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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 today 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.

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 the-various subsystems 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 bring researchers from a wide variety of disciplines
together at a single study area for extensive data collection. Measurements
taken during the experiment should be analyzed and the results should be
published or presented. The ground-based 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

2



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 longer 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. Although 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 [Ranson and Sun, 1994]. In
other words, monitoring of woody biomass can provide better estimates of
the amount of carbon being utilized by the forest.

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



suitable sensor can be found, these two parameters are ideal candidates for
being monitored using remote sensing techniques. A suitable sensor is
one that is sensitive to the parameter of interest, is able to collect data on
large scales at proper time intervals, and is able to provide the resolution
necessary to make measurements on a logical spatial scale.

Although optical sensors have been used successfully for remote sensing
studies of the forest [Sellers, 1985], they have two critical drawbacks that
make them less desirable than microwave sensors for monitoring soil
moisture and biomass. One drawback is the optical sensor's inability to
measure the soil moisture within the canopy. The optical sensor's small
wavelength does not allow penetration to the forest floor. Therefore, soil
moisture measurements over the forest with an optical sensor are
impossible. Second, optical 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, in particular, radars are sensitive to soil moisture over the
forest at longer wavelengths. Additionally, microwaves can penetrate
clouds and can operate at night, lending themselves to studies of diurnal
change as well as providing uninterrupted data sets from season to season
regardless of weather conditions. Space-borne microwave sensors such as
synthetic-aperture radar can provide resolution that is comparable to that
provided by space-borne optical sensors. For example, the ERS-1 SAR
provides a resolution on the order of a few meters [Attema, 1991].

Currently, the First European Remote Sensing Satellite (ERS-1), 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 region. Also, in the near future, more data will become available
with the launch of the Second European Remote Sensing Satellite (ERS-2)
and the Canadian Radar Satellite (RADARSAT). These satellites will
make a large volume of SAR data available at several different frequencies
for investigations of the boreal forest regions. To make this data useful for



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
short-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 provide further insight
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,VH,HV) with the ability to sweep through multiple incidence
angles. This system is ideal for determining 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



radiation. This frequency band is covered by the SAR on board ERS-1.
The higher frequency radiation at X band provides information about
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 gained from the helicopter-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 continuous-wave (FM-
CW) scatterometer that is mounted on a UH-1 helicopter provided by
NASA. 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 transmission is continuous in time [Roddy, 1986]. Second,
although we still require the same amount of bandwidth for a given range
resolution, we can dictate the modulation frequency. This allows us to
slowly sweep over a large bandwidth instead of having to use fast switches
to produce a narrow pulse. The primary motivation for basing the radar
on a helicopter is to provide easy access to the multiple sites being studied
as a part of BOREAS and to allow for collection of data from above the
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
at low altitudes reduces the area illuminated by the antennas. When the
helicopter is flying lines over the forest canopy, we can obtain multiple
independent samples of the scattering coefficient in a relatively short
period of time. These multiple samples are needed to provide a good
estimate of the mean scattering coefficient of the canopy.

In addition to the previously mentioned reasons, the helicopter is also
advantageous because overflights can be coordinated easily with ground
truth measurements [Ulaby, et al., 1986]. Ground truth data are used to
validate the scattering models developed and eventually to test the



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.






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).
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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



return waveform will arrive at the receiver after a time T = 2R/ ¢, 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. Equating the slope of the
modulation waveform to the change in frequency during the transit time,
we obtain

gt R
= 2.1)
3 (Tsgy

where B is the radio-frequency (RF) bandwidth in Hertz (Hz) and T is

the period of the modulation waveform in seconds (s). After solving for
the beat frequency, equation 2.1 becomes

_ 4RBf,
C

fi 2.2)

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 magnitude and
phase of the frequency components. Because the IF signal is the sum of
several different frequency components we can take the Fourier transform
to obtain a plot of the return versus frequency. Then, by converting 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



(Rmax) required and the corresponding sampling frequency (fs). The RF
bandwidth dictates the range resolution (AR) according to the equation

s
2B

(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

N = bfs (2.4)

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

Modulation Rate 50 Hz

Number of Samples for 400 N/A

each Sweep

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 appropriate 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:

1l
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(2.5)

Pr = power received (W)

Pt = power transmitted (W)
G = antenna gain

A = wavelength (m)

o0 = scattering coefficient
Aj{ll = area illuminated (mz)
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 m? (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) , (4m)3 = 33 dB, R% = 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
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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 range of input signal levels, we used
a variable-gain amplifier with three different gain settings. This provides
flexibility and allows us to adjust 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 using the radar parameters at C and X
band. After performing these calculations, we chose gains of 50, 70 and 90
dB for the C- and X-band IF amplifiers.

After specifying the general FM-CW radar parameters and the necessary
gain levels for the IF amplifiers, we began the design and construction of
the radar system. The radar system is divided into four subsystems. These
are the antenna system, the RF section, the IF section and the data
acquisition system. Each of the subsystems were designed, built and tested
individually. Then, the entire system was integrated and tested. Figure 2
shows the interconnection of the radar's subsystems.

Data Acquisition System

Antenna Sysem

Figure 2. Radar System Block Diagram
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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
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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
efficiency of 100% by eliminating 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 radiation is intercepted by the reflector then the
amount of radiated energy present at the reflector's edges will have
decreased significantly resulting in a poor taper efficiency. Although these
effects counteract each other, a point exists where optimal taper and
spillover efficiency can be achieved. Typically, this occurs when the
radiation from the feed at the reflector's edge is between 8 and 12 dB below
that at the center [Skolnik, 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.

One problem that is present when using an offset-center fed parabolic
reflector antenna is the high cross-polarized components that are
generated. Superior 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 designing these feeds is to determine
the 10-dB beamwidth required. This is accomplished by using simple
geometry. Figure 3 shows the geometry of the parabolic reflector antenna
along with the corresponding dimensions.
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A =21.96"
; B = 36.75"
I D = 36"

Boff = 22.3°

Figure 3. Geometry of the Offset-Fed Parabolic Dish

To determine the angle subtended by the reflector (8ag), we use the
relation sin(6ap) = D/B. We know that B is 36.75" and D is 36". Using
these values, we find 9o = 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 [Love, 1976]. The radiation pattern 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 specified in the paper.
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3.4\

Figure 4. Dimensions of Conical Horn Antennas

After determining the dimensions of the conical horns, a section of
waveguide must be designed to allow the desired frequencies to propagate.
The waveguide design is accomplished as follows:

1. Choose the desired cutoff frequency for the waveguide.

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 begin to propagate, then the design is complete. Otherwise,

steps 1 through 3 should be repeated or some bandwidth may have to be
sacrificed.

The dominant mode in a circular waveguide is TEq1. For this mode, the
cutoff frequency can be determined from the radius (a) of the waveguide
[Collin, 1992] using

C

L 2.6
3.41-a o

fc,ll o

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 TMp; 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

R kz 11 _%- 2 2

o=Lml] % cl O (2.7)
2 2 R 1 2 2
aZ{J kOa koa (pll) £
p A
Rm=(%)
O

o = 2rf

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

a =radius of the waveguide

ke,11=p'11/a

p'11 = 3.832

ko = 0(pogo) /2

€p = permittivity of free space

n=1

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

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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Attenuation vs. Frequency for a
Circular Waveguide (a=1.77 cm, Aluminum)
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L——-—— Attenuation (dB/meter)
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|—!—r‘-\4_1_=__J_HE_.

0.3

Attenuation (dB/meter)

Frequency (GHz)
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 waveguide 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
horn design is to find the dimensions of the waveguide necessary to
provide appropriate spacing for the two separate 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

Ao

2

f2

A= (2.8)

1-fe

For the C-band waveguide, the guide wavelength is 12.7 ecm. A mode
filter, which is simply a metal rod placed orthogonal to the horizontal
launcher, is inserted at a distance ?\.g/ 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

. Lea

A= in (2.9)
‘n

Using equation 2.9, we can see that TEjgis the dominant mode for the
square waveguide. The cutoff wavelength for this mode is Ac = 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 ecm. The cutoff frequency for the
next higher order mode (TMj1) 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 patch 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 fy = 1.5 GHz and a relative
dielectric constant of &, = 2.33 using

F
4 L[_Er_"“lj (2.10)
28\ 2

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

et 8r—1(1+12h )%

2.11
€= 5 W (2.11)
The line extension was also calculated using
AL (ge+.3)(WA+.264) s
=, W .
h (€0=-258)(Wy, +8)

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

Lo S ang (2.13)

2f,4/e.
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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
Appendix 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 satisfactory performance.

Therefore, after two failed attempts at designing and fabricating our own
L-band feed, we decided to use two commercially 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 included in Appendix L

During February 1994 we designed a mounting structure to provide a rigid
support for the three feeds. When the original 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 mounting 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.

de

7
5 A

6 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 de, {, 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 completion of the antenna system, we designed and
built the L-, C-, and X-band RF sections.

2.2 RF Section

The RF section is the main subsystem of the radar. Its primary 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

Two-Way SERT Spih Circulator #1
Power Splitter Inolatar /1]_
\/ g _@_ \+: i
2
. V Antenna
YIG Oscillator Two-Way Mixer #1 Isolator #1
2 Q Power Splitter ' f'\
= A RIS 2
\ P _V
Circulator #2
50 Q
Mixer #2 Isolator #2 H Antenna
Switch Position | Channel 1 | Channel 2 &@
1 vV VH :

# Channel 1
2 HvV HH
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. Yttrium-iron-garnet (YIG) oscillators 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
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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 [Colliri, 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 design 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
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the TR switch ON or OFF. A diagram of the polarization switching for the
L-band microstrip radar is shown in Figure 11.

V Antenna

Driver

Tx
Rx(Crosspolar.)
&((Copo[ar)
Driver
=
H Antenna
Control Inputs ON Path Transmit/Receive
Vi V2 V3 V4 Other paths are OFF [Tx Ryx(CO) Rx(CX)
0 ¥ 0 =V J2-J3and J1-J4 \ vV VH
V. 90,5 0 J1-)J3and J2-Ja Kl - HE 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

S &)



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. '

34



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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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.
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Figure 17. Delay Line Results for C-Band (V) at Gains Settings 2 and 3
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Figure 18. Delay Line Results for C-Band (H) at Gains Settings 2 and 3
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Figure 19. Delay Line Results for X-Band (V) at Gains Settings 2 and 3
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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)
Q Vv Vv H 26 N/A
C Vv H Vv 53 N/A
C H H Vv N/A 27
C H V H N/A 65
X vV Vv H 29 N/A
X Vv H \ 33 N/A
X H H Vv N/A 29
X H Vv H N/A 29 |

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.
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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 each of the bands' VV and HH
channels. The ranges were chosen to represent typical ranges to targets
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.
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Figure 22. X-Band VV Lens Return at 100 and 157 feet
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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 6O 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=7RBl, (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 ¢© 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 o© 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,
o0 = -25 dB, Aj;1 = 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.
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Figure 24. C-Band VV Lens Return at 100 and 160 feet
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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:
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Figure 26. L-band VV Lens Return at 100 and 160 feet
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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) 0%min (dB) with
SNR =5 dB
I 108 35 -36
L 165 20 -21
# 100 30 -27
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

61



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.
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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 Refurn vs. Range
(YJP - 5° Incidence) (YJP - 20° Incidence)
IFC-3 Data taken on 9/16/94 IFC-3 Data taken on 9/16/94

D A AR D RRARS A\ AR Raes nanas nansy 1 o e e e
E - H : E
é 0.8 |—meeemed- - 2
e [ i 4
) o}
z 06 2
8 5 o
A~ : ] -4
"«é P i E
T e 11 S :
g i

A e el S P

20 25 30 35 40 45 50 55 60
Range (m)

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 SSA 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.
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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 IFC-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 band 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

69



68 pF
I}

5111§ 0 pr =
b
Input —”J sl
L3

47 uF

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]

F2—1+ Fa_l

F =
e

(2.14)
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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
second stage because of the low gain of the first stage. Therefore, the noise

performance at L band will not be as good as 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.

A1 Ap Gain Gain (dB)
0 0 1 0
0 1 10 20
1 0 100 40
1 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-
UE monolithic ceramic capacitor. This prevents parasitic oscillations
within the circuit [Analog Devices, 1992]. A 10-uF 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 amplifier 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/YHz. 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 data 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
C Band(V Receive) %

Channd 1

C Band (H Receive)

L or X Band (V Receive)

L or X Band (H Receive) % XVH

Figure 13. Data Acquisition Scheme for Digitizing 12 Channels

We chose a sampling rate of 160 kHz. This is four times the sampling rate
required for a single channel. The sampling rate for an individual
channel is determined based on the maximum unambiguous range
desired as described in Section 2.0.

Each flight line is covered in a period of 40 seconds. Therefore, since 160
ksamples are taken each second and the sample length is two bytes, we
collect approximately 12 Mbytes of data during each flight line.
Additionally, each flight line must be flown six times for collection of
backscatter data at varying incidence angles. This results in a minimum
data volume of 72 Mbytes for each flight line.

The PC-414-B2 data acquisition board is designed 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/O) board. The I/0 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. Figure 15b shows the layout of the radar
components within the control box.

and fH oK Bana £V) o

Front Panel

Back Panel

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

FntPanel
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 port) - 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 magnitude 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 RE 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 l-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 iy, is determined
by the input voltage Vi, and the series combination of the resistor R and
the load resistance Ry, as

R+R,

ir (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 spiké, 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

A
ﬁI/Z e a_d_ (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

1z

Do =78— (4.2)
ﬁllz
Then, the gain is calculated using
Go=nDy (4.3)
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where 1 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 1.5 3.00 2D 3.0 36 30
5.5 1.5 5.45 } 25 52 31 25
15 1.2 20.0 9 041 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.

4.2 Output Power Levels

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.

Frequency Band V-Channel Power Out | H-Channel Power Out
(dBm) (dBm)
L 13.5 12.1
C 5.8 6.3
X 10.2 9.7

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
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Appendix 1
Antenna System Information
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TRUE FOCUS OFFSET REFLECTOR SPECIFICATIONS

DISH DIAMETER DIMENSION "A" DIMENSION “B
(.75 M) 30.0 IN 18.3 N 30.5 1IN
ﬂm.« 36.0 IN. 21.96 IN, 36.75 IN,
(1.0 M) 42.0 IN. 25.62 IN. 42.31 IN.
(1.2 M) 48.0 IN. 29.28 IN. 48.87 IN.

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

/@L
. ]

J thn

¥ HAII
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REPORT 9116-710
SUMMARY OF TEST DATA
ANDERSEN MANUFACTURING

36" (.9M) KU-BAND OFFSET ANTENNA

FREQUENCY: 117 11.95 12.2 GHz

°  PEAK GAIN: 39.1 39.65 39.75 dBi
EFFICIENCY, NET (*): 65 70 69 %
BEAMWIDTHS (3dB):

AZIMUTH 1.9 1.9 t.8 b
ELEVATION 1.9 1.9 1.8 T
CROSSPOLARIZATION:
MAXIMUM 'WITH
1 dB CO-POLAR 24.2 21.3 22.1 4B
BEAMWIDTH
SIDELOBES : 24.0 24.5 24.6 ~ dB
MAXIMUM IN :
AZ. OR EL.

(*) NET EFFICIENCY IS BASED ON ACTUAL REFLECTOR DIAMETER USING THE GAIN.
MEASURED AT THE WR-75 FEEDHORN WAVEGUIDE FLANGE.

NOISE TEMPERATURE AND G/T:

ELEVATION ANTENNA NOISE ‘ G/T
ANGLE ( ) TEMPERATURE dB/K
30 28K 18.3
40 26 18.3
S0 24 18.4

G/T ASSUMES A LNA WITH A 1.4 dB NOISE FIGURE, AMBIENT OF 230K AND CLEAR
SKY CONDITIONS.
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ABSOLUTE GAIN IN db

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, SEPTEMBER 1968
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Fig. 6.

I LI 3 4« 5 8 . 15
DIAMETER OF HORN APERTURE IN WAVELENGTHS

Absolute gain of a conical horn as a
function of physical dimensions,

AMPLITUDE RELATIVE TO UNITY ON AXIS

ABSOLUTE POWER GAIN
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152 3 456 810 5152 3 43568
DIAMETER OF APERTURE IN WAVELENGTHS

Monograph for plotting the radiation characteristics for
conical horns of optimum design.
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Attenuation for a Circular Waveguide (a = 1.77 cm)
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The next step Is to calculate the bandwidth that we can get .

€ =8.854-10 12 Roi=4mi0’ X :=fi
r
ko :=2'K'fr'|}€D'u° kn=31.437
n
k o W_calc-cos( 8) 2 2
Iy = sin S e *(tan(9))"sin(0) dO
0
I, = L798511
c-JEe
QI'=4‘f 4 Q.= 7585
r LG
f
X L
R _ 1=.00027- | — Q2 R _ = 0.014625
c 10° Weale °t c
R . 30-loss_tan_ ] Ao Q 2 R .= 0152704
d e, L'Wae T ot
. 120:n?
IR 5 Rr=366.l46
L
Rr_prime := =
_prime 1= —
Qr'(Rr_primC'i-Rd)
s Rr_prime Qr =759
5:=2
i g=
BW = BW = 0.093
QT' 8

loss_tan :=.0005

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 to use a substrate with a 410 mil thickness. As of June 19, 1994, 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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gy =233 £, = 1500 10° ¢ =310

, 1 .
ot e R *Equation 2.66 in Bahl and Bhartia (page 57)
LS VN [T
T
2
W_cale = 0.077

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

con_factor 1= 39370.0787402 *Conversion factor (meters to mils)

W_mil '= W_calc' con_factor

W_mil = 3.051*10°

h_mil =375 b mil

con_factor

h = 0.009525

The effective dielectric constant is calculated using equation 2.31 (page 46)

o i e | i
£e!S|—— +— [ €= 2088
2 2 b
14 12
W_cale
Now, calculate the line extension using equation 2.32 (page 46)
W_cal
A2 b (e o+ 3) (—:ﬁ-c-+ .264)
Al = Al = 0.004814

(Ee— .258) (W*:BJC + .a)

Using the effective dielectric constant and the line extension, we can calculate
the length of the resonant element using equation 2.67 (page 57)

Lim o ] L = 0.059581
2-fr-‘!ee

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

L_mil := Lscon_ factor L_mil = 2.346° 10°
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Linearly Polarized Log-Periodic Antennas

® 20 MHz TO 18 GHz FREQUENCY COVERAGE
® BROADBAND
® NEAR CONSTANT GAIN AND BEAMWIDTH

WJ-48055

oy

Array of WJ-48060 Antennas

WJ-48015

WJ-48050 and WJ-48100 Series. These standard log-
periodic antennas cover the frequency range from

20 MHz up to 1100 MHz. All models are linearly
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 series are constructed with
stainless-steel spars and stainless-steel radiators, the
longer 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
VSWR never exceeds 2:1 as measured from 225 to
1100 MHz. Uniformity of the pattern characteristics of
the WU-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

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

PHYSICAL SPECIFICATIONS

WJ-48000 Series. The WJ-48000 Series consists of

_ four linearly polarized antennas: the WJ-48005 for the

frequency range from 1 to 12.4 GHz, the WJ-48010 from
0.5 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 illuminate parabolic reflectors.
They are fabricated by high-precision techniques and
are completely enclosed by foam-filled outer fiberglass
housings.

The radiating structure of the WJ-48000 Series of
antennas has been painstakingly adjusted to obtain
outstanding electrical performance. Radiation patterns
remain nearly constant from 1 to 18 GHz, yielding an
average illumination taper of 10 dB for reflectors with
F/D ratios of approximately 0.4.

OUTLINE DRAWINGS

mb.. |: (cm) : (em) I: {cm) lnD. (cm) I:. {cm) l‘:."?:;.) m Type WJ-43000 Serles .

