirccily as in Figure 24c. - - Jy ¥° -
.::' ' . ;’
REFERENCE TERMINAL . .| ¥

The outpur signal is specified with respect & thé refefence ter-
“minal, which is normally coanected tg inialog gréund, The refer-
ence may nlaobeusedfotoﬂ’:ctcﬂm:ﬁqﬂoqk'velshifdn;.h
reference source resistance will reduce the common-mode rejec-
tion by the ratio of § kf/Rpgp. If the' reference ‘source resis-
tance is | €1, then the CMR will be reduced w74dB(SkV1 O
= 74 dB). ' : !

COMMON-MODE REJECTION ) :

Ideally, 2 micropt P plifier responds oaly to the differ-
ence berween the two input signals and rejects common-mode
voltages and noise. In practice, there is 8 small change in output
voltage when both inputs experience the same common-mode
voltage change; the ratio of these voltages is called the common-
mode gain. Common-mode rejection (CMR) is the logarithm of
the ratio of differential-mode gain 1o common-mode gain, ex-
pressed in dB.

PHANTOM POWERING A :

A typical phantom microphone powering circuit is shown in
Figure 25. Z, through Z, provide transient overvolisge protec-
tion for the SSM-2017 whenever microphones are plugged in or
unplugged. FE R

i
o

t
]

'
g -
oy ’."
BE o
oo
' : il
v.' ' Ct
. |-
. I
;
. <N
" <10k

I —
€1, C2: 474F, 0V, TANTALUM
N -24: IV, 12W

e S T y T '”‘

o tma

A4-10

OR:INAL PAAE 13
OF FOCR QUALITY



' In sddition 19 is isse 83 3 microphone preamplifier, the SSM-
2017 cah be tsed as 3 very low poise summing amplifier. Suchs  +IW
circuit Ia, particularly uscful when many medium impedance out- o ! v
puts ar¢ mlnmed rogether 10 produce a high cffective noise gain.  -I® 5SM-2017

. The prln’dyle of the summing amplifier is to ground the SSM-

i 2017mpuu.]1ndaxheucondmom,?insland8:reacvinual . H
mnds;itdn;abomOSSVbelowgmund o ;
s ,TonnfqvétthSSVdTm,‘hewam of Figure 26 is’
Ay fmﬂt .em Inphﬁer reedm. ‘the SSM-2017's inputs. N ;
Thu ce: Pins 1 and § at'a true d¢ virtual ground. R4 in con- . 1'“
. jus d '}hamve:hevdu;emmof.‘\,.mdmfmim " 2 ‘h"' . ;i'
; nbom Yopennonl unphﬁctmu work well here since it is . : ‘ , 1
wd from the signal pith If xh: dec offset at Pins 1 and 8is Figure 26. Bus Summlng f" ‘;
g nquoo‘mnal thentheleﬂoloopunberephced by the diode | :}" i i!
- biuihtu;himeof Figure 26. 1 &c coupling is used throughout, 5 ¥ ::
-‘MPi‘uZmdlmybed:mdymundcd S 5 -
. ' ':'JQ
OUTLINE DIMENSIONS 'E
Dimensions shown i inches aod (o). ' b
: $-Pia Hermetic DIP (Z) Package | |
AN MR 000 130 MAX K H .
"1" A SR
: _T : ‘:‘vi !
2 som
¢ AN
,-'. ,.‘ ‘:gs
‘;r\ o N H ;"1.
; :‘;' Ty \"' , 16-Pin SOIC (S) Package
¥ (o A S0 .
ek S ‘ :
PEgi. i - 1 “ﬂﬂﬂﬂﬂﬂ. .
ang; R D U e p i
g e B I O 12 .
“i'ﬁ N TTo L ¢ mEas) - g
ey T ‘ emiam ,] [ s t
B IR - ¥ ummup m"ﬁl

s T ;ifbf’—"h.

coson AMRI M) nEn uE
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PGA103

ADVANCED INFORMATION
SUBJECT TO CHANGE

Programmable Gain
AMPLIFIER

GA103

i

R &
FEATURES DESCRIPTION | n
® DIGITALLY PROGRAMED GAINS: The PGA103 ix a programmablc-gain amplifié for
G=1, 10, 100 genenal purpose applications. Gains of ). 10 or 100 are (7
® cuom_coupA-naLE mpu'rs dvgnally sclecied b’ fwo CMOSﬂTL«ﬁnplﬂbk ‘d' I
drcss lines. The PGA 103 is ideal for sysiems that must Y]
@ LOW QGAIN ERROR: 10.05% max handle *.& dyn:mlc n-nxe Il‘ﬂ.h E
@ LOW OFFSET VOLTAGE DRIFT: 2uVrC The PGAI03's high speed circultry provides fau sa1- by
® LOW QUIESCENT CURRENT: 2.4mA ting time, cven at G=100 (8,25 to 0.01%). Bandwiddi Q.
is 250kHz a1 Gm100, yei quicsemt curvent s only -3
® LOW COST
24nmA | ISV lies, | tes
® 8-PIN PLASTIC DIP, 50-8 PACKAGES 15 w0 t'f;,pr,;;ﬁ,:‘;” i 1t operaies from ;
“The POA103 s avallable in &-pin plastic DIP and o)
APPL'CA.HONS .. . 80. 8 suiface-mouht packages, specifiod for the —40°C :
N to +85°C tcmpcrature range. Dice we ulso available. =
@ DATA ACQUISITION SYSTEM Y E
@ GENERAL PURPOSE ANALOG BOARDS i
® MEDICAL INSTRUMENTATION =
E
(2]
4

4
VO

aam
1
°
100

- o olp»
o -0

Piomational akjort Infverisl Fot  « Malng Laous:PO Bos 11€R . Timean AZISTM - Seasl Addrows: 7308 Turwmn BVA -+ Tormom, 47 $5T8
Tok (602} 7461111« Twm: 9109521111 - CobBARCOA® . Tobr: ®eem . pak:goh Wi . mmm {o0) Sabs 130
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SPECIFICATIONS

ELECTRICAL
Y, « o#FC, V, = #15V. R, = 220 uniess stherwise apociied.

; PGALOOP, U —_—
CARAMETER CONDITIONS - ™wvw MAX UNTs
wrut
Oltsni Volmge, RY|

G=) : T, ¢>°C 11500 "
Q.10 1600 »v
G100 2000 v
vs Tenpuralure Ta® Vou 0 Ty
G.1 14 »wreG
Gat10 3 rV/C
G100 2 ]
vs Powee Bupuly Vou 25V o 118V e 226G 30 + 40 PN
‘ e 82 Uupor
Dias Cumant 120 - 4t00 "
- L Tomporahwe ) L. . . 1100 AT ]
Nolgs Voltago, HTI G=100, K, « 0Q .
1= 10H> . v
121001z LAl
fe tkH2 . . avily
{=0.1Hz 1o 10} e wop
Noigs Vollags G=10, H,. 00 . -
fr10M2 . - i v/ Wy
1o 10042 K nvi *:
(RIS, S . nv/
) . 1,=0.114z 1o 10H By g 20 oo
Noize Voltage Qat, Ry= 00 . ¢ ol . .
1108z RN . 158 T v Az
1 100H2 . e B | 2 o v Hl7
a9hHe ~ oo avr iz
1,-0.9H ® 10HZ Nty Thoes wpp
Nelpe Curront R
f:10M2 o o 28 oK
fe 1kt P % o, oM, A ls
}___i.-o.vm ko 10Hs 5 c ¢ 78" oo
c‘“ s 1 . ~ i
Qpin Crver Qet ke e £0.01 Py - %
B . @10 ’%’s‘% 4051 1006 %
‘Gatoo 10.02 20,1 %
Gain vs Temporatyrs Ge1,10,100 ~ “fve L 25 a0 ppC
Noofincanty NN 1S RN 20.001 10063 % of FSA
. '...::"’ Yo wl o o= 20002 20.008 » ol :Flln
100 PR $0.004 40.01 * ot FY
Vohie, Postive b~ b v 4 (Ve) 26 v
Negatva o = -bmA V=) o8 (V-) 026 v
Loud CapscRencs max . 1000 o
$hon Cinouk Current i — - i
FREOUENCY RESPONSE oy -
Bendwichh, - A0 s [-N] 15 [7UH
* Q-0 . %0 Wiz
o Gul00 250 Wi
Siww Nawe o V, » £10V ] Vipy
Seting 1w, 0.1% N T Oet 14 e
Tt Gato . 22 re
T G100 2 . »
0.01% : [ B] ET) u
. Gr10 18 pe
G100 2 -
Overlosd Hocovery ’ §0%, Overdrive 28 ne
oromaL U wruis ’ ’
Dighes | ow Yohapo ¥- os v
Dighal Low Cument 1 pA
s Hoh Votago ‘ 2 i v
POWER SUPPLY
Volagn Ranps 15 415 28 v
Cuont N VgwOV 24 133 mA
TEMPERATURE RANGE
Bpecification ] P ©
CQperadng -40 {26 <
0. P o U Packane 100 o
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ANALOG

Low-Noise Precision High-Speed
Operatlonal AMpllf ier (Am = 5) |

DEVICES -, ».;»

FESR

- +p-37

., PR MR

FEATURES . o The OP-37 provides the Iow offaet and dritt of the OP-07 pius
. . . 80nV p-p (0.1Mz to 10Hz)  higherspeed and lower nolse. Otfsets down to 255V and drift
Low Nolse . .mv mg%:“:::: of 0.8uV/°C maximum make the OP-37 ideal for precision
® LowDrift .. o ‘ 52}4‘7/'6 instrumentation .applications. Exceptiopally low noise
o HI hSpn;I"" 17‘” Sh Rat (8,=3.5nV// Hz - a1 10Hz), a low 1/f nolse comer frequency of
9 "' w Rate 2mundtrnhlghgalnou.amlmon.auowaecurmhsgh-gun
. Low ingut OﬂutVomgo ieser:. 63MHzZ Galn ""d'::"c amplification of low-level signals. . ..
................ Pisae I
e Excellent CMRR ... 126dB (Common-Vollage of +11v)  Thelowinputblascurentof + 10nAand °""‘°“""“°' 7"“"
® High Open-Loop Gain ..........ceenenenen. 1.8 Million achieved by using a blas—current-cancellation circuit. Over
o Replaces 725, OP-05, OP-08, OP-07, A°510 ADS1?, the military temperature rlngethlltyplclllyhold: lgand lps
@ Galne >8 . to £20nA and 15nA respectively.
s Avallable InDhFonn ’ - EE The output stage has good load driving capabliity. Aguaran-
- T e teed swing of + 10V Into 8000 and low output distortion make
ORDERING INFORMATION' ™ AR the OP-37 an excellent cholce for profoulonnl audio
PACKAGE - - PR nppllcatlons . , e
T u+28°C w. - : RN
Vip g MAX ceroP pasnc ot mawenarone  PIN CONNECTIONS
SV) TOM PN 8PN 20CONTACT  RANGE
¥ Vog TRIM
25 OPI7TAF OPIIAZ - - ML B v, O -
25 OPITEJ OPI7EZ OPITEP, - . INDCOM | .‘_'ct'_""",)"’
0 ' OPITBS OP3ITEZ - OP3TBRCAS) MiL 1
80  OPI7FJ OP37FZ  OPITFP . - .. NOCOM 2 ysour
100 OPITC>*  OPITCZ - - MiL .
100 OP37GJ OP3?GZ  OPI?GP - XIND T 1) Osne
100 - - OP37GStH - XIND ) av-case l-HN H!numc ow
* Fordevices dintotal compiance lo MIL-STD-883, add /883 aterpart TO-9 o (Z-8utthx)
number. wvmmmmm (J-8ufflx) EPOXY MINI-DI®
1 Bum-in is available on commercial and indusirial temperature range partsin L . (P-Suftix)
CerDIP, plastic DIP, and TO-can packages. 8-PINSO .
f rum.um-wm*\wmuononsow eomadyouv focal ! . !
sales office. {S-Suffix)
tEEREY) . e
om0 on
GENERAL DESCRIPTION OP-37BRC/883
The OP-37 provides the same high performance as the OP-27, - ui: c{:ﬁm)a!
but the design is optimized for circults with gains greater
than five. This design change Increases slew rate to ‘ITWpuc ’ ,
and gain-bandwidth product to OGMHz . - .

