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ABSTRACT

A narrowband trigonal acoustic transducer array and
digital signal processing software are described in
support of Space Shuttle Vibroacoustic experiment
[NASA G-313]. The three co-planar, vibrationally isolated
pressure-sensing microphones, the preamplifiers and the
filters are designed to meet dynamic range and anti-
aliasing requirements for the digitization and processing
of recorded flight data with one Hertz resolution within
the 30-780 Hz baseband acoustic spectrum. The experiment
is designed to operate in environments up to 160 dB SPL
and provides modal recognition and directional information
to identify resonances and localize high intensity sound
sources within the ambient launch environment of the Space
Shuttle Cargo Bay. Also included is a model of the empty
Cargo Bay resonances and modal density calculations based
on an adiabatic perturbation of a rigid, right circular

cylindrical enclosure.
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THESIS DISCLAIMER

The reader is cautioned that computer programs
developed in this research may not have been exercised for
all cases of interest. While every effort has been made,
within the time available, to ensure that the programs are
free of computational and logic errors, they can not be
considered validated. Any application of these programs
without additional verification is at the risk of the

user.
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I. INTRODUCTION

A. STATEMENT AND APPROACH

This thesis is designed to assist in the implementation
of the NASA project G-313 acoustic analysis of the Space
Transportation System Orbiter Vehicle (Space Shuttle)
payload bay specifically by:

1. Designing and testing the microphone, pre-
amplifier, and anti-aliasing filter "front end" capable of
measuring pressure levels up to 160 dB SPL narrowband at
frequencies from 30 to 780 Hz, providing a low noise output
not to exceed *+5 volts peak amplitude compatible with
digitization and data storage hardware designed for this
project by previous experimenters.

2. Developing an optimal signal processing technique
and writing the software to automate the analysis of
received flight data to resolve the distribution of acoustic
energy, both active and reactive, within a 30 to 780 Hz
bandwidth.

3. Making measurements of the response characteristics
of the measuring apparatus to be used as inputs to the
signal processing software to correct any signal

perturbations introduced by the measurement.
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The overall project milestones include:

1. Developing a vibrationally isolated directional co-
planar array capable of measuring sound fields up to 160 dB
SPL.

2. Providing a low noise pre-amplifier and anti-
aliasing filter with a +5 volt peak dynamic voltage output
and roll-off between 780 and 1000 Hz to support a 2000
sample per second digitization rate.

3. Developing non-volatile, durable mass storage
capabilities for the digital data.

4. Providing a package capable of servicing and
protecting the data throughout the space flight until
recovery.

5. Providing an analysis package capable of retrieving
and interpreting the formatted flight data that is able to
resolve resonant modes and provide directional information
to strong singular sources of acoustic energy.

This project’s realization has involved the efforts of
many fine individuals, and in essence, most of the hardware
considerations were complete at the time this thesis began
investigating data reduction schemes and putting the final
touches on the front end design and testing. The following
is a brief history of the motivation and prior contribhutions

to the NASA G-313 vibroacoustic project.




B. HISTORICAL BACKGROUND

In 1985, LT S. E. Palmer, Dr. §. L. Garrett,
Dr. O. B. Wilson, and Dr. S. W. Yoon outlined to the AIAA
Shuttle Environment Operations Conference in Houston Texas
[Ref. 1], a proposal to use a vibrationally isolated
trigonal array of pressure microphones, a digital solid
state bubble memory recorder, and narrowband digital
processing technology autonomously mounted in a NASA Getaway
Special Canister, to make improved acoustic measurements of
pressure levels and distributions within the cargo bay,
enhancing the data base used by STS payload designers.
These developments were motivated by the conclusions of
groups contracted to study and model the acoustic
environment of earlier flights, who stated that higher
resolution frequency ~nd spatial data were needed to
understand acoustic source and reactive pressure
distributions within the cargo bay. They raised questions
about the validity of flight data to date, due to the
possibility that vibration isolation mounts were
mechanically resonant within the bandwidth of the processed
data. The NPS proposal would improve upon earlier studies
by:

1. Designing vibration isolation mounts for the
microphones which were resonant well below the lowest
frequency of acoustic interest to guarantee a low

vibrationally induced noise floor.




2. Providing non-volatile, non-perturbable data storage
in solid state form circumventing problems (flutter, start-
up lag, etc.) and expense encountered by using analog
(magnetic tape) storage.

3. Sampling above the Nyquist rate for the highest
frequency -f interest and providing narrowband processing
with 1 Hz resolution over a 30-780 Hz bandwidth. This would
provide a substantial improvement over the one-third octave
processing produced by the previous studies of the Dynamic
Acoustic and Thermal Environments (DATE) group of NASA
Goddard Space Flight Center [Ref. 2] and the Bolt, Beranek
and Newman Corporation of Canoga Park, California [Ref. 3].

4. Using thé trigonal aperture to discern modal
distributions and spatially determine propagation vectors to
the strongest discrete sources. This capability is
considered necessary to resolve the hypothesis proposed by
Carol Tanner of the Aerospace Corporation that high
intensity sound sources at frequencies within the 315 Hz
one-third octave band are produced by the coupling of
aerodynamic flow along the fuselage to the acoustic modes of
the cargo bay in one or more of the eight bay vents,
producing flow induced resonances [Ref. 4]}. Earlier
intensity measurements provided no signal cross-correlation
directional processing, requiriné.Carol Tanner to

extrapolate the intensity of the propagating wavefront
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inside the bay from information in one-third octave bins to
infer relative range to the speculated source [Ref. 5].

5. Providing an active sweep to determine the resonant
standing wave ratios at the microphone locations as a
function of frequency to aid in identifying reactive field
(standing wave) contributions to the narrowband signal
analysis.

The first task of designing low frequency response
isolation mounts for the measuring microphones was addressed
by CDR. C. D. Stehle, resulting in his September 1985 thesis
[Ref. 6] which detailed the design and vibrational testing
of the mounts currently adopted for this project. The
mounts meet the durability and isolation requirements of the
most stringent expected space environment, placing the
vibrationally induced noise floor below 85 microvolts,
peaking in the 315 Hz one-third octave band [Ref. 6, figure
3.3], which is equivalent to 102 dB SPL, 40 dB below the
expected ambient sound environment.

Specifications for the magnetic bubble memory recorder
are outlined in the March 1986 thesis by LT T. M. D’Ercole
[Ref. 7], and the 32 bit processor interface in a separate
March 1986 thesis by LT T. J. Frey [Ref. 8]. A successful
prototype has been built and tested by the team of D’Ercole,
Frey, and Mr. Dave Rigmaiden, who has been indispensable in
providing continuity to this project. Mr. Rigmaiden has

also written the data retrieval software for IBM PC
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compatible signal processing software. LT D. W. Jordan has
provided a matched filter designed to activate the data
storage upon detection of the operation of the Shuttle
Auxiliary Power Unit (APU), just prior to Solid Rocket
Booster (SRB) ignition. Details are provided in his June
1985 thesis [Ref. 9]. The electrical power supply for the
entire experiment has been designed and tested Ly LT B.
Kosinski and proven flight ready within NASA safety
specifications. The 60 rigidly constrained Gates brand lead
acid cells mounted in the battery pack are rated at 600
watt-hours. LT S. Dee has recently completed the design and
testing of the accelerometer launch detector system used to
activate the experiment autonomously at SRB ignition. LCDR
A. W. Boyd has managed the project development, and has been
the point of contact with NASA, overseeing the
administrative and logistic requirements of this project
during his tour at the Naval Postgraduate School. Dr. A.
Fuhs and Dr. R. Panholzer have provided valuable advice and
expertise in the areas of Space Systems and Electrical
Engineering, guiding the students’ efforts mentioned thus
far. Drs. S. L. Garrett and O. B. Wilson have overseen the
acoustic development of the project. A synopsis of the
project history may also be found in the 1987 Naval Research

Reviews [Ref. 10].
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C. SCOPE

The remainder of this thesis describes the development
of the microphone, pre-~amplifier, and anti-aliasing filter
used in the NASA G-313 project and provides a signal
analysis model and computerized implementation capable of
analyzing flight data retrieved from the magnetic bubble

memory recorder.




. HARDW GN D_TESTING

A. MICROPHONE SELECTION

The process of selecting a microphone for the cargo bay
environment was quickly narrowed down to a comparison of
two possibilities, the already NASA flight approved and
tested Endevco model 2510 (specification sheet in Appendix
A) and PCB model 106B50. Both piezoelectric microphones
were designed to have flat frequency response and linear
sensitivity up to the maximum expected sound pressure levels
of 160 dB narrowband within the cargo bay (based on 140 dB
one-third octave band ambient design levels with a crest
factor of §;.

A rectangular wooden comparison calibrator box with
internal dimensions of 40 inches by 6 inches by 2 inches was
constructed of one-half inch pine and used with a General
Radio sound level meter (model 1565-B) to make sensitivity
and noise comparisons between the two microphones. An ALS
model 120S shaker table was used to measure vibration
sensitivity of the microphones without isolation mounting.
The measured sensitivity of both microphones was reasonably
close to the manufacturer’s calibration curves. At the
second plane wave longitudinal reéonance of the calibrator
box, 395 Hz, the incident pressure was set at 1 Pa or 94 dB
SPL upon both microphones. The o' tput of the PCB was

8




measured at 86 microvolts or -81.3 dB re 1V/Pa, giving an
open circuit sensitivity of 592 mV/psi measured compared to
a nomin.) 565.4 mV/psi given by the manufacturer’s
calibra' ion data. The Endevco open circuit output was
measured at 34 microvolts or -89.4dB re V/Pa, giving an open
circuit sensitivity of 234 mV/psi, compared to 152 mV/psi
nominal sensitivity for the microphone.