WU-48005 9 (23) 7 (18) 4875 (1238) 1250 (3.18) 178 (452) 06 (03) 832 N Female o |—

WJ48010 17 (431) 1375 (359) 12 (3048) 2 (508) 3 (762) 27 (12) %28 N Female EB D

WJ-48015 96 (244) 7.7 (196) 4875 (1238) 1250 (318) 195 (495) 07 (32) 832  3mm Female B i

WJ-48020 17 (431) 1375 (359) 12 (3048) 2 (508) 3 (762) 27 (12) %28 3mm Female Ji | _J

WJ48055 245 (622) 204 (518) 0 (42 °* N Female E__l l=—a |

WJ-4B060 78 (198) 67 (169) 20 @9 - N Female ;

WJ-48065 31 (79) 24 (62) 4 (2) 3 N Female WJ-48050 and ‘

WU-48070 156 (396) 130 (331) 80 (27) N Female WJ-48100 Series ‘

WU-48075 37 (94) 28 (71) 53, " N Female = \

WJ-48105 244 (620) 205 (520) 132 (60) * N Female 1_ I ”“ ; 1

*Qutline drawings furnished on request. b ___l |
s |
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BROADBAND
DIRECTIONAL
ANTENNAS
: PERPORMANCE SPECIFICATIONS
£ Cross
Dents) Frequency VSWR  Gain F-lo-B Polarization cw
i Range (Max)  (Nom.) Polarization Ratio (Min.) Power*
W05  10-124 GHz 251 8 dB Linear 18 dB, 15 dB -
(1-8 GHz)
w800 05124 GHz 251 8 dB Linear 18 dB 15 dB
(05-8 GHz)
D015  10-180 GHz 251 8 dB Linear 18 dB 10 dB Sw
W00 05180 GHz 251 8 dB Linear 18 dB 10 dB 5w
WE055  30-1100 MHz 2251 8 dB Linear 20 dB 15 dB 400w
Above 35 MHz
WO-8000 90-1100 MHz 2251 8 dB Linear 20 dB 15 dB 400w
Above 110 MHz
WO-48065 250-1100 MHz 21 8 dB Linear 20 dB 15 dB 400w
Above 300 MHz
WO48070  50-1100 MHz 2251 8 dB Linear 20 dB 15 dB 400w
Above 60 MHz
W48075  225-1100 MHz 21 8 dB Linear 20 dB 15 dB 400w
Above 250 MHz
W-a8105  20-1000 MHz 251 6 dB Linear 15 dB 12 dB 200w

“Pe OW power raling specilied is the feeder power rating reduced 6 dB for salety factor and taken at the highest operating
Bmguency Conditions assumed are sea level and +40°C ambient operalion. Antennas with higher power ratings are available.

RADWTION PATTERNS

WJ-48058 (Scale: 0 to 100% Voltage) WJ-48005 (Scale: 10 dB/Division)
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Appendix 2

RF Section Information







Installation

Bias voltage should be within + 0.2 volts of the correct value to obtain
specified operation. At 2 or 3 volts above the correct value the Zener

diodey, placed in the bias circuit to provide protection, will begin to draw
excess current.

CAUTION: If the bias current exceeds the maximum 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 0SCILLATOR

Type No.: 5157-300D Serial No.: 1027 (ER)
Operating Conditions:
Heater Voltage: +28.0 Vdc Current: 180 mA at -54° ¢
Bias Voltage: +18.00 Vde Current: 1050/500 mA
Test Data:
Tuning Calculated :
Vdc Frequency & Frequency (MHz) Power Output (mw)
(GHz) +25° ¢ H255C
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 41
8 16.00 + 2 29
9 17.00 + 1 21
10 18.00 =3 19

Hysteresis: 11 MHz
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YIG-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
Calculated
Tuning Frequency A Frequency (MHz) Power Output (mw)

Vdc (GHz) +25° C £2520C

8.00 : ~ 24,0
9.00 38.0
10.00 38.0
11.00 54.0
12,00 54.0
13.00 b4, 0
14,00 48.0
15.00 35.0
16.00 31.0
17.00 28.0
10 18.00 19.0

Hysteresis: 8.0 MHz
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AT -54.0 DEGREES CENTIGRADE
AT 25.0 DEGREES CENTIGRADE
AT 71.0 DEGREES CENTIGRADE

I 11 ]l! !Il L] !ll 111 |I| Nl Ill lll 111 Ill 111 'll Itl 111
9.0 10.0 i1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
FREQUENCY (GHZ) :
POWER OUTPUT, YIG-OSCILLATOR MODEL# 5157-300DF

AT -54.0 DEGREES CENTIGRADE
AT 25.0 DEGREES CENTIGRALE
AT 71.0 DEGREES CENTIGRADE

[
o
o

w0
=3
o

IIIII|l|lilllli|l|lll|l|l

@
o
[=]

~
o
(=]

w
o
o

TTTT

POWER QUTPUT [MILLI WATTS)
S
o

S
o
(=]

0.0 e

20,0 b T _

I.0.0:'_.-_. i

Q. :Hlllillllllll|II!I!IIII][1IIIL1I!|lll]||ll|lll|1
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FREQUENCY (GHZ)
POWER OUTPUT, YIG-OSCILLATOR MODEL# 5157-3000
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YIG-TUNED TRANSISTOR 0SCILLATOR

Type:No.: 6708-304F

Operating Conditions:

Heater Voltage:
Transistor Voltage:

Tuning
Voltage
(v)

Calculated
Frequency
(GHz)

28 vdc

+15 Vdc; =15 Vde

Serial No.: 1094 (Catalog Item)

Current:
Current:

Frequency Deviation (MHz)

2

52C

26 mA
643 mA; 44 mA

Power OQutput
25° ¢

(mwW)

W oo~ OV S N — O

10
Drift:

2.0

.
O FCN OO SN oy

O~ OOV e N

7.7 MHz (max)

+1.
+2.
+h,
+75
+7
9,
+9,

H

<-

0
8
3
4
1
8
2 g
1
0
5

2

ysteresis: 8 M

35
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L6
60
73
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55
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50
54
65

Hz
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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.

MEDIUM SPEED
MULTI-THROW

Models S123, S123D, $133, S133D,
S143, $143D, S123S, S123DS, S133S,
S133DS, S143S, S143DS :

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

FEATURES

Laser Welded, Hermetically Sealed*
Low VSWR

@

L

Custom configurations are available. These configurations a Low Insertion Loss
can include filtering, phase matched arms, amplitude : .
matched arms, optimization of performance over narrower e ngh Isolation
frequency bands, drop-in packages, and ruggedized B Small Size
construction. : 5 1
= With or Without Drivers
SPECIFICATIONS
FREQUENCY | INSERTION
MODEL RANGE LOSS VSWR ISOLATION | SWITCHING OUTLINE
NO.* TYPE 2-18 GHz dB {Max) (Max) dB (Min) SPEEDT DRAWING
5123 SP2T 2-4 15 1.75:1 60 50 nsec 3/4
S$123D 4.8 157 17581 60 50 nsec
8-12 2.0 1.75:1 60 50 nsec
12-18 25 2.01 55 50 nsec
$123S sP2T 2-4 1.8 1.75:1 60 50 nsec "3/4
5123DS 4-8 2.0 1.7641 60 50 nsec
B-12 23 1.9:1 60 50 nsec
12-18 28 2.01 55 50 nsec
5133 SP3T 2-4 1.5 1754 60 50 nsec 5/6
51330 4-8 1.7 1752 60 50 nsec
8-12 2.0 1.75:1 60 50 nsec
12-18 2.5 2.0:1 55 50 nsec
narda
A Satntary of WO AL

*"§" Sutfix denotes Hermetic as in Model S123S, Typical
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Con trol Products:

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 1.75:1 60 50 nsec 5/6
5133Ds 4-8 20 1.75:1 60 50 nsec
8-12 2.3 1.751 60 50 nsec
12-18 28 2.0 55 50 nsec
5143 SP4T 2-4 1.5 125 60 50 nsec 710
S$143D 4-8 157 17551 60 50 nsec
8-12 2.1 1:754 60 50 nsec
12-18 27 2.011 55 50 nsec
51438 SP4aT 24 1.8 1.75:1 60 50 nsec 7/10
5143DS 4-8 2.0 1.751 60 50 nsec
8-12 2.3 1.75:1 60 50 nsec
12-18 2.8 2.0 55 50 nsec

TRise/Fall Times (See Switching Definitions)

POWER SUPPLY REQUIREMENTS

(ONE (1) PORT "ON")

NOTE: Data Shown is Typical for $123/5123D.

2.5

CONTROL INPUT CHARACTERISTICS

TTL 2UNIT LOADS
(A unit load is 1.6 mA sink current
and 40uA source current)

CONTROL LOGIC

$123/51238, | Port"Off" +30mA
$133/5133S, | Port~On" -30mA
S5143/5143S
S5123D +5V £2% 100 mA
5123DS —-5to0 —-15v -50 mA
$133D +5V +2% 150 mA
S133DS -5to —15V -100 mA
Logic "0"
51430 +5V 2% 220 mA Logic “1"
514305 -5to ~15V =110 mA

LOGIC—Non-Inverting TTL

(-0.3 to +0.8V)
(+2.4 to +5.0V)

for port ON
for port OFF

2.0

SPEC

LOSS dB

1.0

e

4 6

10 12 14 16 18
FREQUENCY GH:z

SCHEMATIC

75 . S e,

4 6 8 10

12 14 16 18

65

ISOLATIONdB

SPEC

55

4

16

18

FREQUENCY GHz

6 8 10 1 14
FREQUENCY GHz
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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 DB0218LW2 mixer is constructed of a balanced diode quad fed by microstrip RF and LO baluns
and a DC coupled IF structure. The construction, coupled with the hermetic packaging, provide for high
inherent reliability and performance over an extremely broad frequency range. This device performs as an
up or down converter covering most EW bands, utility testing and breadboard applications.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MiIN YR MAX
RF FREQUENCY RANGE GHz 2.0 18.0
RF VSWR (RF = -10 dBm, LO = +10 dBm) {2 10 18 GHz) RATIO 1.5:1
{2 t0 20 GHz) RATIO 259
LO FREQUENCY RANGE GHz 2.0 18.0
LO POWER RANGE dBm +7 +10 +13
1.0 VSWR (RF = -10 dBm, LO = + 10 dBm) (2 ta 18 GHz) RATIO 1iSH
(2 1o 20 GHz) RATIO 2.%:1
TRANSFER CHARACTERISTICS UNITS MIN TYP MAX
CONVERSION LOSS (IF = 100 MHz) {2 10 18 GHz) d8 65 8.5
12 to 22 GHz) dB 75 10.0
SINGLE SIDEBAND NOISE FIGURE 12 to 18 GHz) dB 3.0
ISOLATICN - LO TO RF 12 to 18 GH2) dB 22 a0
ISOLATION - LO TO IF 12 10 18 GHz) dB . 20
1SOLATION - RF TO IF- (2 1o 18 GHz) dB 20
INPUT POWER AT 1 dB COMPRESSION (LO = +10 d8m) dBm +5
INPUT TWO-TONE 3RD ORDER INTERCEPT POINT ILO = +10 dBml dBm +18
QUTPUT PARAMETERS UNITS MIN TYP MAX
IF FREQUENCY RANGE (3 dB bandwidth) MHz DC 750.0
IF VSWR (RF = -10 dBm, LO = +10 dBm) RATIO 1.5:1

0618

@’Vl IT=ME] sreciaL Mixer PRODUCTS DEPARTMENT

100 Davids Drive. Hauppauge, NY 11788
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'MITEQ MODEL: DB0218LW2/A1

TYPICAL TEST DATA

VSWR ILO = +10 dBm) ISOLATION ILO ta RF and LO to IF)
7 0
5:1 10 |\ ‘
B g o o LO to IF lsclation
gt E )
. =0
£ 3 LN L
> .1\ [\ BFVsWR < N\ |/ L0 t RF isolation
; — = b \Vj
LOVSWR| 47~
N
1:1 | i,
] a 8 12 18 20 0 4 8 12 16 20
FREQUENCY (GHz} FREQUENCY (GHz}
Converslon Loss Single Tone (m} RF +/- (n] LQ Spur Level
Relative IF Response (LO = +10 dBm) Relativa [dBc) to REF [RF = -10 dBm. LO= + 10 dBm}
5 ‘ 1
g, S _IFRewonse | . 5 |>85|>85|>85>85/>85
2 v g 2| 4|75|75|80]|85] 80
L] y. N - E
S 8 / Conversion Loss \ ‘\ il E 3 45 | 60| 55 | 65| 55
3. | \\6§ 2] 2[a3|49]|50]50] 60
o
& ] l N g <73 {rer|30[11[33] 20
1
§|z- \\s" 14 2|13 ]| 4| 5
\ LO Harmonic
o RF FREQUENCY [GHz) 20
0.0 IF FREQUENCY (GHz) 1.0
MAXIMUM RATINGS Specifications at +25 Deg C.
Qpsarating Temperature -54 ta +85 Dag C
Starage Temperatura «65'te +125Deg €
GENERAL NOTES; Available Options: - Hioh dvnemic rangs operation
- Custom Microstrip Packaging
OUTLINE DRAWING
W2 OUTLINE Al OUTLINE
R 2-36 x .10 DEEP
J“_l_i._m?ﬂm o6 (e —1_.m—_-1 iV
! E o 2% Fw 7
‘ 295 y\‘s i T_-‘l L {‘E
s = et ey o L
| L o ﬁtL .53'7“ (r:sms\)mu M. HOLES
Lo u-/ RF N 287 —
Al R B g
pgroeres s | | N\oewn o pimmaguecs) s Tan LESIES T i 5
¢ (TP, 3 PLASES) = i - .si.n ;
= zan ~ \ t F
28 gy 2 w:’l""f A Lo m = b T RF N L ‘5
e, m\ ==
S \ : — oo | T %
i OFTIGNAL SPAGER PLATE g
Pl
L=t )

(y“' N T =] _seeciar mixes pRODUCTS DEPARTMENT
— 100 Davids Drive, Hauppauge. NY 117gx?
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Appendix 3
L-Band Microstrip Radar
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Appendix 4
IF Section Information
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Bill of Materials IFAMPRV2.PCB
IF Amplifier Board v2.0
Quantity Type Value Ref Designators
1 25 Pin D-type CON_1
2 ADOP07 u6,U7
2 BUF634 U8, u9
31 Capacitor .1 uF C1,C2,C3,C4,C5,C6,C7,C8,
C9,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,

NN ERNERRBNN— b —=NDN

Capacitor
Capacitor
DG-189
JUMPER
LM7805
LM7815
PGA103
Resistor
Resistor
Resistor
Resistor
Resistor
SSM-2017

C32,C33,C34,C35,C36,C37,
C38,C39,C40,C41,C42,C43,

C44,C45,C46,C47,C48,C49,
C50,C51,C52
68 pF C63,C64
220 pF C55,C56
Ul
JMP1,JMP2,JMP3,JMP4
PR3
PR1,PR2
U4,U5
2.2 kohm R7,R8,R9,R10
10 ohm RI3,R14,R15,R16
22 kohm RI1,RI2
51 ohm R3,R4,R5,R6
330 ohm RI,R2
U2,U3
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ANALOG
DEVICES

Self-Contained
Audio Preamplifier

SSM-2017

FEATURES
Excellant Noiu Performance; 950 pV/V'Hz or 1.5 dB
N¢

1 bautﬂo 14 Nn!se Corner
P]n Mini-DIP with Only One External Component

\|Required 1

Vary Low Cost’ '

: Extended Temperature Range: -40°C to +85°C

. APPLICATIONS
' +'Audio Mix Consoles
..!'Intercom/Paging Systems
"4,/ 'Two-Way Radio
;. Sonar
Digital Audio Systams

The SSM-2017 is a latest generation audio preamplifier combin-
4 SM prezmphf er dcsngn expertise with advanced process-
e result is ‘cellem audio performance from a self-
,»&nm :d S-pm mini-DIP’ device, requiring only one ‘external
) jxdme:cr The SSM-2017 is l'unhcr :
ed by its unity gain stablh:y. i

pec:Fcauons
: HD (<0.01% ]
.':dth and hlgh s]ew

.“ ultralow noise (1.5 dB no:se figure):
= 100), complemented by wxde band‘

st dﬂvlcc include mncrophone prcam
}?hf ers "and bus surrmunp mp[lf iers in professional and con-
} gr nudm cquupment, sonar, and othcr appl:catmns rcquxrmg

"REV. A’ ;
lnfurmauon furmshed by Analog Devrces is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Davices for its
use; nor for ahy infringements. of patents or othar rights of third parties
whu:h ‘may résult from 'its use. No license is granted by implication or
' 'Lha under any patant or patent rights of Analog Devices.

Ad-4

FUNCTIONAL BLOCK DIAGRAM

SSM-2017
TOP VIEW

13| Vs

+IN |5 [ (NottoScale) |12 sENSE

NC |6 Elo’t.rr
u_E 10| REFERENCE
NC |8 E]NC

NC = NO CONNECT

i

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 5171125_-8703 Twx: 710/394-6577
Telex: 924491 Cable: ANALOG NORWOODMASS
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e

.‘2017 " SPEGIFIGATIUNS

Vs = w15V and —40°C = T, = +85°C, unless otherwise spncsf ed i
Typical specifications apply at T, = +2§°C.)
Symbol Conditions Min Typ  Max | Units
Th= +35°C
Vo = 7 Vims
Ry = 5 kQ
THD+N G = 1000, f = 1 kHz 0.012 %
G =100,f = 1 kHz 0.005 %
G=10,f=1kHz 0.004 %
G=1,f=1kHz 0.008 %
ISB PERPORMANCE ‘ i
i erred Vohage Noise Dcnmy €. f =1 kHz, G = 1000 0.95 aViv/Hz
b f=1kHz; G = 100 1195 nViV/Hz
f=1kHz G =10 i 1183 nVA/Hz
f=1kHzG=1 107.14 . oV/v/Hz
iz f=1kHz, G = 1000 2. i pANHZ
SR G=10 10 17 Vips
Ry = 4.7k
C = 50 pF
T, = +25°C
BW _y 48 G = 1000 200 kHz
G =100 1000 kHz
G=10 2000 kHz
G=1 4000 kHz
INPU'I;
lnpu; é)fl'u: Voltage Vios mV
[npu{ ‘Bias Current Is Vemw =0V pA
i Inpu OlTsc( Currcnt _1_: Ios Vem =0V pA
! CMR Vem = 28V i B
G = 1000 | dB
G.= 100 dB |
G=10 | dB
G =1, T, = +25°C dB
| G =11, T, = —40°C 10 +85°C dg
PSR T Vg= 26V 218V if i
G = 1000 i d{’
G =100 i!| dBY
G =10 '|dB
G=1 |48
IVR ; Vi
Rin Differénlial, G = 1000 MQ
=1 I MO
Commcn Modc, G = 1000 MO
G=1 MQ
Ou:p\it Vohage Swmg ' Vo Ry = 2k T, = +25°C =110 =123 v
Outpuy Offset Voltage | /' Voor -40 500 |mV
' Mmmium Resistive Load Dnve Ta = +25%C 2 k)

- Jhn T, = —40°C to +85°C 4.7 k(
Maximum Capacitive Load Drive 50 pF‘
Short Cm:uu Current Limit Isc Output-to-Ground Short =50 mA
Qutput Short Circuit Duration 10 . | sec

GAIN
Gain écguraey R (I}Ofﬂl T, = +25C
R = 100, G = 1000 0.25 1 dB
Rg=1010,G = 0.20 1 dB
Rg= 1.1k, G =10 020015 dB
: Rg==0G=1 0.05 © " 0.5 dB
G 70 ‘ dB
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o Symbol Conditions Min Typ Max | Unit
REFERENCE INPUT " !
' Input Resistance 10 | k2
antage Range +8 v
'Gain to Output 1 viv
POWER SUPPLY
. Supply Voltage Range Vs +6 +22 |V
* .+ Supply Current Loy Vem =0V,R, == =10.6 =14.0| mA
pectfmuom subject to chmge without notice.
NOTE
T Do e +22V 'op is specified for worst case mounting mndmom. i.e., 8y, is specified for
S v Volts device in socket for cerdip and plastic DIP; 9), is specified for device
T kAT T upply 10 s:: soldered to printed circuit bonﬂl for SOIC pnckue

' Junction Temperanire (Tp

. —65°C to +150°C

o Hermtetic DIP (Z): ;0 = 134; 0)c = 12
it Plistie DIP(P): 8j, = 96;0,c = 37 . ........ “CIW
6~Pm SOIC (8): em =92; Oy = 27

; ‘VHMS' Vs

i Typical THD+NOJSE atG=1,10 100 1000;
15 V, R =5k; T,

+25°C

JaB e FEC 1IN 'IHh HII_I =i

B nne

- \Figure 3. Typical DIM at G = 1, 10, 100, 1000;
Vo =7 Vams, Vs= =15V, R, = 5ki); To = +25°C
| *80 KHz low-pass filter used for Figures 1-2.

