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STABLE FLOATING PLATFORM

1 Early Program \'istory

The Stable Floating Platform project was one of the initial
elements in the Scripps-ARPA program, In its firat year it wons
concerned with procurement of facilities (computer and wind-wave
channel --viewed as useful beyond direct application to this
problem) and with a broad look at possible plutform types. [he
program was rather diffuse since it lacked any pround rules about
specific goals and constraints and did not address any particula
mission. During the summer and fall of 1969, this sitnation was
reviewed by ARPA and Scripps. The result was a decisjon that
ARPA would arrange for studies of maritime military applications
and that Scripps would focus on ﬂ;atforns to support ocean R & I,
with emphasis on bringing in technology which had not previously
been applied in this context., The basic philosophy at Scripps
was to proceed toward full scale construction at modest cost
since the only real way of advancing technology in this field
at this time seems to be through actual application.

11 Review of 1970

The calendar 1970 pro?ran was carried out with this in mind.
Hydraulic laboratory facility procurement was completed, :studies
of research mission types were made, consideration was given to
requirements and possible platform concepts, a design study was
made to compare the two most promising platform types, mode)
tests at 1/100 scale were initiated and a 1/R scale model of a
three-legged platform was built and operate¢ in San PMego Bay.
Each of these topics will be discussed further below. The most
important step was taken in November when the decision was made
to focus on a single particularly promising design--a four-legped
platform to be made by assembling (at sea, on site) a pair of
two-legged modules utilizing concrete as the material for all
legs (figure 1), 1t appears that a platform having a 500 ton
payload and with 200 ft. length and 100 ft. beam is feasible

at roughly a four million dollar cost. Size and payload could

be increased by building additional modules.

IIT Wave Channel

The wave channel test facility started operations ir March
and has been in use since that time. Primary work has been
concerned with validating its performance (by direct measurement
and through observation of a 1/100 scale FLIP model (figure 2) -
in this latter case we have full scale data for comparison).

Two related reports have been produced. One of these (by Robert
Oversmith, AOEL Report 11, SI0 Reference Numher 70-29) describes
the facility as it existed in October ~f this year. At that time,
the wave aspects were fully operational as was the computer and



the data ae atsction sasten,  [The other report describes the

e e e e o panter i sties aof the wave fields (Ly Lonald
Hellows, Wil BReport 00 S0 geforence Number 70-37), Sinee
that teomee, “hee Plower wyvwtom for wind generat ion has been

tnst alled gnd crechend v, The pumps and plping to produce
lony:* wlinal atrents Yl vet to be (ompleted: however, work

asfinge thar porfion of rhe savstem has rather low priority at this
L4 ‘mc.

o oReseap el Mission _\nalysis

elies of 1 he tapes of research missions requiring stable
plattorms were made primarily through discussions with Scripps
scientitic statt and with individuals at the two principal Navy
labotatoties (Mo and N st) involved in ncean aystem development,
trom these, {t emerpyed that a wide number of activities could be
tnolved,  IThe most clearly focussed and immediately important
is underwater aconst i research related to long range detection
svstems, \t thee present time, this work very mich needs the
capability ol support ing, hgdrophono arrays of appreclabdle
horfzontal exteut (over 100 ft,) at various depths in rhe water.,
the platform which we are working toward could easily fill thia
need, dojny it {4 wiav which would allow the collateral recording
and analysis equipment to be located at the sea surface close to
the arrays (thus easing telemet:y problems from the hundreds
ol hydrophones) and «:lso allowing the enitire assembly to be
moved to any of a variety of geographic locations.

Two orher classes of research activity also seem important
and supportable from this type craft: sea floor work (fine
scale sampling, installation and inspeccion of equipment,
benthic ecology) and work in the upper part of the water column
(inrernal and surface waves, deep scattering layer, optical
properties, fish behavior). These would require the ability of
the vehicle to deploy and support a wide variety of equipment
(sulmersibles, sea f'loor tractors, optical systems, high
resolution sonars). Beyond these three research areas, the
platform would naturally be involved in engineering studies
to validate design processes and to look at such matters as
open ocean hreakwaters and extraction of energy from surface
waves,

\" fPreliminary Platform Study

with these programs in mind, a preliminary analysis was made
of A wide variety of configurations. The gross constraints
agreed on at that time were: 200 tons payload, cost in the 3 to
5 million dollar range, flip--able spar type legs, non-flipping
lab and living spaces, heave cesponse comparadble to FLIP,
scientific party of 10 to 15, After some consideration, two
confipurations were chosen for a preliminary comparative study--
a three-legged platform following Glosten's sea-legs concept and
i two-leg catamaran style chosen because of its probable low cost.,