SIMPLIFIED SCHEMATIC Lot L LT — — -

'l!llﬂulm ADANTED
¥ WAFIR TUST PON MMM
umvvu.vnl. )

Ad-14 SR HNAL PARTE IS

F PO ‘R QJQU‘-‘V



0p.37 R

DICE cmncvsmmcs SR

OECIHOMXOMMWNW
(2.49 X 1.42 mm, 3.54 5q. mm)

WAFER TEST LIMITS at Vs = 415V, Ty = 25°C for OP-37N, OP-37G lnd OP-37GR dovlcol. Ta™ 125' Ctor OP-37NT lnd

OP-37GT devices, uniess otherwise noted.

e T S S , o :OP-S"NT 0P-37N 0’-3701' 0?-870 OP-STGR
Input Otfest Voitage Vos (Note 1) ) » 'zno ) ® WOV MAX
Input Offsst Current fos ol . 8 . L I 80 -, T8 mAMAX
wpatBlasCument 1y 0 o r U 360 40 28 © 488 ~ 280 NAMAX
tnput Voltage Rangs - - VR e . +103 . n 108 11 . 2N VMIN
. o CMAR  Vou=21V 108 ™ %0 0 W0 GBMIN
Power Supply T, =25°C, Vg = £4V 10 10V 0 10 © 0 . 2
Rejoction Ratlo =1 TON - T, 128°C. Vg $45V w0 210V 1 - = - SV MAX
Lerge-Signsl "~ " R 2 2N, Vo= £ 10V 00 1000 - 800 1000 700
VohageOain < | A R, & 1k0, Vo= £ 10V - %00 - 0 — WmVMiN
! R 220 s £120 110 $120 115
Output Votage Swing Vo R, 26000 - 100 - 1100 t00 . . YMW
Power Coneumption Pg Vo= 0 - 140 - 170 = mW MAX ;
noTEE o ] \ . 1
For 257 C characteristics of OP-STNT and OP-37GT devices, see OP-STNand ) S d
OP-37G charscteristics, respectively. ‘ . T‘
mlhmnnuﬂornndllmlumwmllmm Due o th ol thods and | ylold ioss, yleld after packaging le not 1
4o 104 asembly and teeting. :

o wed for dard product dios. wwnmnmmmﬂmmmmm gh

TYPICAL ELECTRICAL CHARACTERISTICS atVg= 15V, TA- +25° C, uniess otherwise noted. |
TR A i+ OP.STNT OP-STN OP-37QT OP-37G OP-37GR ' = :
PARAMETER SYMBOL  CONDITIONS o ngo- TYPICAL. TYPICAL . TYMCAL TYPMCAL TYPICAL uNITS
Avouolinwtoﬂul . TCVo.or " Nuied or Unnulled, B S Tre T ’ o ;
Vottape DN 'rcvo.. n'_.m”m oz .. 02 03 03 04 sVAC
Amlnpmonut ; ) : T s e ]
peoting r_gco. . o o ® o © W 1w . PASC
Comeni Drift . ... - TCy . L. . L. W0 C w0 .- W0 20 pASC
e T lgmWHE e .. 88 35 ... -5 .. .35 . M
WputNolss | ., g qgmoHz e a1 A 3 ST
*"'"D""" .. . o= ¥000H . ) 3.0 . 30 30 =~ s . 32 L
T Tlowt0l o 17 % B & Ty R ¥/ .

mm . ° . . v . oo

d CHEN e TlgeSHz m - 10 10 40 s 18 AT 10 pAnH
Current Denelty . . “tom1000Hz i tc - T 04 - 04 04 04 - 04
Input Noles Sppp ' OlHzio f0HE - 008 0.08 008 008 "~ 008 aVps
SiewRate " sm CUREma - oo 17 ” W 1 Vs
Oain Bandwidth Product GBW. fo= 10KHz ) ) () o . (] Mz
NOTE: T o - .
1 mmwmmhnnMWamww

mosmmﬁ ppucwoﬂdpom -
LY SR ..wvnl.--.. S phe DA
RN LA YR ILIRE ) "'.’,(‘lsrﬂlfn.ll v .o L cor I A R B . ¢ I
S 7] 3 SRR, Sa ] o [IF FUP] ty RS E .
R IR S 5 ML - % e )
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: opP-37" |
‘nm:AL PERFORMANCE CHARACTERISTICS EERRIDARAL AL ISR 3G
Yo ‘
,L. L CRTO RASTIRAOY . VY TN COMPARISON DF
 NOIBR-TESTER FREQUENCY 5 YOLTAGE NOIsE DENSITY 3vi: ATOP AMP VOLTAGE
' AESPONSE (0.1Hz TO 10Hz) (%17 “ve FREQUENCY' BHL: NOISE SPECTRA:
T 2 ? f bl = =y
R Tay 2¥C g :
[] g [ V'; - 2V !gq . :
M - 4N |4]] =22
- S : i ‘ \\ o :i: B . N[ ¥ sopeen s E
; b [ ';‘l Ao L
] vV ig: | VCORNER oF Awe - 1
2 | vcommen § pare s W il
! 2 L AT 1 'ar : or-3) T
TIOT TN OF Siaas MUST B¢ USID TO - . - P
LISNT LOW PREGUENCY (<B.3W2] GAM. - . “uu | I
TR I m o 4] [ wsraumestaTION | auDIo mancE
. ‘ ) B :—"—.‘%M—“’—'-‘#r
asly ) - YoOR

¥ INPUT WIDEBAND YOLTAGE
NOISE va BANDWIDTH (0.1Hz
70 FREQUENCY INDICATED)

s Ta - &m°C
Vg « iV
Y —===:
. -
: 1 -
==
444 1
(1] }
N L 0% 100k
A BANDWIDTH D]
1

VOLTAGE NOISE DENSITY
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APPLICATIONS INFORMATION OFFSET NULLING CIRCUIT
OP-37 Series units may be Inserted directly into 725, OP-08, - R
OP-07, and OP-05 sockets with or without removal ofexternal ="~ i
compansation or nulling components. Additlonally, the OP- ' : e ove
37 may be fitted 1o unnulled 741-type sockets; however, it : | | —1NU
. conventional 741 nuliing circultry is In use, it should be modi- - - o QUTRUT
fied or removed to snsure correct OP-37 operation. OP-37 . 3 -y .
offset voltage may be nulled to zero (or other desired setting) 1
using a potentiometer (see offset nulling clrcult).” (& ;" & v-
The OP-37 provides stable operation with load capaciténces *

of up to 1000pF and ' 10V swings; larger capacitances should
be decoupled with a 500 resistor inside the feedback loop.
Closed-loop gain must be at least five. For closad-ioop gain
between five 1o ten, the designer should consider both the

clear advantage over the unity-gain-stable oP-27.

Thermoselectric voltages generated by dissimilar metals at
the Input terminal contacts can degrade the drift perfor-
mance. Best operation wili be obtained when both input
contacts are maintained at the same temperature.

. OFFSET VOLTAGE ADJUSTMENT

el -
OP-27 and the OP-37. For gains sbove ten, the OP 37 hasp > The input offset voltage of the OP-37 is trimmed at wafer

- lovel. However, if further adjustment of Vog Is necessary, &
10k 0} trim potentiometer may be used. TCVosis not degraded
{see offset nulling circuit). Other potentiometer vaiues from
1k} to 1M1 can be usad with & slight degradation {0.1 to
0.2uV/* C) of TCVps. Trimming to a vaiue other than zero
croates a dritt of approximately (Vog/300) uV/* C. For exam-

A4-19

ORIGINAL PARE IS
OF POOR ‘QUALITY



-

ple, the change in TCVog will be 0.33,V/*C if Vos s adjusted
to 1004V. The offset-voltage adjustment range with a 10kN
potentiometer ls t4inV. If smailer adjustment range is re-
quired, the nulling sensitivity can be reduced by using a
smaller potin conjunction with fixed resistors. For example,
the network below will have a $280,V adjustment range.

1 amy  memr ana ]
I,
BURN-IN CIRCUIT TR

NOISE MEASUREMENTS

To measure the 80nV peak-to-peak rolse \lbo'clﬂcatlon of the
.OP-37 in the 0.1Hz to 10Hz range, the following precautions
must be observed: . .- -

(1) The device has to be warmed-up for st least five minutes.
As shown in the warm-up drift curve, the offset voitage
typically changes 44V due to Increasing chip tempera-
ture after power-up. In the 10 second measurement inter-
val, thess temperature-induced effects can exceed tens-
of- nanovolts. :

{2) For similar reasons, the device has 1o bée well-shislded
from air currents. Shielding minimizes thermocouple
offects.

(3) Sudden motion in the vicinity of the device can aiso “feed-
through” to increase the observed noise.

{4) The test time to measure 0.1Hz-to-10Hz noise should not

- exceed 10 seconds. As shown In the noise-tester fre-
quency response curve, the 0.1Hz comer Is defined by
only one zero. The test time of 10 seconds acts as an
additional zero to eliminate noise contributions from the
frequency band below 0.1Hz.

(5) A noiss-voltage-density test is recommended when
measuring noise on a large number of units. A 10Hz
noise-voltage-density messursment will correlate well
with a 0.1Hz-10-10Hz peak-to-peak noise reading, since

both results are determined by the white noise and the

location of the 1/ corner frequency,

OPTIMIZING LINEARITY

Best linearity will be obtained by designing for the minimum
output current required for the application. High gain and
excellent linearity can be achieved by operating the op amp
with & peak output current of less than £ 10mA.

INSTRUMENTATION AMPLIFIER .. .. - ..
A thres-op-amp Instrumentation ampiHier'provides high gain
and wide bandwidth. The Input nolse of the circult below Is
4.9nV/\/Hz . The gain of the input stage is set at 25 and the
gain of the second stage Is 40; oversil gain is 1000. The
amplitier bandwidth of 800k Hz is extraordinarily good for a
precision instrumentation amplifier. Set to a gain of 1000, this
yields a gain-bandwidth product of 800MHz. The tull-power
bandwidth for a 20V output is 250kHz, Potentiometer R7
provides quadrature trimming to optimize the instrumenta-
tion amplifier's AC common-mode rejection.
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COMMENTS ON NOISE . .o

The OP-37 is a very low-nolse monolithic op amp. The out-
standing Input voltage noise characteristics of the OP-37 are
achleved mainly by operating the input stage st s high quies-
centcurfent. The input bias and offset currents, which would
normally increase, are held to reasonable values by the Input-
bias-current cancellation circuit. The OP-37A/E has Ig and
los of only £40nA and 35nA respectively at 25°C. This is
perticularly important when the input has a high source-
resistance. In sddition, many audio amplifier designers
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Figure 1 Re - SOURCE RERSTANCL (- 5, 1, | Figure3 Re - BOUNCE REBSTANCE (1
: i T ! ,
. PN ‘ < . beyond Rgof 20kN that current noise starts to dominate. The
LR PEAK-TO-PEAK NOISE (0.110 | " nrgumontcanbemldethatcurrenl noise s notimpontant for
. 10Hz) vs SOURCE RESISTANCE . . applications with low-to-moderale source resistances. The
(INCLUDES RESISTOR NOISE) crossover between the OP-37 and OP-07 and OP-08 noise
: ‘: T = =: R occurs in the 15-to~40k () region.
w H : o Figure 2 shows the 0.1Hz-to-10Hz peak-to-peak noise. Here
T 4 Hii T the picture {s less favorable; resistor noise is negligible, cur-
3 0007 1 A “rent nolse becomes impom'pt because itis inversely propor-
! p ’ tional to the square-foot of frequency. The crossover with the
" OP-07 occurs in the 3-to 5k range depending on whether
3 7 _balanced or unbalanced source resistors are used (at 3k the
Pm ™ 1 g imaatento slg, log error also can be three times the Vog spec.).
. ARy J e e s .
;; ! " 23-“:3'3’ ] Trerefore, for low-frequency applications, the OP-07 is bet-
it _:g_‘ » . ‘ter than the OP-27/37 when Rg > 3k0). The only exception is ,
430 ron il - |- whan gain‘error Is important. Figure 3 illustrates the 10Hz ;
. ¢ aiheay A
b W, e Ju". e ;mlse.As~ :xmtoq. the ruufu are b?twoen the .p‘revlof.u two .
Figure 2 .'lw FE ‘":mm:w 2 Jdigures. 1r - %, . ..:»'JA.V, S R .
: A S AL ‘For' refersfice, typical source resistances of some signal
CIE TLUARNCINES SRR -~ sources are listed in Table 1. . ‘
pnlerlouudlpcti;ou'pllng.Tho high 1, TCVosgof previous: "Tibloi'; oo o C !
designs havequ s dipect coupling difficult, if not impossible,: s — AR : )
to use. A ¢ ot 4 oep- BOURCE - e i
N B “ FRERTINR Y5 R v
Voltage noise Is inversely proportional to the square-root of oevice ,“L.muomc; . couumt - -
blas current, but current nolse is proportional to the square- - $irain gauge; 95 1 - <6000 "« Typically used- In low-frequency ;
root of biss current. The OP-37"s noise advaniage disappears @i e .ot e tla o Do 3o Gpplcations. v
when high source-resistors are used, Flgures 1, 2, and 3 " Magnetic 7+ c18000 - Low g very imporant 10 reduce ;
compare OP-37 observed tolal noise with the noise perfore’ tapshead self-magnetization p when :
mance of other devices in different circuit applications. ) s Cape _ ., girect_coupling is used. OP-7 g i
Tota! nolse = ;(Voluge nolse)? + (current noise X Rg)2 + - i _can be negiecied. 3
(resistor nolse? 1172 S s St Y Magnetic...- ..~ <1500 - : Simitar nesd for low Iy In. direct
: ) . phonograph ; - .. - visi . v Coppled ) 7 will
Figure1 shows. noise-versus-source-resistance at 1000Hz. ainm::h : T :";"““?,"' OP-97 wil not
. + PR PRI U y el ]
The sarie plot applies to wideband noise. To use this plot, ’ "' problem. ]
just multiply ‘the: vertical scale by. the. square-root of the - -
N e aap e 4. [ P IR Linesr variable «15000 Used in rugged servo-fesdbec
bandwidth.s sfmereg -2t . el T
. or o, e . . ditterential applications. Bandwidth of Intsreet
AtRg<1kn, the OP-37s low voitage ficise ls mainfained. With transformer fe 400Hz 1o SkHz.
Rg< 1kN; total nolse increases, but ls dominated by the resis- " A & - )
tor nolse rathet m"lh'curro'nt or voltage 'nolss. it Is’ onl it tad O A .
ot ey i 881 131 et INalSTe gl EA PO M- B ROy onwgd et e T %
Sirdo toltkgina o BE IO AQiibbs N Fneiew R R T RIS S SRR DR U PR R e O 3
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AUDIO APPLICATIONS - - = v oo T
The lollowing applications information has been abstracted’

from a PM! article In the 12/20/80 issue of Electronic Design;
: !

magazine and updated. .. !

- e e .