=65°C 1o +150°C
Lmd Tcmpcmurc Ra.nge (Soldering, 60 sec) ........ 300°C

ORDERIN'G GUIDE

Operating 0
Model Temperature Range' Package
SSM-2017P | —40°C 1o +85°C 8-Pin Plastic DIP
SSM-2017Z | —40°C 10 +85°C 8-Pin Hermetic DIP
SSM-2017§ | —40°C 1o +85°C 16-Lead SOIC

*XIND = —40°C 10 +85°C.

Figure 2.

Vo = 10 Vs, Vs = =18V, Ry,

b PRECTTIN 2017484 DIRC) e RGO}
j =

e
-

Figure 4. Typical DIM at G = 2, IO. 100, 1000;

Vo = 10 Vans, Ve = =18V, R, = 5 ki2; To =

A4-6
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Ty = +25'C
Vg z1sv
| G = 1000
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prtel 8 odh 10k
“;' FREGUENC'\’ Hz

Figure 5 Volrage No:se Densrry vs.
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Frequency e e
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Typical

™~
b
\
f N

1’| AVg = 100mVv

I Ta=s+25°C T

i Vs =215V i

s L))

1

W 100 o ok 100k

) FREQUENCY - Hz
ﬁiglym 14. —PSRR vs. Frequency

75 100

r
| Ta=s25C

. +10 a8 220
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The SSM; ”01‘7 only requires 4 ingle external resistor to set the
i voltage gain. The voltage gain, G, is:

o 10 &)
G = Re + 1

_ 10k0
: 9= G-
Table I lists various values of Rg for common
pisse

al “‘s of Rg }ér .Vafr'aus Gain Levels

The volr.ag gain canrange from 1 to 3500, A Bain set resistor is
] not required for unity gain applications. Meral-film or wire-
.} 'wound resistors are recommended fol_ﬁbf_m

~ The to‘mlf éiin accuracy of the SSM-2017 is determined by the
olerance of the external gain set resistor, Rg, combined with
the gain équation accuracy of the SSM-2017. Total gain drift
combines' the mismatch of the external gain set resistor drift
* with that of the internal resistors (20 ppm/°C typ).
g Bandwidth of the SSM-2017 is relatively independent of gain as
showri inFigure 23. For a voltage gain of 1000, the SSM-2017
has a small-signal bandwidth of 200 kHz. At unity gain, the
i bandwidth of the SSM-2017 exceeds 4 MHz,

P

_ally transparent to the user.

g

5

8

VOLTAGE GAIN - dB
o

%

i 0 L
b 100 ik 10k took . TM

i " i f | 1
o FREQUENCY - Hz :

Figure 23. Bandwidth of the SSM-2017 for Various Values
‘of Gain | ‘

NOISE PERFORMANCE i :
The SSM-2017 is a very low noise audio preamplifier exhibiting
a typical ¢ naise density of only 1 nV/VHz 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 to the square root of the collector current.
As a result, the outstanding v Mgc_naisc.pcrimmgnce of the
SSM-2017 is obtained at the expense of current noi -
mance, At low preamplifier gains; the cffecﬁﬁh?%mrl
voltage and current noise js insignificant. )

|

The total noise of an audio preamplifier channcl\j_tmﬂ be calcu-
lated by: 1 ) Yt i

E,= Vely (i, R,)j + d,!
where: " f
E,, = total input referred noise
¢, = amplifier voltage noise
iy = amplifier current noise
R, = source resistance
€, = source resistance thermal noise.

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

& = 1aVIVHz @ 1 hiiz, SSM-2017 e,
in = 2pAINHz @ 1 kHz, SSM-2017 i,

Rs = 150 0, microphone source impedance !
& = 1.6nV/\VHz @ | kHz, microphone thermal vioise
E, = VUaVIVHRF + 224 Hax 5007 1

L nVINHz @ 1| kHz. o b
This total noise is extremely low and makes

e
ek

SaVIVHSY -

)

A
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SSM-2017

! MTSSM-ZOIT has protection diodes across the base emitter
junctions of the input transistors. These prevent accidental ava-

 lanche breakdown which could seriously degrade noise perfor-
! mance. Additional clamp diodes are also provided 1o prevent the

“-inputs from being forced too far beyond the supplies.

‘¢ True Differential
. Three V{a‘ys.af Interfacing Transducers for High

mmunity

Although the SSM-2017's inputs are fully floating, care must be
exercised to ensure that both inputs have a de bias connection
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 24a, but an alternative way is to
float the transducer and use two resistors to set the bias point as
in Figure 24b. The value of these resistors can be upita 10 ki,
but they should be kept as small as possible 16 lismiit Common-
mode-pickup. Noise contribution by Msmy%ﬂ,’e‘mse[ws 15 neg-
ligible since it is attenuated by the transduce;

Balanced transducers give the best noisé fiimuini
directly as in Figure 24c. SR Lo

l‘
REFERENCE TERMINAL . :
The outpu signal is specified with réspect to the reference ter-
minal, which is normally connected t og ground, The refer-
ence may also be used for offset cdn'e‘c,uqn or level shifting. A
reference source resistance will reduce the common-mode rejec-
tion by the ratio of 5 k(WRygg. If the' reference ‘source resis-
tance is 1 Q, then the CMR will be reduced to 74 dB (5 k(W1 0
= 74 dB). ‘ £

COMMON-MODE REJECTION : !

Ideally, a microphone preamplifier responds only to the differ-
ence between the two input signals and rejects common-mode
voltages and noise. In practice, there is a 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 to common-mode gain, ex-
pressed in dB.

PHANTOM POWERING ) !

A typical phantom microphone powering icireuit is shown in
Figure 25, Z, through Z, provide transient overvoltage protec-
tion for the SSM-2017 whenever microphpnes are plugged in or
unplugged. D )

€1, C2: 47F, 60V, TANTALUM
Z1 = Z4: 12V, 1/2W

A4-10

. . Figure 25. SSM-2017 in Phantom Powered Microphone Circuit
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mc AMPuﬂER

2017'can b;c l._ised asa very low noise summing nmpllﬁer Such a
circuit Es‘b&.mcularly useful when many medium impedance out-

puts ﬂ‘E summcd together to produce a high effective noise gain. -ZIN

. The pnm:lple of the summing amplifier is to ground the SSM-
2017 i inputs. Under these conditions, Pins | and 8 are ac virtual

orlriitj hll“servo" umphﬁcr feedmg ‘the §8M-2017's inputs. iy
ces,Pms 1 and 8 at'a true dc’ vinual ground. R4in con- ',

ith' C2 remove the imlugc noise of A,, and in fact just -
; :boq¢ lﬂ perational amph!' ier will work well here since it is

g nmovod from thc signal pdr.h H' thc dc offset at Pins 1 and 8 is

8-Pin Plastic DIP (P) Package

0,260 (7.11)
8240 (8.10)

0.070 (1.71)
0.045 (1.15)

: 0,430 (10.92)

0.325 (8.25)
9,300 (7.67)

0,348 (.84}

i
0.013 (0.381)
I 3008 (0.203) !

TI‘HHHHHH'

0.4183 (10.65 ) 0.2092

A4-11

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

0.3937 (10.00 ) mu;,«n)

L-' o ey
TEOHEEH

8-Pin Hermetic DIP (Z) Package

0.008 (0.13) MIN 0,085 (1.38) MAX -

ek

-| 0.405 (10.29) MAX |-

L]
0.070 (1.78)
o Lo {n.m

uco I ‘lﬂml!!ﬂ

G015 (0.38)

= | i 0150
0.200 (3.08) m“
n.m XL

a 0.100 a “ \ g
uu nu) BSC

. 16-Pin SOIC (S) Package

‘m' &?l l 45°
04133 (10.50) lWMJ
‘ 0.3977 (10.10) 0118 (626 )
| 0 0040 (0.10 )
0.1043 (2.85)
00926 (2.35) SiwlA i-’ 7 ey
e T X
0.0500 0.0192 {0.49 ! 00128 Q.'ﬂ l SKF
SEATING (127} 00138 (0.38) 00001 (6.23 ) SETAN
PLANE  BSC ANCYE

SEATING PLANE

/...;-..—
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BURR - BROWN?®

PGA103

ADVANCED INFORMATION
SUBJECT TO CHANGE

Programmable Gain
AMPLIFIER
FEATURES DESCRIPTION

® DIGITALLY PROGRAMED GAINS:
G=1, 10, 100

® CMOS/TTL-COMPATIBLE INPUTS

@ LOW GAIN ERROR; 10.05% max

@ LOW OFFSET YOLTAGE DRIFT: 2uV/C
@ LOW QUIESCENT CURRENT: 2.4mA

@ LOW COST

@ 8-PIN PLASTIC DIP, SO-8 PACKAGES

APPLICATIONS

® DATA ACQUISITION SYSTEM _
® GENERAL PURPOSE ANALOG BOARDS
® MEDICAL INSTRUMENTATION

The PGAI03 is 3 programmable-gain amplifiér ‘for
genenl purpose applications. Gains of 1, 10 or 100 are
digitally sclecicd by two CMOS/TTL-compdtible ad-
dress lincs. The PGA 103 s ideul for systems hat must
handle wide dynamic range signals.

The PGA103's high speed circuliry pravides fast sai-
Uing time, cven at G=100 (8.2ps to 0.01%). Bandwidih
is 250kHz @1 G=100, yei quicseent current is only
24mA from £15V power supplies. It operates from
15V 10 £18Y power supplics,

“The PGAI03 Is avallablc in 8-pin plastic DIP and

. 50-8 suifacc-mount packages, specificd for the —40°C
to +85°C temperature range. Dice wre ulso available.

4
Vo0 PGRI03 Voo GV,
i 3
1
z =

GAIN| A, | A
1 0 0
1| o 1
100 | 1 [

mtevnational dlrpont Indyeirlal Pprc  «
Toli (602746 1111+ Twn:I0-852-1111 -

Malling Addhaas: PO Box 11am
Cable; BERCORP

+ Tumson, AZBSTM - Stres! Addreas; 8730 5. Tucson Bvd.  «  Tycwon, AZ BSRE
+ Tehx: 0666491

= Fal:or) 891318 . immediaie Product nfo; (800) S43.6131

A4-12
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SPECIFICATIONS

ELECTRICAL
Vo7 +25C, V= 415V, R, = 2KD Uniess stherwise pocilied,
PGAIDIP, U
PAHAMETER CONDITIONS MIN v mMax UNITS
MNPUT
Ofisat Voltage, AT|
Gl Tas t23'C 41500 nv
a.10 Lo v
G100 2800 v
vs Tempurature Tam Voon 10 Touy
G-1 17 wre
Ge1D 13 nv'c
G=100 22 wie
vs Mower Bupuly V,u 15V 1o 118V 84 22G Jo 4 ap/a pvv
Impadance 12 Mt pF
DBixs Currant 120 1100 TN
_ v Tomparatwe 1100 N DAL
Nolza Voltage, RT| G100, K, < o
1=10H> 20 nV/ Yy
11004z 18 AV aiz
fe 1hH2 187, nvi Ry
{a=U.1Hz fo 10tz D8 uVe p
Nolge Vollage G=10, H,. O i
{=10M2 av/ WL
la100k¢z nvi Kz
1 1kH; nvivH;
1,=0.114z ta 10Hz ) Wop
Noize Voltage Qe My = 002 a . e
1100 iz ; s R nv/hiE
13 100H2 o w3, nv/ iz
Lo 1hHz ™ v iz
1,-0.1HZ 1o 1DHZ e | Sy eS8 wpp
Nolye Current g
f10Hz i i 28 pardiz
f=1kHz ; no e, oAl pArITE
le=0. 1H2 o 10HL o : PAD-D
Gam
Gain Crror Ge1’ iy 10.01 10.02 *
G110 : 2001 10.05 %
" Gat00 ) 10.02 20,1 %
Gain vg Teimporatyre G=1, 10, 100 %% 325 120 ppmnC
Hontincanty s Qi o 10.001 40.003 % of FSA
G0 ey s 10.002 20,005 % of ESR
G-100 £ +0.004 10.01 %ot FSA
OUTPUT P i
Vollage, Postive = 5ma (Ve) 5 {¥+) =256 v
Negatva lp = -bma (V=) 45 (V-) 4256 v
Loud CapacRance max 1000 pE
Shon Ciwull Current 225 ma
| FREQUENCY RESPONSE
Bandwidth, ..0R _ Gey 1.6 MMy
Y Qe 750 kHz
Guio0 250 KMy
Slew Mt V, = 410V 9 Vips
Settiing Time, 0.1% i Oal 16 us
Galo 22 =]
G-100 5.2 ps
0.01% G-1 28 us
Q10 20 e
G=100 87 us
Owerlosd Hetovery bo% Overdriive 25 HE
DIOITAL LOGIC INPUTS
Digitnl 1 0w Voftao v- 0.8 v
Digita) Low Curmrent 1 pA
Dighal High Voltmge 2 | v v
POWER SUPPLY
Vollaga Rpnga 5 415 z18 v
Cuirent Vo = OV 424 133 ma
TEMPERATURE RANGE
Spacilication -4 +85 '
Operating —40 1126 <
8,.. P o U Package 100 o

A4-13



ANALOG .

Low-Noise Precision High-Speed
. Operational Amplifier (Ayy = 5)

o 2ok WG LT R A
; AR e

- 037

FEATURES,  * = 7 FoeufS S -

. . Sl B TR | I L SO AT
® Low Noilse ....... vadiaveeis: 80NV p-p (0.1Hz to 10Hz)
e vl . 3nV/\/HAz " at1kHz
® LowDrift .........., : R 0.2uv/°C
® HighSpeed.................. I nSLNT 17V/us Slew Rate
- D D Ly 83MHz Galn Bandwidth
® Low Input Offset Voltage ..... ceeresininsaaiine. 10pY
® Excellent CMRR ... 126dB (Common-Voltage of £11V)
¢ High Open-Loop Galn ...............00uss 1.8 Million
L ]

Replaces 725, OP-05, OP-06, OP-07, AD510, AD517,
@Jﬂ Gains >5§ ;

® Avallable in Dle Form

ORDERING INFORMATION ' "
‘ PACKAGE T
T, =+25°C OPERATING
Vg MAX CERDIP = PLASTIC LCC . - TEMPERATURE
w“v) TO-89 8-PIN 8-PIN  20CONTACT  RANGE
25 OPIAr OPIAZ - s MiL :
25  OPI7EJ OP3ITEZ  OP3TEP - ... INoCOM |
60  OPJ7BJ)* OPa7BZ" - OP37BRC/B83 MIL
60  OP37F) ' OP37FZ  OP3TFP . = .. INDICOM |
100  OPa7CJ* OP37CZ - = MIL
100  OP37GJ ©OP37GZ  OP37GP e XIND
100 Z = OPa7GStH = XIND
*Fordevices prc d in tolal compliance to MIL-STD-883, add /883 after part

number, Consult factory lor 883 data sheal.
t  Bum-in s available on commercial and industrial lemperature range pars in
CerDIP, plastic DIP, and TO-can packages.
tt For availability and burn-in Inf lon on SO packag
sales office. :

your local

GENERAL DESCRIPTION

The OP-37 provides the same high performance as the OP-27, -

but the design is optimized for circuits with gains greater
than flve. This design change Increases slew rate to 17V/usec
and gain-bandwidth product to 83MHz. )

SIMPLIFIED SCHEMATIC

The OP-37 provides the low offset and drift of the OP-07 plus
higher speed and lower noise. Offsets down to 25iaVand drift
of 0.6uV/°C maximum make the OP-37‘ideal for precision
instrumentation  applications. .Exceptiopally low noise
(85=3.5nV/y/ Hz - at 10Hz), a low 1/f noise carner frequency of
2.7Hz.and the high gainof 1.8 million, allow accurate high-gain
amplification of low-level signals. bt :

Thelow inputbias current of + 10nA and offset current of 7nA are
achleved by using a bias-current-cancellation circult. Over
the military temperature range this typically holds lgand lpg
to £20nA and 15nA respactively,

The output stage has good load driving caphblllty. Aguaran-
teed swing of + 10V into 80001 and low output distortion make
the OP-37 an excellent cholce for professional audio
applications. . -

PIN CONNECTIONS

8 Vg TRIM

v g
Becael e

g [~
. Vi o i
Vs TRIM 1 (3 Q7ve vos TRIM [11] [8] vog TRIM
o ki an [T s ) v
oMz +IN I
7 A o

5] our
v- (4] [6]ne.
8-PIN HERMETIC bIP
(Z-Sutfix)
EPOXY MINI-DIP

_ (P-Buffix)

8-PINSO .
(S-Suffix)

O v
4 V- (CASE)

TO-99
{J-8uflix)

OP-37BRC/883
LCC PACKAGE
(RC-Suffix)

gl

NON- .

INVERTING

INPUT (4)
o—1

INVERTING | *
INPUT [

*R1 & A2 ARE PERMANENTLY ADJUSTED
AT WAFER TEST FOR MINIMIM
OFFSET VOLTAGE. (

Ad-14




DICE CHARACTERISTICS g

DIE SIZE 0.098 X 0,056 Inch, 5488 sq. mlls
(2.49 X 1.42 mm, 3.54 sq. mm)

1. NULL

2. (-) INPUT
3. (+) INPUT
4. V-

8. OUTPUT
7. V+

8. NULL

WAFER TEST LIMITS at Vg = +15V, Ty = 25°C for OP-37N, OP-37G and OP-37GR devlcas. Ta= 125"0 for OP-37NT lnd

QOP-37GT devices, unless otherwise noted.

/i \

e | 2 ; ' : OP-37TNT - OP-STN'OP-STGT OP-37G OP-37TGR
PARAMETER ‘SYMBOL  CONDITIONS T LMITC O LBIT ) CCUMIT  LIMITSY  LIMIT UNITS
input Offest Voltage Vos (Note 1) 80 3s " 200 80 100 uVMAX
Input Offset Current los sl s 50 a5 L sies i 75 | nAMAX
Input Bias Current Iy s ’ 160 +40 sl 4] i L ' £80 NA MAX
Input Voltage Range - - IVR - o Vi . 4103 . AN £103 11 £11 . VMIN
Common-Mode

108 4 1 106 . 100
Sl CMAR V=1V 100 08 _ dB MIN
Power Supply Ta=25°C, Vg = 14V to £18V 10 10 10 0 .
Rejoction Ratio ~ ~~ » ToPR _ 1w 126°C, Vg = £4.5V o £18V 1 = 20 = AVVMAX
Large-Signal - * © RLZ 20, Vo= 110V : 800 1000 500 1000 700

A : 2 Vi
Voltage Galn £ M Ry 2 1kA, Vo= £ 10V ;2 800 = 800 2 mUNIN
: Ry = 2k0 115 +120 £11.0 +120 £115

OuiputVoltage Swieg. | Yo R, 2 6000} = +100 & £100 i i
Power Consumption Py Vo=0 - 140 - 140 170 ° mW MAX

NOTES:

For 25‘Gch|rlclnri|1.lc| of OP-37NT and OP-37GT devices, see OP-37N and

OP-37G ch {stics, respectivaly.

