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PREFACE

s

This manual contains general descriptioms, theory
of operation, diagrams, maintenance data, parts
lists and spare parts lists for the Control Data
CYBER 18 MOS memory subsystem. Although designed
for use in the standard CYBER 18 product line, the
equivalent to the subsystem components are also
used in various quoted special equipments (QSEs)
which utilize the basic micro-programmable
processor. The subsystem may consist of one or
more of the following: AT275-B 16K MOS Memory
Array, AA241-B 32K MOS Memory Array, BA212-A Main
Memory Interface (Address/Control and Data), and
DT223-B Error Checking and Correction Array.

Publication

Information contained in this menual 1is {iatended
for use by maintenance personnel in training and in

the field with a  minimum of six
field-related experience.

months

The publications listed below provide additional

information on the MOS memory and

memory

interface. These publications are available
through Literature and Distribution Services (LDS)

or the nearest Control Data Corporation

office.

Publication No.

AA132, AA133, AA153, AA155 CYBER 18 Processor with MOS Memory

Field Print Package Manual 60475100
AA132, AA133, AA153, DT120, FC402 CYBER 18 Computer Systems

Central Processor Field Repair Guide 60475001
Basic Micro-Programmable Processor Hardware Maintenance Manual 39451400
CYBER 18 Computer Systems Overview Manual 60475000
CYBER 18 Computer Systems with MOS Memory Installation Manual 96768360
DT120, DT195, FC402 Breakpoint Controller and Breakpoint Panel

Hardware Reference/Maintenance Manual 96729000
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GENERAL DESCRIPTION 1

This section provides a brief description of the
elements that comprise the MOS memory subsystem and
the available subystem structures.

SUBSYSTEM COMPONENTS

The MOS memory consists of a data interface card,
an address and control interface card, and from one
to four memory arrays - one of which may be an ECC
(error checking and correction) array. All cards
are standard 11 x 14 inch circuit boards, and each
requires one card space in the microprocessor
chassis. Two memory banks may be coupled together
to double total memory size.

The address and control interface card supplies
timing and control for the MOS memory, and
processes memory requests and addresses from the
CPU and peripheral devices. The data interface
card provides interfacing for the write data inputs
and read data outputs.

The memory arrays are available on either 16K word
or 32K word cards, for a total of 131K possible
memory words in a four-card bank. The word size is
18 bits, which includes a 16-bit data word, a

96768600 C

parity bit, and a protect bit. The total memory
capacity with two banks is 262K words.

The memory array and interface cards operate on
system power, are cooled by fans located in the
processor chassis, and operate under the same
environmental conditionms.

MOS MEMORY SIZE
AND CAPABILITY

The MOS main memory (figure 1-1) is configured as a
one-bank, two-port memory that may be expanded to
create a two-bank, three-port memory system. Each
MOS bank provides from 16K to 131K 18-bit words of
storage without error correction, and from 16K to
98K of storage with error correction. The two
banks are referred to as local and external banks.
Each bank may have only one memory request active
at one time. However, each ©bank operates
independently, thus permitting concurrent access by
different ports to each bank. Each of the three
ports in each bank (local CPU, 1local DMA and
external) has independent address and data control
paths to and from memory and may request memory
independently of any operation currently in
progress on another port.

1-1
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Figure 1-1. MOS Main Memory Configuration
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OPERATION 2

15—

There is no operation or programming information
applicable to this equipment.
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INSTALLATION 3

XS

Installation information for the MOS memory subsystem is
contained in the CYBER 18 Computer Systems with MOS
Memory Installation Manual.
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THEORY OF CPEFATION 4

This section contains a functional description of the MOS
memory and interface. The description is related to

the diagrams in section 5. Other illustrations are pre-
sented throughout this section.

ADDRESS, CONTROL AND DATA FLOW

The MOS memory is a one-bank, two-port memory that

may be expanded to create a two-bank, three-port memory

system. It consists of a data interface, an address and
control interface, and from one to four memory arrays.
The three ports permit three independent data, address,
and control paths to the memory. Any port may request
a memory cycle at any time, but only one memory refer-
ence can occur at one time. Priority selection and
multiplexing of concurrent requests is accomplished by
the MOS memory. One port is used by the central pro-
cessing unit (CPU); the second port is shared by four
direct memory access (DMA) subports; the third port is
used as a dual bidirectional interface with a second MOS
memory bank. The simplified block diagram in figure
4-1 shows the address and data paths.

After priority selection, memory addresses from the
CPU, DMA or external ports are decoded to determine
a word location in the memory array. Either the CPU
or a DMA device may request an external bank address
according to the address formats described later in this
section.

The memory array for each bank consists of from one to
four array boards, each containing either 16K or 32K
words of storage, for a total of from 16K to 131K words.
Each word contains 18 bits, according to the data format
shown below. The word parity and protect bits are
described later in this section.

MSB LSB

17 16 15 0

DATA

l—MEMORY WORD PARITY

PROGRAM PROTECT
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An ECC array may be substituted for one of the array
boards. This adds five check bits to each memory data
word and restricts the total memory capacity of a bank
to 98K words.

A MOS memory cycle can consist of a read operation,
a write operation, or both a read and a write opera-
tion. MOS memory circuits also require a refresh
operation on all row addresses at least each two milli=
seconds to retain stored data.

During a read operation, data leaves the addressed
location in the MOS memory array to the data inter-
face. There the read data is checked for parity and,

if an ECC board is employed, single bit errors detected
and corrected; the data is then directed to the request-
ing port. If an external bank was selected, data is
accessed from the external port of the external bank

by the external port of the local bank, and then

directed to the requesting CPU or DMA port.

During a write operation, write data from the request-
ing port is checked for parity and the appropriate parity
bit is generated. If the ECC option is included, a five-
bit ECC code is also generated from the word contents.
The resulting 18 or 23 bits are sent to the memory
array. .

A split cycle (read followed by a write operation) is
employed when requested by the device requesting a
read/modify/write memory cycle; or whenever a
normal protected write cycle is requested; or when a
character (half word) write cycle is requested. On

a requested read/modify/write cycle, memory activity
stops between read and write portions of the cycle
except for refresh requests. On a protected write
cycle, the write portion of the cycle may be aborted

if a protect fault is encountered. On a character write
cycle, one of the characters read from memory is com-
bined with the new character to be stored in the write
portion of the cycle.

INTERFACE SIGNALS

The MOS memory interconnecting diagrams, figures
5-1 through 5-4, show all data, address, and control
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lines associated with the data interface, address and
control interface, and memory array boards. These
diagrams include all origins, destinations, and pin
numbers. Address and data paths are highlighted to
provide a cross reference to figure 4-1. The func-
tional relationship of these signals is shown in the
functional block diagrams in section 5. A functional
description of the block diagrams is provided later in
this section. Tables 4-1 through 4-4 provide a brief

description of each interface signal.

ADDRESS PATHS

CPU Port to Memory Array

The CPU transmits both the memory address and write
data over a 16-bit (S300/ through S315/) multipurpose
path. Within the MOS memory, the address path taken
depends upon the control signals from the CPU to the
address and control interface.

Absolute addressing — The 16-bit path may be used
to directly address the first 65K words in memory.
The most significant five bits, S304/ through $300/
(MSB), are latched into the CPU address register in
the data interface and are available to the address
and control interface as lines CPUMAB12/ through
CPUMABI16/. The least significant 11 bits, S315/
(LSB) through S305/, are latched into the CPU
address register in the address and control inter-
face.

As the priority select circuits accept the CPU
memory request, the 16-bit address is decoded to
form the row address, column address, block
select, and row address strobe as shown in figure

4-2,
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Since bit 17 of the CPU memory address does not
exist, local memory beyond the first 65K words is
not accessible with this addressing method. CPU
absolute addressing also cannot be used to access
the external bank.

Bounds address loading — The path S300/ through
8315/ is utilized to load either the 16-bit lower
bounds register or the 16-bit upper bounds register
in the data interface. These two registers set the
upper and lower boundaries of the unprotected
memory area available to the CPU, anda limit com-
parison is made each time a CPU address is loaded.

Page mode addressing — In this indirect address-
ing method the least significant 11 bits of the path,
S315/ through S305/, are strobed into the CPU
address register in the address and control inter-
face as in absolute addressing, and are used to
form the least significant 11 bits of the memory
address. However, the upper six bits plus the

S3xx/
FROM CPU
CPUMABxx/ 16 12
FROM
DATA
INTERFACE
l v
A
r A N
17 16 15 14 13 12 11 T & 1
ROW .
ADDR | BLOCK COLUMN ROW
MEMORY ADDRESS STROBE |SELECT | ADDRESS ADDRESS

Figure 4-2. CPU Absolute Addressing
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TABLE 4-1. MOS MEMORY INTERFACE SIGNALS: CPU

Signal SourceT Dest.T ‘ Description

BUSxx D CPU Data output lines 00(MSB) through 15 to CPU three-state bus.

CHARO CPU A Write character 0 or character 1. Enables S300/ through S307/ or

CHAR1 $308/ through S315/, respectively, into memory during a write cycle.

CPUBKPWRT A Brkpt | Signal to breakpoint controller to enable OPERAND breakpoint compare.

Contrlr )

CPUDFMxx D CPU CPU data output lines 01 through 16 (MSB) from memory. May also
contain breakpoint address.

CPUMDS/ A CPU Memory data resume. Read data from memory is available to the CPU

CPU PROTECT/ CPU A Program protect line. Indicates the protect status of a CPU operation.

CPU-REQ/ CPU A Memory request. Requests a memory cycle.

CPU-SC/ CPU A Split cycle request. Requests the read portion of a read/modify/write
cycle,

CPU WRITE CPU A Read/write control. On a read/modify/write cycle, requests write
portion.

CPU WRTPB CPU A Protect bit enable. Directs protect control to write protect bit (bit 17)
into memory.

ENMEMBUS/ CPU D Enables memory data to lines BUS00 through BUS15.

ENPRTSYS CPU A,D Enable protect system line. Overrides normal protect system when
false.

EVENPAR D CPU Word parity status line. Shows even number of 1 bits in word stored in

memory during a write cycle. Does not include protect or ECC bits.

GATEAB/ CPU A,D Memory address enable. Loads S300/ through S315/ into the memory
address register.

GATELBDS/ CPU D Lower bound enable. Loads S300/ through S315/ into the lower bounds
register. Selects ECC status to CPUDFMxx lines if MIR28' is true.

GATEUBDS/ CPU D Upper bound enable. Loads S300/ through S315/ into the upper bounds
: register. Enables loading of memory page file if MIR28' is true.

Enables loading of address mode register if MIR29' is true.

Mc/ CPU A,D Master clear. Resets latches.

MEMPROTBT/ D CPU Memory protect bit status. Same as memory bit 17 except always false
if a CPU operation is in bounds.

Ta: Address and control interface
D: Data interface

4-4 96767600 B




TABLE 4-1. MOS MEMORY INTERFACE SIGNALS: CPU (Continued)

Signal source | Dest.T Description

MIRxx' CPU D Inputs from CPU micro instruction register bits 28 through 31. MIR28'
enables loading of memory page file or ECC status outputs. MIR29'
enables loading of the AMR register, MIR30' selects page mode opera-
tion, and MIR31!' selects program files when loaded into the AMR

register.

MULTIND CPU D Multilevel indirect mode line. When true, inhibits the use of the most
significant address bit from line S300/.

PAGE MODE/ D CPU Page mode status line indicating memory is operating in page mode when
line is true.

PGM FILES/ D CPU Status line indicating the upper half (program files) of the memory page
file has been selected.

ROPINT/ D CPU Read only page interrupt. Write attempt made into a read only page.

$300/ - S315/ CPU A,D Multipurpose path from the CPU, used for data and addresses.

SEC STATUS/ D CPU Status line indicating a single bit error was detected and corrected
(with ECC only).

SET SM 105/ A CPU Program protect fault line. Write attempt made to a protected location.

SET SM 108/ A CPU Parity error status line. Indicates a parity error (no ECC) or a double
error (with ECC) in read data.

STBCPUBKP/ A CPU Strobe line to CPU panel interface to compare breakpoint address. Sets
CPU status latch SM104, ’

To/, TOY/ CPU A,D Timing signals from CPU.

T2 ODDCLK/

T3-MEM/

TA: Address and control interface
D: Date interface
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TABLE 4-2. MOS MEMORY INTERFACE SIGNALS: DMA

Signal SourceT Dest.t Description

DMACHARO DMA A Write character 0 or character 1. Enables DMADO09/ through DMAD16/

DMACHAR1 or DMADO1/ through DMADO08/, respectively, into memory during a
write cycle.

DMADxx/ DMA D Write data lines 01 through 16.

DMADFMxx D DMA DMA data output lines 01 through 16 from memory.

DMAMABxx/ DMA A Address lines 01 through 17.

DMAMAE/ A DMA | Memory address error. Nonexistent external bank selected.

DMAMDS/ A DMA | Memory data resume. Read data from memory is available to the DMA.

DMAMPB/ D DMA Memory protect bit status. Same as memory bit 17.

DMAMPE/ A DMA Parity error status line. Indicates a parity error (no ECC) or a double
error (with ECC) in read data.

DMAMPL/ D DMA Word parity status line. Shows even number of 1 bits in word stored in
memory during a write cycle. Does not include protect or ECC bits.

DMAPROT/ DMA A Program protect line. Indicates the protect status of a DMA operation.

DMA-PF/ A DMA Program protect fault line. Write attempt made to a protected location.

DMA-SC/ DMA A Read/modify/write request. Requests the read portion of a read/
modify/write cycle.

DMA WRITE DMA A Read/write control. On a read/modify/write cycle, requests write
portion.

DMA-WRTPB/ DMA A Protect bit enable. Directs protect control to write protect bit (bit 17)
into memory.

DMAx~INT DMA A Local bank request from individual DMA device (1 through 4). False
selects external bank.

DMAx-MR/ DMA A Memory request from individual DMA device (1 through 4).

DMAx-RA/ A DMA Request accept to individual DMA device (1 through 4).

MCTM/ A DMA Memory cycle time. Timing signal generated after DMA priority
selection.

PRIORITY/ DMA A Absolute priority line. Locks out all requests except refresh and
selected DMA device.

ta: Address and control interface
D: Data interface
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TABLE 4-3. MOS MEMORY INTERBOARD SIGNALS
Signal SourceT Dest.t Description

BLK AB/ A D Inhibits loading of CPU addresses during CPU read/modify/write cycle
operation.

cAs/ A M Column address strobe to memory arrays.

CHR-0/ A Character 0 and character 1 write data enable lines to write data

CHR-1/ multiplexer.

CPUMABxx/ D A CPU memory address lines 12 through 18. CPUMABI8/ selects the
external bank.

CPUNBNDS/ D A CPU address in bounds. Emulates a true CPU PROTECT/ line.

cs/ A D,M Memory chip select. False only during refresh cycle.

DMAREQACT/ A D Local DMA request cycle in process. Enables DMA write data to
memory.

E16KNx-x/ A M Read data transmit enables 0-1 through 1-4. Enable read data from
selected 16K of MOS memory (one of eight).

ECCxx D,M Bidirec. | ECC check bit lines to/from ECC array (00 through 04).

ECCHERE/ M A,D Status line indicating an ECC array is installed.

EMPF D A Status line indicating a load memory page file operation.

ENCPWRTDO/ A D Enables CPU write data to external bank over lines X001 through XO16.

ENDMWRTDO/ A D Enables DMA write data to external bank over lines X001 through X016.

ENEXTRDO/ A D Enables read data to external bank over lines XI01 through XI16.

ENMOS-250 M A Fast array status line. Speeds up memory timing chain, if all MOS
arrays are fast.

ENMOSWRTD/ A Enables write data to memory arrays.

EXTREQACT/ A D External request cycle in process. Enables external write data to local
memory bank.

MDxx D,M Bidirec. | Data lines to/from memory array (00 through 15).

MOSMAxx A M Column and row address lines 00 through 05 to memory arrays.

MPAR D,M Bidirec. | Parity bit line to/from memory arrays.

MPB-L D A Protect bit from read data.

Ta: Address and control interface
D: Data interface
M: Memory arrays
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TABLE 4-3. MOS MEMORY INTERBOARD SIGNALS (Continued)

Signal Source Dest. Description

MPE+DED/ D A Parity error (no ECC) or double error (with ECC).

MPROT D,M Bidirec. | Protect bit line to/from memory arrays.

RAS16Kx~x/ A M Row address strobes 0-1 through 1-4. Eight lines strobe one of eight
selected 16K groups of memory.

RDOPAGE/ D A Read-only page addressed; inhibits write operation.

SELCPUEXT/ A D Select lines to place internal or external read data on the CPUDFMxx

SELCPUINT/ output lines. If both are false, breakpoint address is selected.

SLTBLKx/ A M Block select lines 0-3. Selects one of four 4K blocks on MOS array
board.

STBCPUDFM/ A D Strobes selected read data to CPU output data register, CPUDFMxx.

STBDFM/ A D Strobes to latch corrected read data for possible restore operation.

STBDMADFM/ A D Strobes selected read data to DMA output register, DMADFMxx.

STCP/EXD/ A D Strobes write data into CPU, DMA, and external write data input
registers.

TO0-MEM/ A D TO pulse from timing chain used to latch write data parity.

WRT-MPF/ A D Timing signal used to load the memory page file or generate a read-only
page interrupt.

WRT-PB/ A Enables writing of protect bit to memory.

WT-MOS/ A M Read/write control line to memory arrays.

TA: Address and control interface

D: Date interface
M: Memory array
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TABLE 4-4. LOCAL/EXTERNAL MEMORY BANK INTERFACE SIGNALS
Interface External Bank
Signal Board T Description Signal Name
CHO/PF A Input: Write character 0. Enables XI09 through PF/CHO
X116 into memory.
Output: Protect fault. Write attempt made to a
protected location. ’
CH1/PE A Input: Write character 1. Enables XI01 through PE/CH1
X108 into memory.
Output: Parity error (no ECC) or double error
(with ECC) detected. "
EXTBANK/ A Input: Status line indicating an external bank is
connected.
EXTIMABxx/ A Input: Memory address lines 01 through 17 from EXTOMABxx/
external bank.
EXTOMABxx/ A Output: Memory address lines 01 through 17 to EXTIMABxx/
external bank.
EXTREQIN/ A Input: Memory cycle request from external bank. EXTREQOUT/
EXTREQOUT/ A Output: Memory cycle request to external bank. EXTREQIN/
EXTRESIN/ A Input: Memory data resume. Read data available EXTRESOUT/
from external bank after trailing edge.
EXTRESOUT/ A Output: Memory data resume. Read data avilable EXTRESIN/
to external bank after trailing edge.
EXTWPBIN A Input: Protect bit enable. Directs protect control EXTWPBOUT
to write protect bit (bit 17) into memory.
EXTWPBOUT A Output: Protect bit enable. Derived from CPU EXTWPBIN
WRTPB or DMA-WRTPB/ inputs.
EXTWRTIN A Input: Read/write control. On a read/modify/ EXTWRTOUT
write cycle, requests write portion.
EXTWRTOUT A Output: Read/write control. Derived from CPU EXTWRTIN
WRITE or DMA WRITE inputs.
MPB/PRF A,D Input: Memory protect bit status. Same as memory PRF/MPB
bit 17.
Output: Program protect line. Derived from CPU
PROTECT/ or DMAPROT/ inputs.

D: Data interface
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TABLE 4-4. LOCAL/EXTERNAL MEMORY BANK INTERFACE SIGNALS (Continued)

Signal

Interface
BoardT

Dascription

External Bank
Signal Name

MPL/SC

PE/CH1

PF/CHO

PRF/MPB

SC/MPL

XIxx

XOxx

A,D

Input: Word parity status line. Generates EVENPAR
or DMAMPL/ output.

Output: Read/modify/write cycle request. Derived
from CPU-SC/ or DMA-SC/.

Input: Parity error (no ECC) or double error (with

| ECC) detected by external bank. Generates SET

SM 108/ or DMAMPE/ output.
Output: Character 1 write enable. Derived from
CHAR1 or DMACHARI inputs.

Input: Program protect fault line from external
bank. Generates SET SM105/ or DMA-PF/
outputs.

Output: Character O write enable. Derived from
CHARO or DMACHARO inputs.

Input: Program protect line.
Output: Memory protect bit status. Same as memory
bit 17.

Input: Split. cycle request from external bank.
Output: Word parity status line.

Input: Write data from external bank (01 through
16).

Output: Read data to external bank (01 through
16).

Input: Read data from external bank (01 through
16).

Output: Write data to external bank (01 through
16).