The experiment in the calibrator box revealed that the
PCB microphone was at least 10 dB noisier in signal to noise
ratio than the Endevco, whose noise level was verified to be
ambient acoustic noise. In subsequent experimentation using
an Ithaco model 1201 low noise amplifier, set to give the
Endevco and PCB the same absolute output level in the same
sound field, the Endevco was verified to have a 10 dB lower
noise floor than the PCB with its internal electronics. The
PCB microphone was also shown to have much greater
sensitivity to vibration. Measurements were made on a
shaker table at one g (9.8 m/s) at frequencies of 20, 50,
100, and 200 Hz, with results summarized in Table I. The
PCB sensitivity to vibration was observed to be 500 mV per
peak g in the high frequency limit versus the 3.5 mV per
peak g for the Endevco. The PCB, being about 4 times as
pressure signal sensitive, at high frequencies, would have
produced over 25 times the vibrational noise as the Endevco,
performing even more poorly at lower frequencies. Because

of the better signal to noise response due to lack of




internal electronics, and much greater vibration rejection
properties, the Endevco model 2510 was chosen as the better
microphone for this application.

TABLE I. SHAKER TABLE TEST RESULTS AT ONE G. PEAK.

FREQUENCY DRIVE VOLTAGE PCB RESPONSE ENDEVCO RESULTS
(Hz) (mV) (mV) (mV)
20 510 2300 9
50 920 4.5 4.5
100 120 540 3.4
200 180 530 3.5

B. PREAMPLIFIER AND ANTI-ALIASING FILTER DESIGN

The basic preamplifier design, suggested by Dr. David
Gardner, uses a Burr Brown low~noise OPA-111 Difet
(Specifications in Appendix B) operational amplifier. The
gain of 11 was set to provide a +5 volt peak signal at 160
dB SPL microphone input to comply with the A/D requirements
for maximum input voltage (Specifications in Appendix C).
The design was shown to have a noise floor around =100 dBV
at a 2.5 Hz bandwidth, and verified to be Johnson noise
limited by the (room temperature 300°K) 2 megohm input
bleedoff resistor [Ref. 11]. The Johnson noise voltage is
calculated according to

Vrms = /4K .a f = 286nV//Hz

where K is Boltzman’s constant (1.38 x 10727 J/K), T is
absolute temperature in K, R is the resistance in ohms, and

Af is the bandwidth of the preamplifier. A 0.0l microfarad

10
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capacitor was added to block the D.C. pyroelectric effects
of the input bias voltage produced by the piezoelectric
microphone [Ref. 12]. The final design is shown
schematically in Figure 2.1.

The anti-aliasing filter was designed by LT Mike Ziegler
to roll-off below 1250 Hz allowing for the 2500 Hz sample
digitization rate. A schematic is provided as part of
Figure 2.1. The entire microphone/preamplifier/filtering
front end was assembled by Mr. Dave Rigmaiden and tested in

a calibration experiment discussed next.

C. MEASUREMENT OF FRONT END CHARACTERISTICS

In experiments conducted on October 19 and October 21,
1987, Mr. Rigmaiden’s prototype front end (Figure 2.2) was
tested to verify that it met the design criteria of +5 volt
maximum peak voltage output to the A/D converter at 160 dB
SPL acoustic input, linear pressure to voltage response up
to the maximum design level, and anti-aliasing roll-off at
less than 1250 Hz with fairly flat frequency response fron
50 to 700 Hz. The measurements were made using a
calibration tube designed by CPT Michael Muzzerall (Canadian
Forces) and described in his 1987 thesis [Ref.13].
The tube was 90 cm long with a 6.2 cm I. D. and was driven
by a JBL model 2445J compression driver. The results are

tabulated below.
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Figure 2.1 Pre-amplifier and Anti-aliasing Filter
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Figure 2.2 Photograph of Front End Assembly
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Tables II and III compare a standard General Radio Model
1961-9611 perpendicular incidence one-half inch electret
condenser microphone with power supply GR Model 1560-P62 and
Model 1560-P42 pre-amplifier, to the Endevco 2510 described
in this chapter. The front end pre-amplifier did not have
the pyroelectric pre-filter. Table II contains data taken
in the wooden calibrator box in the frequency range 50-800
Hz with pressures up to 25 dB re 1 Pa. Table III presents
data taken in the Muzzerall calibration tube to extended
frequency ranges to 100~-2000 Hz and higher pressure levels
to 50 dB re 1 Pa. The response of the front end output was
verified to be linear to 160 dB SPL input acoustic signal
with 3 dBV electrical output.

As seen from Table III, the final design has fairly flét
response in the base band range from 50 Hz to 600 Hz rolling
off 3 dB down around 1000 Hz. All prerequisite design
specifications have been met by circuitry shown in

Figure 2.1.

14
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P
Date: 21 October 1987
hl TABLE II. FRONT END RESPONSE DATA IN CALIBRATOR BOX.
h
Freqg. Absolute Output dB Difference Phase Difference
(Hz) " GR (dBV) (Endevco-GR) (Endevco-GR)
(degrees)
50 -59.8 =-16.6 6
100 -53.7 -18.6 15
125 -51.2 -18.6 -5.5
150 -48.3 -18.2 -9
% 175 -40.4 -17.1 -13.8
200 -36.6 -16.93 -16.6
225 -41.2 -16.74 -23.85
250 -43.3 -16.73 -22.6
275 -43.8 -16.36 -28.70
300 -43.5 -16.38 -29.70
S 325 -42.3 -16.20 -35.60
® 350 -39.2 -16.45 -38.25
375 -37.5 -16.1 -41.85
400 ~-40.0 -16.80 -39.40
425 -44.4 -15.6 -46.66
450 -46.4 -15.4 -57.73
475 -47.0 -17.4 -60.73
500 -46.3 -17.87 -54.4
525 -44.5 -17.36 -57.12
550 -40.7 -17.72 -61.90
575 -39.7 -18.10 -£9.75
600 -45.0 -18.40 -63.60
625 -48.4 -18.90 -57.66
650 -51.4 -16.88 -59.0
675 -50.9 -17.06 -68.3
700 -48.4 -17.65 -73.6
725 -44.4 -17.86 -76.00
750 -38.7 -18.73 -84.5
775 -81.9 -20.3 -81.9
800 -49.40 -19.85 -81.6

Comparison Calibration GenRad-one-half inch mic vs
Endevco 2510. GR one-~-half inch mic Frequency
Independent Sensitivity is -39.3 dB re 1V/Pa,




h Date: 21 October 1987

TABLE IIZI. FRONT END RESPONSE DATA IN MUZZERALL
CALIBRATION TUBE.

Freq. Absolute Output dB Difference Phase Difference
. (Hz) %¥" GR (dBV) (Endevco-GR) (Endevco-GR)
(degrees)
100 -6.98 -20.3 -2.0
200 7.3 -20.3 -16.3
300 2.64 -20.3 -27.9
400 8.45 -20.5 -39.3
_ 500 6.06 -20.7 -50.2
600 9.21 -21.0 -60.9
700 6.04 -21.3 -71.5
800 7.57 -21.78 -81.6
900 7.47 -22.3 -92.6
1000 6.11 -22.8 -102.9
1100 10.1 -23.4 -113.4
1200 6.53 -24.2 -123.4
1300 8.19 -24.98 -133.1
1400 9.44 -26.02 -142.8
1500 4.44 -26.8 -151.8
1600 9.30 -27.8 -160.58
1700 2.74 -29.0 -168.5
1800 3.56 -30.14 -175.8
1900 4.09 -31.32 -177.3
2000 1.13 -32.52 -171.2

Comparison Calibration GR one-half inch mic vs Endevco 2510
GR one-half inch mic Sensitivity is -39.3 dB re 1V/Pa.
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III. THEORY AND ANALYSIS

A. RECEIVED SIGNAL THEORY
1. Introduction

This section will discuss the capabilities and
limitations of the sparse, trigonal co-planar array [(Fig.
3.1, 3.2] for the analysis of complicated acoustic pressure
distributions inside the Space Shuttle Cargo bay. From the
general mathematical expression, derived below, only the
cases of constant spectral amplitude or constant spectral
phase (modulo pi) lead to resolvable solutions given the
many limitations imposed by the three element array. For
comparison, processing techniques used by prior
experimenters for NASA (BBN and DATE) will be presented
after an explanation of the NPS approach.

2. Development

It is expected that the output voltage from each
microphone will very nearly represent the point field
pressure at the microphone location since the microphone and
its housing assembly (see Fig. 3.1, 3.2) are much smaller
than acoustic wavelengths of interest as examined by C. D.
Stehle [Ref. 6]. By carefully measuring the amplitude and
phase response characteristics of-each microphone,

preamplifier, and anti-aliasing filter assembly in a
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controlled calibrator experiment, it is possible to use the
software described in the next chapter to provide the
differential gain and phase for each of the three front end
inputs. This information may be used to eliminate the
effects of unmatched front end response characteristics when
solving for the dynamic pressure amplitude and phase at the
microphone locations.