Electrical tests are pednrrnad at ‘wafer probe to the limits shown. Due to variations in assembly methods and normal yleld loss, yield atter ucuglnq Is not
guarantesd for standard product dice. Consult factory to nogollnh spocll'iutionl based on dice lot qualification through sample lot asembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vs

+18V, T,.\== +25°C, unless otherwise noted.

TR S e e,

i ¥ *OP-3TNT OP-37N OP-37GT ' OP-37G OP-37GR HE

PARAMETER SYMBOL  CONDITIONS o e TYPICAL. TYPICAL. TYPICAL TYPICAL  TYPICAL UNITS
Average Input Offset, .~ “TCVpgor ' ‘Nulled or Unnulied ¥ 1 MR R ‘
Voltage Orift C . TCVoss  Pp=BkNto20KN S bl i ok
Average Inpu\Oﬂul . ¥ 4 T

piegreiite gl o i 80 80 1% 130 180 pA”C
Average Input Blas [

prpeschion s dRREURS - "I 100 w00 160 180 ., 200 pASC

L - fg= 10Hz . 35 35 i 88 .38 38
nps Nd;nm * e fomSOHE .t a1 s g a1 as  wWH
; ; 3 fo= 1000Hz . . 8.0, 3.0 3.0 3.0 32 s
Sy =i Cfom10Hz 17 17 g 17 ;7

Ui RO S B e i e 10 10+ 10 pAnHE

sabbeiitiat RIS " - 1= 1000Hz - oii s 04 04 04 04 04
Input Noise Voﬂlgn Onpp “ 0.1Hz to 10Hz 0.08 "0.08 008 008 = 008 " pNpp
Slew Rate - TRz 20 7 17 T 17 17 Vius
Galn Bandwidth Product  GBW' 1= 10kHz & 83 & e . (5] MHz
NOTE: i i
1. Inpul offset voltage measurements are performed by lutomatod tost

ST S Al

ATaE, ael e ih 3 L} e Y o | B T v g ¥

i Py saabaligie (e R
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1’YPICAI. PERFORMANCE CHARACTERISTICS LSBT ARA . L ARMR IR Bl
: ) ]
ey 3
\ ! ‘ LA BEAS YR SFA COMPARISON BFY
. NOISE-TESTER FREQUENCY : VOLTAGE NOISE DENSITY JVIVATOP AMP VOLTAGE
b ! REBPONSE (0.1Hz TO 10Hz) “vs FREQUENCY LT NOISE SPECTRA:
mumyjj I =i S S s
e [—-.— [ &% L TA.‘ wc - I M .
o \ = 8 - Vs = 216V H lg = ] i
é 3N [F = g i \\ i L 1T
- AN i e N mcoanen |||
2 [ N TTTH g T | | Low noiss | |
R Al Rl SRRl
1 2 e § Rl incomen
J g1 - I o el =
I'-:.'v'f:-'r?‘-'..‘ﬁ"m"éﬂ&‘.&f‘ém. ’ ; | ’ i i
1 ] A 1. 1] |msTRUMENTATION | AUDIO RANGE
A I {‘1 e ,%%.
P ia prs i 1 10 100 1000 ot 100 ~ 1000
R FREQUENCY (Hi) | FREQUENCY (Hr) 3 FaKouENCY Ha)
.‘!\, ' B . ‘
flw WIDEBAND VOLTAGE T U ) S b ST 177 FER NI E Sl Wi el AR ol
NOISE vs BANDWIDTH (0.1Hz TOTAL NOISE vs SOURCE ¥ *VOLTAGE NOISE DENSITY
g TIO FREQUENCY INDICATED) R RESISTANCE s S - vs TEMPERATURE
100 i I T
- B = e il }, I Vg = 218V
::,:f;f, R LY - m — 4. ! :(;L [ E
S| =y i
T Rs = 2R\ =1 - AT, 10Hr — b
= 3 HI % B =
w : u: =1
Lt § ey = 55 83 == AT ThHs —
a i B N R
i B 28
AT wHe T A TITT -
: L ] RESISTOR NOISE ONLY ___r 1 . il
LU L =i
1% 10k 100k 100 10k -50 -2% [ = 50 s 00 125
BANDWIDTH (Hz) SOURCE n!mvmct (+4] ! TEMPERATURE °C)
L o A G AT S G e
+hi VOLTAGE NOISE DENSITY CURRENT NOISE DENSITY . SUPPLY CURRENT vs
‘- va SUPPLY VOLTAGE vs FREQUENCY, SUPPLY YOLTAGE
! = T 0.0 T fm ‘_q.u
ol mewe | i By
{ e by ' 5 1.
- I - ] § m7 ; i 34.3 Ta = 125°C
AT 10Hz & e A & A ) i o £
P —— i by i | i
AT 1kHE i ol g‘-“ il v Elo_?‘_m ,//
= i N
I} i " 3
i § 11 CORNER i % -~ |
o ¢ T = 140H2 i Ta = -B8°C !
: foal: IIIIHH I : 1 | :
It 20 E: “w A0 \ o s " n s
| TOTAL BUPVLY VOLTAQE [Ve = Vel (VOLTE o it ” TOTAL SUPPLY VOLTAGE tvouu

-
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TYPICAL PERFORMANCE CHARACTERISTiCS

TSR AR e B g e .'I"‘.;'i"%
s
OFFSET VOLTAGE DRIFT OF LONG-TERM OFFSET :
EIGHT REPRESENTATIVE . - VOLTAGE DRIFT OF SIX ~+.: .WARM-UP OFFSET
UNITS vs TEMPERATURE REPRESENTATIVE UNITS .« .+ VOLTAGE DRIFT .
0 6
or-37c : v
7T A or-am 4 ___’,. 5
P P 1 5 3 -4
: g = > or—::u ; : AT \-’:; 2 g tof—u: ‘r’: : “z:f
3 o 1L <—F & e : % :
§ L == n m.!n.- - A= — g = 3?:0(0 :
2 =3 : onoad % i 4 4 or-a;w 2
g e i S S
E-n I D'Tu é: E' //'/ -ar-a!w:’
s i ~ T s B 23 5 = P
sy i P o378 I8 IR L z A/’ A
i | o por poes .| N 2
L NOT GHANGE] i i ] e e V
e 1 AR ona7c L : e .
"~7-80-28 0 X% 50 7 100 12 160 178 LU IR T T R T TR =5 A EIATO
© T TEMPERATURE (°C) ‘ y " TIME IMONTHS) TIME SETUR EOMER ON BMNUTEY . |
i R
; iy
.. OFFSET VOLTAGE CHANGE .. INPUT BIAS CURRENT . . "“INPUT OFFSET CURRENT i
3 ik 'DQE'TO THE‘RHAL'SHOCK #%:" yg TEMPERATURE ’-' '+ v TEMPERATURE ‘4 )i;
3% T ] T TTTTT (T r - 3
] 1
3 Vgmsiey —| i i ’ ] el Il el o ’ )
3“ 3 : g:aa vg = 415V | g% e ;va-zﬂv,—f t
= Ta= | Ta=70% e (s ; [ T
Baolhed A i ¥y i a1
5 i 1 1 E‘w—\-.,,_,,c E”—qor-arc ",’
gls e N\ é N\N § . s R f”i
- -,’m* = Tal NN L Bal | [
10 g | NN ] | oeeane s - i
g 5 § '\.._.\'-'-'.,\: g By NN Lorsm|i |3
i .4 ol T . o NN i
¢ ; A 0P-37A o e ——t—
3 DEVICE IMMERSED : ] el : or-37A [t %)
i . ] wrrc oiL sam Tl ‘o | |] o : d oy
e TR R TR Soweratine o T ol il -"“-?f"m‘-'mf?m"m"-' gt
ol b r L i i e oL
o i ; " SLEW RATE, GAIN BANDWIDTH
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' TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

NOISE TEST CIRCUIT (0.1Hz TO 10Mz )

5

0.14F

-7 VOLTAGE NOISE (nV)

! NOTE.‘
MOTH: ALL CAPACITOR VALUALS ARE FOR
WOW-

LOW-FREQUENCY NOISE

0.1Hz TO 10H2 PEAK-TO-PEAK NOISE

' Observation tlm-llmlted to 10 seconds.

. OPEN-LOOP VOLTAGE GAIN
ve LOAD RESISTANCE

IR
= Ty=25°C

=3
| Vg=swv

»
-

&

£

=

=
-

i

°

OPEN-LOOP VOLTAGE GAIN (V/uV)
-
P

=
-

"o 0 100K
LOAD RESISTANCE (0}

-PFOLARIZED CAPACITORS ONLY,
[ : : . A 7 SLEW RATE
PSRR vs FREQUENCY SLEW RATE vs LOAD vs SUPPLY VOLTAGE
B [ ] = “ I | ||”|] ‘- ¥y T -o]zs'c l —=
§w S I s e S (o k} ‘~ Tpt 428G . ,tCL.., Aise_4——]
g 120 l : w ::-:1:\0 ; Lk
Wi ) : ®
z - vo-zww A v 0 N | - yf FALL
= aaialll W
¥ w . S v T ¢ Bl
£ d % ; b
% ol : E £
ol B R i 32 g i -
Ew. \}\ e il 18 : - 5
. N f
Y &
: NN 2 ;
1 10 100 ® 10k 100k 1M T0M MN 100 ™ 10k 100K 3 13 - E- 32 115 218 m

FREQUENCY (Hz)

APPLICATIONS INFORMATION

OP-37 Series units may be Inserted directly into 725, OP-06, *

LOAD RESISTANCE (0l)

| SUPPLY VOLTAGE (VOLTS)

OFFSET NULLING CIRCUIT

OP-07, and OP-05 sockets with or without removal of external | =

compensation or nulling components. Additionally, the OP- : !

37 may be fitted to unnulled 741-type sockets; howaver, if
. conventional 741 nulling circultry isin use, it should be modi-

fled or removed to ensure correct OP-37 operation. OP-37 L,
offset voltage may be nulled to zero (or other deairad setting)

using a potentiometer (m offset nulllng clrcuil)

The OP-37 provides stable operation with load capacltancea
of up to 1000pF and '+ 10V swings; larger capacitances should
be decoupled with a 5001 resistor inside the leedchk loop.
Closed-loop gain must be at least five. For closed-loop gain
between five to ten, the designer should conslder both the .

OP-27 and the OP-37, For gains above ten, the OP-37 has A, =‘3-" level. However, If further adjustment of Vgg Is necessary, a

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

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

BRI
100 Rp
Ve
—2I
T g
INPUT orP-37 p——0 OUTPUT
+ 3 -
o—q+ 4

4 OFFSET VOLTAGE ADJUSTMENT
The. input offset voltage of the OP-37 Is trimmed at wafer

10k} trim potentiometer may be used. TCVggis not degraded
(see offset nulling circult). Other potentiometer values from
1kN) to 1M(1 can be used with a slight degradation (0.1 to
0.2uV/°C) of TCVgg. Trimming to a value other than zero
creates a drift of approximately (Vps/300) uV/® C. For exam-
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ple, the change in TCVgg will be 0.33uV/* C if Vog Is adjusted
to 100uV. The offset-voltage adjustment range with a 10k
potentiometer Iis +4mV. If smaller adjustment range is re-
quired, the nulling sensitivity can be reduced by using a
smaller pot in conjunction with fixed resistors. For example,
the network below will have a 280,V adjustment range.

1 A.Thi2 ey 4.7t L

Ve

BURN-IN CIRCUIT . SR

NOISE MEASUREMENTS

To measure the 80nV peak-lo-pnk noiu lpeciﬂcallon of the
OP-37 in the 0.1Hz to 10Hz range, the following procuullons
must be observed:

(1) Thedevice hasto be warmed-up for at least five minutes.
As shown in the warm-up drift curve, the offaat voltage
typically changes 4xV due to increasing chip tempera-
ture after power-up. In the 10 second measurement Inter-
val, these lomporaturo-lnduced effects can exceed tens-
of- nanovolts.

(2) For similar reasons, the device has to be well-shielded
from air currents. Shielding minimizes thermocouple
effects.

(3) Sudden motionin the vicinity of the device can also "feed-
through” to increase the observed noise.

(4) The testtime 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 corner 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 nolise-voltage-density test is recommended when
measuring noise on a large number of units. A 10Hz
noise-voltage-density measurement will correlate well
with a 0.1Hz-to-10Hz peak-to-peak noise reading, since
both results are determined by the white noise and the
location of the 1/f 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 achleved by operating the op amp
with a peak output current of less than £ 10mA.

INSTRUMENTATION AMPLIFIER .. - ...

Athree-op-amp instrumentation arnpllﬂer provides high gain
and wide bandwidth. The input noise of the circuit below is
4.9nV/y/Hz . The glln of the input stage is set at 25 and the
gain of the second stage is 40; overall gain is 1000. The
amplifier bandwidth of 800kHz I8 extraordinarily good for a
precision instrumentation amplifier. Set to a gain of 1000, this
yields a gain-bandwidth product of 800MHz. The full-power
bandwidth for a 20Vp_p output is 250kHz. Potentiometer R7
provides quadrature trimming to optimize the instrumenta-
tion amplifier's AC common-mode rejection.

ith

RAA

o * TRIM K2 FOR Aycy = 1000 A0
-‘I’RH ‘W10 FOR dc CMRAR . soon
* TRIM A7 FOR MINIMUM Vouy ' '
o, ATVeme 20¢ pp, 10KH: -

1w
I L [FRg =0
i mmul
. 100 FH-\" g = Wl
§ ‘i : BALANCED
: N
B AT A
B i I
; Tpo=emc N 4
o L byt ’ it
* | Vem = TVer h 4
AC TR ® 10KHs, Ry = 0 o
“h 100 ® o 100k ™

FREQUENCY {Hz)

COMMENTS ON NOISE e

The OP-37 is a very low-nolse monolithic op amp. The out-
standing input voltage noise characteristics of the OP-37 are
achieved mainly by operating the input stage at a high quies-
centcurrent. 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
particularly important when the input has a high source-
resistance. In addition, many audio amplifier designers
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NOISE vs SOURCE RESISTANCE "+
(INCLUDING RESISTOR NOISE)
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prefer to use dlrecl couplfng The hlgh IB, TCVos of previous:
deslgns have maJedIroctccupling dltﬂcult if notimpossible,
lo use. 3 e ,-;' sk ek

Voltage nolso Ia lnversely proportlonai to the square-root of
bias current, but current nolse is proportional to the square-
root of bias current. The OP-37's noise advantage disappears
when high source-resistors are used. Figures 1, 2, and 3
ctompare OP-37 observed total nolse with the noise perfor-
mance of other devices in different circuit applications.

Total noise = ;(Voltage noise)2 + {current nolsa X Rs)2 +
(resistor noise? ] 1/2 ; = rarans

Figure'1 shows. noise-versus-source-resistance at 1000Hz.
The same plot applies to wideband noise. To use this plot,
just multiply 'the’ venlcal scale by. the square-root of lha
bandwidth.«

At Ft3<1 kM, the OP-37 s low voitaga noise Is malnlalned Wllh
Rg<1kM, tota! nolse increases, but Is dominated bythe rasls-

tor noise ralher thi‘n current or voltdg volse. It Js [+] ly
. it !i‘hnln TR B (VR s 8

Jacy nRflitha t amssiew

e sy Pnga

"m ’Ei"i\,ﬂ; calois 4

. beyond Rgof 20k{1 that current noise starts to dominate. The

., argument can be made that current noise Is notimportant for

. applications with low-to-moderate source resistances. The
crossover between the OP-37 and OP-07 and OP-08 noise
occurs in the 15-to-40k(} region.

Figure 2 shows the 0.1Hz-to-10Hz peak-to-peak noise. Here

the picture is less favorable; resistor noise is negligible, cur-

ranl noise becomes imporianl because it is inversely propor-

“tional to the square-root ofirequancy The crossover with the

OP-07 occurs in the 3-to 5kil range depending on whether
. balanced or unbalanced source resistors are used (at 3k(l the
#lgi los error ajso can be three times the Vg spec.).

Tharafore for low- fraquency applications, the OP-07 is bet-
‘ter than the OP-27/37 when Rg> 3k(. The only exception is
when gain error Is important. Figure 3 illustrates the 10Hz
noise. As expected the results are between the pravlous two
ifigures. : 2y v el B s T ‘

"For' referonce. typical source resistances of soma slgnal
sources are listed in Table 1.

SvsnCueSh i YL

Tnble 1 pike
ey i, sz SOURCE . 1
DEVICE . IMPEDANCE COMMENTS
: Strain gauge; " 15 1. <6000 «.. Typlcally used.in low-frequency
Yol e i ‘. v - : . applications.
 Magnetic © 0 215000 0 Low g very imporunl to reduce
tapehead sell when
ST ., direct coupllng in uted OP-37 g
y " can be, neglected.
Magnetic:. . - <150000 - : Similar need: for low lg in-direct
. phonograph; . .. i+, 1+ coupled applications. OP-37 ‘will not
jcartridges - .. Introduce any sell-magnetization
! _.problem.
Linear variable <1500N Used in rugged servo-feedback

differential
transformer

applications. Bandwidth . of .interest .
Is 400Hz 1o 5kHz.
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AUDIO APPLICATIONS i

The following applications information has been abstracted'
from a PMI article In the 12/20/80 Issua of Electronic Design
magazine and updated.

. |
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Figure 4 is an example of a phono pre-amplifier circult using
the OP-27 for Ay; Ry-R2-C3-C; form a very acéurate RIAA
network with standard component values. The popular method
to accomplish RIAA phono- squalization Is to ‘employ:
frequency-dependent feedback arourid a high-quality gain
block. Properly chosen, an RC network can provide the three
necessary time constants of 3180, 318, and 75us. g

For initial equalization accuracy and stablllly. preclslbn
metal-film resistors and flim capacitors of polystyrene or
polypropylene are recommended since they have low voltage
coefficients, dissipation factors, and dielectric absorption.*
(High-K ceramic capacitors should be avoided here, though
low-K ceramics — such as NPO types, which have excellent
dissipation factors, and somewhat lower dielectric absarption
— can be considered for small values or where space is at
a premium.)

The OP-27 brings a 3.2nV/y/ Hz voltage noisa and 045
pA/\/Hz current noise to this circuit. To ‘minimize .noise
from other sources, Ry Is set to a value of 1000, which
generates a voltage noise of 1.3nV/+/Hz . The noise in-
creases the 3.2nV/y/ Hz of the amplifier by only 0.7dB. With
a 1k source, the circuit noise measures 63dB below a 1imV
reference level, unweighted, in a 20kHz noise bandwidth,

Gain (G) of the circuit at 1kHz can be calculated by the
expression:

G =0.101 (1+h)
R

3

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.