SC/MPL

CH1/PE

CHO/PF

MPB/PRF

MPL/SC

XOxx

D: Date interface

TA: Address and control interface
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external bank select bit are provided by the mem-
ory page file located in the data interface. They
are available to the address and control interface
as CPUMABI12/ through CPUMAB18/ with
CPUMAB18/ as the external bank select bit. The
memory page file is a 64-word by 9-bit random
access memory employed to fully utilize the large
storage capacity of the MOS memory; it is fully
discussed later in this section. The file is
divided into two 32-word halves; the lower half
known as monitor pages, the upper as program
pages. The file address is supplied by the most
significant five bits of the CPU multipurpose path,
S304/ through S300/, plus the MIR31' line from
the CPU micro instruction register. All 262K
words of an expanded memory may be addressed
utilizing the page mode. Figure 4-2 shows both
page mode addressing and memory page file

into the memory page file, is formed from the six
bits S315/ through $310/. The level on S309/ is
stored as the external bank select bit, and S308/
as the read only page flag. S307/ is stored as the
ninth bit, but it is not used.

Once the 17-bit memory address has been formed, if the
external bank select bit from the memory page file is true
and the CPU (external) memory request has been accep-
ted, the address is sent to the external bank over the

lines EXTOMABO1/ through EXTOMAB17/ (see figure
4-3). The treatment of this address path, which is re-
ceived by the external bank as the lines EXTIMABO01/
through EXTIMAB17/, is discussed below.

A local bank CPU request, when accepted, processes the
17-bit memory address as follows:

T

loading address formats. 1. The three most significant bits (15 through 17) of
the memory address are decoded to enable one
of eight row address strobes or transmit enables,
which selects one of up to eight sets of 16K-word
Memory page file loading — When loading the mem-~ memory sections.
ory page file with p?ge addressseos;) ,/ the m?hst ?ilgnifi— ) ™ . . ¢ two bits (13 and 14)
cant five bits, S304/ through S300/, are the file . e next most significant two bi an
address, and S305/ is the upper- or lower-half select one of the four 4K-word (4096 word) blocks
select bit. The page address, which will be written within the 16K-word section.
LOCAL BANK I EXTERNAL BANK
r DATA INTERFACE 1 ‘
CPU MIR 31’ | ] : | R
| MPF
CPU  8304/-5300/ O |
5
L .—: l (®) MosMax
CPUMAB12-17/ CPUMAB18/ | ® stTBLKe/
DMA DMAX-INT/ l RAS16Kx—x/
i BANK SELECT
_——— - E16KdNx=x/
(6) r ADDRESS & CONTROL 1 I —_ —_— -
| INTERFACE | l [_ - -7
| a I I |
EXTERNAL
CPU Suns/-5003/ -t MEMORY | EXTOMABo1-17/ | &) EXTIMABO1-17/ \ :’gg’gg /ARRAY l
DMA DMAMABxx/ ADORESS i i "|  ADDRESS DECODING l

Figure 4-3. External Bank Address Path

96768600 A

4-11



3. The next most significant six bits (7 through 12)
determine the column address within the 4K block.
Each block is divided into 64 columns and 64 rows.

4. The least significant six bits (1 through 6) deter-
mine the row address within the block.

The row and column addresses are sent to the memory
array over a common six-bit path, MOSMAOO through
MOSMAO05. The row address is placed on the path first
and is strobed into the memory array by the selected
row address strobe. Then the column address is placed
on the path and strobed into the array by the column
address strobe, CAS/.

DMA Port to Memory Array

The DMA devices transmit the memory address overa
common open collector 17-bit path, DMAMABO01/ through
DMAMAB17/.

The external bank selection is made by individual lines
from the four DMA subports, DMA1-INT through DMA4-
INT. If a low level is detected on the appropriate line
selected by the DMA priority circuit, then when the
DMA (external) request is honored, the incoming 17-bit
DMA address is placed on the lines EXTOMABO01/
through EXTOMABL17/ to the external bank.

If the DMAx-INT line is high, a local DMA request pro-
cesses the 17-bit memory address as discussed above
for a CPU (local) request.

External Port to Memory Array

Addresses from external bank CPU or DMA memory
requests are received on the lines EXTIMABO1/ through
EXTIMAB17/. As the external request is accepted, the
17-bit address is processed as discussed above for a
CPU (local) request.

READ DATA PATHS
The 18 read data bits enter the data interface from the

memory array over the 16-bit bidirectional data path,
MDO0O through MD15, plus the parity bit line MPAR and
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the protect bit line MPROT. If the ECC option is
installed, the ECC check bits enter on the five lines
ECCO00 through ECC04. The data, ECC, and parity

bits enter the parity check and ECC decoding net-

work, and single bit errors corrected if ECC is avail-
able. The resulting corrected data is available to the
CPU, DMA, or external ports, or to the memory array
for a restore or character write operation.

Read data from the external bank appears at the inputs
X001 through X016, and is available to the CPU or DMA
ports. The parity input is the line MPL/SC, and protect
bit input is the line MPB/PRF.

Read Data to CPU Port

Read data from memory is available to both CPU data
output paths: the 16-line data path CPUDFMO1 through
CPUDFM16, and the 16-line operand data path BUS00
through BUS15.

The CPUDFMzxx lines from memory are stable with read
data a maximum of 5 nanoseconds after the trailing edge
of the CPUMDS/ signal and remain stable until the lead-
ing edge of the next CPU memory request.

On a CPU local read or protected write cycle the read
data is the corrected data from the local bank. For a
CPU external read or protected write cycle the read
data is derived from the external write data input/read
data inputs on XOO01 through XO16.

Also available over the CPUDFMxx lines are the last
address from the CPU to be loaded via the path S300/
through S315/ and the status of the ECC system, which
are discussed later in this section.

A second path for read data to the CPU is the set of
lines BUS00 through BUS15, which feeds the CPU tri-
state bus directly. Read data is stable at this output

a maximum of 120 nanoseconds after the leading edge
of the next CPU memory request. (For a read/modify/
write cycle request, until the leading edge of the
CPUMDS/ signal that follows the leading edge of the
write line.) The source of data for this path is the
CPUDFMxx lines, but the output path may also be
used to read the memory page file status, as discussed
later in this section.
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Read Data vo DMA Port

Read data from memory is available to the DMA devices
over the lines DMADFMO01 through DMADFM16. On a
DMA local read or protected write cycle the read data is
“the corrected data from the local bank. For a DMA
external read or protected write cycle the read data is
derived from the external write data output/read data
inputs on XOO01 through XO16. DMA read data is stable
a maximum of 17 nanoseconds after the leading edge of
the DMAMDS/ signal, and remains stable a minimum
of 340 nanoseconds.

External Bank Read Data Path

The external read data path is shown in figure 4-4. Data
stored in the external bank arrays is read and corrected
by the external bank data interface, output on the external
bank lines X101 through XI16, and received by the local
bank inputs X001 through X016. Read data is stable on
these lines, after the trailing edge of the EXTRESOUT/
signal from the external bank, which is received by the
local bank as the EXTRESIN/ input, and remains stable
for a minimum of 80 nanoseconds. The same set of data

lines is also used to carry write data to the external
bank, but on a protected write cycle the write data will
have been latched into a register in the external bank
before the read data is placed on the lines. Note the
timing diagram for an external bank protected write
cycle.

The external bank read data is available to the request-
ing CPU or DMA port as described in the preceding
paragraphs.

The read data path for a request made of the local
bank by a CPU or DMA device connected to the external
bank is handled in identically the same manner as
described here, with the local and external banks
switching roles. Note that a completely separate set
of address, data, and control lines is used for this
operation, and that the two functions may be executed
simultaneously (e.g., a request from an external DMA
device for the local memory bank may be processed
concurrently with a local CPU or DMA request for the
external memory bank).

From the standpoint of the requesting device, local
and external requests are similar except that ECC
status data is not available to the CPU for an external
bank cycle.

LOCAL BANK I EXTERNAL BANK
T~ oamacmame ] I e
CPU 5315/-5300/, 1
@ REGISTER : | | DATA INTERFACE I
EXTERNAL xome | i
DMA DMADcx/ BaTh M I = © i l T l |
16) " REGISTER | READ I WRITE ‘ |
| ERROR REGISTER
| | I CORRECTION ! | |
| I | : I |
—— l p—— | T READ lwnm: [
< O i DATA e | | | |
OUTPUT
cPy
BUSxx I OPERAND | | L ———————— - _l
® o DMA READ
R M. L
(o)
l | Ta}:m
DMA D:MA'DW/C :_- l I I Y
_________ _] l l,WRITE
|
Figure 4-4. External Bark Read/Write Data Path
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WRITE DATA PATHS

The data interface accepts write data from four
sources: the CPU, the DMA devices, the local MOS
memory arrays, and the external memory bank.

Read data from either the read portion of a split cycle
request or the first portion of a protected write cycle
or character write cycle is stored in the data interface.
A write data multiplexer for each half (character) of a
16-bit word selects either the read data or one of the
other three write data inputs to form a write data word.
For example, on a DMA character 0 write request, the
most significant eight bits (character 0) are selected
from the DMA write data input, while the least insignifi-
cant eight bits (character 1) are selected from the read
data to restore that character in memory.

Once selected, the write data word is sent to the memory
array over the lines MDO0O through MD15. A word parity
bit (MPAR) and protect bit (MPROT) are generated and
sent to the memory along with the write data. If an ECC
array is included, the five ECC check bits ECCO00 through
ECCO04 are also generated and sent to the ECC array.

CPU Write Data Path

The multipurpose path S300/ (MSB) through S315/ from
the CPU is used for write data; it must be stable within
170 nanoseconds maximum after the leading edge of the
CPU memory request and remain stable until the
CPUMDS/ signal (for a split cycle request, from 170
nanoseconds after the leading edge of CPU WRITE until
the following CPUMDS/ signal). For character write
opzration, the CPU places the desired character in the
character 0 or character 1 position. Data on the lines
is latched after the CPU request has been accepted,

and is sent to the write data multiplexer.

DMA Write Data Path

The common open DMA collector data lines DMADO01/
through DMAD16/ must be stable with write data a
maximum of 50 nanoseconds after the leading edge of
the request accept, DMAx~-RA/, and remain stable
until DMAx-RA/ goes false (on split cycle requests,
from within 10 nanoseconds after the leading edge of
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DMA WRITE). For character write operation, the
DMA device places the desired character in the
character 0 or character 1 position. Data on the lines
is latched as the memory cycle starts, and is sent to
the write data multiplexer.

External Bank Write Data Path

The external write data path is shown in figure 4-4.
Write data from either the S300/ through S315/ lines
from the CPU or the DMADO1/ through DMAD16/
lines from the DMA devices is enabled to the bidirec-
tional write data out/read data in lines X001 through
XO16.

Write data is received by the external bank on the input
lines X101 through XI16. After the external bank begins
the external request cycle, the write data is latched in the
external write data register and the signal EXTRESOUT/
is sent to the local bank, which is received on the local
bank input EXTRESIN/. At this time the write data is
removed from the X001 through X016 lines so that read
data may be received over the same path.

The write data path for a request made of the local bank
by a CPU or DMA device connected to the external bank
is handled in the same manner as described here, with
the local and external banks switching roles. A second
set of address, control, and data lines between the banks
is employed for this purpose.

REQUEST AND PRIORITY SELECTION

Each of the three ports requests a memory cycle via a
request control line. For the CPU, the CPUREQ/ line is
brought low. The four DMA devices have individual
request control lines, DMA1-MR/ through DMA4-MR/.
Requests from external bank CPU or DMA devices are
received by the local bank over the EXTREQIN/ line.

Since only one memory request of a single bank can be
processed at one time, a priority scheme is employed
to select one among two or more simultaneous inputs.
Requests are honored according to the following order:

1. Refresh requests — Each 15.6 microseconds a
portion of the memory is refreshed, and a memory
cycle is requested internally by the refresh clock.
A refresh request has first priority.
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2. Priority DMA request — If the PRIORITY/ line is
set low, only the DMAx-MR/ request from the DMA
device selected by switch S10 on the address and
control interface is recognized. All other requests
except refresh are locked out until the PRIORITY/
line goes false.

3. External requests — Requests from external bank
CPU or DMA devices have priority over local CPU
or DMA requests. External requests are received
by the local bank over the EXTREQIN/ line.

4. DMA requests — A separate priority selection is
made among the four DMA request inputs,
DMA1-MR/ through DMA4-MR/, with DMA1-MR/
having the highest priority. Once the highest
priority DMA request has been selected, the
request accept signal DM_Ax-RA/ is sent to the
requesting device, gating data, address, and
control signals from that device to the lines com-
mon to all DMA devices. Then, either a DMA
local or a DMA external request is generated,
which in turn competes with refresh, external,
and CPU requests. For a DMA local request,
refresh and external requests have higher prior-
ity. A CPU local request has lower priority
unless a DMA cycle has just been completed, in
which case a waiting CP U request takes prece-
dence. A separate priority selection is made
between DMA and CPU external requests, again
with the DMA request having higher priority than
a CPU request unless a DMA cycle is in process.

5. CPU requests — CPU requests have lowest pri-
ority, except immediately following a DMA (non-
priority) cycle, as discussed above. They are
received over a CPUREQ/ line from the CPU.

MODES OF OPERATION

READ REQUESTS

Read or write operation is controlled by the write
request line from the requesting device. If the asso-
ciated write request line is false, a read operation is
specified.

96768600 A

CPU Read Request (Local Bank])

For a CPU read cycle the line CPU WRITE must be low
within 25 nanoseconds following the leading edge of
CPUREQ/, and remain low until the leading edge of
CPUMDS/. A CPU read timing diagram is shown in
figure 4-5 and the signals described in table 4-5.

After the CPU request has been selected by the priority
circuits, the eight-phase timing chain (see section 4. 3)
is started and the memory address sent to the memory
array. Read data from the arrays is gated to the bidi-
rectional MDxx memory data lines by one of the
E16KNx-x/ lines, and is then strobed into the CPU
data output register by the second STBCPUDFM/
signal. A CPUMDS/ signal is sent to the CPU, the
leading edge indicating that the incoming control lines
are no longer needed, and the trailing edge indicating
that read data is available over the lines CPUDFMxx
and available to the BUSxx outputs. The parity error
line SET SM 108/ will go low for 80 to 100 nanoseconds
within 100 nanoseconds following the CPUMDS/ signal
if a parity error or double error (ECC) has been
detected.

CPU Read Request (External Bank)

When a CPU request is received and the external bank
is addressed, the requirements for the control and
data lines remain unchanged but the timing is signifi-
cantly altered. A CPU read (external) timing diagram
is shown in figure 4-6 for the local bank signals.
External bank signal activity will be as shown in Exter-
nal bank request timing, figure 4-7. Signals are de-
scribed in tables 4-6 and 4-7.

After the CPU request is selected by the CPU/DMA
external bank priority circuits, a request is sent to
the external bank over the line EXTREQOUT/, which
is received by the external bank over the line
EXTREQIN/. The memory address is gated to the
lines EXTOMABxx. When the external bank com-
pletes the memory cycle, an EXTRESIN/ signal is
received by the local bank, and read data is available
over the lines XOxx. This data is strobed into the
CPU data output register by the second STBCPUDFM/
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TABLE 4-5. CPU READ CYCLE (LOCAL)

Signal Description

CPUREQ/ CPU memory request. Must remain stable until leading edge of CPUMDS/.

CPU WRITE Read/write control. Must remain low from 25 nanoseconds following CPUREQ/ until
leading edge of CPUMDS/.

STBCPUDFM/ First pulse strobes breakpoint address into CPU output register. Second pulse strobes read
data into CPU output register.

SELCPUINT/ Selects local read data to CPU output register when low, breakpoint address when high.

STRMOSADR -Begins memory cycle following acceptance of request. Latches selected address in
address register.

ENMOSWRTD/ When high, enables selected (read data) E16KNx-x output.

RAS16Kx-x/ Selected row address strobe.

E16KNx-x/ Enables read data to MDxx lines.

RAE (CAE) Row address enabled to MOSM Axx lines when high, column address when low.

MOSM Axx Row and column address lines to memory arrays.

TO - T7 Eight-phase timing chain; starts approximately 50 nanoseconds after leading edge of
STRMOSADR.

STRCONT . Timing pulse used to set status latches.

CAs/ Column address strobe to memory array.

STBCPUBKP/ Leading edge indicates to CPU read interface that breakpoint address compare is available
on CPUDFMxx lines until trailing edge.

CPUMDS/ Memory data resume. Control lines from CPU need no longer be stable. Read data
available 5 nanoseconds after trailing edge.

MEMRESYNC Resync signal to priority select circuit.

MDxx Bidirectional data lines 00 to 15 from memory, contain read data beginning at T2 time.

STBDFM/ Timing signal to data interface.

SET sM108/ Goes low at T6+50 nanoseconds for 80 to 100 nanoseconds if a parity error is detected
(T7+50 nanoseconds if ECC double error).

CPUDFMxx CPU data output lines 01 through 16 from data interface. Contain read data 5 nanoseconds

after trailing edge of CPUMDS/.
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TABLE 4-6. CPU READ CYCLE (EXTERNAL)

Signal Description

CPUREQ/ Same as local read cycle.

CPU WRITE Same as local read cycle.

STBCPUDFM/ Same as local read cycle.

CPUEXTSEL Enables CPU memory address to lines EXTOMABxx and CPU control lines to external bank.

EXTREQOUT/ Memory cycle request sent to external bank.

EXTWRTOUT Read/write control line to external bank. Set to level of CPU WRITE by CPUEXTSEL.

EXTOMABxx Memory address lines 01 through 17 to external bank.

EXTRESIN/ Memory data resume from external bank.

SELCPUEXT/ Selects external read data to CPU output register when low, breakpoint address when high.

STBCPUBKP/ Same as local cycle.

XOxx Read data input lines 01 through 16 from external bank. Contains read data for 100 nano-
seconds following trailing edge of EXTRESIN/.

CPUDFMxx CPU data output lines 01 through 16 from data interface. Contains read data at leading edge
of CPUMDS/.

CPUMDS/ Memory data resume. Control lines from CPU no longer needed. Read data available on
CPUDFMxx. :

PE/CH1 Parity error input from external bank. Enabled for 100 nanoseconds following trailing edge
of EXTRESIN/.

SET SM108/ Goes low 60 nanoseconds following trailing edge of EXTRESIN/ if the PE/CH1 line is
true (low).

EXTRESYNC Resync signal to external priority select latches. Trailing edge allows next CPU or DMA
external request to be processed.
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signal, and the memory data resume signal CPUMDS/
leading edge indicates that incoming control signals
are no longer needed and that read data is available
over the CPUDFMxx lines and available to the BUSxx
output. If a parity error (or double error, with ECC)
is detected by the external bank, the line PE/CH1 will
be low following the EXTRESIN/ signal, and the SET
SM 108/ line to the CPU is set low for 80 nanoseconds
within 40 nanoseconds following the leading edge of
the CPUMDS/ signal.

External Read Request

An external read cycle is requested by a low EXTREQIN/
line. The incoming read/write control line EXTWRTIN
is also low to request read operation. An external read
cycle is shown in figure 4-7, and the signals described
in table 4-7.

PRIORITY ‘
WAIT —"l
EXTREQIN/ I

After the external request has been selected by the pri-
ority circuits, the eight-phase timing chain is started,
and the memory address from lines EXTIMABxx decoded
and sent to the memory array. Read data from the
arrays is placed on the XIxx lines to the external bank
by the ENEXTRDO/ signal, a 100 nanosecond pulse
which begins at the trailing edge of the EXTRESOUT/
memory data resume signal. A parity error (no ECC)
or double error (with ECC) is shown by a low level on
the CH1/PE output during the sam= 100 nanosecond
period.

DMA Read Request (Local or External)

A DMA read cycle is requested by one of the four
DMAx-MR/ signals. The local/external bank select
line DMAx-INT from the highest priority DMA request
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TABLE 4-7. EXTERNAL READ CYCLE TIMING

Signal Description

EXTREQIN/ Memory cycle request from external bank.

EXTWRTIN Read/write control line from external bank; low for a read cycle.

EXTIMABxx/ Memory address lines 01 through 17 from external bank.

STRMOSADR Begins memory cycle following acceptance of request. Latches memory address in address
register.

EXTREQACT/ Status latch set at start of timing chain.

RESYNCDMA/EXT Leading edge resets refresh, external and DMA request latches in priority circuity at
T4 time.

MEMRESYNC Resync signal to priority select circuit.

EXTRESOUT/ Memory data resume to external bank, sent at T4 time (T5 with ECC).

ENEXTRDO/ Enables read data from memory arrays to lines XIxx from T6 time to T6+100 nanoseconds
(with ECC: T7 to T7+100 nanoseconds).

