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PREFACE 

One of the main disadvantages of the ERA 1101 digital computer 

at the Rich Electronic Computer Center is the long access time of its 

drum memory. This thesis is a preliminary design of a rapid access mem­

ory for this machine. 

A coincident-current magnetic core memory system similar to that 

used on International Business Machine Corporation's 70^ computer was 

chosen. A memory size of 6k words was selected as sufficiently small to 

allow completion of the study in the alloted time and large enough to 

present most of the problems encountered in a larger memory. Since the 

1101 does not refer to its memory at a greater rate than once every twen­

ty microseconds, slower memory cores are used than in the IBM system, 

with a saving in equipment and driving current requirements. Some of the 

memory control functions are specially designed to provide compatibility 

with the 1101's unique command, structure. 

The memory cores are driven by switch cores arrayed in a two-by-

four matrix and selected by an, anti-coincident current selection scheme. 

Wherever possible standard sub-components (gates, flip-flops, etc.) which 

have been proven reliable in operation were used. 

The memory will require about two kilowatts of d.c. power and 120 

amperes at 6.3 volts a.c. for filaments. The power supply design is not 
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included as part of the study. 

It is estimated that the memory system, less power supply, could 

be constructed for $3^00• Since the design is preliminary there are cer 

tain difficulties which should "be expected in the design and operation 

of this memory. However, the memoiy should provide satisfactory opera­

tion when these are eliminated. 



V 

LIST OF ILLUSTRATIONS 

Figure Page 

1. Idealized Memory Core Hysteresis Loop 6 

2. Memory Block Diagram 6 

3. Msmory Plane 12 

h* Switch Core and Switch Core Matrix. . , 16 

5« Switch Core Hysteresis Loop • 18 

6. Switch Core Output • l8 

7- Read-Write Selecter and Driver. 20 

8. Read Selecter and Driver. . 22 

9. Complete Selecter and Driver 22 

10. Sense Amplifier . . • . . * 23 

11. Toggle and Inhibit Driver 25 

12. Clock Pulse Counter • 27 

13. Control Pulse Timing Diagram . 29 

Ik. p£ Pulse Sources. . . . . . . . . . . . . 31 

15. Read-Write Control. . . 33 

16. Core Tester • . , k-3 

17. Pentode Gate . 47 

18. Diode and Circuit • kj 

19. Diode or Circuit hj 

20. Flip-Flop and Cathode Follower. 4 9 

21. Switch Core Driver 51 



v i 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ii 

PREFACE ili 

LIST OF ILLUSTRATIONS . v 

Chapter 

I. INTRODUCTION 1 

The ERA 1101 
Statement of Problem 

II. SYSTEM OPERATION «. k 

III. COMPONENT DESCRIPTION AND OPERATION . 11 

Memory Core Matrix 
Selecter and Driver 
Sense .Amplifier 
Toggle 
Inhibit Driver 
Control 
Power Supply 

IV. CONCLUSIONS 35 

Cost 
General Comments 

APPENDIX 37 

BIBLIOGRAPHY 53 



1 

CHAPTER I 

INTRODUCTION 

One of the most important problems facing the designers of modern 

high speed data processing machines is that of obtaining an information 

storage, or memory, system capable of operating at high speeds. Numerous 

types of storage media have been used, including relays, electroacoustic 

delay lines, cathode ray tubes, magnetic tape, magnetic drums, and more 

recently magnetic cores. 

Relays and delay lines are slow and very bulky, while cathode ray 

tube storage is volatile, i.e., the stored information will disappear if 

not periodically regenerated. Drum storage is compact and relatively in­

expensive, but special care must be taken in writing the computer instruc­

tions or program if the information is to be extracted at high speeds. 

The reason is that once the portion of the drum on which the desired bits 

of information are recorded has rotated past the reading heads, the in­

formation cannot be extracted until it has again rotated into position 

under the heads. Magnetic cores, on the other hand, permit random access; 

that is, any memory location can be interrogated as quickly as any other 

location at any given time. 

The Remington Rand ERA 1101 eD.ectronic computer presently at the 
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Rich Electronic Computer Center of the Georgia Institute of Technology is 

equipped with a drum memory. Becatise of the time restrictions of the 

drum memory, it is desired to place a random access memory of as many 

words as possible on the machine to supplement the drum. This thesis des­

cribes the preliminary design of a suggested memory. 