This circuit is cgpabla of.very low diatoriion over its entire
range, generally below 0,01%.at Iavals up o 7V. rms. At 3v
output Jevels,.it will produce Iqas than 0.03% total. harmonic
distortion; atfrqquencles up.to, 20kHz.., -5 e i

Capatitor Cy'and resistor Fu form a slmpfo—ﬁdB-per—octave
rumble filter, with a corrier at 22Hz. Asan option; the switch-
selected. shunt ‘capacitor .Gy,.d ‘nonpalarized electrolytic,
bypasses'the low-frequeficy rolloff: Placing the rumble fil~
ter's high-pass action' after'the preamp has'the desirable:
result of discriminating against the RIAA-amplified low-
frequency noise components and pickup-produced low-
frequency disturbances.

A preamplllier for NAB tape playback Is similar to an RIAA.
phono preamp, though more gain s typically demanded,.
along with hquallzatlon reduiring a heavy low-frequency;
boosl,,The circult in Flg 4 can be reud_ll_y _modiflod_for lape
use, as shown by Fig. 5.~ | *'« t

} ; g -t 1 miey

Whll. the tapo-oquqllzntlon requlrsment haa a'ﬂal hlgh-
frequency gain above 3kHz (T = 50us), the amplifier need
not 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 R; and Rz to optimize fraquancy response for
nonideal tape-head perforrnance 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.

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

One potential tape-head 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 power down. However, it is 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 configura-
tion, the bias-current-induced offset voltage can be greater
than the 170V maximum offset if the head resistance is not
sufficiently controlled.
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A alrnple but eﬂoctlve. ﬂxod-gain tunﬂormorlns mlcro-
' phone preamp (Fig. 8) nmpllﬂes differential signalsfrom low-
impedance microphones’ by 50dB, ‘and has an input impe-
- dance of 2k}, Because of the high working gain of the circuit,
an OP-37 helps to preserve bandwidth, which will be 110kHz.
As the OP-37.is a decompensated device (minimum.stable
gain of 5), a dummy resistor, R,, may be necessary,if the
. microphone Is to be:unplugged. Otherwise the 100% feed-
back from the open input may causa the lmpllﬂorto oscillate.:
g WG mx!ih!‘n;—h\ﬂ thoadf Santepn’ §

4

ﬁal Wi H e L ) ,n *‘r 1
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‘ ;‘ sk
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} n;w--mm'm.&mh! ifeem 4_* ; Rl tlagris s rh'rr‘d | e e ,
| - mrsaToRea x a5 ‘dlfnmul o

| | ; Lo eI i 40dB glln The typlcal ouiput blocking capncltor can bo
e e "sliminated in such cases, but is desirable for higher gains to,
ollminatc swilchlng transients. .

0 ] i CIpacllor C3 and resistor Hg form a 2us time constant in thlsl
b ) lt:lﬂ::ult as recommended for optimum transient response by!
bl STERED 8 iho trlnsformor manufacturer. With C; in use, A; must have/
% l' ynlly-glln mblllty For situations where the 2us time con-| )
common-modo Input-nolu u]ecllon wII! depend upon tho ,3tant is not necessary, Cacan b b‘ deleted, '“0"""9 the faster!
, match of the bridge-resistor, ratios.. Either clou-toleuncal "'OP-37 to be employed. i
. {0.1%) types should be used, or, Rnhouldbotrlmmed forbes .Some comment on noise is appropriate to understand the
‘ CMRR. All resistors should be motal-tlim types for best ltl . capability of this circuit. A 1500 resistor and Ry and R gain
| bility and Jow noise. ; ; resistors connected to a noiseless amplifier will generate 220
' Noise performance of this circult tsilmltod more by the Inpuli NV of noise in a 20kHz bandwidth, or 73dB below a.1mV,
rosintora Rq and Ry than by the op amp, as R and R sach _reference level. Any: practical amplifier can only approach,
! generate a 4nV/\/Hz - noise. while tha op amp genérates a- this noise evel; It can neyar exceed it. With the OP-27 and Ty,
‘ : 3.20W/+/Hz -noise.:The rms sum of these predominant nolu '-_‘P““"d tho‘aqd[tloml nolse degr. I#A'JOD_W“"N close lo,
" sources 'will:be about 8nW/Hz'; equivalent to 0.9xV Ina ;gmg,‘,‘ [Moancea ie ImY), i e i
. 20kHz holse:bandwidth; or nearly61dB below a 1mV:input '
| signal.:;Measurements confirm this predlchd porlormanooa
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BURR - BROWN®

BUF634

AVAILABLE IN DIE

250mA HIGH-SPEED BUFFER
FEATURES APPLICATIONS

® HIGH OUTPUT CURRENT: 250mA
® SLEW RATE: 2000V/us

® PIN-SELECTED BANDWIDTH:
30MHz/180MHz

® LOW QUIESCENT CURRENT:
1.5mA (30MHz BW)

® WIDE SUPPLY RANGE: $2.25 1o 118V
® INTERNAL CURRENT LIMIT
® THERMAL SHUT-DOWN

@ 8-PIN DIP, 308, 5-PIN TO-220
PACKAGES, DIGE

DESCRIPTION

The BUF634 1s a high speed unity-gain open-loop
bufter recommended for a wide mnge of applications,
It can be used inside the fecdback toop of op amps to
increase output current, eliminate thermal feodback
and improve capacitive load drive,

For low power applications, the BUF634 operaics on
1.5mA yuicscent current with 250mA output and
2000V/ps slew rate, Bundwidih is Increased from
30MHz to IROMI1z by connccting pin | to V-
Outpwt circuitry is fully prolected by intemal current
timit and thermal shut-down meking it rugged and
casy o usc,
8Pin OWP Packags
B0-8 Surpce-Mount Puckege

N e

8 | NG

3] i1
:TE"_ —%’]:c

® VALVE DRIVER

@ SOLENOID DRIVER

@ OP AMP CURRENT BOOSTER
@ LINE DRIVER

@ HEADPHONE DRIVER

® VIDEO DRIVER

® MOTOR DRIVER

® TEST EQUIPMENT

@ ATE PIN DRIVER

The BUF634 is available in a varicty of packages to
suit mechanical and power dissipation requirements.
Types include 8-pin DIP, $O-8 surface-mount and
53-pin TO-220, Dice aurc also available.

5PIn TO-z20
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‘SPECIFICATIONS

ELECTRICAL

T, = «25°C", V, u 115V unlgan otheowise nolint

BUF634P, U, T
LOW QUIESCENT CURRENT MODE WIDE BANDWIDTH MODE
PARAMCTLR CONDITION L] TYP MAX MIN TYP LAY uUNITa
INPUT R
Offect Voltage 130 1100 t 2 mv
vi Tenpenalung Specified Tenperalure Nangs 4100 . uvrc
vs Power Supply Vyr a2.28V o 518Y o1 1 ki 2 myn
Input as Curront V- OV ¥ 705 12 i 4120 A
Infas Impedance Py . 1000 6o o alle i || pF
Nolse Voltagn | t = 10kHz 4 * avAHZ
Gain H = 1KLL, Vo= 410V 0.95 o . . TR
n, « 1000, V, - 110V 0.05 0.93 * 2 v
R, ¢ 70, V, L HiaV (] [\X'] 4 = 7
ouTPUT y SR
Cyrrent Outpul. Continvoug 25 ) ma
Voitagn Outpul, Pozliva Iy~ 10mA (Va)-2.1 | (Va) =17 i . v
Negative ly= =10MA V=) 121 (V=) 1.8 2 2 v
Pogiive I,r 100mA (Ve) 3 {Vs) 24 L . v
Megative lom =100MA (V=) 44 (V-) 4256 » e Y
Positiva lg= 150mA (V) -4 (Vs) 2.8 * $ v
Nogative lo= =160mA (V=) 4o (V) a8 % N v
Shon-Chcuit Curront 1350 1650 1400 L
DYNAMIC RESPONSE
Bandwidth, ~3gH R -k a0 180 MHz
R, = 100(1 €0 160 MHz
Elaw Roig 20vp p, K, = 10002 2000 s 7 Vi
Sottling Thow, 0.1% 20V Step. R, = 1004 200 ' ns
1% 20V Stp, K, = 1004} 50 7 ne
(nttarential Gain 3.80MiHz, Vo= 0.7V, T{ = 15011 4 0.4 %
Nitlgrential Phase A56MH7, V1 0.7V, R, ¢ 1500 ?5 0.1 ¥
POWER BUPPLY R
Speciied Opsrating Vohsge 115 4 v
Opetating Voltage Range 4225M 118 % < v
Guizstatit Currsnl. by lyn 0 115 12 115 120 A
TEMPERATURE RANGE ] W i L e R
Spucilication -40 106 - . oc
Operalihg »40 +125 & = <
Stonage -0 125 t g c
Thermat Shutdown
Toinpsrats, T, 176 ¥ ¥ <
Thermal Hesistanoe, O, *P" Package'# 100 ) T
8, U Packaget 150 . TW
o, 1" Pagkaget!! 65 P Ciwt
o, T Package 8 s W
Ye
A/ Yo
BW
V-

NOTES: (1) Yests are patformed on high zpecd automatic test equipment, 3l approximately 25°C junction temperalurc. T powrer dizsipation of this product will
cauEe 40N)8 PRrAMAIATS 10 ShIR whan wammod up. §o0 lypical perlomance curves fof over-leMmos(ature partemancs, (2) Umited oulit swing available at low supply
voltage. Ben Output voltuge specifications. (3) Typlc when all keads aro saldered o @ dreull board. £90 lext tof pcommEniations.

Thwn indprrnation piovided heraln ix bolinuad 1o bo raligtie; however. BUNN-DAOWN assumes no responsivllity for Insucuracies o ofmisslons. BURM-BNOWN
asTuines noe rezpons ity for tire use of this information, and all use of such Infarmation shall bo antifaly af iha wsar's own rsk., Pricos and specilicatons 3 subjoct
10 ¢hange withoul Rotie, No patenl AGhts or keenseh 1 any of the Grouils desaibed hesein are inplied or granted to 3oy Whird party. BUNN-BROWN does nol
sulliniizy or wattant ary BUNNR-DROWN product for ute in life suppon aovices and/or systoms.
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PIN CONFIGURATION

Top View 8-Pin Dip Package Top Viaw B8-Pin TO:ZX)
50~8 Surface Mount Packsge
oWy | Il NG
Ne | 2 3 Ve
va[3] b» ot
v- [« ’
NC = No Connortion
| |
- | v&  NOTE: Tab elecirically
ABSOLUTE MAXIMUM RATINGS i v' ¥ comermom i,
9
Supply Veoluage

Cpuratng T

Input Voliage Nangs ...
Quipyt Short-Circull (10 GOURT} 1...-..oy e

e

Storape Tnm'ruufe

40'C tg 4175°C

ELECTROSTATIC

Leod Temp: {soldering,10s) . 2 300°C
Auy integruted circuit can be damaged by ESD. Burr-Brown
recommends that &1l intcgrated circuits be handled with
(1 : £ =X
PACKAGE INFORMATION appropriate precautions, Fuilure to obscrve proper handling
PACKAGE DRaWING und installation procedurcs can cause damnage.
MODEL PACKAGE NUMBER .
ESD dumuge can range from subtle perfonmunce degruda-
DUrGa4p B-bin PO 008 : : ) ; . :
BUF&34U 508 Surface Mount 182 tiott 1o cornplete device failure, Precislon integrated clrcuits
BUFSJ4T 5.Pin TO.270 315 may be more susceptible 10 damage bccause very small
NOTL: (1) For ataliad drwing and wslon Ldlo, ploass 56¢ end of data paramciric changes could cuuse the device nol to meet

sheal, of Acpendis D of Burr-Blown IC Dam 8

ORDERING INFORMATION

Dok,

published specifications.

TEMPERATURE .
MOOEL PACKAQE RANGE PACKAGE MUMBER
BUFgaer 8-Pin Plasiic DIP —40 o +85°C oos
BUFGMU 8§08 Surtacn Mount| 40 10 +85"C 1z
BUF634T 5Pin TO-220 ~0 15 485°C 315
BuFeMD Diey ~40 lo 185°C i
DICE INFORMATION

BUF634 DIE TOPOGRAPHY

PAD FUNCTION
1 : Bw
2 Y
3 Y-
4 v,
5

]

°
Ve

Substrete Blsa: ntemally connecd 1o V- posgr aupnly,

MECHANICAL INFORMATION

BULE (0.0017) | MOLLIMETERS
Dis Size 120x 7046 {305 1,78 40,13
Die Thickness 2013 0.51 40.08
Min. Ppct She 4x4 0izo01
Dacking Chaomium-Silver

Goe"DICT PROOUCTS" Appondix C In Buer-Brown 1C Dala
Bask, or contact factony for current Infermation,
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TYPICAL PERFORMANCE CURVES

T, = 426C, V, = L16V unloss bhwrwizo notad.

Phase {")

Praase (%)

Phase (%)

QAIN and PHASE va FREQIENCY

w8 QUICSCENT CUNNCNT
10
R, = 1000
i Ry =502 | 3
—p Vo e 10mV| o g
A s 55
- -0 8
o -1b
=10 1= Iy~ 15ma ——
.20 g=9mA —-—-
lpe4ma -
-0 lg = 2604 e
-4l - 1.5MA e
_50 JE A
w 10Mm S0DM 1G
Froquoney (Hz}
GAIN and PHASE va MRCOUENCY
vs SOURCE REGISTANGE
11 P
=L e =
i E’.\, Yo = tomv ; g
) ¥
low |, \ > e
-10
of LU LN L
=19 ] | TS Wide Bw
- SRR T
K 4 Ryt ——
~0 1 Lowl, N M -600 —-—
—ao |-— H o '.‘\N Ay = 1000 ——
b ¥ [ Y
M 1oM 100M 1G
Frequancy (Hz)
GAIN and PHABE v3 FREQUENCY
vi LOAD CAPACITANCE
—TTr 10
Low |, Mogs A - 1000
R reonr |5
= Vo=t0m¥|g T
S il
N
.l \: 10
Q0 h\ . A\ 5\ =15
-10 ey L
19 e Y G, mOpF ——
-2 — Y C =B0pF —-—-
-0 [ £ AR el
e
s \\ \\\ = n
16 ) |1 1Ll
(LY 10M 100M 16
Frequancy (H12)

Phase )

©reass (7}
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BGAIN and PHASE vs TNCQULNCY
vs TEMPERATURE
R, - oo | '°
il R = 604 )
g AN\ Yo=tom¥] 4
Lom o S\ B\ 5
AN
H TN G -10
NI
o =gt E!:Msllw r\ 5 i -15
10 R [T
-20 -\\E L‘ O T I
N N T)= 4D°C ——
30 e LW L _;\
N T)e25C —-—-
s Wi NIl (e = s
TN A Y
50
el T0M 100M 10
Frequoncy (Mz)
GAIN urwd MMHASE vs FREQUENCY
vs LOAD RESISTANCE
1o
[l o | Mo =500
AT Yo tomv| &
RN, Wi DW Hitll
Low |, -\\ o
St \\\ \ -10
0 WL* ...... =sl \ =) 3
=10 Q g .'."‘_‘\
e N N wioe BW
I N ][] e —
30 "WE"\H'\ \{\ N, = 10041 —-—-
40 |41 N s 00—

- TITTTINN 1 T
1M 10 100M 16
Froquancy [H7}

QAN and PHASE vs FNECUENCY
w5 LOAD CAPACITANCE
A, = 10012 e
A5 T Re=600 | S
- Pakl .};\ V;""Q"‘V 0
it L ALIEY AN \ \ -
Wido BW Madde \ \
\ . -10
; : H g
-10 = DAL
20 |- C_-50pF —-—-
€, = zo0pF ——
ﬁ i N CL""F e s
T {
% W L L
] 108 100M 16
Fraquency (Hz)

Gasin (0B)

Gain [dB)

Gain |d3)



"YPICAL PERFORMANCE CURVES (conm)

T, = 425%C, ¥, » 15V Unlags othorwige notod

GAIN aind PHASC vs FRCOUENCY
vé POWFR SUPP|Y VOLTAGC

10
R, = 1000
LS RO 1) B o]
. Ng=10mv | 4
ot X vy
il Low . n =5
i “1g
o = 1 -15
1]
_ W E’s?md;_ g |
a0l ._';\NN\L UVy = 418Y e
. Low i, h;\-:_‘n Vg ezi2V —a—e
o T TS VoodbV — .
40 f—- \N Vg 32 26V e
= AN L L[
™ 10M 100M 19
Fraguency (Hy)
OUESCINT CUNRLNT w AESISTANCE
2 S5y
e H “L_" : i
T e S (b L 1
= [~ {15mAstR-0
§ o ﬁ.\ it i 1 =
12— |- r o HHl - R
Ll 1
[ < H ~15V
g 8 |— -
=1 +HH
2 = ! el
0 T [_J lllﬂ':ul'n i |
10 100 ® BT
Ratiztnce (1)
QUIESCENT CURNCNY vg TEMPFRATURE
7 |
l Cooling
] IR R ) g 5
- Low |, Modu
) R oo TG R
E
b i
ot “uC
8 A E St g
S N e
5 | T———
i SR s I (R S P e,
I hamist Shudown
o 1 1 =l =1
50 -26 0 25 SO 75 100 125 150 176 200

Junction Taiporatyry (“C}

Qsin (d8)

POWER SUPPLY HEIECT ION vi THEQUENCY

100
e (T T 17
§ o ! YRR
£ g0 |— L. L] e ew
.§. eo |- 14— |- ™
i Lo = - -
B o | |- |
'g so |— [0
5wl FHI
10 | —
0
1k 10k
Frequency (Hiz)
SHORT CIRCUIT CURRENT va TEMPERATURL
600
450 \< — [— -
3 L
E 400 ';:x- = Widg Bandwidth Mode™  —
; 350 e — —
ped Low I, Mody
B Ry A —= =
2o | —1 i S 5 ',.\,.-‘
200
+ 50 .25 0 25 50 75 100 125 150
Junclion Temparature (*C)
OUIESCONT CUNRNCNT ve TEMPERATURE
20
'-E' 15 f— -—-""—‘--'—-:._ .t —Thermal Shutsomm
f | \T\F\
AE 10—t t r
g Wide DV Mode Lo b ) b
D E “:‘
W
Cooling
0
-50 -2§ 0 2§ 6o b 100 125 150 175 200
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TYPICAL PERFORMANCE CURVES (conn

T = 25TV, 1BV unlass othmwise notod.

OUTPUT VOV AGL SwiNG v CGUTPUT CURRCNY

L =
I.':" -‘é L]
& I q
2 1
§ § !
- .
2 K3 o
= :

B B =11 {

& T Ty = —A0C —e P Vi 4OIC e

-1z RE T5m S0 = -1z |- T, m26°C oo,

Ny w13y J 1,71258°G —— e T,: 126C —

13 - -13 .
¢ 50 100 150 200 me ang 0 50 100 150 200 250 300 (
[Output Cureeat] (may 10utput Ciwreni| (mA) (
|
.
1
L]
.
MAXIMUM FOWLH DISSIPATION ve TEMPERATURE MAXIMUM POWER DISSIPATION vy TEMPCRA) URE !
L _ TO-220 Package Y
] "7 intinito Heal Bink $
e : {5 1l 0= G
¥ 3 i e
e £ '
=2 i e et o) D ! : \: ;
§. A-Pin NP "'—ﬂrm Air g X ;
B U - '°°"¢"‘"‘\ \-“ 850 g % 70220 Package Nl .
= Froa Al N |
i R . [ At 6 e ;
o k4 B d A€ 2
506 .. L7 ~or e — ¥ *-..‘ i |
M = 150°CAY S35y ' i ‘—;1"-'.. X [}
[+] L 1 1] s (
~S0. %6 o0 28 5 75 900 128 180 80 25 0 2 s 75 100 125 160
Ambien Temperatura (") Ambignl Tenpsrature (*C) |
I
L3
L]
.
(
SMALL SIGNAL REGRONSE . 1ARGE-SIGNAL RCSPONSE (
M, = 500, R = 1060 R, » 500, A, « 1000

| SEpE

\

100mVidy 10V/div

Wide BW

Low i,
Mode

A4-29



APPLICATION INFORMATION

Figure 1 is a simplified circuit disgram of the BUFG
showing its opcn-loop compleincntary follower design.

