


















































































































































































































































































































































































































Reset R Register 

RRy = Y9 YbYS Y4 + Y9 Y4 Y5 Yb + Y9 YIO YII 

Enable R Register 

ERy = Y9 Y6 Y"5 

Parity 

Rpe = Even nUITlber of ones in inforITlation bits. 

R Register 

sR7y = Y4 R6y + ERy Zy7 

rR7y = Y4 R6y + RRy 
iiI 
I I I 
I J I 
I I 
I I 
I I 
I I 
J I 
I I I 

sR24y = Y4 R23y + ERy Zy24 

rR24y = Y4 R23y + RRy 
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SEC TION III 

MAGNETIC CORE 1v1EMORY 

NOTE: This section applies only to core ITleITlory 
units that use QK53 and HK55 type ITlodules. 



INTRODUC TION 

This section explains the logical and electronic operation of the core memory 
in detail. Layout, wiring information, and additional circuitry information 
are contained in a separate manual. 

The reader should be familiar with Memory Control, Page 1. 39, in Section I of 
this manual. 

The computer uses a parallel, random access, coincident current, magnetic core 
memory for permanent storage of all internal data and instructions. 

Each individual bit in each data or instruction word is stored in an individual mag
netic element called a core. These ferrite cores are the basic storage elements 
and are capable of representing one of two logical states, i. e., one -zero, true-
false. The ferrite cores are physically arranged as the points of a three-dimensional 
coordinate system; the X and Y coordinates of a specific core represent the address 
of the word of which that core is a member; the Z coordinate determines which bit 
of the word the core represents. Thus, a single column of cores (i. e., all cores 
with the same X and Y coordinates) represents a single word. Through all of the 
cores on each Z level or digit plane there are two wires used for the reading and 
writing of information. Below is an example of selecting word number 12

8
, 

-.. ~·l 
~~<~ DIGIT PLAi,jE ? 

.~!""'-"---t~~. "''''-,; 
.~ 

r~~ LIGIT fLAf;E 3 
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..(3 

25 
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FIGURE 41. 

BLOCK DIAGRAM 

MAGNETIC CORE MEMORY 



The Z coordinate wires are used for parallel detection of information or for in
directly writing information. The block diagram of the magnetic core memory 
shows the parallel outputs of the S (address) register being decoded into X and Y 
coordinate signals. To reduce the complexity and number of components in the 
address system, the X and Y coordinates are sub -divided into X, X, Y, and Y. 
These decoded address signals correspondingly drive current driver circuits 
whose output lines pas s through the cores on the X and Y coordinates. 

The 25 (25 bits per word) Z coordinate windings (hereafter called sense windings) 
are fed to 25 sense or detection amplifiers which detect the state of the cores in 
the specific word being addressed; and this information is fed in parallel to the 
M (memory) register for later transfer to the C register. 

Note that although the sense windings pass through all cores in a specific plane, 
only the state of the addressed core will be detected, due to the required coincidence 
of the X and Y coordinates. 

When writing into memory from the 11 register, the outputs of the M side of the M 
flip-flops drive 25 Z drivers that correspondingly drive a second set of Z windings, 
which are used to inhibit the insertion of "ones" in the respective cores requiring 
"zeros". The reasons for this technique will be explained later. 

The reading of information from a core memory of this type is destructive in that all 
of the cores in the addressed word are left in a "zero" state; therefore, the in
formation read into the 1v1 register lTIUSt be regenerated (written back) into the same 
address position before proceeding. When regenerating or writing into a word 
position, the X and Y coordinates will attempt to set all cores at the coincidence 
points to the Il one " state. Note that previously they have all been reset to the zero 
state by a reading process. The inhibit or Z windings will therefore inhibit the 
setting of cores requiring zeros, and the correct information is written into the 
word location. The process of reading and then immediately regenerating is called 
a memory cycle and takes 6 microseconds to completely execute. 
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MAGNETIC CORE STORAGE THEORY 

The elementary storage element, the ferrite core, whose principal characteristic 
is a rectangular, hysteresis loop, is shown in Figure 42. H is the magnetizing force 
(proportional to the applied current) applied to the core, and B is the magnetic flux 
(proportional to the magnetic permeability of the material) produced in the core by 
the force H. If the force H

t 
is applied to the core, the flux density in the "one" 

direction will increase to Om, which represents maximum flux density or saturation. 
When the magnetizing force H

t 
is removed, the flux density will decrease to the (/Jr 

value, which represents the remanent or residual flux density that (for a constant Om) 
is proportional to the retentivity or remanence of the material. The core is now said 
to be in the "one" state. 