In developing a mathematical model, the pressure
distribution is assumed to have propagated through a medium
of homogeneous sound speed throughout the cargo bay
(isoceleric) and be the linear superposition of all active
and reactive sources. All sources are assumed to be in the
far field to eliminate the effects of wavefront curvature,
undetectable by a three element array, and therefore, all ‘
wavefronts impinging on the array are assumed to be plane
wavefronts. Spherical divergence is modeled from all active
and reactive sources, so that the monochromatic pressure

from a single source is given by

A . _ .
Po = m exp [j(wyt + Ko 1 + ¢ )]
where A/r is the pressure amplitude [Ref. 15, Eq. 5.57,
Pg 114], wg, is the angular source frequency, kg = wy/c, € is
the speed of sound (assumed constant), and ¢o is an
arbitrary phase constant. Using the monochromatic result of

Ziomek’s equation 4.7-10 [Ref. 14], and applying the inverse

spatial transform to this equation for a receiving vice
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m

transmitting planar circular array (z = 0, r = a = distance

of microphone from center) for a far field source

distribution
D(f, 8, ¥)

we get,

Po[f. 1, )= ™ J' ) f. "o, e, ¥ explika sinl6) cosfy—0 &6 av]

To perform the forward transform, as in Ziomek’s equation
4.7-10, for a sparse array of only three directional samples
(¢) it is impossible to get a complete representation of the
D(f, 8, y) as an output. With a higher number of sampled
directions it would possible to obtain a discrete
representation of the far field source distribution. There
are, however, two special cases of interest which are
recognizable by the array. These cases are explained in the
next three sections:
3. Resonance

At an acoustic resonance the outputs of all three
microphones will be in phase (modulo pi) with varying peak
amplitudes corresponding to the homogeneous standing wave
ratios within the cavity. The array must be far enough away
from driving sources as described by the critical distance
cited in Kinsler, Frey, Coppens and Sanders equations 13.7
and 13.24 [Ref. 15)], which represents the distance at which

the direct and reverberant intensities are equal. For this
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distance to be small, the cavity must have low absorption
corresponding to a high resonance quality factor, Q.

In general, the analytical solution to the
homogeneous wave equations is not known for irregular
boundary geometries. Such is the case for the Space Shuttle
cross-section of the unloaded cargo bay, which is further
complicated by varying loading configurations. With the
information attainable from the sparse trigonal array, it is
impossible to solve for all possible conditions of pressure
distribution throughout the cargo bay, without an a priori
comparison to a numerical model of homogeneous
eigenfunctions or an experimental scale model.

The approach taken in this project is to make an
active, pure tone frequency sweep of the quiet pre-launch
cargo bay using the sinusoidal output of a voltage
controlled oscillator (VCO) driven loudspeaker (JBL Model
LE10-H) and monitoring tae return for frequencies at which
the received pressure signals are co-phased modulo pi. Upon
recognition of this resonance criterion, the amplitude
levels for each microphone data channel are corrected for
the electrical differences in gain and recorded. An attempt
will be made to use this standing wave ratio information to
identify the general modal patterns based on prior knowledge
about the resonances of cylinders-and the results of a small
scale model experiments. It is worthy to note that the
stated resonance recognition criteria of cophased elements

22




is indistinguishable from a single active source (travelling
wave) directly above or below the planar array. The effect
of system Q, controlled primarily by boundary incidence
losses, is an important factor in determining the relative
importance of cavity resonance. For a low Q environment,
direct path radiation from a source will play the more
important role in its vicinity, even near resonant
frequency, because the driver is within the previously
mentioned critical distance. The choice of a driver
equidistant from all three array elements should preserve
the cophase definition of resonant frequencies, but will
perturb the standing wave ratio values by an offset
constant, cnce agair, highly Q dependent.
4. Modal Model

To the simplest approximations, the Space Shuttle
cargo bay resembles a cylinder. The analytic solution for a
cylinder is well known and cited in Morse, [Ref. 16, pg
398). The longitudinal solution (2), radial (r) and the
azimuthal {¢) pressure distribution functions are given in
terms of integer ordered Bessel functions, Jp, cited by
Morse to be:

or e—Zm'vt

P (1, 0, 2) = cos (md) cos (ﬁ’cﬁ) Jm(._)

c
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Since the cargo bay is of constant cross-section, the

longitudinal (z) part of the cargo bay solution,

ou| 7]

is identical to the cylindrically symmetric solution. The
radial and azimuthal cargo bay solution will be similar to,
but differ slightly from, the cylinder solution because the
cargo bay’s cross-section is not quite circular.

To assist in identifying resonant modes when flight
data are analyzed, the eigenfunctions for the first five
cross—-sectional modes were determined by experimental scale
modeling. The empty shuttle cargo bay geometry is shown in
Figure 3.3 and 3.4. The model used was constructed of one
inch thick Plexiglass with dimensions as shown in Figure
3.5, and is an exact cross-sectional replica of scale
1:14.7. A photograph of the model is shown in Figure 3.6.
A Panasonic Model P9932 omni-directional Electret condenser
microphone with internal FET and bias circuity shown in
Figure 3.7, was used to measure the pressure distributions
throughout the model at resonance-for the first five modes.

The microphone was moved by a magnet so that the system
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Figure 3.6 Photograph of Plexiglass Model
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p
could remain tightly sealed throughout the data taking
procedure.

. The resulting modal pressure eigenfunctions are

presented in Figures 3.8 to 3.12. The measured resonance

frequencies of the model compared at worst to within four

percent (average 1.2 %) to the harmonicity of the first five
eigenvalues of a cylinder of equivalent cross-sectional
area, calculated using the cited Morse equation.

The principle of adiadatic invariance, discussed by
Greenspan [Ref. 17], guarantees that small deformations of
the shape of the resonator which do not change the volume
may perturb the eigenfunctions without changing the
eigenfrequencies. This is required because no work
(W = PdV) has been done against the radiation pressure, and
consequently, there is no change in frequency since the
ratio of energy to frequency is the adiabatic invariant.
Because of the similitude, the theory presented for modal
density in a resonant cylinder, given by Morse in Reference
16 startiﬁg page 399, can be applied to this geometry. It is

used to derive an approximate density of modes within a

specified frequency band as
AN/AF = 4n£2v/c3 + xfA/2¢c? + L/8c

for a cylinder of volume V, Surface Area A, perimeter

L = 4xra + 41 (radius a and length 1), and speed of sound c. 1
The resulting resonant frequencies for the model, calculated
resonant frequencies for the Space Shuttle
[ ]
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fShuttle = fmodel/14 . 757 ’

and harmonicity comparisons to an equivalent cylinder are
presented in Table IV. Harmonicity is the ratio of the
sequential values of resonant frequencies to the value of
the first resonance. A rigid cylinder of 2.4 meters radius
is shown to have harmonicity within 4% of the shuttle bay
geometry as cited earlier.
5. Strong Point Sources in the Far Field
In this case a sparse co-planar array will be
exposed to a nearly planar fronted travelling wave. Each
element will record a phase shifted, equal amplitude
spectral pressure component. The phase shift is given by
the argument of the received spectral signal, hence, the
time shift T is given by:
T= Kd sin¢cos(¢-¢o)
Tw
The above expression is useful in cross-correlation tracking
of far field sources. Note that if ¢ is modulo pi, or the
wavefront enters normal to the array plane, the elements are
cophased and a condition exists which is indistinguishable
from a standing wave resonance. The problems with zeros in
cos (y-¢) can be circumvented by having more than two non-
colinear elements. Grating lobes [Ref. 14) caused by
spatial aliasing will exist for f}equencies above f =c/2d
(where d is the spacing between elements), giving an upper

bound on the ability to process spectral information.
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For this experiment d = 12.1 inches, placing an upper bound
of 550 Hz for spatial processing. Note that the modal
density at this rrequency exceeds 108 modes per Hz,
saturating the one Hz processing resolution.

To process this in‘nrmation, first, the temporal
order of arrival of the wavefront at each element is used to
restrict the direction to a sixty de~ree sector [See figure
3.13]. The resultant phase shifts are recourded by a FFT
using the time series of interest for each microphone output
corrected for differential amplitude and phase response of
the microphone and input stages. The corrected phase
information is used in the following equations (variables
defined by Figure 3.13):

1) Azimuth

30°s65; = Tan"1| a4,,/869; - COS(120) < 90°

sin(120)

2) Elevation

0< & = cos™1 {8691 * ©}

dCOS(o 01) 2n £

where A¢ is the phase difference between the subscripted
elements. The solution reference shifts to accommodate the
temporal order of arrival. The solution may be shifted back
to the absolute cargo bay reference geometry. These two

equations resolve source azimuth and elevation.

33




R

R S IR

Two experiments were performed to test the above
technique in the NPS anechoic chamber using the experimental
appa:a.us diagrammed in Figure 3.14. In the first
experiment the signals from the two Bruel and Kjaer (Model
4177) one-half inch microphones spaced 5 cm apart were
cross-correlated. The time shifts found in the cross-
correlated signals agreed with the solution presented
earlier in this section. The two signals were graphed in
the time domain for five configurations of offset azimuth.
The results are presented in Figures 3.15 to 3.19. The
phase shift agrees with A¢ = 2x fT of the first experiment
which is the solution used for directional processing. Time
shifts were verified using the cross-correlation function of
the HP 3562A Dual Channel Dynamic Signal Analyzer with i.s

cursor function.

B. ANALYSIS TO DATE

There have been two approaches to the analysis of
flight data on previous STS missions. The Dynamic Acoustic
and Thermal Environments (DATE) group of NASA Goddard Space
Flight Center [(Ref. 2] has taken analog magnetic tape
recorded pressure transducer voltage output readings and
processed the power spectra in one-third octave bandwidths.
This point receiver power spectral density approach has i

provided no narrowband information about modal patterns and

-
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gives no directional information about high intensity
sources.

A question has been raised about the mechanical response
of the vibration isolation mounts by C. D. Stehle [Ref. 6].
CDR Stehle’s analysis suggested that there are isolator
resonances within the 110 and 315 Hz analysis bands, which
may have permitted vibrationally coupled signals to corrupt
the data. This could account for the reported peaks in the
power spectra [Ref. 2].