Thennal
Shirtdouwn

d
m} [H-H—HE

- —
1
i |‘m
4 > 1500
J':: o q)
°F
Q jﬁ
BwW V-
Slgnal path Fdicated in boid.

Nola :(1) Stage cumanty are est by |,.

FIGURE . Simplificd Circuil Diagnum,

Figure 2 shows the BUI634 connccied as an open-loop
buffer. The source impedance and optional input resistor, Ry,
influcnee frequency response——see (ypicul curves, Power
supplics should be bypassed with capacitors connected close
10 the device pins. Capacitor valucs as low as O, 1UF will
assure siable operution in most applications, but high output
current and fast output slewing can demand large curvent
transicnts from the power supplics. Solid 1antalum 10pF
capachiots am recommended.

DIP/SO-8
Pinout shown

Ve v
Q
i
1 =¥ \
ey Oplional connection for

wicio bandwidth — sea tox)|.

FIGURE 2. Buffcr Connections.

High frequency open-loop spplicions may Lenefit from
specind bypassing and layow  vonsiderations- see “High
Frequeney Applications™ at end of applications discussion,

OUTPUT CURRENT

The BUF634 can deliver wp 10 £250mA continuous output
current. Intlemal cireuitty limits olitput current 1o approai-
mately 4350imA—sec typical perdormance curve “Short
Cireuit Current vs Temperature”, Fey many applications,
however, the continuous mtpul current will be limited hy
thermal effecig,

The owtpur volluge swing, capability varics witli junction
terperature and output current- - see typical curves “Quiput
Voltage Swing vs Quiput Current.™ Although all three: pack-
age types e lested for the sume output porfonnunce using
u high speed test, the higher junction temperatuccs with the
DI and SO-8 package types will afien provide less ounlpl
voltage swing. The TO 220 package cim be used with a heat
sink 10 reduce junction temperature, allowing maximum
possible outpul swing.

THERMAL PROTECTION

Power dissipated in the BUFGIM will cause the junction
femperature 1o rise. A thermal proteciion circuil in the
BUFG34 will disuble the ouiput when the junction temyera-
ture reaches approximately 175°C, When the thermal pro-
tection is activaled, the output stage is disabled, allowing the
device lo cool. Quicscent current is appwoximalely 6mA
during thennal shutdown. When the junction temperature
cools to approximately 165°C 1he output circuitry is again
enabled. This can cause the protection circuit to cycle on and
off with a period ranging fyom u fruction of a sccond to
several minules or more, depending on package type, signal,
luid und thermal ¢nvironment.

The: thenmid protection eircuit is designed ta provent damage
during, slmonnal conditions. Any lendency to aciivaie the
thermal protection circuit during normial operation is a sign
of an inndequate heat sink ar excessive pawar dissipation for
the package type.

The 5-pin 10-220 package provides best thermal poefors
manee. When used with a properly sized heat sink, output of
the TO-220 version is not Jimited by thermal i fonnunce.
Sec Application Bulletin AB-037 for details on_hcat sink

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

clcetncully coanceted to the V- power supply.

The DII and SO-B surface-miount packages arc excellent for
upplications requining high output cunent with low average
power dissipation.

To achicve the best possible thennul performance with the
DIP or $O 8 puckages, solder the device dircetly (o a ciicuit
buard. Since much of the heat is dissipated by conduction
through the package ping, sockets will degrade thermal
performance. Lise wide circuit boaid traces on all the devige
ping, including ping that are nat conngcled. With the DIP
package, use: truces on hoth sufes of the printed circuil board
if possible.
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Vi

'BW
1
™
NOTC: (1) G, not mquired —ra® e
Widu DW mode
for mos| conwnon op amps. (¥ toquicna)

Usn with unity gain stahlo
high speed o AME.

OP alpr HECOMMENDATIONS

QPAITT, OPAI0YY | Use Low |, mode. G - § stubly.
OFA1YY, OPA2111
OPRAl21

OPA27, OPAZIDT
OPAEOL, OPALDS
OPAGZ7. OPARDA

e . b —
Low {, made iy siablc. Increasing C, inay causa
eigassivo ringing of instatality. Use Wida BW miade,
Uza Wese GW moxde, €, : 200pF. G = | siabis.

OPnG37, OMASY

Uso Wido uwm.Tm:«mMur:mG-\

slablo. Use in G » 4.

FIGURE 3. Bousting Op Amp Ouiput Current.

POWER DISSIPATION

Power dissipation depends on power supply vollage, signal
and load conditions. With dc signals, powes dissipation is
equal (o the product of oitpul current fimes the vollage
aciess (he conducting output trmsistor. Power dissipation
can be minitnized by using the lowest possible power supply
vollape_nccessaly 1o assure the fequired outpul voltage
swing.

Tor resistive loads, the maximum power dissipation occurs
at & de output voltuge of onc-hull the power supply volluge,
Dissipation with ac sigaals is lower, Application Bulletin
AR-039 explains how to culculuie of mcasurc power dissir
il

pation with unusual signals and loads.

Any tendency 1o activale the (hermal protection girenil
indicates excessive power dissipation or am inadequate heat
sink. For reliable operation, junction temperaturc should be
limited o 150°C. maximum. To cstimaic the margin of
safely in a compleie design, increase the ambient lempera-
ture until the thermal protection is triggered, The thrermal

protection should trigger morc thun 45°C above the muxi-

mum cxpected ambient condition of your application,

INPUT CHARACTERISTICS

Intemnal circuitry is protected with s diode clamp connccted
from il input to output of the BUFG3  sec Figure 1. IM the
output is unable 10 follow the input within approximately 3V
(such as with an output shion-circuit), the input will conducl
increased current from the input source, This is limited by

Ahe juternal 2000 resistor, U the input source cun be dum-
aged by this increasc in loud cunent, an additional resistor
can be connceted in series with the input,

BANDWIDTH CONTROL PIN

‘Ihie -MdB bandwidih of the BUI634 is approximately 30MHy.
it the Jow quieseent current mode (1.5mA typical), To sclect
this mude, leave the bindwidth control pin apen (no connec-
lion),

Bandwidth can be extended to approximutely 18OMHz by
connecting the bandwidih control pin to V-, This increases
the guicscent current to approximutely 15mA. Intermediite
bandwidths cun be st by connecling a resistor in series with
the hundwidih control pin  scc wypical curve "Quicscent

A4-31

ol the bandwidth control pin ¢an be seen in the simplificd

Current vs Resistanee for resistor selection, Characteristics
cirenit diagram, Figure 1, I

"The rated output cupem and slew rate are not affected by the
bandwidth couleol, but the curteat limit value changes sliphtly.
Output vollage swing is sumcwhat improved in the wide
bundwidth made. "The increused quicscent current when in
wide bandwidth mode priduces greater power dissipation
during, low output current conditions. “This uicscent puwey
is cquul 1 the 1otal supply voltage, (V4)+I1V-, times the
quicscent cunent.

*BOOS'HNG OP AMP OUTPUT CURRENT

The RUFGI can e conneeied inside the feedback loop of
0§l Op AMPS 10 INCICASE oulpul culti—see Figurc 3.
When connceted inside the feedback loop, the BUF634s
offsct voltuge and cther crmors ure corrected by (he feedback
of the op amy,

T'o assure that the op amp remains stable, the BU634's
phiase shift must ramain small throughout the loop gain of
the circuit, For a G=+1 op wnp circuit, the BUF634 must
contributc littlc sdditionial phase shift (approximatcly 20” or
less) at the unily-gain frequency of the op amp. Pliasc <hifl
is affected by various operating conditions that may affect
stability of the op amp—sue 1ypical Gain and Phasc curves,
Most gencral-purpose or precision op wnps Femain unity-
pain stable with the BUF634 conmected inside the feedback
Joop us shown, large capacitive loads may require the
BUI634 10 be connected for wide bandwidth for stable
operstion. High speed or fast-sellling op amps generally
vequire the wide bandwidth mode 10 remain stable and to
assure pood dynamic performance. To check for stubility
with i op amp, look for oscillations or excessive ringing oh
signal pulses with the intended lond and worst case candi-
tions that affect phase response of ithe buffer.

HIGH FREQUENCY APPLICATIONS

The BUF634's excelicnt bandwidih und fast slow rate make it
useful in u varicty of high (requency open-loop applications,
Whicti operated opon-loup, cireuit board layout and bypussing,
wechinique can affect dynamic perfomunee.

lior bst results, use a ground plunc ty pe circuit board layout
and bypass the power supplies with O.Ipl ceramic chip



Sapacitors at the devies ping, Source resistance will ylfect
high:frequency peaking and step response. uvershool and
ringing. Best response s usually achicved with ascries inpit
resistor of 250 10 20062, depending on the sipnal source,
Response with some Joads (especially cupacitive) can be
improved with a resistor of 1082 to 15062 i scrics with the
oulpul,

Lrvas hoadphonns
"1 ar gmal speakars

- H, » 1004}
J U |10
0.015%

1Rz
2ohlr! 0.0Z%

FIGURE 4, High Performance Headple Driver.

v 1 I_

NOTE: (1) Syslem bypass vapaaitors.

FIGURE §, I'scudo-Ground Driver,

>

__[ 100

FIGURE 6. Curvent-Output Valve Diiver.,

FIGURE 7, Bridge-Connceted Motor Driver.

FIGURE R. Diffcrential 1ine Driver.
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BURR-BROWN®

PGA202/203

Digitally Controlled Programmable-Gain
INSTRUMENTATION AMPLIFIER

FEATURES

® DIGITALLY PROGRAMMABLE GAINS:
DECADE MODEL—PGA202 ‘,\
GAINS OF 1, 10, 100, 1000
BINARY MODEL—PGA203 S
GAINS OF 1,2,4,8
® LOW BIAS CURRENT: 50pA max
® FAST SETTLING: 2us to 0.01%
— @ LOW NON-LINEARITY: 0.012% max
® HIGH CMRR: 80dB min
"

® LOW COST

'DESCRIPTION

Plastic package covers the commercial range.

Covered by U.S, PATENT 44,383,422

Intsmational Alrpont Industrial Park « Malling Address: PO Box 11400
Toki(602) 7461111+ Twx:910-9524111 » Cable: BBRCORP

e
T

® NEW TRANSCONDUCTANCE CIRCUITRY

The PGA202 is a monolithic instrumentation ampli-
fier with digitally controlled gains of 1, 10, 100 and
1000. The PGA203 provides gains of 1, 2, 4, and 8.
Both have TTL or CMOS-compatible inputs for easy
microprocessor interface, Both have FET inputs and a
new transconductance circuitry that keeps the band-
width nearly constant with gain. Gain and offsets are
laser trimmed 1o allow use without any extemal com-
ponents. Both amplifiers are available in ceramic or
plastic packages. The ceramic package is specified
over the full industrial temperature range while the

APPLICATIONS

® DATA ACQUISITION SYSTEMS
® AUTO-RANGING CIRCUITS

® DYNAMIC RANGE EXPANSION
® REMOTE INSTRUMENTATION
® TEST EQUIPMENT

Vos Adjust

[¢] [s]

l = 10] Fiter

]
"VNE— Eront 7 YV E]Sensu
End u
od y
‘V"E___ Circuits —I-— ;m‘ z]-vﬂﬁ
2

5.3pF
= E] Filter A

]2 14]

Ay A, Digital Common

+ Tucson,AZBSTM - Sweel Address: 6730 S. Tucson Bivd, + Tucson, AZ 85706
+ Telax: 0566491 . FAX: (602) B83-1510 » ImmedLate Product Inlo: (B00) 548-6132

INSTRUMENTATION AMPLIFIERS H PGA202/203
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SPECIFICATIONS : PE

ELECTRICAL
AL 425°C, Vo = £15V unless otherwise noted,

PGA202/203AG™ PGA202/203BG™ PGA202/203KP™
PARAMETER CONDIMON MIN TYP MAX MIN TYP MAX MIN TYP MAX ut
GAIN
Error™ G < 1000 0.05 0.25 £ 0.15 . - %
G = 1000 0.1 1 0.08 0.5 I z s
Nonlinearity G < 1000 0.002 | 0.015 ¢ 0.012 . 2 ¥
G = 1000 0.02 0.08 % 0.04 ® . L]
Gain vs Temperature G <100 3 25 i 15 » por
G =100 40 120 5 60 2 ppr
G = 1000 i 100 300 e 150 * ppr
RATED OUTPUT
Vohage lloyl < SmA 10 $12 1 . * 5 }:
Over Specified Temperature Sea Typical Perl. Curve E=) ¢ 4 £10 1
Current Vounl <10V 15 +10 i ® " % L
Impedance 0.5 * % [}
ANALOG INPUTS .
-Mode Range £10 | 213 . s & 2 \
Abolute Max Voitage™ No Damage ; Ve, 4 . \
Impedance, Differential ’ 1013 v . Ga;
Common-Mode 10 || 1 s A Ga -
OFFSET VOLTAGE (RT) <
Initial Offset at 25°Cto 2054+ | 22+ i 1+ 2 a m
S/G) | 24/G) 12/G)
vs Temperature . 23+ | (24 + G 212 + . o Ve
50/G) | 240/G) 120/G) J
Otiset vi Time 50 : * RV
Ofisat vs Supply 105V, 515 10+ | 100+ L) 50 + Y % By
250/G | 900/G 450/G
INPUT BIAS CURRENT ]
Initial Blas Cument: at 25°C 10 50 L y 8 s [
at 85°C ’ 640 | 3200 . . ' s p¢
Initial Otfset Current:at 25°C 5 25 * = 2 . B
at 85°C 320 1600 . 2 o 2 P
COMMON MODE REJECTION RATIO
Gat 80 100 * 2 * P dE
G=10 86 110 ¢ ’ * i dE
G =100 92 120 * % - * . di
G = 1000 94 120 2 2 % *: dE
INPUT NOISE :
Noise Voltage 0.1 to 10Hz 1.7 i . 1Vp-
Noisa Density at 10kHz ™ 12 2 e aviY
OQUTPUT NOISE
Noisa Voltage 0.1 to 10Hz 32 . * BVp
Density at 1kHz® 400 3 y Vi
DYNAMIC RESPONSE
Frequency Respanse G < 1000 1000 o A =
G = 1000 250 # - kH:
Full Power Bandwidth G < 1000 400 ¢ = 3
) G = 1000 100 ) ® =
Slew Rate 10 20 15 * . 2 Vi
Settling Time (0.01%)™ G < 1000 2 ) . 1]
F G = 1000 X 10 2 s ks
Overload Recovery Time™ G < 1000 5 * - Bs
G = 1000 10 * = [
DIGITAL INPUTS . : - 3
Digital Common e =V, Ve~ 8 i H 4 2
Input Low Thresm’ 4 2 G ¢ * v
Input Low Current = . : 10 > i * pA
Input High Voltage ; 24 d . ) . v
Input High Current 10 s o b ¢ pA
POWER SUPPLY S
Rated Voltage 15 : £ o v
Voltage Range 6 £18 ® L . . v
Quiescent Current 8.5 5 e mA
TEMPERATURE RANGE
Specification s -25 8s . . 0 70 <
Operating | 55 125 & . -25 85 °c
Sloraga -85 150 ' . —40 100 °c
8, . 100 8 G N

° Same as the PGA202/203AG

NOTES: (1) All specifications apply to both the PGA202 and the PGA203. Values given for a gain of 10 ars mun:u for again ol 8 and other values may be Interpola:

(2) Measured with a 10k load, (3) The analog Inputs are intemally diode damped. (4) Adjustable 1o zero. (5) |/ — v, seutl + (Vi e/ GaiN),
(6) Threshold voltages are referenced 1o Digital Commen. (7) From input change or gain change.
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PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Top View D Supply Voltage 18V
Ae [0 \_/ (1] Digital Common Internal Power Dissipation 750mW
Analog and Digital Inputs £V, +0.5V)
Ay E E] “Vee Operating Temperature Range:
G Package —55°C 1o +125°C
e [3] 12] Vour P Package —40°C 10 +100°C
Lead Temperature (soldering, 10s) 300°C
Voer (4] [11] Vour Sense Output Shen Clrcuit Duration Continuous
Finera [5] [10] Finer 8 Junction Temperature 175°C
Vea Adust [¢] 5] Vos Adust
v [T 8] v
PACKAGE INFORMATION™
PACKAGE DRAWING
MODEL PACKAGE NUMBER
PGA202KP 14-Pin Plastic DIP 010
PGAZ02AG 14-Pin Ceramic DIP 169
PGA2028G 14-Pin Ceramic DIP 169
PGA203KP 14-Pin Plastic DIP 010
PGA203AG 14-Pin Ceramic DIP 169
PGA2038G 14-Pin Ceramic DIP 169
NOTE: (1) For detalled drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
ORDERING INFORMATION
TEMPERATURE | OFFSET VOLTAGE
MODEL GAINS PACKAGE RANGE MAX (mV)
PGA202KP 1, 10, 100, 1000 Plastic DIP 0°C 10 +70°C (2 + 24/G)
PGA202AG 1, 10, 100, 1000 Ceramic DIP —25°C 10 +85°C (2 + 24/G)
PGA2028G 1, 10, 100, 1000 Ceramic DIP -25°C 10 +85°C {1 + 121G}
PGA203KP 1,2,4,8 Plastic DIP 0°C to +70°C £(2 + 24/G)
PGA03AG 1,2,4,8 Ceramic DIP -25'C 10 +485°C £(2 + 24/G)
PGA2038G 1,2,4,8 Ceramic DIP —25°C 10 485°C (1 + 12/G)

The inlormation provided harein Is believed to be reflabla; however, BURR-BROWN assumes no responshility lor Inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and alt use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notica. No patant rights or icenses 1o any of the creuits described harein are implled or granted to any third party. BURR-BROWN does not authorize of warrant
any BURR-BROWN product for use in life support devices and/or systems.
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TYPICAL PERFORMANCE CURVES

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

GAIN vs FREQUENGCY GAIN ERROR vs FREQUENCY
80 10
Tt i “
60 =
\h i d
40 = ———
= ® AL }n
m
2 20 - 107
£ ™ E
s = G=1
0 = 3 .
\ 102 = == d
=20 H B 1
” T 1 e
~40 109 ' I
1 160165 = apt e et iqet o’ 1 10 10t 109 104
Frequency (Hz) Frequency (Hz) y
CMRA vs FREQUENCY PSRR vs FREQUENCY
& TR i
Gai
0 L 00, 1000 pons a
~ .H(-- A L Ge 1
L~ 7
z 8 s LA LT 5 80
g G = 10 Tl | T iny g I
o ""'“-._._ i~ M o< Gm B3R
g il LS Sl
o LT &
"'-.,___\
0 0 T
!
—40 =40 =
1 10 107 107 104 10* 10* 1 10 10* 102 10! 10° 1
Frequency (Hz) Frequency (Hz)
INPUT NOISE vs FREQUENCY OUTPUT NOISE va FREQUENCY
104 =3 = 10!
H-l I EE 1 L | L H . e .-[!I
1 1T i |y 1 =% 1
100 il 10
lg:: i HEHI i i = 1 T i i
z [ iz
z 0 g_ HE— _ Z 102 =
2 i = T 3 1 il T
= T~ T z B
10 e e 10
e atH sl ety
|
' ] L1 : i i l

1 10 102 10? [ 10% 1 10 108 10° 104 1<
Fraquency (Hz) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CONT)

T, = 425°C, Vy = 215V unless otherwise noted,

QUIESCENT CURRENT vs POWER SUPPLY

10
8
z (]
4
2
]
& 9 12 15 18
Power Supply (+V)
INPUT RANGE vs POWER SUPPLY
18

12 /

£
: ! L~
>
4
]
[] 9 12 15 18
Pawer Supply (2V)
OUTPUT SWING vs LOAD
15
10
3
]
1]
1] 500 1000 1500 2000
Load (02)
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Input Bias Current (pA)

Settling Time (ps)

INPUT BIAS CURRENT vs POWER SUPPLY

12
1
10 e
9 e
8
7
0
6 9 12 15 18
Power Supply (V)
OUTPUT SWING vs POWER SUPPLY
15 T
Ty =+25°C
N
10
// T, =26%C
5 =
0
6 9 12 15 18
Power Supply (V)
SETTLING TIME vs FILTER CAPACITOR
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4
2
-4
0 10 20 30
Filter Capaditor (pF)



TYP]CAL PERFORMANCE CURVES (CONT)

= +25°C, V; = £15V unless otherwisa noted.

