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ON-BOARD FERRITE CORE MEMORIES WITH
MEGABIT CAPACITY

H. REINER and M. FLORJANCIC
Zentrallabor of SEL

Stuttgart, Federal Republic of Germany

Summary    For intermediate data storage in scientific satellites a ferrite core buffer
memory with a capacity of 0.5 . . 2 Mbit was developed as a replacement of the hitherto
used magnetic tape memories. For this memory a 3 D-organization with a pulse program
especially adapted for buffer use was applied. For the realization of the access-circuitry
multichip semiconductors in hermetically sealed flatpacks were combined with tantalum
thin film resistor networks. A new small volume rugged memory stack was used. The
cores used had an outer diameter of 0.5 mm. For this system a new flexible equipment
practice is used which leads to a high component density. Furthermore, a 0.5 Mbit
random access ferrite core memory was developed for the Helios satellite. This satellite
will go into orbit in June 1974. The prototype model has a mass of 4.5 kg, overall
dimensions of 194 x 210 x 207 mm, a volume of 7.08 W. (432 cu. inch) and has a power
consumption of 2 Watts in stand-by and of 4.8 Watts at a bit rate of 16 kbit/s. It works
satisfactorily within a temperature range of -45 to +75E C.

BUFFER MEMORY

Introduction    Most scientific satellites have on board magnetic tape memories for
intermediate storage of data because normally radio transmission to ground stations is
not possible continuously. Unfortunately, these magnetic tape memories have exhibited a
high failure rate because of mechanical stress during the starting phase, extreme
temperatures and lubrication problems in high vacuums.

In some cases the stabilization of the spacecraft is adversely effected by the start stop -
operation of the tape transport system, and in case of deep space missions the magnetic
field of the driving motors adversely affects measurements of the magnetic field. In order
to avoid these disadvantages a high capacity ferrite core memory for use on board a
spacecraft was developed which avoids the disadvantages of magnetic tape memories. Of
course, the weight and the power consumption of normal ferrite core memories with
megabit capacities are prohibitive for use in a spacecraft. Therefore, a special memory
had to be developed which makes use of the special operating conditions of a buffer
memory and of the low speed required due to the low bit rate of the radio transmission



path to the ground station. Circuit techniques and equipment practice had to be adopted
to the requirement of the spacecraft. [1]

Requirements for the memory operating specification

capacity: 0.5 - 2 Mbit
operating time: 50 000 h
operating temperature range: -45 to +75E C
writing-in speed: 0 - 2000 bit/s
read-out speed: 0 - 5000 bit/s
signal input - output: bit serial

Ambient conditions:

S high vacuum
S sinusoidal vibration

amplitude 30 g
frequency 5 - 2000 Hz

S random noise vibration
amplitude 0.07 g2 /Hz
frequency range 20 - 2000 Hz

S constant acceleration
amplitude 50 g
duration 3 minutes

S shock
amplitude 50 g
duration 11 ms in each direction

Mode of operation    Fig. 1 shows the operation of a normal 3 D-organized random
access ferrite core memory. Read-out is performed by the coincidence of two negative
half-currents which are applied to the selected x- and y-wires. By this, all selected cores
are driven into negative saturation. When a core had been previously in the “1” - state
(positive remanent state), a large output signal will be induced in the sense wire. When
the core had been in the “0”-state (negative remanent state), the corresponding output
signal will be small. Writing-in of the word is performed by coincidence of two positive
half-currents on the corresponding x- and y-wire. When writing a “0”, a negative half-
current (inhibit-current) is applied to every core of the corresponding matrix. In order to
decrease noise signals, it is practical to separate sense and inhibit wires. Therefore,
normally 3 D-random access memories are 4-wire systems and require bipolar x- and y-
signals. In a normal random access memory, reading-out and writing-in of words can be
performed in random succession and the word addresses can also be randomly changed.
A buffer memory works in a different manner. In the writing phase the information is



stored in the memory and in the read-out phase the information is read-out in the same
succession. This means that in the writing phase the information to be stored will be
written into successive addresses starting from zero and the read-out operation is
performed in the some manner.