XIxx Read data output lines 01 through 16 to external bank. Contain read data during
ENEXTRDO/.

CH1/PE Parity error output (ECC: double error output). Conditional signal enabled during
ENEXTRDO/.

will cause either a DMA local or DMA external
request to be generated. Both lines must stay stable
until the request accept line DMAx-RA/ goes low.
The DMA device selected must then place control and
address information on the lines common to all DMA
devices. For a read cycle request, the DMA WRITE
line must be low until the leading edge of DMAMDS/.
A DMA local read cycle timing diagram is shown in
figure 4-8, with signal descriptions in table 4-8.

A DMA external read cycle is similar to a local cycle
for signals to and from the DMA devices, and internal
timing is similar to a CPU external read cycle, dis-
cussed previously.

If an external bank is selected but no external bank is
connected, the memory address error line DMA-MAE/
is set low within 50 nanoseconds after DMAx-RA/. A
local read cycle from the same memory address is
performed, and the DMA-MAE/ signal is cleared at
DMAMDS/ time.

Read data is strobed into the DMA data output register
by the STBDMADFM/ signal, and a DMAMDS/ signal

is sent to indicate address and control lines are no
longer needed, and read data is available on the
DMADFMxx outputs. The parity error signal DMAMPE/
is an 80 to 100 nanosecond pulse within 100 nanoseconds
after the leading edge of DMAMDS/ if a parity error (or
ECC double error) exists.

96768600 A

WRITE REQUESTS

A write cycle is initiated by a memory request plus a
true write line from the requesting port. Two types

of write cycles are used. The normal (protected, or
automatic split cycle) write cycle consists of a read
followed by a write portion; the read portion detects
parity errors or protect faults, and may abort the write
portion. The read portion in character write mode also
stores the unchanged character of the addressed word
so that it may be restored in the write portion. If the
line ENPRTSYS is false and a word write operation is
specified, a shortened write cycle without a read por-
tion will be performed (full or unprotected write) and
the protect bit automatically set regardless of the con-
dition of previously stored data.

CPU Write Request (Local Bank, Protected)

For a CPU write cycle the control line CPU WRITE
must be high within 25 nanoseconds after the leading
edge of CPUREQ/ and remain high until the leading
edge of CPUMDS/. The write character lines CHARO
and CHARI, plus the program protect line CPUPROTECT/
must also be stable over the same time period. Write
data is stable on the multipurpose path S300/ through
$315/ within 170 nanoseconds of CPUREQ/ until at least
25 nanoseconds after the leading edge of CPUMDS/.

A timing diagram is shown in figure .-4~9 and signals
described in table 4-9.
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TABLE 4-8. DMA READ CYCLE TIMING (LOCAL)

Signal Description

DMAx-MR/ Memory cycle request from one of four (1-4) DMA devices. Must remain low until the
associated DMAx-RA/ signal is sent, and must return high within 50 nanoseconds after
the leading edge of DMAMDS/.

DMAX-INT Local/external bank select line (1-4). Must remain high for local bank request from
DMAx-MR/ until DMAx-RA/.

DMAx-RA/ Request accept signal (1-4). Set low when the request is accepted by the DMA priority
circuits; instructs DMA device to place address and control levels on common lines within
50 nanoseconds. Returns high at T6+50 nanoseconds (T7+50 nanoseconds with ECC), trailing
edge.

DMAREQINT DMA local request pulse to main priority select circuits following selection of highest
priority DMA request.

DMA WRITE Read/write control line. Must be low within 50 nanoseconds following DMAx-RA/, remain
low until DMAMDS/, and must be disabled within 50 nanoseconds following the trailing edge
of DMAx-RA/.

DMAMABxx DMA memory address bus (01~17), Must contain memory address within 50 nanoseconds
following DMAx-RA/, remain stable until DMAMDS/, and be disabled within 50 nano-
seconds after the trailing edge of DMAx-RA/.

STRMOSADR Begins memory cycle following acceptance of DMAL-RQ request. Latches memory address
in address register.

RESYNCDMA/EXT Leading edge resets refresh, external, and DMA request latches in priority circuit at T4
time.

MEMRESYNC Resync signal to priority select circuit.

DMAMDS/ Memory data resume. Control lines from DMA device no longer needed. Read data
stable within 17 nanoseconds after leading edge.

STBDMADFM/ Strobes read data into DMA olltput register at T6 time (T7 with ECC).

DMADFMxx DMA read data lines 01 through 16. Stable within 17 nanoseconds of DMAMDS/ for a
minimum of 340 nanoseconds.

DMAMPE/ Memory parity error line. Goes low at T6+50 nanoseconds if a parity error is detected
(T7+50 nanoseconds if ECC double error).

RESYNCDMA Trailing edge resets DMA priority latches, allowing next DMA request to be selected.
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TABLE 4-9. CPU WRITE CYCLE TIMING (LOCAL, PROTECTED)

Signal Description
CPUREQ/ CPU memory request. Must remain stable until leading edge of CPUMDS/.
CPU WRITE Read/write control. Must remain high from 25 nanoseconds after CPUREQ/ until leading

CHARO, CHARI1
CPUPROTECT/

$300/ - S315/

STBCPUDFM/
STRMOSADR

ENMOSWRTD/

TO0-T7, TO*-T7*

edge of CPUMDS/.

Write character 0 and character 1 control. Must remain stable from 25 nanoseconds after
CPUREQ/ until leading edge of CPUMDS/.

Program protect llne. Must remain stable from 25 nanoseconds following CPUREQ/ until
leading edge of CPUMDS/.

CPU write data lines. Write data must be stable from 170 nanoseconds (NOTE: Should be
less than 50 nanoseconds to generate parity) after leading edge of CPUREQ/ until 25 nano-
seconds after leading edge of CPUMDS/.

First pulse strobes breakpoint address into CPU output register if previous CPU cycle was
a read cycle. Second pulse strobes read data into CPU output register.

Begins memory cycle following acceptance of request. Latches selected address in address
register.

Enables write data to generate parity bit until T2 time, then enables selected E16KNx-x
line to place read data on MDxx lines until T6+50 nanoseconds (T7+50 nanoseconds with
ECC), then enables write data to MDxx lines.

Eight-phase timing chain. T0* to T7* is second cycle of chain. TO0* starts at end of T6 with-
out ECC, at end of T7 with ECC.

STCP/EXD/ Strobes write data from S300/ to S315/ into CPU write data input register.

MDxx Bidirectional data lines 00 through 15 to/from memory arrays. Contain read data from T2
to T6+50 nanoseconds time (T7+50 nanoseconds with ECC), then write data.

STBCPUBKP/ Leading edge of each pulse indicates to CPU that breakpoint address compare is available on
CPUDFMxx lines until trailing edge.

SELCPUINT/ Selects local read data to CPU output register when low, breakpoint address when high.

CPUMDS/ Memory data resume. Control lines from CPU need no longer be stable. Read data available
5 nanoseconds after trailing edge.

STBDFM/ Latches read data for use in character write or restore operation.

CPUDFMxx CPU data output lines 1 through 16 from data interface. Contain read data 5 nanoseconds
after trailing edge of CPUMDS/.

EVENPAR Write data word parity. High if number of 1 bits in write data is even.

MEMPROTBT/ Memory protect bit output line.

SET SM105/ Protect fault line. Goes low at T6+50 nanoseconds (T7+50 nanoseconds with ECC) if a pro-
tect fault detected.

SET SM108/ Goes low at T6+50 nanoseconds for 80 to 100 nanoseconds if a parity error is detected (T7+50
nanoseconds if ECC double error).'

WT-MOS Write enable line to memory arrays, high from T2* to T6* time.

ROPINT/ Read only page interrupt. Goes low at T3 time if a write attempt made on a read only page.
Cleared when new address loaded. (NOTE: This signal shown in write timing diagram only
for reference; memory will operate in a read cycle only.)
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After the CPU request has been accepted, the eight-
phase timing chain is started, write data is latched in
the CPU write data input register and temporarily gated
to the MDxx lines for the purpose of determining the
word parity of the incoming write data. Read data is
then applied to these lines, and strobed into the CPU
data output register (after error correction, with ECC)
by the line STBCPUDFM/. A CPUMDS/ memory resume
is sent to the CPU, the leading edge indicating the end of
the need for input control and write data, and the trailing
edge indicating read data, write word parity and the
memory protect bit status is available to the CPU over
the lines CPUDFMxx, EVENPAR and M EMPROTBT/,
respactively. Read data output is also available to the
BUSxx output. The parity error (SET SM108/) and
protect fault (SET SM105/) lines will indicate the appro-
priate status approximately 100 nanoseconds later by an
80 to 100 nanosecond pulse.

Write data is then again gated to the MDxx lines and the
eight-phase timing chain started on a second cycle. The
WT-MOS/ control line to the memory arrays is set low
for a 160 to 200 nanosecond period to write the data in
memory. This signal is inhibited, leaving the memory
contents unchanged, if a protect fault or protect parity
error is encountered (see discussion on protection later
in this section).

If a read only page has been addressed, the write line is
inhibited and the memory will execute only a read cycle,
but the read only page interrupt ROPINT/ will be gener-
ated at the time shown in the timing diagram.

CPU Write Request (External Banl:, Protected)

When a CPU write request is received and the external
bank is addressed, the requirements for the control

and data lines remain unchanged from local bank require-
ments. A CPU write (external) timing diagram is shown
in figure 4-10 for the local bank signals, with descrip-
tions in table 4-10. External bank signal activity will be
as shown in external write request timing.

After the CPU request is selected by the CPU/DMA
external bank priority circuits, a request is sent to the
external bank over the line EXTREQOUT/, which is
received by the external bank as the signal EXTREQIN/.
The memory address is gated to the lines EXTOMABxx,
write data from lines S300 through S315/ to the lines
XOxx, and CPU control lines to the appropriate external
bank control lines.

4-26

When the external bank completes the memory cycle,

an EXTRESIN/ signal is received by the local bank,

at which time the local bank removes the address,

write data and control information from the local/
external bank lines. At the trailing edge of EXTRESIN/
read data is available over the XOxx lines, and parity"
and protect bit status over the appropriate control

lines. The read data is strobed into the CPU data output
register by the STBCPUDFM/ signal, and the memory
resume signal CPUMDS/ indicates that incoming control
signals and write data are no longer needed, and that
read data is available over the CPUDFMxx lines as well
as available to the BUSxx output. If a parity error
(double error with ECC) or a protect fault is detected

by the external bank, the appropriate SET SM108/ or
SET SM105/ line to the CPU will be set low for 80 nano-
seconds within 40 nanoseconds following the leading
edge of the CPUMDS/ signal.

If no external bank is connected, the external bank
request is inhibited and the memory will perform a
read cycle from the same address in the local bank.
If a read only page has been addressed, the write line
is inhibited and the external bank will execute only a
read cycle. The read only page interrupt signal
ROPINT/ will be generated coincident with the lead-
ing edge of the STBCPUDFM/ signal.

CPU Write Request (Protection Disabled)

A shortened write-only cycle is available if the normal
write protection system is disabled by a low ENPRTSYS
line. Since no read portion is included, only a full word
write (CHARO and CHARI both true) may be used as no
restore data will be available. The protection scheme
is overridden in that the previously stored protect bit

is not read, no protect fault or write abort can occur,
and the protect bit is set into memory bit 17 on every
instruction. Only a read only page error or memory
addressing error (no external bank) will defeat a write
operation.

Processing of the request is the same as for a protected
write request except that no parity error or protect fault
signals will be generated and no read information is
available. A timing diagram is shown in figure 4-11.
Note that only one cycle of the eight-phase timing chain
is utilized. Signal descriptions are included in table
4-11.
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TABLE 4-10. CPU WRITE CYCLE TIMING (EXTERNAL)

Signal Description
CPUREQ/ CPU memory request. Must remain stable until leading edge at CPUMDS/.
CPU WRITE Read/write control. Must remain high from 25 nanoseconds after CPUREQ/ until leading

CHARO, CHAR1

CPUPROTECT/

$300/ - 315/

STBCPUDFM/

CPUEXTSEL
EXTREQOUT/
EXTWRTOUT
PF/CHO

PE/CH1

MPB/PRF

EXTOMABxx
ENCPWRTDO/
XOxx

EXTRESIN/
SELCPUEXT/
STBCPUBKP/

CPUDFMxx
CPUMDS/
SET SM105/
SET SM108/
EXTRESYNC

ROPINT/

edge of CPUMDS/.

Write character 0 and character 1 control. Must remain stable from 25 nanoseconds after
CPUREQ/ until leading edge of CPUMDS/.

Program protect line. Must remain stable from 25 nanoseconds following CPUREQ/ until
leading edge of CPUMDS/.

CPU write data lines. Write data must be stable from 170 nanoseconds. (NOTE: Should be
less than 50 nanoseconds to generate parity) after leading edge of CPUREQ/ until 25 nano-
seconds after leading edge of CPUMDS/.

First pulse strobes breakpoint address into CPU output register if previous CPU cycle was a
read cycle. Second pulse strobes read data into CPU output register.

Enables CPU memory address to lines EXTOMABxx and CPU control lines to external bank.
Memory cycle request sent to external bank.
Read/write control line to external bank. Set to level of CPU WRITE by CPUEXTSEL.

Dual purpose line. Set to level of CHARO by CPUEXTSEL until EXTRESIN/. Contains condi-
tional protect fault signal from external bank for 100 nanoseconds following trailing edge of
EXTRESIN/.

Dual purpose line. Set to level of CHAR1 by CPUEXTSEL until EXTRESIN/. Contains
conditional parity error signal from external bank for 100 nanoseconds following the trailing
edge of EXTRESIN/.

Dual purpose line. Set to complement of CPU PROTECT/ by CPUEXTSEL until EXTRESIN/.
Contains level of protect bit from external bank for 100 nanoseconds following trailing edge
of EXTRESIN/.

Memory address lines 01 through 17 to external bank.
Enables write data from lines S300/ through S315/ to lines XOxx.

Dual purpose data lines 01 through 16 to/from external bank. Contain write data from
EXTREQOUT/ until EXTRESIN/. Contain read data for 100 nanoseconds after trailing edge of
EXTRESIN/.

Memory resume signal from external bank.
Selects external read data to CPU output register when low, breakpoint address when high.

Leading edge indicates CPU breakpoint address compare is available on CPUDFMxx lines
until trailing edge.

CPU data output lines 10 through 16 from data interface. Containread data after leading edge of
CPUMDS/.

Memory data resume. Control lines from CPU need no longer be stable. Read data available
at leading edge.

Protect fault line. Goes low 60 nanoseconds following trailing edge of EXTRESIN/ if the
PF/CHO line is true (high).

Parity error line. Goes low 60 nanoseconds following trailing edge of EXTRESIN/ if the
PE/CH1 line is true (low).

Resync signal to external priority select latches. Trailing edge allows next CPU or DMA
external request to be processed.

-Read only page interrupt. Goes low at leading edge of CPUMDS/ if a write attempt made on

a read-only page. Cleared when new address loaded. (NOTE: This signal shown in write tim-
ing diagram only for reference; external bank operates in a read cycle only.)
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TABLE 4-11. CPU WRITE CYCLE (LOCAL, PROTECTION DISABLED)

Signal Description
CPUREQ/ CPU memory request. Must remain stable until leading edge of CPUMDS/.
CPU WRITE Read/write control line. Must remain stable from 25 nanoseconds after CPUREQ/ until

CHARO, CHAR1

$300/ - $315/

leading edge of CPUMDS/.

Both character write lines must be true (high) from 25 nanoseconds after CPUREQ/ until
leading edge of CPUMDS/.

CPU write data lines. Must be stable from 100 nanoseconds after CPUREQ/ until 50 nano-
seconds after trailing edge of CPUMDS/.

First pulse strobes breakpoint address into CPU output register if previous cycle was

Begins memory cycle following acceptance of request. Latches selected address in

Strobes write data from S300/ through S315/ lines into CPU write data input register.

Memory data resume. Control lines from CPU need no longer be stable.
Write enable line to memory arrays. Low from T2 to T6 time.

If previous cycle was a read cycle, leading edge indicates breakpoint address available on

Write data word parity. High if number of 1 bits in write data is even.

STBCPUDFM/

a read cycle. Second pulse unused.
STRMOSADR

address register.
ENMOSWRTD Enables write data to MDxx lines.
STCP/EXD/
MDxx Write data lines to memory.
CPUMDS/
WT-MOs/
STBCPUBKP/

CPUDFMxx lines until trailing edge.
EVENPAR
ROPINT/ Read only page interrupt. Conditional at T1 time.

If the external bank is address and the ENPRTSYS line
on the external bank is not also set low, a normal CPU
(external) write cycle will be executed (complete with
read data) except that the external bank will see a true
protect line (MPB/PRF). If ENPRTSYS is low on the
external bank, the short cycle will be executed and pro-
tect bit set even if ENPRTSYS was not set low on the
local bank.

External Write Requests
An external write cycle is requested by a low EXTREQIN/

line. The read/write control line EXTWRTIN is high to
indicate a write request. The control lines CHO/PF,
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CH1/PE, and PRF/MPB contain the control informa-
tion dictated by the CPU or DMA control lines for write
character and program protect. An external write
cycle is shown in figure 4-12 and the signals described
in table 4-12.

After the external request has been selected by the prior-
ity circuits, the eight-phase timing chain is started, and
the memory address from EXTIMABxx/ and write data
from XIxx is sent to the memory array. Read data from
the arrays is placed on the same XIxx lines by the
ENEXTRDO/ signal, a 100 nanosecond pulse which begins
at the trailing edge of the EXTRESOUT/ memory data
resume signal. Parity and protect status information

is transmitted over the bidirectional control lines
CHO/PF, CH1/PE and PRF/MPB during the same

100 nanosecond period.
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TABLE 4-12. EXTERNAL WRITE CYCLE TIMING (PROTECTED)

Signal Description

EXTREQIN/ Memory cycle request from external bank.

EXTWRTIN Read/write control from external bank; high for a write cycle.

CHO/PF Write character 0 control line until T4 time; protect fault conditional output during
ENEXTRDO/.

CH1/PE Write character 1 control line until T4 time; parity error or ECC double error conditional
output during ENEXTRDO/.

PRF/MPB Protect control line until T4 time; memory protect bit 17 during ENEXTRDO/.

EXTIMABxx Memory address lines 01 through 17 from external bank.

XIxx Write data input lines 10 through 16 from external bank until T4 time; read data output
lines during ENEXTRDO/.

EXTREQACT/ Enables write data from XIxx lines to memory arrays.

ENEXTRDO/ Enables read data from memory arrays to lines XIxx from T6 time to T6+100 nanoseconds
(with ECC: T7 to T7+100 nanoseconds).

WI-MOS/ Write enable line to memory arrays; low from T2* to T6* time.

RESYNCDMA/EXT Leading edge resets refresh, external and DMA request latches in priority circuit at
T4* time.

DMA Write Requests (Local and External)

A DMA write cycle is requested by one of the four
DMAx-MR/ signals. The local/extemal bank select
line DMAx-INT from the highest priority DMA request
will cause either a DMA local or DMA external request
to be generated. Both lines must stay stable until the
request accept line DMAx-RA/ goes low. The DMA
device selected must then place control and address
information on the lines common to all DMA devices.
For a write cycle request, the DMA WRITE line must
be high until the leading edge of DMAMDS/. The write
character lines DMACHARO and DMACHAR]I, the pro-
gram protect line DMAPROT/, and the write data lines
DMADxx must also be stable over the same period. A
timing diagram for a DMA local protected write cycle is
shown in figure 4-13, with signal descriptions in table
4-13. A DMA external write cycle is similar to a local
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cycle for signals to and from the DMA devices, and
internal timing is similar to a CPU external write
cycle, discussed previously. A shortened DMA unpro-
tected write cycle is possible when the ENPRTSYS line
is low, with internal timing similar to a CPU unpro-
tected write cycle.

If an external bank is selected but no external bank is
connected, the memory address error line DMA-MAE/
is set low within 50 nanoseconds after DMAx-RA/. A
local read cycle from the same memory address is per-
formed, and the DMA-MAE/ signal is cleared at
DMAMDS/ time.