QUIESCENT CURRENT vs TEMPERATURE INPUT BIAS CURRENT va TEMPERA
10 —-
a -_—
~ = 10*
g iz
Z
< o
E 4 § A
-] §. 10
2
e
1] 1 =
-50 ~25 (1] 25 50 75 100 -50 -25 0 28 g
Temperature (*C) Temperature (*C)

CURRENT LIMIT vs TEMPERATURE

SLEW RATE vs TEMPERATURE
25 2
P—
20 E- 20 —
3 =L E
= g
15 o» 15
10 10
-50 -25 Q 25 50 75 . 100 -50 -25 ] 25 50
Temperature (*C) 2 Temperature (*C)
OUTPUT SWING vs TEMPERATURE . LARGE SIGNAL RESPONSE
14 ¥ - 3 H
12
e
510 v
> /
8
6
=50 -25 0 25 50 75 100
Temperature (*C)
A Ten
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TYPICAL PERFORMANCE
CURVES (conrT)

T, = 425°C, Vo = £15V unless otherwise noted.

SMALL SIGNAL RESPONSE

DISCUSSION OF
PERFORMANCE

A simplified diagram of the PGA202/203 is shown on the
first page. The design consists of a digitally controlled,
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 technique that allows for fast settling when changing
gains. The result is a high performance, programmable
instrumentation amplifier with excellent speed and gain
accuracy. =

The input stage uses a new circuit topology that includes
FET buffers to give extremely low input bias currents, The
differential input voltage is converted into a differential
output current with the transconductance gain selected by
sieering 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
€ommon mode rejection is not limited by the resistor match-
ing. However, the output resistors are laser-trimmed 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 1pF
lantalum capacitors placed as close to the amplifier as
Possible for maximum performance. To avoid gain and
CMR enors introduced by the extemal components, you
should connect the grounds as indicated. Any resistance in
lhel sense line (pin 11) or the Ve line (pin 4) will lcad to a
Bain ervor, so these lines should be kept as short as possible.
Also to maintain stability, avoid capacitance from the output
1o the input or the offsct adjust pins.

-

T o wersivY My 0 WYY VIV W IVe {vvn vinyy

Vour

FIGURE 1. Basic Circuit Connections.

OFFSET ADJUSTMENT

Figure 2 shows the offset adjustment circuits for the PGA202/
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 slightly 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 after each gain change for opti-
mum performance.

In the output offset 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-
tain full accuracy over the entire frequency range of the

" PGA202/203. For these reasons we recommend the OPAG602

as an excellent choice for this application,

FIGURE 2. Offset Adjustment Circuits.
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FIGURE 9. Floating Source Programmable Gain Instrumen- Van= 20V, £ 1
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FIGURE 12. Programmable Current Source.
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FIGURE 13. Cascaded Amplifiers.
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INNOVATION and EXCELLENCE

PC-414

High Speed Analog Input Board for

IBM-PC/AT™, PS-30, or EISA Computers

FEATURES

« Up to 5MHz A/D sample rate

+ Very low harmonic distortion

* Analog input comparator trigger

+ Choice of 12 or 14 bit A/D resolution

+ Optional 2 or 4 channel simultaneous sampling

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

+ Ideal 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 bandwidth is
available up to 2.5MHz and may be sampled at up to 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 different 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-selecled times one

or times ten for two channels. This offers one-volt input ranges
for receiver signal measurement. The input configuration is ex- .
cellent 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-
ing of multichannel correlated signals. Applications include

high speed cross-channel computation, beam-former cohe-
rency for sorfar or acoustics, telemetry, multiple carrier de-
modulation, and highly concurrent system testing.

A/D data passes to an on-board First-In, First-Out (FIFO) data
memory and then to the host computer bus interface under
software control. The FIFO acts to decouple the precise timing
of the A/D section with the block-oriented data transfers 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 “seamless” wide-
bandwidth signals of millions of samples or greater. Functions
such as FFT sampling cannot tolerate lost samples without in-
creases in “arithmelic” noise during computation processing.

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

e N A A T R L T N e
% le— SSH Control
:[ M Reset J
Analog u *D_ Sampling FIFO vﬁL—T'D— s
cr::::le's s A/D Converter Memory Parallel
L X ! Outport
Pluggabla Analog Section S aput
Emply Hall Ful i e i
wdﬁ?or:'c;ls;§_m * =s1— Acknowledge Input
o EOC Channel Address Sequencer -=t— Extemal Enable Input
D/AConverter £ /]
Trigger In 9 Hi il L e
G
binon & Comparalor y D/A Output
Analog Trigger
9 Tngg o £ External Clock Input

(Not avail. on 414 "dot")

%‘\\DLMHZ

! Trk
igger Conlrol l
gr::"'::' - ‘rl"'r Base Address A
I 7
) Half
L| 82C54 Programmable Interrupt Ful DMA 1/0 Bus DCc/DC
Interval Timer Request : Ll Request Interface Power Converter
[—
DMA 7
TiC A +5V
< PC/AT BUS >

Figure 1. PC-414 Block Diagram

Copyrights for products mentionad In thia larsture ars held by thelr respective owners.
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PC-414

D LOVANEL

The FIFO data output may also be routed under host software
control 1o an on-board parallel data port instead of being sent
to the computer bus. This parallel burst channel data may be
read by an external processor at very high speeds and avoids
possible speed restrictions of the computer bus. The outport
uses a very simple ready/acknowledge transfer handshake
which is adaptable to any remote parallel port including DT
Connect®,

The analog section of the PC-414 is optimized for high signal
quality and very low dynamic noise. The PC-414 is ideal as an
FFT “front end” or DSP quantizer for array 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
sample 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 I/O status registers and/or programmable interrupts.
The interrupt method may be fully synchronized with software
programmable DMA transfers directly to host computer
memory.

S/H-A/D triggering may use several sources under software
control. The internal timebase is the normal trigger source al-
though single conversions or scans may be directly com-
manded by host I/O register writes. An external trigger clock
may also be used to precisely synchronize sampling with ex-
ternal events. This external trigger may start a single multi-
channel scan or “N" multiple scans separated by programma-
ble delays.

Analog sampling may also be level-triggered using an on-board
analog comparator and an external level input. The reference
trigger level to the comparator is derived from an on-board 12-
bit D/A converter. If preferred, the D/A converter may also be
used 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
external 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 /0
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 full,

A/D output data coding is right-justified two's complement with
sign exiension. 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
arithmetic instructions for all microprocessor assembly lan-
guages and math coprocessors. Straight binary coding may
also be selected.

A high-etficiency, low noise DC/DC converter provides quiet
power lo linear sections. PC-414A - G analog inputs use rear
SMA coaxial threaded connectors (DB-25 for 414E). The burst
channel parallel output port uses an internal 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 to the display type and mouse.
The program sets the /O base address, interrupt and DMA

syslems, loads registers and D/A converter data, starls timers
and saves data to disk or memory. The entire hardware con-
figuration may be saved to disk. The software also includes
AJ/D-D/A calibration procedures. i
A/D data may be sent to base memory (below 640K) either by
DMA, program transfer, or extended memory (above 1Mb).
Disk data formats include binary integer, IEEE-754 binary
floating point, and ASCII fioating point (Lotus PRN format).
The setup program is also available in source language for-
mat and includes fast assembly language modules which may
be linked fo 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 functions such as FFT's and
statistical 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.

Simultaneous 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 errors 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

Channel 0

/

Simultaneous

Sample/Hold
(SSH), model S ~=—— Dala errors for non-SSH
PC-414 caused by sampling

skew delays.
[®] pATEL's ssH DESIGN

(® wITHOUT SSH TECHNOLOGY *

Figure 2. PC-414 Simultaneous Sampling
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DIANEL PC-414
FUNCTIONAL SPECIFICATIONS
(Typical at +25°C, dynamic conditions, gain = 1, unless noted.)
ANALOG INPUTS 414A 414B 414C 414D 414E 414F 414G
Number of channels 4 simul. 4 4 1 16S/8D 2 simul. 2 simul.
Input Configuration
(non-isolated) SE SE SE Ditf. SE or Diff. SE SE
Full Scale Input Ranges | 0to 10V 0to 10V Oto 10V 5V Oto 10V Oto 10V 5V
(user-selectable) 10V =10V 10V +10V 5V 0to 10V
(gain = 1) [Note 1] 5V 5V 5V t (special)
[Note 1]
Input Blas Current +1nA +1nA +1nA +=1nA +1nA +1nA z1nA
Input Overvoltage
(no damage) +15V +15V +15V 15V +15V 15V +15V
Overvoltage Recovery
Time, maximum 2us 2us 2us 2us 2us 2ps 2us
Common Mode Voltage
Range, maximum — — - +1V =10V — -
Input Impedance
[Notes 6 and 10] 10MQ 10MQ 10MQ 2kQ 100MQ 1kQ 1kQ
SAMPLE/HOLD
Acquisition Time
(FSR step)
10 0.01% of FSR, max. 900ns 750ns 200ns 50ns 750ns 165ns 350ns
[Note 11)
Aperture Delay +15ns +20ns +20ns +10ns +20ns +20ns +20ns
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
LSB of FSR =1 +1.5 =1 2 1 =1 +1.5
Differential Non-linearity '
LSB of FSR +0.75 +1 +0.75 +1 +0.75 1 +1
Full Scale Temperature
Coefficient (LSB per °C) 0.1 +0.3 +0.1 0.1 +0.1 +0.1 +0.3
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 1ps
(single channel, gain = 1) [Note 9]
Throughput to FIFO
(sequential channels, 250ns 500ns
gain = 1) [Note 4] 1us 3us 2us — 2us (2 chans.) | (2 chans.)
Total Harmonic Distortion
FS Input [Note 3] -72dB -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
(DC - 60Hz)
Addressing Modes

-80dB (g = 100) (414E)

1. Single channel

2. Simultaneous sampling
3. Sequential with autose-
quenced addressing

4. Random addressing by
host software

Trigger Sources
(Software selectable)

A/D Sample Clock

straight bin. (unipolar) or right-
justified 2's comp. (bipolar)
with sign extension thru bit 15.
1. Local Pacer frame clock
2. External TTL frame clock
3. Analog threshold comp.
1. Internal programmable
82C54 timer

2. Ext. TTL input, active high
(PC-414 “dot" only)
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PC-414 [ODVANEL
S R T S R S )
A/D MEMORY PARALLEL DATA PORT
Architecture First-In, First-Out (FIFO) Qutport Type 16 data output lines, TTL
Memory Capacity 1024, 4096, or 16,384 A/D levels from A/D FIFO. In-
samples cludes handshake signals
TRIGGER CONTROL and FIFO flags. The outport
does not provide addressing.
Programmable Interval B2C54 Operating Modes Asynchronous master to ex-
Timer Type temnal slave receiver. On PC-
Functions 1. A/D sample count reached

Pacer Sample Counter

82C54 Clock Source

Scan Trigger Clock
Analog Trigger Input
Range [Note 5]

Analog Trigger Response
Analog Trigger Hysteresis

2. A/D start rate (16 bit divisor)
3. SSH sample counter (414A)
3 to 65,536 samples. Drives
the Acquire flag/interrupt gate
for A/D start pulses.

1. Internal BMHz crystal clock
2. External TTL input, 10MHz
max. On PC-414 “dot" models
only, the 82C54 is clocked
only by the internal 8MHz
source.

125, 250, or 500kHz

+10 Volts (not avail. 414D)
2ps to set status flag
40mV

ANALOG OUTPUT (not avail

able PC-414D)

Number of Channels
Function
(user-selectable)

Resolution

Output Voltage Range
(user-selectable)

Linearity

Settling time
(10V step)

Input Coding
(user-selectable)

One channel

1. General purpose analog
output

2. Threshold comparator for
A/D trigger.

12 bits

0to +10V, = 5V and =10V
at 5mA max,

+0.05% of FSR

5 microseconds to 0.05%

Same as A/D section

Parallel Port Loading

Parallel Port Connector

Port Data Rate

414 “dot” models, 4 modes
are included, offering internal/
external clocking (to 10MHz),
synchronous/asynchronous
handshaking. Sequencing is
adaptable to DT Connect®.
24mA out, 1.6mA in. On PC-
414 “dot” models, the data
outputs may.be 3-stated for
shared bus connection.

2-row 26-pin header type mount-
ed on board interior, 0.100" pin
spacing suitable for flat cable.
Scramble pads are included to
reconfigure the pinout order on
PC-414 “dot’ versions. Pinoutis
adaptable to DT Connect®.
4MHz maximum. On PC-414
“dot” models, data may be
transferred up to 10MHz with
external clocking

DIGITAL I/O PORT (PC-414

“dot” models only)

PC/AT BUS INTERFACE

Architecture

/O Mapping
Data Transfer

Data Bus
Direct Memory Access

DMA Request Conditions
(software selectable)

Control/Status Functions

Number of Interrupts
[Note 14)

Bus Interrupt Sources

1/0 mapped, pluggable to
IBM-PC/AT, PS-30, EISA bus
and compatibles. Decodes
eight 16-bit I/O registers.
Decodes I/O address lines
A9-AQ,

1/O transfer or host DMA, soft-
ware selectable.

16 bits,

1 channel, selectable on chan-
nels 5, 6, or 7, set by software.
FIFO full, half full, not empty,
scan acquire flag (sample
count reached).

Board reset, FIFO flags, inter-
rupt select and status, DMA
select and status, trigger
source, timer control and peri-
od, sample count load, parallel
outport enable, A/D enable,
MUX auto-sequence.

1 interrupt, selectable on level
7,9 thru 12, or 15. The inter-
rupt level is set by software.
Scan acquire flag (sample
count), FIFO full or half full,
DMA terminal count from bus.

Connector

Configuration
Levels

Outport Settling Time

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

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

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

MISCELLANEOQUS

Analog Section Modularity

Analog Section
Adjustments

Analog Input Connectors

Multipurpose Connector
[Note 8]

Operating Temp. Range
Storage Temp. Range
Humidity

- Altitude

Power Required

QOutline Dimensions
(105" long 414 *dot”)

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

Oftset and gain per channel
for SSH on PC-414AF,.G. A
single offset and gain pot is
provided on PC-414B,C,D,E.
Recommended recalibration
interval is 90 days in stable
conditions.

Four SMA miniature coaxial,
mounted on rear slot. [Note 8]
5th SMA user-selectable for:
1. Pacer trigger input

2. Analog threshold compar-
ator input

3. D/A output

010 + 60°C

-25 1o +85°C

10% to 90%, non-condensing
0 to 10,000 feel. Forced
cooling is recommended.
+5V dc @ 3.5A max. from
AT bus.

4.5 x 13.31 x 0.625 inches,
compatible to PC/AT bus.
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PC-414

TECHNICAL NOTES

1. Resistor-programmed gain from X1 to X100 is available
on PC-414E 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.

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

3. THD test conditions are:

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

2. Generator/filter THD is -90dB minimum.
3. THD computed by FFT 1o 5th harmonic.
(V22 + V3% 4+ V4?2 4 V52 )05
Vin
4. Inputs are 1/2 full scale. No channel advance.
5. A/D trigger rate = 1.5MHz (414A), 500kHz (414B,C,E),
4MHz (414D), 2MHz (414F), 1MHz (414G)

THD = 20 * log10

4. The rates shown for 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 rale on any one
channel would be 2ps X 4 channels = 8ps (125kHz per
channel).

5. For fastes! response on the analog comparalor trigger,
keep the reference voltage near the trip input voltage. To
avoid overload recovery delays, do not let the trip input
(or any other analog input) exceed £10V,

6. The inputimpedance of 10MQ minimum 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 1o reduce reflections
and standing wave errors.

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

8. A 25-pin DB-25S connector is used for the PC-414E,

9. 5MHz sampling on PC-414D requires an external clock.
Maximum on-board sampling is 4MHz.

~

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

11, PC-414G acquisition time is 250ns to +0.003% of FSR.

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

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

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

FIFO DATA FORMAT

A/D data is delivered as a stream from the FIFO memory. For
multichannel inputs, this means that data is multiplexed. For
example, for 4-channel inputs, the output channel sequence is
(L 9208 M T EOPSE R Some applications may need this
data de-multiplexed by software 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 I/O port, additional data port modes (including DT®
Connect) and other minor changes. The PC-414 “dot" 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 I/O base address.

Initializes the interrupt and DMA systems and D/A output.
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 I/O block transfer.
Selects disk file output format to integer binary, fioat bi-
nary, or ASCII float.

Saves data to base memory, extended memory, or disk.

* Full source code in “C" and assembly is available.

* MS-DOS or WINDOWS version (visual “C" interface).

* e s 8 8 s @

Binary A/D Data
. Analog Fie
Inputs

Parallel
Port

Array
Processor
Board

DSP

Arrays |
< PC/AT Bus >

CPU Disk 8
Contrallac [——| Mass Storage

Display

Graphics
Controller

Display

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

The base address may be selected anywhere up to 3F0h 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 + 6 Write FIFO Rese! Register

Base + 6 Read FIFO A/D Data Register

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

Base + 0Ah | Read/Write | Counter #1 (82C54)
Base + OCh | Read/Write | Counter #2 (82C54)
Base + OEh | Read/Write | Control Register (82C54)

Al power-up or PC bus reset, all registers contain zeroes ex-
cept 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 I/O word operations.

Command Register (Write BASE + 0)

1514 1131211|10 9| B 7| 6 41 3| 2 1] 0
DMA | Intrpt | DMA| Intrpt| Pr/| Trg| Aut|Sen| Cn| Trg

102 1 0 0] 1.0

Lvl Lvl Req | Req | Bus| Pol| Inc| En | En| Src |-

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

Trigger Source 0 = Sample from the internal trigger
[Bit 0] 1 = Sample from the external 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 external 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 0 = One A/D conversion per A/D start clock
[Bit 2] 1 = Up to 16 A/D conversions per A/D start
clock (set by the channel address register).

Channel Address 0 = Single channel (no increment)

Auto-increment 1 = Sequence channel address at A/D con-

[Bit 3] version (The address counter will wrap
around from channel 15 to 0).

External Trigger 0 = Trigger on falling edge (default)
Polarity [Bit 4] 1 = Trigger on rising edge

Bit 5 Not used. On PC-414 “dot” models,
0 = Internal 8MHz clock
1 = External A/D start clock

Select FIFO 0 = Select PC bus data register

QOutput Data (Inhibit parallel port)

Steering 1 = Enable FIFO transfers to parallel port
[Bit 6] (Inhibit PC bus data access)

D LO/ANEL,

Interrupt
Request Source

0 = Interrupt on FIFO half full

0 = Interrupt on data Acquire flag

1 = Interrupt on terminal count of DMA
completion (required for DMA).