This circult h-ﬂP!i:lo of very low qgoMon over its entire
range, generally below 0,01% at levels up tn 7V.rms. At v

- output Jevels, it will proguce iess.than 0.03% fotal harmonic

distortion.at frequencies up.t0.20kHz. ., . ye. .. - .
Capactitor Cyand resistor R form a simple = 8dB-per-oitave

P i W papietg
- rumble filter, with & corrist at 22Hz. As ani option, the switch-
. o ! salected. shunt capachor -Cy,. s ‘nonpolarized slectrolytic,
S Bt - bypasses the low-frequericy rolioH. Placing the rumble fil-
- :.-r__._)}rL.ﬂ' . ter's high-pass action’ sfter the praamp has the desirable:
b iraotions Orp A result of discriminating against the RIAA-amplified low-
3 our / w ' frequency nolse components and pickup-produced low-
e . froquonc‘! disturbances.
sAnE : A preamplitier for NAB {ape playback is similar to an RIAA.
4 oumvr phono preamp, though more gein is typically domndod.:
/%98 T ;»'!_‘“,‘ By slong with 'bqunllullonr requiring a heavy low-frequency’
- — boost, The gircult in Fig, 4 can be readily modified for tape’
4 a use, as shownby Fig.§,-" | "~ T e :
e ::;‘_’,,m Ry e F: 1 : . ‘6:\: SR r- ) '
1:&” - l,’.; h:'-".}. . S
BT .gwea .y ) S T
L xS R ",‘,r‘ SN \:‘ ‘ o
W e sty g T Geweaam DT e
TR L LT < -1
b ._'v (4 7 n. P .,,\\- -“.lﬂ.t‘_l-l :‘.
Pogured: . v in b SR A T el PR T T
. R T TR LR R N ARNYPP LR U N A
. : . . FENTTONY W PO, . . R
Figure 4 Is an example of « phono pre-amplifier clircuit using Paaiar Ak ECR
the OP-27 for Ay; Ry-Ry-C1-C; form a very acéurate RIAA o id '-’“'="“"-§:'.;.n‘~' TRt “:_' bok
network with standard component values, The popular method v L T et K
to accomplish RIAA phono squalization s to -employ Bigure § -7 % -;.',3!,’,;;."-.-. e vt an e .
frequency-dependent feedback arourid a high-quality gain : R T WS i
block. Properly chosen, an RC network can provide the three AR ) T E O L O S PP TR

necessary time constants of 3180, 318, and 75us.}

For Initlal equalization accuracy and stabllity, b'r'oc'l'slo‘n
metal-film resistors and fiim capacitors of polystyrene or
polypropylene are recommended since they have low voltage
Coetficients, dissipation factors, and dislectric absorption.4
(High-K ceramic capacitors should be avoided hers, though
low-K ceramics — such as NPO types, which have excellent
dissipation factors, and somewhat lower dielectric absorption
- can be considered for small values or where space is at
& premium,) - - s :
The OP-27 brings & 3.2nV/V'Hz voltage noise and 0.45
pA/\Hz current nolse to this elrcult, To ‘minimize folse
from other sources, Ry is set to a value of 100N, which
Qenerates a voltage noise of 1.3nV/\/Hz . The nolse in-
creases the 3.2nV/+/Hz of the amplitier by only 0.7dB. With
a 1k0 source, the circuit noise measures 63dB below & 1mV
reference level, unweighted, in a 20kHz noise bandwidth,

Galn (G) of the circult at 1kHz can be calculated by the
expression:

G=0.101 (1+ 21,
. n’
For the values shown, the gain Is just under 100 (or 40dB).
Lower gains can be accommodated by Increasing Rj, but
gains higher than 40dB will show more equalization errors
because of the 8MHz gain-bandwidth of the OP-27.

-y

LY

»

While the tape-squalization requirement has a fiat high-
frequency gain above 3kHz (T, = 50us), the amplitier need
nol be stabilized for unity gain. The decompensated OP-37
provides a greater bandwidth and slew rate. For many appli-
cations, the idealized time constants shown _may require
trimming of Ry and R to optimize frequency response for
nonideal tape-head performance and other factors.®

The network values of the configuration yield a 50dB gain at
1kHz, and the dc gain is greater than 70dB. Thus, the worst-
case output offset Is just over 500mV. A single 0.47uF output
capacitor can block this level without affecting the dynamic
range. L,

The tape head can be coupled directly to the amplifier Input,
since the worst-case bias current of 85nA with a 400mH, 100
sin. head (such as the PRB2H7K) will not be troublesome.

One potential tape-hesd problem is presented by amplifier
bias-current transients which can magnetize a head. The
OP-27 and OP-37 are free. of bias-current transients upon
power up or powsr down. Howsver, itis always advantageous
to control the speed of power supply rise and fall, to elimi-
nate transients.

In addition, the dc resistance of the head should be carefully
controlled, and preferably below 1kfl. For this configurs-
tion, the bias-current-induced offset voltage can be greater
than the 1704V maximum offset if the head resistance Is not
sufficiently controlled.
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YA simple, but eftective. fixed-gain transformeriess micro- T e T
- phone preamp (Fig. 8) ampiifies ditfersntislsignalefromiow Y. opisvnot. 50
- impedance microphones by 50dB,'and has an Input Impe= | i1z 1
_dance of 2k Because of the high working giin b the circuit,
an OP-37 helps to preserve bandwidth, which will be 110kHz. . ’ u:a s
_As the OP-37.s a decompensated device (minimum stable SO I o
gain of 5), 8 dummy resistor, Ry may be necessary,if the ) -
_microphone Il to be.unplugged. [Otherwiss the 100% feed- . B
Mmmqmnlnpmmyuunml;nplmwwoqdlum
NG miﬁ!qfha-&&.?ﬁ-‘{w!}.’laz‘lh"(ru' SAREI L L0 Tk '
| R 1 g o aspe & (]
: "."!9 ap of \b“m»t..\ 08 B ER AN X W‘\Q'{ A A
| seinamob whstidpl Al b A o o] Gilseq onurd]
S sipatevot ok g q e noithshupi] miw geaii | mgwe 'S,
- e UL T MR ;nvm':‘:_g:g:»;,‘nwc} e — - - ]
\ '8."” L [ R < l‘»(dlfl.“ﬂ‘"‘ I ; R M S . i
EER PN by g LR N - 4008 gain. The typical output blocking capacitor can be.
- e R el Rt p:lmlnlbd,lnwchcms.bu;lsdodubhiorhlqhugalmwf
. B~ A - JUR By S AR — ‘lollmlnato :yuchmg transients. i
B "?_':l_?:_h 2 Bl ":fq o ,if i i|  capacitor Caand resistor Ry form & 2u8 time constant in this! .
! ".m.r—i oo YOy s eS8 Y oan o rcult, as recommended for optimum transient response by,
i it i SN S o "o W7 s '.‘\h.!mﬂO’Oﬂ.ﬂ.f manufscturer. With C; in use, Ay must MW;
: 1| RSP RECWH AR | * " Junity-gain stability. For situations where the 2us time con-;

. Common-mode

'

. {0.1%) types should

_ ¢ Input:hol
tch of ‘the bridge-resistor, ratios
bé used, or Ryshould be trimmed for

-‘;r ‘ R, ' ¥
“rejection will depend upon lho‘

. Elther close-tolerance

" CMRR. All resistors should be metal-tijm types for best stad’
E 'f" uo ! ¥

_bility and low noise.

i

" Nolse performance of this circuitis timited more by the Input

f resistors Ryand R
- generate 8 4nW

! 8.2nW(Hz -nolse.The rms sum '
! sources ‘wilt be sbout 8aW+/Hz'; squivaient to 09uV in-a’,
. 20kHi holse: bandwidth; or nearly81d8 below a 1mVinput ;-

than by the op amp, ss Ry and Ry each
Hz - noise; while tha op amp generates & -
of these predominant noise -

| signal. Measuraments confirm this predicted performance. \-

. el ot

! Forapplications demafding apprec!

ably iower nolse, s high* .

3

quality ‘microphotie-transformer-caupled ' ‘preamp’ (Fig. )

_Incorponfo""‘tho""l‘n't'ov"nl_lly"éompb'nin'od oP-27.
JE-115K-E' 1500/15k() transformer

by

“Tiie e
‘which provides an opti-

“mum source resistance for the OP-27 device. The circult has

" an-oversif gain ot

" Ryof R{iBecsuse'of the low
GutptoMe# of thiatirSol wil

40dB; the*product iof the transformer’s

; “ivoltage setup and the 0p amp's voltage galn: T 10liasats,
* | Gain'may be trimmed to other levels, I desired, by adjusting .
ottset voltage'of the OR-27.thé .
be very

e e )
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 stant ls not necessary.
“OP-3Ttobe smployed.
ment on nolee is appropriate to understand the ‘
this circult. A 15001 resistor
less amplifier will generate 220
width, or 73dB below & 1mV,
amplifier can_only approach,

- .Some com
capability of
resistors connected to & nolse
AV of nolse in a 20kHz band
_reference level.
_this noise jevel; It

Any: practical

Ca can be deletad, llowing the faster

can neyar exceed

1

4

and Ry and Rz gain,

it. With the OP-27 and Ty
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BURR - BROWN® @ BUFG34
{

' AVAILABLE IN DIE

250mA HIGH-SPEED BUFFER

o -

FEATURES APPLICATIONS

® HIGH OUTPUT CURRENT: 250mA @ VALVE DRIVER

® SLEW RATE: 2000V/ys ® SOLENOID DRIVER

® PIN-SELECTED BANDWIDTH: ® OP AMP CURRENT BOOSTER
30MHz/180MHz © LINE DRIVER

® LOW QUIESCENT CURRENT: © HEADPHONE DRIVER
1-SmA (30MHKz BW) ® VIDEO DRIVER

® WIDE SUPPLY RANGE: £2.25 10 118V ® MOTOR DRIVER

@ INTERNAL CURRENT LIMIT ® TEST EQUIPMENT

® THERMAL SHUT-DOWN ® ATE PIN DRIVER

® 3-PIN DIP, SO-8, 5-PIN YO-220
PACKAGES, DICE

DESCRIPTION

The BUIF63M Is a high speed vnity-gain open-loop  The BUF6Y4 iz availabk in o viricty of packages o
buffer tecommended for » wide range of applications,  suit mechanical and power dissipation requircments,
It can be uscd inside the fecdhack laop of op ampsto  Types include B-pin DIP, $0-8 surface-mount and
Increase ouiput current, climinatc thermal foodback 3-pin TO-220), Dice wre also svailable,

and impruve eapacitive load drive, '

For low power applicatious, the BUN634 operaics on
LSmA guicscent current with 250nA oulput and $Pin To220
2000V/us slew rate, Bendwidd: it lncreased from ) O
3OM1iz to 1ROMItz by connecting pin ) to V-,
Output circuitry is fully protecied by intemal current
limit and thermsl shut-down waking &1 rugged and
Casy lo use,

8Pin O Poctage
MMW

B

2
il
v,l3 =18 |V, |
"E—:_ 30 Wi v-| v,
. s :

v- NC Voo Vo

IotarnsUsnal Aport bebamyrinl Pk « Walling Addcwt PY 001 1140 - Vomee, AJ 55724 © Srunm 5o@em: 6720 5. fucmem By, - Voczan, AX 3STES
Tat (s} 7681110 « Tox 51S-Ma 111 Coble: NOCEP - Tolpr S-0ar1 o FAK: ) B 00 - Ponedive Prufiet lvle: IR $40-61 XY
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SPECIFIC

TIONS

ELECTRICAL
1,- «2%°C Y, Vo 115V uniens mherwise AotS
SIS, U, T
LOW OUIESCENT CURRENT MODE WiDE SANDWIDTH HODE
PARAMCTIR CONDITION - ™Fr MAX WIN h( i d max UNTTS
Ut .
Offuct Voltage PR 1100 ’ M mv
ve Yo paraiued Speciied Temperawes Nange 210D * wwrc
vs Powet Supply V e 3205V i 1OV o 1 . . NV N
rput Las Curvent V.- OV 205 12 w o pA {
inna Inpedance A . 1000 Y] Y1) (7] ‘5_’%- '
Notsc Voltag . e 10MH2 4 . ] e |
Gam - B, Voo d1OV 0.9 [ X ] * ’ 1704 .
0, . 1000, V.0 410V 045 0.0 . v |
R - K70, V0 IOV [J ] (2] ot ~ YN
OUIPUT )
Casnemy Outprt. Continuous 1250 M ma
Voragn Ouipad, Posiive i~ 1omA (Vo) 2.0 | (Vo) =17 . . v
Negetve Ly« —10MA V-2 v-41.8 * - v
Posive 1, r 100MA Vo) =3 (Vo) -24 . . v {
Nepatve 1y = —100mA vt | V-1 028 * ’ v {
Pasitve 1g= 150mA (Vo) 4 Vo) -28 . . v i
Nogatve Lo= ~160wiA (V-}) 48 (V) sa M v v H
Shon-Cicut Current 1350 1650 dap0 |t 1 mA_ !
DYNAMIC NESPONSE «
Bandwichh, <WH R - kit 0 150 MHZ |
R, « 1006 ] 1.0 Mz v
Klew ARG 20vp p, M, = 10012 2000 . ) Vipe '
Sowfng Timu, 0.1% 20v Step. R, « 1000 200 * ~ ‘
(13 20V Slop, K, « 1000 s0 - ~
Utorential Galn 3.68MHz, Vo - 07V, F( = 1hOU . 0.4 * .
Piltgsgnial Phins A SaMH?, Vo DTV, R ¢ 1500 28 LX) M .
POWER SUPPLY o ’
Specihed Cpsiating Vonsoe 118 . v {
Operating Volagc Rorge 225" F3t ] M - v i
oY ¢ 1] Curmyt |9 e 0 _11.5 .|2 118 420 mA '
TEMPERATURE RANGE : S Eataiall R
Spucilication . -40 s * * < |
Operaing -&0 125 . . < i
Sunage ) 125 . . < 1
1hermat Shutdown {
Turpdinre, T, 176 M * <
tThermal Hosistanac, 0, P Package’” 100 . M ]
[N U Packagpe™ 150 . CW |
o, V" Packwpu'” [1) . < H
a, T Packipe s ’ <w M
{
v Ve
) i
Vou Yo Vo Yo
W
V- V-
nori;s:unesunpnduwndmhbhw atic lest equipment ly 25°C junciod tomp The powet Jpaton of this produdt wik
Mo wfmpumbanMﬂMmWmiwﬂomwmmwwmcum.muﬁmmeiﬂbumm
voRage. uuwmw.mTwmnsha«nuxovdbadum.s«mumw.