If the ferrite core memory is limited to this mode of operation it is possible to simplify
the access circuitry considerably. Fig.2 shows the operation of a 3 D ferrite core buffer
memory. In the phase “clear memory” all cores are put into positive saturation by a
positive full current through the inhibit wire. Writing-in of the word is performed by
negative half-currents in the corresponding x- and y-wires. When writing a HIII, the half
positive inhibit current through the cores of the corresponding matrix prevents switching
of the corresponding core. When writing a “0”, no inhibit current flows and the core is
switched into negative saturation.

Before reading-out information a negative half-current through the x-wires is applied in
order to reduce delta signals. For further reduction of noise, staggered tuning is used.
Read-out is performed by negative half-currents  through the corresponding x- and y-
wires. After the read-out of all words all cores are again in the zero state. For this mode
of operation, the memory stack therefore requires only unipolar current pulses on the x-
and y-wires. This greatly simplifies the corresponding access switches; the number of
components is reduced by approx. 50% and the power for selection of the switches is
considerably reduced in comparison with normal random access memories. The
additional expense of producing full and half inhibit-currents is comparatively small.

Power consumption    On board the spacecraft the available electrical power is very
limited. The power consumption has therefore to be reduced as far as possible. The write
and read-out processes of each word take a few microseconds for the ferrite core
memory. On the other hand, the data handling speed in a spacecraft is very low, the time
interval between writing or reading successive words is several milliseconds. This
low speed requirement allows the reduction of power consumption by:

S use of access circuits which have an almost zero standby current
S switching off the power supply of the control logic during intervals, when not in

use
S use of small ferrite cores with low coercive force.

This means that the three main parts of the memory - the control logic, the access
circuitry and the memory stack - all have to be adapted to the low power requirements .

In order to reduce mass and volume of the memory stack, cores of an outside diameter of
0.5 mm were used. Cores of this size are normally used for high speed operation and are
therefore made from high coercive force material. In this case the high switching speed



of such cores was not required but the high current required created difficulties with the
driving power and noise. Therefore a special ferrite core for this memory was developed
by Siemens AG with a full current of 500 mA, a switching time of 0.6 ms and an output
voltage of 17 mV.
 
This specification was very well adopted to the requirements of this buffer memory. The
pulse generators and the access switches were designed so that the power consumption
during intervals is negligible and so that they do not operate due to the unavoidable
pulses created by switching on and off supply voltages for the control circuitry. The
sense amplifiers are linear and therefore need continuous current. Their supply voltage is
switched on only during the read-out process. During writing and when not in use the
supply voltage for the sense amplifiers is switched off. Similarly the supply voltage for
the control logic circuits is switched off during the intervals. As switching off the power
supply voltage destroys the information stored in the address- and information register
flip flops, it was necessary to use special flip flops which contain ferromagnetic bistable
elements which preserve the state of the flip flops during the intervals. This requires two
transistors, some passive components and a tape ring core per flip flop. But on the other
hand it saves about 5 mW per flip flop continuously. For the control logic, SCICs from
the Fairchild Buffer Memory Texas SN 54 930-series were chosen. In 1968, when these
circuits were selected, they were a good compromise between power dissipation, speed
and noise immunity.

The memory requires 3 supply voltages:

S +45 V ± 2% for drivers and access switches
S +6 V 2% and

-6 V 2% for the SCICs of the control part and all other circuitry.

The energy required for a write- or a read-cycle is mainly got from a storage capacitor
which is recharged in between memory access times. Thus the power supply
requirements are relaxed and the electromagnetic noise within the spacecraft is reduced.

Memory organization    The memory has a 3 D-organization with 4 wires per core. This
leads to a minimum number of electronic components and a minimum power dissipation.