8 

H ---H 

, 

-B 

Figure 42 Hysteresis Loop 

If the magnetizing force is applied in the opposite direction -I--I
t 

(reverse the current), 

the remanent flux density (/Jr'will be - ~31 and the core will be in the "zero" state. 
Note that although the (/Jr'value approximately equals the previous residual flux 
density value, the direction of the flux has completely reverseq. 

The designations of "zero" and "one" for a magnetic core are completely arbitrary 
and are only in relationship to the polarities of the applied signals, sense, and 
inhibit windings. 

The high squareness ratio (Hk/Ht) of the hysteresis loop makes it possible to apply 
magnetizing forces which are less than that required to saturate the core in either 
direction, without materially changing the value of the magnetic flux density of the 
core. An abrupt reversal of the flux direction will take place \vhen the magnetizing 
force exceeds a critical value. The reversal of the magnetic flux direction switches 
the core to the complement of its present state. The core will stay indefinitely in 
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either state until switched back by a sufficient electromotive force applied in the 
opposite direction to the force which set it initially. 

The critical values, the knee, and the squareness ratio, perlTIit the coincident
current type of operation which required the coincidence of two partial magnetizing 

Ht -Ht 
forces, -2- or 2, each of which alone is less than the lTIagnetizing force re
quired to drive the core past the knee (point Hk) of the curve of the hysteresis 
loop shown in Figure 42. The two partial magnetizing forces, acting simultaneously, 
are sufficient to change the state of the core. The two partial magnetizing forces are 
supplied by two drive half -currents applied along X and Y drive lines, respectively. 
The switching action of the coincident partial magnetizing forces can be prevented by 
the application of an inhibit current whose value is equal, but whose direction is 
opposite, to either one of the write drive half-currents. The resulting inhibit mag
netizing force cancels the effect of one of the partial magnetizing forces and prevents 
the core from switching to the other of its two stable states < 

The state of a core at a given moment can be determined by the application of 
read drive current in the direction that would switch the core to the zero state. If 
the core is already in the zero state, the read drive current will drive it minutely 
into saturation, but no flux reversal will take place, and only a slTIall amount of flux 
variation will result. If on the other hand, the core is in the "one" state, it will be 
switched to the "zero" state by the read drive current, the direction of the magnetic 
flux will be reversed, and the relative flux variation will be very large. In both 
cases the flux variations will appear in the form of a voltage induced in a sense 
winding. If the flux density is varied with time at a rate d~/dt, then, according to 
Faraday's law, a voltage V is induced across the windings of lTIagnitude: 

deb 
V = -Ndt 

where N equals the nUlTIber of turns, which in this case, would be one. The signal 
voltage pulse shown below permits the determination of the state that the core was 
in before the application of the read drive current. All magnetic cores in a lTIatrix 
are linked by the X and Y drive lines, the inhibit winding, and the sense winding 
as shown below: 

/ 
NE 

V 

<.::]1-----

Each selected X and Y drive line carries a drive half-current that applies a partial 
lTIagnetizing force to all lTIagnetic cores linked by those lines. The core located at 
the intersection of the selected drive lines will receive the sum of the two partial 
lTIagnetizing forces, which will be sufficient to produce the lTIagnetic flux revers al 
and change the state of the core. 
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SE NSE 

y 
INHI BI T 

The X and Y drive lines are connected to the X and Y decoders and traverse all 
digit planes in series. During the read operation, the direction of the drive current 
in the m.atrix is such that the core at the selected address would be switched to zero. 
As explained above, the cores that are in the one state will produce voltage pulses 
in the sense winding while those that are in the zero state will produce virtually no 
signal. Each m.atrix or digit plane has its own individual sense winding, which will 
thus read the bit stored in that digit plane at the selected address. When the in-
form.ation is being written into the m.atrix, write or restore drive half -currents 
are applied to the s elected X and Y drive lines in the direction opposite to that 
of the read drive currents, so that the core at the drive lines intersection would be 
switched to the one state. However, in the case of m.atrices in which a zero has 
been written, an inhibit current is applied through the inhibit winding that is in
dividual for each m.atrix. The inhibit current is approxim.ately of the sam.e m.agnitude 
as an X or Y drive current and will prevent the core located at the intersection of 
the selected X and Y drive lines from. being s~\J;litched to one; a zero bit will rem.ain 
stored in that m.atrix at the selected address. Each inhibit winding intersects all 
cores on a given digit plane. 
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BASIC OPERATION 

ADDRESSING 

The 14 outputs of the S register (address register) are gated into 14 address lines 
designated Ll through L14 as shown below: 

Lll = SI Tsrn + 8 (Tsrn Wp) + ~ (Tsrn Wp) 

I 
I 

L14 = S14 Tsrn + C[~}) (Tsrn Wp) + Q~~ (Tsrn Wp) 

Ll = Ll 
I 
I 
I 

L14 = L14 

Note that the address lines from the buffer interlace system enter at this point. 