Tha dorraabion fwordden herein i
az50ihe3 ho responsitaty for the vie
o (AANGe withot Potice. No PICA Agh
SuUINITO Of VBTSN W DUNRN-DNROWN ¢

tokaverd to he telislde; Movever. ounn
of s information, uddmdsuhhmumnmlunndyumu
of KEPACE 10 Any of B Cfuily desonibaed fwrrains Sre lirpliod or granied 1o sy Ui party. BUNN-DNOWN dose ML
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PIN CONFIGURATION

Yop View SPin Dip Puckage Top Viey " Pin TO-ZN
503 SurtaceNiount Packege (' )
owle "=~ » | nC G w |
NC )2 ? Ve ool
o> TR '
v-la v [nc
NC = No Connedion
U
i j :
-} vo  NOTE: Ted sleciioally
ABSOLUTE MAXIMUM RATINGS T 0, coman v
Supoly Vehuge 118V
lg‘m Vohage Range oo V.
ety ety o T ELECTROSTATIC
$lorage T ~40°C 1 s175°C
rcton Teny e DISCHARGE SENSITIVITY
Lewd Tomperature (sakdoring, 103) *300°C
- Any integruted circuit can be damaged by ESD, Durr-Brown
reconvideids that ol intcgrated circuits be handled with
PACKAGE INFORMATION®™ appeopriate precautions. Failure to observe proper handling
PACKaGE DRawmG and installation procedurcs can cause damage.
MOOEL ¢xane NUWS §
SOroaeP ::h :: - ““ ESD damage can range from subxle perfonnince degruda-
BUFEMU 508 Sudece Mowd e tioit to conplete device friture, Precision intcgrated circuits
BUFEYeY 5-Pin TO.720 315 may be more susceptible 10 damage becsuse very small

NOTL: (1) For etaied dawing ard simonglon Wik, pisase see end of daa Paamciric changes could cause the device nof to medt
sheet. or Acpendin D of Burt-Brown IC Dt Qook.

published specifications,
OROERING INFORMATION )
TOWERATURE .
MODEL PACKAGE RANGE PACKAQE MUAIBER)
BUFGse 0P Pastc DIP 4010 2SC oo
UFQMy 8§04 Surfmm Mot ~£D lo +A5°C 102
BUFexT &Pin TO-220 40 i «M8°C s
BUFE4D Dicn ~40 o «85°C -
DICE INFORMATION
() FUNCTION
v Bw
2 Y
3 v-
4 v,
3 Ve

M“;Mwnwwm.

MECHANICAL INFORMATION
_ | wspwn | wumeress
Die Size 1207045 | 2.05x 178 2013
Ole Thicknme 201 0.51 40.08
A, Pud St axe 0.150.1
Oacking Ohromim-Siver
BUF634 DIE YOPOGRAPHY 500 DICE PROOUCTS' Acpendx C i Saarr-Broem IC Dama

Bdok, or contact actory for aurent Information,
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TYPICAL PERFORMANCE CURVES

T, = ¢25°C, V, = 116V uniens oPwiwise nobos.

QAN and PHASE vs FREQUENCY

vs QUICSCENT CUNNCNT
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s TEMPERATURE
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'YPICAL PERFORMANCE
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APPLICATION INFORMATION

Figure 1 ix a simplified circuit diagram of the BUFRGM
showing its open-loop completncniary follower design.

Ve
Q

( J

N |
e
" |,m
4 > 1500
< &
S o
0
w
Blonal pats Mdicated in bk,
Nots :{1) §1100 cuenly oo sat by |,

High frequency open-loop spplicutions may tenefit from
specid bypaxting and layoul cunsiderations-  sec “High
Frequency  Application™ at end of applications discussion,

OUTPUT CURRENT

The BUF634 can deliver up 1o £250mA continvous outpwt
current. Intemal citcuitty limits oUtput current 1o apywoni-
nately 4380imA—see typical peformance curve “Short
Carcoit Current vs Temperature™. Fou imany applications,
however, the confinuous itput cumrent will be limitad by
thermul effcars,

The owipur voliuge swing capability varics witly Jjunction
tenperature and oulpat current:  soc typical curves “Output
Voltage Swing, v Quipwt Current.™ Akthough il three pack-
age types e tested for the xame output pefusinince using
¥ high speed test, the Mgher usction temperatuces with the
DUE and SO-8 packuge types will ofien provide less Oulpat
voliage swing. The TO 220 package can W used with a heat
fink 10 reduce junction lemperaturc, allowing muaximum
possible outpnat swing.

THERMAL PROTECTION !
Fower dissipatcd in the BUFG3M will cause the Junction
femperature 1o rise. A thermal profection circuit in the
BUF6.34 will disuble the output wheen the junction tempera-
ture reaches approximately 175°C. When the thermal pro-
tection is etivated, Ua: output stage is disabled, sllawing the
device 1o cuol. Quicscent current is appoxinely SmA
during themmral shutdown. When the junction 1emperuture
cools to appearinsely 165%C the output circuitry is apain
bled. This can cavse the protection circuil to cycle on and

HFIGURE [, Simplificd Circuit Disgrun.

Figure 2 shows the BUI634 connccted as an open-loop
buffer. The souree impedance and optional input resistor, R,
influcnce frequency responsc—ser typical curves, Power
supplics should be bypassed with capacitors connecied close
to the device pins. Capacitor values as low as 0,iF will
assure siable uperution in most applications, but high output
current and fast output slewing can demand large cutrent

transicats from the power supplics. Solid tantalum 10uF
capachors ar recommended.

DIPSO-8
Pinoul shown

FIGURL 2. Buffcr Connections,

off with & period ranging fyom o fruction of a second o
xeveral minuies or more, depending on package type, signal,
luad und thermal environment.

The thermal protection circuit is designed 1n prevent distnage
Suring slswnnal conditions. Any lendency to aciivale ti
thermal protection circuit during ncmal operation is a sign
of w1 inndequate heat sink of cxeessive power dissipation for
the pachage type.

The S-pin V0O-220 package provides best thermal peelor-
mance. 0 used willi » properly cized lieat yink

the TO. 220 Ig pot lipited by thermal e .
Scc Applicstion Bulletin AB-037 for details on hear gink

calculations"The mounting tab of the TO-220 package is

cleetncally cunnccted 10 the V- power supply,

The DIF and SO-8 surfacc-mount packages sre excelien for
upplications requining high output cunem with low average
power dissipation.

To achicve. the best possilie thennal performance with the
DIP or $O.-8 puckages, solder the device dircctly 1o a citcuit
Loard. Since mwach of the heat is dissipiied by conduetion
through the packspe pins, yockets will degrade 1hermal
performance. Live wide cireuh board traces on all the device
My, including puly thut are not connceied. With the DIP
package, ws traces on b sigdey of the priated circuii board
it possible.

A4-30
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NOTC: (1) C, not rocuired
for mt CONVTION Op BIMp3.

Usn with unity 9an siatia v
hight 5000 O MTYE.

OP AMP RECOMMENOATIONS

OPAITT, OPAY013 | Use Lew [ morie. G -\ stable.

OFAYYY, OPAZIY

oraias ., D —

OPAZT. OPAZIDT | Low [, mode i siahic. e C, 108y chso

OPAEZ, DPAOL | wsosmi dnghng of edify. Use Wide UW mode.

OPAEZ?, OPABDA | Usa Wiox OW rode. G, - .G = t vulbe.

Obazeos

OPAG3T, OPADT unwawmu.'rmuepmmwc-\
spahle. Usc in G » 4.

FIGURE 3, Bousting Op Anp Output Currenl.

POWER DISSIPATION

Pawer dissipation depends on powet supply vollage, signat
and load conditions. With dc signals, prwr dissipation is
equal to the product of outpul current limes the voltage
acioss (he conducting putput transisior. POwe issipation
can he minimized by using the lowest wzﬂu
voltape neceswary 10 assure (he fequire [EXILL voliage

swing.

For resistive loads, the masimum power dissipation occurs
at & dc output vuhage of onc-hall the power supply volluge.
Dissipation with ac sigaals is lowed. Application Bulletin
AR-019 cxplains low {0 calculite of mecasure power dissic
———

pation with unugual signals sl loads.

Any tendency fo sctivaic the thermal protection cireuit
indicates eavetive power dissipation or un inadequate heat
aink. For reliable opcration, junction terperature thould be
limited to 150°C, maximum. To estimaic the margin of
safety in a compleie desigh, InCreass the ambicnt lcmpers-
turc until the theemal prolcclion is trigpered. Tix thermal

proication should wrigger morc thun 45°C above the maxi-

mum cxpecied ambicnt condition of your application.

{NPUT CHARACTERISTICS
Internal circuitry is protecied with ¥ diode clamp connccted
From the input to output of the BUFGM  sec Figure 1. Wle
wutput it unable 1o follow the input within approximately 3V
(such as with an outpul shon-circuit), the jnpul will conduct
increased cuerent from the input suurce, This is limited by
i e inpu souTce can be den-
wged by this increasc in toad currcit, an additional resistor
ean be canccted in sencs with the input.

BANDWIDTH CONTROL PIN

The - MIP bandwidih of the BUI634 is appeoximately 30MHx
10 the low quiescent current made {1 5mA typical). To sclect
this mude, Jcave the bandwidth controf pin open (no connee-
tion). o

Bandwidth can be cxtended o approximetcly 1ROMH 2. by
connecting the bandwidih control pin to V-, This Increases
the guicscent curreat 10 approximwicly 1SmA. Intcrmedinie
bundwidths can be sct by connecting » resistor in series with
the hundwidih control pin - $cc typicul curve "Quicscent

of the bandwidth control pin ¢ he seen in the simplificd

Carrent vs Resistance” for resistor selection, Charcteristics,
circuit diagram, Figuie 1. I

"The rated output cunc and slew rate arc non affected by the
bandwidih contiol, birt the cureat limi vatue changes slightly.
Outpint voliage swing is somcwhat improved in the wide
bandwidih minde. The Increaned quicscont conent when in
wide bandwidth mode praduces preater powes dissipation
duiing, Jow output cemam conditions. This guicscent puwer
is cquul to the ntal supply voltage. (Vah IV, timex the
quicscemt cutien!.

*BOOST‘NG OP AMP OUTPUT CURRENT

Tie HUPGHM can be conncand inside te feedback loop of
ost op amps 1o inciease outpul anem—ec Figure
When conncuted inside the fecdback loop. the BUFR6M's
offsct voltage and other efrors are correcicd by the fcedback
of the op ump,

“Fo aysurc that the op amp remaing stable, the BUIE34's
e shift mun remain small throughout the Juop gain of
the circuit, Fur a G=+41 op winp circuit, the BUFG34 must
contribute itk sdditional plasc shift (upproximaicly 207 of
Juss) at the unity-gale frequency of the op amp. Pliase shill
is affecicd by various operating conditions tl may affect
sbility of the op amp—3e typical Gain and Phase curves.
Moust geacral-purpose of precision op amps remgin unity-
pain stadble with the BUF634 coamiceied inside the fecdback
Joap us shown. large capacitive loads may require the
BUI634 1o be comnected for wide bandwidth for stable
opesation. High speed or fast-seuling, op smps gencrslly
sequire the witks Landwidth mode 10 romain stable and to
awurc good dynamic performance. To check for subility
with s up amp, lack for vscillations or eacassive finging o
sipnal pulscs with the inmcnded Jood wed worst case condi-
tions that stfeit phase response of the huffer.

HIGH FREQUENCY APPLICATIONS

The RUF634 s eacelicnt handwidih and fast slew rate make it
useful in & vauicty of high frequency opea-luop applications.
When operated open-luop, circuit board layout and bypussing,
wechique can affcct dynamic perfonnike.

Far best results, use & ground plune typc circuit hosrd layout
and bypass the powct supplics with 0.1pF cetamic chip
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Capacitors al the deviee pins., Source resistance will affeet
high-frequency peaking and step response uvershool and
ringing. Best rexponsc Is usually schieved with a scries input
resisior of 25Q 1o 20061, depending on tie sipnal suurce,
Responsc with sume Joads (especially cupacitive) can he
improved with & resislor of 100 to 15082 in serics with the
oulput,

Urtvas hegduhonas
o eall spcakan
H, ~ 10062
. | THOWN
Iklhiﬂ.ﬂl.‘a%
200zl 0.02%

FIGURE 4. High Performance Headplunx: Driver.

< . . —0
"] g I 4
s
- 1004 12v
L _{ L. T 3
14.- NOTF - (1) System bypasy capadions.

FIGURE $, {'scudo-Ground Driver,

wyo— L’%‘”’"‘
"

FIGURE 6. Curemt-Ouipat Valve Driver,

FIGURE 7. Bridge-Connccted Motor Diiver,

FIGUREF, 8. Diffcrential Line Driver.
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PGA202/203

BURR-BROWNG®

Digitally Controlled Programmable-Gain
INSTRUMENTATION AMPLIFIER

FEATURES APPLICATIONS
@ DIGITALLY PROGRAMMABLE GAINS: ® DATA ACQUISITION SYSTEMS
DECADE MODEL—PGA202 w_ ® AUTO-RANGING CIRCUITS
Blﬁ:&%%’;k:ﬂggg%g“ <o ® DYNAMIC RANGE EXPANSION
GAINS OF 1,2,4, 8 ® REMOTE INSTRUMENTATION
® LOW BIAS CURRENT: 50pA max ® TEST EQUIPMENT

@ FAST SETTLING: 2us to 0.01%

—~ @ LOW NON-LINEARITY: 0.012% max

@ HIGH CMRR: 80dB min

[\/ ® NEW TRANSCONDUCTANCE CIRCUITRY

INSTRUMENTATION AMPLIFIER;B PGA202/203

® LOW COST
DESCRIPTION
The PGA202 is a monolithic instrumentation ampli- Vog Adjust
fier with digitally controlled gains of 1, 10, 100 and s] _[s] i
1000. The PGA203 provides gains of 1, 2, 4, and 8, ] 73] Fec 8
Both have TTL or CMOS-compatible inputs for easy 5pF
microprocessor interface, Both have FET inputs and a —
hew lransconductance circuitry that keeps the band- vl — 30k
Width nearly constant with gain. Gain and offsets are "l ol Bl 10 see
laser trimmed 10 allow use without any extenal com- B and - 2] vour
ponents. Both amplificrs are available in ceramic or Logic . .
Plastic packages. The ceramic package is specified V[T Cirouits = A [Ty
over the full industrial temperature range while the L 0ka* , '
Plastic package covers the commercial range. —
sa (5] Fier &
THZR
A A, Dighal Common
Covemd by US. PATENT s4a13.422
Alrport ndusrinl Pack .« Maling Address: PO Box 11400 . Tueson, AZBSTM . Streel Addrass: €730 §. Tucson Bivd.  « Tucson, AZ §5706
Tob @02 7861111« T 910524911« Cable:BBACORP . Teler: 0866487 - FAX: (507} 0031510 »  immedtate Product Into: [W00) 5486132