This study was ompleted in October and the results (1, R, Gl sten
reforence 70-28) forwarded to ARPA.

the r study was parallelled with construction ot a 1/8 scale
wmodel of the three leg unit. This was built during October und
operated in San Diepo Bay during November. The model was larpe
enough to dramatize problems associated with iniversal joints

at the leg tops and difficulties with bringing leps into contact
with the platform in the horizontal (figure 3). In the vertical
(figure 4? it showed, qualitatively, the expected stability,
Taken together the model and paper studies showed that a
combination of factors (very favoratle cost for the i1wo-leg,
concrete unitas; difficulties in mating legs to plutform in the
horizontal for the throe-l:s platlorn? inted to a preference
for the two leg unit and 1 to the decision, reterred to

above, to pursue a four-leg platform composed of i palr of
two-leg modules to be joined after independent transition of
each to the vertical (stable) leg position.

vVl ‘future Planning

Final action for the year (and a prelude to the coming
year's activities) was initiation of a doolfn study of the four-
::3 Ylatfor-. including motion analysis, 1/100 and 1/8 scale

els and a naval architectural study of costs and important
design points (platform hull design, modules connection
techniques and rolatodczroblono). Motion and force analysis is
being made by P. Rudnick, 1/100 scale model work by R. Oversmith,
1/8 scale model by C, S, Mundy and naval architecture by .. R.
Glosten. Results of these steps should be available in March
and Agrll with the possibility of moving toward preparation of
specifications for the full scale platform starting in May.



Proposed Two Module Platform
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Figure 2 - 1/100 Scale Model of FLIP
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SUMMARY

The goal of this project is to adapt the high performance quartz
vertical accelerometer developed by Block & Moore at IGPP for use on the
ocean bottom. Specifically an instrument puckage is being constructed
which will enable the quartz accelerometer to be operated on the ocean
bottom to depths of 20,000 feet. The package will be comrletely self-
contained, including all necessary power supply, electronics, data re-
cording, acoustical control and telemetry systems. The package will be
capable of operation without surface support for periods of 7 to 30 days.
work on the project was first started about November 1, 1969. During the
first year of work, the problems to be solved were:

1. The basic configuration of the underwater package.

2. Redesign of instrumentation and data logging electronics in a low
power form suitable for operation from storage batteries.

3. Reconfiguration of the mechanical structure of the accelerometer

to enable its use within the constraints imposed by operation on the

ocean bottom inside a 22" ID pressure sphere.

The broad-problem areas listed above included several specific pro-
blems most of them in the area of low power electronics which were both
difficult and crucial to the project. These have all been solved as is
discussed in the attached report and at present we see no fundamental ob-
stacles to the completion of a working instrument package. Our present
hope is to have a complete package ready for preliminary ocean bottom

tests by January 1, 1972.



Work on this project was first started about November 1, 1969, At
that time the problem could only be stated in very general terms, namely,
to construct a version of the present IGPP quartz vertical accelerometer
appropriately packaged for ocean bottom use. By January 1, 1970 the system
configuration indicated in the block diagram (Figure 1) had been decided
upon,

In order to operate with the sensitivity desired for this work, certain
stringent environmental requirements with respect to the quartz accelerometer
must be satisfied. The mcs. difficult of these being the control of the
instrument temperature which must be held to better than 10-5°C. In addi-
tion, once the capsule is in place on the ocean bottom, the gravimeter must
be ieveled to better than 1/2° error on any axis. After consizerable thought
it was decided that the leveling problem could be handled adequately with a
completely passive pendulous gimbal arrangement. The temperatvure problem
remained a thorny one however.

In the land-based version of the instrument, the active part of the
accelerometer is enclosed within three coaxial cylindrical metal enclosures.
The first of these, having an outside diameter of about 8 inches and a length
of about 8 inches, is the instrument's stainless steel high-vacuum enclosure.
This is essentially part of the instrument and will be retained in the
ocean bottom version. The vacuum can is suspended within a second cylindrical
can approximately 9 inches outside diameter and 11 inches long. This is
retferred to as the thermostat can and in the land-based instrument, the
temperature control heater, monitoring and sensing thermistors are mounted
on this can, The thermostat can is placed within a third outer can which

iz simply a light-weight aluminum can used to constrain the polystyrene foam



balls used as thermal insulation in the land-based instrument. The dimen-
sions of this final can are approximately 25 inches long by about lbt

inches OD. Since the pressure spheres which are to be used to house the
underwater instrument have an inside diameter of 22 inches it is clear that

a structure of this size is precluded. As a matter of fact, allowing
adequate space for the pendulous gimbal assembly, an object of the dimensions
of the normal thermostat can is a fairly tight fit in the spheres.