The Aerospace Corporation of El Segundo, California, has
developed a model to help STS orbiter payload bay users
design for the expected acoustic environment of any
particular mission, and to help NASA planners optimally to
configure payloads within the cargo bay. This model divides
the cargo bay into seven subvolumes of adiabatically
perturbed rectangular parallelepipeds and maintains a power
balance of the space averaged mean square pressure for the
steady state solution within each subvolume. The input
power into each subvolume is provided by the exterior engine
noise field through the joint acceptance function of the
structural panels. The internal modal density for one-third
octave bandwidths is computed as the eigenvalues of the
homogeneous Helmholtz equation for a perturbed boundary
rectangular parallelepiped with walls of slight, constant

curvature. Hence:
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V2 + k% =0
where

x2 = | (pr)2 + (qr)2 + (rx)?

a b c

of the p, q, r, mode for dimensions (adjusted for
perturbations) a x b x c¢c. This modeling approach provides
designers with only spatially and frequency averaged mean
square pressures and does not address modal eigenfunctions
or high intensity narrowband sources, where localized
pressure may be well above averaged values. The NPS
experiment is designed to identify these tendencies towards
localizing the distribution of dynamic pressure in both
frequency and space. Once verified, this experiment could
show the value of developing a finite element analysis for
resonant modes which may help to identify high intensity
noise sources, for example hydrodynamically induced or
mechanically resonant structures, with the NPS experiment’s

directional processing narrowband capability.
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l IV. FLIGHT DATA PROCESSING

A. DISCUSSION

L This chapter will describe procedures to record and
retrieve data from the bubble memory recorder. A software

procedure is developed to measure the differential

electrical front end response spectra (amplitude and phase)

r for each of the three elements as described in Chapter II.

A discussion of software used to recognize resonance and

strong travelling waves as described in Chapter III is
presented. The entire data reduction development is
accomplishment using the capabilities of the ILS software
available for IBM personal computers. Batch data file
listings are provided and discussed using an example of

output data for a test case.

B. ILs
Interactive Laboratory System (ILS) is a software system
for digital signal processing in the PC-DOS and MS-DOS

environment. Features supported by ILS include data display

and editing, digital filtering, spectral analysis, speech
processing, and pattern classification. ILS also supports

data acquisition, file management; data manipulation, and

graphics, thus offering a system capable of handling large

-
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sequential data files for batch processing with a minimum of
coding effort. ILS has the advantage of being both general
and versatile. The ILS system is easily understood by
persons of moderate signal processing background and is well
documented. For the understanding of the syntax presented
in the batch file listings provided, the reader is referred

to the ILS command Reference Guide v6.0 [Ref. 18].

C. FRONT END ELEMENT DIFFERENTIAL ANALYSIS
The goal of this analysis is to determine differential

amplitudes between data channels and correct phase
differences by bin shifts in the input time series. To
obtain differential gain/phase between data element
channels, it is necessary first to know how to operate the:
bubble memory recorder with its own interface peripheral
computer and input the sequential data into the IBM PC.
The following abbreviations apply:

IBM PC = PC

Bubble Memory Interface Computer = BMI

t = Return

- = Blank

The following sequence will record and send the data to

the IBM PC.
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Device ommand comments
PC <Load disk for ILS Data>

| DR

cd Bubdata t
ILs I ¢t

BMI H <Commands sent automatically>

W
o=

07 00
A
B
(0]
0600
PC Convert t <DOS ASCIT file formated>
BMI E <Sends data to PC>
o PC a) INTDATA.BAT ¢ <Places headers on Files>
BATCH LISTINGS OF INTDATA
(IN ILS SYNTAX)
FIL ANDR
FIL 100
INA H
INA SF2500
FIL 200
INA H
INA SF2500
FIL 300
INA H

INA SF2500

At this point all of the sequential data for the three front
end channels is in the IBM PC in ILS sample data file
3 format. To analyze the data it must be converted to complex

valued record data by the RECORDDATA batch file.




o
"

BATCH LISTINGS OF RECORDATA
FIL 100
FIL S101
OPN S
SRE 1
FIL 200
FIL S201
OPN S
SRE 1
FIL 300
FIL S301
OPN S
SRE 1

Now files 100, 200, 300 contain sampled time domain data for
channels 1, 2, 3; while files 101, 201, 301 contain complex
valued record data. The data may be displayed by the
following batch files SAMPLEDISPLAY and RECORDDISPLAY.

BATCH FILE SAMPLEDISPIAY
FIL 100
DSP
FIL 200
DSP
FIL 30
DSP

Each display may be reviewed and dumped to the printer if a
hard copy is desired by hitting shift Print_send on the IBM
keyboard before "returning" for the next display. The plot
is automatically scaled and documented by file and location
within the file.
BATCH FILE RECORDDISPLIAY

FIL 101

DRE 1
. FIL 201

DRE 1

FILE 301
DRE 1
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Here the records are displayed as was the sampled data with
an automatic offset between frames of length as specified by
the context. In the case of the analysis presented, this
consists of 64 data points.

The next batch file, CROSSCOMPARE superimposes the
magnitude/phase vs. frequency of the three input channels

for differential comparison.

BATCH FILE CROSSCOMPARE
FIL 101

FIL S400

OPN S

FFT P1,1,8,,

FIL 201

FFT P2, 1, 8,,

FIL 301

FFT P3, 1, 8,,

FIL 400

DRE GSCP 1, 3
C

R
This provides the comparison of a 256 point FFT for the

3 input channels. The peaks may be marked by the file

PEAKS.
BATCH FILE PEAKS
XTR 1, 1
XTR 2, 1
XTR 3, 1

The values for the peaks may be found for magnitude and
phase (radians) by paging through to the bin indicated by

the peak marker using the file GRABVALUES.
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BATCH FILE GRABVALUES
DTO R SC 1
DTO R SC 2
DTO R SC 3
The final part of determining differential amplitude
(now documented) and phase information is to convert phase
differentials to bin shifts for each processing frequency

bin using the formula.

Bin shift = INT |[((Phasel - Phase2) x 20
2*PI Frequency bin #

where n=8 for a 256 point FFT. Note that differential
amplitudes arise from different phase offsets which may
occur due to complex impedance differences between the input
electrical front ends of the channels. Also note that the
ability of the software to provide phase adjustments by
shifting input time records is inversely proportional to
frequency favoring lower frequencies where the modal density
is less. Adjustments to amplitude standing wave ratios are
performed manually by using the differential results (in dB)
produced by the input channel analysis as described in this

section.

D. RESONANCE RECOGNITION

As described in Chapter III, resonance will be
recognized by cophasing modulo pi of the three data channels
corrected for any differential electrical response. This

condition is readily visible from a slightly modified

S4a4

|

J.

g



m

version of CROSSCOMPARE using the calculated Bin Shift

Values (BSV) in the new batch file analyze.
h BATCH FILE ANALYZE
FIL 101
FIL 5409
OPN S
FPT P1, 1, 8,, BSV1
FIL 201
FFT P2, 1, 8,, BSV2
FIL 301
FFT P3, 1, 8,, BSV3
FIL 400
DRE GSCP 1, 3
C
R

where BSV1 = 0; BSV2 and BSV3 are values from the

differential element measurements compared to channel 1. By
looking in the vicinity of the frequency bin of interest the
cophasing is readily apparent. The standing wave ratios and
closeness of cophasing may be read using the GRABVALUES file

as presented earlier.

E. STRONG SOURCE RECOGNITION

The following batch file will show where strong spectral
amplitudes occur, and by noting the data frames where the
phenomena is strongest ANALYZE may be used to calculate a
corresponding direction ( as presented in Chapter III) to

the source.




BATCH FILE STRONGSOURCE

FILE 1900
SDI
FIL 200
SDI
FIL 300
SDI

Using Batch file strong source, the SDI command gives a
waterfall spectral display of FFT frequency vs. time for
each data channel. If a strong spectral source occurs (not
identified as a resonance) ANALYZE may be used along with
GRABVALUES to get the Acoustic phase differential between
channels and the direction calculated as shown in chapter

three directly.

F. EXAMPLE PROBLEM

In this section a sample problem is provided to
demonstrate the capabilities and usage of the software
developed in sections C, D, and E. A resonant calibrator
pox (described in Chapter II.A) was driven at its second
resonant mode of frequency 381 Hz with two microphone
channels recording the pressure signal at the maximum
located at the rear face of the calibrator. The two
channels were recorded, transferred, transformed into
analysis and record data, displayed and cross-compared as
described in section C. The time domain analysis data is
shown in Figure 4.1 for channel 1-and Figqure 4.2 for channel

2 using the SAMPLEDISPLAY file. Note that channel 2 has
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much lower noise in the channel input. Fortunately, the
averaging property of the Fourier Transform helps diminish
the effects of random noise in the channels. The record
data is shown in Figures 4.3 for channel 1 and 4.4 for
channel 2, produced by the RECORDISPLAY file. File records
of 64 points each are displayed. The file RECORDATA had
been previously run to produce the record data from the
analysis data files. The batch file CROSSCOMPARE was then
executed to produce a comparison record file 400 shown in
Figure 4.5. The peak amplitudes occur at bin 39
corresponding to 380 Hz (39 x 2500/256 = Bin number x FFT
length/sample rate) with an error of # one-half bin is
equivalent to +5 Hz. Using the peak marking routine PEAKS
the values and bin number of the maxima for channels 1 and 2
were found in bin 39 to be 107 dB and 108 dB respectivel:’,
for a differential of about 1 dB (see Figure 4.6). Using
the routine GRABVALUES, the phase for bin 39 was found to be
1.698 radians for channel 1 and -1.859 radians for channel 2
for a differential phase of -3.557 (see Figure 4.7). This
corresponds to a bin shift in time domain (BSV2) of

mn{ﬁ£§1x2q=4

2r 39

for a 256 point FFT using the first four 64 point records
concatenated. The integer bin shift in this case causes an
error of 0.3 bins or 0.159 radians {(9.1° ). Note that using

a longer FFT would produce more accurate phase matching
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h ILS> xtr 1,1

ELEMENT NUMEER 1

ORDER REC ITEM VALUE
1 1 39 1.0719250GE+02

ELEMENT NUMEER 1

QRDER REC ITEM VALUE
1 2 39 1.0829060E+02
ILS:

All dB values are referenced 20Log(Integer Value) +
10Log(Processing Bandwidth). The Processing Bandwidth
is one-half the sample frequency and in this case is
1250 Hz. For this example, channel 2 would have a dB
value of 20Log(7900) + 10 Log(1250) = 108 dB. This
plot gives the FFT bin number corresponding to the
maximum dB value in the entire FFT.