The ERA 1101.--The ERA 1101 at the Rich Computer Center is one of three 

in existance. The other two are at the National Security Agency in Wash­

ington, D. C and are placed lander strict government secrecy. Therefore 

no information on the solution to the problem of placing a core memory on 

this particular machine is available. 

The 1101 is a parallel machine with a 2k binary bit word length 

and a drum capacity of 16,384 words. The minimum access time of the drum 

is about 20 microseconds and the maximum access time is about 17 milli­

seconds. There are three types of commands which involve the memory. 

They are: 

(1) Read (extract) the 2k bits from a specified memory 

location. 

(2) Replace all 2k of the bits at a specified memory 

location with those bits in a machine register. 

(3) Replace only certain bits of a specified memory 

location with the corresponding bits from a machine 

register. 

The minimum time between machine excursions into the memory is 20 micro­

seconds. 
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Statement of problem.—The problem was to complete the preliminary design 

of a core memory system that was compatible with the operating require­

ments of the 1101 and at the same time as inexpensive as possible. Of 

these operating requirements,, one of the most important is that the memory 

cycle must be twenty microseconds or less to eliminate a delay in the com­

puter operation caused by memory operation. 

The two systems found to be most promising were the one used by 

the International Business Machines Corporation on its If Ok computer and 

the one proposed by Alexander, et al. j, of* the International Telemeter Cor­

poration (1). Some other systems were also briefly examined (2, 3, h, 

5, 6). The I. B. M. system was chosen because it required fewer driving 

tubes and used a standard commercial memory matrix. A memory with a 

capacity of 6h words was chosen with the expectation that its design would 

answer most of the questions arising in the design of a larger memory, 

and at the same time that it could be completed in the time available. 
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CHAPTER II 

SYSTEM OPERATION 

Since all the components are auxiliary to the memory core matrix 

itself, any explanation of system logic must begin with at least a par­

tial explanation of the memory matrix operation. The matrix consists of 

2k planes, each plane containing 6k memory cores in an 8 x 8 array, one 

of which is shown in Fig. 3. Four wires pass through each core: an "x" 

winding, a "y" winding, a sense winding and an inhibit winding. The "x" 

and "y" windings pass through all 2k planes in series, while the sense 

and inhibit windings are unique to a particiilar plane. The sense and in­

hibit windings pass through all the cores in their plane. 

The memory cores themselves are constructed of a ferrite material 

which possesses a "square" hysteresis loop. An idealized representation 

of this loop is shown in Fig. 1. It can be seen from Fig. 1 that if the 

core is in the state of saturation, represented by the zero, a magnetic 

field intensity E, is required to "switch"1 the core to the one position. 

If enough current to supply a magnetic field intensity EL/2 is applied to 

throughout this paper the term "to switch" with respect to a core 
will mean "to change the saturation of that core from the positive state 
to the negative state or vice versa". 
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one "x" winding and to one "y" wind jug, only the core located at the in­

tersection of these two windings will receive the full magnetic field 

intensity H^ and be switched. The two saturation states of the core 

provide a means of storing binary information and the "square" loop pro­

vides a means of core selection. 

To determine the information contained in a particular core posi­

tion (i.e., whether the core is in the one or the zero state), a magnetic 

field intensity-H^ is applied to the core, tending to switch it to the 

zero state. If the core were in the one state at the beginning of the 

reading or information extraction cycle, there would be a flux change of 

Bs and a voltage would be induced in the sense winding passing through 

the core. If, on the other hand, the core were in the zero state there 

would be no flux change and hence no voltage in the sense winding. 

This is called "destructive readout" since the information in the 

core is destroyed during the operation. If the memory location is to 

be consulted again, as is usually the case in computer operation, the 

information must be restored after readout. Once the reading operation 

is complete, a magnetic field intensity of / H^ is applied to the core, 

tending to switch it to the one position. If the core were originally 

in the zero state a current is applied to the inhibit winding which pre­

vents this switching, while if the core were originally in the one state 

this current is not applied to the inhibit winding. Thus, when the 

memory read cycle is completed, the core is in its original state. 
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The operation of writing or inserting information into the memory 

is essentially identical to the read, operation, except that the presence 

or absence of the current in the inhibit winding is controlled by the 

computer instead of the memory. 

Since the operation of each memory plane is identical, only one 

plane and its auxiliary equipment will be discussed. For convenience 

the memory is divided according to function .Into seven parts. The parts 

and their functions are as follows: 

(1) Memory Core Matrix - The memory core matrix is the actual 

storage element for the information, as has been discussed. 

