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CCD's (Charge-Coupled Devices) 

CCD's have often been thought of in association with bubble memories 
because they occupy similar positions in the memory hierarchy, and 
they were developed at about the same time. They both originated 
at Bell Labs, and both have been strongly promoted by Texas Instru­
ments. 

Unlike the bubble memory, the CCD is a true semiconductor device. 
Regions of charge are stored and transferred to adjacent locations 
by applying external voltages. The charge in each region represents 
digital information. As in the bubble memory, information may be 
channeled along a single path, or a major-minor configuration may 
be employed. 

In its capabilities and applications, the CCD is not a twin of the 
bubble memory by any means. Usage of CCD's is not limited to 
memory applications since their high transfer rate permits them to 
be used for imaging and signal processing, while all of the prac­
tical applications for the bubble domain devices involve memory. 

The most conspicuous advantage of the bubble over its CCD rival 
is non-volatility. The CCD requires the application of power or 
it will lose its data. Volatility is a serious disadvantage when 
long-term data storage is required. Standby power can be made 
available, but it is certainly an extra expense not required with 
bubbles. 

Perhaps an even more important advantage of the bubble over the 
CCD is its superior reliability. Even for short-term storage, 
the bubble is probably superior. CCD's have proven difficult to 
be produced with adequate reliability. CCD data must be continually 
recirculated while it is not being used. Each recirculation brings 
the possibility of new errors. If data contained in mass memories 
were only stored for a short period of time, then the CCD might 
represent serious competition. 
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Bubble memories are likely to be producible at lower cost per bit 
than CCD's, an advantage which we believe will increase over time 
as greater bubble density is obtained and yields are improved. 
Power dissipation is also lower for bubbles than for CCD's. 

The most significant advantage of the CCD is higher transfer speed. 
The bit rate is better by a factor of ten. Bit rates of several 
megabits/second allow the CCD to compete on even terms with hard 
disks, something the bubble cannot do with the technology now 
available. 

The CCD package fits easily on a semiconductor circuit board. The 
bubble requires permanent magnets and orthogonal coils surrounding 
the chip. Minimum systems cost for CCD's is lower than for the 
bubble, a big advantage when low price is a major consideration 
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and when not much memory is required. Interfacing CCD's is simpler. 

In summary, bubbles will compete successfully against CCD's in those 
applications that require long-term storage of sizable amounts of 
data. It is a telling point that the Bell System, which invented 
both CCD's and bubble domain memories, has chosen the latter for 
most of its applications. 

Rotating Magnetic Memories 

Tapes, drums, and disks are examples of magnetic memory systems in 
which a magnetized surface is moved past a recording head. Drums 
and disks permit much faster access to data than tapes because the 
magnetized surface is continuously rotated. Data is accessed 
either by a single magnetic record/playback head to a particular 
track or by selecting one of a number of heads positioned at each 
track. By contrast, it is necessary to traverse the entire length 
of a magnetic tape to get from one block o( data to another if the 
blocks are located at opposite ends of the tape. Disks, rather 
than drums, are the preferred method of rotational memory storage 
because they offer greater capacity. 
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Disks may be divided into two main categories: fixed head and 
movable head. Movable head disks are further divided into rigid 
disks and flexible or 11 floppy 11 disks. Floppy disks have very 
different characteristics from hard disks. 

All rotating magnetic memories represent a compromise between the 
true random access of a semiconductor RAM or magnetic core on one 
hand, and the serial access of the magnetic tape on the other. 
For fixed head disks, the time required to access data is the 
interval required for the disk to turn until the desired data loca­
tion passes the magnetic heads. The average access time for the 
fixed head disk is equal to half the period of rotation, known as 
the 11 latency 11 time. For movable head disks, the access time is 
the latency plus the time for the head to move to the proper track 
and to settle. 

Fixed head disks are the most expensive rotating magnetic memory 
because they require a head-per-track. They allow much faster 
access than moving head disks, although access time is still very 
slow compared with RAM's. Floppy disks cost the least and 
require the most time to access data. 

In the major-minor loop configuration, the bubble memory organi­
zation is roughly equivalent to that of rotational memory systems; 
however, all rotating memories are mechanical devices, by defini­
tion. All are apt to require maintenance at some time, and all 
are subject to mechanical failure. The bubble memory has the 
advantage of having no moving parts. 

Fixed Head Disks - Fixed head disks are more competitive with 
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bubble memories than any other memory peripheral. Both bubble 
domain memories and fixed head disks are non-volatile. An advan­
tage of the fixed head disk is its high transfer rate. The transfer 
rate should not be confused with the access time, which is the time 

is takes to find the desired data location; the transfer rate is 
the speed at which data can be transferred into or out of the memory. 
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The total time required to retrieve data involves both access time 
and data transfer time. 

Advantages of bubble technology over fixed disks include the 
following: 

1. Reliability of equipment. The bubble memory has 
no moving parts to wear out. It requires no 
servicing or maintenance. (Failures in ancillary 
electronics are possible, of course.) 

2. Ruggedness. One of the principal reasons for 
utilizing fixed head disks has been their resis­
tance to mechanical shock and vibration. They 
are superior to moving head disks, but all rotat­
ing memories are subject to failure when operated 
under severe mechanical stress. Bubble memories, 
on the other hand, are not affected by extremely 
high levels of shock and vibration which would 
prevent operation of any disk memory. Unlike 
bubble memories, disks, with their exposed record­
ing surfaces and tight tolerances between surface 
and magnetic head, are subject to contamination 
from dust and impurities. 

3. Smalle~ size and weight. This is especially 
important in airborne applications. 

4. Lower cost. Eventually bubble memories are 
expected to cost less. 

Moving Head Rigid Disks - The technology for moving head disks is 
much the same as that of fixed head disks. The fixed head disk is 
superior with regard to access time and resistance to environmental 
stresses, but it is much more expensive. The multiple heads 
required by head-per-track disk files render very large systems 
cost-prohibitive. Unless especially rapid access or unusual 
ruggedness is required, small systems also use movable head disks 
for price reasons. 

If bubble memories could achieve approximate equality with movable 
head disks on a cost-per-bit basis, the disk would go the way of 
the dinosaur. It appears extremely unlikely that price reductions 
of that order can be achieved for bubble memories during the period 
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covered by our forecasts. In fact, with continued improvements in 
disk technology, it is not clear that the bubble can ever compete 
in large systems. The lattice file research at IBM that was to 
have made very high bubble capacities possible is now considered 
unpromising. 

Flexible Disks - The flexible disk, or 11 floppy, 11 is a movable head 
disk drive. Instead of the magnetic head being held close to, but 
not touching, a rigid disk, the head maintains physical contact 
with a disk made of flexible Mylar-based material similar to mag­
netic tape. The disk remains within a cardboard envelope with 
openings for access, but the whole package is easily removed. The 
access time, transfer rate, and storage capacity of the floppy disk 
are not as good as for other types of disks. It has been widely 
predicted that the bubble memory will soon compete with the floppy 
in terms of price. While the system cost will be similar, the 
floppy disk or "diskette" itself, in its package, costs only 
agout $4. The bubble memory will be price competitive only in 
applications where the floppy disk does not have to be removed. 
The great majority of floppy disk applications require the capa­
bility of recording and retrieving data on media which can be 
removed from the drive and stored in a cabinet or other remote 
location. Many systems, such as word processors and small computer 
systems, use more than one floppy disk drive. The bubble can 
replace one of the drives; the other will be used for backup and 
archival storage. 

Because the floppy disk has been the only low-cost, rapid access 
mass memory available, it has been used in applications for which 
it is far from the ideal solution. The floppy is not a good 
memory system in applications requiring continuous usage of the 
same diskette. Disks are in physical contact with the recording 
head when in use. They wear out, and the heads are also gradually 
eroded. Floppy disk drives are not rugged. They do not perform 
well as portable devices, and they are susceptible to damage from 
dust and other contaminants. Bubbles are clearly superior in 
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rugged environments or where heavy duty use is required. Portable 
terminals, numerical controls for machine tools, and process con­
trol are natural applications for bubble memories, and not for 
floppy disks. 

Semiconductor Memories (RAM's) 

There is not much head-on competition between semiconductor RAM's 
and bubble memories. It is something like the rivalry between a 
jet aircraft and a freight train. 
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The access time of RAM's is in the microsecond/nanosecond range, 

while bubble access is in milliseconds. If access time or transfer 
rate is important, bubbles cannot compete. RAM's are volatile; 
bubbles are not. In extremely small memory systems, RAM's may be 
preferred over bubbles, even if access time is of no importance, 
because interfacing is easier, and they have a lower minimum system 
cost. There is a psychological factor, however. Users tend to 
resist paying more for bubble memory, with its slower access, than 
for RAM's, setting an effective upper limit on bubble prices. 