After the DMA request has been accepted by both the
DMA and main priority select circuits, write data from
the lines DMADxx/ are latched in the DMA write data
input register and the parity determined. Read data is

96768600 A



DMA MAIN

eindl
DMAx-MR/ - ——‘_‘ § y / Aj :% ﬂ
- a7 7 2

i £
DMAx-RA/ I

DMAREQINT A' P |_L 4
N 707 7 ¢ %)

£ —r L

DMA CHARO, 1 4 ,V A 7‘ ) CHARO, CHARL V A
/ 5 7 £

DMA PROT/ /j :V ﬁ 1’ g PROGRAM PROTECT W ﬂ
. 4 , 2

DMAMABxx/ Z %’ 'W / ﬂ l\ S MEMORY ADDRESS W ﬂ

WRITE DATA V M

DMADxx/ A IV A j

N

STRMOSADR PR PR I l
-rol'rzl-rql*rsl'ro*l'rz*l'rvl-rstl
1'|'ral1‘s|'r1ln‘lra'lrs*lﬂ'—l
8-PHASE TIMING CHAIN :é l 1
*DELAYED 40-50 NSEC
- s 5 ¢ I WITH ECC
DMAREQACT/

5 f 1 9

DMAMDS/ l_l.is E.Jr

¢ § ¢ 1 I

STBDMADFM/ I_I__LE BJ
DMADFMsxx / A; V/ / A, ’W/ A E : READ DATA

gz:x:gf / / %: ;W / Aj :W / /// // % / A E : PARITY & PROTECT BIT STABLE

DMAMPE/

DMAMPF/ S . | B-: l E
| E 1 | E

- J L4

RESYNCDMA £ § £

-5 ¥
WT-MOs/ ‘——-|
RESYNCDMA/EXT f f $ ¥ I |

Figure 4-13. DMA Write Cycle Timing (Local, Protected)
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TABLE 4-13. DMA WRITE CYCLE TIMING (LOCAL, PROTECTED)

Signal Description

DMAx-MR/ Memory cycle request from one of four (1-4) DMA devices. Must remain low until the associ-
ated DMAx-RA/ signal is sent, and must return high within 50 nanoseconds after leading edge
of DMAMDS/.

DMAx-INT Local/external bank select line (1-4). Mustremain high for local bank request from
DMAx-MR/ until DMAx-RA/.

DMAx-RA/ Request accept signal (1-4). Set low when the request is accepted by the DMA priority circuits,
and instructs DMA device to place address, write data and control levels on the common lines
within 50 nanoseconds. Returns high at T6+50 nanoseconds (T7+50 nanoseconds with ECC),
trailing edge.

DMAL-RQ DMA local request pulse to main priority select circuits following selection of highest
priority DMA request.

DMA WRITE Read/write control line. Must be high within 50 nanoseconds following DMAx-RA/, remainhigh

: until DMAMDS/, and must be disabled within 50 nanoseconds following the trailing edge of
DMAx-RA/. »

DMACHARO Write character 0 and character 1 control. Must remain stable from 50 nanoseconds following

DMACHAR1 DMA-RA/, remain stable until DMAMDS/, and be disabled within 50 nanoseconds after the
trailing edge of DMAx-RA/.

DMAPROT/ Prozram protect line. Must remain stable from 50 nanoseconds following DMAx-RA/, remain
stable until DMAMDS/, and be disabled within 50 nanoseconds after the trailing edge of
DMAx-RA/.

DMAMABxx DMA memory address bus (01-17), Must contain memory address within 50 nanoseconds
following DMAx-RA/, remain stable until DMAMDS/, and be disabled within 50 nano-
seconds after the trailing edge of DMAx-RA/.

DMADxx/ DMA write data lines. Write data must be stable within 50 nanoseconds following DMAx-RA/,
remain stable until DMAMDS/, and be disabled within 50 nanoseconds after the trailing edge
of DMAx~RA/.

STRMOSADR Begins memory cycle following acceptance of DMAL-RQ request. Latches memory address
in address register.

DMAREQACT/ Enables write data from DMADxx lines to memory arrays.

DMAMDS/ Memory data resume. Write data and control lines from DMA device no longer needed. Read
data stable within 17 nanoseconds after leading edge.

STBDMADFM/ Strobes read data into DMA output register at T6 time (T7 with ECC).

DMADFMzxx DMA read data lines 01 through 16. Stable within 17 nanoseconds of DMAMDS/ for a minimum
of 340 nanoseconds.

DMAMPB/ Memory protect bit output line.

DMAMPL/ Write data word parity output line. Low if number of 1 bits in write data word is even.

DMAMPF/ Protect fault line. Goes low at T6+50 nanoseconds (T7+50 nanoseconds with ECC) if a protect
fault is detected.

DMAMPE/ Goes low at T6+50 nanoseconds for 80 to 100 nanoseconds if parity error is detected (T7+50
nanoseconds if ECC double error).

RESYNC DMA Leading edge resets DMA priority latches, allowing next DMA requesi to be selected.

WT-MOS / Write enable line to memory arrays; low from T2* to T6* time.

RESYNCDMA/EXT Leading edge resets refresh, external, and DMA request latches in priority circuit at T4*

timsa.
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strobed into the DMA output register (after error cor-
rection, with ECC) by the line STBDMADFM/. A
DMAMDS/ signal is sent to indicate address, write data
and control lines are no longer needed from the DMA;
read data is available on the DMADFMxx output and
word parity as well as memory protect bit status is
available over the lines DMAMPL/ and DMAMPB/.
The parity error (DMAMPE/) and protect fault
(DMAMPF/) lines will indicate the appropriate status
approximately 50 nanoseconds later by an 80 to 100
nanosecond pulse.

Write data is then gated to the arrays and the WT-MOS/
control line is set low to write the data into the selected
location. This signal is inhibited, leaving the memory
contents unchanged, if a protect fault or protect parity
error is encountered (see discussion on protection later
in this section).

SPLIT CYCLE OPERATION

Two types of split cycle operation are utilized in the
MOS memory system. The automatic read/write split
cycle is used in a normal, protécted write operation,

and is discussed in previous paragraphs. A read/modify/

write cycle may be requested which will allow certain
controls and data to be changed between the read and
write portions. The request is made via the split cycle
control line from any port, and either local or remote
bank may be addressed.

The first portion of the cycle is a read portion, with the
same input and output requirements as a standard read
cycle except that the split cycle control line (CPU-SC/
or DMA-SC/) must remain true throughout the read por-
tion and the read/write control line must stay false.

After the read cycle has ended, the memory will halt.
The read/write control line must be held false during
the modify period, as this line going true triggers the
write portion of the cycle. As the read information

is digested, changes in the write data and character
write control lines may be changed. The write portion
may not be aborted, however the original data may be
restored to memory by having both write character lines
pulled false by the requesting device.

The write portion of a read/modify/write split cycle is
initiated by the write line going true, and the split cycle

96768600 A

control line must return false within 50 nanoseconds

of that time. Normally, a read/write automatic split
cycle will constitute the write portion of a read/modify/
write requested split cycle, as shown in the timing dia-
gram of figure 4-14, and in the signal description of
table 4-14.

WORD/CHARACTER MODE

Certain applications utilize memory more efficiently
in eight-bit segments, or characters, rather than in
16-bit words. The character mode of operation allows
memory information to be modified one 8-bit character
at a time.

Character 0 is the most significant eight bits of the data
word, received by the CPU port on lines S300/ through
$307/ and by the DMA port on DMADO9 through DMAD16/.
Character1 is the least significant eight bits. Read
operations are not affected by the character mode, and
the requesting device must extract the wanted character
from the full 16-bit word. Character write operations
are accomplished by reading the addressed word, then
writing a new word consisting of the one new character
along with the remaining eight bits just read from the
addressed location. This rewriting of read data is known
as a restore operation. Thus, in a character 0 write
cycle character 0 is written with new information while
character 1'is restored.

The character write control lines CHARO, CHAR1,
DMACHARO and DMACHAR]I direct write operations
in memory according to the following truth table:

CHARO or CHAR1 or Write
DMACHARO DMACHARI1 Function

True True Full word write

True False Write character 0,
restore charac-
ter 1

False True Write character 1,
restore charac-
ter 0

False False Restore entire
word

The full word restore operation may be used in read/
modify/write split cycle requests when the requesting
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TABLE 4-14. CPU READ/MODIFY/WRITE SPLIT CYCLE (PROTECTED)

Signal Description

CPUBKPWRT CPU breakpoint write control line becomes true whenever the CPU-SC/ is false or when
the CPUWRT condition is false.

CPUREQ/ CPU memory request. Must stay low until leading edge of first CPUMDS/ signal.

CPU-SC/ CPU split cycle control line. Muststay low from 25 nanoseconds following CPUREQ/ until
the first CPUMDS/. Must return false before 10 nanoseconds following change of CPU
WRITE to a true level.

CPU WRITE Read/write control line. Must be low until first CPUMDS/. Change of state to true (high)
level initiates write portion of cycle.

STBCPUDFM/ First pulse strobes breakpoint address into CPU output register if previous CPU cycle was
a read cycle. Second and third pulses strobe read data into CPU output register.

STRMOSADR Begins read memory cycle after acceptance of request. Second pulse begins write cycle
following initiation by write line.

EN MOSWRTD/ First high portion enables E16KNx~x/ output to memory array for read data. At the start
of STRMOSADR in the write portion a low level enables write data input for parity gener-
ation. Returns high at T2 time to enable read data from memory, and returns low to enable
write data at T6+50 nanoseconds.

E16KNx-x/ Transmit enables (0-1 through 1-4) place read data to MDxx lines.

MOSMAxx Row and column address lines (00 through 05) to memory arrays.

RAS16Kx-x/ Row address strobes (0-1 through 1-4).

STRCONT Timing pulse used to set status latches.

TO0-T7, TO*-T7*

STCP/EXD/
BLK AB/

CPUSC-HLD

RAE/CAE
SCCLRDMA

cAs/

MDxx

STBCPUBKP/

Eight-phase timing chain. Run once for read portion of split cycle; run twice during write
portion. TO0*-T7*, the write section of the write cycle, begins at end of T6 without ECC,
at end of T7 with ECC.

Strobes write data from S300/ through S315/ into CPU write data storage register.

Inhibits change of memory address by CPU until split cycle is complete.

Generates resync and inhibit signals to block other requests from priority circuits until
split cycle is complete.

Row address enabled to MOSMAxx lines when high/ column address when low.
Resync pulse at T1 time to priority circuits to clear any waiting DMA request.

Column address strobe to memory array. Shaded portion shows early strobe used with
fast arrays.

Memory data lines 01 through 16 to memory arrays. Contain read data from first T2 time
until write line goes high; read data again from the second T2 time until T6+50 nanoseconds
(T7+50 nanoseconds with ECC); then write data.

If previous cycle was a read cycle, leading edge of pulse indicates breakpoint address is
available on CPUDFMxx lines until trailing edge.
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TABLE 4-14. CPU READ/MODIFY/WRITE SPLIT CYCLE (PROTECTED) (Continued)

Signal Description

SELCPUINT/ Selects local read data to CPU data output register when low, breakpoint address when
high. Data is strobed into register by STBCPUDFM/.

CPUMDS/ Memory data resume. First pulse indicates read data available within 5 nanoseconds after
trailing edge on CPUDFMxx lines, and CPU WRITE may go high any time thereafter to
begin write cycle. Second pulse indicates control lines from CPU are no longer needed, and
that read data from write portion of cycle available 5 nanoseconds after trailing edge.

RESYNCDMA/EXT Resync pulse during read portion to clear waiting DMA or higher priority requests.

MEMRESYNC Resync pulses to priority select circuits.

STBDFM/ Timing signals to data interface.

CPUDFMxx CPU data output lines 01 through 16 from data interface. Contain read data 5 nanoseconds
after trailing edges of CPUDMS/.

SET SM108/ Conditional parity error signal. Goes low at T6+50 nanoseconds time if a parity error is
detected (T7+50 nanoseconds for ECC double error) on read and write portions.

CPUSCREQ Internal memory request generated to begin write portion of split cycle when write line
goes true.

S300/ - 8315/ Write data lines from CPU. Must contain write data within 50 nanoseconds after change of
write line to true state until following CPUMDS/ signal.

SET SM105/ Conditional protect fault signal. Goes low at T6+50 nanoseconds (T7+50 nanoseconds with
ECC) during write portion if a protect fault is detected.

WT-MOS/ Write enable line to memory arrays. True (low) from T2* until T6* time during write
cycle.

device chooses not to write new information, thus effec-
tively aborting the write portion of the cycle.

When either or both of the character write control lines
are false, a read/write (automatic split cycle) is always
performed during a write request, even if protection is
disabled by a low ENPRTSYS line.

ABSOLUTS/PAGE MODE

All addresses from the DMA and external ports use a
direct 17-bit address, and the DMA devices include an
extra line for bank selection so that the full 262K word
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expanded memory may be addressed. The CPU, however,
is limited to a 16-bit address and therefore must use an
indirect addressing scheme to fully utilize the MOS
memory capability. The page mode is used only for

CPU requests. -

Absolute mode refers to the use of a direct 16-bit
addressing method that the CPU may utilize to access
the first 65K bits of memory. Page mode refers to

the indirect addressing method in which the least insig-
nificant 11 bits (2K words) are directly addressed but the
most significant seven bits are supplied by a random
access memory known as the memory page file. Thus
the memory is divided into 2K word segments, or pages,
with the page address stored in the memory page file.
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Up to 64 page addresses may be stored in the file, out
of the 128 pages possible. The memory page file is
divided into two 32-word locations, with the upper half
known as program files (or pages) and the lower half
as monitor pages. Each 9-bit word in the memory page
file consists of a 7-bit page address, one bit to flag
read only pages, and a bit currently unused. The mem-
ory page file is accessed and controlled through the
micro instruction register lines MIR28' through MIR31'.

Loading the Memory Page File

Loading of the memory page file is accomplished with
the micro command LOAD MPF, which consists of two
steps. The first, GATE MPF ADR places the line
MIR28' true while the GATEUBDS/ line is brought low,
which places the memory page file in a write mode.
Next, a standard CPU write operation is commanded,
with the memory page file address contained in AB05
(upper half select) through AB00 and the memory page
file data in AB15 through AB07. See figure 4-15 for
the memory page file loading and address format. While
the memory page file is being loaded, the memory exe-
cutes a dummy read cycle from a location in which the
memory page file loading code is interpreted as an
absolute address.

If ABO8 is true, the read-only page bit is set (see below),
prohibiting any further writing to the 2K words within that
page in main memory.

Memory Page File Status

The contents of the memory page file may be checked
by the micro command READ MPF, which enables the
following output of the BUSxx lines:

BUsx 0 1 2 3 6
L PGM FILES: CONDITION OF AMR1 REGISTER

|- |— PAGE MODE: CONDITION OF AMRO REGISTER

READ ONLY PAGE ERROR: COMPLEMENT OF ROPINT/.

7 15

PAGE ADDRESS
MPF08 - MPF00

Sixx/ 00 04 05 06 [ 15 83xx/ 00 04 05 15
% 7,
// PAGE
LOAD MPF u/t | ADDRESS MPF
MPF ADDRESS | HALF / AND ADDRESS WORD ADDRESS
/ CONTROL
. > y
JL/
r A)
MPPxx 8 7 6 5 [
72/7)
MEMORY // 1 ro
% / EXT PAGE
PAGE / 7] onLY
/Y BANK ADDRESS
FILE /1] PAGE
Y,
[ —
:/ .
r N N
CPUMABx/ 17 15 14 13 12 1 7 6 1
. l
16K & )
ROW COLUMN ROW
MEMORY ADDRESS BLOCK 1
ADDRESS ADDRESS ADDRESS
sTROBE | SELECT :

Figure 4-15. Page Mode Address Formats
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Page Mode Selection

The page mode is a latched condition that is set with a
GATE AMR command (GATEUBDS/, MIR29' true) with
MIR30' true, setting the AMRO register. The page mode
remains in force for all subsequent CPU requests until

a similar command is given with MIR30' false, or a
master clear signal clearing the AMRO register. The
page mode status has no effect on requests from the
DMA or external ports.

On the same command the AMR1 register is loaded with
the level on the MIR31' line, a true level selecting the
upper half or program files, a false level the monitor

pages.

Page Mode Read/Write

Once the page mode has been selected, a CPU memory
cycle must be preceded in the normal mannerby a CPU
memory address loading consisting of a GATE AB com~-
mand, loading the contents of the address register with
the contents of lines S300/ through S315/. Lines S300/
through S304/ contain the 5-bit memory page file address,
while lines S305/ through S315/ contain the word address
within the selected 2K word page.

It is the output of this address register that is compared
with the breakpoint address (see Protection, below) to
determine an in- or out-of-bounds condition. Thus in
page mode the bounds comparison is made against the
logical address from the CPU rather than the actual
memory address.

Read-Only Pages

If the read-only page bit 7 in the memory page file is set
by a true level on line S308/ during loading, all the 2K
words within that page become read-only addresses. If
an attempt is made to write into a read-only page, the
write line is inhibited and the memory executes a read
cycle from the same location, and the read-only page
interrupt line ROPINT/ is set low. This line remains
low until the memory page file is loaded or read, or
cleared by a master clear. Note, however, that if a
read-only page is located in the first 65K of memory,
a write request made using absolute addressing mode
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will alter the addressed word. Read-only page protec-
tion applies in page mode only.

To change the contents of a read-only page the memory
page file must be reloaded with the page address, and
the read-only page bit false. When the desired changes
are made to the page contents, the memory page file
must again be reloaded with the same page address and
the read-only page bit true. This operation restores the
read-only page protection.

MULTILEVEL INDIRECT MODE

If multilevel indirect addressing is selected by the CPU
(MULTIND line high) the most significant bit of the CPU
address register and both bounds registers is forced
false. The following conditions would then apply:

° Absolute mode — The CPU maximum addressable
physical memory is the least significant 32K words
of the local bank, as only a 15-bit address is being
utilized. Note that since the breakpoint compari-
son addresses are affected also, even if the in-
bounds segment is in the second 32K of memory a
duplicate in-bounds segment is established in the
first 32K when in multilevel indirect mode.

° Page mode — The addressable pages are limited to
the least significant 16 monitor pages and 16 pro-
gram pages, thus limiting the immediate address-
ing space to 65K words. However, each page may
be located anywhere in the possible 262K of memory.

PROTECTION

Memory protection is a method of identifying certain
words or groups of words as being protected from ordi-
nary write operations. Two methods are used in the MOS
memory: the read-only page protection previously dis-
cussed in this section, which applies only to CPU page
mode write requests, and the protect bit. Read-only
page protection is the highest priority protection, and

the protect bit is unimportant until the read-only page
protection is removed.

The protect bit is stored along with the data word in the
most significant bit position (bit 17) of the 18-bit memory
word. When the protect bit is true, the word is con-
sidered a protected location. Read operations are not
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affected by the condition of the protect bit, but will pro- is low, which disables the normal protection system,
vide the status of the protect bit over the lines and on a CPU in-bounds condition (see below).
MEMPROTBT/ to the CPU port, DMAMPB/ to the
DMA port, or PRF/MPB to the external port. (An
exception to this is that on a CPU in-bound condition,
the MEMPROTBT/ line is false regardless of the status
of the protect bit.) Timing for the memory protect bit
output is the same as for read data output for the type
of cycle requested.

Protect Faults

When write operations to a protected location are
attempted, and the conditions discussed above for a
successful write operation are not met, the write opsra=-
tion is aborted (the write cycle is completed, but the write
enable line WT-MOS/ to the memory arrays is inhibited).
Protect Bit Write

A protect fault signal is also generated to the requesting

To change the condition of the protect bit, the write port to indicate the aborted operation. Timing for protect
protect bit line from the requesting port must be true fault signals for the various types of write cycles are
and a write cycle must be requested. The protect bit shown in the timing diagrams earlier in this section.
then assumes the level of bit 10 (on a scale of 1 through
16, with 1 LSB) in the incoming write data word: Port Protect Fault Line
Protect Bit CPU SET SM105/
Port Write Line Bit 10 Line DMA DMA-PF/
External CHO/PF
CPU CPUWRTPB S306/ (inverted)
DMA DMAWRTPB DMAD10/
(inverted)

External EXTWPBIN X110 CPU Bounds Address Operation
The condition of the protect bit remains unchanged The CPU may establish up to 65K of memory as an unpro-
through subsequent write operations until the write pro- tected area. The bounds addresses are loaded into the
tect bit function is again employed. (Exception: upper or lower bounds registers by the GATEUBDS/ or
ENPRTSYS line low; see below.) A protect bit write GATELBDS/ signals, respectively, which load the selec-
operation is aborted if a parity error exists. ted register with the contents of the multipurpose lines

S300/ through S315/. This operation may be made at any
time except when a CPU memory request is active.