In the land-based instrument it has been found that an average heater
power input of about three watts is sufficient to maintain the temperature
of the thermcustat can about 15°C above ambient. For the ocean bottom versicn,
it was decided that the only hope would be to use the normal theimostat can
as the outer can, put the heater winding and temperature sensing thermistors
on the surface of the vacuum can and try and insulate between the vacuum
can and the thermostat can as well as possible. It was decided early in
the game that the maximum number of storage batteries it would be practical
to handle in the instrument's battery package would be about 16 twelve volt,
100 ampere-hour batteries. Experience in underwater work here has shown
that a 100 ampere-hour battery can be depended on to deliver an average
current of 100 milliamperes for 30 days with high reliability. Allowing
for the fact that other equipment had to be operated it seemed unlikely that
we would be able to assign any more than four of these batteries to the
temperature controcller. This means our maximum average heater power would
be limited to an average current of 100 milliamperes from a 48 volt source
or approximately 5 watts. One advantage of the ocean bottom environment
is that the ocean bottom temperature is sufficiently stable that it is not

necessary to maintain the gravimeter as much as 15°C above ambient. In



tact 4 rise of 20 je o tequate. The question then was -ould an average
power of 4 watts maintain the gravimeter 5°C above ambient temperature with
the <ort ot insulation we obtain within the constraints discussed atove,

Jhiis guestion can only ve answered experimentally and the experiment
could not be conducted until the gimbal assembly had lieen completed and
inttalled in the {nstrument's support plate and until the mounting hardware
and tiual outer instrument can had been constructed. As soon as this point
was redched, a Jdummy vacuum can was mounted in the thermostat can in the way
it which it will be done in the final instrument. Insulation was put in
place and the resulting assembly was installed in the gimbal. The pressure
spheres were put over thisportion of the instrument support frame thus putting
the system in exactly the same environment it would see when in use on the
ocean bottom. An experiment was then corducted to find a relationship between
total power input to the heater and rise in temperature above ambient. The
results obtained are shown in the graph in Figure 2. These data indicate a
temperature rise of about 2.4°C per watt of heater power. This is well
within the margin we can handle and means the temperature control problem,
at least in principle, can be dealt with. It should be pointed out that
this was a considerable milestone in the project because had the experiment
come out badly, we would have been in a very sticky position indeed.

Another decision coming out of the preliminary work on the project
was the actual configuration of the capsule. After some thought, it was
drcided that the amount of gear required to make the system operative
would occupy at least three 22 inch. ID pressure spheres. The most reasonable

arrangement of three spheres and the one that we finally adopted places the



three spheres in a horizontal plane at the points of a equilateral triangle.
The package consisting of the three pressure spheres and the trianpular
aluainua support plate tying them together will be supported Ly the Luttery
pack which will rest on the ocean bottom. This arrangement is shown in
Figure 3. The bottom spheres would be supported Ly three mating pads on
the top of the battery pack and the instrument capsule will be held down to
it by a cable in tension. The package will be recovered by severing this
cable, the instrument capsule being positively buoyant. The distribution
of the various system components among the three spheres will be as follows:
One sphere will contain the gravimeter, two-axis tiltmeter and pendu-
lovs gimbal structure. A second sphere will contain two electronic packages
consisting of the snalog electronics, that is the electronics assoc:ated
with the quartz accelerometer, the tiltmeter, the temperature recording
circuitry and accelerometer tempevature control circuitry; along with another
package consisting of the electronics associated with the digital data
logging system. The third sphere will be occupled one-half by the incre-
mental tape recorder and one-half by electronics associated with communica-
tions between the capsule and the surface. These will consist both of
transmitting and receiving fa.ilities. The transmitting facility will be
used to telemeter status information from the capsule to the surface in
order that it can be determined from the surface whether the system is
functioning or not. The receiving facility will be used to receive commands
to perform various operations such as release, start-up, telemeter data,
etc., sent from the surface to the capsule.