Figure 4.6 Maximum Values Output by Batch File PEAKS
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qualities, as the time domain shifts must be discrete for
digital data, hence, phase accuracy is proportional to FFT
length at a given frequency. As mentioned earlier, phase
matching correction accuracy is inversely proportional to
frequency bin number.

The resonance recognition for the calibrator as
described in section D was now possible using ANALYZE with
BSV1 = 0, BSV2 = ~4. The results are shown graphically in
Figure 4.8 with the printed values around bin 39 in Figure
4.9. The display of phase vs frequency in Figure 4.8 is now
nicely cophased in the vicinity of the 381 Hz resonance. To
demonstrate the stability and ability of the software to
recognize resonance once the channels were cross compared
with offset wvalues available, the experiment was run again
several hours later with the microphones repositioned near
the antinode (on the same side of the zero) where the signal
amplitude would be greatly diminished. The analysis data
signals for channel 1 and 2 are shown in Figures 4.10 and
4.11. The routine ANALYZE was run using the previous
calibration comparison values (BSV2 = =-4) and the phase
matching is apparent as seen Figure 4.12. The differential
phase in bin 39 was only .04 radians as shown in the values
in Figure 4.13 GRABVALUE data.

The final demonstration shows.the reaction of the

microphone assembly pair to travelling waves from a strong
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source in a non-reactive field. Using a speaker placed

outdoors, operating at 381 Hz, the channel 2 microphone was

placed 24 inches directly in front of the speaker and
channel 1 micro,hone 15 inches directly behind the channel 2
microphone. The microphone could not be placed in the far
field because signal levels there were too low to record,
but because the microphones wera along a direct radius from
the front of the speaker it was expected that the phase
would behave as a propagating plane wave and the amplitudes
as a diverging wavefront making channel 2 levels higher.
The analysis and record data displays for channels 1 and 2
are provided in Figures 4.14 through 4.17. Note that the
channel 2 amplitude is higher, as expected. The phase
difference between the channels was calculated to be

phase = 2 x n X separation distance/wavelength

phase = 2 x = X {(15.0"/(39.36 inches/meter}/
[(345meters/second) /(381 Hertz) ]
phase = 2.64 radians (channel 2 leading channel 1)

The ANALYZE routine was run as described in section E (see
Figure 4.18) the GRABVALUES printout showed the phase
differential to be chanrel 2 leading channel 1 by
.24-(-)2.59=2.83 radians (see Figure 4.19). The difference
between measured and expected phase of .2 radians is within

the digital time shifting capability of the 256 point FFT at

the 381 Hz frequency where 1 bin= $+0.5 radians of

resolution.
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V. CONCLUSIONS AND RECOMMENDATIONS

Using the equipment and signal processing software
presented in this thesis it should be poscibie to
recognize low frequency resonant modes and higher
frequency travelling waves from a strong source in the far
field within an active and reactive sound field.

All equipment has been tested and is determined
capable of making autonomous acoustic measurements within
the Space Shuttle Cargo Bay. The apparatus should be
calibrated in an anechoic environment using the procedure
outlined in this thesis to measure differential
gain/phase corrections to be used when correcting for the
different electrical input characteristics of each data
channel. It is recommended that the on board loudspeaker

be used when making acoustic calibration measurements.
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APPENDIX A

SPECIFICATIONS FOR MODEL 2510
ENDEVCO MICROPHONE
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&

ENDEVCO~ PROOUCT DATA

MODEL 251y

Fiight and Groung Measurement
of High Intensity

Sound Pressure Leve!'s

HIGH

INTENSITY
MICROPHONE

The ENDEVCO Mocei 2510 Microphone' measures nigh intensity acoustic notse and
very iow pressure flyctuations. The rugged. hermetically seaied construction and
oxtremely wide temoeratura range -§5° F to «500° F (-54° C to +260° C) make thus trans-
ducer axtremeiy usefu) over a wige range of environmental conditions. Uniike other
microphones currentty available, the Model 2510 18 insensitive (C attitude changes
The Model 2510 Microphone has & very thick diaphragm that prevents punctunng or
damage due to particte /mpact, accidental mishandiing, or high pressure puises.
insulation between the transducer and mounting surtace prevents data-gegradung
ground 100ps.

The Mode! 2510 is intended primarily to gperate into preamplilisrs that have a charge-
to-voltage transter charactenstic (charge amplifiers). (ts charge sensitivity vs. temper-
ature charactensnc 1s optimized tRrougn the proper choice Of crystal matenal. Long
cables may be used between the transaucer and charge converter without affecting
charge sensitivity. Althougn the basiC aesign i1s directed tOwaro maximizing cnarge
characteristics. the Model 2510 aiso gives excelient resuits when operated into
voitage ampiifiers.

SPECIFICATIONS FOR MODEL 2510 MICROPHONE
. IACCOrOINg 10 ANSI ana ISA Stanasras)

DYNANIC

CHARGE SENSITIVITY?
793 oC/pst. typicat

VOLTAGE SENS!ITIVITY
152 mV/psi. tyoicatl. (Qpen circuit)

OYNAMIC RANGE Maximum usetul SPL exceeds 180 9B

23 rms pC 132.5 pk pC sinusoidal) at 140 dB°, -15.8 dB re 1 pC at 1 N/ms,

4 4 rmemV (6.2 ox MV sinusordal) at 140 dB8°. -93aB re TV at 1 N/m?.

MOUNTED RESONANCE FREQUENCY
FREQUENCY RESPQONSE

{pressure caibration)
AMPUITUDE LINEARITY (inaevendent)
TOTAL HARMONIC DISTORTION
TEMPERATURE RESPONSE

{charge sensitivity}

TRANSDUCER CAPACITANCE
RESISTANCE

30 000 Hz. mintmum

+1d8. 2to 4 000 Hz: =3 aB. 210 10 000 Hz
=0 548. max.. 12010 164 a8 =1 0B. max.. 120 to 180 ¢B?
5%. max., at 160 qB8°

=15dB max . -65°F to +S00°F (-54°C 10 +260°C)
reterence «75°F (+24°C)

5 200 oF typical

20 000 M1} min , at «75° (+24*C)

MOTES “The Moge 2510 1 3 1011-0eNEraLNG LISZOGIACITC ITANSAUCE ANG rEGUITES A0 ERIEINM DOWar 107 OO0 ANON
‘Use ENDEVCO 2640 2680 or 2700 Series Charge Amgntiars
Retgrence 08B » 00002 Loar tavnes Crmet & 20 uN/M 5 204Ps

TYPICAL FREQUENCY RESPONSE

The Model 2510M4A, llustrated detow

]
! )

CHAROE

-2

OEVIATION aB

i
.

with etectrical specifications ioentcal to
the basic Modgei 2510. provides a special
] mounting for flush diapnragm or other
applications.
1 000 10 000

? "0 100

TYPICAL TEMPERATURE RESPONSE
-

Frequency, Hz

CRHARGE
OEVIATION aB
°

- BT} - 200
-34 2 -43 crae -300°C
Temoerature

IR

e

R




. SPECIFICATIONS FOR MODEL 2510

COmECTOR /
O3 28 TWREAD
MATES wiTH ENOEVCO
20004 SEMES CARLE

OIMENSIONS IN INCHES (MILLIMETRES)

PHYSICAL
WEIGHT 2 0z {56.7 3) max., including mounting dbracket
MATERIAL Case — stainiess steel. Bracxet — hara anodizea giuminum alloy
CRYSTAL MATERIAL PIEZITE® Eleme.  ~-na P-8
CONNECTOR Coaxial. 10-32 thre.
MOUNTING Two holes for No. 6 screws. 1%" apart
GROUNDING Case ground insulated from mounting bracket. Resistance from case to

bracket 1s 1 M{} minimum at 50 vac

ACCESSORIES

INCLUDED Model J090A-120 Low Noise Cabie Assembly, 10 (3 m). Two 832 x 4"~
cap screws: Remcvadis gnad

ENVIRONMENTAL
VIBRATION 150 g
VIBRATION SENSITIVITY 105 aB8° max. SPL equivaient at 1 g pk
SHQOCK 109
TEMPERATURE -85°F to +500°F (-54°C to +260°C)
ALTITUDE SENSITIVITY No change 1n sensitivity 0 to 100 000 feet
HUMIOITY Hermetically seaied
SALT SPRAY Meets MIL-E-5272C (with seaied cable connecior)

MOTES  Reterence 0 d8 = 0 0002 LDar (Gynew/cms 7 20 JN/imi « 20uP8

Continued product improvement necessitates that Endevco reserve the nght to modity these specitications without
notice

RELIABILITY: Engevco ma:niaing a program of constant surveriance over all progducts 10 ensure 3 high leve! of reliadiiity
This program inciudes atlenton to renabdility tactors gurng oroouct design. the suppPort Of stringent guahty control
fequirements, ana compuISOry COrrection action procegures These measures. together with conservative speci{ications |
have mage the name ENOEVCO Svnonymous wilh reliabiiity. EndevcOs Quanty and Rehability system meets the |
requirements of MIL-Q-9858A ana MIL-STD-785A

CALIBRATION: Eacn unit 18 caltbrated fOr acoustic pressure sensitivity and capacitance. Frequency resoonse from 2 to
10000 Hz. temperature catibration at-65°F (—=54°C) +75°F (~24°C). ana +500° F (+260° C}. and ampiituae unearity trom
120 dB* t0 180 dB°. are availaDia at additional cost.