(2) Y Selector and Driver - The My" selector and driver decodes 

the ,!yn address bits from the computer and then furnishes the read and 

restore pulses to the correct one of eight "y" windings. 

(3) X Selector and Driver - The !,xn selector and driver decodes 

the "x" address bits from the computer and then furnishes the read and 

restore pulses to the correct one of eight "x" windings. 

{h) Sense Amplifier - The sense amplifier amplifies and shapes 

the pulse from the memory plane sense winding and delivers it to the tog­

gle. 

(5) Toggle - The toggle stores the information from the memory 

plane during a read cycle and delivers it to the computer and to the in­

hibit driver. During a write cycle the toggle receives information from 

the computer and delivers it to the inhibit driver. 
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(6) Inhibit Driver - the inhibit driver delivers a current pulse 

to the inhibit winding of the memory plane if the writing of a one is to 

be inhibited. 

(7) Control - The control receives command and clock pulses from 

the computer and furnishes necessary pulses to the other memory components 

at the correct time, and also performs necessary logical functions not 

performed by other components. 

The command structure of the 1101 is such that the machine may re­

quire all, or only a selected part, of the information stored in a parti­

cular memory location. Since it makes no difference to the memory whether 

or not the computer uses the information furnished, the memory read oper­

ation is the same for both types of commands. The 1101 has three com-

mands, the 17 , 27, and 7^ > that require insertion into only certain 

selected bits of a memory location. This will require circuit provision 

in the memory itself, since some of the memory planes will be executing 

a read cycle while others will be executing a write cycle. 

To gain an understanding of the memory operation, the events of 

the read and write cycles will be considered in chronological order. The 

~Phe 17 command is, "Replace each bit of a specified memory loca­
tion with the corresponding bit of the right half of the accumulator pro­
vided the corresponding bit of a certain register is one; the remaining 
bits of the location will not be disturbed." The 27 command is, "Replace 
the right-hand fourteen bits of a specified memory location with the 
corresponding bits of the right half of the accumulator; the remaining 
ten bits of the location are not disturbed." The Jh command is a com­
plicated command called the "Return Jump". It has the same effect on the 
memory as the 27 command (7)-
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events of the read cycle are: 

(1) The "x" and "y" address 'bits are accepted from the computer 

and decoded by the "x" and "y" selectors. 

(2) The "x11 and "y" drivers deliver a current pulse of magnetic 

field intensity -Hn/2 to the appropriate "xM and "y" memory wind­

ings. 

(3) The selected memory cores emit a signal if they are in the 

one state; they emit no signal if they are in the zero state. 

(k) The sense amplifier receives the signal from the sense wind­

ing of the memory plane, amplifies and shapes it, and delivers it 

to the toggle. Of course, if no signal is present in the sense 

winding, i.e., the bit was a 2;ero, none is delivered to the tog­

gle. 

(5) If a pulse is received from the sense amplifier the toggle 

is set to the one position, while if no pulse is received the tog­

gle remains in the zero position. 

(6) The "x" and "y" drivers deliver a current pulse of /E./2 to 

the appropriate "x" and "y" memory windings. At the same time the 

inhibit driver delivers a current pulse of -H /2 to the inhibit 

winding if the toggle is in the zero position, while if the toggle 

is in the one position, no pulse is delivered. 

(7) £he toggle is automatically reset to the zero position. 

The first three events of the read and write cycle are identical. 

The remaining events of the write cycle are: 
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(4) The toggle is set "by the computer to a position corresponding 

to the bit that the computer desires to insert into the plane, i.e., 

one or zero. (The sense amplifier is disabled during the write 

cycle.) 

(5) Identical to event (6) of the read cycle. 

(6) Identical to event (7) of the read cycle. 

No more information can be given at this point without discussing 

in detail the construction and operation of each of the seven memory 

parts, as is done in the next chapter. 
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CHAPTER III 

COMPONENT DESCRIPTION AND OPERATION 

The components are discussed in the order in which they were list­

ed in the previous chapter. Where the operation of two or more components 

is related, the mutual interaction is explained with the most appropriate 

component. 

Memory core matrix.—The memory matrix contains 2b identical memory 

planes. The physical layout of a plane is shown in Fig. 3, where the 

heavy diagonal line at the intersections represents a memory core (8). 

The sense winding is so placed that the voltages from alternate 

cores of any one row or column tend to cancel. This is necessary since a 

small voltage will be generated by the half drive pulses. If it were not 

for cancellation the sum of the signals from these disturbed cores could 

easily be larger than the desired signal. One consequence of this method 

of placing the sense winding is that the output from the plane may have 

either polarity. 