—
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ELECTRICAL
AL 425°C, V, = 215V uniess ctherwise noted., s
POAIO220IAG™ PGAI022038G™ POAY NP
PARAMETER CONDIMON WMIN TP MAX MIN TP MAX BN TYP MAX B
GAIN
Erroc® G < 1000 0.05 0.2% M 0.15 . ® - M
G = 1000 [ Al 1 0.08 05 * * *
Nonlineasity G < 1000 0.002 | 0.018 . 0.012 M ¢ .
G = 1000 .02 0.08 . 0.04 . M .
Gain vs Temparature G <100 3 25 M 13 * PPr
G = 100 ) 120 . 0 M -
G = 1000 . 100 | 300 . 150 M or
RATED OUTPUT
Vokage ol $5MA . 210 212 * . M * N
Over Specified Termpensure Ses Typcal Porl. Curve 0 - . %10 Al
Current Nanlt S 10V 5 410 M * . * [ 4
impecancs [13 * * 3
ANALOG INPUTS
Common-Mode Range 210 21 * * * ¢ \
Abohste Max Vokage™ No Damage - 2V . . \
Impedance, Ditlerental BN 1003 * M an .
= Common- 1WHY M * [N
OFFSET YOLTAGE (RTY) _
inial Offset at 25°C*™ 205+ | 220 * 1o ¢ . m
8/G) 24G) 124G)
vs Tempersiure . 203+ | 2(24 M {12 « . . v
50/G) | 240/G) 120/G) :
Otiset vs Time 50 * . wVA
Ofiset ve Supply WV, s15 10+ | 1000 . 50+ ¢ * fAd
250G | 900/G 450/
WPUT BIAS CURRENT ]
inia) Bias Current: a1 25°C 10 $0 . . . . (Y
o 88°C A 640 3200 . L . . Y
Initial Olisat Current: at 25°C 5 k= . . . . B
8 A5°C 320 1600 . . . . J
COMMON MODE REJECTION RATIO
Get 0 100 * . . M [ 3
Ga10 88 110 * . M * o
G = 100 92 120 M . . . . o8
G = 1000 94 120 M * . . (3
INPUT NOISE
Nolse Volage 0.1 1o 10Mz 1.7 . . »Vp
Noise Density at 10kHz ™ 12 ¢ . AVIY
OUTPUT NOISE
Noise Vollage 0.1 1 10Hz 2 . . Ve
Density at thHz™ 400 . . wWN-
DYNAMIC RESPONSE
Frequency Responss G < 1000 1000 . . W
G - 1000 250 . . W
Ful Power Bandwidth G < 1000 400 . v [y
. G = 1000 100 . ., K
Stew Rate 10 20 15 . . . VAe
Settfing Tima {0.01%)™ G < 1000 2 . . 1
N Ga1000 . 10 . . 11
Owerload Recovery Time™ G < 1000 1 . . -
N G = 1000 10 . . B
DIGITAL INPUTS . . K
Digital Common Range Ve V_ -8 . . . . v
Ingut Low Threshokd ™ . -1 - . . v
Ingut Low Current - 10 . . - pA
Input High Voltage . 24 . . v
Inpxst High Current 10 . i . pA
POWER SUPPLY K
Rated Volage 215 . . . v
Yokage Range % 218 . . . . v
(%] M M mA
TEMPERATURE RANGE
b s N M (] 7 <
Operatng -55 125 * M -25 ] <
Storage -£5 150 . . -0 100 G
8, . 100 . . N
* Samw as the PGA202/203AG

ms:(l)umlﬂmlpﬂyhholhhm“m-mvumwlﬂﬂWmlnlm'lblﬁﬂldlldd\uvdﬂmhlwt
- (2) Mossured with 8 10k Ioad. (3) The anaiog inputs are intemally diode clamped. (4) AURSTADIS 10 2610, (5) Vieey am = Ve s * (Vo grarer/GON).
- {6) Threshold voltages are rek d % Dightat C (7) From Input chanGe of gala changs.
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PIN CONFIGURATION

ey - g —

ABSOLUTE MAXIMUM RATINGS

Top View ow Supply Vokage _ L1V
Ao E U E Digltal Commen nernal Power Disslpast TS0mW
Analog and Dighal Inputs (Vg + 05V)
A, E E ~Vee Operating Temperaiure Range:
G Package ~55°C 10 +125°C
W, 3 2] Vour P Packsge ~40°C 10 +100°C
Lead Temp [ . 108) 300°C
Ve [4] E Vour Senss Output Short Circult Duration Conth
Fher A E E oo B Junction Temperaturs 175°C
Voo Aduat [] (9] Voo Adust
-, [ (3] vy
PACKAGE INFORMATION®™
] PACKAGE DRAWING
MODEL PACKAGE NUMBER
PQA202KP 14-Pin Plasic OIP 010
PGA202A0 14-Pin Ceramic DIP 1%
PGA20200 14 Ceramic DIP 189
PGA203KP 14-Pin Plastic OIP 010 I
PGA203AG 14-Pin Coramic DIP 1"
POA2038G 14-Pin Coramic DIP "

NOTE: (1) For detalled drawing and dimension table, please 589 #nd of data
shoet, or Appendix D of Bur-Brown IC Oaza Book.

ORDERING INFORMATION
TEMPERATURE OFFSET VOLTAGE
MODEL GAINS PACKAGE RANGE MAX (mV)
PGA202KP 1, 10, 100, 1000 Plastic DiP 0°C Io +70°C 12 + 24G)
PGA202AQ 1, 10, 100, 1000 Caramic DIP -25°C 0 +85°C 2(2 + 20G)
PGA2028Q 1. 10, 100, 1000 Caramic DIP =25°C b +35°C 2(1 + 12G)
PGA20IKP 1,248 Plastic DIP 0"C o +20°C 2(2 + 24/G)
PGA200AG 1.24.8 Ceramic DIP -25'C 1o +25°C 2{2 « 24/G)
PGA2038Q 1,2,4,8 Ceramic DIP ~25'C 10 +85°C 2{1 + 12/G)
The inlormation provided herein ls believed 10 be reliable; however, BURR. BROWN no Mty fo¢ in or omissk win-anowum

e responsibilty for the use of thig information, Numduﬂﬂhmaﬂmmbaudnﬁuﬁw:m&?mwwumwuﬂubm
Wm.mmmrbm«bmoswwdmmmmnbmlodumbuqmm.IURH-BHWNMMW&.UW
wmsmmumhmmﬂammmm.
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fYPICAL PERFORMANCE CURVES

T, = +25°C, V, » £15V uniess otherwise noted.

GAIN vs FREQUENCY GAIN ERROR vs FREQUENCY
0 10 =
E = Sii
©
\~< ’
© ko Q = 1000
g g i
10~
g » N 5 5= =
. i : ST
107
-m | - FH
1
40 1ol ! -
1 w ' w0 w0 1w w0 1 10 100 109 10
Frequency (Hz) Fraquancy (Hz)
CMRR vs FREQUENCY PSHAR va FREQUENCY
~ Gl Hq‘oolulou | -
120 L : 120 G = 1%X
P \<~ . L Ve ) 1 o
P [ AT ™~ ” ey
T 4 &g 4 P hy
- H N ™~
!- A7 ° \\~. \\~~. \~- g [« [} =1 7\~.'::-l
I~ - il P~
§ 40 Gal - S g 40 -
N G =
\~.
[ o [
!
—40 - :
\ 11 10! 10? w0 10* 10 1 0 w* 10? 10 0 1
Frequency (Hz) Rrequency (Hz)
INPUT NOISE vs FREQUENCY OUTPUT NOISE ve FREOQUENCY
104 % = 10* = = :
1 | 4 i 3 1 1. H
| oy I
1 = 10°
E B i i i &
= ‘ =
g w 7 == i 1%
=i A‘lm 1t =3
g :Eil 11 5 1 1l
10 bt e 10
H - ¥ $ t
411 1
\ | I 1
1 10 10! 10 1ot 108 1 ] 10t 10 30 i
Frequency (Hz) Frequancy (Hz)
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TYPICAL PERFORMANCE CURVES (coNT)

T, @ 425C, V, = £15V uniess otherwies noted.

Vu V)

Your (V)

OUIESCENT CURRENT vs POWER SUPPLY

0
[ ]
(]
4
2
°
' ’ 12 13 "
Power Supply (2V)
INPUT RANGE vs POWER SUPPLY
"
e
7 ””’/’
] //
4
o .
(] ’ E—-— - .
Powsr Supply (2V)
OUTPUT SWING vs LOAD
13
1
s
°
° 800 1000 1500 2000
Losd {0)
A4-38

12

InpuA Bias Current (pA)
8

- ™Y -

15

. Vour

INPUT BIAS CURRENT va POWER SUPPLY

/
’ 12 15 W
Power Supply (2V}
OUTPUT SWING vs POWER SUPPLY
L
Ta = +25°C
N

v . 17

’ 17 i “
Power Supply (£V)

SETTLING TIME vs FILTER CAPACITOR

e

//

e

10 20 %
Fiter Capacitor (pF)
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TYPICAL PERFORMANCE CURVES (CONT)

T, = «28°C, V, « 215V uniess otherwise noted.

QUIESCENT CURRENT ve TEMPERATURE NPUT IMAS CURRENT ve TEMPERA
10 g — —

ot
0 1 -
5 25 o6 25 S 7 %0 2= 06 B ®
Temperaiure (*C) Yemperstuwe (°C)
CURRENT LIMIT vs TEMPERATURE SLEW RATE vs TEMPERATURE

- S~

Laa{mA
Slew Rate (VAN)

15

3
"]

Temperaturs (*C) ' . Tompersaare (C}

OUTPUT SWING vs TEMPERATURE

A en
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W) ®mir vaswvierr oessrev w4

TYPICAL PERFORMANCE
CURVES (conT)

T, o +25°C, V,, = 215V unisss ctherwise noted.

DISCUSSION OF
PERFORMANCE

A simplified diagram of the PGA202/203 is shown on the
first page. The design consists of a digitally coatrolied,
differential transconductance front end stage using precision
FET buffers and the classical transimpedance output stage,
Gain switching is accomplished with a novel current steer-
ing echnique that allows for fast seutling when changing
gains. The result is a high performance, programmable
Instrumentation amplifier with excellent speed and gain
The input stage uses a new circuit topology that includes
FET buffers to give extremely Jow input bias curmrents, The
differential input voltage is convened into a dilferential
Output current with the transconductance gain selected by
Steering the input stage bias current between four identical
Input stages differing only in the value of the gain setting
resistor. Each input stage is individually laser-trimmed for
input offset, offset drift and gain,

The output stage is a differential transimpedance amplifier,
Unlike the classical difference amplifier output stage, the
Sommon mode rejection is not limited by the resistor match-
ing. However, the output resistors are laser-rimmed to help
minimize the output offset and drift,

BASIC CONNECTIONS

Figure 1 shows the proper connections for power supply and
signal. The power supplies should be decoupled with IuF
ntalum capacitors placed as close to the amplifier as
Possible for maximum performance. To avoid gain and
CMR errors introduced by the extemal components, you
$hould connect the grounds as indicated. Any resistance in
the sense line (pin 11) or the Ve Jine (pin 4) will lead 10 2
$ain emror, 30 these lines should be kept as short as possible,
Also 10 maintain stability, avoid capacitance from the output
1o the input or the offset adjust pins,

-

A4-40

" YRY VIV Viva {vva vigy - =

FIGURE 1. Basic Circuit Connections.

OFFSET ADJUSTMENT

Figure 2 shows the offset adjustment circuits for the PGA20:
203. The input offset and the output offset are both sepa-
rately adjustable, Notice that because the PGA202/203 change
between four different input stages to change gain, the input
offset voltage will change slighily with gain. For systems
using computer autozeroing techniques, neither offset nor
drift is a major concem, but it should be noted that since the
input offset does change with gain, these systems should
perform an autozero cycle afier each gain change for opti-
mum performance,

In the output offser adjustment circuit, the choice of the
buffering op amp is very important, The op amp needs to
have low output impedance and a wide bandwidth to main-
1ain full accuracy over the entjre frequency range of the

" PGA202/203. For these reasons we recommend the OPA602
as an excellent choice for this application.

*Veeo

FIGURE 2. Offset Adjustment Circuits,
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FIGURE 9. Floating Source Programmable Gain Instrumen- ) .' Voa=20V,

tation Amplifier. .
. FIGURE 11. Prognmable Differential In/Differential Out
Amplifier. L TP
Voo !
L
- .
‘P
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) A
FIGURE 10. Low Noise Differential Amplifier with Gains of . T
100, 200, 400, 800. ' . ’o ot
" FIGURE 12. Programmable Current Source. -
A A A A M
° ] .0 ) P
0 ° ° 1 R
0 0 1 ¥ o + ! 4 -
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FI_GURE 13. Cascaded Amplifiers.
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PC-414

INNOVATION and EXCELLENGE High Speed Analog Input Board for

IBM-PC/AT™, PS-30, or EISA Computers

FEATURES

+ Up to SMHz A/D sample rate

+ Very low harmonic distortion

+ Analog input comparator trigger

+ Cholce of 12 or 14 bit A/D resolution

* Optional 2 or 4 channel simultaneous sampling

+ On-board FIFO memory up to 16,384 samples

+ Ideai for FFT's, DSP or array processor “front ends”
« Non-bus burst parallel port for seamless recording

GENERAL DESCRIPTION

Offering very high system speed, the PC-414 is a multi-
channel analog input board for the IBM-PC/AT, PS-30, EISA
and compatible computers. Full power Input bandwidih is
available up to 2.5MHz and may be sampled at up 1o 5MHz,
A common motherboard is used, with the analog section con-
tained in a pluggable 2° by 4* module. This allows for a family
of several ditferent Sample/Hold - A/D Converter speed and
resolution options by exchanging analog modules.

The analog input ranges of the A/D converter are selectable as
unipolar 0 to +10V, or bipolar £5V, or 10V depending on mod-
el. The gain on the PC-414A may be user-selecied times one

or times ten for two channels. This offers one-volt input ranges
lor receiver signal measurement, The inpul configuration is ex- -
cefllent for analyzing wide band communications signals. Model
PC-414E offers 16 single-ended or 8 differential high speed
channels.