Concerning memory organization, it was found that a 32 bit word length was an
optimum. This means that for a two Mbit memory 256 x 256 addresses are necessary.
256 x 256 bit matrixes are uneconomical for various reasons. Therefore it was decided to
split the memory up into 4 subunits each having 128 x 128 words of 32 bits each (fig. 3).
Each subunit has its own drivers, access switches, sense amplifiers and intermediate
registers. The main unit contains in addition the sequencer unit and the main address-
and information registers. This solution has the advantage of smaller electronic units



which enable better manufacturing, testing and mounting in the spacecraft. Furthermore,
it is possible to vary the memory capacity according to the system requirements.

Components for access circuitry    In order to achieve a good compromise between
power consumption and reliability it is necessary to use close tolerance, high stability
components for the access circuitry. It is especially necessary to have semiconductor and
resistor elements with close end-of-life tolerances for pulse generators, access switches
and sense amplifiers. For example the threshold voltages for the inputs of the read
amplifier have a maximum end-of-life tolerance of ± 4 mV for a variation in supply
voltage of ± 5%, a temperature range between -45 and +75E C and a life time of 50 000
h. Here especially the variation of UEC with temperature and time had to be controlled
very carefully.

On the other hand the weight limitations and limitations of signal wiring length due to
noise considerations required low volume components. In order to fulfil these
requirements it was decided to use a multichip technique for discrete semiconductors. Up
to 10 specially selected and tested semiconductor elements are mounted in a 1/4" x 3/8"
hermetically sealed flatpack. Thus close thermal matching for temperature compensation,
low volume and high reliability has been achieved. The resistors are made in tantalum
thin film technology. Up to 16 resistors are produced on a glass substrate 1/2" x 1/2".
The resistor range is from 40 Ohm to 30 kOhm, the initial tolerance is ± 0.5%.

Equipment practice    For this memory the equipment practice used had to fulfil a
number of requirements:

S high mechanical stability
S small volume and weight
S high interconnection density
S high reliability
S various component sizes and shapes allowable.

The following solution was used: [2] A number of components are packed and wired
together into a cubicle of the dimensions 14 x 14 x 14 mm (fig. 4). Up to 56 such
cubicles are placed on a motherboard (fig. 5). The interconnection within a cubicle is
performed by special double-sided printed circuit side frames (fig.6). All connections are
performed by parallel gap-welding. The interconnection on the motherboard is made by
multilayer back wiring with up to 8 conductor layers. Several such motherboards can be
stacked together vertically. The electrical interconnection between these motherboards is
performed by miniature connectors and flexible multilayer flat cables.



Test results for the buffer memory    The operation of a 0.5 Mbit buffer memory has
been tested by checking the memory operation with all ones, all zeros, and with a worst
information pattern. This showed that the memory was operating without failure in a
temperature range from -45 to +75EC with random voltage variations of ±6%. Fig. 7
shows as the typical performance limit the allowable variation of the +44 V supply as a
function of temperature. Similar curves have been drawn for the +6 V and the -6V power
supply. The power consumption is shown in fig. 8 for a typical distribution of ones and
zeros. The average power consumption between accesses was approx. 500 mW and for
read - write operations at 2000 bits/s, approx. 970 mW.
 
0.5 MBIT RANDOM ACCESS MEMORY

At the time when the first model of a buffer memory was working, it was decided to use
a 0.5 Mbit ferrite core memory for the Helios satellite. The Helios satellite is a joint West
German and U.S. venture and is designed to explore the radiation of the sun. It wi I I
approach the sun to within approx. 0.25 astronomical units. The maximum distance
between the satellite and earth will be approx. 300 million km. One of the main tasks is
the exploration of solar radiation, especially of sun shock eruptions. SEL won the
contract for the development and manufacture of the main memory. It was decided to use
a random access memory for this purpose in order to enable:

a) multiple read-out of information by command from the ground station in case of
transmission errors,

b) sorting of data into segments in order to save addressing information,
c) continuous collection of detailed radiation data in order to get detailed data of the

starting phase of a shock event.