SYSTEMS' Arporne systems availabie providing 0-5 v or =2.5 V full scate output from 1ess than 140 d8 1o over 180 g8 or
trom iess than =0.07 psi 10 above =5.0 ps1 Request Tecnmical Data 501A lor aditional information on aiIrborne acoustic
Systems. InQuiries on special Systems are nvited

< |
ENDEVCO
= *

RANCHO VIELO ROAD - SAN JUANCAPISTRANG. CA 9267S TELEP-ONE (714)493.8181
AMANEM CA ¢ ATLANTA GA » SALTIMORE MD ¢ BOSTON Ma » CIICAGO n ¢ DAYTON OM » mARTFOAD CT ¢ MOUSTON T2 e #a 0 ALTO CA s w MYSTIC C” s WESTVIWIE W
SRANCE » SWEDEN s UMITED INGOOM * w GERMANY ¢ ANGENTING ¢ AUSTRALIA « BRAZI & CANADA s CHILE + St AND © ‘MD1a o 1 TALTY ¢ JAPAN * WALAYS A
MEXIZO o METHEALARDOS ¢ NORWAY * 3 ASAICA ¢S COREA ¢ P01 o SWITZERLAND « TAlwaN ¢ vEREZUELA » ALL COMECOMN COUNTAIES &« y S S A

TWE 810998 1423 TELEL 803008 PNTED ™ USA  Agy 1787
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BURR-BROWN?®

==i

o OPA1MN

Low Noise Precision 2//er™
OPERATIONAL AMPLIFIER

S

FEATURES

o LOW NOISE: 100% lestsd. 8nV/\/HZ max at 10kHz
o LOW BIAS CURRENT: 1pA max

o LOW OFFSET: 250V max

o LOW ORIFT: 1,V/°C max

o HIGH OPEN-LOOP GAIN: 12048 min

o HiGH COMMON-MQODE REJECTION: 100dB min

DESCRIPTION

The OPAIL! is a precision monolithic dielectrnically-
isolated FET (Ds7er ™) operauonal ampiifier. Qut-
standing performance charactenstics allow 1ts use in
the most ¢ritical instrumentation appiicauons.

Noise, bias current, voitage offset, dnft, open-loop
gain, common-mode rejection, and power supply
rejection are superior to BIFET® ampiifiers.
Very-low bias current is obtained by dieiectnic isola-
tion with on-chip guarding.

Laser trimming of thin-{ilm resistors gives very-low
offset and dnit. Extremely-low noise is achieved
with new circuit design techniques (patent pending).
A new cascode design allows high precision input
specifications and reduced suscepubility to flicker
noise.

Standard 741 pin configuration allows upgrading of
existing designs to higher performance leveis.

BIFET® Nauasal Semcoaducrior Corp., Oer ™ Burr-Brews Corp.

APPLICATIONS

o PRECISION INSTRUMENTATION

o DATA ACQUISITION

o TEST EQUIPMENT

o PROFESSIGNAL AUDIO EQUIPMENT

o MEDICAL EQUIPMENT—CAT SCANNER
o RADIATION HARD EQUI- MENT

CASE ANG SUBSTRATE

o) -
o—| ]

SPATI LIMPUFIES CACUIT

Intarnations! Alrpert ingustrist Part . P 0. Rex 11400 - Tucsom Anzems §S734 - Tol (B02) 748-111) . Twr: 910-952-1111 . Cable BORCORS - Tatar: 68-8441
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SPECIFICATIONS

ELECTRICAL
Al Vec ® Z15V0C and T, = +25°C uniess otherwise noted Pin 8 connected 10 ground.

OPAITIAM OPAIIGM oraISM
PARAMETER CONDITIONS win | TV max Min . TYP o wAz | omix | TYe | MAX | ummy
iNoyY
noIst T
voilage 1, - 10mz 100N testec 0 ] 0 [ © L] LA
t, 100wz 100% tested £} « n 0 13 «“ LA
o we 100% testec s 8 ? 2 [} s N
1, ez 100% tesie0 [ [} . [} . . LN
fa  10sez 10 WOurg *00% lestes 07 12 06 ‘0 e 12 WV rmy
o 0wz 10'0r " 18 a3 12 2% 16 33 #v D0
Current tg = 01912 10 1002 - X} 15 1s 12 9 14 tA 5.0
1o - Q12 1hry 200m2 " 05 08 04 a6 o8 08 et
QFFSET VOLTAGE’
1nput Otfset VorEge Vem OVDC -100 - 500 +%0 < 25%C - 100 - 500 we
Aversge Drint Yo : Tum 0 Tems 22 29 08 2y .2 ] weC
Supoiv Reection 90 A 100 ne %0 "e EL]
ER) <y -3 -0 -3 [ M wv v
BIAS CURRENT
1ngur Beas Current Vo - OVOC -08 V22 208 I 108 22 pA
—
OFFSEY CURRENT |
raput Ottt Current Vem - OVOC -0 'y -028 cQ7e 0S8 B L]
l
HAPEDANCE ‘
Ottecantial gt e w0l w0t O of
Cammon-Mode 0 3 ‘Wl 0wt ) 0 ot
VOLTAGEK RANGE
Common.Mode 1ngul Range = EAN =10 . ! “0 < v
Common.Moce Amec:ion Ve *'0VOC [ ] AAL:] ‘00 4 v ! Lo lAL} a8
OPEM-LOOP GAIN DC
Ooer-L000 Voutage Gan [ A an [ vie 1128 I T 20 1 s | v b g 1 ae
FREQUENCY RESPONSE
UMty Gan Sman Signan 1 H ) I 2 L
Fuii Power “+3ponwe Vo0 A - L3 k- AL EN " 2 amz
Siew Aate Yo WV A 1 H ' ? H H ¥ usec
Setrng Tme 0°N Gar A ] ¢ § e
Q0% 0V slep ' L] 0 10 mnec
Overivac Recavery }
0% Cverarve Sar l L) ! H s wsec
RATED OUTPUT
vonage Dutbur A mG -t ] BN 10 - 100 ERE v
Ciotrent Cutoul 7 ‘ov0C -5 -0 T4 R} -5 - 1 mA
Culdut Resistance 3% Loer 000 j *00 I ] 100 7]
Loac Caoaciiance Suadvy Gar - ; 000 | reac i 100 ’ Ed
Snan Circun Currens 0 e | S “ 0 w —a
: & H
POWER SUSPLY
Aaivg vorage 1 Poets =S s voC
vorsge Aange
Derateq Pertormence -4 -8 -3 -8 -5 <8 voC
Turrent Juescant . OmaDC U2 38 ! % 3 2% 1 38 ~a
TEMPERATUNE RANGK
Soecincanon Amgient tamg, 2 -85 -2 [ -es [ -ss -128 c
Qoeraung Ampient temp ELY 128 £ -12% - 5% -12% <
Siorage Ampeent temo - 6% ~180 -8% 1% -6¢ -18G *c
€ JunCHOn-Ambent 200 200 200 Tw
NOTES (1) Samoe 103100t D87 umeter 13 Quarantend 12} OfMsel vOtEQE OfMEAl Cufrant SNA DWE CurMENt BFY MERsUrSS wiift NE UMiS fly wermed

up '3 Overoad recovery 15 Genned s the 1Ne (8GuIred 107 The GutOu! 10 FETUMD HOM SALUTEUON 10 KAGE! COSY B1ION 10/Iowwg ING rEMavel Of & S0 Nout Overdnive
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fopy avaflable W DTIC does aot
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———

— opaItAM OPAIIONM Orainisu

ranaAMETEN ) CONCITIONS i | tve D max e | rve [ owax [ e | orve T owar | uws
T empena TURE RANGE

Soec wcanon Aange Amownt temg -23 -8% 25 -85 S8 -128 *c

neut

OFFSET VOLTAGE '

_Agwt Oftset vonage Ve  OWOC +220 1000 1) - %00 2200 1500 w

A verage ONN .2 131 -0s ot 2 -4 P

3wDOev MerOCHION » 00 L ] 100 - 100 o8

=10 130 -0 -2 10 -50 v

[ 01as CURRENT

inpus @88 Currant Vea  OVOC +%0 - 250 E> ] - 130 1820 * 400 oa

2FFSET CURRENT

gt OMamt Corremt Vem ovoC 0 - 200 18 - 100 *3%0 - 3100 oA

VOLTAGE AANGE

Commaon-Mode oul Aange -0 -t -0 1 LY} ty v

Common-Moae Reection Ya - =YONDC » 100 % 00 [ ] 00 78

OPEN-LOOP GAIN. OC

Qoer-L000 voitage Gan T a, n0 [ "e T 120 T J ‘14 1 120 I l 0 x| L a8

RATED QUTPYT

vonage Quibut R, an <10 L) - 10 .tt =10 1y v

Current Quidur Ve -1ovOC -8 .10 -8 -0 -8 -0 na

“rort Corcunt Currant Vo avoC 10 0 0 ] 10 -0 -a

POWER SUPSLY T

- — T . emeoc [ I 2s | 33 ] IBETIR YR T 28 1 38 | ~a

NOTES 11 Otest vO1C?, JI1I0t Cuitent SN0 Duas CufTENt $08 MERILIE] With (RS LANS 1 iry WEIMed wO

ABSOLUTE MAXIMUM RATINGS

SUBDIY e it
tntemss Power Oisspstion
Ditteronnas 1nput voitaqe "

Inout Vortage Rsnge ™ .