Core Memories 

Cores are used in high-speed, random access memory systems. Core 
memories were the dominant main memory systems until semiconductor 
RAM's were developed. Like semiconductor RAM's, magnetic cores 
are not really competitive with bubbles. Core memories are not 
volatile, although reading the memory does destroy the data. Mass 
storage core memory systems are available, but at much higher 
prices than those projected for bubble memories. 

EBAM (Electron Beam Addressable Memories) 

The first random access storage method used with computers was an 
EBAM system. Electrostatic storage tubes, which were electron 
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beam addressable memories, served as computer main memories until 
cores replaced them in the early 1950's. 

EBAM has enormous theoretical potential. Although it is too slow 
to compete against modern random access memories, it allows faster 
data access than any other device competing in the memory gap 
between disks and RAM's. Unlike its memory gap competitors, EBAM 
offers the future possibility of very large storage capacity in 
the region of 101 2 bytes at lower cost per bit than any other 
memory technology. 

We do not believe, however, that EBAM will offer serious competi­
tion to bubble memories. Long-term storage appears to be EBAM's 
weak point. Data is subject to deterioration over time, which 
places the reliability of bubble memories beyond the reach of 
EBAM technology. 

EBAM seems to have some technological disadvantages to overcome 
before it can be a satisfactory memory technology. Analog cir­
cuitry is required for the deflection circuits, which introduces 
a possible source of trouble. The system has high entry cost for 
a minimum system, compared with bubbles or CCD's. It has the 
additional disadvantage of requiring a high-voltage power supply. 
Advanced EBAM technology is still not proven in production. We 
believe that bubble memory growth through 1985 will not be 
inhibited by EBAM's. 

Domain Tip Memories (DOT's) 

Bubble memori:es are not the only magnetic domain memory technology. 
Domain tip memories (DOT's) also make use of reverse-magnetized 
domains. 

Instead of garnet, the anisotropic layer in which the domains occur 
is a very thin (0.1 micron) layer of cobalt permalloy. The 11 tips 11 

which are propagated through the media are elliptical rather than 
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round at the film surface. Like the round bubble cylinders, the 
DOT's can be propagated along channels, performing functions that 
are roughly equivalent to those of bubble memories. 
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Originally developed at LFE Company under contract from the Air 
Force, the main American proponent of DOT memories has been CAMBEX 
(formerly Cambridge Memories, Inc.) in Waltham, Massachusetts. The 
DOT development actually predates the development of garnet devices. 

The main advantage claimed for DOT's over bubbles is higher trans­
fer rates which are now in the 500 kHz range. The main theoretical 
disadvantage is the much lower densities that can be achieved. 
DOT's with memory size of 48,000 bits have been produced. DOT's, 
of course, are non-volatile. 

Proponents of the DOT claim that it has never received the publi­
city or the funding that Bell Labs has given to the bubble, but 
whatever its essential merits, DOT's do not appear to be a signi­
ficant competitor to bubble memories in the near future. 

Magnetic Tape 

There is really no head-on competition between bubble memories and 
magnetic tape. Bubble memories lie in the memory gap between fast 
access RAM' s and slow access (by comparison) rotating disks. Tape, 
which is even slower than disks in access, does not fit in the 
gap. Magnetic tape excels in terms of cost per bit. Media cost 
for large systems is in the microcent-per-bit range. 

From a cents-per-bit standpoint, cassettes are much more expensive 
than ~-inch tape systems, but less expensive than bubble devices. 
The cassette media cost is more than two orders of magnitude 
cheaper than bubble cost. 

Bubble cassettes which allow a portion of the memory to be physi­
cally removed are nm•1 offered by Fujitsu. The cost of a removable 
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bubble memory is so much greater than that of a tape cassette or 
cartridge that it is doubtful there will be much market for it 
except where price is not an object. On the other hand, the price 
of tape recorders that will meet space and special military 
requirements is so high to begin with that bubble expenses will 
pose no problem. 

Non-removable endless loop tape recorders, such as are used in the 
IBM "memory" automatic typewriters, wi 11 be can di dates for 
replacement by bubble memories. However, the main body of the mag­
netic tape market will not be menaced by bubble memories. 
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VII 

TRENDS IN TECHNOLOGY 

Bubble technology is new, and it is still evolving. Most of the 
competitive technologies, although now well established, are 
changing too. Any market forecast must deal with what will happen 
in the future in price and technology of both bubbles and their 
competitors. 

Price is especially important. In the past, some industry parti­
cipants have been wildly optimistic about anticipated procedures. 
As a result, predictions were seriously overinflated. Bubble 
manufacturers speak in terms of "the chicken or the egg" (volume 
must build up before prices can come down, but prices must come 
down before volume can build up). An increase in sales volume, 
however, does not automatically guarantee a low price; the tech­
nological capability to move down the "learning curve" must be 
there. Technology is directly related to price, since density is 
a key factor in determining chip capacity and consequently price 
per bit. 

In this section, we will discuss the following bubble parameters: 

* Price 
* Access time 
* Chip capacity 
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PRICE 

* Bubble density 
* Bubble diameter 
* Data transfer rate. 

Potential users consistently referred to price as the prime deter­
minant of whether they would use bubble memories, and present users 
emphasized that price would determine their volume of use. 
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In 1976, spokesmen for Texas Instruments informed the trade press 
that their 92-kilobit bubble memory would sell for approximately 
$50, or 40 to 50 millicents per bit, in 1977. In 1977, TI announced 
the system at $250 for the chip and $150 for the controller, but 
assured would-be users that the price would fall to 50 millicents 
per bit by the end of the year, to 20 to 25 millicents per bit in 
1978 and to 10 millicents per bit in 1980. Burroughs agreed that 
bubble memories would be priced at 20 millicents per bit by 1978 
or 1979. (See Figure 21.) 

By 1978, Texas Instruments had dropped the price, not to 20 to 25 
millicents per bit, but to 100 millicents per bit; this is still 
the price in 1980, not the 10 millicents per bit which had been 
predicted three years ago. 

Prospective users eagerly awaited the larger-capacity chips which 
were expected to reduce the cost per bit drastically. In 1978, 
Rockwell brought out the ~-megabit bubble chip for $500, or 200 
millicents per bit. 
kilobit TI device. 

This was twice the cost per bit of the 92-
In 1979, Intel introduced a one-megabit Bubble 

Prototype Kit at a cost of $2,280, which contains the bubble chip 
and several ancillary IC 1 s. A functioning bubble board costs 
$3,900, or 390 millicents per bit. Potential users were struck by 
what seems to be a 11 th rough the looking glass 11 s itua ti on where 
increased cost-per-bit is obtained by buying in quantity. There 
are other advantages to large-capacity chips (compactness, for 
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example), but the main reason for interest in megabit chips was 
lower cost per bit; so far it has not been achieved. 

Bubble industry participants have become more reticent about pre­
dicting future bubble costs. In 1979, a National Semiconductor 
executive offered an opinion that "in the mid-80 1 s 11 bubbles would 
cost one millicent per bit, which is a generality and avoids 
pinning the forecast to a particular year. 

Intel has offered estimates of future prices, but with a 
difference. The company's sales force has been instructed that 
Intel will take quantity orders for future deliveries of its one­
megabit chip at prices under $1 ,000 in 1980, $500 in 1981, and 
$210 to $300 in 1982. If Intel accomplishes these reductions, 
bubble memories will cost in 1982 what Texas Instruments in 1977 
said they would cost in 1978. 

RAM prices are continuing downward at a more or less linear rate 
as larger RAM's are introduced. According to current predictions 
of industry participants, bubbles will continue to cost more than 
RAM's for some time to come, which is not in line with what the 
bubble industry was expecting. Our respondents predicted that 
bubble prices would drop to between 5 and 10 millicents per bit 
by 1984 or 1985. 

No one seems to feel that bubble memories will ever compete with 
moving head hard disks on price. Floppy disk drive system prices 
are in the area of 5 to 30 millicents per bit, hard disks in the 
millicent range and under. For off-line storage, media cost for 
floppy disks is approximately one-tenth of a millicent per bit. 

ACCESS TIME 

Access time is the time required to recall a portion of data 
recorded on a device. Usually average access time is used for 
randomly-placed data. 
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No significant improvement in access time is expected during the 
next five years. There is more likely to be an increase in access 
time as chips attain larger data capacities. Access time is 
dependent principally on the data transfer rate of the bubbles. 
If, for example, a minor loop contains 4,000 bits and the data 
transfer rate is 100 kilobits per second, it may take as much as 
40 milliseconds to position the loops to the desired data. Access 
time can be reduced by shortening the loops, but then the major 
loop must be made longer in order to obtain the same total storage. 
Multiple major loops might be provided, but the circuitry then 
gets more complicated. 

Intel's one-megabit device, the only one which will be delivered 
in quantity in 1980, has access time in the 40 millisecond range. 
Access time to the TI and Rockwell one-megabit chips are in the 
8 to 10 mi 11 i second range. Proposed 4-megabit capacity chips 
may be slower. 