Write Operations to Protected Location When an absolute address is loaded into the CPU address
register by the GATEAB/ signal, that address is compared
To write to a protected location requires a true pro- against the addresses in the bounds registers. When the
gram protect line during the write operation. The con- address is lower than the upper bounds address and higher
dition of the protect bit remains unchanged unless a pro- than the lower bounds address, the location is considered
tect bit write opzration is requested. to be in bounds.
Port Program Protect Line On a write cycle, an in-bounds condition has exactly
the same effect as if the program protect line were true.
CPU CPUPROTECT/ There is no effect upon a read cycle.
DMA DMAPROT/
External PRF/MPB In page mode, the bounds area refers to a location within
: the memory page file rather than a physical memory
Writing to a protected location without a true protect location. Therefore, the protected area may be scattered
line may only be accomplished when the ENPRTSYS line throughout the physical memory. In general, a bounds
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area should not be established (set upper bounds to zero)
if absolute and page mode addressing are to be inter-
mixed.

Protection System Disable

The ENPRTSYS line may be brought low to cause the
entire memory to be unprotected. Write requests from
the CPU, DMA, or external ports are executed regard-
less of the state of the protect bit, except to a read-only
page in page mode. When protection is disabled, a short-
ened write cycle is employed on full word write requests,
and the protect bit is set true in each memory location
referenced. There is no effect on a read operation.

If the external bank is referenced, the write operation is
still executed regardless of the state of the protect bit,
but the short cycle and the setting of the protect bit does
not take place unless the ENPRTSYS line is also low on
the external bank. In general, however, the ENPRTSYS
lines to the two banks are at the same level.

ERROR DETECTION (PARITY AND ECC)

Error detection in the MOS memory is accomplished by
a parity bit stored with each data word. The parity bit
is set to produce an odd parity (odd number of 1s) in the
18-bit memory word. The use of a parity bit detects
single bit errors, which are the most common.

An optional feature in the MOS memory is the error
checking and correction (ECC) system. The ECC sys-
tem uses five check bits in addition to the parity bit,

and by this means can determine the source of a single
error and enforce a correction. ECC theory is discussed
in detail under Error Detection and Correction.

Word Parity

A word parity bit is generated for each 16-bit write data
word received by the data interface to generate an odd
parity. This parity bit has no effect upon memory opera-
tion, but is fed back to the requesting port so that the
requesting device can determine if the data word was
received correctly. Timing for the word parity output

is the same as the read data output for the type of cycle
requested.
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Port Word Parity Output Line

CPU EVENPAR
DMA DMAMPL/
External SC/MPL

Parity Error (Without ECC)

The parity bit generated to be stored in memory bit 16
differs from the word parity bit in that the parity includes
the protect bit. Therefore, the memory parity bit is the
same as the word parity bit if the protect bit is false,
and the complement of the word parity bit if the protect
bit is true.

A parity error is detected by regenerating a word parity
bit from the 16 bits in the data word read from memory.
Parity is then determined by the three bits: word parity,
memory parity (bit 16), and the protect bit (bit 17). An
even parity among these three bits passes the test; an odd
parity indicates an error.

Parity error signals are available to the requesting
device on both read and normal write cycles. Timing
for the various cycles is shown in the appropriate tim-
ing diagram earlier in this section.

Port Parity Error Output Line
CPU SET SM108/

DMA DMAMPE/

External CH1/PE

On normal write cycles, the write portion of the cycle is
aborted if a parity error is detected on the read portion
unless the protect line is true or protection is otherwise
disabled.

ECC Error Correction and Reporting

When the ECC option is installed, the ECC check bits are
read on a read cycle or the read portion of a write cycle.
New check bits are generated from the read data and
compared against those read. Any discrepancy results
in the generation of a 5-bit code known as syndrome bits,
and these are decoded to determine the source of error.
A full description of the theory used for ECC is given
under Error Detection and Correction.
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Once the source of a single-bit error is determined, the
faulty bit is complemanted, correcting the error. The
line SEC STATUS/ is set low and stays low until the CPU
issues the GATE ECC STATUS command (see below).
The parity error line does not go true on a single bit
error, nor is the write portion of a write cycle aborted.

Some ECC error codes indicate that more than one bit is
affected. Since a single-bit error should result in a bad
parity (with ECC, the parity includes the five check bits),
then if parity is OK a double error has been detected.
This condition is signalled to the requesting port in
exactly the same manner as a parity error without ECC;
i.e., the parity error line is brought true and write
operations may be aborted depending upon program pro-
tect status.

E{C Status

The status of the local bank ECC signals may be refer-
enced by the CPU at any time with a GATE ECC STATUS
command (GATELBDS/ and MIR28' true). This com-
mand places status information on the CPUDFMxx outputs
according to the following format:

CPUDFMxx 16 15 14 13 9 8 7 8 5 1

SYNDROME BITS ECC CHECK BITS
SBO4 - SB0O ECCO04 - ECC00

L ZEROES l— ‘_ L MEMORY PARITY LINE (MPAR)

MEMORY PROTECT BIT (MPROT)

SEC STATUS ECC INSTALLED

ECC status information remains selected to the
CPUDFMxx outputs until a GATEAB command is
received. ECC status information is not available
from the external bank. SEC STATUS is cleared after
the completion of every GATE ECC STATUS command.

DUAL CPU OPERATION
A CPU may be connected to each CPU port in a dual

bank system. Although both ports may operate inde-
pendently, certain control lines should be tied together
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on the two ports and controlled by one of the two CPUs,
designated as the master. These lines are:

° MC/ — Master clear; both banks should be cleared
simultaneously

) ENPRTSYS — Enable protect system

ADDRESS AND CONTROL INTERFACE

GENERAL

The address and control interface board provides the tim-
ing and control for the MOS memory, the handling and
decoding of memory addresses, and the priority selec-
tion of incoming memory cycle requests. Refer to the-
simplified block diagram of figure 4-186.

The delay line oscillator generates an on-board eight-
phase timing chain that produces the primary timing
signals to the control logic.

A power-on master clear/Master Clear from the CPU
resets many of the latches in the control logic to pro-
vide a fresh start when necessary without disturbing
memory. Data stored in memory is volatile only during
power on/off without battery backup.

The control and timing logic receives control informa-
tion from the CPU, DMA, and external inputs, synchro-
nizes subsequent memory operation to the eight-phase
timing chain, and transmits status control signals back
to the requesting device. The control and timing logic:
also adjusts the memory timing to account for the
response time of the memory arrays and provides for a
time delay for the ECC to operate if installed.

The address and control interface also contains a
refresh timer and address counter, refreshing all row
addresses in the MOS memory array approximately
every two milliseconds.

Priority select circuits operate on the memory request
signals from the CPU, the four DMA inputs, the exter-
nal memory port, and the refresh timer. The highest
priority active request is determined, and the appro-
priate port selected to provide the memory address,
data, and read/write request.

The read/write logic on the address and control inter-
face produces the control signals for the array boards.
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MC/ POWFAIL/

PARITY & PROTECT
SIGNALS FROM DI
(MPB-L, MPE+DED/,
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1/0 CONTROL l
SIGNALS TO INITIATE MEMORY
CPU, DMA AND CYCLE (STRMOSADR)
ANK o ——
F;j” ERNAL B CONTROL AND
(WRT, WRTPB, TIMING LOGIC " EXTRESIN
CHAR, SC, MDS,
PE, PF)
PRIORITY o EXTERNAL EXTREQOUT/
DMAx-MR/ »| DMA P EXTERNAL »
DMAx-INT > PRIORITY PRIORITY
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<+—
CPUMAB18/ » CPU EXTERNAL
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EXTREQIN/ » SELECT
(e P
cas/
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l LOGIC
8
MEM. ROW <
ADDRESS ]
COUNTER %~
l MEMORY MOSMAxx S
EXTMABxx/ A ADDRESS/ SLTBLKx/ 3
> MEMORY ARRAY RAS16Kx-x/
DMAMABxx/ ADDRESS E16KNx-x/
@ > P> ADDRESS »
CPUMABxx/ > SELECTOR DECODING T/
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Figure 4-16. Address and Control Interface Simplified Block Diagram
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Memory address signals from the three ports (DMA,
external, CPU) and the refresh address counter appear
at the inputs to the memory address register/selector.
One of the four inputs is selected by the priority select
circuits. The selected address is then fed to the local
bank selector. If the external memory bank is requested
by bit 18 of the CPU memory address or by a false
DMA-INT signal, the priority is determined between
DMA and CPU and the address is routed to the external
memory bus output.

If the local bank is selected, the address is routed to
the memory address /MOS array address decoding cir-
cuits. These circuits interpret the 17-bit memory
address into the array board, block, row, and column
information needed by the array cards.

PORT SIGNALS AND TIMING

CPU Port

Activity at the CPU port begins with the loading of the
least significant 11 bits of the memory address from
CPU data lines S305/ through S315/ into the CPU address
register, coincident with the GATEAB/ signal from the
CPU. (The most significant bits are simultaneously
loaded on the data interface board and are available to
the address and control interface board over lines
CPUMAB12/ through CPUMABI18/.) The CPU then
initiates 2 memory cycle request with a low level on
CPUREQ. Within 25 nanoseconds following the leading
(negative going) edge of this signal, these control lines
from the CPU must be at their proper value for the
instruction:

CPU WRITE High for WRITE, low for
) READ
CHARO and CHAR1 Both high for word read or
write
CPU-SC/ Low for split cycle
operation
CPUWRTPB High to write protect bit

CPU PROTECT/  Low for program protect
All of these lines, including CPUREQ/, must remain
stable until the CPUMDS/ line goes low, signaling the
CPU that all information from the CPU has been acted
upon.
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The CPUMDS/ line goes low for approximately 100 nano-
seconds after the CPU request has been honored and the
memory array addressed.

Several memory cycles may lapse between CPUREQ/
and CPUMDS/ under heavily loaded conditions due to
the low priority of the CPU. If the memory address is
for the external bank, both the priority selection for the
CPU-external in the local MOS memory and the external
priority selection in the external MOS memory must be
satisfied before the requested cycle is completed.

Following the CPUMDS/ output, the results of a parity
test failure (SET SM108/ low) and, on a write cycle, the
protect fault indication (SET SM105/ low) appear on the
appropriate lines to the CPU as approximately 100~
nanosecond wide pulses. Read data and memory parity
is also available from the data interface CPU port fol-
lowing the CPUMDS/ output.

When a CPU split cycle request has been made, the first
CPUMDS/ output signals the CPU that the read portion of
the cycle has been executed. The beginning of the write
portion occurs when the CPU WRITE line changes from a
low to a high state, after which a second CPUMDS/ signal
is generated by the address and control interface to signal
completion of the entire cycle.

The CPU port also includes the input lines MC/ (master
clear), which resets the latches in the interface, and
POWFAIL/, which holds the memory interface latches

in a reset condition with the exception of the refresh con-
trol logic until power is restored to the CPU.

The line ENPRTSYS, when forced low by the CPU, over-
rides the usual protection methods and executes a full
write cycle regardless of the state of the protect bit or
DMA or CPU program protect lines.

Three clock lines from the CPU to the MOS memory
(T0/, T20DDCLOCK/, and T3-MEM/) speed the CPU
memory cycle by providing a resync window for the
CPUREQ signal to memory logic so that a new request
can be acknowledged in the shortest possible time.

DMA Ports

Up to four peripherals may have direct memory access
(DMA) to the MOS memory. Each has its own memory
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request line, labelled DMA1-MR/ through DMA4-MR/.
The cycle begins with one or more of these memory
request lines going low. Coincident with the memory
request, the DMA device must indicate whether the
internal or external memory bank is to be selected.

The appropriate bank line DMA1-INT through DMA4-INT
must be high for internal, and low for selection of the
external bank. If the external bank is selected but

no external bank is connected, the DMA memory address
error line DMA-MAE/ is forced low, and the reference
is made to the same address in the local bank with write
inhibited.

The request withhighest priority (DMA1-MR/ is highest)
is accepted and the address and control interface responds
with an appropriate request accept signal (DMA1-RA/ to
DMA4-RA/ low). .

If the optional PRIORITY/ line is low, only the DMA
input selected by switch S10 (location BC1 on the board)
is recognized. All other DMA, CPU, or external re-
quests are locked out, with only a refresh or the comple-
tion of a split cycle (read/modify/write) operation taking
priority. In this manner, a priority DMA can be guar-
anteed a specific response time if split cycle and

refresh operation are allowed for.

Within 50 nanoseconds following the DMA-RA/ leading
edge, the appropriate DMA device must place the proper
signal levels on the common DMA control lines to exe-
cute the desired type of memory cycle:

High for WRITE, low for

DMA WRITE
READ
DMAPROT/ Low for program protect
DMAMABO01/
through
DMAMAB17/ Memory address lines
DMA-sC/ Low for split cycle (read/
modify/write)
DMA-CHAR0/,
DMA-CHAR1/ Both high for word read or
write
DMA-WRTPB/ Low to write protect bit

All of these lines must remain stable as long as the
DMA-RA/ line stays low, except for the DMA WRITE
line in read/modify/write operation, which goes high
after the address and control interface generates the
first DMA-MDS/ output to initiate the write portion
of the cycle.
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The DMA-MDS/ line goes low for approximately 100
nanoseconds after the DMA request has been honored

and the memory array addressed. Following the
DMA-MDS/ output, the results of a parity test failure
(DMA-MPE/ low) and, on a write cycle, the protect

fault indication (DMA-PF/ low), app=ar on the appro-
priate lines to the DMA as approximately 100-nanosecond
wide pulses. Read data and memory parity is also
available from the data interface DMA port following

the DMA-MDS/ output.

When a DMA read/modify/write request has been made,
the first DMA-MDS/ output signals the DMA device that
the read portion of the cycle has been executed. The
beginning of the write portion occurs when the DMA
WRITE line changes from a low to a high state, after
which a second DMA-MDS/ is generated. The return

of the DMA-RA/ signal to a high status signals the com-
pletion of the entire cycle.

The line ENPRTSYS, when low, also affects DMA opzra-
tion by overriding the usual protection method, allowing
execution of a full write cycle regardless of the state of
the protect bit or the DMA program protect line
(DMAPROT/). '

External Port

The external port is bidirectional and is used for both
output and input:

) To communicate CPU or DMA read/write com-
mands to the external memory bank (external
request out)

° To receive and act upon read/write commands
from the external bank when the external bank has
its own l_)MA or CPU requests (external request
in)

The two operations may be processed simultaneously.

A DMA or CPU external bank request is initiated as
described above for DMA and CPU port timing. External
bank selection is made by the appropriate DMA-INT line
or CPUMABI8/ line in a low state. The write, memory
address, split cycle, character, protect bit, and program
protect lines must all meet the same requirements as for
a local bank request.
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After priority selection between DMA and CPU, the
EXTREQOUT/ line to the external bank goes low, and
the appropriate DMA or CPU memory address bus lines
are gated onto the lines EXTOMABO1/ through
EXTOMAB17/, as well as the following control lines:

Gated to External

DMA CPU Output Line
DMA WRITE CPU WRITE EXTWRTOUT
DMA-SC/ cpU-sc/ MPL/SC
DMACHARO,1 CHARGO,1 PF/CHO, PE/CH1
DMAWRTPB/ CPUWRTPB/ EXTWPBOUT

DMAPROT/  CPU PROTECT/ MPB/PRF

The external bank receives the EXTREQOUT/ at its
EXTREQIN/ input and, after the possible processing of

a refresh request or the completion of a split cycle oper-
ation, processes the entered request basedon these

input lines of address and control information from the
local requesting bank:

Local Bank Outputs External Bank Inputs

EXTOMABO04/ - EXTIMABO1/ - EXTIMAB17/
EXTOMAB17/

EXTWRTOUT EXTWRTIN

MPL/SC SC/MPL

PF/CHO CHO/PF

PE/CH1 CH1/PE

EXTWPBOUT EXTWPBIN

MPB/PRF PRF/MPB

Following the acceptance of the external request, the
memory completes the read or write cycle and sends
back to the local memory the signal EXTRESOUT/, fol-
lowed by this status information:

External Bank Outputs Local Bank Inputs

SC/MPL MPL/SC
CHO/PF PF/CHO
CH1/PE PE/CH1
PRF/MPB MPB/PRF

The EXTRESOUT/ signal is received by the local bank
on the EXTRESIN/ line. The address and control inter-
face in turn generates a CPUMDS/ or DMA-MDS/ signal
to the requesting port, followed by the appropriate con-
ditional parity error or protect fault signals.
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REFRESH TIMER

The MOS memory circuits used in the memory arrays
require a refresh signal at least every two milliseconds.
In this MOS memory, the refresh oscillator is set for
approximately 15.6 microseconds. At each timer cycle
one count is added to a seven-stage binary counter. The
output of the first stage in the refresh counter is the line
REFMABI15/, and the remaining six stages form lines
REFMABO1/ through REFMABO6/. Since refreshing is
made an entire row at a time, the column addresses
formed by MABO7 through MAB12 are not needed (see
Memory Address Bus/Array Address Decoding below),
nor are the block selects and transmit enables usually
formed by MAB13 and MAB14 and MAB16 and MABI7.

Therefore, 1/128 of the memory is refreshed at each
timer cycle, representing one row out of 64 in each
memory chip on each of the two sets of row address
strobes. With 128 cycles at 15.6 microseconds per
cycle, an entire memory array board is refreshed each
2 milliseconds, At each cycle of the timer the refresh
request latch is set, requesting a memory refresh cycle
at the input to the priority logic.

PRIORITY SELECTION

Priority selection among local bank requests takes
place in the following order:

1. Refresh request

2. Priority DMA request: switch-selected DMA
request and PRIORITY/ line low

3. External bank request from a remote DMA or
: CPU

4. DMA request, with DMA 1 having highest priority
and DMA 4 the lowest

5. . CPU request
If a local CPU or DMA request addresses the external

bank, the priority is handled separately, as discussed
below.
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Refresh Priority

Refresh requests are made directly from the refresh
timer approximately every 15.6 microseconds. Since it
is lknown that only one request will be made during the
period the refresh can be given highest priority. As
the refresh select latch is set, the request is honored
immediately after the completion of the existing cycle.
At that time, the eight-phase timing chain is started,
the refresh address to the memory address register is
selected, and the CS/ line to the memory array held
high, which places the memory circuits in the refresh
mode. The refresh select latch is then cleared.

External Priority

Requests from the external bank DMAs or CPU appear

as an EXTREQIN/ signal and set the external request
latch. At the conclusion of the current memory cycle,

if neither the PRIORITY/ line is low, a refresh request
is not active and a DMA or CPU read/modify/write cycle
is not in process, the eight-phase timing chain is started,
the EXTIMAB/ address to the memory address register
is selected and the EXTREQACT/ line to the data inter-
face is forced low so that external data will be processed.

DMA Priority

Requests from the four DMA subports appear as low levels
on DMA1-MR/, DMA2-MR/, etc. The first step in DMA
priority selection is to determine which of two or more
simultaneous DMA requests is to be processed first.
DMAL has the highest priority, DMA4 the lowest. The
one selected is sent a request accept signal (DMA1-RA/,
DMA2-RA/, etc.) so that the selected DMA device can
place its data, memory address, and control information
on the common DMA lines. At the same time, the appro-
priate DMA-INT line is checked to see whether the local
or external bank is being selected.

If the DMA device has chosen the external bank, the DMA
external select latch is set, an EXTREQOUT/ signal is
sent to the external bank assuming no CPU external
request is in process, the DMA-MAB address lines to

the memory address register are gated to the EXTOMAB
lines to the external bank, and the ENDMWRTDO/ line
(enable DMA write data out) to the data interface is
pulled low to gate the DMA data to the external bank.
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If the DMA chooses the internal bank, the DMA-local
latch is set. At the conclusion of the current memory
cycle, if there is no existing refresh or external request
waiting, the eight-phase timing chain is started, the
DMAMAB address to the memory address register is
selected, and the DMAREQACTY/ line to the data inter-
face is pulled low so that DMA data will be processed.

An exception to the priority scheme occurs following a
DMA read or full write memory cycle. If both a CPU
and DMA request are waiting at that time, the CPU is
processed first, its latch having been set before the
DMA latch has been cleared and reset with the new
request.

If the PRIORITY/ line is brought low by a DMA periph-
eral, only the DMA device selected by switch S10 on the
address and control interface board can trigger a mem-
ory cycle. External requests, CPU requests, and all
other DMA requests are all gated out. Refresh
requests, however, are allowed to carry on in their
normal manner.

CPU Priority

At the bottom of the priority list is the CPU memory
request. Since CPU requests normally make up the
vast majority of incoming requests they could easily
monopolize the memory if given any higher priority.

The CPU request (CPUREQ/ low) is honored when:
° No higher priority request is active, or

° On an internal request, a DMA cycle has just
been completed, no refresh or external request
is active, and the PRIORITY/ line is high.