Bi
8
0 1 =Interrupt on FIFO full
1
0
3

DMA Request  Bit
Source 10 9
0 1 =DMA request on FIFO full (block
mode)
1 0 =DMA request on FIFO half full (block
mode) H
0 0 =DMA request 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
to the FIFO empty flag for demand mode transfers.

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

Demand Mode: This is identical to the Block Mode except
that the transfer will continue as long as the FIFO is not emp-
ty. The transfer will stop when the FIFO is empty or a terminal
count occurred at the end of a 64k word transfer.

Interrupt Bit

Level Select 13 12 11
0 0 0 =interrupt disable
0 0 1=Interrupt requestonIRQ7
0 1 0-=linterrupt request on IRQ 9
0 1 1 =Interrupt request on IRQ 10
1 0 0=lInterrupt request on IRQ 11
1 0 1 =Iinterrupt request on IRQ 12
1 1 0= Interrupt request on IRQ 15
1 1 1=Notused

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

DMA Level Bit

Select 15 14
0 0=DMAdisable
0 1=DMA request on DRQ 5
1 0=DMA request on DRQ 6
1 1 = DMA request on DRQ 7

Channel Address Register (Write BASE + 2)

15-8 7654|3210
Digital /O Scan Channel
RW Control | Address
[Note 12] 321013210

Channel Only bits 1 and 0 are used for the 4-channel
Address analog modules. All 4 counter bits are
[Bits 3 - 0] available at the A/D module.

Scan Control
[Bits 7 - 4]

In the scan mode (command 2 = 1), each AD
start convent pulse will cause multiple A/D
conversions as selecled by these bits. Each
scan starts from channel zero.
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PC-414

PC-414F G Addressing:
i

r = Channel Selacted
00h Channel 0 only
01h Channel 1 only
02h Both channels, simultaneously

Do not use autoincrement. Set BASE + 0, bit 3 = 0.

Status Register (Read BASE + 0)

15-8| 7 6 5 4 3 2 1 0
Not | Xir FIFO Ovr | Ana | EOC| ACQ
Used | In Status | Smp| Trg | Sts | Sts

Pro | FFHFEF| Err | Lvi

Acquisition 0 = A/D scan not in progress or scan done

Status (Counter 0 sample count was reached).

[Bit 0] 1 = A/D scan in progress (Counter 0 sample
count not reached).

End of A/D 0 = A/D conversion in progress, data invalid
Conversion 1 = A/D conversion done, data valid

Status (EOC)

[Bit 1]

Analog Trigger 0 = Analog trigger input is below reference
Comparator 1 = Analog trigger input is above reference
Output [Bit 2]

Oversample 0 = No error

Error 1 = A/D was triggered before EOC is done. -
[Bit 3]

Bit 3 is cleared by disabling A/D conversions (write command 1=0).

FIFO Status  Bit4:

0=FIFO is empty, 1= FIFO not empty
Flags Bit 5:

0=FIFO is half full or greater,
1=less than half full
Bit6: 0=FIFQ is full, 1=FIFO is not full

NOTE the negative true coding on these bits. The FIFO stat-
us bits are not latched

Transfer in 0 = Remote receiver is not ready for transfer
Progress 1 = Remote receiver is ready for transfer
[Bit 7]

Bit 7 displays parallel inport pin 2 (external Transfer Enable
In) ANDed with command bit 6.

D/A Data Register (Write BASE + 4)

R 1| w0| 9 8 7 6 | 5 4 3 2 1 0
x-x | DAY | DA2 | DA3 | DAJ | DAS | DAG | DA7 | DAS | DAS | DA10 | DAT1| DAT2
MSB LS8

Transfer Speeds

i ;
FIFO Reset Register (Write BASE + 6)

Any write to this register will clear the FIFO and set the empty
flag true. It A/D conversion is still running, the FIFO will be not
empty when the next A/D sample EOC occurs.

FIFO Data Register (Read BASE + 6)

15 14 13 12 11 00
S S S S MSB—~ =" LSB
12 ALL
12-bit A/D data
15 14 13 00
S S MSB--- LSB
14 __ALL

14-Bit A/D Data

“S" bits are sign-extended from either bit 11 (12 bit A/D's) or
bit 13 (14-bit A/D's) in bipolar input range. For unipolar rang-
es, S=0.

82C54 Programmable Interval Timer

Refer to the PC-414 User Manual for detailed programming
information.
Counter Register (Read/Write BASE + 8 - Counter #0)
(Read/Write BASE + OAh - Counter #1)
(Read/Write BASE + OCh - Counter #2)

58| 7 6 5 4 3 2 1 0
x-x | C07) C06] CO5] Co4| Co3]| Co2| CO1] COO

Control Word Register (Read/Write BASE + 0Eh)

Ui L R 6 5 4 3 2 1 0
x-x | SC1]SC0| AL1| RLO [ M2 | M1 | MO| BCD

SC1 SC0

0 Select counter #0

1 Select counter #1

0 Select counter #2

1 Read back command

Select Counter

Read/Load 1 RLO

0 Counter latch operation

1 Read/Load LSB only

0 Read/Load MSB only

1 Read/Load LSB then MSB
Mode M1 MO
1 0 Rate generator
0 0 Software trigger
0 1 Hardware trigger

E .._nxﬁ _-_-OQF a0

BCD
0 16-bit binary count
1 4-decade binary coded decimal count

PC/AT bus transfer rates are host dependent and should be determined by testing. For example, a 80386 Compaq operating at
33MHz 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.
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PC-414 D OV/ANEL
m

+| I".— Internal or external trigger rate
TRIGGER H 1
—»|  |==— intemal or extema start rate
AD
START
CONVERT 0 1 2 al - g:;kud or ;quuential channel addressing up to
samples per trigger
END OF 1 afliloy

SCAN® ; L : L

ACQUIRE ____ | ( (
FLAG | Maskable I
Intarrupt A I
| ana Status

HOLD
SSH (Internal)

[BASE + 0 bit 2 = 1] —SAMPLE |
(414A only)

Figure 4. PC-414 Timing Diagram
ORDERING INFORMATION

T T 1

A/D Type, Channels, Speed Resolution FIFO Memory Size

MODEL NUMBERING  PC-414

A =4 SSH chans., 1.5MHz, 12-bit 1=1,024 A/D samples

B = 4 chans., 500kHz, 14-bit 2 =4,096 A/D samples

C = 4 chans., 1MHz, 12-bit 3 = 16,384 A/D samples
1D chan., 4MHz, 12-bit

165/8D chans., 250kHz (scan), 12-bit

2 simul. chans., 2MHz, 12-bit

2 simul, chans., 1MHz, 14-bit

D
E
F
G

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 model number.
Example: PC-414B2.

61-7342340  SMA male to BNC male coaxial cable, 1 meter length. (One cable required per channel)
PC-4908B DB-25 screw termination adapter, 25-pin for PC-414E

Each board is power-cycle burned-in, tested, and calibrated. All models include a user's manual. The warranty
period is one year. A QuickBASIC source disk is available on request at no charge. 2

Software:

PC-414SET Setup/configuration program. Includes executable files on both 3.5-inch and 5.25-inch
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 makes no reprasentation thal the use of thess products m the circuds described hermn, of use of other lechnxal informaton conlamned

harein, will not infringe upon existing of future palent nghts nor do tha descrplons con-
Lnined haren imply the granting of icensas fo make, uee, or sal squipment consirucied in sccortance herswith, Speciicatons subject 1o change winout olice,

& ® DATEL, Inc. 11 CABOT BOULEVARD, MANSFIELD, MA 02048-1194  TEL. {508) 339-3000 / FAX (508) 333-6356
D@I—E INTERNATIONAL:  DATEL (UNITED KINGDOM) Basingstoke Tel. (256) 860-444 + DATEL (FRANCE) Tel. (1) 3460.0101
DATEL (GERMANY) Tel. (89) 54 4334-0 « DATEL (JAPAN) Tokyo Tel, (3) 3779-1031 + Osaka Tel. (6) 354-2025

For Applications Assislance, dial 1-800-233-2765, 8:30 a.m, 1o 4:30 p.m. EST Printed in U.S.A. © Copyright 1993 DATEL, Inc. All Rights Resarved DS-0232C 793
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DG189/190/191 b * S
High-Speed Drivers with

Dual SPDT JFET Switches

FEATURES BENEFITS APPLICATIONS

e Constant ON-Resistance Over
Entire Analog Range

® Low Leakage

® Low Crosstalk

e |Low Distortion

® Eliminates Large Signal Errors
@ High Bandwidth Capability

® Audio Switching

® Video Switching

@ Sample/Hold

® D/A Ladder Switches

DESCRIPTION

The DG189-191 are precision dual single-pole, double-
throw (SPDT) analog switches designed to provide
accurate switching of video and audio signals. This
series, like the entire DG180 family, is ideally suited for
applications requiring a constant ON-resistance over the
entire analog range.

The major design difference is the ON-resistarice, b
10, 30, and 75 Q for the DG189, DG190, al

through Iow leakage current ( Isorr) <
DG190/191). Applications which benef
ON-resistance include audio switching, vi
and sample and holds, .

Each device compri

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 shorting between channels and the
crosstalk which would result. In the ON state, each switch
¢ s current equally well in either direction. In the
ndition, the switches will block up to 20 V
peak, with fi 3h. less than -60 dB at

G190/191 Performancegrades
lude both the military, A suffix (-55 to 125°C) and

“industrial, B suffix (-25 to 85°C) temperature ranges. The

flatpack option is only available in the military grade.

PIN CONFIGURATIO

Dual-In-Line Package

Top View
Dy [4] 16] S1
NC [2Z] 15] 1IN,
Dy [3] 1a] v-
Sy [ 13] vy
Sa [5] 2] v
D4 [&] 11] v+
ne [7] 0] 1N,
D, [g] 5] Sz
Order Numbers:

Side Braze:

DG189AP. DG189AP/883, DG189BP
DG190AF. DG190AP/883, DG190BP
DG191AR. DG191AP883, DG191BP

Flat Package
84— Nf—m S
Dy= 2 13V————= D,
Dac 3 12— b
O e 4 | = ]|
IN, 5 1IN
L — 7 8 VR
Top View
Order Numbers:

Refer to JAN38510 Information
C 1

5-34
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Siliconix
incorporated

DG189/190/191

FUNCTIONAL BLOCK DIAGRAM AND TRUTH TABLE

Two SPDT Switches per Package*

Truth Table*
SWi" SwW 3
Loglc SW2~| swa
OFF ON
ON OFF

Logic *0" < 0.8V
Logic 1" =20V

*Switches Shown for Logic “1" Input

ABSOLUTE MAXIMUM RATINGS

N R oI G At ot Mol W i B B 36V Current (Sor D) DG181,DG182 ............c0vunn... 30 mA
VAN I L I, T T M e ) 33V Current (AlIOSE PINE) . . . .cvvwvivtnnn e nnnnes e 30 mA
Vi 2 A R S, R oL ol s W e 33V Storage Temperature ........................ "-65 to 150°C
NB OV ottt s szl e i iy G s i Pt *22V Operating Temperature (A Suffix) ............. -55to 125°C
NN e T et e e e e e T S s e BV (12T ) -25 to 85°C
Ao e O e o e e AR B ) NG i e 8V Power Dissipation*
e i T R e IR s LR A, av G RIR DR s I e - e 900 mW
M O MR o s n s s TR Al e T e 8V BB PR AN o e i el S i e 900 mwW
VH m V_ ........................................... 27 V .A!I laads waldad or soldamd ‘0 PC board.
T D e A C GRS, LS R 2V **Darate 12 mW/°C above 75°C.
CUTANTIS OB DEIBOLN . i s e e S oes 200 mA ***Derate 10 mW/°C above 75°C.
SPECIFICATIONS? (DG189)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -55 to 125°C -2510 85 °C
V+ =16V, V- = 15V
PARAMETER SYMBOL Vi=56VVg=0V TEMP' | TYPY | MIN® | MAX® | MIN® | MAXY | UNIT
ANALOG SWITCH
Analog Signal 2 =
Race? VANALOG Full 75 15 75 15 v
Drain-Source nE e Room 7.5 10 15
ON-Resistance fos(on b =100 Vo = LAl iy 20 s | @
Source OFF Vg = 10V,Vp = -10V | Room 0.05 10 15
Leakage Current Isiorr) V+ =10V, V- = =20V Hot ; 1000 300
& e Room | 0.05 10 15
Vi 0igv |V P 3 Vo =iat SV Gy 1000 300
Drain OFF or2Vve Vg =-10V, Vg = 10V Room 0.04 10 15 nA
Leakage Current loorR) V+ =10V, V- = -20V Hot 1000 300
Room 0.03 10 15
Vs = -75V Vp = 75V Hot 3 1000 300
Channel ON Ipon) + = — Room -0.1 =2 -10
Leakage Current |5toN} Vp = Vs o Hot -200 -200
Saturation ;
Diriin Ciiront Ipss 2 ms Pulse Duration Room 300 mA
DS_XXIC_10530_9003_- 5-35
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DG189/190/191 Siiliconix
incorporated
SPECIFICATIONS2 (DG189)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -55to 125°C -2510 85 °C
V+ =15V, V- = -15V
PARAMETER SYMBOL Vi=5VVg=0V TEMP' | TYPY | MIN® | MAX® | MIN® | MAX® | UNIT
DIGITAL INPUT
Input Current with v Room | <0.01 10 10
Input Voltage HIGH fian YR B Hot 20 =
Input Current with _
Input Voltage LOW bt Vg =0V Full -30 | -250 -250
DYNAMIC CHARACTERISTICS
Tun-ON Time ton See Switching Time Test Circuit Room 240 400 425 ns
Tum-OFF Time torr Room 140 200 225
Source-OFF
Capacitance Cs(orr) Vs =-5VIp=0 Room 21
Drain-OFF
C;pecitmce Cowrry | 1= 1MHz Vp=-5Vilg=0 Room | 17 pF
Channel-ON Cpiony + .
c fance Gt Vb =Vs =0V Room 17
OFF Isolation =1MHz,R. =750 ‘Room 55 dB
POWER SUPPLIES
Positive Supply
Current 1+ Room 06 1.5 15
Negative Supply 5 " & -
Current ! Vin=0Vorsv Foom 27 6 3 mA
Logic Supply
et I Room | 3.1 45 45
Reference Supply N
CliraRt Ia Room -1 2 -2
SPECIFICATIONSA (DG190)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -55 to 125°C -2516 85 °C
V+ =15V, V- = -15V !
PARAMETER SYMBOL VL=5V.Vqg=0V TEMP' | TYPY | MIN® | MAX® | MIN® | MAX® | UNIT
ANALOG SWITCH
gmg’eﬂcs‘g"ﬂ' VAlALS Full 75 | 15 | 75 | 15 v
Drain-Source 3 e Room 18 30 50
ON-Resistance Tosion) 5= S mAND = o ) 60 75 | @
Source OFF Vg =10V,Vp = -10V Room 0.06 1 5
Leakage Current Is(oFF) V=08V |V+ =10V,V- = -20V Hot 100 100
or2Vve L - Room 0.1 1 5
Vg =75V, Vp=-75V Hot 100 100 HA
Drain OFF Vg = -10V.Vp = 10V | Room 0.05 1 5
Leakage Current IpjoFr) V4 = 10V, V- = =20V Hot 100 100
Room 0.06 1 5
Vs = -75V.Vp = 76V | "o s 100
5-36 DS_XXIC_10530_9003_-
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DG189/190/191

SPECIFICATIONS®  (DG190)

TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -5510 125°C -2510 85 °C
V+ =16V, V- = -15V
PARAMETER SYMBOL VL=5VVg=0V TEMP' [ TYP? | MIN® | MAX® | MIN® | MAX® | UNIT
ANALOG SWITCH (Cont'd)
Channel ON Ipon) + o ol i Room -0.02 -2 =10
Leakage Current |(stom Vo = Vg = -7.5V. V= 0.8V or2 Ve Hot -200 -200 nA
DIGITAL INPUT
Input Current with | Vg = 5V Room | <0.01 10 10
Input Voltage HIGH L N Hot 20 20 1A
Input Current with o = ¥ e
Input Voltage LOW bt Vin =0V Full 30 250 250
DYNAMIC CHARACTERISTICS
Turn-ON Time ton See Switching Time Test Circuit Room 85 150 180 ns
Tum-OFF Time tore Room 95 130 150
Sol OFF
oo Csorp) Vs =-5V,Ip=0 Room 9
Drain-OFF
Capacitance Cpiorr) f=1MHz Vp=-5V.lg=0 Room 6 pF
Channel-ON Coony + = =
Capacitance Cosk Vp=Vg =0V Room 14
OFF Isolation f=1MHz, R =750} Room >50 dB
POWER SUPPLIES
Positive/Supply I+ Room | 06 15 15
Current
Negative Supply £ = = &
Current I V=0V or5V Raom < B 5 mA
Logic Supply
. (F Room | 3.1 45 45
Reference Supply | Roomn -1 -2 o
Current f
SPECIFICATIONS? (DG191)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -55 10 125°C -25t0 85 °C
V+ =15V V- = -15V
PARAMETER SYMBOL VL=5VVg=0V TEMP! | TYPY | MIN® | MAX® | MIN® | MAX® | UNIT
ANALOG SWITCH
Analog Signal
nZﬁggc gra VanaLoa Full -10 15 -10 15 v
Drain-Source = vl Room 35 75 100
ON-Resistance osion) s 10Ny = = 0E il 150 150 Q
Source OFF Viy =08V | Vg =10V, Vp = -10V | Room 0.05 1 5
Leakage Current Isiorr) or2ve V+ =10V, V- = -20V Hot 100 100 nA
Vs =T5VVp = -75v | Aem .07 L A
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iIncorporated
SPECIFICATIONS2 (DG191)
TEST CONDITIONS A SUFFIX B SUFFIX
Unless Otherwise Specified -55 to 125°C -251t0 85 °C
V+ =15V, V- = 15V
PARAMETER SYMBOL VL=5VVg=0V TEMP' [ TYPY | MIN® | MAX® | MIN® | MAX® | UNIT
ANALOG SWITCH
Drain OFF Vg =-10V,Vp = 10V Room 0.04 1 5
Leakage Current Ip(oFr) Vin =08V | V4 =10V V- = -20V Hot 100 100
or2Vve o e Room 0.05 1 5
Vg =-75VVp =75V Hot 100 100 nA
Channel ON Ipjony + i) = 2 Room | -0.03 -2 -10
Leakage Current Ision) Vo = Vs =-T5V Viy = 2V Hot . -200 -200
DIGITAL INPUT
Input Current with 1 Vi = 5V Room | <0.01 10 10
Input Voltage HIGH AU s Hot 20 20 HA
Input Current with L
Input Voltage LOW {1 Viy =0V Full -30 -250 -250
DYNAMIC CHARACTERISTICS
Turn-ON Time ton See Switching Time Test Circuit Room 120 250 300 ns
Turn-OFF Time torr Room 100 130 150
Source-OFF
Crpacliancs Csiorr) Vg=-5VIp=0 Room 9
Drain-OFF
Capacitance Coiorr) f=1MHz Vo=-5Vig=0 Room 6 pF
Channel-ON Cpony + o
Capacitance Ceii Vop=Vs =0V Room 14
OFF Isolation f=1MHz,R. =750} Room | =50 dB
POWER SUPPLIES
Positive Supply .
Current 1+ Room 0.6 1.5 1.5
Negative Supply o _ e J
Current ! Viy=0Vor5V Room = 5 5 mA
Logic Supply
Cirrent I Room 31 45 45
Reference Supply e o Z
Current ln Raom i i £
NOTES:
a. Refer to PROCESS OPTION FLOWCHART for additional information,
b. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
c. Guaranteed by design, not subject to production test.
d. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
e. Viy = Input voltage to perform proper function.
f. Room = 25°C, Hot and Full = as determined by the operating temperature suffix.
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