The inhibit winding is placed in such a way that the inhibit pulse 

will be in opposition to the positive or "switch-to-one" pulse in every 

core. For the directions of the magnetomotive forces to be proper it is 

necessary for every other "x" winding and every other "y" winding to be 
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pulsed in opposite directions. For example, if a positive current pulse 

is considered as flowing towards the right in the odd numbered "x" wind­

ings, a positive current would have to flow towards the left in the even 

numbered windings. Similarly if a positive current flowed upwards in 

the odd numbered "y" windings, a positive current would have to flow down­

wards in the even numbered "y" windings. The arrows in Fig. 3 indicate 

the positive direction of current flow in all windings. 

The cores to be used in this memory are made of General Ceramics 

S-^ core material. The switching current required is 550 milliampere-

turns for over two microseconds, and the "undisturbed-one" output volt­

age is 65 millivolts. Complete specifications are given in Appendix A. 

This particular core was chosen, from among many others as a com­

promise between the requirements of switching current and switching time. 

Cores are available requiring only 400 milliampere-turns to switch, but 

the six to eight microsecond pulse required would not fit satisfactorily 

into the twenty microsecond memory cycle. Faster cores are also available, 

but their current requirements are of the order of 900 milliampere-turns 

and the shorter switching time is unnecessary. 

There has been a great advancement in core properties since the be­

ginning of this study, and it is possible that a new core that will meet 

the time requirements, but require less switching current, will be avail­

able shortly. Should this occur before the actual construction of the 

memory, it could be used with relatively little change in circuitry. 



Ik 

Selecter and driver.—-The "x" selecter and driver and the "y" selecter 

and driver are identical, and will be discussed under the single heading 

of selecter and driver. For convenience the selecter and driver is bro­

ken into three main components: the read selecter and driver, the read-

write selecter and driver, and the switch core matrix. 

The memory matrix requires that first a positive and then a nega­

tive pulse be delivered to the same "x" or "y" winding. This is accom­

plished by switch cores. Using switch cores, only 2n driving tubes are 

2 

required for n memory lines and the necessary alternation of pulse polar­

ity is automatically obtained. The design of the switch core portion of 

this memory is based on an International Business Jfechines Corporation 

technical report (9). 

The switch core has a rectangular hysteresis loop similar to that 

of the memory core shown in Fig. 1. If the core is driven from the zero 

state to the one state and back again., the signal produced in an output 

winding will alternate in polarity, as required. To conserve circuitry 

the switch cores are arranged in a SXh matrix array as shown in Fig. k. 

If a coincident current selection schetme similar to that used in the mem­

ory matrix were used, either (l) a steady direct current bias would be ne­

cessary and the switching current maintained until the negative output was 

desired; or (2) pulses of opposite polarity would have to be applied to 

the same winding. Since the first would require a heavy drain on the 

power supply and the second would eliminate one of the major advantages 
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of the switch cores, a scheme called anti-coincident current selection is 

used. 

The vertical windings in Fig,, h are in such a direction as to op­

pose the flux created by a current in the horizontal windings, i.e., a 

current in the vertical winding would tend to drive the core towards the 

zero state and a current in the horizontal winding would tend to drive 

the core towards the one state. At the start; of each cycle all of the 

switch cores are in the zero state. 

A hypothetical case in which an output is desired from switch 

core number 1 will be examined. Current pulses of equal amplitude and 

length are applied to windings RW-1 and R-0. In core number 0, these two 

pulses cancel. No appreciable output would be obtained from cores 2, h, 

and 6 because they are merely being driven further into saturation. Core 

number 1, however, is driven from the zero state of saturation to the one 

state and a large output voltage is produced on W-l. The opposite polaa?-

ity output is then obtained by placing a pulse on the RW-0 line only. 

Again no appreciable output is obtained from cores 3, 5> and 7 because 

they are driven in the direction of saturation, but core number 1 is driv­

en from the one state to the zero state and a large output voltage of re­

versed polarity is.obtained on W-l. 

The switch cores chosen for this function are manufactured by the 

3 
Arnold Engineering Company, Merango, Illinois. Three windings are placed 

3See Appendix B for complete specifications. 
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on these cores as shown in Pig. h. The read-write winding is separated 

from the other windings to give added leakage inductance between it and 

the output winding. This will decrease the rate of current rise and de­

crease the amplitude of the non-selected switch core output during the 

write portion of the cycle (10). 