The operating specification for this memory was

S capacity 524 288 bit
S number of addresses 16 384
S  word length 32 bits
S  temperature range -30 to +60EC
S writing speed 0-16 000 bit/s
S read-out speed 0-16 000 bit/s
S operating modes read - restore

clear - write
read



 The ambient conditions correspond to the conditions mentioned above for the buffer
memory. In order to alter the buffer memory into a random access memory, the following
changes had to be performed: For the cores and the memory stack different test
conditions were necessary.
 
The unipolar access switches had to be replaced by bipolar ones, the access counter was
no longer needed, the address register was transfered into the command unit. The DTL
circuits for control were replaced by LPTTL- and TTL-circuits. The low power of the
LPTTL circuits enabled operation of the information register between memory accesses.
This increased the stand-by power but led to much simpler circuits and to a simpler
sequencing unit.

The short time available for development and manufacture of this memory led to
problems with the equipment practice used for the buffer memory, as there was not
enough time to get the necessary space approval for some of the manufacturing processes
included. Therefore the use of cubicles and of motherboards was abandoned and instead
the components were placed on double-sided printed circuit boards (fig.9). This change
in equipment practice caused an increase in volume of the electronics of approx. 60%
and an increase in the average wiring length of 50%. This was accepted in order to make
use of a well established technique to meet the time schedule.

In the meantime, Siemens AG, the supplier of the memory stack, was able to offer an
improved stack by using a new wiring and testing method [3] . This new stack with
524 288 bits including access connectors has a mass of 700 g and dimensions of 110 x
110 x 58 mm, that means less than 42,7 cu. inch (fig. 10). The number of wire
connections within the memory stack has been reduced from approx. 25 000 to 1500.

This gives a considerable improvement in reliability.

Fig. 11 and 12 show the engineering mode I of this memory. The fo I lowing figures
have been achieved:
S dimensions 194 x 210 x 207 mm (with connectors)
S volume 7.08 ltr. (432 cu. inch)
S mass 4.5 kg
S operating temperature range -30 to +60EC
S storage temperature range -45 to +75EC
S power supply 28 V ± 2%
S power consumption:

stand-by 2.0W ) including d.c. - d.c. converter
read-restore at 16 kbit/s 4.8W )

S calculated reliability for an
operation time of 3400 h 0.975



The engineering model of this memory was finished in April 1972, the prototype will be
finished in October, and two flight models will be finished in summer 1974.

APPENDIX

Literature

[1] ONCIUL T.A. , TSUI F. F.: Untersuchungen Uber Ferritspeicher zur
Datensicherung, Bundesministerium fur wissenschaftliche Forschung,
Forschungsbericht W 67-1 0, Juni 1967.

[2] ADLER E., ECKERT R., MITSCH P., WOLPERT G.: Konstruktion und
technologische Entwicklung von Bauweisen fur elektronische Bausteine, BMwF
FB W 69-40, September 1969.

[3] MAIWALD W., RABL H.: Stapelblock, eine neue Bauweise fur
Ferritkernspeicher, Siemens-Zeitschrift 44 (1970) H.4, S. 190-192.

Fig. 1 Pulse program of a random access memory
Fig. 2 Pulse program of a buffer memory
Fig. 3 Block diagram for the 2 Mbit buffer memory
Fig. 4 Sense amplifier before potting (6)
Fig. 5 Motherboard in frame (7)
Fig. 6 Schematic drawing of a component cubicle (4)
Fig. 7 Tolerance limits of supply voltage + 44 V as a function of temperature at

+6 V = constant; - 6 V = constant (B 55)
Fig. 8 Average power dissipation for 0.5 Mbit buffer memory d.c. - d.c. -

converters not included (B 59)

Figures 1 thru 8 Not Available at Time of Publication
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Fig. 9    Printed circuit board with two sense amplifiers
and two inhibition generators (33811)

Fig. 10    Memory stack with access switches (38184)



Fig. 11    Complete 0.5 Mbit random access memory

Fig. 12    0.5 Mbit memory, detail




