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INTRODUCTION

This manual contains a description of the operation and maintenance of the MM11-S, MF11-L, and MF11-LP
Core Memory systems. These memory systems are random access, magnetic core memories used with the
PDP-11 family. The level of discussion assumes that the reader is familiar with basic digital computer theory.

Signals and data are transferred between the memory and the PDP-11 processor via the Unibus; however, this
manual does not contain a description of the Unibus. A detailed description of the Unibus is contained in the
PDP-11 Peripherals and Interfacing Handbook, DEC publication no. 112.01071.1854.

Engineering drawings are referenced by their drawing numbers. Drawings pertaining to the MF11-L are contained
in the PDP-11/40 and PDP-11/45 System Engineering Drawings Manuals. Drawings pertaining to the MM11-S
and the MF11-LP are contained in the MM11-S Engineering Drawings Manual and the MFI1-LP Engineering
Drawings Manual, respectively.

This manual is divided into three chapters and two appendices. Chapter 1 contains a description of the three
memory systems, their purposes, and their use. Chapter 2 contains a detailed description of the logic operations,
and Chapter 3 contains maintenance information, adjustment procedures, and programming tests. Appendix A
contains a description of the operation of the MF11-LP. Appendix B contains descriptions of the integrated cir-
cuits not described on the engineering drawings.






CHAPTER 1
GENERAL DESCRIPTION

1.1 INTRODUCTION

The MM11-S, MF11-L, and MF11-LP Core Memory systems are coincident current, random access, magnetic
core memory systems intended for use with the PDP-11 family. All three systems are basically similar in that
the basic system consists of a 16-bit, 8K word memory, which uses plug-in modules that are common to all
systems. Differences in the backplane or the addition of a parity controller determine the model. The MM11-S
backplane limits the size of the memory to 8K. The MF11-L backplane has additional slots to allow expansion
of the capacity to 24K in 8K increments. The MF11-LP is an MF11-L system to which a parity checking option
has been added.

1.2 GENERAL DESCRIPTION

The MM11-S, MF11-L, and MF11-LP provide 8192 (8K) 16-bit words. The MM11-8 and MF1 1-L require three
modules; two are hex-height and the other is quad-height. One hex-height module (G110) contains the control
logic, inhibit drivers, sense amplifiers, and 16-bit data register. The other hex-height module (G231) contains
the address selection logic current generators, switches, and drivers. The quad-height module (H214) contains
the 8K memory stack. These three modules by themselves are designated an MM 1 1-L memory. Two additional
MM11-L memories can be plugged directly into the MF11-L to expand its capacity to 24K.

The MF11-LP uses three modules similar to those of the MM11-L memory. A G109 Control Module is used
instead of a G110, and an H215 Stack Module is used in place of the H214. These modules perform functions
identical to those in the MM1 I-L memory, with the exception of additional circuitry used for parity control.
Two additional bit locations, bits 17 and 16, are used to store high and low byte parity, respectively. A fourth
module, an M7259, is used for the parity controller. The M7259 is a dual-height module, and it is capable of
controlling parity for up to 24K words. Thus, if an MF11-LP is expanded to its optional capacity of 24K words,
only one M7259 is required. The 8K incremental memory used for expansion of the MF11-LP is designated

the MM11-LP. :

Figures 1-1, 1-2, and 1-3 show the component sides of the modules that constitute the MM 11-L memory. The
MM11-LP is described in Appendix A of this manual. Table I-1 contains a listing of the basic differences among
the models of the memory systems described in this manual. Figure 1-4 shows simplified block diagrams of the
three memory systems.

Since the MM11-L memory is common to both the MF11-L and the MM 11-S memory systems, the description
contained in the following chapters is applicable to both the MF11-L and MM 11-S memory systems.
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Table 1-1
Memory Configurations
Designation Description Reference
MMI11-8 8K word memory comprising one MM11-L memory and a Chapters 1, 2, and 3

single system unit (4 x 6) backplane.