Srorsge Temperatyre ARenge
ORDERING INFORMATION Ooerating Temoersturs Range ..
Leac Tamperiture (30s0enng. 10 s0CONaR) .. ..., ..... ..
OPAITI X M Output SPoA Curcust Durstion ™
Basic model number Juncoon TemOoerature ... ...
Performance grade NOTES
A . B=-25°C 0 +85°C (1) Pacuages MUt B Nereted Dased on fic = 150°C/W or #u =200°C'W
- {2) For 3upply +O1taGes iess tnan =18VOC “he aDsOIUIe MaxIMum inpul
s =-55°Cto ~125°C vOI'3Q€ 1 #QUS! 10 (e SUDDIV vOIBQE
Package code } 131 ShOM CircuKt MaY D (0 DOWEr SUDDIY COMMOnN Onty Rating 20DIes 10
= - «25°C amoient Observe Qissipanon hmt ang T,
M = TO-99 metai can MECHANICAL “M" PACKAGE TO-99 (Hermetc!
NOTE Pin numpers snown tor reter
L'“ﬂ:':: "‘.“:Cmm within 0107 onty Numbders May not 58 Marvec
CONNECTION DIAGRAM LB _:'1“""" B0 on package.
TOP VIEW SUSSTAATE AND CASE Pin matenal snd plsning COMOOS-
BON CONOrm (0 Mathog 2003 rsoi-
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APPENDIX C

SPECIFICATIONS FOR ANALOG DEVICES DAS 1153
A/D CONVERTER




ANALOG
DEVICES

FEATURES

Compiete with High Accuracy Sample/Hold and
A/D Converter

Differential Nonlinesrity: £0.002% FSR max

{DAS1153)
Nonlinearity: DAS1182: =0.005% FSR max
DAS1153: =0.003% FSR max

Low Differantisl Nonlinesrity T.C.: =2ppm/°C max

High snrounhput Rate: 25kHz min (DAS1152)

High Feedthrough Rejection: — 9648

Byte-Selectable Tri-State Buffered Outputs

Internal Gain & Offset Potentiometers

improved Second Source to A/D/A/M 824 and
ANOINM 825 Madules

Low Cost

APPLICATIONS
Process Controt Data Acquisition
A d Test Equi

Dats A

Robotics

GENERAL DESCRIPTION

The DASI1SZ'DAS11S3 are 14-/15-bit sampling anajog-to-digital
converters hsving 1 maxunum theoughput rate of 25kH2:20kHz.
They prowide high acturacv, high stability, and functional
compieteness all in 2 I x 47 x 0.44° metal case.

Guaranteed high accuracy system performance such as nonlineanty
of =0.005% FSR (DAS1152=0.003% FSR (DAS1153; and
differenual nonimneanty of =0.003% FSR (DAS11S2Y =0.002%
FSR (DAS1153) are provided. Guaranteed stability such as
differenual nentineznty T.C. of = 2ppm/"C{DASI153) maximum,
zero T.C. of = 80wV C maximum. gan T. C. of = 8ppm~C
maxumum and power suppty senuitivity of = 0.001% FSR™% Vy
are aiso provided by the DAS1152'DAS1153.

The DASIIS2DASIS3 make exicnsive use of boih integrated
arcuit and tan film components (o obtan their excellent
performance. smal! size, and low cost. The devices conwun a
precision sampie hold ampifier, high accuracy [4/15-bit anaiog-
ro-digrial converter, tf-state output buffers. internal gun and
offset tnm potenuometers, and power supply bypass capacitors
(as shown n Figure 1).

informeeon hmnmbv Arsiog Devices 15 Detweved 10 De sccurite
ana rehisdie. Mo vis oY Ansiog Oevrces
tor 11z use nor for nv mmnpmu o Detens or DINEY Nphts of thwd
DOMN WICh May result 1em it use. NoO hoense 1§ granted by 1MOLCS
©ON Or OtNIrwe UNIST aNY OEIENt Or DETENT rgnts of Ansiog Devicss.

88

14-Bit & 15-Bit Sampling
Analog To Dlgltal Converter

ey

Figure 1. DAS1152/0AS81153 Block Diagram
Four analog input voilage ranges are seiectable via user pin °
programmng: 0 to «$V. 0 to + [0V, =5V, and = 1OV. Unu-
poixr coding (s provided 1 true binary formar with bipolar
coding dispisved 10 offset binary and two's complement.
Tri-state buffers provide easv interiace 10 bus structured
applcanons.

P.0. Box 280: Norwood, Massachusetts 02062 U.S.A
Tei:617/329-4700 Twx: 710/394-6577
Talax: 924491 Cables: ANALOG NORWOODMASS
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SPEC'FICAT'ONS {typacal (e + 25°C uniess otherwrse specified) . . _—

! . _ DASIISZ . . DASItSy OUTLINE DIMENSIONS
Resowymion 0 Wb UBe Duncasons shown 1 InChes aad {mm
DYNAMIC PERFORMANCE
Throughous Rae BaHzwa 2z mes Lo ———
Convernsn Time T max 44us man r R )._‘“.
o prombag - - = =
S/'H Aprrture Deige S0ms . - e o P
/M Aperrere Uscertasme s . = T
Fositiwossh Rencion' - udf .
Drosp Rate 0.0%50Vius 0. 1uV us man) .
Duwstactr: Abuerpusa Error 20.00%% of laput Veitape Change .
ACCURACY
[ .00 FIR’ man 20.00% PSR’ max
Differvatmi Nenisasurey 20.007% FS’ max £0.007% FSR’ mas
Ne Moung Codes Guarenesed .
= 3o NoustS Hpim A DY T5uV rem
zjoNemniAD) 30u V ree . -
STABILITY
Dwiferennal Neaipearwy T.C. 2 typee/Casmz M
GuaT.C. 2 SppmCmax M
ZeroT.C. 2 WV Crvp, £ eV Cam .
Power Sappiv Seantrvny 00MNFIR’ %Y, .
ANALOG INFUT
Voitage Range
Bopuiar IV, z 10V .
Usepeler S +5V.0m « 10OV d
ADC iaput Lmpedance O ve + SV 1.5 .
Omw + 10V, 28V Shit .
=iV 10.0m12 .
SH laput lmpedance 100MLLSpF . s
DIGITAL INPLTS
Conver Comman* 1TTL Land. Pesstree Puise .
Negawve Edge Trgpered .
$H Comtral HOLD » Logc0 .
SAMPLE = Logxc 1 .
Low Eosbie. Hmh Eaatie ENABLE = Logx0 ot .
DIGITALOUTPUTS
Parsiiel Data Ourputs
Unepolsr [ .
Bopeiar Offat Bunarv. 2's Complemen *
Outpms Drrve ITTL Loads .
Suwm Lagx ~ 17 Dranag Convervon s
Owrpw Drve ITTL Lses .
INTERNAL REFERENCE VOLTAGE SWV. =00% .
Exvernai Load Curvent: Ratod Pertermance:  1mA sas .
Tempersure Stabearv 2 SppmC maz .
POWER REQUIREMENTS
Rateu Vonages V2 INL, + SV =% M
Uversting Volases” 21V - 1TV, +4 75Vip + 525V ¢
Suoptv Carvent Dran = 13V z3TmA .
-3V WmA .
TEMPERATURERANGE
Spenified O = 20°C .
Opersung ~25Cto » I5°C .
Storage ~25%Cto = §5°C .
Retative Humediey Marts MIL-STD-202E. Mevd 1030 ¢
Bectrossuc | RF11 4 Sedes, .
Eiscuomegnenc ( EMD) § Sutes .
SIZE T = & « 0 485" Metai Package .
~oTES

“Spwcsiuctumm wey 1 DASHY

‘Namered = ot aate. eps NV g9t v R

“Warmcam semsanat ¢ LK g A D wsstnmwey v

"PER e >t e S

“Whrn coumarieg thw Lo | e e { N unseul gt st 1 S Tulh G Gy ey e b @t &N
St o gy e W % e Sprd ACWE'r tns amm. LA 1327 Sus amn. DAS1I3): M S AL opwavrens
Y Y. W LA Lamiens S S vt e g e o Py 11

W oomy e AN A o . Yt ST ST TRy WA T O el @ 11V @ ¢ 1TV ue § W0 UM wm—e &
. rhy S vings = %Sm0~ 11V 12 P @ 28 SN mew v W W wa— ® - TV

. L I0Y e - TS v w—

Tssmnrnad Poww gt Asmg Ureevs Maast 413

MNoTanem SR B - ——
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OPERATION TIMING DIAGRAM
The DASHISZDAS1153 are func I piete data The oming diagram tor the DASIISZ/DAS1S3 is ittustrated 1n

subsystems bewng fully characterized as such. All the necessary
daca ition and o interface ¢ are
provided 1aternal 10 these devices. Accuracy and performance
critena are tested and specified for the enare system. ‘nms.
design time and d hugh v probh

because lavout and component opumization have altudv been
performed.

For op the onfy v to the DASIIS2
DAS1153 are the =15V and + 5V power supplies. analog input
ugnal, tngger puise, and the HI-ENABLE'LO-ENABLE in-
state controls. Analog input and digital output programaung are
user sciectable vis external iumper connectons.