The main triangular aluminum support plate which essentially ties the



three capsule system together was then designed and fabricated. Card

cages to hold the eiectronics and the electronic capsule were also designed
and fabricated. The aluminum support plate with those parts of its ultimate
contents that have been completed up until the present time is shown in
Pigure i,

Having got these general considerations out of the way, it was then
possible to survey the block diagram given for the next most important
problem areas. [t was decided early in the game that since very little is
known about the stability of the ocean bottom when supporting a load of
th.s kind that the question of possible secular tilting of the system would
be:ome an important one when trying to interpret underwater data. The only
solution seemed to be to include in the package a two-axis tiltmeter of
sufficient sensitivity to enable a decision to be made as to whether anomo-
lous data could be expiained by tilt or not. Because of the uncertainty
in the leveling of the pendulous gimbal assembly, the tiltmeter would have
to have a dynamic range sufficient to take care of this uncertainty, namely,
about ¢+ 1/2° or * 0.1 radian. Since the digitizer has a resolution of 12
bits for a ¢ 10 volt input, this means a least count on the tiltmeter output
would represent about 5 x 10-5 radians. This is sufficient sensitivity to
identify anomalies in the gravity data due to tilt.

Since no commercially made tiltmeter of small enough size having the
stability and resolution required for this application exists to the best
of our knowledge, we have constructed a two-axis tiltmeter. The principle
ot the tiltmeter is very simple and is shown in the schematic drawing in

Figure 5, Basically it consists of a short pendulum with a length of about



6 inches. The pendulum consists of a stiff piece of stainless steel
tubing which supports a copper mass. The pendulum is hinged by a short
piece of fine tungsten wire which connects the stainless steel tubing to
a fixed support. Two pair of fixed capacitor plates are distributed around
the pendulum bob arranged so as to detect motion of the beb in two orthogonal
directions. The capacitor plates are used in exactly the same way as the
capacitor plates in the quartz accelerometer are used to determine its mass
position. In the case of the tiltmeter, the signal appearing on the moving
plate is a mixture of signals representing angular deflection about two
orthogonal axes. The signals can be separated by using a different AC
frequency to excite one pair of capacitor plates than to excite the other.
One reason the capacitor plate system was chosen was that the two instrumen-
tation channels for the tiltmeter then become essentially identical to the
instrumentation channel of the gravimeter as can be seen from the block
diagram. This tiltmeter has an outside diameter of about 3 inches and an
overall length of about 9 inches and lab tests indicate that it is capable
of resolving tilt signals between 10-5 and 10-6 radians in an environment
considerably less stable than it will be present on the ocean bottom.
Figure 6 is an assembly drawing of the actual tiltmeter which shows some
refinements that were not discussed with respect to the system, namely,
two systems of damping magnets, one at each end of the stainless steel tube
that supports the mass, the outer seal can that supports the tiltmeter and
the mechanism necessary to clamp and unclamp the tiltmeter on command.

The next problem area identified was that of the phase-sensitive
detector. As can be seen from the block diagram, three of these are re-
quired for the system. Although printed circuit board phase detectors of

high performance are available commercially, unfortunately they are



characterized by high power consumption, typically * 24 volts at *+ 75
milliamps. After som2 effort, a phase sensitiv. detector has been developed
which consumes less than 3 milliamps from * 12 volts and meets or exceeds
the performance of the best commercially available versions. This unit

was discussed in a previous progress report and will not be discussed fur-
ther here. A schematic diagram of the phase-sensitive detector and a
summary of its operating specifications are appended to this report.

The components of the data logging system consist of an analog to
digital converter for converting the DC input voltages into 12 bit words,
an analog multiplexer and the logic associated with timing, formating, bit
shuffling etc. The strictly logic part of the system presents no problem
because of the adveut of very low power digital logic manufactured by RCA
in their COS/MOS series. Simply fabricating the system from this logic
solves the power problem. However, two problems remain; that of the A to
D converter and the multiplexer,

After examining commercially available 12-bit A to D's it was learned
that typical power consumption figures for these units are of the order
of 300 milliamperes at 5 volts to power the logic and : 40 milliamperes
at * 15 volts to power the analog portion. Power consumption at this level
is completely out of the question. Some time was spent considering possible
ways of attacking this problem and several manufacturers were approached
to see if they might be interested in building a low power unit around
COS/MOS logic. During this investigation, contact was made with Mr., James
Pastoriza of the Pastoriza Division of Analog Devices, Inc. and after some

discussion, he agreed that he had sufficient interest in the project of



developing a low power A to D converter that he would be happy to partici-
pate with me in this as a joint development. We decided to go this route
and the result is a low power 12 bit A to D converter of rather spectacular
performance. Even at very high rates to the order of 10,000 conversions

a second the total power demand is only 40 milliamps from a single 12 volt
supply. At a conversion rate of one per second, which is what will be used
in our system, the average power requirement is 50 microamps from 12 volt:,
The final draft of a paper which has been submitted for publication to

Electronics describing the design and performance of the low power £ to D

converter is appended to this report.