MF11-L 8K word memory comprising one MM11-L memory and a Chapters 1, 2, and 3
double system unit (9 x 6) backplane. Two additional
MM11-L memories can be plugged in to expand the capac-

ity to 24K.
MFI11-LP 8K word memory with parity control comprising one Chapters 1, 2, and 3
MM 11-LP memory and a double system unit (9 x 6) back- Appendix A

plane. Two additional MM11-LP memories can be plugged
in to expand the capacity to 24K.
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1.2.1 Components Supplied

The MM11-S, MF11-L, and MF11-LP memories comprise the components listed in Table 1-2.

Table 1-2
Components Supplied
MM11-8 MFI11-L MF11-LP
MM 11-S Backplane MF11-L Backplane MF11-LP Backplane
H214 H214 H215
G110 G110 G109
G231 G231 G231
M920 M920 M7259
Power Connector Power Connector M920
Drawings Set Drawings Set Power Connector
Diagnostics Diagnostics Drawings Set
Diagnostics
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Figure 1-3 Component Side of Stack Module H214

1.3 FUNCTIONAL DESCRIPTION

The following paragraphs contain a functional description of the MM 11-L memory. Each module of the
MMI11-L memory is also described.

1.3.1 Specifications

The general specifications of the MM11-L are listed in Table 1-3.

1.3.2 G110 Control Module

The G110 Control Module contains the memory control circuits, inhibit drivers, sense amplifiers, data register,
device selector, threshold circuit, and —5V supply.

a  Memory Control Circuits — Control circuits are provided to acknowledge the request of the master
device; determine which of the four basic operations (DATI, DATIP, DATO, or DATOB) is to be
performed; and set up the appropriate timing and control logic to perform the desired read or write
operation. If a byte operation has been selected, address line AOO L determines the byte to be selected.
The actual read or write operation is selected by control lines (C00 and C01). The memory control
logic also transfers data to and from the Unibus.

b.  Inhibit Driver — Each bit mat contains a single inhibit/sense line that passes through all cores on the
mat. To write a 0 into a selected bit, an inhibit current is passed through the inhibit/sense line that
cancels the write current in the Y line. The core does not switch so it remains in the 0 state. With no
inhibit current, the currents in the X and Y lines switch the core to the 1 state.

1-4



Sense Amplifiers — During a read operation, the sense amplifier picks up a voltage induced in the
sense/inhibit winding when a core is switched from a 1 to a 0. This signal is detected and amplified
by the sense amplifier whose output sets a data register flip-flop to store a 1. In effect, a 1 is read but
the core is switched to the O state. Cores which were previously set to 0 are not affected.

Data Register — The data register is a 16-bit flip-flop register used to store the contents of a word after
it is destructively read from memory; the same word can then be written back into memory (restored)
when in the DATI mode. The register is also used to accept data from the Unibus lines to accommo-
date the loading of incoming data into the core memory during the DATO or DATOB cycles.

Device Selector — The device address is decoded in the device selector to determine if the memory
bank has been addressed. Unibus address lines BUS A (17:14) L are used for device selection.

Threshold Circuit and =5V Supply — The threshold circuit provides a reference threshold voltage to
the sense amplifiers. During a read operation, if the threshold voltage (+20 mV) is exceeded, the sense
amplifier produces an output. The =5V supply provides a negative voltage for the sense amplifiers.

1.3.3 G231 Drive Module

The G231 Drive Module contains the address selection logic, switches and drivers, current generator, stack dis-

charge circuit, and DC LO protection circuit.

d.

Address Selection Logic — The core memory receives an 18-bit address from the master device. The
address is latched and decoded to determine if the memory is the selected device and to determine
the core location specifically addressed. If the operation is a byte operation, bus line A00O L indicates
the byte to be used. The X and Y portion of the address is decoded through selection switches and a
diode matrix to enable passage of read/write current through the selected X and Y drive lines of the
memory. The coincidence of these currents selects the specific 16-bit core memory location desired.