Access time will not be appreciably faster unless data transfer 
rates are improved, which does not appear feasible until current 
access devices become a commercial reality, possibly in the late 
1980's. 

CHIP CAPACITY 

Chip capacities have been increasing much as predicted. From the 
92-kilobit Texas Instrument chip introduced in 1977, we have 
progressed through the ~-megabit stage to Intel's one-megabit 
chip in 1979. Some bubble manufacturers plan to have 4-megabit 
chips in production by 1983, and possibly by 1982. 

With the lattice approach stymied, at least for the time, giant 
bubble memories of 100 to 256 megabits are not foreseen for the 
period of our report. 
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Bell Labs is reported to have built 11 .5-megabit chips using con­
tiguous disk propagation, but the access time is long. IBM reports 
the possibility of multi-layer bubble devices which would allow 
high capacities. For the next five years, however, 4-megabit chips 
are likely to continue as the practical limit for commercial 
bubble devices. 

BUBBLE DIAMETERS AND DENSITIES 

Bubble density is the number of bubble positions that can be 
included in a given area. The chip capacity is determined by the 
bubble density and the size of the storage area on the chip. 

The minimum size of the period of the conductor pattern determines 
the maximum density. The minimum period size is limited by 
lithographic capabilities in laying down the pattern, and by the 
design of the pattern. A pattern which does not require narrow 
strips of permalloy and critical gaps can be made smaller. If 
lithography and pattern design improve sufficiently, the bubble 
size itself may be a limiting factor; bubbles of .1 micron have 
been produced, but it is still not clear whether bubbles of that 
size can be controlled. 
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The T-I bar pattern used with the 92-kilobit Texas Instruments chips 
contains bubbles of 5 micron diameter. The newer products, 
ranging in chip capacity from~ to one megabit, use bubbles of 
2 to 3 micron diameter. 

By using X-ray or electron beam lithography, it will be possible 
to use smaller patterns. In addition, patterned ion implant 
structures will allow smaller bubbles to be used in relation to 
pattern size. 

Data densities of as high as 25 megabits per square inch have been 
achieved in the laboratory. For the next five years, however, it 
seems likely that the commercially-available bubbles will be 
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designed with maximum densities in the order of 12 to 15 megabits 
per inch, using bubbles of one to l~ microns in diameter. 

DATA TRANSFER RATE 

The bubble memory has been generally assumed to have an inherent 
fault; its data transfer rate (presently 50 to 100 kilobits per 
second) is slower than any of its competitors. 

Engineers at Bell Labs created widespread interest when they 
announced that a bubble memory chip had been constructed using 
dual conductor current access propagation which offered a data 
rate of 1.5 megabits per second. However, there is also some 
resistance to the idea. Considering that each of the b:.Jbble memory 
makers has invested millions of dollars on making bubble chips and 
ancillary integrated circuits and gotten very little, if any, of 
it back yet, the idea of making obsolete most of what has been 
done in order to embrace a brand new technical approach is 
decidedly unwelcome. 

When the bias field is eliminated, it appears that data rates of 
at least 10 megabits per second can be achieved. As we pointed out 
earlier, there is still no actual working prototype, so that even 
if there should be a major government program, or the requirement 
by a major computer company for a high-speed bubble memory, 
several years would pass before the dual conductor device would be 
a commercial reality. Given the psychology of the bubble producers 
and the absence of a major program requiring it, we would be 
astonished if it were a commercial device before 1985. Yet, it is 
an exciting technique. Improvement in data speed would result 
in shortening of access time. The "latency" of the minor loop 
and the speed of the major loop constitute the major delays that 
make up the access time. 

Price is still the major concern for most potential users of 
memories. It is too early to estimate the probable cost, but 

76 

VENTURE DEVELOPMENT CORPORATION 



certainly the field access technique will be years along the learn­
ing curve before the current access technique makes its debut, so 
that current access can be expected to cost more initially. 

TEMPERATURE RANGE 

The bubble memory•s operating temperature limitations on the upper 
end have been a serious concern of the military. If the bubble 
memory could operate over the full military range, up to +125°C, 
it would certainly make it easier to sell bubbles to the military. 
Although bubble memory scientists feel the +125°c limit may well 
be attained someday, in their view it is not likely to happen by 
1985. 
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Texas Instruments• 92-kilobit chip was specified to operate to 
+5o0c; the Rockwell chips are specified at +7o0c. The lowest 
maximum operating temperature that can be accepted by the U.S. Air 
Force is +71°c, which is about the limit for military disk memories. 
Tests of samples by the Navy seem to indicate that the Rockwell RBM 
256 ~-megabit chip does operate to +75°c. Intel also specifies one 
model of its one-megabit chips to +70°c. Even for a fixed head 
disk replacement, however, there is still some customer doubt that 
the bubble can meet the +71°C specification in production quanti­
ties, and they desire a greater margin of safety. Other military 
applications require high temperature ranges, and some customers 
insist on the full +12s0 c. 

The difficulty at high temperatures is caused by "self-nucleation," 
or the spontaneous generation of unwanted bubbles, and by problems 
in magneto-resistive sensing circuits. 

Some producers of bubble memories feel that by 1982 a temperature 
of +8soc is achievable and that by 1985 +100°c may be possible. 
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VIII· 

TOT AL MARKET 

FORECASTING THE MARKET 

If we could get a look at next year's newspapers today, we could 
buy all the right stocks and bet on the future winners of all the 
sporting events. Oracles who can foresee the future in spite of 
any random occurrences have always been in demand, but in short 
supply. 
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Forecasting is never an exact science. A mature market can be 
predicted with accuracy, but a new market can behave like a particle 
in Brownian motion, being buffeted continually in new directions. 
A forecaster's job is to predict the most probable course of events, 
using all the knowledge available to him and explaining the assump­
tions he made in preparing the forecast. A forecaster cannot 
always foresee every possible contingency. For example, a sports 
forecaster who predicted in 1979 the number of gold medals to be 
won by U.S. athletes at the Moscow Olympics did not discuss the 
possibility of zero gold medals, but when the United States decided 
to boycott the games, that result was inevitable. 
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As we stated in the 1977 Bubble Domain Memories report: 

11There are significant differences in developing fore­
casts for markets which do not presently exist and for 
more mature markets. First, estimates must be made 
based on what the researcher perceives users ought to 
want rather than on users' needs which have already 
been demonstrated in the marketplace. Second, dollar 
shipments must be based on estimates of future prices 
made by technologists/researchers rather than on data 
developed by manufacturing/marketing personnel on 
economies of scale and increased demand. Finally, it 
is more difficult to estimate the timing of market 
penetration for a device which cannot easily be designed 
into existing equipment and, in fact, will create many 
new and presently unforeseeable applications. 

11 The question, then, might be asked, 'Why make a fore­
cast at all? Why not wait two years and then make 
one?' 

"The answer is that decisions need to be made now. It 
is not too early for the manufacturer of fixed head 
disks to assess the impact of bubbles on his business 
and to make plans to ensure his survival. A company 
planning to make a floppy disk drive or diskette must 
make a decision now as to whether he should turn back. 
The bubble memory manufacturer must make plans on the 
basis of the best analyses available rather than on 
uncertainties. 

11 It is not unlikely that our figures will require revi­
sion in the future, but it is our hope that in per­
forming our in-depth research, in analyzing the data, 
and in reaching our conclusions, we will assist indus­
try participants in making informed business judgments. 

"We intend to update this report as the market grows 
and matures in the same manner as we have done with 
our other industry reports -- for example, Data Record­
.i.D.9. was fol lowed by Data Recording Industry II, Floppy 
Disk Markets was followed by Floppy Disk Markets II, 
etc. 11 

This report is Bubble Domain Memories II. 
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THE TOTAL MARKET 

The industry has not grown as rapidly as we had expected, for two 
principal reasons: 

* Prices failed to decline as anticipated; none of 
the industry experts predicted a higher price per 
bit than 40 millicents in 1977, and most thought 
it would be much lower; the actual 1980 price is 
100 mi 11 i cents. 

* The telephone switching application failed to 
develop; increased need for storage has made the 
"Winchester-type" disk the preferred mass storage 
for telephone switching centers. 

Military spending cutbacks also slowed market development in the 
go ve rnmen t area . 

Our original report, which had seemed pessimistic in 1977, was 
more accurate in its predictions than other forecasts. Texas 
Instruments had officially predicted a $100 million market in 
1980, Small Business Systems $92.4 million in 1979, and Gnostic 
Concepts $328 million in 1981. Our more restrained original esti­
mate of $58 million for 1980 was closer to the mark, but still 
high; our 1979 projection was $11 million. 

Still, the bubble market has begun to develop. Unlike plated 
wire memories, EBAM, planar thin film, and apparently CCO's, the 
bubble memory is a product which, as we indicated in our original 
report, is here to stay. Most new technologies have technical 
problems in the early stages of production; bubbles have not. 
Whatever troubles the bubble makers had with yields and however 
this may have affected their ability to lower prices, the bubble 
memories which have been shipped out have worked well. 