The analog multiplexer presented a similar situation to that caused
by the A to D converter, namely, that no commercial multiplexer of anything
like low enough power consumption were available. Fortunately, the multi-
plexer is somewhat less complicated development than the A to D converter
and approximately one week was taken in developing an eight input analog
multiplexer. The operation of the multiplexer is straightforward. MOSFET
transistors are used for switches both for the eight input lines and for
a hold arrangement which is incorporated into the multiplexer. When the
hold input is activated all eight inputs of the multiplexer are cut off and
the operational amplifier holds the value that it was receiving from the
active input at the time that the hold was executed. This means that the
multiplexing and sample-and-hold function are combined in one unit. A
circuit diagram of the multiplexer and a summary of its operating specifi-
cations is appended to this report.

A final difficult problem related to the logginz system was that of

a magnetic tape recorder. The tape recording format and sampling rates we
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plan to use have been discussed in a previous report and will not be gone
over again here. However, they require that for ouperation for a period of
thirty days, a total of 2400 feet of tape would be required at a recording
density of 20G bits per inch. After considerable investigation of commer-
cially available recorders, it was found that none existed which could handle
2400 foot reels of tape. The Kennedy Company makes a low power recorder
but it is restricted to a special Kennedy tape cassette which can hold only
300 feet of tape. Precision Instrument Company also has a low power re-
corder (although not as low power as the Kennedy) available, but it can
handle only 7 inch reels. Since the tape recorder was crucial to the ultimate
existence of the system, it was decided to attempt to build one here. The
approach taken was to use the mechanical portion of an old Digi-Data recorder
which happened to be available and build completely new electronics and make
some modification to the mechanical portion in order to achieve low power
operation. The final result of this effort was a working recorder which,
at a stepping rate of two steps per second, consumes an average current of
10 milliamps from a single 12 volt supply. A complete set of schematic
diagrams for the electronic portion of the tape recorder, along with a
functional description of the electronics is appended to this report.

As an example of the sort of unforeseen and thorny problem one can
run into in a project like this, I present our experience with finding a
satisfactory solution to providing some sort of braking device for the
gimbal. When the instrument is being handled on shipboard and during the
time it is descending in the ocean, it is desirable to have the gimbal

rigidly clamped to protect the equipment mounted on it. Once *he package
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is on the ocean bottom it is then necessary to free the gimbal allowing

it to level itself pendulously and then to relock it once it has come to

its level position. This requires a braking mechan:ism which can be locked

and unlocked on command. Furthermore, since this mechanism will have to

be operated by the available capsule power supply, it must consume negligible

power when in either the clamped or unclamped position, consuming measurable

power only when making transitions between the two states. Over a period

of about six months, something like six attempts at various structures in-

volving solenoids and such like were made. None of these worked satisfactorily.
The final solution is proving in tests to be very satisfactory and

involves the mechanical arrangement shown in Figure 7. The operation of

the brake is essentially the same as that of the familiar disc brake now

used on many automobiles. The upper portion of Figure 7 shows sectional

view of the operating parts of the brake. The brake nperates by a caliper

action between a fixed shoe and a moving shoe as shown in the figure. The

moving shoe is moved vertically in the figure by a wedge which is driven

back and forth by a screw which is in turn driven by a small gear-head DC

motor. When the motor rotates in one direction, the wedge will advance

from left to right as shown in the figure contacting the ball bearing on

the back of the moving shoe and slowly lifting the moving shoe towards

contact with the fixed one. Anything in between the two shoes will at some

point beccme rigidly clamped between them. If one continues the motor until

a preset amount of torque is developed by it, then a braking action with

a preset amount of force will be created. If the motor is shut off at this

point, the friction of the thread, wedge and gear train easily holds the

moving shoe in place thus resulting in a steady braking action without power
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being applied to the motor. In order to release the brake, it is simply
necessary to reverse the motor and run the wedge back in the opposite
direction. The wedge continues to move until it contacts a microswitch
which shuts off{ the motor drive current. The bottom portion of Figure 7
shows a side view of the brake as actually installed on the gimbal., Two
brakes are used, one operating between each pair of gimbal rings in order
to clamp both axes of the gimbal. The motor and brake shoe part of the
brake is mounted on one gimbal ring, the vertical vane being attached to
the adjacent gimbal ring. When the brake assemply clamps on the vane, the
two gimbal rings are tied rigidly together, when the brake releases the
gimbal is allowed to move freely.