The 14 address lines are decoded into the X and Y coordinates according to the 
following chart: 

2
13 212 211 2

10 
2 9 2

8 27 2
6 

2
5 24 2

3 22 21 2° 

SI 52 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12S13 S14 

LI L2 L3 L4 L5 L6 L7 L8 L9 LIO Lll LI2LI3 LI4 

Y Coordinate X Coordinate 

Y Y X X 

The X and Y coordinates each represent 6 bits or two octal digits. These coordinates 
are divided into X, X, Y, and Y, each of which consist of a single octal digit that 
can be decoded into 8 specific configurations. 

The Ll and L2 positions, hereafter referred to as 2
13 

and 2
12

, are used to define 
which 4096-word memory stack is being addressed. 
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zTI zIT = stack one, locations r:(o) to 07777 (4::'95) 

ZTI ZIZ = stack two, locations 100(10 (4C'96) to 17777 (8191) 

Z13 ZIT = stack three, locations Z'J:C(; (819Z) to Z 7777 (I? 2.87) 

Z13 ZIZ = stack four, locations 30(ln(, (1ZZ88) to 37777 (16383) 

Four decoders are thus required and are shown in Figure 43. The decoding function 
for a single octal digit is performed by an individual circuit module designated 
QK5Z, which has one output for each of the eight pos sible states. 

The current path for an X or Y drive line originates at a solid state circuit which 
acts as a current source and will be called a "switch." The current path terminates 
in a solid state circuit which acts as a current sink and will be called a "sink. " 
Any X or Y drive line requires two switches and two sinks, as the current must 
be reversible between the read and write operations. 

~ 

----....J Sw h Sw 

r---D : ,-
[" Sink ~~ --l Sink 

~ 

The combination of 8 X sw-sink pairs and 8 X sw-sink pairs provides selection of 
one of 64 X coordinate drive lines, and in a similar manner the 6 bits represent
ing the Y coordinate selects one of 64 Y drive lines, The 4096 intersections of the 
64 X drive lines and 64 Y drive lines provide selection of 4096 core storage locations. 

Due to the requirement that the X and Y drive currents must reverse between the 
read phase and the write phase, two separate signals will be required to determine 
the direction of the drive current. These signals are designated Rw and Wr. 

Rw = Mg Q2 

Wr = (1v1g QZ) (Mdt + Ql) 

Due to the fact that the cores alternate in their relative positions to the physical 
drive lines, the current must pass in the opposite direction for all even-numbered 
drive lines with respect to all odd-numbered drive lines, To implement this, the 
external connections on even-numbered lines are reversed as shown below: 