Models PC-414A, F, and G use a Simultaneous Sampling
section. This function acquires signals on parallel channels at
the same time. This provides phase correction and deskew-

high speed cross-channe! computation, beam-lormer cohe-
rency for sorfar or acoustics, telemetry, muitiple carrer de-
modulation, and highly concurrent system testing.

A/D data passes to an on-board First-In, First-Out (FIFO) data
memory and then 10 the host computer bus intedace under
software control. The FIFO acts lo decouple the precise timing
of the A/D section with the block-oriented data lransfers on the
bus. The design can continuously collect analog data with non-
stop converter triggering while data is simultaneously read from
the FIFO. This allows the collection of “seamiess” wide-
bandwidth signals of millions of sampiles or greater. Functions
such as FFT sampiing cannot tolerate lost sampies without in-
creases in “arithmetic” noise during computation processing.

Data may be transferred to mass storage peripherals such as
disk or magnetic tape. Applications include long-baseline
sludies in astrophysics, component life testing, and anoma-

ing of multichannel correlated signals. Applications include lous pattern search.

je— SSH Contiol
) Resel - ‘
g v —D— Sampling FIFO |
C':mls ¢ AD Converter Memory Pacatel
- X . k D‘ Outpont
g Pluggable Analog Section -
Q‘a | - Ready Output
AD Start Clock ] Emoty Hal  Ful Lo
(414 “dot” only) Eo‘c 17L Channel Address Sequencer - ~<+{— Acknowiedge Input
T OVA Convenar Z_ ./ ~=t— Extemnal Enable Input
d Cooger | =1* FIFO Flags
Trigger In
oA ou & Comparator o
Analog Trigger
T T d < External Clock Input
'L (Not avail. on 414 *dot’)
Extemal Trigger Control l J
T r ya
Vame=r—lC
L 7 g
] Haif
Prog b Interrup
Interval Timer Request Fult Pmouoc .
[ — Convert
DMA
e /] SV

| - ,
: < PC/AT BUS >

Figure 1. PC-414 Block Diagram
—

T e —
whmw-uw-unmmm.
1
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PC-414

_  POATEL

The FIFO data output may also be routed under host software
controf to an on-board parallel data port instead of being sent
to the computer bus. This parallel burst channel data may be
mdbynnemma!prooessoralveryhighspeedsmdavoids
possible speed restrictions of the computer bus. The outport
uses a very simpie ready/! transfer handshake
which is adaptable 1o any remote parallel port including DT
Connect®,

The analog section of the PC-414 is optimized for high signa!
quality and very low dynamic noise. The PC-414 Is ideal as an
FFT “front end” or DSP quantizer for amay processors.

The A/D conversion timing section is designed for accurate
multi-scan data acquisition. Software programmable timers
control the interval between each conversion and each multi-
channel scan. A programmable sample counter will allow
sampie blocks of specified length independent of FIFO length.
The timer/counter section uses a precision on-board crystal
clock. Timeout and sample count activities may be monitored
using VO status registers and/or programmable interrupts.
The interrupt method may be fully synchronized with software
programmable DMA transfers directly 1o host computer
memory.

SM-A/D triggering may use several sources under software
control. The internal timebasa is the normal trigger source al-
though single conversions or scans may be directly com-
manded by host VO register writes. An extemal trigger clock
may also be used to precisely synchronize sampling with ex-
temal events. This extarnal trigger may start a single multi-
channel scan or *N” multiple scans separaled by programma-
ble delays.

Analog sampling may aiso be level-triggered using an on-board
snalog comparator and an extemal level input. The reference
trigger leve! to the comparator Is derived from an on-board 12-
bit D/A converter. If preferred, the D/A converter may also be
usad as an analog output channel for any purpose.

The PC-414 A thru G contains five signal connectors. Four
connectors are for the sampled analog channels. The fifth con-
nector is for a choice of the extemal timebase clock input, the
exiemal analog trigger reference level or for the D/A output.
The PC-414E accepts 165/8D input channels plus trigger.

The computer interface for control and status uses 16-bit Yo
addressing. A/D data uses 16-bit transfers under program or
host DMA control. A single interrupt is generated for a variety
of conditions. These include A/D data ready, DMA terminal
count, sample count reached, FIFO half-full or FIFO Iult.

AD output data coding is right-justified two's complement with
sign extension. This format is excellent for integer data typing

with high level computer languages such as *C’, FORTRAN,

Pascal or Ada. It Is also directly compatible with very fast
arthmetic instructions for all microprocessor assembly lan-
guages and math coprocessors. Straight binary coding may
also be selected.

A high-efficiency, low noise DC/DC converter provides quiet
power to linear sections. PC-414A - G analog inpuls use rear
SMA coaxial threaded connectors (DB-25 lor 414E). The burst
channel paraliel output port uses an intemal header connector.

Software

A menu-driven windowed setup and configuration program Is
optionally available on both 5.25° or 3.5° MS-DOS disks. The
program automatically adapts 1o the display type and mouse.
The program sets the VO base address, interrupt and DMA

systems, loads registers and D/A converter data, starts timars
and saves data to disk or memory. The entire hardware con-
figuration may be saved to disk. The soltware also includes
AJO-D/A calibration procadures. .

NDdlhmlyboumbbmmnmy(beleOK)o!m«by
DMA, program transfer, or extended memory (above 1Mb).
Disk data formats include binary integer, IEEE-754 binary
floating point, and ASCII floating point (Lotus PRN format).
The selup program is aiso available in source language for-
mat and includes fast assembly language modules which may
be linked to user-written programs. Both WINDOWS and MS-
DOS versions are available.

Users have three methods of implementing PC~414 software;
the optional setup/configuration program, third party software
or user-written code. Third party display and processing soft-
ware offers graphic outputs, DSP lunctions such as FFT's and
stalistical analysis of data files. Third party packages will ac-
cept data by file transfer. A QuickBASIC disk is available at
no charge for user modification.

Simuitaneous Sampling

In Figure 2, four input signals are sampled at the same time us-
ing the PC-414A’s Simultaneous Sample/Hold (SSH) option.
Once the signals are acquired, they are rapidly digitized sequen-
tially by the A/D converter. For correlation of phase-related sig-
nals, SSH removes skew delay efrors from conventional sequen-
tial multiplexer scanning. The PC-414F or G offers the same

. function at a higher speed using two simultaneous A/D's.

Channel 3

Channel 2

Channel 1

Channei 0

/

Simulaneous

1
1
'
b
]
Sample/Hold :
1
'

(SSH). mode! —
PC-414

-——  Data errors lor non-SSH
caused by sampling
skew delays.

[¢] oATEL's SSH DESIGN

(® WITHOUT SSH TECHNOLOGY *

Figure 2. PC-414 Simultaneous Sampling

H
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D DANEL N ' . PC-414
FUNCTIONAL SPECIFICATIONS

(Typical at +25°C, dynamic conditions, gain = 1, unless noted.)

. ANALOG INPUTS 414A 4148 414C 414D 414E 414F 414G
Number of channels 4 simul. 4 4 1 165/8D 2 simul. 2 simut,
Input Contfiguration

({non-isolated) SE SE SE . Diff, SE or Dift. SE SE
Full Scale Input Ranges | Oto10ov | owtov | o to 10V =5V Oto 10V Oto 10V 25V

(user-selectable) 210V 210V 210V 210V 25V Oto 10V

(gain = 1) {Note 1] 25V 5V 5V ; (special)

[Note 1]

Input Blas Current 21nA z1nA zinA zinA =InA 21nA 21nA
Input Overvoltage

{no damage) 215V 215V 215V 215V 215V 15V 215V
Overvoltage Recovery .

Time, maximum 2us 2ps 2ps 2us 2u8 2ps 2us
Common Mode Volitage

Range, maximum - - - 21V =10V - -
Input impedance

[Notes 6 and 10] 10MQ 10MQ 10MQ 2k 100MQ2 1k} 1k
SAMPLE/HOLD
Acquisition Time .

(FSR step)

10 0.01% of FSR, max. 900ns 750ns 200ns 50ns 750ns 165ns 350ns

[Note 11)

Aperture Delay 215ns 220ns 120ns 210ns 220ns +20ns 220ns
A/D CONVERTER
Resolution 12 bits 14 bits 12 bits 12 bits 12 bits 12 bits 14 bits
Conversion Perlod 500ns 1.6ps - 500ns 200ns 500ns 400ns 500ns

SYSTEM DC CHARACTERISTICS
Integral Non-linearity

L LSB of FSR =1 215 3 12 21 F I 215
’ Ditferential Non-linearity :
LSB of FSR 20.75 21 £0.75 21 10.75 21 z1
Full Scale Temperature
Coefficient (LSB per *C}) 20.1 20.3 20.1. 20.1 20.1 20.1 20.3

Zero or Offset
Temperature Coefficient

(LSB per C) 0.1 £0.3 0.1 0.3 0.1 0.1 0.3
SYSTEM DYNAMIC PERFORMANCE [Note 2}
System Bandwidth
(single channel,
FSR input) 1MHz 200kHz 1MHz 2.5MHz 200kHz 1MHz 500kHz
Throughput to FIFO 700ns 2us 625ns 200ns 500ns 500ns 1us
(single channel, gain = 1) {Note 8]
Throughput to FIFO
(sequential channels, . ’ 250ns 500ns
gain = 1) [Note 4] 1us 3ps 2ps —_ 2us (2chans.) | (2 chans)
" Total Harmonic Distortion
FS Input [Note 3) -72d8 -75dB -72dB -68dB -72dB -70dB -80dB
ANALOG INPUTS : A/D CONVERTER
Programmable Gains See Note 1 Output Coding - Positive-true right-justified
Common Mode Rejection , straight bin. (unipolar) or right-
(DC - 60Hz) -80dB (g9 = 100) (414E) justified 2's comp. (bipolar)
Addressing Modes 1. Single channel with sign extension thru bit 15.
2. Simultaneous sampling Trigger Sources 1. Local Pacer frame clock
3. Sequential with aulose- (Software selectable) 2. External TTL frame clock
. quenced addressing 3. Analog threshokd comp.
4. Random addressing by A/D Sample Clock 1. internal programmable
host sohtware 82C54 timer
| 2. Ext. TTL input, active high
(PC-414 “dot" only)
T R
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DOAMEL

pPC-414
—Mw
AJO MEMORY PARALLEL DATA PORT
Architecture First-In, First-Out (FIFO) Outport Type 16 data output lines, TTL
Memory Capacity 1024, 4096, or 16,384 A/D levels from A/D FIFO. In-
samples dnug%s‘Fhan&so o hak:_::gnals
al gs. outport
TR!QGER CONTROL does not provide addressing.
Programmable Interval 82C54 Operating Modes ronous master o ex-
Timer Type temal slave receiver. On PC-
Functions 1. A/D sample count reached 414 "dot” models, 4 modes
2. AD start rate (16 bit divisor) are included, offering intemaV/
3. SSH sample counter (414A) extemal clocking (to 10MHz),
Pacer Sample Counter 3 to 65,536 samples. Drives synchronous/asynchronous
the Acquire flag/interrupt gate handshaking. Sequencing is
for A/D starl pulses. adaptable to DT Connect®.
82C54 Clock Source 1. Intemal 8MHz crystal clock Paraliel Port Loading 24mA out, 1.6mAin. On PC-
2. External TTL input, 10MHz 414 “dot” models, the data
max. On PC-414 “dot” models outputs may be 3-stated for
only, the 82C54 is clocked shared bus &onnaction.
only by the internal 8MHz Paraliel Port Connector 2-row 26-pin header type mount-
source. d on board interior. 0.100° pin
Scan Trigger Clock 125, 250, or 500kHz spacing sultable for fat cable.
Analog Trigger input Scramble pads are included 1o
Range [Note 5] 210 Volts (not avail. 414D) the pinout order on
Analog Trigger Response | 2us 1o set stalus flag PC-414 "dot” versions. Pnout s
Analog Trigger Hysteresis | 40mV adaptable 1o DT Connect®.

ANALOG OUTPUT (nol availabie PC-414D)

Number of Channels
Function
{user-selectable)

One channel

1. General purpose analog
output

2. Threshold comparator for

Direct Memory Access

AJD trigger.
Resolution 12 bits
Output Voltage Range 0to +10V, £ 5V and 210V
{(user-selectable) at 5SmA max.
Linearity 2 0.05% of FSR
Settling time § microseconds to 0.05%
(10V step)
Input Coding Same as A/D section
(user-selectable)
PC/AT BUS INTERFACE
Architecture VO mapped, pluggable to
1BM-PC/AT, PS-30, EISA bus
and compatibles. Decodes
. eight 16-bit /O registers.
O Mapping Decodes VO address lines
A9-AQ,
Data Transfer YO transfer or host DMA, soft-
ware selectable.
Data Bus 16 bits.

Id\anf\el.selodableondxan-
nels 5, 6, or 7, set by soltware.

Port Data Rate

4MHz maximum. On PC-414
“dot” models, data may be
{ransferred up to 10MHz with
external clocking

DIGITAL 1/0 PORT (PC-414

“dot” models only)

Connector

Configuration
Levels

Outport Settling Tims

Dual row, 26-pin header
mounted on board interior.
Uses 0.100" pin spacing suit-
able for fiat cable. Includes
+5V dc and digital ground
connections.

8 digital outputs, 8 digital in-
puts (unlatched)

Al lines are buffered, TTL
levels. 10 output loads.
50ns max. after write operation

Adjustments

MISCELLANEQUS

Analog Sectlon Modutarity| The MUX-S/H-A/D module is
socketed for function inter-
change.

Analog Section Ofiset and gain per channel
for S5H on PC-414AF.G. A

single offset and gain pot is
provided on PC-414B,CD.E.
Recommended recalibration
interval is 90 days in stable

DMA Request Conditions | FIFO 1ull, hall full, not emply, conditions.
(soltware selectable) scan acquire flag (sample Analog Input Conneclors | Four SMA miniature coaxial,
count reached). mounled on rear siot. [Note 8}
Control/Status Functions | Board resel, FIFO flags, inter- Multipurpose Connector | 5th SMA user-selectable for:
rupt select and status, DMA [Note 8] 1. Pacer trigger input
select and status, trigger 2. Analog threshold compar-
‘ source, timer control and peri- ator input
od, sample count load, paralel 3. D/A output
outport enable, AD enable, Operating Temp. Range 0to + 60°C
MUX auto-sequence. Storage Temp. Range -25 10 +85°C
Number of Interrupts 1 interrupt, selectable on level Humidity 10% to 90%, non-condensing
{Note 14] 7.9 thru 12, or 15. The inter- Altitude 010 10,000 feet. Forced
rupt level is set by software. - cooling is recommended.
Bus Interrupt Sources Scan acquire flag (sample Power Required +5V dc @ 3.5A max. from
count), FIFO Hull or half full, AT bus.
_ DMA terminal count from bus. Outline Dimensions 4.5 x 13.31 x 0.625 inches,
(10.5" long 414 “dot”) compatible 1o PC/AT bus.
R L
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TECHNICAL NOTES

1.