The braking force exerted by the brake in the clamped position is deter-
mined automatically as follows. Before the moving shoe contacts the fixed
shoe via the vane, the amount of torque required to move the wedge along
is quite low. The motor current under these conditions is about 5 milliamps.
As soon as the moving shoe contacts the vane the force required to move the
wedge builds up rapidly and consequently the motor torque builds up rapidly.
This is reflected in a rapid increase in motor current as the motor approaches
a stall condition. The electronic driving circuit monitors the motor cur-
rent and is set to shut off the motor drive current when it has reached a
value of approximately 30 milliamps. The electronics required to operate
this system for both the clamp and unclamp operations and to do so reliably
and with a minimum consumption of power turns out to be fairly complicated.
The schematic diagram for this electronics along with a functional descrip-
tion of its operation is included at the end of the report.

This description of the development of the braking system is included

mainly as an illustration of how some things that might be overlooked at
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the beginning of one's assessing a project like this can turn out to be
quite complex problems by the time they are solved.

At the present time we are in the process of installing the tiltmeter
and a working gravimeter in the gimbal and putting together the necessary
electronics to get them going in the lab. In addition work is proceediug
in defining the properties we will require of the ucoustic surface link in
preparation for procuring the components for it. A specification has been
written for the data logging system which we're going to have built by an
outside contractor. Figure 8 is a flow diagram showing the presently anti-
cipated schedule of progress for the coming year. At the present time
we're pretty much conforming to what is on the diagram except that the
fabrication of the final accelerometer will be held up for another couple

of weeks due to non-availability of essential personnel.
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FIGURE 4

Support plate with some system components installed.
In the foreground the large cylindrical housing of
the quartz accelerometer can be seen in its gimbal.
The smaller cylindrical object to its left 1s the
two-axis tiltmeter. In the lower foreground one of
the six aluminum nemispheres that ultimately com-
plete the package can be seen. In the right back-
ground the card-cage for the data-logging electronics
is visible. The card-cage for the analog electronics
which 1s not visible in the photo is mounted on the
underside of the metal plate carrying the upper card-
cage. In the left-background the incremental tape
recorder can be seen.
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PHASE SENSITIVE DETECTOR SPECIFICATIONS

Power Consumption:

Linearity:

Dynamic Range:

Temperature Sensitivity:

3.32 mA @ +12v

0.1%
> 30

100 ppm/°C

Appendix
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DESIGN OF A LOW POWERED ANALOG-TO-DIGITAL CONVERTER

l. Requirements

Growing interest and concern about our physical environment hus resulted
in a considerable increase in data collecting activities for prolonged periods at
remote and inaccessible locations. Typical situations urc ocean buoys, earth and
space probes, and radiation monitoring devices. The best way to collect and store
such data which is inherently low in frequency but still relatively voluminous
because of the prolonged periods of monitoring is in digital form. Typicdlly 4
multiplexer, A/D converter and a magnetic or paper tape recorder are required.
Figure 1 shows a typical application far such a data monitoring system. In some
of these applications the only power available is from batteries or other limited
capacity sources such as solar cells, in others AC mains power is available. In
general AC mains power in remote locations tends to be quite unreliable and thus,
if long term recording is to be carried out, standby battery operation of equip-
ment is essential. In either case, system components of very low power consumption

are desirable.

