
The Ferranti Microminiature Digital Computer 
A Description of the Ferranti Argus 400 High-Speed, General-Purpose Computer, which utilizes Silicon 

Integrated Logic Circuits, Serial Arithmetic and Ferrite Core Storage 

A NEW microminiature, general-purpose digital 
computer for airborne applications has been in­
troduced by the Automation Systems Division of 

Ferranti Ltd.* Known as the Argus 400, this high-speed 
computer has been designed to give high standards of 
reliability in adverse environmental conditions and 
employs a new range of Ferranti silicone integrated 
logic circuits and certain other special techniques for 
internal connections. 

The advantages of using digital computation rather 
than analogue for airborne applications are well 
known and include: (i) greater flexibility—it only being 
necessary to re-programme the form of the control 
equations; (ii) accuracy—extremely high and only 
limited, to all intents and purposes, by the standard of 
the information fed in from transducers; (iii) economics 
—can perform an extremely large number of functions. 

To take full advantage of these features, the 
Argus 400 has been conceived to combine all analogue 
tasks into a comparatively simple digital control with 
(a) high reliability, (b) comparatively low cost—a 
complete system costs in the region of £20,000, (c) 
extremely high power, and (d) versatility that allows 
the addition of a modular range of microminiature 
input/output equipment enabling systems to be 'tailor-
made' to fit requirements exactly. 

TECHNICAL DETAILS 
Argus 400 is a general-purpose binary digital com­

puter using serial arithmetic and ferrite core storage. 
Binary-negative numbers are stored as 2's complement, 
and word length is 24 bits. 

Operating Speed 
Add/Subtract 12 μS 
Multiply 21-156 μS (average 

about 80 μS) 
Divide 156 μS 
Shift 7·5 μS up to 14 places 

increasing to 11·75 μS 
for 24 places 

Modification Modification adds 
5·75 μS to the basic 
order times 

Branch (conditional jump) 7·5 μS 

Storage 
Storage takes the form of in-built core stores in 

4,096-word blocks, with a semi-indirect addressing 
system being used above 12,288 words. Core store 
cycle time is 2 μS. 

Order Structure 
The order structure is identical to the Argus 100 

order code, having thirty functions as listed below. 
Seven working accumulators are provided; three of 
which can be used as modifier registers, to be added to 
the main address before execution of the instruction. 
Fourteen bits are used for the main address, thus giv­
ing access to four 4,096-word blocks, of which the first 
is reserved for a few special registers and the input-
output equipment. 

Interrupt Facilities 
In its basic configuration the computer has interrupt 

facilities with eight levels of priority. 

Direct Store Access 
Digital signals to and from external equipment can be 

directly transferred into and out of the core store with­
out disturbance to the normal computer programme 
and the permissible data rate is over 50,000 words/sec. 

Dimensions of central processor with 4,096-word 
store are 12·6 in. long, 7·5 in. wide, 7·7 in. high; the 
power unit is; 12·6 in. long, 3·7 in. wide, 7·7 in. high. 

Thus the volume of the central processor with 
4,096-word store is 0·51 cu. ft., and that of the power 
unit 0·25 cu. ft. Weights are respectively: 16 lb. and 
13 1b. 

Power 
The power unit outputs are plus 4·5 volts and 

minus 30 volts. The power is supplied through a small 
accumulator contained in the power unit which is 
continuously charged from the normal vehicle or 
ground mains supply. This system enables the com­
puter to run for a short time in the event of interrup­
tions in the main supply and makes it immune to mains 
transients. 

Power consumptions are as follows: central 
processor—20 watts; first 4,096-word core store— 
30 watts; additional 4,096-word core stores—each 
4 watts; input/output equipment—dependent on 
system size; power unit—for 22-29 volts d.c. consumes 
100 watts for an 80-watt output. 

Construction 
The logical circuits used in Argus 400 are single-chip 

silicon integrated circuits mounted in scaled 8-lead 
T05 transistor cans. They constitute a new range of 
elements developed jointly by the Automation 
Systems Division and the Electronics Department of 
Ferranti Ltd., and combine economic design character­
istics with high operating speed. Fewer than 600 
elements of fourteen types are needed for the central 
processor, as compared with over 1,000 for some 
alternative ranges of elements. 

The elements are soldered through six-layer printed 
circuit boards, which in turn are connected to a multi­
layer interconnection circuit by miniature wrapped 
joints. The overall size of the processor is 7¼ in. by 
12 in. by 2½ in., which fits into a standard A.T.R. 
aircraft equipment case. The use of 'ground planes' in 
the printed circuit boards together with a high 
operating threshold designed into the circuit gives the 
system a high degree of protection against induced 
transients on the voltage operating levels. 