Xl 

Yl 
/ 

YZ ~ 

~~~ 
"-

Y3 / 

Y4 ~ 

\ --

XZ 
)I" 

( , 
1'-. 

! 

), 
I 
i 

'i--

/ .. 
ft 
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Figure 44 shows the selection of address 3037 and the control of the direction of 
the X and Y drive currents by the above -described Rw and Wr terms. 

Figure 43 shows the overall structure of an individual 4096-word core stack with 
the circuit module types and numbers designated. These modules are listed and 
briefly described below: 

Module Quantity 

QK52 4 

QK53 4 

HK52 3 

HK59 5 

HK51 2 

SK58 1 

HK55 2 

SK53 1 

SK57 1 

Function 

Decoding of an octal character for address 
selection. 

8 sw -sink combinations for driving the 
selected line. 

Z coordinate, inhibit drive r s. 

Sens e Amp1ifie r. 

Disc riminator, detects the digital information 
from the amp1ifie r . 

Current regulator, gates and supplies the 
current to the sinks and switches. 

Control, generates and distributes the inhibit 

terms for 212 and 2
13 

and als 0 distributes the 
current direction selection terms Wr and Rw. 

Voltage Regulator, generates the + 12 voltage 
for the inhibit lines and the current regulator. 

Operates in parallel with the SK53. 

Figure 46 shows the core stack in detail. Note that this is approximately a one
sixteenth model in that one -sixteenth the actual number of cores in a single digit 
plane are shown. It is suggested that the reader trace the directions of current 
flow, for both the read and write phases of the memory cycle, for the following 
addresses: 

0070 
3037 

3760 
3747 

This diagram also shows the inhibit and sense windings. Note that the inhibit wind
ing passes through all cores in the direction of the Y-axis, and that the sense winding 
traces diagonally through all cores on the digit plane. 

READ CYCLE 

At pulse time TIO of the computer cycle, the S (Address) register is cleared by 
Sc in preparation for receiving a new address. At T9 time, a new address is 
transferred to the S register, the decoders will immediately decode the new in
formation, and the outputs of the decoders w-ill assume a new configuration. At 
pulse time T8, the ~v1 (!'v1ernory) register vvill be cleared by ~/!c in preparation for 
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recelvlng data from memory, and the Mg flip-flop will be set, initiating a new 
memory cycle. When Mg goes true, this will also qualify the current direction 
signals Rw and Wyl. 

At pulse time T7, the memory read timing signal (Mrt) will be enabled for a 
duration of 8 ~\ulse times. Mrt centrols the current regulator circuits which supply 
the current to all of the switch and sink circuits: 

~ Switch I .----~ --~~ ------.1 

Current oJ -
Regulator ---

_S_in_k~~ 
i 
i 
I 

Mrt 

The decoders selected the proper switches and sinks at T7 time, and current is 
supplied to the drive line by Mrt which, in turn, activates the current 
regulator. 

During the read cycle, all of the X and Y drive line half -currents are applied in 
a direction which will drive all of the cores in the zero direction. The voltage 
outputs of the digit planes are sensed by 25 sense amplifiers which feed their re
spective outputs to 25 discriminator circuits which detect the large signal change; 
and at T2 time, this information is clocked into the M register by the Ms (strobe) 
signal. 

At Tp time, the Mrt signal is disabled which, in turn, disables the current regulator, 
and no more current is supplied to the X and Y drive line paths. 

WRITE CYCLE 

The write cycle consists of regenerating the present contents of M into the address 
from which it was just read, or of inserting new information into the M register at 
T24 time for storage into the addres s that was just read. 

In either case, the contents of the S (address) register will not change, as the 
address must be the same; therefore, the output configuration of the decoders will 
remain as they were during the read cycle. 

At pulse time T21, the ~v1dt (memory digit timing) signal is enabled. The Mdt 
signal enables the Z (inhibit) drivers whose inputs are qualified by the Mn signal. 
The current for the Z drivers is not supplied by the current regulator modules, but 
by the voltage regulator so that inhibit current will flow from T2l until T8. 

At Tl8 time, the Mwt (memory write timing) signal will be enabled which, in turn, 
will enable the current regulator to supply current to the sinks and switches in a 
fashion similar to Mrt. Note that during the write phase the address selection is 
the same, but the direction of all dri,.re line half-currents is re,\Tersed due to Wr 
and Wy2 now being enabled. 

Voltages will be generated on the sense lines during the write cycle due to the write 



drive currents setting cores to the one position and will be generated from the 
inhibit currents, but these voltages are not strobed by Ms and are always ignored. 

At TI2 time, the Mwt signal is disabled and the X and Y drive current sources are 
inhibited. 
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ME1,fOR Y EXPANSION 

The memory of the computer can be expanded to contain 4 core stacks of 4096 
words each. Figure 47 shows the addressing system used when expanding the 
memory to othe r c onfigur ations . 
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MODULE OPERA TION 

DECODER 

The decoder module, designated QK5Z, produces an output signal (+) on one of 
eight output lines to represent one of eight possible input configurations. Both the 

true and false sides of the three bits to be decoded (ZnZn+ 1Zn+Z) are supplied to the 
module. 