Switches and Drivers — The switches and drivers direct the flow of current through the magnetic cores
to ensure the proper polarity for the desired function. This action is necessary because a single read/
write line is used, and the current for a write operation is opposite in polarity to the current required
for a read operation. There are separate switches and drivers for the read and write circuits in the se-
lection matrix.

Current Generators — X and Y current generators provide the current necessary to change the state of
the magnetic cores. The linear rise time and amplitude of the output-current waveform have been
selected to provide optimum switching of the core states and maximum signal-to-neise ratio for a wide
range of temperatures.

Stack Discharge Circuit — The stack discharge circuit maintains the proper stack charge voltage during
operation: approximately 0V during a read operation and approximately 14V during a write operation.

DC LO Protection Circuit — If any dc voltage is out of tolerance, DC LO L is asserted on the Unibus.
[t is sensed by the DC LO protection circuit which inhibits the memory operation by opening the
—15V line to the current source. This prevents spurious memory operation.

1.3.4 H214 Stack Module

The H214 Stack Module contains the ferrite core array and the X-Y diode matrices. The core array consists of

16 mats, each wired in a 128 x 64 matrix. The stack also contains the resistor-thermistor combination to con-

trol the X-Y current generator temperature compensation,



Table 1-3
MM11-L Memory Specifications

‘Type:

Organization:
Capacity:

Access Time and Cycle Time:

Magnetic core, read/write, coincident current,

random access

Planar, 3D, 3-wire

8192(8K) words

Bus Cycle Time Access

Mode Interleaved Non-Interleaved Time
DATI 650 ns 900 ns 400 ns
DATIP 450 ns 450 ns 400 ns
DATO-DATOB 650 ns 900 ns 200 ns
(PAUSE L)
DATO-DATOB 450 ns 450 ns 200 ns
(PAUSE H)

X-Y Current Margins:
Strobe Pulse Margins:

Voltage Requirements

Average Current Requirements:

Power Dissipation (Worst Case):

Environment:
Ambient Temperature:
Relative Humidity:

£6% @ 0°C, £7% @ 25°C, +6% @ 50°C

+30 ns @ 0°C, +40 ns @ 25°C, +30 ns @ 50°C

+5V +5% with less than 0.05V ripple
—15V £5% with less than 0.05V ripple

Stand by:

Memory Active:

+5V: 1.7A
-15V: 0.5A
+5V: 3.4A
-15V: 6.0A

G110 Control Module: ~ 60W
G231 Drive Module: = 40W
H214 Stack Module: ~ 20W

Total at maximum repetition rate: 120W

0°C to 50°C (32°F to 122°F)
0—90% (non-condensing)

1-6
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1.3.5 Basic Memory Operations

The core memory has four basic modes of operation. The main function of the memory is simply to read or
write data. Additional modes are provided, however, to allow for byte operation and to eliminate the restore
cycle when it is not needed, thereby increasing overall system efficiency. The four basic memory operations are:

a.  Read/restore (DATI)
b. Read Pause (DATIP)
c.  Write (DATO)

d. Write byte (DATOB)

These four modes are discussed briefly in the following paragraphs.

NOTE
In the following discussions, all operations refer to
the master (controlling) device. For example, the
term data out indicates data flowing out of the mas-
ter and into the memory.

1.3.5.1 DataIn (DATI) Cycle — The DATI cycle is a read/restore memory cycle. During this operation, the
memory reads the information from the selected core location, transfers it to the Unibus, and then writes the
information back into the memory location. This last step is necessary because the core memory is a destructive
readout device. During the first part of the cycle, the memory loads the data into a register; at tne same time,
the memory applies the data to the Unibus. Then, during the second part of the cycle, the memory takes the
data from the register and writes it back into the addressed memory location.