Bubbles have outperformed their associated circuitry; any problems 
have generally been with ancillary semiconductor circuits. This 
situation contrasts with that of floppy disks and digital cassettes 
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at the time of their introduction when their low cost and conve­
nience attracted buyers in spite of their reliability and error rate 
problems. Except for some temperature problems, mainly in military 
applications, bubbles have lived up to their advance notice in 
performance and reliability. It is clear now that bubble prices 
will decline. Many users who have samples or are merely watching 
bubbles with interest will be ready to proceed as prices permit 
bubbles to be used in their applications. Nevertheless, bubble 
memories have lost some ground; some applications where Winchesters, 
ROM's or RAM's are now used have been permanently lost. The tele­
phone switching market was destined to be mainly captive in any 
case, and need not unduly concern independent bubble makers. 

VDC believes that shipments of bubble memory devices by U.S. com­
panies will increase from 138,800 units in 1980 to l ,446,000 units in 
1985, an average annual increase of 60 percent over the period. 
(See Table 2 and Figure 22 .) Over that time period, we antici­
pate that the dollar value of shipments will increase from $18.4 
million in 1980 to $226.0 million in 1985, an average yearly gain of 
65 percent. (See Figure 23 .) The more rapid increase of dollar 
sales over unit sales will result from increased data capacities 
of chips. We have assumed that the cost per bit will drop by an 
average of 45 percent per year for most bubble memories. Excep­
tions are in the military, telephone, and some industrial markets 
where temperature stability will be pushed to the limit and prices 
will remain high. 

In 1977, we did not believe that bubble memory manufacturers would 
meet their forecasts of precipitate price declines, but in 1980, 
we believe that they can meet the more modest but still impressive 
price reductions now being forecast. Bubble memory producers are 
now more cautious in their forecasts, and more knowledgeable about 
semiconductor manufacturing technology. The result is improved 
yields, and as the industry moves further along the learning 
curve, prices will fall. 
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Do 11 ars 
(Millions) 

Units 
(Thousands) 

TABLE 2 

SHIPMENTS OF BUBBLE MEMORIES 1980-1985 

1980 1981 1982 1983 -- -- -- --

18.4 24. l 41.8 103. 9 

138.8 181. 5 292.2 475.0 

1984 1985 -- --

179. 1 226.0 

915.5 1,446.0 
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FIGURE 22 

SHIPMENTS OF BUBBLE MEMORIES 1980-1985 
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FIGURE 23 

SHIPMENTS OF BUBBLE MEMORIES 1980-1985 
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In Figures 22 and 23, the area of uncertainty is shaded. 
With so many technical and price uncertainties, there is more 
likelihood of deviation from prediction than there would be with 
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a more mature product and market. The probable percentage of 
deviation is greater for units than for dollars because future 
bubble prices are uncertain. In some segments, such as numerical 
controls for machine tools, the demand for bubbles will be compara­
tively price inelastic because bubbles have special qualities of 
ruggedness which these manufacturers require. In some segments, 
such as office equipment, the demand is very price dependent. 
Therefore, a sharp reduction in prices would increase unit sales 
volumes greatly, but would have less effect on dollar volume. 

MARKETS BY TECHNOLOGY 

In analyzing the bubble domain memory markets by technology, there 

are three logical divisions: 

* Chip organization: Whether a serial loop con­
figuration or a major-minor loop configuration 
is employed. 

* Data capacity: Whether the device is relatively 
small in data capacity, as were the earlier 
chips, containing a quarter of a megabit or less; 
medium-sized, as the one-megabit chips introduced 
after 1978; or large-sized, as the two- to four­
megabit chips which are predicted for 1983. 

* Propagation pattern: Whether permalloy bar files, 
patterned ion implant structures, or current 
access propagation will be used. 

We have segmented the bubble domain memory market by the first 
two categories, but not by the third because there is insufficient 
data at this time. 
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Chip Organization 

The serial loop configuration in which all of the bubbles on a 
chip are conducted along a single long path is the simplest con­
figuration, but it will constitute a very small portion of the 
tota 1 bubb 1 e memory market. (See Figures 24 and 25 . ) From 28 
percent of unit shipments in 1980, it will decline to only 3 per­
cent in 1985, and in dollar value from 26 percent to 6 percent. 
The present serial devices are mostly used in AT&T 1 s telephone 
message units, where dollar values are dependent on the internal 
transfer rate of the Bell system, which we do not know. 

It used to be thought that the price per bit would be lower for 
serial loop configuration devices, but this appears to be so only 
in applications where the error rate is unimportant, such as voice 
recording. The problem is that a single defect at any position 
can invalidate all of the digital data on a loop. Whereas major­
minor loop configured devices can include redundant minor loops, 
allowing only the good loops to be selected for use, no such 
option is possible for the single loop chip; it needs to be per­
fect. Most industry participants believe that it is more cost­
effective to push density to its extreme limit than to try for 
zero defects. 

Even if there were no problem with obtaining zero defect chips, 
however, the single loop configuration would still be a small 
part of the market because the access time would be too long. 
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Only voice recording and replacement of some instrumentation record­
ers seem likely candidates for single loop configured memories. 

The Fujitsu 64-kil obit bubb 1 e memory cassette demonstrates that 
defect-free single loop recorders can be produced, but the price 
per bit is more than twice that of the Texas Instruments 92~kilobit 
major-minor loop device. In 1980, all of the standard bubble 
devices offered by American companies use major-minor loop con­
figurations. Only Fujitsu offers a standard single loop device. 
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FIGURE 25 

MARKETS BY CONFIGURATION 
(Dollars) 
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Data Capacity 

Bubble memories in 1977 were small in capacity by today's standards. 
In 1980, Texas Instruments' 92-kilobit chip, which uses bubbles with 
a diameter of 5 microns, is still in production. The Intel one­
megabit device is representative of the next generation of bubble 
memories. It uses bubbles 2.7 microns in diameter. Texas Instru­
ments, Rockwell, and National Semiconductor have announced one­
megabit chips, although none is actually in production. 

In the next stage, four-megabit chips are planned, with production 
likely in 1983. As bubble densities increase, new devices which 
capitalize on the concomitant cost advantages will be introduced. 

In the low-capacity area, RAM's, ?ROM's, and EPROM's provide compe­
tition. In the future, we expect ~-megabit and larger bubble chips 
to be in much greater demand. When four-megabit chips make their 
appearance, a single bubble chip becomes price competitive with a 
double density 8-inch floppy disk system for on-line storage; 
growth of this market will be rapid. 

In 1980, we believe that shipments of bubble memory devices with 
~-megabit and lower capacities will total 137,000 units and will 
increase to 305,000 units in 1983. After that, we believe that 
shipments of these devices will decline to 105,000 units in 1985, 
a net average decline of 5 percent per year over the five-year 
period. (See Figure 26 and Table 3.) The share of market will 
decline from 99 percent in 1980 to 7 percent in 1985. (See 
Figure 27.) 

In dollar value, the low chip capacity market will increase from 
$17 million in 1980 to $30.2 million in 1983, and then decline to 
$6.3 million in 1985, an average annual decline of 18 percent over 
the five-year period. In dollars, the small capacity chip will 
decline from 92 percent of the market to 3 percent in 1985. 
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TABLE 3 

SHIPMENTS OF BUBBLE MEMORY DEVICES BY CHIP CAPACITIES 
{Thousands of Units) 

1980 1981 1982 1983 -- -- -- --

~~Megabit and Less 137.7 172. 7 256. l 305.0 

More than ~-Megabit; 
Less than 2 Megabits 1. l 8.8 36. l 164.5 

2 Megabits and Over -- -- -- 5.5 -- -- -- --

TOTAL 138.8 181. 5 292.2 475.0 

1984 --

135.0 

650.5 

130 .0 --

915.5 

1985 --

105.0 

1,023.0 

318.0 

1,446.0 
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FIGURE 26 

SHIPMENTS OF BUBBLE MEMORY DEVICES BY CHIP CAPACITIES 
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TABLE 4 

SHIPMENTS OF BUBBLE MEMORY DEVICES BY CHIP CAPACITIES 

(Millions of Dollars) 

1980 1981 1982 1983 

~-Megabit and Less 17.0 19.2 30.2 23.5 

More than ~-Megabit; 
Less than 2 Megabits 1.4 4.9 11 .6 76.8 

2 Megabits and Over -- -- -- 3.6 -- -- -- --

TOTAL 18.4 24. l 41.8 103. 9 

1984 19.8.5_ 

9.5 6.3 

122.8 156. l 

46.8 63.6 -- --

179. 1 226.0 
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FIGURE 27 

SHIPMENTS OF BUBBLE MEMORY DEVICES BY CHIP CAPACITIES 
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What is now a high-capacity chip at one megabit will be a medium­
capacity device in three years; these chips will constitute only 
one percent of the unit shipments in 1980, but 71 percent in 1985. 
Shipments will increase from 1 ,100 units in 1980 to l,023,000 
units in 1985, an average yearly growth rate of approximately 400 
percent. Dollar shipments will grow from $1.4 million in 1980 
to $156.l million in 1985, an average growth rate of 160 percent. 