ANALOG INPUT SECTION

The analog input can be applied to 1ust the A/D converter or to
the internal sampierhold amplitier ahead of the A/D converter.
When using just the AD converter. appiy the analog wnput per
the voitage range pin pmmmmg shown in Table [. When
using the ie:hoid n with A/D con-
verter, apply the anaiog input 10 the S:H INPUT termunal and
coanect the S:H OUTPUT tcrmunal to the appropriate A D
coaverter analog input.

Asalog Voltage Connect Coanect Coanect
lapw Vinor S HOwm Anslog Comman Ref Owt
Range Teo Te Te

Qo + 5V ANAIN I,
ANAIN2. Ground NC*
ANAIN3
Ow ~ 10V ANAIN? Ground NC*
ANAIN] ANAINI
304 ANAINT Geound. ANAIN2
ANAIN3
zI0V ANAIN3 Ground. ANAIN2
ANAINI
*NeConnsctes

Table 1. Analog inout Pin Programming

Errors duce t0 source losding arc eliminated since the sampie hoid
amplifier 15 a hugh-impedance unitv-gain ampiifier. High
feedthrough rﬂecuon 1s provided for euher singie-channci or
mult 1ons. Feed gh <an be
optumized., in mulncha.nnel PPt h h i

at the rising or falling edge of the S'H control pulse

)

]
:

Figure 2. Ansiog Input Block Diagram

Figure 3. This figure aiso inciudes the sampie hold ampiifier

If the sample hoid amplifier s required. the TRIGGER input
and S'H CONTROL terminal can be ued together providing
only one conversion control signal. When the tngger puise goes
high, it places the sampieshoid amplifier 1 the ssmplc mode
allowing it to acyuire the present input signal. The tngger pulse
must hugh for a of $us (DASI1S2VSus
(DAS1153) 10 insure accuracy s attained. [f the sampie hold
amplificr is not used, the tngger pulse needs 1o be valy 100ns
(mun in lengeh o sausfy the A/D coaverter trigger requiremencs.
At the falling edge of the tngger puise. the sampie-hoid
ampilifier 1s placed in the hoid mode, the A/D conversica
begins. and all internal logic is reset. Once the coaversion
process 15 inataced. it cannot be retnggered until after the end
of conversion.

With this nezatve edge of the tngger puise the MSB is set iow
with the remaining Jdigital outputs set to logic high state. and
the stacus line is set high and remauas high through the full
conversion cvcle. Duning conversion each bit, starting with the
MSB. 15 sequennally swatched low ar the nsing edge of the
internat clock. The DAC output 13 then compared to the analog
1nput and the bic dectsion s made. Each comparson lasts one
clock cycle with the compiete 14~ 15-bit conversion uking ISus
44us maximum for the DAS11S2'DAS1153 respectively. At this
ume, the STATLUS line goes low ngmfvml that the conversion
s pi For P bus app . the digital
output can now be appiied to the dara bus bv enabling the tn-
state butfers. For data throughput. the digatal output
data shouid be read while the sampierhold amplifier s acquinng

the new anaiog input signai.

nsse m nuuw

aQce
£0C :u..uulouuu
adus MAK (DASY1S3)
m:'.] L /R
T U“ m
-] ams /2
":uo':-o-uv-
m--nouuum...m|m-—-n-w
Ampniier v smmure the pwt Signes # the ADC = sy

we L] 7/
mmonmn___l ”'I_J—W
¢ 2 5% Conwel and Yrgper ere Puisa WG
wows. e Fragger Putas musar be Hilne @

Figure 3. DAS11520AS1153 Timing Oiagram




GAIN AND OFFSET ADJUSTMENT
The DAS1.52DAS1153 contain tnternal gain and ofiset
adyi p s. Each p has ampie
adiustment range so that gaia and offset errors can be timmed
10 2eT0.
Since offset calibration is not affected by changes i1n gun
calibration, it shoukd be performed prior to gain calibravon.
Proper gain and offsct calibration requires great care and the

ive a0d "~

use of y
The voltage standard used a5 1 signal source must be very stable
and be capsble of being set 10 wathun = 1/1CLSB of the desired
value at any point wathun its range.

OFFSET CALIBRATION

For 2 0 to + [0V unipoiar range set the nput voitsge precisely
t© +303uV for the DAS1152 and + [$3uV for the DAS1153.
For 2 0 to « SV unipoisr range set the input (6 = 133uV for the
DAS1152 and + 76uV for the DAS1153. Then adiust the 2ero
potenuometer untl the converter 13 1ust on the verge of

For the =5V bipolar range set the input voitage preasety to
+305uV for the DAS)152 and + 153uV for the DAS1153. For
2 = 10V bipolsr range set the input voliage precisely (o +610uV
for the DASI1S2 and + 305V for the DASIIS3. Adiust the
Zero potentometer uatil the offset binary coded units are just
on the verge of swichung from 000........ 000 to0 000........ 001
and the rwo's compiement coded untts are just on the verge of
switching from 100........ 000 to 100........ 001.

GAIN CALIBRATION

Set the input voltage precisely 1o« 9.99909V (DAS1152y
+9.99934V (DAS1153) for the 0 to « 10V umits, +4.99954V
(DAS1152V + 499977V (DAS1153) for 0 to « 5V unis,
+9.99817V (DAS1152Y « 9.99909V {DASI153) for =10V
units, or +4.99909V (DAS1152Y « 4.99954V (DAS1153) for
25V unuts. Note that these values are | 1'2LSBs iess than
norrunal full scale. Adiust the gan potentiometer unul binary
and offser binary coded urnuts are 1ust on the verge of swirching
from 11..... 100 11..... 11 and two's compiement coded umts
are just on the verge of switchung from 011..... 10 w0 0ii..... 11
DAS1152/DAS115) INPUT/OUTPUT RELATIONSHIPS

The DASTISZDASI1S3 produces a true binarv coded output
when configured as a unipolar device. Configured as a bipolar

NOMINAL BIPOLAR INPUT-OUTPUT RELATIONSHIPS

ANALOG INPUT
9ts 5V Raage 0 « 13V Raage
DAS1IS2 DASIIS3 DASIISY DAS1IS3
-4 PR\ -4 94N -9 WY - & M0V
* 2.50000% «1.50000v <3 00OOV - $.00000V
©0.62300V < Q.IN0V  « 125000V - 1.25000V
+8.0003 +0.00Ut5\  «3.0008V = 0.0003V
«0.0000V -0 Gy - 8.0000V «0.0000V
DIGITAL OUTIUT
Tanery Cotn
DAsSNS2 DAs11S3
o ann [I2RIINIERIE NN
10 000 0uo 0ud 00V 108 000 009 V00 000

00 100 000 000 VO 0O} QOO DOB OO 000
09 000 000 00V 08! 008 000 000 000 001
9 WD 000 00D 000 000 DOV 000 00C 000

Tabie 2. Unipoiar input-Output Relationships

Assieg lopw Dignal Outpm
25VReage 210V Raage Ofisnt Bmary Cate Twe's Comgloment Cade
-4 S0PV -9 TRV HEN NI TREInIT] LRI RN
+ 1350000V« 3.0000V 11 000 000 GO0 009 01 000 008 00 000
+0.0008!V  +0.00122V 10 000 00 009 00! O 00D GO0 500 00}
«9.00000V <@ 00000V 10 0UG 000 GO0 000 08 000 000 000 000
-5.00000V - 10.00000\ 09 000 000 000 000 19 000 000 000 000

Tavie 3. DAS1152 Bipolar input:Output Reistionships

Assiog laper
25VRange 216V Raage
LIV L9 INIY
+ 130000V - $.0000V
+0.0003V +$.0006(V
«0.00008V  «0.00000V
-5.00000V - i0.00000V

Tabie 8. DAS1153 8ipoiar input/Output Relsnonships

TRI-STATE DIGITAL OUTPUT

The ADC digital outputs are provided 1n panallei format 10 the
output tn-state busfers. The output informanon can be applied
t0 3 data bus in exther a one-byte or 3 two-bvte format by using
the HIGH BYTE ENABLE and LOW BYTE ENABLE
termunais. [f the tn-state fe wture 15 not requred, nomal digical
outputs can be obuuned by cunnecung the enabie puas to
ground.

POWER SUPPLY AND GROUNDING CONNECTIONS
Although the ansiog power ground and the digital ground are

d 1 the DASI1S2'DAS153. care must sull be taken to

Otfaet Banary Cote Twe's Camplament Code
(LR BRI RTINS [UARUIRU RIS
{10 000 000 000 008 010 000 000 000 X0
103 000 000 000 00t 000 G00 GO® 000 00!
108 000 000 000 008 QOO 00O 0OV 000 00T
YO8 000 000 GO 000 100 GO0 000 000 00O

device. it can produce exther offse! biparv or two's i

output codes. The most significant bit t MSB) 1s used to obtain

the binary and offset binarv codes while | MSB) 15 used to obtain

wo's compiement coding. Table 2 shows the DAS1152/DAS1153
polar analog inpuudigital outpue refat h Tables 3 and

4 show the DAST152/DASI153 tapoiar anaiog inpuvdigial

output reistionships.

provude proper grounding due to the hugh accuracy nature of
these devices. Though only general guidelines can be given,

grounding should be ar d i such a as to avoid
ground loops and to mumimuze the coupiing of voitage drops (on
the high current carrving logpic supply ground) to the sensitive
analog Gircuit sections. Ansiog and digital grounds should
remain separated on the PC board and termuasted at the
respective DAS1152/DAS1153 termunals.

No power suppiy decoupling it required since, the DAS118Y/
DAS1153, contun high quaisty tantaium capscitors on each of
the power supply mputs to ground.

C872a-20-11/82
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