1.3.5.2 Data In, Pause (DATIP) Cycle — Normally in reading from memory, the information is destroyed in the
particular location accessed, and the data must be restored. However, sometimes it is not actually necessary to
restore the information after reading because the location is to have new data written into it. In this instance,
eliminating the restore operation decreases the memory cycle time by approximately 50 percent. The DATIP
operation is used for this purpose. The data is read from memory and the restore cycle is inhibited. Because no
restore cycle is used, a DATIP must always be followed by a write cycle (either DATO or DATOB) on the same
address or data in both addresses will be destroyed and the memory controller will hang the Unibus.

1.3.5.3 Data Out (DATO) Cycle — The DATO cycle is a write memory cycle used by the master device to trans-
fer data into core memory. To ensure that proper data is stored, the memory unit must first be cleared by read-
ing the cores (thereby setting them all to zero) before writing in the new data. During a normal DATO, the mem-
ory first performs the read operation to clear the cores and then performs a write cycle to transfer data from the
bus into the selected core location. If a DATO follows a DATIP (rather than a DATI), the sequence is not the
same. The DATIP clears core and generates a pause flag; the DATO skips the read cycle and immediately begins
the write cycle. This process reduces DATO cycle time by approximately 50 percent.

1.3.5.4 Data Out, Byte (DATOB) Cycle — The DATOB cycle is similar in function to the DATO cycle, except
that during DATOB, data is transferred into the core memory from the bus in byte form rather than as a full
word. Actually, an entire word is loaded into the selected memory location: the selected byte which is new
data from the bus and the non-selected byte, which is restored data from the word previously stored in that
memory location. During the read cycle, the non-selected byte is saved by reading it into the data register while
the selected byte is transferred into the register from the Unibus. During the write cycle, only the selected byte
portion of the word is loaded into the memory location from the bus. At the same time, the non-selected byte
is restored from the data register into the memory location. In effect, the memory is first cleared and then
simultaneously performs a restore cycle for the non-selected byte and a write cycle for the selected byte. This
mode can follow a DATIP as described above.

1-8
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CHAPTER 2
DETAILED DESCRIPTION

2.1 INTRODUCTION

This chapter provides a detailed description of the MM11-L memory. The detailed description covers the core
array, device and word selection, switches and drivers, current generation, stack discharge circuit, DC LO circuit,
sensefinhibit circuitry, control and timing logic, and memory operating cycles.

2.2 CORE ARRAY

The ferrite core memory consists of 16 memory mats arranged in a planar configuration. Each mat contains
8192 ferrite cores arranged in a 128 x 64 array. Each mat represents a single bit position of a word. This planar
configuration provides a total of 8192 16-bit word locations. Each ferrite core can assume a stable magnetic
state corresponding to either a binary 1 or a binary 0. Even if power is removed from the core, the core retains
its state until changed by appropriate control signals. The outside diameter of each core is 18 mil; the inside
diameter is approximately 11 mil. Each core is 4.5 mil thick.

Selection and switching of the cores is provided by three wires traversing each core in a special selection technique.
An X-axis read/write winding passes through all cores in each horizontal row for all 16 mats. A Y-axis read/write
winding passes through all cores in each vertical row for all 16 mats. Through the use of selection circuits which
control the current applied to specific X-Y windings, any one of the 8192 word locations can be addressed for
writing data into memory or reading data out of memory. A third line passes through each core on a mat to pro-
vide the sense/inhibit functions. There is one sense/inhibit line per mat. This single sense/inhibit line, as well as
the selection circuits, are discussed in subsequent paragraphs.

2.3 MEMORY OPERATION

Figure 2-1 illustrates a typical portion of the core memory. An X and Y winding pass through each core in the
mat. The current passing through any one winding is such that no single winding produces a magnetic field strong
enough to cause a core to change its magnetic state. Only the reinforcing magnetic field caused by the coincident
current of both an X and a Y winding can cause the core located at the point of intersection to change states. It

is this principle that allows the relatively simple winding arrangement to select one and only one memory core

out of the possible 8192 contained on each mat. The current passing through either an X or Y winding is referred
to as the half-select current.