To provide a read pulse with a sharp cut-off the read drive tube 

is turned off before the switch core is completely saturated. This will 

produce a state of magnetization such as that indicated by the numeral two 

in Fig. 5. The read-write pu3.se is left on long enough to drive the core 

completely into negative saturation. The type of output to be expected 

from this driving arrangement is shown in Fig. 6, which is taken from 

Lawrence's paper (ll). 

The reason why the slower memory cores could not be used is evident 

from a consideration of the fact that the output produced by the read-

write pulse is half again as long as that produced by the read pulse. If 

both outputs were similar to the first, only fifteen microseconds would 

be required for switching the memory cores and the slow cores could be 

used. Because of the true shape of the switch core output, however, the 

switching would take almost nineteen microseconds and the twenty micro­

second memory cycle would be overcrowded. 

The switch core matrix operation requires that the read-write selec­

tor and driver choose one of two lines, deliver a current pulse to that 

line, and then deliver a current pu3.se to the other of the two lines. The 

pu3.se
pu3.se
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read selecter and driver must choose one of four lines and deliver one 

current pulse to the selected line. 

There is a group of flip-flops in the 1101 called the Storage Ad­

dress Register (SAR) which contains the address of the desired memory lo­

cation. The SAR contains fourteen address bits for the 16,384 word drum, 

but for the 6k word core memory only six bits will be needed. For conven­

ience the right-most six bits, b 0 through bt>, will be used: b0, b^, and 

bo constituting the "x" address while bo, b^, and be constitute the "y" 

address, bo and b3 are sent to the appropriate read-write selecters and 

drivers while D;L, b2, bif, and b^ are sent to the appropriate read select-

ers and drivers. 

A symbolic diagram of the read-write selecter and driver is shown 

k 

in Fig. 7. Referring to the bottom of the figure, the gate which is en­

abled depends on whether the SAR bit is a one or a zero. If, for example, 

the SAR bit were one, the right gate would be enabled, and C0 passing 

through it would set the flip-flop to the one position. This would enable 

the left of the second pair of gates. P-̂  passing through this gate would 

activate the switch core driver and deliver a current pulse to line RW-1. 

The flip-flop is then triggered by the complementing pulse Co, and 

in this example the right gate of the second pair would be enabled. 

See Appendix C for an explanation of the symbols used in this and 
other symbolic diagrams. 
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The next Pf would pass through this gate and produce a current pulse on 

line RW-O. 

The read selecter and driver is represented by Fig. 8. A stand­

ard diode matrix is used to select one of four lines. The selected line 

has a nominal voltage of / 5, while the unselected lines will have a nom-

inal voltage of -15. Thus one of the four gates is enabled and passes 

P„n to activate the switch core driver and place a current pulse on the 

associated line. 

Sense aniplifier.—The sense amplifier must deliver a triggering pulse to 

the toggle if an output of either polarity is received from the memory 

plane sense winding and a strobe signal is received from the memory con­

trol. As shown in Fig. 10, the full wave rectifier circuit provides a 

positive signal at the grid of the first stage for an input of either 

polarity. The grid resistor is made small to reduce pickup of undesired 

noise. 

The memory cores used will have a minimum output of ̂ 5 millivolts 

when switched, and therefore the maximum total gain required for a signal 

of twenty volts at the gate would be kh5. Since the transformer provides 

a gain of ten, the amplifier need supply a gain of only k-6. The theo­

retical gain of the first stage is variable from zero to fifteen, and the 

^The strobe pulse is that pulse applied to the control grid of the 
sense amplifier gate, while an enable pulse is a pulse applied to the 
suppressor grid of any gate tiibe. 
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fixed theoretical gain of the second stage is twenty, so the amplifier 

has a wide range of adjustment to care for deviations from theoretical 

design. 

The bias on the suppressor grid of the gate may be adjusted from 

ground to -22 volts by means of the 25K potentiometer, with a recommended 

operating range of minus fifteen to minus twenty volts. The output pulse 

is applied to the suppressor grid instead of the control grid because it 

is of much longer duration than the strobe pulse, Ps. It is desirable to 

apply longer pulses to the suppressor grid rather than to the control 

grid. 

The strobe pulse has two purposes: to disable the amplifier by 

its absence during a write cycle and to provide a means of sampling the 

output at the most opportune time. If magnitude alone were used to dis­

tinguish between a zero and a one output, the zero could easily be mis­

taken for the one because of the noise created in the half-pulsed memory 

cores. As shown in the specifications in Appendix A, however, the dis­

turb noise will die out before the switched core signal peaks, and if the 

output is sampled at the instant of peaking, the signal-to-noise ratio is 

greatest. 