Large-capacity chips may be introduced in 1983. There is always 
considerable uncertainty in predicting timetables for products 
not yet in production. Companies will try to produce four-megabit 
chips in volume by then. If this should be unfeasible, they are 
likely to turn to two-megabit chips. 

We expect to see 5,500 large-capacity chips shipped in the first 
year, increasing to 318,000 units by 1985, for a 22 percent market 
share. In dollars, we expect that shipments will grow from $3.6 
million in 1983 to $63.6 million in 1985, for a 28 percent share 
of the market. (See Figures 28 and 29.) 

Propagation Pattern 

All present commercial devices utilize the permalloy bar file. 
The chevron design has begun to replace the T-I bar, but these 
technologies are very similar. 

In terms of technology, patterned ion implant structures are a 
quantum leap, and current access is an even greater one. We 
believe that patterned ion implant structures (contiguous disk) 
are near to becoming a commercial reality, but for reasons already 
discussed in Technology, the current access devices are not apt 
to appear commercially until late in the 1980's. At this time, 
we are not able to make a reasonable forecast of ion implant struc­
ture device shipments; we are sure that efforts are underway to 
introduce large-capacity chips using this technique before the 
end of our forecast period. 
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FIGURE 28 

MARKET SHARE BY CHIP CAPACITY 
(Units) 
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MARKETS BY APPLICATION 

At a significant price disadvantage, OEM's need to have a clear 
reason for using a new technology: portability, ruggedness, 
reliability, etc. 

Bubble memories do not have the potential for revolutionizing the 
electronics and computer industries, as did the transistor, the 
integrated circuit, and the microprocessor. Bubble technology is 
new and different, but the applications are old. As research 
continues, new and unforeseen applications may develop, but for 
now bubble memories compete for only a portion of the memory 
market. Current access propagation, with its promise of high­
speed operation and possible savings in cost and space, may bring 
on a whole new era in bubble memories, but not in the timespan of 
1980 to 1985. 

Tables 5 and 6 and Figures 30 and 31 illustrate the growth of 
the major market segments. In 1980, the bulk of shipments will 
be captive, as Texas Instruments and Western Electric ship to 
other branches of their own companies. Together, shipments for 
terminal and telephone applications will account for 98 percent 
of unit sales and 89 percent of dollar value in 1980. Intracompany 
strategy undoubtedly affected the promotion of Texas Instruments' 
bubble memory terminal and the telephone voice recorder. In 1985, 
however, terminals will continue to be the largest single bubble 
application, accounting for 35 percent of unit sales and 22 percent 
of dollar sales; most of this business will not be captive. (See 
Figures 32 and 33 . ) 

In 1985, we believe that small computers and word processors will 
follow terminals in both units and dollars, each accounting for 
17 percent of units and dollars. Military and space applications 
will constitute 14 percent of the dollar value of bubble memories, 
but less than 1 percent of the units. 
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Machine Control 

Process Control 

Terminals 

Word Processors 

Small Computers 

Dictating Machines 

Military and Aerospace 

Telephones 

TOTAL 

TABLE 5 

SHIPMENTS BY APPLICATION 1980-1985 
(Thousands of Units) 

1980 1981 1982 -- -- --

0.8 l.8 6.0 

0.7 1.5 3.0 

130.0 150.0 200.0 

-- 20.0 50.0 

0. l 1.0 25.0 

-- -- --

0.2 0.2 0.2 

7.0 7.0 8.0 -- -- --

138.8 181. 5 292.2 

1983 1984 1985 -- -- --

25.0 100.0 200.0 

30.0 100.0 150.0 

250.0 300.0 500.0 

100.0 150.0 250.0 

50.0 200.0 250.0 

1.0 20.0 40.0 

4.0 5.5 6.0 

15.0 40.0 50.0 -- -- --

475.0 915.5 1,446.0 
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FIGURE 30 

SHIPMENTS BY APPLICATION 1980-1985 
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Telephones 

TOTAL 

TABLE 6 

SHIPMENTS BY APPLICATION 1980-1985 

(Millions of Dollars) 

1980 1981 1982 -- -- --

0.5 0.8 1.8 

0.5 0.6 1.8 

11.4 14. l 20.0 

-- 2.0 4.0 

0.4 1.0 7.5 

-- -- --
0.6 0.6 0. 7 

5.0 5.0 6.0 -- -- --

18.4 24. 1 41.8 

1983 --

5.5 

6.5 

38.8 

10.0 

10.9 

0.2 

22.0 

10.0 --

103.9 

1984 --

14.4 

14.2 

48.0 

19.5 

26.0 

2.0 

30.0 

25.0 --

179. 1 

1985 --

20.0 
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FIGURE 31 

SHIPMENTS BY APPLICATION 1980-1985 
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FIGURE 32 

MARKET SHARE BY APPLICATION 
(Units) 
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FIGURE 33 

MARKET SHARE BY APPLICATION 
(Dollars) 
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Machine Control 

Market penetration of a new technology such as bubble domain 
memories is aided greatly if one or more 11 ideal 11 applications can 
be found. Numerical control of machine tools is such an appli­
cation. Although the machine tool business tends to be one of 

104 

the most conservative industries regarding new engineering methods, 
the bubble memory promises to catch on rapidly with the N/C market. 
This market is not large in comparison with commercial computer 
equipment; it consists of approximately 10,000 systems produced 
in the U.S. in 1980. Within three years, however, we expect virtu­
ally all new N/C machines to be equipped with bubble memories. 

Already, General Numerics has incorporated bubbles into its N/C 
machines. A composite of German and Japanese interests owns this 
company, which is the largest producer of N/C machines in the 
world. The Japanese portion of the company will turn out 3,000 
N/C machines in 1980. Production models contain an average of 
three bubble memory devices, which are made in Japan. 

The German machines will use four bubble devices per machine, but 
are not yet into production. Prototypes use Rockwell devices; in 
production the bubble devices will be manufactured by Siemens, one 
of the owners of General Numerics, under license from Rockwell. 
Quantities will initially be in the range of 7,000 to 8,000 per 
year. 

American manufacturers are watching carefully. We believe that 
the largest U.S.-based N/C producer, General Electric Company, 
will soon equip more than 2,000 units per year with bubble memo­
ries, and Sundstrand has announced plans to use the Intel megabit 
chip. 

We expect total shipments of bubble memory devices used in numeri­
cal machine tool control to increase from less than l ,000 units in 
1980 to 200,000 units in 1985, and from less than $1 million in 
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1980 to $20 million in 1985. Of this, less than half will be 
numerical control as we know it now, but the N/C application 
will introduce the bubble memory to control builders who will 
use it in the growing robotics industry as well as in improved 
factory control. With increasing emphasis on productivity, we 
think it likely that the U.S. over the next five years will regain 
some of the ground we have lost to the better-automated Japanese 
industry. 

The N/C application itself is worth exam1n1ng as an illustration 
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of just where the bubble memory can perform better than anything 
else. N/C machines are characteristically used for a medium­
length run of machine parts. They are not ordinarily used for one­
of-a-kind parts or for extremely large runs. Historically, the 
memory system which performed the function now being handled by 
the bubble memory was a combination of a paper tape punch and a 
paper tape reader. The machine was controlled during its opera­
tions by a loop of paper tape which was in motion while the 
machine operated, the holes being sensed by mechanical fingers 
or by light beams. For a run of 1 ,000 pieces, the tape travelled 
through 1,000 times and tended to get badly worn. Some improve­
ment has been obtained with mylar, but the tape punch and reader 
caused more trouble than anything else in the N/C system. Mag­
netic tape is even worse; particles of metal, dust, coolant, and 
other contaminants destroy the tape, temperatures vary widely at 
the drive, and in some applications there can be shock and 
vibration problems. For these reasons, recent advanced N/C designs 
have replaced the paper tape devices with RAM's, which are 
improvements over paper or mylar tape in every way except volatility. 

Moving magnetic memories will still be used in N/C at remote loca­
tions in conjunction with computers that control the equipment, 
but the amount of storage required at each machine is well suited 
to bubble memories. 

Use of bubble memory in numerical control and robotics applications 
will greatly boost its credibility. 

VENTURE DEVELOPMENT CORPORATION 



Process Control 

Use of bubble memories in process control will parallel that of 
machine control. We believe that shipments will increase from 
fewer than l,000 units in 1980 to 150,000 units in 1985. At this 
early stage, the average annual growth rate is bound to be very 
high; it will be close to 200 percent per year. In dollars, we 
expect sales to increase from approximately $500,000 in 1980 to 
$15 million in 1985. 