A half-select current passing through the X3 winding (Figure 2-1) from left to right produces a magnetic field
that tends to change all cores in that horizontal row from the 0 to 1 state. The flux produced by the current is,
however, insufficient to complete the state transition in any core. Simultaneously passing a half-select current
through the Y2 winding from top to bottom produces the same effect on all cores in that particular vertical row.



Note, however, that both currents pass through only one core which is located at the intersection of the X3 and
Y2 windings. This is the selected core and the combined current values are sufficient to change the state of the
core. The arrows in Figure 2-1 show current direction for the write cycle.

All X and Y windings are arranged in such a manner that whenever a half-select current is passed through each,
the resultant magnetic fields combine in the core at the point of intersection. This combined, full-select current
ensures that the selected core is left in the binary 1 state. The currents used to select the core are referred to as
write currents. A typical hysteresis loop for a core is shown in Figure 2-2.

In the MM11-L Core Memory, the X3 windings in all 16 mats are connected in series as are the Y1 windings.
Therefore, whenever a full-select current flows through a selected core on one mat, it also flows through an iden-
tical core on the other 15 mats. The X3-Y2 cores on all mats switch to a binary 1, causing each of the 16 cores
to become one bit of a 16-bit storage cell.

Because of the serial nature of the X-Y windings, a method must be employed to set certain cores to the 0 state;
otherwise, every 16-bit word selected would be all 1s. The method used in the MM11-L Core Memory is to first
clear all cores to the O state by reading. During the write operation, cores on particular mats are inhibited by an
inhibit winding. The inhibited cores remain Os even when identical cores on other mats are set to Is.

The half-select current for the inhibit lines is applied from an inhibit current driver, which is a switch and a re-
sistor between the inhibit line and —=15V. The current in the inhibit line flows in the opposite direction from the
write current in all Y lines and cancels out the write current in any Y line. There is a separate inhibit driver for
each memory mat, and each mat represents one bit position of a word; thus, selected bits can be inhibited to
produce any combination of binary 1s and Os desired in the 16-bit word. Remember that the inhibit function is
active only during write time.

The sense/inhibit lines are also used to read out information in a selected 16-bit memory cell. The specific core
is selected at read time in the same manner as during the write cycle, with one notable exception: the X and Y
currents are in the opposite direction. These opposite half-select currents cause all cores previously set to 1 to
change to 0; cores previously set to 0 are not affected. Whenever the core changes from 1 to 0, the flux change
induces a current in the sense winding of that mat. This current is detected and amplified by a sense amplifier.
The amplifier output is strobed into the data register for eventual transfer to the Unibus.

Figure 2-3 shows a 16-word by 4-bit planar memory. The MM11-L Core Memory functions in the same manner
except that it has 128 X lines, 64 Y lines, and 16 core mats. The core stringing is identical, and the sense wind-
ings are strung through all 8192 cores with the interchange between X63 and X064, instead of between X1 and X2,

2.4 DEVICE AND WORD SELECTION
2.4.1 Introduction

When the processor or a peripheral device desires to perform a transaction with the memory, the processor as-
serts an 18-bit address on Unibus address lines A{17:00). Four of these 18 bits indicate the address of the mem-
ory as a device. Bits A{17:14} are used for non-interleaved operation and bits AO1 and A{17:15) are used for
interleaved operation. Thirteen bits A(13:01) indicate the address of a specific word within the memory. Ad-
dress bit AOO is used to select the byte (8 bits) transaction when in the DATOB mode.

The memory address is decoded by the device selection circuit on the G110 Control Module. The word address
is stored in a register on the G231 Driver Module whose output is decoded to activate the X-Y line switches and
drivers that select the addressed word. These circuits contain jumpers that are included or excluded to configure
the memory as follows: establish a specific device address; and select interleaved or non-interleaved operation.
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Figure 2-1 Three-Wire Memory Configuration
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