The fundamental requirement of this type of A/D converter is that it con-
sumes as little power as possible and often as little space as well. While high
speed in the converter is not usually required in long-term monitoring applications,
resolution is important., For example, consider an application where atmospheric
pressure is to be recorded for a week or more with a resolution of one microbar
Over periods of a week or more, atmospheric pressure at most sites will vary by
at least ¢+ ,01 bar. This represents a dynamic range of 10%:1(80 db)
which is, if anything, low fcr data of this type. This means that in addition to
low power consumption the converter should have a resolution of at least 12 bits

(1:4096).
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The moxt olviois power consumption in & stendard A/’ converter occurs
i e sopic amd wo §0 is this area we first looa to for improvement. Fortunately,
fust 4t this time J0i/MuS type compiementary logic is coming into wide use and offers
4n ideal solution requiring no compromises in speed or accuracy, and actually some
~implifications in logic design. The powsr consumption of this logic is low
under any conditions tat its quiescent power dissipation {s spectacularly low.
The complete logic f.r the converter being iiscussed here consumes only a few
uA under Juiescent conditions, i.e. between conversions. The one drewbeck is
the Ligher price of ")3/MOS logic, but this may be a temporary one as competitive
manufacturers enter the fieid. The table in Figure 2 shows the relative merits
of litferent types of logic. COS/MOS logic for a 12 bit A/D including a clock

re,uires about 1| mA maximur current at high conversion rates.

In most conventional A/D designs the supply current taken by the
converter depends on whether it is converting or not. Between conversions the

converter take: 4 juieccent current [ and during conversions, a larger

Q



current lc {s required. 1n general the average curient {s proportional
to the conversion rate, the minimum value being lQ . Clearly then,
especially for applications involving low conversion rates, it is dewnirable
to reduce | to 4s low a value as possible. The simple expedient ot

!

using COS/MGL reduces the contribution of the log:-. to lu to a very low

value. An add.tional dramatic reduction of IQ cah be made Ly switching
the analog portion of the converter off between conver:ions. The switihing
on and off of the Analog section offers an additional convenience. It
eliminates the requirement for two power supplies, since in the act of
switching it is possible to simultaneously invert the pcsitive voltage to
provide a symmetrical negative voltage. Thus the entire A/i can operate

on a single 12 volt battery.

It Is easy to write an equation which gives the average supplyv
current taken by the converter as a function of sample rate. Let I, be
the average supply current, IQ be the standdy or quiescent current taken
%y the converter when not coaverting, lc be the current taken while

converting, T be the conversion time and R be the conversion rate, then,

ls s IQ + RT Ic (1)

(Since the maximum conversion rete is R = %». the product KT {s alway:
less than 1.) Figure 3 shows data taken on the prototvpe converter. The
points represent measured average current values. The equation of the line
is:

Is s 0.005 ¢+ 0.004 RT (2)
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3. The I ina. Ve  an

The tinal - ircuat divides up naturally into three sections: logic,
ataddoy, wen il dtdd switilhed power supply. A COS/MOS logic section was packaged
in one module ontaining ail of the logic for successive approximation A/D conver-
sion. The scheme is illustrated in figure 4. A conversion is started by the
dpplication of a positive-going edge to the "convert command" input. This clocks
FFl driving the reset line to logical 1, setting FF3 and resetting FF4 through
FFle, these flip-flops, FF3 through FFls4, comstitute the data register and contain
the binary nusber equivalent to the input voltage at the end of a conversion. The
X outputs of these flip-flops control the ADS0S uDAC switches used in the D/A
converter. At the Leginning of a conversion this register is thus set to
100003000000 The reset line also resets the last twelve bits of the 16 bit shift
register. This results in the STATUS line (S8TATUS Is an output pulse which is
one during a converslion) going to zero which starts the clock. The first positive

guing clock transition clocks a one into the first bit of the first shift register.

This r sets FFl.



SPATU. poing to oue switches on the switched power supply. The MSB

tlip-tlop (FF3) is lett set through the first four clock pulses in order to pive

the analog section time to settle down, By the time the Lit in the shift repister
has reached the 219 position the comparator output will have settled dat a level
appropriate to the relative magnitude of the MSB-weighted feedback current tc the
comparator and the current produced by the input voltage. If the MSB is to Le

kept this level will be logical 0 , otherwise logical 1 . This level controls

the state into which FF2 is clocked. The Q output of I'T2 coutrols the "keep/reject”
line (X/R) which controls the dat~ inputs of all the flip-flops in the data register.
When the bit In the shift register is shifted to the 2’° position FFu is set,
clocking FF3 which will be reset if the K/R line is low, left set otherwise. (ne
clock period later the bit is shifted to the 2%position. This sets FI'S which clocks
FF4 as before., This process continues until one clock period after FFl4 is set.

The next positive-going clock transition shifts the bit to the last position in the
shift register. This clocks FFl4, drives STATUS low and stops the clock thus

completing the conversion.