Toggle.—The toggle consists of a flip-flop and a diode or circuit. At 

the beginning of each cycle a reset pulse C_ is applied to set the flip-

flop to the zero state. In reading a one during a read cycle, a signal 

from the sense amplifier will set the toggle to the one state. The state 
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of the toggle is sensed by the computer upon the receipt of a resume 

signal from the memory control. 

During a write cycle the toggle is set to the one state by the 

memory control only if it is desired to write a one into the plane. 

Inhibit driver.—The inhibit driver is a switch core driver with a pent­

ode gate added. The gate is enabled when the toggle is in the zero state 

and disabled when the toggle is in the one state. Thus depending on the 

state of the toggle, the inhibit driver will or will not deliver a cur­

rent pulse to the inhibit winding of the memory plane. 

The switch core driver can be used in the inhibit driver because 

the pulse requirements are essentially the same. Since the loading is 

different for the two uses, however, the 25K potentiometer in the switch 

core driver will have to be readjusted accordingly. 

Control.—The control provides necessary pulses to various memory compon­

ents and the computer at the correct time and also performs any necessary 

logical functions which are not built into other components. The control 

consists of a clock pulse counter, a pulse source, and a read-write con­

trol. 

The clock pulses of the 1101 have a frequency of 400 kilocycles, 

or a separation of 2.5 microseconds. The computer is operated synchronous­

ly by these pulses and the memory will also be operated in this manner. 

Synchronous operation guards against the various operations getting out 

of time sequence because of equipment failure and eliminates the necessity 
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of resynching at the end of the memory cycle,, 

The 1101 clock pulses are counted and separated by the clock 

pulse counter. There are a total of nine clock pulses within the twenty 

microsecond cycle and these are numbered from -1 to 7 as shown in Fig. 13. 

The C_, pulse is coincident with the initiate pulse from the computer, and 

hence is already effectively separated. 

The pulse counter consists of gates and flip-flops with associated 

diode circuits as shown in Pig. 12. The flip-flops labeled 0, 1, and 2 

are counters while the flip-flop labeled L acts as a latch. When the com­

puter is started initially, a master clear pulse is emitted which can be 

used to set flip-flops to the desired initial position. This is indicated 

by MC in Pig. 12 and is used to set all the counters to the zero state 

and the latch to the one state. They are automatically returned to these 

states at the end of each cycle. 

Clock pulses are applied to the control grids of the pentode gates 

at all times, but are only passed when the gate is enabled. Between mem­

ory cycles all of the gates except (gate 0 are disabled by the counters 

and gate 0 is disabled by the latch. When the initiate pulse is applied 

to the latch it is set to the zero position and gate 0 is enabled. Pulse 

CQ passes through the gate and. is used to set the counters so that gate 1 

is enabled and gate 0 is again disabled. This process is continued until 

pulse C-? passes through gate 7 and resets the counter and latch to their 

original states. 
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To eliminate connections between counter flip-flops and to elim­

inate the necessity of connecting a pulse to both grids of a flip-flop 

for complementing, the clock pulses axe applied directly to the appropri­

ate grid of each counter stage. Were the binary number system used for 

counting, the number of input diodes required would be excessive. Be­

cause of this a special binary code is used, in which the numbers 0 

through 7 are represented as: 

0-000 4-110 

1-001 5 - H l 

2-011 6 - 101 

3-010 7 - 100 

"Hie advantage to this code is that to go from one number to its immediate 

successor requires the change of only one binary bit. Thus each clock 

pulse, with the exception of Cj, must be fed into only one flip-flop grid 

to advance the counter. 

Fig. 13 shows how these clock pulses are to be used. Pulse C 0 is 

fed through an inverter to the read.-write selecter and driver and directly 

to the toggle. Cj_ is used to turn on the P ^ source (see Fig. 14) and is 

P s after it has been delayed. C 2 turns off the P.,-. source, and C is sent 
rj- 3 

to the read-write selecter and driver* C. turns on the P ^ source and C,-

delayed turns it off. C5 is sent to the read-write control to insure 

that the flip-flop is in the read position at the beginning of each cycle. 