If the CPU chooses the local memory bank (CPUMAB18/
high) the eight-phase timing chain is started and the
CPUMAB addresses to the memory address register
are selected. The data interface interprets the lack

of an EXTREQACT/ or DMAREQACT/ to mean that
CPU information is to be processed.

If the CPU chooses the external memory bank, the CPU
external select latch is set if no external data request is
active, an EXTREQOUT/ signal is sent to the external
bank, the CPUMAB address lines to the memory address
register are gated to the EXTOMAB lines to the external
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bank, and the ENCPWRTDO/ (enable CPU write data out)
line to the data interface is pulled low to gate CPU data
to the external bank.

MEMORY ADDRESS BUS/ARRAY ADDRESS
DECODING

Memory Address Register/Selector

The four memory address inputs from the refresh address
counter, the CPU, the DMA memory address bus, and
the external-in memory address bus are applied to the
inputs of a one-of-four selector. In addition to the

17 memory address lines, the following control lines

are selected by the same selector:

1. Split cycle

2. Program protect
3. Character 0

4. Character 1

5. Write

6. Write protect bit

Refresh Addresses

Address lines REFMABO1/ through REFMABO6/ and
REFMAB15/ are supplied by the refresh address
counter. The remaining inputs are unused.

CPU Addresses

The data lines S305/ through S315/, representing the

11 least significant bits of the memory address, are
gated into a latch by the GATEAB/ line from the CPU.
The outputs of the latch represent the lines CPUMAB11/
through CPUMABO1/, respectively. The lines
CPUMABI12/ through CPUMAB17/ are supplied by

the data interface. The line CPUMAB18/, also sup-
plied by the data interface, is not fed to the selector,
but to the bank selector. It selects the internal bank

if high, the external bank if low.

DMA Addresses

The DMA address lines DMAMABO1/ through
DMAMABI17/ are supplied by the common DMA
memory address bus to the inputs of the selector.

External Addresses

The address lines from the external bank EXTIMABO1/
through EXTIMAB17/ are available to the inputs of the
address selector from the external bank 1/0 cable.

Selection among the four inputs is determined by the
decision of the priority logic.

Array Address Decoding

The array organization is explained in detail under
Memory. The contents of the 17-bit memory address
are shown below:

MAB 17 15 14 13 12 1 6 1
ROW
ADDRESS | SELECT COLUMN ROW
strope |3 ADDRESS ADDRESS
(RAS)

The least significant six bits of the memory address
(MABO1 through MABOG) are strobed into the row address
register, and the next significant six bits (MABO7 through
MABI2) into the column address register, by the same
signal generated at the end of the priority decoding that
starts the eight-phase timing chain (STRMOSADR).

The six row address bits are sent to the array along with
a row address strobe (RAS) on lines MOSMAO0 through
MOSMAO05. This address is stored in the array. Next,
the six column address bits are sent along the same
MOSMAO00 through MOSMAOS lines with the column
address strobe (CAS/). The 12 bits select a single
18-bit word from one 4K word block.

The next most significant memory address bits, MAB13
and MAB14, are decoded to select one of four 4K mem-
ory blocks, by energizing one of the lines SLTBLKO0/
through SLTBLKS/.
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The most significant three bits, MAB15 through MAB17,
are decoded to select one of eight row address strobes,
each one directed to a set of four 4K memory blocks.
Thus, the memory address bus addresses eight 16K-
word memory sections for a total of 131K words.

In the refresh mode, the four block select lines are all
energized, and the eight row address strobes are tied
together in two groups of four, the groups alternated by
the level on line REFMAB15/, thus selecting a row in
half the memory chips on each MOS array board on each
cycle.

Bank Selection and Memory Address Error

External bank selection is made by the CPU by a low
level on line CPUMABI18/ at the time of a CPU memory
request. If no external bank is connected, a read
request is made from the same address in the internal
bank, and a write request is aborted.

DMA requests for the external bank are made by a low
level on the appropriate DMA-INT line from the same
device as that selected by the priority select gates. If
no external bank is connected, a read request results in
a read cycle from the same address in the local bank
and a write request is aborted. In addition, control line
DMA-MAE/ to the common DMA bus is set low as a
warning to the DMA device.

CONTROL LOGIC AND TIMING

Eight-Phase Timing Chain

The eight-phase timing chain controls the timing of
activities in the MOS memory. It consists of two four-bit
counters driven by a delay line oscillator, that produces an
eight-phase, overlapping timing chain. Timing on the
oscillator is controlled by a delay line, which sets the
frequency at approximatey 12.5 MHz. The timing chain
diagram is shown in section 5, along with the abbreviated
representation used in the read/write cycle timing diagram.

The timing chain provides complementary outputs for each
clock signal.
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The oscillator is started with the signal STRMOSADR
after the priority logic has selected the appropriate in-
coming request. This in turn starts the timing chain,
which normally ends with the completion of the T7 signal.
In automatic split cycle write, used in character write
and split cycle protected mode (ENPRTSYS enabled), the
cycle is run two times, with the leading edge of the TO
pulse coincident with the trailing edge of the T6 pulse.

The clock rate is increased if fast memory arrays are
used. The selection of speed, either 40 nanoseconds or
50 nanoseconds between successive timing chain pulses,
is made by straps on the array boards. Any slow array
board pulls the common ENMOS-250 line low, which
selects a 10-nanosecond later tap on the clock timing
delay line.

I/O Time Delay Selection

Time delays are incorporated in the priority select logic
and read/write timing to allow for resynchronizing and
differences in response time from the requesting devices.
An 80-nanosecond delay is incorporated in the DMA prior-
ity select circuits to allow for resynchronizing the selected
DMA device and to provide time for the selected DMA to
respond to the DMA-RA/ request acceptance signal. An
additional 50-nanosecond delay is incorporated after
priority selection of DMA or external requests before the
STRMOSADR signal is generated to allow time for the
data, address, and control lines to switch from CPU
selection to external, DMA, or refresh select.

If the memory is not busy, a window is generated by

CPU clock signals T0/ and T3-MEM/ to allow resynchro-
nizing a CPU request with respect to a DMA, external, or
refresh request, which allows for faster access to mem-
ory for CPU cycles.

Read /Write Timing

The memory cycle begins with the STRMOSADR signal
generated by the priority logic. At this time the selected
incoming memory address lines are clocked into the row
and column address registers, the decoded block select
address register, and the decoders for the row address
strobe and the transmit enables. After a 30-nanosecond
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delay, the output of the row address strobe decoder is
enabled by the ENRAS line, completing the selection of
the 4K block in the memory array plus the row address.

Another 20 nanoseconds later (or 70 nanoseconds for a
CPU full cycle write), the eight-phase timing chain is
started and the line STRCONT is energized, which clocks
on the DMAREQACT/ or EXTREACT/ lines, locks up
incoming memory control lines if appropriate, and the
STCP/EXD/ strobe to the data selectors on the data
interface board. The determination of full or split

cycle operation is made at this time. (The remainder

of the section assumes full cycle operation. )

At T1 time, the column address from lines MABO7
through MAB12 are placed on the lines MOSMA00
through MOSMAO05. A CPU-MDS/ signal is sent to the
CPU if it is on a CPU full write cycle.

At T2 time, the column address strobe (CAS/) is sent
to the array, the read/write function is determined, and
either the WT'-MOS/ signal is sent to the array for a
write cycle, or the appropriate transmit enable line
(E16KN0-1/ through E16KN1-4/) on a read cycle.

At T3 time, the signal STBCPUBKP/ is sent to the
CPU on a CPU cycle to indicate that breakpoint address
is available on the CPUDFMxx lines. The CPU-MDS/
signal is sent to the CPU for a CPU read or split cycle
(T4 is used if an ECC board is employed).

At T4 time, the RESYNCDMA/EXT line is energized on
all but a CPU cycle, resetting the input latches for
refresh, DMA, and external priority selection. On
external requests, the external resume signal EXTRESO/
is sent to the external bank (T5 is used if an ECC board
is employed).

At T6 time (T7 if ECC is used), the DMA-MDS/ signal is
sent to the DMA devices and the STBDMADFM/ signal

is sent to the data interface on a DMA cycle, the
STBCPUDFM/ signal is sent on a CPU cycle, or the
ENEXTRDOY/ is sent on an external cycle.

After a 50-nanosecond delay following T6 (or T7) the
RESYNCDMA line resets the DMA priority select
latches and the following conditional signals are acti-
vated as appropriate:

SET SM105/ (CPU protect fault)
DMA-PF/

DMA-MPE/

SET SM108/ (CPU parity error)
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At T7, the line MEMRESYNC goes positive, resetting
priority latches, and on the trailing edge of T7 the line
MEMHALT goes high, turning off the oscillator and

allowing the next memory request to start a new cycle.

Split Cycle Operation

Two types of split cycle operation are encountered—one
is generated by a split cycle request (read/modify/
write), and the second is an automatic split cycle gen-
erated by a character write request or whenever the
ENPRTSYS line is true.

Read/modify/write split cycle operation is selected by
the CPU-SC/, DMA-SC/, or SC/MPL (external) split
cycle request lines. At TO time, the following lines
are brought low:

° CPUSC-HLD — on a CPU split cycle request, locks
out DMA and higher priority requests until the split
cycle is complete.

e DMASC-HLD — On a DMA split cycle request, locks
out requests from other DMA devices until the split
cycle is complete.

® CPU/EXT-SC — On a CPU or external split cycle
request, locks out a new DMA request.

® CPDMSC/PR — On a CPU or DMA split cycle
request, or a DMA priority request, locks out a
new external request.

) DMA+EXT SC — On a DMA or external split cycle
request, locks out a local CPU request and inhibits
the window given a CPU request by the CPU clock.

At T1 time on a CPU split cycle request, the line
SCCLRDMA/ clears out any DMA or higher priority
request that may have already been latched in the prior-
ity circuits.

The read portion of the split cycle continues to completion.
As the write line from the selected DMA or CPU port goes
high, a new request is generated by the split cycle logic to
begin the write cycle:

® On a CPU split cycle request, the line CPUSCREQ
is brought low, starting a new cycle.

° On a DMA split cycle request, theline DMASCREQ
is brought low, starting a new cycle.
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) On an external split cycle request, the cycle is
completed and the EXTRESOUT/ signal is returned
to the external bank. The external bank then gen-
erates a new external request, beginning the second
half of the split cycle.

A forced, or automatic, split cycle occurs when a char-
acter write or protect bit write is requested or the
ENPRTSYS line is high during a write request. Here,
the normal WT-MOS/ signal to the array is inhibited
and a read cycle is made. The eight-phase timing chain
is restarted after T6 time (T7 time with ECC), continu-
ing on so that a second cycle is begun immediately.

At T2 time the second time around, the WT-MOS/ line
is brought low, causing a write cycle to be accom-
plished. The usual split cycle request inhibits are

not needed, as the MEMHALT line does not go high

until the second cycle.

In the character write or protect bit write mode, the
purpose of the automatic split cycle is to read the
contents of the selected memory location into the data
interface, so that the character or word (protect bit
write) that is not to be changed by the write operation
is restored as the other character or protect bit is
written.

In the ENPRTSYS (enable protect system) mode, the
read portion of the cycle permits the reading of the
protect and parity bits. The lines MPE+DED/ and
MPB-L from the data interface abort the write por-
tion of the cycle if the program protect input line is
true and the protect bit is false by inhibiting the
WT-MOS/ output to the array.

CPU or DMA External Bank Timing

CPU or DMA read or write requests specifying the
external bank are handled asynchronously by the local
address and control interface. Requests are handled
without delay, except for priority selection between
DMA-external and CPU-external requests. The
EXTREQOUT/ is set low, the proper address gated to
the EXTOMAB lines, and either the ENCPWRTDO/
(for the CPU) or ENDMWRTDO/ (for the DMA) line

96768600 A

to the data interface set low for the gating of write
data to the external bank.

As the EXTRESIN/ line goes low after the completion
of the cycle by the external bank, the STRCPUBKP/
line to the CPU goes low to a CPU cycle. After a
slight delay either the STBCPUDFM/ or STBDMADFM/
line goes low as well as CPU-MDS/ or DMA-MDS/,
followed by the appropriate parity or protect fault con-
ditional signals.

This completes the cycle, except for read/modify/
write split cycle requests, which generate a second
external bank request when the appropriate write line
goes high.

ADDRESS AND CONTROL INTERFACE
INTERNAL SIGNALS

Referenced signals contained entirely within the address
and control interface board are described in table 4-15.

DATA INTERFACE

The data interface board provides the read and write

data handling for the MOS Memory, generates and

detects parity and ECC signals, and controls CPU address-
ing and bounds comparison. Timing for the data interface
is supplied by the address and control interface. Note the
simplified block diagram of figure 4-17.

Incoming CPU addresses are processed by the data inter-
face. Page or absolute mode is determined by com-
mands from the CPU micro instruction register, and the
data interface supplies the most significant six bits of the
17-bit CPU memory address plus the bank select bit to
the address and control interface. These bits are either
selected from the incoming data in absolute mode or from
the memory page file in page mode. The data interface
also loads and stores bounds addresses used to establish
unprotected areas available to the CPU and makes the
comparison against those bounds with incoming CPU
addresses.



TABLE 4-15. ADDRESS AND CONTROL INTERFACE INTERNAL SIGNALS

Signal Description
CAE Column address enable. Sends MAB bits 07 through 12 to array.
CPDMSC/PR Inhibits a new external request.
CPUACT Indicates a DMA or higher priority request is not active.
CPUACT Pulse coincident with start of CPU memory cycle. No: a complement of CPUACT.
CPUADR 18 Selects external bank for a CPU request.
CPUCHARO input CHARO inhibited by a high CPUWRTPB input.

CPUEXSC-HLD
CPUEXSCRQ
CPU/EXTSC
CPUEXTSEL
CPUEXTSEL

CPUMABxx

CPUMAE

CPUPROT

CPUREQ
CPUREQ-L
CPU-SC
CPUSC-HLD
CPUSCREQ
CPUWRT
CPUWRTHLD
DMAACT

DMAACT'

DMAEXSC-HLD

DMAEXSCRQ
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Inhibits a new DMA external request.

CPU external split cycle request.

Inhibits new DMA local request.

Enables CPU external control circuits.

Resets CPU request latch. Not a complement of CPUEXTSEL.

CPU memory address bits 01 through 11. Latched from CPU data lines 8315/ through
8305/.

CPU memory address error.

CPU program protect line, enabled by inputs CPUPROTECT/, CPUINBNDS/, or
ENPRTSYS.

CPU request latch set. Not a complement of input CPU-REQ/.
CPU local request received.

Complement of input CPU-SC/.

Inhibits the RESYNDMA/EXT signal.

Initiates write portion of split cycle CPU request.

Input CPU WRITE inhibited by RDOPAGE/, CPUMAE, or EMPF.
Delays the start of an unprotected CPU full write cycle.

DMA or higher priority request active.

Pulse just preceding start of DMA or higher priority cycle.
Inhibits a new CPU external request.

DMA external split cycle request.
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TABLE 4-15. ADDRESS AND CONTROL INTERFACE INTERNAL SIGNALS (Continued)

Signal Description

DMA+EXTSC Inhibits new CPU local request.

DMAEXTSEL Enables DMA external control circuits.

DMALREQ New DMA request received.

DMAPROT Inpat DMAPROT/ inhibited by ENPRTSYS.

DMAREQACT Complement of output DMAREQACT/.

DMA-SC Complement of input DMA-SC/.

DMASC-HLD Inhibits RESYNCDMA signal.

DMASCREQ Initiates write portion of split cycle DMA request.

DMAWRT DMAWRITE inhibited by DMAMAE/.

DMAWRTPB Complement of input DMAWRTPB/.

EMPF Complement of input EMPF.

ENCPUADR Enables CPU and refresh memory addresses.

ENDMAADR Enables DMA and external memory addresses, complement of ENCPUADR.

ENEXTSTAT Enables external outputs CHO/PF andCH1/BE.

ENMOS 250 Complement of input ENMOS-250.

ENMOSRDD Enables output of transmit enable selector DS8.

ENPRTSYS Complement of input ENPRTSYS.

ENRAS Enables outputs of row address strobe selectors.

EXTBANK Complement of input EXTBANK/.

EXTREQACT Complement of output EXTREQACT/.

EXTRESYNC Resets the external request latches.

EXTRESYNDMA Brings RESYNCDMA high following a DMA external cycle.

FUL-WRT Unprotected word write (single cycle) control line.

MC/POMC Master clear/power-on master clear. Resets latches.

MEMHALT Eight-phase clock stopped.

MEMRESYNC Timing for DMA or higher priority start of cycle.
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TABLE 4-15. ADDRESS AND CONTROL INTERFACE INTERNAL SIGNALS (Continued)

Signal Description
MPE+DEDFF Parity error or double error control line to abort a write opzration.
MPE+DEDFF MPE+DEDFF inhibited by FUL-WRT.
P_OTIC, PO-MC! Power on master clear control line.
PRIORITY Complement of input PRIORITY/.
PROTFAULT Derived from protect inputs and MPB-L line to form PF outputs.
RAE Row address enable; complement of CAE.
REFMABxx Refresh memory addresses (01 through 06 and 15).
Rm Memory cycle request from refre‘sh timer.
RESYNCDMA, Reset DMA priority and local/external select latches.
RESYNCDMA
RESYNCEXT Inhibits DMA external request.
RESYNCINT Inhibits DMA or higher priority select latch.
RESYNDMA/EXT Resets DMA, external, and refresh priority latches.
SCCLRDMA Clears DMA or higher priority select latch during CPU split cycle.
SC-FF Enables split cycle logic.
SELREFRESH, Selects refresh memory addresses.
SELREFRESH'
SETDMAMAE Sets DMA memory address error flip-flop.
STBCPUEXT Pulls output STBCPUDFM/ low following a CPU external cycle.
STBDMAEXT Pulls output STBDMADFM/ low following a DMA external cycle.
STCPUPEEXT Pulls output SET SM108/ low on CPU external parity error.
STCPUPFEXT Pulls output SET SM105/ low on' CPU external protect fault.
STDMAPEEXT Pulls outpat DMAMPE/ low on DMA external parity error.
STDMAPFEXT Pulls output DMA-PF/ low on DMA external protect fault.
STRCONT Clocks flip-flops producing EXTREQACT, DMAREQACT, and CPUACT outputs.
STRCPBPEXT Pulls output STBCPUBKP/ low following a CPU external cycle.
STRMOSADR Starts eight-phase clock and strobes memory addresses into address registers and

decoders.
T2 ODDCLK Complement of input T2 ODDCLK/,
WRITE Clears split cycle latches.
WRITE-SC Enables automatic split cycle logic.
‘WRT-ABORT Inhibits WT-MOS/ output on protect fault or parity error.
4-56
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Figure 4-17. Data Interface Simplified Block Diagram



Incoming write data from ihe CPU or DMA devices is
either directed to the external bank or storazd for use in
the local bank. Write data from the external bank is
stored for local bank use. On command from the
address and control interface priority circuits, the
appropriate write data and protect bit is selected, the
parity bit (and, with ECC, the five check bits) are gen-
erated, and the resulting 18-bit word is sent to the
memory arrays.

On a read cycle or the read portion of a write cycle
from ‘he local bank, the da‘a interface receives the
18-bit word from the memory arrays and the parity
bit is checked. If the ECC option is installed, the
check bits are also received, the five additional parity
checks are made, and any single bit error in the data
word is corrected. A parity error or ECC double-
bit error is flagged and a signal sent to the address
and control interface so that an error signal may be
sent to the requesting device. The read data word

(as corrected, with ECC) is directed to the three data
output ports, and is also latched for use in a possible
restore or character write operation.

The CPU and DMA data output registers, on command
from the address and control interface, select either
this local read data or read data from the external
bank. The CPU output port also has provisions for
providing breakpoint addresses, memory page file
status, or ECC status over its two sets of output
lines.

For the remainder of this section refer to the data
interface block diagram in section 5.

CPU ADDRESS CONTROL

CPU address information is received by the data inter-
face over the 16-bit maltipurpose path S300/ through
S315/. Opzration on this data is controlled by the
three address control lines from the CPU (GATEAB/,
GATEUBDS/, GATELBDS/) and the condition of the
four-bit micro instruction register (MIR28' through
MIR31'), which is continually updated by clock pulse
TO0'/ from the CPU. Control is also affected by the
status of the two-bit address memory register (AMRO,
AMR1).

In general, the least significant 11 bits of the CPU
address are used directly by the address and control
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interface over a parallel connection of lines S305/
through S315/. The most significant six bits of the
17-bit address, plus the bank select bit, are con-
trolled by the data interface and sent to the address
and control interface over the lines CPUMABI12/
through CPUMABL17/ plus CPUMAB18/ for the bank
select bit.