Process control makers are attracted to the bubble memory for 
reasons similar to machine control manufacturers. In both appli­
cations, contamination militates against the use of floppy disks. 
In process control environments, the problems may be powdered 
sugar, lint, soap powder, or any of a number of other substances. 
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Although the applications of process and machine control have much 
in common, there are differences. Machine control deals primarily 
with manufacture of discrete parts, whereas process control deals 
with flow of materials. Process control systems are very large, 
and a single system can use hundreds of bubble memory devices. 
Manufacturers of process controls include such companies as Foxboro, 
Fisher Controls, and DuPont, the last of which is also an important 
user. 

There is no single ideal application for bubble memories in process 
control, but the overall reliability of the bubble memory is even 
more important than in machine tool applications. Whereas a machine 
tool failure may damage a valuable workpiece, a process control 
failure can be catastrophic. Although processes are designed with 
fail -safe features which prevent 1 ife-threateni ng situations by 
shutting down the line, the stoppage can be extremely costly .. Ini­
tially, process control systems will use bubble memories where 
serious environmental problems exist. 
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The process control industry is even more conservative than 
machine tool control, because the stakes are larger. Design 
decisions are made by the builder of the controls, the customer 
for the process, and especially where the probability of catas­
trophe is great (as in nuclear power plants), by consulting 
engineers. This means that bubble memory suppliers have to con­
vince not just one organization, but several, to design bubble 
memories into their systems. It also means that price sensitivity 
is not as great as in many other areas because of the critical 
nature of the application. 

Terminals 

The rapidly-expanding computer terminal industry seems destined 
to be an important user of bubble memories. We believe that 
130 ,000 bubb 1 e devices wi 11 be shipped for use in computer termi -
nal applications in 1980, expanding to 500,000 units in 1985, an 
average yearly growth rate of 31 percent. In dollars, we expect 
shipments valued at $11.4 million in 1980 to grow to $50 million 
in 1985, an average yearly increase of 34 percent. 

The bulk of the 1980 shipments will be Texas Instruments' bubble 
memory devices used in the TI "Silent 700" terminals, which employ 
two per system. Other portable terminal makers offering bubble 
memories include Computer Transceiver Systems, Telecon Indus­
tries, and Findex. 

Not only portable terminals will use bubble memories. Terminals 
intended to be stationary can also benefit from the small size, 
quiet operation, and dependability of the bubble memory. AT&T 
had a contract for a large number of non-portable terminals, most 
of which were expected to use bubble memories; the rest would use 
floppies. The contract was cancelled after the vendor, Digital 
Equipment Corporation, failed to make timely deliveries. The 
cancellation had nothing to do with the bubble memories, which 
were reported to be performing well. Close to l ,000 sample units 

107 

VENTURE DEVELOPMENT CORPORATION 



were delivered to AT&T, although most of these did not contain 
bubbles. The bubble was to have been an option which would have 
cost the user $175 per month for a memory package of 22 kilobytes, 
using two TI 92-kilobit devices. With three units, it was to have 
cost $185. They would have been slightly less expensive than a 
floppy disk option which provided a much larger memory. 

It is improbable that bubble memory sales will have a critical 
impact on floppy disks. As previously stated, floppy disks will 
be preferred where there is no intention of physically removing 
stored data. The bubble will be preferred for remote terminals 
that will transmit their information to the computer at the end 
of a period of time. 

Bubbles will also be used to replace one of a pair of floppy disk 
drives. Where large amounts of data need to be stored cheaply, a 
fixed disk drive will be preferable, but where the requirements 
for data storage are moderate, a bubble memory system will be 
more appropriate. 

The market will be extremely price-sensitive for non-portable 
terminal applications. The bubble memory 1 s price must drop 
sharply over the next five years to make the terminal market 
application grow as predicted. 

Word Processors 

We believe that the number of bubble memory devices shipped for 
word processing applications in 1985 will amount to 250,000 units, 
valued at $37.5 million. 

The bubble memory will not replace the floppy disk drive in a 
single disk system, but will certainly be able to replace one of 
two floppy disk drives in a dual system. In word processing, 
diskettes provide excellent removable media for storing letters 
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and manuscripts off-line, and large numbers of diskettes are often 
stored; however, one floppy disk drive often serves as a backup 
memory for the other in a dual floppy disk system. In this case, 
the bubb 1 e memory wi 11 be ab 1 e to rep 1 ace one of the two floppy 
disk drives. Bubble memory 1 s smaller size and weight, and 
increased reliability, make it attractive as a floppy disk replace­
ment. In the future, cost will also be a plus. 

In addition to the floppy disk replacement, bubble memories will 
be used in other capacities in word processing equipment. For 
example, the bubble memory can replace the endless tapes used on 
some IBM automatic typewriters, with a clear gain in performance, 
reliability, and, in the future, cost. 

The first word processing system using bubble memories will be 
introduced by Xerox in 1981. 

Sma 11 Computers 

Small computers, or small business systems, are referred to as 
11 smal1 11 less because of their physical size than their small price 
in comparison with other computers. As the price becomes smaller, 
the cost of the component parts must be lower. Thus, the small 
computer application is price-sensitive almost by definition. 

Small business system manufacturers who have used bubble memories 
find excellent results from a technical standpoint, but there are 
few takers of the option among end users. This is not surprising 
because when a bubble memory is used the cost of the memory is 25 
percent of the entire system, and the amount of storage is smaller 
than for a floppy disk drive costing one-third as much. From the 
point of view of reliability, however, the bubble is very attrac­
tive for this application. Floppy disks used continuously tend 
to be less reliable, and at least one of a pair of floppy disks 
will receive heavy usage. 
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The floppy disk will remain as the primary removable backup and 
archival storage medium for small systems. Larger systems will 
more often use hard disks. Intermediate size systems will use 
"Winchester" fixed disk drives, which, like bubble memories, are 
not removable. 

Because price is so critical, we see large-scale usage occurring 
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in 1984, at which time bubbles will attain a cost of 10 millicents 
per bit. We believe that usage in 1980 will be limited to the "toy 
market" where computer companies buy samples to play with. By 
1984, we believe that 200,000 units will be shipped for small 
computer use at a dollar value of $26 million. By 1985, ship­
ments will reach 250,000 units at a value of $37.5 million. 

The bubble will be especially attractive with desktop and portable 
computers for reasons of size, weight, and reliability. 

Dictating Machines 

Price is the issue in dictating machine applications for bubble 
memories. A megabit chip will record approximately three minutes 
of speech. It seems hard to imagine a commercial dictating 
machine company being interested in such a device at present 
prices. 

It seems possible, however, to make voice recorders, which do not 
have to be as error-free as computer memories, at lower costs 
than other bubble memories for the number of bits stored. It is 
probable that bubble memories will find use in dictating machines 
by the end of the forecast period. We believe that in 1985, 
40,000 bubble memory devices will be shipped at a value of $4 
mill ion. 
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Military and Aerospace 

Growth of the military market for bubble memories has been 
seriously retarded by temperature problems which were not fully 
comprehended in 1977. 

Although most industry participants believe that it is impossible 
for bubbles to operate over the full military temperature range 
to +125°c by 1985, they do feel that +100°c is likely to be 
feasible. Because of the bubble's superior reliability in more 
restricted temperature ranges and its great ruggedness, it is 
otherwise an ideal military memory device. At +71°C operating 
capability, some military applications are satisfied; others 
require higher temperature, and some need the full range. Not 
all of the high temperature specifications really need to be met 
for equipment to work in some applications, but if other memory 
devices meet the specification and bubbles do not, generally the 
specifications are not waived. 

We believe that military and aerospace shipments of bubble memory 
devices will increase from sample quantities for test and experi­
ment in 1980 through 1982, to 6,000 units valued at $32 million 
in 1985. 

The largest application will be for airborne computers, where 
head-per-track disks have been used in the past. In this appli­
cation, problems of vibration and shock preclude the use of 
moving head disks. 

Satellite tape recorders are still a real application; it was 
one of the first for which bubble memories were proposed. Bud­
getary considerations have cut back the number of satellites 
which are planned, so the market will remain limited. 

Much computer equipment purchased by the military establishment 
is of the ordinary commercial type, and for purposes of this 
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report is considered as part of the commercial market because the 
special military characteristics do not apply. The bubble memory 
is ideally suited for rugged applications requiring extremely 
reliable equipment. 
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Military and space markets have unique characteristics which will 
influence bubble domain memory usage. Chief among these character­
istics are: 

1. The ability of the user to spend money. For the 
right product, the government will not only pay 
the necessary purchase price, but will also fund 
substantial developments by the supplier, under 
contract. Millions of dollars have been paid to 
Rockwell and TI for bubble memory device develop­
ment. 