Cy is sent to the computer to indicate that the memory cycle is complete 

and it may resume operation. 
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Two flip-flops are used to produce the P^ pulses. The flip-flops, 

shown in Fig. 1^, are identical. The pulse as tapped off the voltage di­

vider in the plate circuit has an amplitude of 25 volts. While P ^ is 

f 
exactly 2.5 microseconds long,, Pf2 must be longer to dive the switch core 

completely into saturation. Exactly how much longer cannot be determined 

without running tests on the switch core. P^g is turned off by Cc delay­

ed by a delay line of the proper length. 

The strobe pulse Ps mustt be applied to the sense amplifier at the 

exact time the memory output pulse peaks. According to memory core spe­

cifications this peaking occurs 0.50 microseconds after the switching 

pulse has risen to ten per cent of its peak value. The exact time re­

quired for this pulse to travel to the memory plane is unknown, as this 

depends on the physical layout of the memory. Therefore it is recommen­

ded that an adjustable delay line, with a nominal delay of O.75 micro-

seconds, be used. An inverting transformer is used after the delay line 

to invert the negative pulse before it is applied to the control grids. 

The read-write control is shown in Fig. 15. Its function is to 

enable the memory to perform the 17, 27, and 7̂+ commands which require 

that only certain bits of a word be changed. It should be noted that the 

portion of the read-write control shown above the dotted line is one of 

2k identical units, one unit being required for each sense amplifier and 

toggle combination. There is only one read-write flip-flop, however, and 

it is connected to all 2k of the upper units. 
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There is on the 1101 a Storage Blocking Register (SBR) of 2k flip-

flops. Normally the SBR flip-flops are all in the one position, but in 

the execution of the above mentioned commands, the SAR bits corresponding 

to those bits which are not to be disturbed in the memory are set to zero. 

The toggle is simply left in the zero position if a zero is to be 

written into the associated memory plane, but the toggle must be set to a 

one if a one is to be written.. Thus to write one, the gate Gt will be en­

abled by the Write, SBR-1, and Write-1 lines, and the toggle will be set 

to one. In case a zero is to be written the Write-1 line will be low and 

the gate will be disabled. In case that bit is not to be disturbed the 

SBR-1 line will be low and the gate disabled. 

The sense amplifier must operate during a read cycle and also dur­

ing a write cycle when that bit is not to be disturbed. Thus if either 

the Read or SBR-0 line is high the gate Gsa will be enabled and the 

strobe applied to the amplifier. 

Power Supply.—The design of a power supply is not within the scope of 

this study. Any well regulated power supply capable of supplying twelve 

amperes at /l^O volts d.c, 0.75 amperes at / 200 volts d.c, one ampere 

at -80 volts d.c, and 120 amperes at 6.3 volts a.c. would satisfy the 

memory requirements. 

An attempt was made during the memory design to restrict all d.c. 

tie point voltages to the three standard power supply voltages. Where a 

point is shown as being connected to a voltage other than these, as was 

necessary in some cases, that voltage is obtained through the use of re­

sistive voltage dividers. 
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CHAPTER IV 

CONCLUSIONS 

This memory design has been thoroughly checked for logical feas­

ibility by members of the Rich Electronic Computer Center staff. Where 

possible basic components are standard commercial items which have been 

proven reliable. Therefore, except for the possible difficulties noted 

below, this memory should provide very acceptable service if constructed. 

Cost.—It is estimated that the memory, less power supply, could be con­

structed for approximately $3^00. The most expensive single item is the 

memory matrix costing $1200, while the 279 vacuum tubes costing $836 are 

next. Miscellaneous hardware such as tube sockets, terminal strips, con­

nectors, etc., is estimated to cost one dollar per tube, while labor is 

estimated at two dollars per tube. 

General comments.—Since this is only a preliminary design, some potential 

troubles are still present in the meaaory system. Possible difficulties 

with the switch cores are discussed in Appendix B. The switch core driv­

ers, however, might also present some difficulties. In most large mem­

ories it is customary to provide a feedback path from the output to the 

input of the driver tube in orxler that the drive current be regulated very 
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closely (12). In this memory the output current is adjusted by means of 

a potentiometer, which must be readjusted periodically as components age. 

Needless to say, this necessity for frequent adjustment is undesirable. 

Also in very large memories it is customary to place a pulse, 

called the post-write disturb pulse, on the inliibit winding at the end of 

every memory cycle (13). This pulse insures that all of the memory cores 

are disturbed after being placed in the aero state and before the next 

read pulse. If some cores were not disturbed, the voltages generated by 

these when partially pulsed would be less than those generated by the pre­

viously disturbed zero cores, and the sense winding cancellation scheme 

would not work efficiently. Because of the small size of the memory, how­

ever, the lack of a post-write disturb should not cause difficulty. 