10.

11.
12.

13.

14.

Resistor-programmed gain from X1 1o X100 is avallable
on PC414E with increased settling delay at higher gain.
Fixed gains of X1 and X10 on 2 channels, offering 1V
ranges, are selectable on the PC-414A,

Total throughput includes MUX settling time atter changing
the channel address, S/H acquisition time to rated specifi-
cations, A/D conversion, and FIFO transfer. Total through-
put is not delayed by host software whenever the FIFO is
not full.

THD tes! conditions are:

1. Inputfreq.  500kHz (414A,F) 200kHz (414B,E)
300kHz (414C) 1MHz (414D)
100kHz (414G)

2. Generatorffilter THD is -90dB minimum.
3. THD computed by FFT 1o S5th harmon?lc.
V4?4 V52 )08
THD = 20 * log10 (V?*Vaz;in +VS)
4. Inputs are 1/2 full scale. No channel advance.
5. AD trigger rate = 1.5MHz (414A), 500kHz (414B,C E),
4MHz (414D), 2MHz (414F), 1MHz (414G)

The rates shown lor sequential sampling are the maximum
A/D converter start rates and include MUX sequencing and
settling. For example, if four channels of the PC-414C
were scanned, the maximum sample rate on any one
channel would be 2ps X 4 channels = Bys (125kHz per
channel).

For fastest response on the anslog comparalor trigger,
keep the refarence voitage near the trip Input voltage. To
avoid overload recovery delays, do not let the trip input
(or any other analog input) exceed £10V.

The input impedance of 10MQ minimumn avoids attenuation
errors from extemal input source resistance. For many appli-
cations, an in-line coaxial 50 Ohm shunt, inserted adjacent to
the front connectors, is recommended o reduce refiections
and slanding wave emors.

Allow 20 minutes warmup time to rated specifications for
models PC-414B, G.

A 25-pin DB-25S connector is used lor the PC-414E.

5MHz sampling on PC-4140 requires an external clock.
Maximum on-board sampling is 4MHz.

Input impedance Is shown with power on. impedance
with power off is 1500 Ohms or less.

PC-414G acquisition time is 250ns 1o 20.003% of FSR.

Digital VO registers apply to PC-414 “dot” models only,
BASE + 2 bits 15 through 8.

Refer 10 the PC-414 User's Manual for added PC-414
“dot” modes.

IRQ 12 is not available on PC-414 "dot” models.

PC-414

FIFO DATA FORMAT

AD dala is delivered as a stream from the FIFO memory. For
muitichannel inputs, this means that data is multiplexed. For
example, for 4-channel inputs, the output channel sequence is
0,1,2,3,0,1,....... Some applications may need this
data de-multiplexed by softwara so that each channel's data
is placed in its own separate buffer.

PC-414 “dot” Series

Beginning in mid-1993, an alternate version of the PC-414 is
available under special order. This version (the “dot" series),
is fully downward compatible to the PC-414 but offers a separ-
ate digital VO port, additional data port modes (including DT®
Connect) and other minor changes. The PC-414 “dof” is 10.5
inches in length. Contact DATEL for details.

PC-414SET Setup/Configuration Software

Automatically configures to the display adapter, CPU, and
mouse.

Sets the VO base address.

Initializes the interrupt and DMA systems and D/A outpul.
Allocates base or extended memory.

Performs self-test and A/D-D/A calibration.

Configures A/D sample rate, frame rate, and sample counter.
Selects trigger mode and DMA or /O block transter.
Selects disk file output format to integer binary, float bi-
nary, or ASCH float.

Saves data to base memory, extended mamory, or disk.
Full source code in "C” and assembly is available.
MS-DOS or WINDOWS version (visua! “C" interface).

Binary A/D Data
. Analog
Inputs Parallel
Port
MUX
Array
Processor
FIFO
AD MEM Board
PC-414
DSP
Arrays
4 PC/AT Bus >
CPU Disk 8
Controlier [ Mass Storage
Display Graphics
Controller Display

Figure 3. Array Preprocessing
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PC-414
1/O Register Memory Mapping [Note 13]

The base address may be selecied anywhere up to 3FCh on
16-byte boundaries.

O Address

(hex) Direction Description

Base + 0 Write Command Register

Base + 0 Read Status Register

Base + 2 Write Channel Address/Digital
Output [Note 12]

Base + 2 Read Digital Input Register
{Note 12}

Base + 4 Write D/A Data Register

Base + 8 Write FIFO Reset Register

Base + 6 Read FIFO A/D Data Register

Base + 8 Read/Write | Counter #0 (82C54)

Base + 0Ah | Read/Write | Counter #1 (82C54)

Base + 0Ch | ReadMWrite | Counter #2 (82C54)

Base + OEh | Read/Write | Control Register (82C54)

At power-up or PC bus reset, all registers contain zeroas ax-
cepl the FIFO HF and FF bits. The registers may be pro-
grammed in any sequence as long as the command register
is last. Use 16-bit VO word operations.

Command Register (Write BASE + 0)

1514131211110 9{ 87| 6 4] 3 2 1 0
DMA | thipt | DMA| Intpt] Pev| Trgi AutfSen Cn|Trg

10/210[10]10

L Lvi Req | Req | Bus| Pol| Inc| En | En| Src |

Bits not shown or “x" bils are not used or don't care.

Trigger Source 0 = Sample lrom the Internal trigger
[Bit 0] 1 = Sample irom the extemal trigger

Internal triggers are generated from the 82C54 timer. Each
internal trigger will enable sampling until the sample count is
done or command 1 = 0. For continuous triggering, use timer
mode 2. For a single trigger, set timer mode 5 and enable
the A/D converter. .

The extemal trigger may be from the analog threshold com-
parator or the digital TTL trigger. -

Convert Enable 0 = Disable A/D conversion (default)
[Bit 1] 1 = Enable A/D conversion

Scan Enable
[Bit2)

0 = One A/D conversion per A/D start clock
1 = Up 10 16 A/D conversions per A/D start
clock (set by the channel address register).

CJ L ]
D O/ANEL
Interrupt © o Bit
Request Source 8 1

0 1 = Interrupt on FIFO full

1 0= Interrupt on FIFO hall full

0 O = Interrupt on data Acquire flag

i 1 = Interrupt on terminal count of DMA

completion (required for DMA).
DMA Request  Bit
Source 102
0 1 =DMA request on FIFO full (block
mode)

1 0 = DMA request on FIFO half full (block
mode '

)
0 0 =DMA reques! on data Acquire flag
(block mode)
1 1 = DMA request on FIFO not empty (de-
mand mode)

On PC-414 “dot” models, DMA Request Source Is connected
10 the FIFO empty flag for demand mode transfers.

Block Mode:  After satting up the DMA controller registers, a
DMA biock transfer will occur on a DMA request. At the end of
the transfer, the PC-414 will generate a terminal count interrupl.

Demand Mode: This is identical to the Block Mode except
that the transler will continue as long as the FIFO is nol emp-
ty. The transter will stop when the FIFO ia empty ora terminal
count occurred at the end of a 64k word transfer.

Interrupt Bit

Level Select 13124

0 = Interrupt disable

1 = Interrupt request on IRQ 7
0 = Interrup! request on IRQ 9
1 = Interrupt request on IRQ 10
0 = Interrupt request on IRQ 11
1 = Interrupt request on IRQ 12
0 = Interrupt request on IRQ 15
1 = Not used

P - X- 11
-0 Qw00

IRQ 12 is not available on the PC-414 “dot” models.

DMA Level Bit
Select 15 14

0 0.= DMA disable

0 1= DMA requeston DRQS
1 0= DMA request on DRQ 6
1 1 = DMA request on DRQ 7

Channel Address Register (Write BASE + 2)

‘1§-8 76543210

Channe! Address 0 = Single channel (no increment) Dnggzvvo ﬁzﬂ ggg;‘::s'

Auto-increment 1 = Sequence channel address at A/D con- Note12] | 3210|3210

[Bit 3] version (The address counter will wrap
around from channel 15 to 0). Channel Only bits 1 and O are used for the 4channel

. Address analog modules. All 4 counter bits are

External Trigger 0 = Trigger on falling edge (detfault) e A y

Polarity [Bit4] 1= Trigger on rising edge (Bits 3-0] available at the A/D module.

Bit5 Not used. On PC-414 "dot” models, Scan Control  In the scan mode (command 2 = 1), each AD
0 = intemal Bm‘g‘ clock (Bits 7 - 4] start convert pulse will cause multiple A'D
1= External A/D start clock conversions as selected by these bits. Each

Select FIFO 0 = Select PC bus data register scan slaris from channel zero.

Qutput Data (Inhibit paratlel por)

Steering 1 = Enable FIFO transfers to parallel port

[Bit 6} {inhibit PC bus dala access)

WP A I
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DIOVANEL —. PC-414

PC-414F,G Addressing: FIFO Reset Register (Write BASE + 6)
Address (bits 7-0)  Channel Selacted — - - ——
15 cemewememe= O
00h Channel 0 only 3 x
Oth Channel 1 only it
02h Both channels, simultaneously Any write to this register will clear the FIFO and set the empty
flag true. If A/D convarsion is still running, the FIFO will be not
Do not use autoincrement. Set BASE + 0, bit 3 = 0. empty when the next A'D sample EOC occurs.
Status Register (Read BASE + 0) FIFO Data Register (Read BASE + 6)
i5-81 7 6 5 4 3 2 1 0 51 14 13 12 11 00
Not | Xir FIFO Ovr | Ana | EOC| ACQ s S S S MSB—~-" LSB
Used | In Status | Smp| Trg | Sts | Sts 12 ALL
Pro| FFHFEF| Err | LW -
12-bit A/D data
Acquisition 0 = A/D scan not in progress or scan done -
Status (Counter 0 sample count was reached). 15 14 13 00
[Bit 0) 1 = A/D scan in progress (Counter 0 sample s S MSB--- LSB
count not reached). 14 ___ALL
End of AD 0 = A/D conversion in progress, data invalid 14-Bit AD Data
Conversion 1 = A/D conversion done, data valid
Status (EOC) "S” bits are sign-extended from either bit 11 (12 bit A/D's) or
[Bit 1} bit 13 (14-bit A/D's) in bipolar input range. For unipolar rang-
es,S=0.
Analog Trigger 0 = Analog trigger Input is below reference
Comparator 1 = Analog trigger input is above reference 82C54 Programmable Interval Timer
Output [Bit 2] Refer to the PC-414 User Manual for detailed programming
information.
Oversample 0 = No error -
Error 1 = A/D was triggered belore EOC is done. - Counler Register  (Read/Write BASE + B - Counter ¥0)
[Bit 3) Read/Write BASE + 0Ah - Counter #1)
Read/Write BASE + OCh - Counter #2)
Bit 3 is cleared by disabling A/D conversions (write command 1s0),
158 7 6 5 4 3 2 1 0
FIFO Status Bit4. 0=FIFO is empty, 1= FIFO not ampty X-x1C071C0o61Co51Coa] coal cozlcot]coo

Flags Bit5: O=FIFQ is half full or greater,
1=less than half full
Bit6: O=FIFOis fult, 1=FIFO is not full :
Control Word Register {Read/Write BASE + OEh)

NOTE the negative true coding on these bits. The FIFO stat-

us bits are not latched 58] 7 6 5 4 3 2 1 0
X-x |SC1]SCO| RL1] RLO | M2 | M1 | Mmo| BCD

Transfer in 0 = Remote receiver is not ready for transler

Progress 1 = Remote receiver is ready for transfer Select Counter SC1 SCO

[Bit7) 0 0 Select counter #0

Bit 7 displays parallel inport pin 2 (external Transfer Enable

0 Select ter #2
In) ANDed with command bit 6. Palect counler

0 1 Select counter #1
1
1 1 Read back command

0 Counter latch operation

1 Readload LSB only

0 Read/Load MSB only

1 Read/load LSB then MSB

D/A Data Register (Write BASE + 4)

svReiniw|(es|a]7i6]5]4T3 2 M 0
x-x | DAl | DA2| OA3 | OA3{ D5 | D6 | DAY | D%a | D0 | DAY | OA11] DAs2

Readl.oad Bl BLO
0
0
1
1

2 21 Mode M2 M1 MO
: x 1 0 Rate generator
1 0 o Soltware trigger
) 1 0 1 Hardware trigger
BCD BCD
0 16-bit binary count
1 4-decade binary coded decimal count
Transfer Speeds

PC/AT bus transfer rales are host dependent and should be determined by testing. For example, a 80386 Compaq operating al

33MH2z achieved 800 nanoseconds instantaneous sample-to-sample timing using the REP INSW instruction. . To optimize

throughput, disable all possible interrupts. For higher speed continuous {non-stop) A/D sampling, consider using a parallel port.
T _ _ s Ry
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START
CONVERT

ENO OF

N I

FLAG ] Mashable |
Inderrupt A i A
1 sndSuie
HOLD
$5H (internal)
[BASE + 0 b 2 = 1) ~—SAMELE ]
(4144 oniy)

Figure 4. PC-414 Timing Diagram

ORDERING INFORMATION
MODEL NUMBERING PC-414 T :
1 .

AJD Type, Channels, Speed Resolution FIFO Memory Size
A = 4 SSH chans., 1.5MHz, 12-bit 1 = 1,024 A'D samples
8 = 4 chans., 500kHz, 14-bit 2 = 4,096 A/D samples
C = 4 chans., 1MHz, 12-bit 3 = 16,384 A/D samples
D = 1D chan., 4MHz, 12-bit

€ = 165/8D chans., 250kHz (scan), 12-bit
F = 2 simul. chans., 2MHz, 12-bit
Gﬁ = 2 simul. chans., iMHz, 14-bit

Example: PC-414F3 Two simultaneous A/D's, 2 MHz, 12-bit resolution,
16,384 FIFO samples.