2. The requirement for reliability. For example, 
where a tape recorder in a satellite has an MTBF 
(mean time between failure) of 10,000 hours and 
the rest of the satellite components have MTBF's 
of 100,000 hours, almost any additional money 
paid for a more reliable recorder will be well 
spent. 

3. The requirement for ruggedness. Equipment is 
mounted on vehicles which must traverse rugged 
terrain on dirt roads or no roads at all; ship­
board equipment must be able to withstand the 
hazards of the sea; and airborne equipment will 
be subjected to considerable mechanical stress 
and vibration. A wide range of climatic condi­
tions will be encountered. 

4. The time-consuming process of obtaining govern­
ment approval. Military/aerospace usage of new 
computer technology usually follows rather than 
1 eads commerci a 1 usage. Standards must be esta­
blished for new types of equipment; budgets must 
be established; and the approval process is 
complex and unwieldy. When a new development is 
vitally necessary to further an essential pro­
duct, red tape can be cut and procedures waived. 
In such cases, military/aerospace usage is likely 
to occur early in the product's life cycle. In 
the case of bubbles, acceptance has been delayed 
by temperature problems. 
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Because of the temperature problems, we believe that military and 
aerospace bubble memories will turn out to be much more expensive 
than had been expected originally. The tendency will be to push 
the units to the limit of their capabilities whatever their 
expense. 

In addition to airborne computer and satellite recorder replace­
ment applications, which are funded, there are numerous other 
applications which are still not funded. One of the likely near­
applications for bubble memories is as a replacement for special 
rugged cassettes used for program loading and data acquisition. 
Fully-sealed cassettes with the magnetic heads inside cost about 
$5,000 each. This application, too, has been slowed by the 
difficulty of meeting temperature specifications. 

Apart from production quantities to be shipped, military and aero­
space markets have been an important source of funding for 
research projects and will continue to be. The knowledge gained 
in this way can be put to commercial use as well. 

Telephone Systems 

As has been the case with so many other components, including 
transistors and CCD's, the bubble memory was invented by 11 the 11 

telephone company at Bell. Possibly more than any other user, 
AT&T is interested in the ultra-reliability of the bubble domain 
memory. The telephone company must provide 24-hour service, 
using a variety of equipment at widely-separated locations. The 
public has grown to expect that their telephones will always 
operate. Bell people measure equipment life, not in hours as 
missile engineers do, but in decades. 

Moving magnetic storage devices do not truly meet Bell's life 
requirements, although they are used both for digital and voice 
storage because nothing superior has been available. Real appli­
cations for bubble memories have already been developed by the 
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telephone company in two product areas: telephone 11 announcement 
systems" and electronic switching systems. 

Most of the bubble markets in telephone applications are captive; 
Western Electric can be expected to supply the Bell system. 
However, the independent telephone companies, including GTE and 
Continental Telephone, represent a market for independent pro­
ducers of bubb 1 e memories. 1 

We believe that shipments of bubble memories for telephone appli­
cations will increase from 7,000 units in 1980 to 50,000 units in 
1985, an average yearly growth rate of 50 percent. The value of 
shipments will grow from $5 million in 1980 to $30 million in 
1983, for an average yearly increase of 43 percent. 
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Audio Applications - The first practical audio application of bubble 
memories will be used in telephone 11 announcement" systems. Announce­
ment systems deliver messages to the user such as "The number you 
have dialed is not in service; if you need assistance ... 11 etc. 

In the past, motor-driven magnetic drum-based systems were used 
to deliver a variety of messages. These drums have proven to be 
reliable by most standards, but not by Bell's, since they have 
found that the quality of the recording deteriorates with time. 

As a result, the Bell system intends to gradually replace the 
motor-driven drum devices with a bubble memory-based device called 
the "13A Announcement System." After a trial run in the Detroit 
switching office of Michigan Bell Telephone, bubble memory announce­
ment systems were put into production at Western Electric. 

1According to a recent VDC study, Retail Telephone Markets, inde­
pendent (non-Bell) companies will continue to account for about 
19 percent of the telephones installed in the U.S. 
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For each of the many messages contained on the motor-driven drum, 
there is a bubble package replacement containing four chips. Each 
chip contains 68,121 bits which will record 12 seconds of speech 
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in serial digital form. No use is made of the bubble 1 s fast access 
capability, since each bubble package implements a single loop. 
Although the cost of the 11 l3A 11 system is expensive in comparison 
to its predecessor, the telephone company prefers it because it 
contains no moving parts, is expected to be trouble-free, and the 
recorded message will not deteriorate with time. 

Telephone announcement systems will not be a large market for 
bubble memories. Past usage of the magnetic drum recorder was 
approximately 100 per year. Gradual field replacement will take 
place, and other applications for audio bubble recorders are likely 
to be developed. We believe that 10,000 four-chip bubble packages 
per year will be used by 1983, since each system will contain 
multiple packages, one for each 12-second message. 

Switching Applications - In telephone switching systems used in 
central offices, the potential applications for bubble memories 
are digital, rather than audio. They will be used to replace 
fixed head disks in some applications, especially for mobile use. 

The switching system application is a very logical use for bubble 
memories. Several 26-megabit systems are actually in use in 
Japan. A portable bubble-based electronic switching system has 
been manufactured by Nippon Electric Company for Nippon Telephone. 
NEC was founded by Bell in 1899, although it is now separate from 
the American company. NEC manufactures equipment for Nippon Tele­
phone as Western Electric does for AT&T, but it is not a captive 
supp 1 i er. 

Portable systems are especially suited to bubble technology since 
they are less likely to be adversely affected by being driven 
around in trucks than are mechanical systems. For stationary 
switching systems, the bubble memory seems destined not to be 
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employed by the Bell system during the time period of this report. 
Although moving head disk files had been considered too error­
prone to be used in AT&T's central offices, forcing the use of 
very high cost-per-bit fixed head disks, the "Winchester" fixed 
disk drives have changed the situation. The high volumes of data 
at low price, combined with the improved reliability of the 
"Winchester" disks, have precluded the use of bubble memories in 
most of AT&T's applications. 
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Other Telephone Applications - There are a number of other telephone 
applications, among them a call recorder used with PBX's, which 
polls a day's calls. A potential application is a local charge 
calculator. When installed at coin boxes, it would tell the 
caller the toll charges without the necessity of communicating with 
a distant office. A block access bubble memory could retain the 
information regarding rates and distance. Another bubble memory 
could provide information to the consumer in audio form. 

Variations on this product could be used by businesses to keep 
track of their telephone costs by project in order to bill clients 
for expenses or to aid with internal accounting. 

MARKET SHARE BY COMPANY 

Any market share figures are transitory in 1980, as the market is 
changing rapidly. Of companies who are now selling commercial 
bubble memories, we believe that Texas Instruments supplies 76 
percent in dollars, including captive business; Rockwell 14 
percent; and Intel 10 percent. (See Figure 34 .) National Semi­
conductor and Motorola are not yet in production. Western Electric, 
by company policy, will probably never sell on the open market. 

We believe the situation will change rapidly. Intel's share will 
increase significantly as soon as the ancillary support chips are 
in full production. Tl's business is now made up of the 92-
kilobit device; one-megabit chips are scheduled for the near 
future. 
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FIGURE 34 

BUBBLE DEVICE MARKET SHARE BY COMPANY 
(Do 11 a rs) 

Instruments 

76% 
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Not included are government research contracts which make up a 
major portion of Rockwell 1 s bubble business and are important 

to TI as well. 
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IX 

MARKETING STRATEGY 

In this very early stage in the life cycle of the bubbl2 memory 
industry, it is not possible to examine all of the aspects of mar­
keting policy which could be discussed if the product were mature. 
There are four items, however, that are particularly important at 
this time. They are: 

* Pricing Policy 
* Product Policy and Ancillary Circuitry 
* Marketing Policy and Organization 
* Strategy Relating to IBM. 

PRICING POLICY 

Bubble memories, while revolutionary from the point of view of 
technology, are not revolutionary from an applications standpoint. 
They must compete with disks, tapes, and RAM 1 s -- all viable 
memory technologies. There must be an economic reason for users 
to switch from these technologies to bubbles. 
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As mentioned in the section Trends in Technology, the relationship 
between bubble prices and industry growth is a 11 chicken or the egg 11 

problem. Producers say they cannot lower prices until sufficient 

volumes are purchased, and equipment makers refuse to design bubble 
memories into their products while prices are still high. 
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Bubble memory manufacturers are hesitant to take the first step 
because, at this stage, the manufacturing costs at various produc­
tion volume levels are not known with certainty. VDC's skepticism 
in 1977 regarding bubble manufacturers' predictions of early and 
drastic price reductions was occasioned by the unwillingness of 
manufacturers to take firm orders on future large quantities at 
low prices, which indicated to us that they were less certain of 
their costs than they were willing to admit. Users are still 
reluctant to pay high prices for small quantities, not so much 
because they object to the initial high prices, but because they 
fear that prices will stay up. They will then have spent the time 
and money to design a bubble memory into their product and will 
not be able to afford to use it. 
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Intel acted aggressively by starting to take firm orders, in large 
quantities, for future delivery. They will have acted wisely if 
they actually meet their predicted cost goals; or perhaps their 
strategy is to build market share even if they do not earn a profit 
now. Buyers will be more fully convinced to use bubbles when prices 
from a number of suppliers are lowered. 