The core store uses a matrix stack of 2 micro-sec. 
cycle time. The 0·030 in. cores are mounted in sets of 
4,096 on six printed circuit panels. Three more panels 
contain wrapped joint pins, resistors and diodes, 
bringing the total size of the stack to 6 in. by 3 in. by 
2 in. This is mounted on a 7¼ in. by 12 in. interconnec­
tion board, together with timing circuits, driving 
circuits (combined micro-circuit and normal transistor 
circuits) and thin-film sensing amplifiers, to make a 
complete 4,096-word 24-bit store of the same size as 
the processor. 

The complete general-purpose computer comprises 
a processor, one or more store units and an input-
output unit. These units are interconnected by means 
of wrapped joints to a flexible printed circuit, so that 
individual units are fully accessible when the outer 
case is removed. The flexible circuit carries 122 parallel 
signal tracks, and is so arranged that the connection of 
extra units such as stores is simple. The only plugs and 
sockets are those mounted on the case for external 
connections. All wrapped joints are made with a 
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powered wrapping tool giving a fixed number of turns 
—a technique of proved high reliability. 

For airborne use, cooling is by externally-supplied 
cooling air in accordance with A.R.I.N.C. standards. 
The open construction of the computer and its low-
power dissipation (less than 120 mW/cu. in.), requires 
comparatively little air flow. A design incorporating an 
indirect cooling system in a sealed case is also avail­
able. For ground use, the computer is mounted in a 
19½ in. long case, which contains a small fan. 

Programming 
The Argus 400 uses the standard Ferranti Argus 

order code, so the programming manual and other 
programming handbooks, written for the 100 and 300 
scries Argus models, are immediately available for 400 
users. Similarly, programmes written for the Argus 100 
and 300 series computers can be run without alteration 
on the Argus 400. 

Standard software packages delivered with all 
Argus computers include machine commissioning and 
acceptance test programmes, diagnostic programmes, 
peripheral equipment test programmes, initial orders, 
assembly, machine code tracer, Argus on-line check 
and the Argus autocode. Additional standard Argus 
sub-routines are available from the Argus Program­
ming Library, which is continually being expanded and 
reviewed. 

Programme Input 
Normal programme input is by five-track punched 

paper tape. Tape readers operating at 300, 500 and 
1,000 characters per second are available as standard 
(there are ten characters per order). An alternative 
system, for higher speed input, is based on the use of a 
magnetic tape cassette. 

Data Input-Output 
A wide range of input-output units is available, 

some of which are listed below. In a small system, 
specialized equipment is provided within the computer 

case, but in larger systems a standard interface or high­
way, links the computer with one or more peripheral 
units of standard design. 
(i) Selection of digital inputs, grouped single bits or 
complete words. 
(ii) Generation of digital outputs to operate lamps, 
output printers, decimal visual display, relays, etc. 
(iii Selection of analogue inputs. Analogue to digital 
converters have up to twelve-bit resolution, an overall 
accuracy of 0·1 per cent. 
(iv) Generation of analogue outputs. For high-speed 
output (e.g. to a cathode ray tube display) a register is 
used to drive a digital-analogue converter. For slowly-
varying outputs an impulsive drive combined with a 
feedback loop is preferred. 

A system known as 'direct digital control' is avail­

able; the equipment which compares demanded value 
in the computer store with actual value and generates 
correction signals, is combined with the equipment 
used for reading large numbers of analogue signals 
and storing their magnitude within the core store. The 
direct store access system is used, thereby freeing the 
computer programme from the repetitive and time-
consuming task of controlling input and output in 
detail. 
(v) Control of synchronous units such as magnetic 
tape decks or data links. 
(vi) Interrupt control and priority logic as required. 

Input/Output System Capacity 
The order code allows over 4,000 input/output 

channels to be directly addressed. Eight 'busy' signals 
can be examined to ascertain the condition of peri­
pheral equipment. Using direct store access a data 
transfer rate to or from the core store of over 50,000 
words per second can be obtained. 

GENERAL 
Ferranti Ltd. was one of the first companies in the 

world to manufacture electronic digital computers and 
are well established in the field. Ferranti conventional 
solid state computers are used in the Bloodhound 
Weapons System and in industrial process control 
applications. The company pioneered the world's first 
direct digital control application of a computer to an 
I.C.I. chemical plant at Fleetwood, Lancashire, and 
were the first company in the world to install a com­
puter for the direct control of a radio telescope at 
Jodrell Bank, Cheshire. 

This experience in control in many different applica­
tions, both military and civil, with stringent require­
ments on reliability has influenced all aspects of 
Argus 400 design and conception. 

The Argus 400 forms, with the Ferranti Type 700 
lightweight inertial platform, a lightweight inertial 
navigation system of advanced design and this must 
prove a major application for aircraft purposes. The 
Argus 400 with its range of input/output equipment is 
also suitable for marine and ground vehicle appli­
cations where high reliability and ruggedness are 
important. 
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