The CPU address control section also includes a 16-bit
CPU address register (AB register), 16-bit upper and
lower bounds registers, two 16-bit comparators, a 64
by 9-bit random access mamory (m=2mory page file),
and a seven-bit CPU address multiplexer.

The CPU address control commands are shown in table
4-16. Note that each of the commands loads the AB
register with the data on S300/ through S315/, but this
action is inhibited by a true BLKAB/ signal from the
address and control interface, which occurs during a
CPU read/modify/write split cycle.

AB Register

This 16-bit register is loaded with the contents of
S300/ (MSB) through S315/ during any of the commands
shown in table 4-16. The outputs of the register,
ABO00 (MSB) through AB15 are available to the CPU

as a breakpoint address at the beginning of each CPU
read or normal write cycle.

Bounds Registers and Comparators

Two 16-bit registers store the upper and lower bounds
addresses of the unprotected memory area available to
the CPU. The comparators continuously compare the
ABO00 through AB15 lines with the contents of the upper
and lower bounds registers. When the AB0O through
AB15 address is lower than the upper bounds address
and higher than the lower bounds address, the line
CPUNBNDS/ to the address and control interface goes
low, which has the same effect as a true CPUPROTECT/
line during a CPU write opzration.
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Read ECC Status

Load Uppar Bounds

GATELBDS/ true
MIR28' true

GATEUBDS/ true
MIR28' false
MIR29' false

TABLE 4-16. CPU ADDRESS CONTROL COMMANDS
Command Condition Effect
Load AB GATEAB/ true Loads S300/ through S315/ into AB register on leading edge.
Clears load/read memory page file status and ECC status
conditions.
Load Lower Bounds GATELBDS/ true Loads S300/ through S315/ into AB register on leading edge;
MIR28' false then loads contents of AB register into lower bounds register

on trailing edge.

Loads S300/ through S315/ into AB register and sets Enable
ECC FF (to enable ECC status lines to CPU data output register).
CPU read cycle necessary to place status levels on output lines.

Loads S300/ through S315/ into AB register on leading edge; then
loads contents of AB register into upper bounds register on
trailing edge.

GATEUBDS/ true
MIR29' true

Load AMR

GATEUBDS/ true
MIR28' true

Load/Read MPF

GATEUBDS/ true
MIR28' true
MiIiR29' true

Load/Read MPF/AMR

Loads S300/ through S315/ into AB register and loads address
memory register. AMRO assumes level of MIR30', selecting
page mode if true, absolute mode if false. AMRI assumes level
of MIR31', providing the most significant address bit to the
memory page file on a page mode memory cycle.

Loads S300/ through S315/ into AB register and enables memory
page file for loading or statusing. Selects memory page file
status lines to CPU data output register, which are placed on the
output lines on a subsequent CPU read or write cycle. A CPU
write cycle loads the memory page file with a new page address,
but does not affect the addressed location in memory.

Combination of load/read memory page file and load address
memory register.

Memory Page File (MPF)

This 64-word by 9-bit random access memory contains
a file of page addresses that form the most significant
six bits of the CPU address when in page mode, plus
the bank select bit. The outputs of the memory page
file are (see figure 4-15):

MPF00 - MPF05: Most significant six
memory address bits

MPFO06: Bank select bit
MPFO07: Read only page protect bit
MPFO08: Unused

The five least significant memory page file address bits
are provided by the lines AB00 through AB04 (LSB). The
most significant bit is supplied by the AMR1 register

for memory cycles, and by AB05 when the memory page
file is enabled by a load/read memory page file command.
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CPU Address Multiplexer

The CPU address multiplexer selects the seven most sig-
nificant bits of the CPU address from either the AB
register or the memory page file, depending upon the
condition of AMRO. The outputs are sent to the address
and control interface board.

Source
AMRO False AMRO True
Outpat (Absolute Mode) (Page Mode)
CPUMABI12/ (LSB) ABO4 MPF00
CPUMAB16/ ABO0 MPF04
CPUMAB17/ 0 MPFO05
CPUMAB18/ (bank

select) 0 MPFO05
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PORT SIGNALS AND TIMING

CPU Port

Data on the multipurpose path 8300/ through S315/ is
considered an address when address control commands
are being executed, but assumed to be write data when
a CPU mamory request (CPUREQ/) is received.

When a local bank CPU request is received by the
address and control interface, the first activity of

the data interface CPU port is a STBCPUDFM/ signal,
which gates the ABxx lines from the AB register to

the CPUDFMxx outputs to supply the breakpoint address
to the CPU. After the request has been accepted, the
STCP/EXD/ signal strobes write data from S300/
through S315/ into the CPU write data register.
ENMOSWRTD/ low enables the CPU write data register
to the MDxx lines to generate word parity. After
ENMOSWRTDY/ line goes high, read data appears on

the MDxx lines, is corrected if an ECC option is
installed, and is available to the CPU port. The second
STBCPUDFM/ signal strobes this read data, the pro-
tect bit, and the write data word parity to the
CPUDFMxx outputs. On a read cycle, a low ENMEMBUS/
line from the CPU enables these same outputs to the
BUSxx lines. On a write cycle, the ENMOSWRTD/

line goes low again, and the latched write data is placed
on the MDxx lines for writing into memory.

For a CPU external write cycle, write data is not latched
but gated on the XOxx lines by the ENCPWRTDO/ signal
to the external bank. Read data is received over the
same XOxx lines and is strobed into the CPU data out-
put register as in a local CPU cycle.

DMA Ports

After a DMA local bank request has been selected and
accepted, data from the incoming lines DMADO1/ through
DMADI16/ is strobed into the DMA write data register by
the STCP/EXD/ signal. The low ENMOSWRTD/ and

low DMAREQACTY/ lines from the address and control
interface place the latched DMA write data on the

MDxx lines for the purpose of generating word parity
After the ENMOSWRTDY/ line goes high, read data
appears on the MDxx lines. The data is corrected if an
ECC option is installed and available to the DMA data
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output port. The signal STBDMADFM/ strobes this
read data, the protect bit, and the write data word
parity to the DMADFMxx outputs. On a write cycle,
the ENMOSWRTD/ line again goes low, and the latched
DMA write data is placed on the MDxx lines for writing
into memory.

For a DMA external write cycle, write data is not latched
but is gated to the XOxx lines by the ENDMWRTD/ signal
to the external bank. Read data is received over the
same XOxx lines, and strobed into the DMA data output
register by the STBDMADFM/ signal as in a local DMA
cycle.

External Port

After an external request has been accepted by the local
bank, data from the incoming lines XI01 through X116/
is strobed into the external write data register by the
STCP/EXD/ signal. The low ENMOSWRTD/ and low
EXTREQACT/ lines from the address and control inter-
face place the latched write data on the MDxx lines for
the purpose of generating word parity. After
ENMOSWRTD/ goes high, read data appears on the
MDxx lines, corrected if an ECC option is installed,
and gated to the PRF/MPB line and write word parity
is gated to the SC/MPL line by the same signal. On

a write cycle, the ENMOSWRTD/ line again returns
low and the latched external write data is placed on

the MDxx lines for writing into memory.

PROTECT BIT GENERATION AND DETECTION

A protect bit is written into memory on each write cycle.
The source of this protect bit is determined by the fol-
lowing truth table:

Write
Protect Protect
Bit Line EXTREQACT/ DMAREQACT/ Bit Source
True False False S$306/ (CPU)
True False True DMAD10/
True True False X110
False X X LSECMPB

Thus if the write protect bit line is true during a write
cycle, the protectbit sent to bit 17 of the addressed mem-
ory word is the level of bit 10 of the selected write data
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line. If the write protect bit line is false, the protect
bit previously in memory is restored. The protect bit
line to the memory arrays is the bidirectional line
MPROT. If only the protect bit is to be written, the
requesting device mast bring both character lines false,
which restores the 16-bit data word during the write
cycle.

If the ENPRTSYS line from the CPU is low, the protect
bit is set true on every write cycle regardless of the
condition of the protect bit write line or bit 10 of the
incoming write data.

On a read cycle, or the read portion of a write cycle,
the condition of the protect bit is received over the
MPROT line from the memory arrays, corrected if
necessary by the ECC circuits, and is made available
to the requesting port over the lines MEMPROTBT/ to
the CPU, DMAMPB/ to the DMA devices, and

PRF /MPB to the external bank. The protect bit is
also latched by the STBDFM/ signal, and is available
as the LSECMPB line for restoration to memory and
as the MPB-L line to the address and control inter-

- face for the detection of protect faults.

PARITY GENERATION AND DETECTION

As write data is strobed in on a write cycle, even
parity is detected and the WORD PARITY line is latched
true if an even numberof 1s are present in the 16-bit
write word. This latched level is available to the
requesting port at the end of the read portion of a write
cycle over the lines EVENPAR to the CPU, DMAMPL/
to the DMA devices, or SC/MPL to the external bank.

This latched parity line has no other effect on opzration.

Overall parity is generated during the read portion of
a write cycle or during a read cycle from the 17-bit
data word and protect bit read from memory and by
the five ECC check bits if the option is installed. It
is compared against the read parity bit on line MPAR
from bit 16 of the addressed memory word. If the
comparison is true (without ECC) then parity is correct
and no error signal is sent. If the two parity signals
are complementary, the MPE+DED line to the address
and control interface flags a parity error. For ECC
operation, see ECC Control below.

Parity is generated again from the write data word at
the baginning of the write portion of a write cycle, this
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time including the protect bit (and the generated ECC
bits). This parity level is placed on the MPAR line
for writing into bit 16 of the addressed memory location.

ECC CONTROL

ECC theory is fully described under Error Detection
and Correction. The ECC elements on the data inter-
face board include the check bit generators, syndroms
bit logic and bit position decoders, the error correction
circuit, and the error alarm logic.

Briefly, the check bits are generated during a write
cycle from five parity generators in the data interface.
They are sent to the ECC array; the parity bit, and
protect bit are sent to the memory arrays.

On a read cycle or the read portion of a write cycle,
the five check bits are regenerated from the stored data
word and protect bit. They are compared against the
five check bits read from the ECC array, and any dif-
ferences appear as syndrome bits SB00 through SB04.
These syndrome bits are decoded to a single line out-
put of a 5-bit to 24-line decoder, and this line is used
to complement the erroneous bit in the error correction
circuit. The corrected read data appears on the lines
SECO00 through SEC15 and SECMPB, and is latched by
the STBDFM/ signal as LSEC00 through LSEC15 plus
LSECMPB to be available for a restore operation.

Three status conditions exist after a read operation
with ECC:

) No error — The syndrome bits are all zero and
the parity check is correct. No error signal is
generated.

° Single bit error — (a) one or more of the syndroms=

bits is nonzero and the parity is bad. (b) The syn-
drome bits are zero and the parity is bad. The
error is corrected and the SEC STATUS/ line is
latched true. A GATE ECC STATUS command
must be issued by the CPU to clear this status
latch.

e Double error — One of more of the syndroms bits
is nonzero but the parity checks OK. The
MPE+DED/ line to the address and control inter-
face is set true for the generation of an error sig-
nal to the CPU, DMA, or external port. Abortion
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of a write operation by an unprotected port, or
abortion of a write protect bit operation will result.

CHARACTER WRITE OR RESTORE CONTROL

Character write or restore operation is controlled by the
CHR-0/ and CHR-1/ lines from the address and control
interface, which are derived from the character 0 and 1
lines from the requesting device.

The write data multiplexer is split into two independently
controlled segments, such that the most significant and
least significant eight bits may be selected from one of the
three write data in registers (write) or from the latched
corrected read data (restore).

On a word write operation both character lines are true
and both halves of the write word are derived from the
data in the register selected by the lines EXTREQACT/
and DMAREQACTY/ (the CPU is assumed if both are false).

On a character write operation, one of the character lines
is true and the other false. If CHR-~0/ is false (high), the
least significant eight memory data bits are derived from
the least significant eight bits of the incoming write data,
while the most significant eight bits are from the
corrected lateched read data LSEC08 through LSEC15. If
CHR-1/ is false, the least significant eight bits are from
the corrected latched read data LSEC00 through LSEC07,
while the most significant eight memory data bits are
sourced from the most significant eight bits of the selected
incoming write data. If both character lines are false, the
memory data word consists entirely of the latched
corrected read data.

The protect bit is unaffected by a character write or
restore operation, and may be restored or changed under
control of the protect bit write line. The parity bit is
regenerated on each word write or character write
operation.
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DATA INTERFAC.E INTERNAL SIGNALS

Referenced signals contained entirely within the data -
interface board are described in table 4-17.

MEMORY ARRAYS

The MOS memory array cards contain the physical memory
circuits (MOS memory chips) and the buffering for data,
address and control signals to and from the interface
cirecuits. The cards are available with 16K word by 18-bit
(AT275) or 32K word by 18-bit (AT241) storage capacity
with a 280-nanosecond access time.

Array cards are physically placed in slots X, Y, Z and AC
of the mainframe to configure a macro memory for the
system. Placement of the cards and address connectors is
discussed below.

Circuit deseriptions, a functional block diagram, logic
diagrams, and backplane wiring notes are contained in
section five.

MEMORY CONFIGURATION

Total macro memory using MOS memory arrays is 131,072
words of 18 bits each, expandable to 262,144 words by the
use of an external bank. Many configurations are possible
within a memory bank, and these are easily changed by the
substitution or addition of array cards and the positioning
of the address connectors on the backplane.

To configure memory, arrays are chosen to meet the
desired total storage capacity. The arrays are placed in
slots X, Y, Z and AC in the mainframe beginning with slot
X.
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TABLE 4-17. DATA INTERFACE INTERNAL SIGNALS

Signal Description

ABxx CPU address bits 00 through 15. Latched from lines S300/ through S315/.
ABxx Complements of AB07 through AB15; used to load page addresses.
BPxx Bit positions 03 through 22; decoded from the ECC syndrome bits SB00 through SB04.
CPDFMxx Outputs 01 through 16 from CPU data output multiplexer.
CPUxx Latched CPU write data bits 00 through 15 from lines S300/ through S315/.
DMALOCAL Same as input DMAREQACT/.
ECCH Complement of input status line ECCHERE/.
ECPUL Enables lower half of CPU write data to memory array.
ECPUU Enables upper half of CPU write data to memory array.
EDMAL Enables lower half of DMA write data to memory array.
EDMAU Enables upper half of DMA write data to memory array.
EECC Complement of ENABLE LOCAL ECC STATUS; trailing edge clears SEC status latch.
EMPF Complement of output EMPF (Enable Memory Page File).
ENABLE ECC Enables ECC check bit outputs to memory array.
ENABLE LOCAL

ECC STATUS Selects ECC status inputs to CPU data output multiplexer.
ENABLE LOCAL

MPF STATUS Selects MPF status inpats to CPU opzsrand data outputs. Complement of output EMPF.
EPROT/PAR Enables protect and parity bit outputs to array. Same as input ENMOSWRTD/.
ESECL Enables lower half of read data to memory array (restore).
ESECU Enables upper half of read data to memory array (restore).
EXL Enables lower half of external write data to memory array.
EXU Enables upper half of external write data to memory array.
KO0 - K4 Outputs from ECC check bit generators.
LDMAxx Latched DMA write data bits 01 through 16.
LOAD AB Loads contents of S300/ through S315/ into CPU address register.
LOAD LBDS Trailing edge loads contents of CPU address register into lower bounds register.
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TABLE 4-17. DATA INTERFACE INTERNAL SIGNALS (Continued)

Signal Description

LOAD UBDS Trailing edge loads contents of CPU address register int-o upper bounds register.
LOAD WRITE DATA Complement of input STCP/EXD/.
LSEC Latched value of the SEC line, indicating a single bit error.
LSECxx Latched corrected read data from memory, bits 00 through 15.
LSECMPB Latched value of last protect bit read. Same as output MPB-L.
MPFxx Outputs 00 through 08 from the memory page file.
MR Same as input MC/.
MULTIND Complement of input MULTIND.
PBMUX A Protect bit multiplexer select lines.
PBMUXB
PGM FILES Complement of output PGM FILES/. Selects upper half of memory page file.
READ ONLY |

PAGE ERROR Complement of output ROPINT/.
REF+CPU Status line active during refresh or CPU memory cycles.
SBxx Syndrome bits 00 through 04.
SEC Single error correction flag.
SECxx Corrected read data bits 00 through 15.
SECMPB Corrected read memory protect bit.
WORD PARITY Output of parity generator.
WRITE MPF Sets memory page file to write mode.
WT-MPL Local bank parity line; latched value of WORD PARITY.
XMPB ’ Protect bit from external bank.
XMPL Parity bit from external bank.
XRDxx Latched read data bits 01 (LSB) through 16 from external bank.
XWDxx Latched write data bits 01 (LSB) through 16 from external bank.
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Possible configurations are shown in table 4-18, along
with the appropriate positions of the back plane address
connector (part 96762000). The configurations adhere
to these mandatory rules, necessary for proper system
op=ration:

1. A 16K or 32K array may not be in a slot following
a blank slot.

X Y Z AC
Incorrect: 16K - 16K -
Correct: 16K 16K - -

2. A 32K array may not be in a slot following a 16K

array.
X Y Z AC
Incorrect: 16K 16K 32K -
Correct: 32K 16K 16K -

3. If an ECC array is used it must be in slot AC. An
ECC array is always permitted in slot AC unless a

Once memory is configured, array boards of the same
capacity may be interchanged for troubleshooting purposes.
Although physically the same size, 16K and 32K boards
may not be interchanged without a reconfiguration involv-
ing the relocation of the backplane address connectors.

MEMORY ORGANIZATION ANDADDRESSING

The basic element of the MOS memory system is the 4K
block, consisting of 18 MOS 4096-bit dynamic random
access memory chips, organized as 4096 words by 18
bits. Control and addressing inputs are paralleled to the
18 chips within the block, while each chip receives and
provides a single data chip of the 18-bit data word.

Addressing a word within the 4K block requires a 12-bit
address, and in this MOS memory the address is loaded
in two stages over the six address lines MOSMAO00
through MOSMAO5. The first stage occurs when the

memory data array already occupies that slot. For RAS signal (row address strobe) is received by the
this reason the maximum memory capacity in a selected 4K block. This signal strobes the six address
bank with ECC is 98, 304 words. bits on the MOSMAxx lines into on-chip row address
TABLE 4-18. MEMORY CONFIGURATION
Memory Bank MP Slot Address Connector Location
Capacity (Words) X Y Zz AC (Top pins — slots Y, Z, AC)
16,384 16K - -_ * None required
32,768 16K 16K - * 10,210
32,768 32K - - * None required
49,152 16K 16K 16K * 10,210
49,152 32K 16K - * 9,209
65, 536 16K 16K 16K 16K 10,210
65, 536 32K 16K 16K * 9,209
65, 536 32K 32K - * 7,207
81,920 32K 16K 16K 16K 9,209
81,920 32K 32K 16K * 8,208
98,304 32K 32K 16K 16K 8,208
98,304 32K 32K 32K * 7,207
114,688 32K 32K 32K 16K 7,207
131, 072 32K 32K 32K 32K 7,207
*ECC always permitted in slot AC unless 16K or 32K array occupies that slot. No address connector
is required at AC for «n ECC array.
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registers. The second six bits are then placed on the
MOSMAxx lines and strobed into the column address
registers in memory chips by the CAS signal (column
address strobe). The terms row and column refer to
the 64 by 64-bit arrangement of storage cells within each
4096-bit chip.

A 16K memory section contains four 4K blocks. A sec-
tion may constitute either a complete 16K memory array
card or half of a 32K card. To select a 4K block within
a section, one of the four lines SLTBLKO/ through
SLTBLKS/ is brought low by the address and control
interface. This signal gates the incoming row address
strobe RAS16Kx-x/ to provide the appropriate RAS
signal to the selected block. Refer to figure 4-18.

Sclection of a 16K section is made by one of the eight
row address strobes from the address and control
interface, RAS16K0-1/ through RAS16K1-4/. At slot
X of the MP17 mainframe, the RAS16K0-1/ line is
available to the array card. When low this line
selects the first 16K memory section, which will be
either a 16K memory located in slot X or the lower
half of a 32K memory in that same location. If a
32K memory array card is located in slot X, the
next sequential row address strobe select line
RAS16K1-1 is picked up on the board, selecting the
upper half (16K section) of the 32K card.

At slot Y, the row address strobe select line for the first
16K section of its associated board must be derived from
the RAS16K1-1/ line if a 16K memory is in slot X, or the
RAS16K0-2/ line if a 32K memory is in slot X. It is at this
point that the address connector on slot Y must be located
according to the configuration requirements shown in table
4-18. A similar condition exists for slots Z and AC. For
details, refer to the backplane notes in section 5.