For PC-414 “dot” models, add a period after the mode! number,

Example: PC-41482.

61-7342340 SMA male to BNC male coaxial cable, 1 meter length. (One cable required per channel)
PC-490B DB-25 screw termination adapler, 25-pin for PC-414E

Each board is power-cycle burned-in, lested, and calibrated. All models include a user's manual. The warranty
period is one year. A QuickBASIC source disk is available on request al no charge.

Software:

PC-414SET Setup/configuration program. Includes executabie files on both 3.5-inch and 5.25-inch

L 1.2M MS-DOS disks.

PC-414SRC Source code to setup and configuration program on both 3.5-inch and 5.25-inch MS-DOS
disks. Includes "C* and assembly source code and window driver library. Documentation
is on disk.

PC-414WIN Setup/configuration program for Microsoft WINDOWS. Executables only.

_PC-414WINS  Source code for PC-414WIN.

PC-DADISP Signal Display and Analysis worksheet software on 3.5-inch and 5.25-inch disks. Includes

manuals. Accepts PC-414SET/WIN files.

-

DATEL mekos no raprosenisi ol e woe o Paes prodhucts 0 e ciuuts doecrbed haeain, o uss of other technaal miormelon sonkarad hersin, ud ROl inirgs UDon seiging o fued paden rghte nor 8o T descrphons com-
ined heran sngly The prentong of icongss (s maky, wee, o sall squpment n arowih, Bubjact b changs wdhoud NORCS.

DATEL, Ine. 11 CABOT BOULEVARD, MANSFIELD, MA 02048-1194  TEL. (508} 339-3000 / FAX (508} 339-6356
D ‘ INTERNATIONAL:  DATEL (UNITED KINGDOM) Basingsioke Tel (256) 880-444 « DATEL (FRANCE) Tel. (1) 3460.0101
DATEL (GERMANY] Tl (89) 54 4334-0 + DATEL (JAPAN) Tokyo Tel. (3] 3779-1031 « Osaka Tel. (B} 354-2025

For Applicatons Assistence, dial 1-900-233 2765, 8:30 a.m. o 4:30 p.m. EST Printed in U.S A. © Copyright 1993 DATEL, Inc. Al Rights Reserved DS-0232C

A5-9

1,



Appendix 6

Miscellaneous

Ab6-1




B B



.~ ‘9'35'9"‘

Antenna System ‘Du:-.'nj IFC-3

A6-2 ORIGINAL P&eE IS
OF POOR QUALITY



B -
[}

New RFE Poy

A6-3

ORIGINAL PAGE |
OF POOR QUALIT

“TYT



DG189/190/191

Siliconix

incorporated

High-Speed Drivers with
Dual SPDT JFET Switches

FEATURES BENEFITS APPLICATIONS

® Constant ON-Resistance Over o Low Distortion ) ® Audio Switching
Entire Analog Range ¢ Eliminates Large Signal Erors ¢ Video Switching

e Low Leakage ® High Bandwidth Capability ® Sample/Hold

® Low Crosstalk ® D/A Ladder Switches

DESCRIPTION

The DG 189-191 are precision dual single-pole, double-
throw (SPOT) analog switches designed to provide
accurate switching of video and audio signals. This
series, like the enlire DG 180 family, Is ideally suited for
applications requiring a constant ON-resistance over the
entire analog range.

The major design ditference is the ONJeslstE%e. b lng

10, 30, and 75 0} for the DG 189, DG190,
fespectively. Reduced switching errors ar
through low leakage cument ( Igorr < 1NA for
DG190/191). Applications which bene ]
ON:-resistance Include audio switching, vik
and sample and hold

and a bipolar driver (TTL compatible) to achieve fast and
accurate switch performance. The driver is designed to
achieve break-before-make switching action, eliminating
the inadvertent shorling between channels and the
crosstalk which would result. Inthe ON state, each swilch
ducts current equally well in either direction. In the
ndition, the swilches will block up to 20 v
oh less than -60 dB at

-191 include the 16-pin
iZe, and the T4-pin k. The flatpack version
ly availabia for the DG 190/191. Performance grades
nclude’both the milltary, A suffix (-55 to 125°C) and

%ﬁ;\dustrlal. B suffix (-25 to 85°C) ternperature ranges. The

fiatpack option is only avallable in the military grade.

PIN CONFIGURATION™

Dual-in-Une Package
Top View

Oy 1
Ne [Z]
D, [3]
S, [4]

Side Braze:

DG189AP. DG 189AP/883, DG189BP
DG190AP, DG190AP/883, DG190BP
DG191AP DG191APS83, DG1018P

14]
13
12
11
10]

$

8}

Top View

Order Numbers:
Refer to JAN38510 information
Chapter 1
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H Siiconix
incorparated

DG189/190/191

FUNCTIONAL BLOCK DIAGRAM AND TRUTH TABLE

8, O—————r |‘_—°D|
sgo———o/\'/‘-—oog
IN‘D——DmJ

$; o—o0—7%—0 D;
P

INg O——_‘D—' J

Two SPOT Switches per Package®

Truth Table*

swi~| sw3

Logc | swa2-| swa

) OFF ON

1 ON OFF
Logk "0 < 08V
Logic *1* 220V

*Swiiches Shown for Logic 1" input

ABSOLUTE MAXIMUM RATINGS

V+ioV- Current (Sor D) DG181, DG1B2 .....ovvvvvvnnnnnnnns 30 mA
V+ oVp Current (AROther PIng) . ......cooenvnrnvecvnane e A0 mA
Voo V- Storage Temperature -85 o 150°C
Vp b Vp Operating Temperaturs (A Suffix) . 5610 125°C
vV, V- -25 10 85°C
Voo Viy Power Dissipation®
V o Va 1BPINDIP*® .. eeeneeniiianns e 900 mW
Vpy 10 Vi Flat Pack®®* ..,.... Ceeveieneeane e 900 mW
VebV-....oovvviiiennn ereesreaeeusisareriararay arv * Al leads weided or soldered to PC bowrd.
Vp 0 Vi **Derate 12 mW/*C sbove 75°C.
Current (S or D) DG180 *s(igrate 10 mMW/*C above 75°C.
SPECIFICATIONS® {(DG189)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -5510125°C | -251085°C
V+ = 15V, V- = -1V
PARAMETER SYMBOL V=8V Vy=»s OV TEMP! | TYPY | MIN® | MAX® | MIN® | MAX® | UNIT
ANALOG SWITCH
ms‘m" Vanawoa Ful 75| 15 | 15| 15 v
Drain-Source Room 75 10 15
ON-Resistance Fos(oN) Js = -10mAVp = 75 | "p 20 s | 0
Source OFF Vg =10V, Vp = 10V Room 0.05 10 15
Leakage Cusrent lsorr) V+ = 10V.V-= -20V |} Hot ' 1000 300
= Room | 0.05 10 15
Vg = 08 |V = T8V Vo = 73V ] Ty 1000 300
Drain OFF or2ve Vg = -10V Vo = 10V Room 0.04 10 15 A
Leakage Current loorn) V4 = 0V, V- = -20V | Hot 1000 300
Room | 0.03 10 15
Vg- -7.5V.VD- 75V Hot X 1000 300
Channel ON toowy + - Ve = - Room | -0.1 -2 -10
Lsakage Current s Vo = Vs = 7.5V Hot -200 -200
Saturation
Drain Current lpss 2 ms Puise Duration Room | 300 mA
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DG189/190/191 Sificonix
= incorparated
SPECIFICATIONS® (DG189)
TEST CONDITIONS A SUFFIX 8 SUFFIX
Unless Otherwigse Specified -5510 125°C -25185°C
V+ = 15V V- = .15V
PARAMETER | SYMBOL V =5V Vqg= 0V TEMP' | TYPY | MIN® | MAX® | MIN® | maX® | UNIT
DIGITAL INPUT
Input Current with - Aoom { <0.01 10 10
Input Voltage HIGH Tow Vi = BV Hot 20 20 | ua
Input Current with - - B -
Inut Voltage LOW e Ve =0V Ful 30 250 250
DYNAMIC CHARACTERISTICS
Tum-ON Time toe See Switching Time Test Circuit Room | 240 400 425 | ns
Tum-OFF Time ore Room 140 200 225
Capactance Csiorn Ve=-5Vig=0 | Room | 21
Drain-OFF Coory [T=1MHZ | Vo= -5Vig=0 | Room | 17 pF
Channei-ON Coiony + -V = ’
OFF lsolation t=1t1MHZR =750 Room | >56 a8
POWER SUPPLIES
Positive Supply
Corert I+ Room | 06 15 15
Negative Sy, _ _ _ -
Coment” PP ' Vi = OV or5V Room | -27 5 5 mA
Logic .
20k Supply L Room | 3.1 45 45
Reference Supply _ - _
C t In Room 1 2 2
SPECIFICATIONS? (DG190) .
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -5510 125°C -2516 85 °C
V+ = 15V V- = -15V
PARAMETER | SYMBOL V =5V Vy =0V TEMP' | TYPS | MIN® | MAX® | MiN® | Mmaxe | uNiT
ANALOG SWITCH
ms‘gm’ Vanaioa Full 75| 15 | 275 | s v
Sl fos(on s = -10mAVo = 75 | Fom | 18 & nle
Source OFF ) Vg = 10V,Vp = -10V | Room | 006 1 5
Leakage Current lsorr) Ve = 08V Ve = 10V V- = -20v ] Hot 100 100
o2V V= 75V Vp = 75V Room | 03 100 o | m
Drain OFF Vs = -10V.Vp = 10V | Room | 005 1 5
Leakage Current loorR) V4 = 10V V-= 20V | Hot 100 100
Vs = 75V Vp = 75v | Room | 006 00 100
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SPECIFICATIONS®  (DG190)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -58 1 125°C -25t85°C
V4 = 1BV, V- = 15V
PARAMETER | SYMBOL V =5VVp=0V TEMP' | TYPe | MIN® [ MAX® | MIN® | MAX® | UNTT
ANALOG SWITCH (Cont'd)
Channel ON + Room | -0.02 -2 -10
s Current m Vp = Vg = 7.5V, Vg = 0BVOr2ve 290 200 n
DIGITAL INPUT
Input Current with - Room | <0.01 10 10
Input Voitage HIGH I V= 5V Hot 20 20 HA
Input Current with _ i i }
o Voftage LOW (" Ve = OV Full 20 | -250 250
DYNAMIC CHARACTERISTICS
Tum-ON Time o See Switching Time Test Circuit Room 85 150 180 ns
Tum-OFF Time torr Room | @5 130 150
WC‘IOFF Caoem Vg=-5Vip=0 Room | ©
= an-OFF Cooen | 1=1MHz | Vo= SWis=0 | Room | 8 F
mcu -ON cgggm* Vo =Vs =0V Room | 14
OFF Isolation f=1MHz R, =750 Room | >50 dB
POWER SUPPLIES
Positive Supply 1+ Room | 06 15 15
Negative Supply
Current - Vg = OV or BV Room | -27 | -8 -5 "
Logic Supply h Room | 31 45 45
Referorice Supply n Room | -1 -2 -2
SPECIFICATIONS‘ (DG191)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Spectfied -55 10 1256°C -251085*C
V4 = 15V, V- = -15V
PARAMETER | SYMBOL V =5V, Vg =0V TEMP' | TYPe | mine | maxe | mine | maxe | unit
ANALOG SWITCH
ms“’"" Vasawoa Ful 40| 158 ) -0} 5 v
T | e ey L3 RN I Y IR D
Source OFF Vg = 0BV | Vg = 10V,Vp = -10V | Room | 005 1 5
Leakage Current Isi06F) o2V | Vi = 10V V- = -20V | Hot 100 100 | nA
Vs = 75V.Vp = 75V | Feom | 007 00 o
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DG189/190/191 Siiconix
incorporated
SPECIFICATIONS® (DG191)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwigse Specified 5510 125°C -2510 85 °C
V+ = 15V V- = 15V
PARAMETER SYMBOL Vi=5VVyg= OV TEMP' | TYP® | MIN® | MAX® | MIN® | MAX® | UNIT
ANALOG SWITCH
Drain OFF Vg = =10V, Vp = 10V Room 0.04 1 5
Leakage Current lorm |V = 0BV | V4 = 10V, V- = -20V | Hot 100 100
or2Ve Room 0.05 1 ]
Vg = -75V.Vp = 75V | U 100 100 nA
Channel ON lopony + Room | -003 | -2 -10
Leakage Current Teom Vo= Vs = 75V Vi = 2V Hot | - -200 -200
DIGITAL INPUT
Input Current with - Room | <0.01 10 10
inpu Votage HIGH | e Vi = 5V Hot 20 20 | ua
input Current with _ ~ _
Input Voltage LOW iy Vi = OV Full 30 250 250
DYNAMIC CHARACTERISTICS
Tum-ON Time ton See Switching 'ﬁm; Test Circuit Room 120 280 300 ns
Tum-OFF Time torr Room 100 130 150
Source-OFF
Capacitance Cs(oﬂr) Vg=-5Vip=0 Room ]
Dm,fu Coory |t1=1MHz | Vo=-5VIs=0 | Room [ 6 pF
m cg:;?m* Vo= Vg =0V Room | 14
OFF Isolation f=1MHz, R = 75() Room | >50 dB
POWER SUPPLIES
Positive Supply .
C t I+ Room 05 1.5 15
Negative Supply R . -
Current ! V=0V or5V Room 27 5 -5 mA
wog s"l pply I Room | 3.1 45 45
Reference Supply
Current [™ Room -1- -2 -2
NOTES:
a. Refer to PROCESS OPTION FLOWCHART for additional information.
b. The oormnﬂon homodnogabvovduohan\wmummdhmoﬂpos!ﬁvolmnimn Is used in this data sheet.
c. Guaranteed by design, not subject to production test.
d. Typical values are for DESIGN AID ONLY, not quanntood nor subject to production testing.
e. Vg = Input voltage to perform proper function
{. Room = 25°C, Hot and Full = udu\mninedbyhopunhngbnwlmm
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