The decoding is performed by a series of negative "AND" gates such that the in
verted output will be the correct result. The eight output lines feed to one or more 
sets of 8 sw-sink modules (depending upon the size of memory) and will act as the 
enabling addre s s te rms . 

SELECTOR CONTROL 

The selector control module, designated HK55, generates the current direction 
control terms, the stack selection control terms, and the stack selection terms, 
for the inhibit drivers. 

Two HK55 modules are connected together to generate the required complement of 
control terms. On the first HK55, two current direction terms are generated 
froITl ''Yr. These are "VJxl dnd Wyl. On the second HK5:), two sirnilar terITls, WxZ 
and WyZ, C1.re generated from Rw. These four current direction control terms are 
fed to the four sw -sink modules. 

The two most significant computer address terms L1 and LZ are used to generate 
four stack s election terms EO, E 1, E2, and EJ, These stack selection terms are 
coded with Mdt (inhibit or digit tiITlin!:J to r~enerate four inhibit control signals, 
d.esiJ~nated D1, DZ, D3, and DL!:. T:.· ... e stac. se._e"tion si':nals EO, El, E~)_, and E3 
are a .. se, used to ena.~e L,e sw-sin1 r: od',;jes in eae;-_ of tLe iU(:C.r stac~.s. 

XY SELECTOR 

The XY Selector modules designated QK53 contain eight sets of switch-sink circuits 
for selecting the properX or Y drive line. 

The eight address signals from the respective decoder module are connected to pins 
39, 37, 33, 30, Z4, ZO, 14, and 11, respectively. If the specific address input 
signal is true (ANDed with the stack zero signaIEO:;. it will enable the switch-sink 
pair to conduct current when directed by the Rw and Wr signals. 

The switch circuit gates the drive current onto the appropriate XY drive line where 
the current passes through a sink circuit to return to the current regulator. 

When the current direction control signals invert (between read and \\rrite), the 
mating sink circuit will be enabled and will receive current from the same XY drive 
line. 
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Figure 49. X- Y Selector 
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CURRENT REGULATOR 

The current regulator module, designated SK58, contains three basic circuits, a 
voltage regulator, and two gated current stabilizers. 

Pins 1, 2, 14, 16, and 18 are inputs to the voltage regulator which, in turn, controls 
the X and Y current stabilizers. 

Pin 1 re ceives the + 12 volt reference signal generated by the outputs of the SK53 
and SK57 voltage regulators. This voltage will vary depending upon the amount of 
inhibit current desired. Pins 2 and 18 receive the + 15 volt floating supply signal, 
which has a + 12v. reference point. Pin 14 (control in) is used by the automatic "Start 
up/shut down" mechanism to inhibit all drive currents when the logical state of the 
computer is in an ambiguous area. Pin 16 (marginal test) is connected to the 
Marginal Test switch on the front panel of the computer and is used to increase or 
decrease the XY drive currents by approximately 60/0. Pins 34 and 36 connect the 
Mrt (memory read timing) and Mwt (memory write timing), respectively. The read 
timing signal (Mrt) may be delayed and it, in turn, will delay the read current on 
the Y lines and, consequently, the sense signal. 

The Mwt and Mrt signals gate the X and Y current stabilizers. Pins 20 and 22 are 
the current outputs for the X and Y switch circuits. Pins 9 and 10 are the current 
returns for the sink circuits. There is a potentiometer adjustment on the SK58 for 
varying the amount of XY drive current. This current is nominally about 500 rna, 
but should be adjusted according to the individual characteristics of each unit. 

VOLTAGE REGULATOR 

The voltage regulator, designated SK53, generates a constant voltage of approximately 
+ 12 v from the + 18 volt line from the power supply. The + 12 v output supplies 
the inhibit lines and serves as a reference signal to the current regulator module. 

The SK57 voltage regulator module operates in parallel with the SK53 and receives 
its V R control signal from the SK53. The threshold potentiometer on the SK57 
is nominally set between 6 and 6. 5 v, but is optimally adjusted according to the 
amount of noise on the sense lines. There is a potentiometer adjustment on the 
SK53 that deternlines the magnitude of the + i2 output which, in turn, determines 
the amount of current that will flow through the inhibit (Z) windings. This is 
nominally about 200 rna, but should be adjusted according to individual stack 
characteristics. 

Z DRIVER 

The Z driver, designated HK52, drives the inhibit winding during the write cycle. 
The false output of the respective stage of the M (Memory) register is connected to 
the input. Depending upon the stack number, the input gate will be enabled by one 
of the stack selection digit signals Dl, D2, D3, or D4. 

During Mdt time, current will now flow through the inhibit winding. 

SENSE AMP LIFIER 

The sense amplifier module, designated HK59, is composed of five basic sense 
amplifiers. The sense amplifier is basically a two-stage, balanced amplifier with 
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Figure 52. Sense Amplifier and Discriminator Logic 



rectified output. The output of the s ens e amplifie r is fed to a dis criminator. 

DISC RIMINA TOR 

The discriminator module, designated HK51, contains 13 separate, single-stage, 
inverter circuits whose inputs are biased to discriminate against the noise content 
of the signal from the sense amplifier. 
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