We have heard the statement from bubble manufacturers that 11 We have 
sunk so much money into bubble memory R & D that we have to charge 
high prices initially in order to get our investment back.u Sunk 
costs are sunk, however. The issue is how to maximize future 
profit. It is hard for us to see that charging high prices for 
11 samples 11 will have a substantial influence on long-term profits. 
Certain semiconductor and IC products have enabled their suppliers 
to earn high profits on samples because the customer could not 
solve his application need as economically by other means. As a 
result, there were many customers who would pay well for a chance 
to try the new device, and the additional cost kept out those who 
were not serious. 

The capabilities of the bubble, on the other hand, are now well 
understood. Some users are suspicious about the prices ever 
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coming down to feasible levels for their applications. Texas 
Instruments 92-kilobit memory, for example, has not been lowered 
even though it is now in quantity production. Intel's decision 
to accept volume orders at low prices was a step in the right 
direction from the OEM user's viewpoint, but they know that no 
company will deliver quantity orders indefinitely at a loss, so 
the lingering doubt persists. The company's reduction of its 
megabyte bubble price to 100 millicents per bit in small quan­
tities in the fall of 1980 helped. 

PRODUCT POLICY AND ANCILLARY CIRCUITS 

One picture is worth a thousand words! Figure 35 illustrates the 
Intel 7110 one-megabit chip mounted on a 4" x 4" circuit board 
along with all of the auxiliary control and driver circuits to 
make it work. The large boards behind the 4" x 4" circuit board 
are the previous Intel circuits which the new board replaces. 
The bubble memory boards (which mount the bubble chip and all of 
the ancillary circuits) made by Intel's competitors tend to 
resemble one of the earlier Intel boards, with many discrete 
components required. 
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Bubble memory manufacturers must make it easy for OEM equipment 
companies to use their products. Intel has shown the way. Competi­
tors must provide ancillary IC circuits which reduce the need for 
additional discrete components. Good application notes and 
instruction are also a must. 

MARKETING POLICY ANO ORGANIZATION 

Up to this time, bubble memory producers have had more problems 
related to production than to sales. Real selling efforts will be 
required in the future. 

We have found, in the past, that there are dangers in selling new 
products through established channels. The problem tends to 
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result from the much higher level of effort required to see that 
new products are designed into new equipment. Salesmen tend to 
sell the products that they know. 

Semiconductor sales personnel can be trained to sell bubble 
memories, but field salesmen are evaluated and compensated accord­
ing to sales volume. A new product requires extra effort that 
they may not be able to give. If established marketing organiza­
tions are used to sell bubble memories, it is necessary to employ 
bubble memory applications engineers to back them up and help 
customers with their designs as well as to furnish written appli­
cation notes. 

It is essential for a manufacturer to get its own bubbl~ memory 
circuits into the customer's design at an early stage. After a 
competitor is "designed-in" and quantities build up, it is likely 
to be too late. 

STRATEGY RELATING TO IBM 

In many computer areas, it is customary to wait until IBM moves, 
and then do what IBM has done but charge less. We believe that 
the industry should not wait to see what IBM does. 

IBM has put large amounts of money and effort into bubble mem~ 
ories; some estimates indicate that their investment in R & D has 
approached $100 million. Yet, IBM does not always use its 
developments and is under no pressure to pioneer the bubble 
memory market. 

Bubble memories, unlike disk and tape drives, require no mainte­
nance. Maintenance and leasing have always been, and still are, 
important sources of revenue for IBM. Why would IBM want to 
displace their large installed base of disk and tape drives with 
a lower-cost product not likely to be leased separately or to 
require much maintenance? It is not reasonable to expect IBM to 
take the lead in pushing bubble memories. 
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If IBM should bring out products with bubble memories, it would 
certainly boost interest in bubbles throughout the computer business. 
It is most likely that IBM will use bubble memories in small, 
11 stand-alone 11 products. We believe that IBM is more likely to 
follow than lead in pioneering the bubble domain memory business. 
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THE COMPETITION 
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AT&T Company 

The bubble domain memory was invented at Bell Labs by Andrew Bobeck 
and co-workers. They are still conducting extensive research into 
new approaches to bubble memories, including patterned ion implant 
structures and current access propagation techniques. Western Elec­
tric is manufacturing audio message devices which use bubbles for 
AT&T. Other telephone uses as in terminals and call recorders are 
under consideration, but bubbles appear not to be in the company's 
plans for switching systems any longer. AT&T will license their 
bubble technology, but by company policy they will not sell bubbles 
on the open market. 

Fujitsu 

A broad-based electronics company with worldwide sales of more than 
$1 billion, Fujitsu was Japan's first computer manufacturer. 
Fujitsu began as a manufacturer of telephone exchange equipment, 
and that business will provide a large internal market for bubble 
memories. In addition, bubbles will make a convenient addition to 
Fujitsu's integrated circuit product lines. Fujitsu has intro­
duced a bubble cassette system which contains removable packages. 
At 200 millicents per bit in sizable quantities for the removable 
package alone, it has limited commercial appeal, but is reported 
to be exceptionally reliable. 

Hitachi 

With sales in the region of $7 billion, Hitachi is Japan•s largest 
electronics manufacturer and one of the largest in the world. At 
Hitachi's Central Research Laboratory, bubble devices have been 
developed for use in Nippon Electricts telephone equipment. 
Hitachi could well prove to be a substantial competitor in U.S. 
and world bubble memory markets. 
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IBM 

This $23 billion United States computer company is leading the 
bubble industry in quantity of research and money expended on 
bubble technology. From the intensity of their effort, it can 
be surmised that IBM has important plans for the bubble. As 
always, IBM is secretive about its intentions. Historically, IBM 
has not sold, in the open market, any of the considerable volume 
of components it has produced. Instead, the entire volume has 
been used internally. 

Intel Magnetics 
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Set up by Intel Corporation to make bubble memories, Intel Mag­

netics moved directly to production of a one-megabit chip, bypassing 
the smaller bubble memories already offered by competitors. They 
offer a complete set of integrated circuits to perform all of the 
ancillary functions required for bubble memory operation. The 
system is very attractive to users, but there has been some delay 
in getting the IC controller chip into production. 

Motoro 1 a 

By an agreement with Rockwell to provide IC's for bubble memory 
operation in exchange for bubble memory technology, Motorola is 
preparing to move into the bubble memory field, second sourcing 
Rockwell to their mutual advantage. Other manufacturers have 
widely differing approaches that do not lend themselves to inter­
change. Motorola's bubble know-how was abetted by personnel 
obtained from Sperry Univac after Sperry Univac decided against 
in-house bubble manufacture. 
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National Semiconductor 

National Semiconductor, a leading manufacturer of integrated cir­
cuits, has announced a line of bubble memories including one­
quarter and one-megabit chips, and will offer a full line of 
supporting !C's in early 1981. An agreement has been made with 
the French company, SAGEM, to second source the National Semicon­
ductor bubble line. 

Rockwell International 

Rockwell, along with Texas Instruments, pioneered bubble memories 
for open market sales. Rockwell has worked closely with NASA and 
the Air Force on supplying satellite recorders and airborne disk 
drive replacements, but temperature problems with bubble memories 
have slowed military markets for bubbles. Commercial users of 
Rockwell's bubble memories tend to feel the military background 
makes the company "act like a job shop. 11 Rockwell has formulated 
an agreement with Motorola to exchange bubble technology for IC 
know-how. This appears to be a wise move, because Rockwell is 
in competition with bubble makers who are producers of semicon­
ductors, and good ancillary integrated circuits are an essential 
ingredient of bubble memory product planning. 

SA GEM 

This French company has concluded an agreement with National 
Semiconductor to produce bubble memories which are interchangeable 
with the American company's products. Production is planned for 
1981. 
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Siemens 

A German electronics company with sales of $14 billion, Siemens 
has licensed bubble technology from Rockwell International. Part 
owner of General Numerics, the world's largest manufacturer of 
numerical control equipment, Siemens will have a ready market of 
7,000 bubble memory packages per year for General Numerics in 
Europe. 

Texas Instruments 

Aided in its entry into the bubble memory industry by government 
contracts, this $2.5 billion manufacturer of semiconductors, 
computer peripherals, etc. produces more bubble memories than the 
rest of the industry combined. A large captive market for bubble 
memories is provided by TI 1 s portable terminals which use 92-
kilobit bubble devices. A one-quarter megabit device was discon­
tinued; a new family of one-quarter, one-half, and one-megabit 
chips has been announced. 
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