The analog section consists of the analog devices model AD550 monolithic
uDAC switches, the model AD850 thin film resistor network, the comparator, 4n
emitter-follwar regulator to provide a +5V supply for the ubAC's dand reguldtor:
to provide reference voltage to set the uDAC current levels and to provide ott-
set 30 that bipolar voltages can be handled. (The converter shown here j: set up
for an input range of ¢10V with an offset ' nary output code i.e.

10V = 000000000000, OV = 100000000000, + 1OV = 111111111111,)

The AD505 and AD850 are discussed in detail elsewhere!. The uWDAC's are
operated at 648 of their rated current to accomodate the available 12V uupply.

(They are Ausigned to operate from a 15V supply.)
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[EEEF IS °F S-S TN soimlor urrent leing set by i 6.l19K resistor and
Plee wit e e Gl ViRl As a dinde), o "5 4 6,4 volt reference
Sener, L ool b e wlAU and Ds normelly used, 45 here, to temperature
Tpenootte T Daneeemnlter rops ot the  WDAC current switches. (The numbers on
T dasiesr oo dine prepresent wDAC DIP pack pin numbers.) The base of Qu is

oniected te rne base ot dli the UDAC  current switches and thus 4 stable 6.4V is

established te set che currents in the weighting resistor::. The collector current

0, woanmed tooestatlisk a stable voltage drop of about - 3V, relative to
t1l, 4crcss the 3,48k resistor. This, plus the drop across D, is used to set
the base voltage on Q) anc 4, . D, temperature compensates the base-emmiter
lrops of QL and q2 S is used as a current source to provide the current
throuph [ and I {s a current source to provide the current for
reterence zener - . This fener provides a stable + 6.4V source to provide the

3

offse*ting current to the summing junction. The 1M resistor is necessary to

insure start-up of the current sources.

This circuit has two important features. Since it is switched on at
the beginning of each conversion it is important that the reference voltages settle
rapidly after turn-on. This circuit configuration settles very rapidly, the re-
ference voltages being completely stabilized within a few usec of turn-on.
secondly, any varidtion of the nominally 211V lines is avscrbed by the current
sources. This results in a sensitivity to supply voltage changes of only one bit
tor a 3.5% (29% of 12V) change. The unit will o-erate to specifications over a

supply voltage range of 10 1o luV,

tigure ¢ shows the design of the switched power supply for the analog
wection, The line marked "+ 12" is energized continuously and powers the logic.

Hetween conversions the logic is quiescent and consumes only the very low power



characteristic of quiescent COS/MOS logic, Upon recueiving g conversica command
signal the logic executes a conversion cycle, A positive poing UTATUS
pulse is generated by the logic during the conversion cycle. This pulse controls

Ql in the switched power supply. When the UTATUS line goes pucitive, Q) emitter

goes high, providing the switched positive supply voltag:. During the quiescent
period the emitter of Ql bae been:low, holding MOSILT Q3 on and transistor Qz
of f. Cl is charged to nearly 12V through Q3 and Dl during this time. When
the emitter of Q, goes high, during a conversion, Q, is turned hard on and 0,
is turned off. Thus, during conversions, the positive end ot ) is brought near
ground providing a switched negative supply line at the point indic.ted. It

should be noted that this scheme has the further advantage that the power supply

lines to the analog section are well decoupled from the logic during conversion.
The presence of Q3 is important to efficiency in terms of power consumption.

1f Q3 were replaced by a resistor, its resistance would have to be quite low
to insure complete charging of Cl between conversions at high conversion rates.
This small resistor would then take a large current from the +12 line during
conversions. The high off resistance (~ 109Q) and low on resistance (+ 301) of

Q, provide an efficient solution to this problem.

4, I'inal Specifications

The unit is operated with a total of 70 wusecs convert time. This
means that the clock runs at a rate of about 4.4 usecs per bit, The first 17.5
usecs are used for settling time for the regulator and comparator and the
rest of the generdl anulog circuitry. The remaining 52.5 usecs is used for con
version to a resolution of 12 bits. Figure 7 is a tabulation of final speci-

fications achieved on this unit, Figure 8 is a complete schematic diagram.
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Figure 1

Interior of pressure sphere containing data logging electronics
for deep sea tide-gauge. Equipment shown and associated semsors
are operated on the ocean bottom at depths from 5,000 feet to
20,000 feet, for periods up to one memth. Power source s
standard automobile-type 12V lead-acid cells. Data are recorded
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