The read-write selector and driver and sense amplifier were con­

structed in the laboratory and operated successfully, even though the 

sense amplifier was not constructed with sufficient care and there was 

considerable pickup of extranneous noise, which caused some difficulty. 
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APPENDIX A 

MEMORY CORE SPECIFICATIONS 
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E N G I N E E R I N G B U L L E T I N 
SUPPLEMEM NO. I 

DEFINITIONS AND TEST CONDITIONS 

REVISION NO. 2 

rOi<M NO. 319 

January 20, 19J8 

TO BE USED WITH COINCIDENT CURilENT MEMOKY SFECIF1 CAT IGNS 

INTAODUCTION 

This bulletin describes methods and conditions of test for Feirramic memory cores to be used in a coincident current 

memory with a two-lo-one selection ratio. The current pulsus are carried by a single turn conductor. The pulse 

voltage response of the core is the open-circuit voltage obserjed across the terminals of a single turn winding. 

The Current Pulse 

A. Definitions 

1. Ip = The peak amplitude of the current pulse. 
2. tQ = Reference time, designated as 107. of I on the rise of the current pulse. 
3. lt --- tlise time of the current pulse measured frcoi 10% of I„ lo 90% of Ip. 
i». ta = The duration of the current pulse, measured from 90Z on the rise of the 

current pulse to 907. on the fall of the current pulse. 
b. Figure 1 is a pictorial representation of these values. 

FIG. I 

B. The Current Pulse Sequence 

1. The basic pulse repetition frei^uency is the reciprocal of the time interval 

between two consecutive pulses. The pulse repetition frequency is 10 Kc or 

less. 

2. Definitions = The following figure Illustrates a hypothetical pulse sequence 

to define the directions of current*. The symbols for these currents are: 

Writ* PulM 

Partial Write Puis* 

-Rsjod FMM 
FIG.2 

write pulse - iiv 
partial write; pulse = In,w 
read pulse - *r 

C. Specifications on the Current Pulse 

1. The rise tine, tr, shall be linear. 

2. The droop In the flat portion shall be less ihun IX. 
3. Over-shoot less than 1%. 

4. The current sources are the Model V and Model VI core drivers. 

Manufacturer of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, 
MICROWAVE FERRITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS and STEATITE 



Ihe Voltage Pulse Response 
A. Definitions 

L. uVL = The undisturbed selected ONE. 
2. dVz = Selected ZERO disturbed only by partial write pulses. 
3. Figure 3 Is a pictorial representation of these pulses. 

uV, Output Voltog* 

FI6.3 
Measurements 

Tp - uVl peaking time referred to t0 on current pulse. 
Ts = Core switching time measured from l0 to 10 V., of the fall of the uVj 

response. 
Tm = Sampling time referred to t on ehe current pulse. 
Tp' = Core peaking t imci measured from 'J. 1 of uVj maximum. 
Ts' - Core switching Li.nie measured ifrooi 0.1 u'/̂  maximum to 0.1 ui/̂  maximum. 

Jalues of Is, Tp dnd Ts", lp' are givi;n in memory core specifications. 

The pulse sequence used 
Figure 4. 

for the yield evaluation and 100'/. inspection is shown in 

Partial Write 

Measure dV, 

Conditions of Test 
A. Temperature - The temperature is controlled + 1°C for alL tests. 
B. Voltage Calibration - The core output is viewed on a Tektronix 531 Oscilloscope 

with a 53 S Plug-in amplifier. The amplitude of the voltage response is measured 
by a calibrator of special design called a /oltage Calibrator, Model III. The 
calibrator is a gated cathode follower that supplies a fixed current pulse Into a 
precision resistance circuit. Calibration of the unit is made b> use of a wheat-
stone bridge and a 0.5'/. voltage meter. This calibrator is gated on and off, by 
proper scope triggering the core pulse response and the calibrate lines are visi­
ble on the oscilloscope during test. 

C. Current Calibration = The current voltnge signal is developed across a resistor 
In series with the current sources. This voltage is then chopped around a nega­
tive D/C voltage and ground. The negative voltage is set by a 0.5% volt meter. 
The output of the current calibrator in applied directly to the plates of an os­
cilloscope and the amplitude is then adjusted to the proper /alue. This unit Is 
the Current Calibrator Model Til. 