Read data from the memory arrays is selected in the
same manner by the EI6KNx-x/ lines from the address
and control interface. On a read cycle, or read por-
tion of a write cycle, one of these lines is low, enabling
the read data buffers of a single 16K section to the bi~
directional memory data lines MD00 through MD15,
MPAR and MPROT.

MEMORY SIGNALS AND TIMING

Timing for the memory arrays is supplied by the
address and control interface timing circuits, which
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are designed to closely match the capabilities of the
MOS memory chips. The access times of 280 nano-
seconds for a fast array and 330 nanoseconds for a
slow array are memory system times measured from
the time the row address strobe signal is generated

by the address and control interface until read data is
strobed into the data interface read data output register
(T6 time of the eight-phase timing chain).

Activity begins at the memory array with the receipt of
address and block select information on the lines
MOSMAxx and SLTBLKx/, following acceptance of a
memory request by the interface. The cycle hegins
when the selected RAS16Kx-x/ signal arrives, and is
routed to the appropriate 16K memory section through
the backplane wiring and address connector. There it

is gated by the one low SLTBLKx/ line to form a row
address strobe (RAS) to a specific 4K block, strobing
the row address on the MOSMAxx lines into the on-chip
registers. The chip select line (CS) to the 4K block is
also brought low at this time except on refresh opera-
tions. After the row address is stored on the chip, the
MOSMAxx lines contain column address information from
the address and control interface and the column address
strobe (CAS/) signal is received (approximately 90 nano-
seconds after the row address strobe for a fast array,
150 nanoseconds for a slow array), strobing columa
address information into the selected chip.

At this time, on a read cycle or the read portion of a
write cycle, the associated E16KNx-x/ line is brought
low, which enables read data outputs from the selected
block to the MDxx, MPAR and MPROT lines. How-
ever, valid data will not be present until each chip has
reached its access time. At TG6 time of the eight-phase
timing chain, when all chips in the section should have
reached access time, data will be strobed from :he
MDxx line to a read data register. At T7 time, the
enabling E16KNx-x/ signal is removed.

On a write cycle, the write line WT-MOS/ is brought
low at T2 or T2* time depending upon the type of

cycle, strobing write data from the MDxx, MPAR and
MPROT lines into the memory chips of the selected 4K
block. The write line and row address strobe are held
low for the time required by the chips (until T5 or T5*
time) to achieve storage.

Approximately every 15.6 microseconds a refresh
operation takes place which ensures stored data remains
intact. Alternately all of the RAS16K0-x/ lines or all
of the RAS16K1-x/ lines are enabled, along with all of
the SLTBLKx/ lines. Thus on alternate cycles half the
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18
CHIPS

4096 x 1 BIT

MEMORY

CHIP

4K BLOCK 0 4K BLOCK 1 4K BLOCK 2 4K BLOCK 3

16K MEMORY SECTION
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X Y z AC
16K 16K 16K 16K
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Figure 4-18, MOS Memory Organization
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4K blocks are enabled. A single row address is given,
however no column address is necessary as the chips are
refreshed a rowat a time. Sixty-four cycles are thus
necessary on each set of row address strobes for a com-
plete refresh, which will occur each two milliseconds.

A refresh cycle is the same as a read cycle except that
the chip select line CS/ remains high.

ERROR CHECKING AND
CORRECTION (ECC)

Memory integrity may be ensured through the use of an
error checking and correction option to the MOS mem-
ory. The ECC option detects and corrects single-bit
errors and flags any two-bit error in a data word. If
ECC is not used, only single-bit errors are flagged by
a parity error, and two-bit errors will be undetected.

The option consists physically of a 98K word by five-

bit ECC array board which occupies slot AC in the MP17
mainframe. Total bank memory capacity is therefore
limited to 98K words. Logic for ECC operation is con-
tained on the data interface board, and details of ECC
logic will be found in the data interface sections of this
manual. '

ECC THEORY

ECC is a method of adding parity bits generated from
portions of a binary word until a code is produced in
which a single bit error can be located, not just flagged.
To be single error correcting, a code must be such that
at least three changes in the bit configuration are made
when changing from one binary number to any other
binary number. The conventional Hamming code pro-
duces this result. The data field consists of 17 bits,
MDO0 to MD15 (MDO00 = LSB) and a word protect bit
(MPROT). Five bits (ECCO00 through ECC04) are
added. The error correcting code bits are called the
check field and extend the bit locations to 22 positions.
The parity bit discussed later in this section increases
the total bit locations to 23.

When the 17 bit data word is presented to memory, the
ECC bits are generated to produce an even parity with

the particular data bits that acted upon each. ECCO0 is
a result of bit positions 3, 5, 7, 9, 11, 15, 17, 19, and
21. ECCO1 is a result of bit positions 3, 6, 7, 10, 11,
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14, 15, 18, 19, and 22. ECCO02 is a result of bit posi-
tions 5, 6, 7, 12, 13, 14, 15, 20, 21, and 22. ECCO03
is a result of bit positions 9 through 15. ECCO04 is a
result of bit positions 17 through 22. Refer to figure
4-19.

When a data word is read from memory, the five ECC
bits are regenerated and compared to the stored five.
The resulting five bits from the exclusive-OR compari~
son are called syndrome bits. If the two ECC bit sets
are equal, the syndroms bits are zero. If the overall
parity check is also correct then no parity error
occurred; if the overall parity check is incorrect, a
single-bit error occurred in the parity bit position. If
they are not equal, an error has occurred. If the over-
all parity check is incorrect, a single-bit error occurred
and the binary value syndrome bits specify the bit posi-
tion in error. If the overall parity check is correct a
two-bit error occurred and the syndrome bits are m=an-
ingless. Table 4-19 shows the fault code and its meaning.

To perform a single error correction the syndrome bits
are decoded to identify the incorrect bit and the bad bit
is complemented.

As an example (figure 4-19), assume the data word is
2ATA16: binary 0 0010 1010 0111 1010. Generating an
even parity for each ECC bit using its associated input
data bit produces 00110. The composite word is also
shown with odd parity generated for bit locations 1
through 22. When the data word is read from memory
during a read cycle and if there is an error in bit loca-
tion 9, the incorrect word becomes 0 0010 1010 0110
1010 (2A6A3g). The regenerated ECC bits become
01111. Upon comparing the two sets of ECC bits,

the syndrome bits become 01001, indicating an error
in bit location 9, memory data line MDO04.

ECC and Parity Application

Activity begins when data is placed on the 17 memory
data lines MDO00 to MD15 and MPROT. WORD PARITY,
generated on MDO0O to MD15, goes high if the 16 input
bits are even.

If the ECC option is not present, ECCHERE/ is high and
KO through K4 are forced low. During write data enable
EPRO'_I‘/ PAR, the full odd parity (MPAR) is generated
using WORD PARITY and MPROT. During read data
enable, parity is checked by sampling the MPE+DED/
line. A low indicates a mamory parity error.
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BIT POSITION 23{22 21|20} 19|18 | 17|16 | 15|14 | 13|12 | 11|10 | 9 8 71 615 413 12 |1

BIT IDENTIFICATION
DATA BITS MDxx PARPROT15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

CHECK BITS ECCxx 04 03 02 01 00

EVEN PARITY:

ECC04

ECCo03

ECCo02 —— _— _— 1

ECCO01 -_— —_— — I—

ECCO00 —_ —  —  —  —  — — — — — 4

ODD PARITY

EXAMPLE:

1. DATA WORD

(2A7A1¢) (0) 000 1 0 1 0 1 0 o0 1 1 1 1 0 1 0
2. CHECK BITS 0 0 1 1 0
3. COMPOSITE 1 0 o 0 1 0 1 0 0 1 O0 0 1 1 0 1 0 1 1 0 1 o0
READ AS ZERO
4. REGENERATED
CHECK BITS 0 (PARITY ERROR) 0 1 1 101
(B.P. 9=0)
5. SYNDROME BITS 0 1 0 0o 1
@. 1! 4.) N y

BIT POSITION 9

Figure 4-19. Error Correction Code
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TABLE 4-19. SYNDROME CODE LISTING

Syndrome Bits (SBxx)

04 03 02 01 00 Fault
0 0 0 0 0 No error (parity OK) or parity bit error
0 0 0 0 1 Error in bit position 1: ECC00
0 0 0 1 0 Error in bit position 2: ECCO01
0 0 0 1 1 Error in bit position 3: MDO00
0 0 1 0 0 Error in bit position 4: ECC02
0 0 1 0 1 Error in bit position 5: MDO01
0 0 1 1 0 Error in bit position 6: MD02
0 0 1 1 1 Error in bit position 7: MD03
0 1 0 0 0 Error in bit position 8: ECCO03
0 1 0 0 1 Error in bit position 9: MD04
0 1 0 1 0 Error in bit position 10: MDO05
0 1 0 1 1 Error in bit position 11: MD06
0 1 1 0 0 Error in bit position 12: MDO07
0 1 1 0 1 Error in bit position 13: MDO08
0 1 1 1 0 Error in bit position 14: MD09
0 1 1 1 1 Error in bit position 15: MD10
1 0 0 0 0 Error in bit position 16: ECC04
1 0 0 0 1 Error in bit position 17: MD11
1 0 0 1 0 Error in bit position 18: MD12
1 0 0 1 1 Error in bit position 19: MD13
1 0 1 0 0 Error in bit position 20: MD14
1 0 1 0 1 Error in bit position 21: MD15
1 0 1 1 0 Error in bit position 22: MPROT
1 0 1 1 1 Multiple bit errors
1 1 X X X Multiple bit errors
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If the ECC option is present, ECCHERE/ is low and the
generation of KO through K4 occurs as described under
ECC Method. During write data enable, the full odd
parity (MPAR) is generated using WORD PARITY,
MPROT, and KO through K4. In addition, KO through K4,
now labeled ECCO00 through ECC04 since passing through
control logic are stored in the ECC MOS array board.

During read data enable, the word called from memory
is placed on the mamory data lines and K0 through K4
are generated for this recalled word. At the same time,
the data word in question is called from memory and
the original error correcting code bits ECCO00 through
ECC04 are called from the ECC memory array board
and placed on lines ECCO00 through ECC04. They are
compared and produce syndroms bits SB00 through
SB04, which remain low if no bit error is recognized.
Should any of these bits go high, the bits in error are
decoded to determine bit position, ranging from BP03
through BP22. MDO00 through MD15 and MPROT (the
data information bits) are then passed through exclusive-
OR gates for complementing if single bit errors are
detected. The single-error-corrected outputs are
SECO00 through SEC15 and SECMPB. The SEC bits are
finally latched by the STBDFM/ signal, become
LSECO00 through LSEC15 and LSECMPB, and await
control logic to pick their destination. During this
tima parity is also checked. If ECC is correct and
parity is correct, everything is correct and nothing
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is corrected. If parity is in error, a single bit error
has occurred and it is corrected if the syndrome bits
are nonzero (ECC bit errors need not be corrected).
If ECC is incorrect and parity is good, a double bit
error is detected and flagged as nonrecoverable by
MPE+DED/ low.

ECC MEMORY ARRAY

The ECC MOS memory array board is a special-purpose
memory board designed to store the error correcting
code bits ECC00 through ECC04. The board's location
is slot AC. It has a five-bit bidirectional bus and has
the same timing and control found on the memory data

* board. Signals EN16KN0-1/, EN16KN1-1/, EN16KN0-1/,

EN16KN1-2/, EN16KN0-3/, and EN16KN1-3/ are enable
read data lines and select which bank of 16K memory is to
be used. SLTBLKO/, SLTBLK1/, SLTBLK2/, and
SLTBLK3/ are select block signals and select a 4K
section of memory to be used with the 16K of memory
previously selected. RAS16K0-1/, RAS16K1-1/,
RAS16K0-2/, RAS16K1-2/, RAS16K0-3/, and
RAS16K1-3/ are the row address strobes for the mem-
ory chips. MAOO through MAO5 are the shared row and
column address bits for the memory address chips.
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DIAGRAMS 5

This section contains block diagrams, circuit deseriptions,
and logic diagrams. The block diagrams are related to the
theory of operation in section 4. The ecircuit deseriptions
are related to the bloek diagrams in this section and to the
logic diagrams at the end of this section.

INTERCONNECTING DIAGRAM

Figures 5-1 thru 5-4 show all connections between data
interface, address and control interface, memory arrays,
ECC array, and other system components. All data and
address paths are highlighted. Signal names and logic
board pin-numbers are included. The diagrams should be
useful for troubleshooting to the board level.

FUNCTIONAL BLOCK DIAGRAMS

Figures 5-5 thru 5-8 show data flow, address paths and
major control signals in the array and interface boards. All
data and address paths are highlighted. Each block of the
diagrams contains a number in the upper right corner that
corresponds to the logic diagram sheet number. These
block diagrams supplement the logic diagrams and are also
intended to be used for training maintenance personnel.

ADDRESS AND CONTROL
INTERFACE BOARD CIRCUITS
DMA PRIORITY AND BANK SELECT CIRCUITS

The highest priority DMA request is determined by
this circuit, and a DMA local or DMA external request
is produced.
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The four incoming DMA request lines, DMA1-MR/
through DMA4-MR/, are input through selector B1 to
the four DMA request latches at B2 and B3. However,
only the one input selected by switch S10 (at location
BC1) is available through the selector to the latches
when the PRIORITY/ input line is low. Later DMA
requests are locked out as soon as the first latch is
set.

Resync timing for the DMA priority select circuit is
provided by the flip-flops at L1 and L2, plus the delay
circuit J1.

After a 40-nanosecond delay, to assure that the local/
external bank select line DMAx-INT has stabilized, the
highest priority request is selected through the gates at
D1, D2, and C2 and the resulting request accept signal
(DMAx-RA/ low) is sent to the DMA port. This request
accept signal informs the selected DMA device to place
its data and control signals on the data, address and con-
trol lines which are common to all DMA devices. As
the DMAx-RA/ line goes low, the associated flip-flop at
F1 or G1 corresponding to the selected DMA device will
be clocked low only if the incoming line DMAx-INT is
high, indicating an internal bank request.

After an additional 30-nanosecond resync delay, the
gates at D1 and A2 generate either a DMA local or
DMA external request that is sent to the appropriate
local or external priority select circuit. If an external
bank is not connected (EXTBANK/ high) a local bank
request is generated even if the external bank was
requested, but the DMA memory address error flag is
set via line SETDMAMAE. A local DMA request can
also be generated by the line DMASCREQ, which starts
the write portion of a DMA read/modify/write cycle.

The internal/external request gates are disabled after
the DMA request has been selected by either the local or
external bank priority select circuits, and the incoming
DMA request latches are reset after the completion of

the requested DMA memory cycle by the lines RESYNCDMA

and RESYNCDMA.
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STBCPUDFM/

STBDFM/,

STBDMADFM/

STCP/EXD/

TO-MEM/

F
vlvllvllwwwvwllrvvavvV

WRT-PB/

CAS/

|_E16KNx-x/ . N

MOSMAxx

RAS16Kx-x/

SLTBLKx/

WT-MOS/

v

EXTOMABxx

EXTREQOUT/
EXTRESOUT/

v

v

EXTWPBOUT

EXTWRTOUT

L 2 4

MPB/PRF

v

MPL/SC

v

cH1I/PE
PF/CHO

v

v

PE/CH1

4
F"

Figure 5-1.
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GND

$305/ - S315/ @ CPUMABxx/ | SLW | STRIP WX
s305/ 41 CPUMAB12/ [268 | €8
5306/ 40 CPUMABI13/ 286 | &6
s307/ 38 = CPUMAB14/ |280 | 80
5308/ 23 CPUMABI15/ {293 | 93
$309/ 28 CPUMABI16/ |285 | 85
s310/ 24 CPUMAB17/ |283 | 83
5311/ 22 CPUMAB18/ | 17 | 17
s312/ 29
sats/ 12 EXTIMABxx
:i:; lz EXTIMABO1 | 65
EXTIMABO2 | 66
EXTIMABO3 | 67
DMAMABxx EXTIMAB04 | 68
DMAMABOL | a7 EXTIMABOS | 69
pMaMaBoz | 253 EXTIMABOS | 70
DMAMABO3 | 255 EXTIMABO7 | 71
DMAMAB04 | 256 EXTIMABOS | 72
DMAMABOS | 263 Exmrxiz‘:so ::
DMAMABO6 35
DMAMABO7 | 277 ::;::::: :z
DMAMABO8 52
DMAMAB09 | 252 f:i:x::: ::
DMAMABLO | 201 EXTIMAB15 | 94
DMAMABI1 | 262
pMAMAB1z | 274 EXTIMABI6 | 95
DMAMABI3 | 2902 EXTIMAB17 | 96
DMAMAB14 | 281
DMAMAB15 | 282
DMAMABI16 271 DMAx-RA/
DMAMAB17 | 284 @ DMA1-RA/ | 227
DMA2-RA/ | 219
DMA3-RA/ | 220
DMax-INT DMA4-RA/ | 216
DMA1-INT 210
DMA2-INT 205
DMA3-INT 248
DMA4-INT 211 E16KNx-x /
E16KN0-1/ | 208
E16KN1-1/ | 226
DMAX-MR/ E16KNo-2/ | 207
D E16KN1-2/ 26
DMAI1-MR/ 1 E16KN0-3/ | 206
DMA2-MR/ | 214 E16KN1-3/ | 25
DMAS-MR/ | 212 E16KN0-4/ | 209
DMA4-MR/ | 213 El6KkN1~4/ | 27

MOSMAXx

MOSMAQ0
MOSMAOL
MOSMA02
MOSMA03
MOSMA04
MOSMADS

RAS16Kx-x/.

RAS16K0-1/
RAS16K1-1/
RAS16K0-2/
RAS16K1-2/
RAS16K0-3/
RAS16K1-3/
RAS16K0-4/
RAS16K1-4/

SLTBLKx /

SLTBLK0/
SLTBLK1/
SLTBLK2/
SLTBLK3/

EXTOMABxx/

EXTOMABOY
EXTOMAB02/|
EXTOMABOY/]
EXTOMAB0Y/]
EXTOMABOY/
EXTOMABO]

EXTOMABO7/]
EXTOMABO&/] 6

EXTOMABO0Y/

EXTOMAB1¢] 6:
EXTOMAB1Y] 6

EXTOMAB1%/
EXTOMAB1Y/]
EXTOMABI14/
EXTOMABI1%/]
EXTOMABI1¢/
EXTOMAB17/]

259
265
264

33
54

&

5
36
57
58

T TWISTED PAIR, BLUE WIRE TO GROUND, POSITION WX REFERS TO GROUND STRIP LOCATED

BETWEEN SLOTS W AND X. PIN DESIGNATION NUMBERS ARE 4-50 AND 53-102.
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Figure 5-1. Address and Control Interface Signals (Sheet 2 of 2)




CPU

DMA

ADDRESS
AND CONTROL
INTERFACE

MEMORY ARRAYS

EXTERNAL
BANK

0443

<

,

.

r

ENMEMBUS/ > 98

ENPRTSYS o
GATE AB/ » 205
GATE LBDS/ p 33
GATE UBDS/ >l 215
Mmc/ 26

C. MIRxx' > O

MULT IND o 3
& 8300/ - 8315/ R
To'/ o 25
® DMA Doox/ >
: BLK AB/ » 22
CHR-0/ » 80
CHR-1/ » 278
cs/ o 2%
DMAREQACT/ o 7
ENCPWRTDO/ o 277
ENDMWRTDO/ o
—ENEXTRDO/ 19
—ENMOSWRID/ ___, | 284
——EXIREQACT/ 5 79
— SELCPUEXT/ 74
——SELCPUNT/ _o] 75
——STBCRUDEM/ | 88
STBDFM/ » &
STBDMADFM/ 6
—SICP/EXD/___o| 262
TO - MEM/ o 297

>

— WRT-MPE/___ 2w

WRT-PB 282
ECCHERE/. ol 83
>
MPB/PRF 5| 250
>
MPL/SC RE)

>

@

DATA
INTERFACE
CARD

OJC)

100
70

©

203
20

294

46
299

216

298

72

292

240

®O

85
82
228

225

BUSxx h

(19
CPUDFMxx @—

EVENPAR

v

MEMPROTBT/

v

PAGE MODE/

v

PGM FILES/

v

ROPINT/

-
L

SECSTATUS/

4

e
»

DMADFMxx/ @ >

DMAMPB/ N

DMAMPL/ >

CPUNBNDS/ >

J

CPUMABxx

EMPF >
P >

MPB-L >
MPE+DED/ >
RDOPAGE/ »>
¢ MO @

MPAR

y

lal

PRF/MPB

\ 2B J

SC/MPL

XOxx

|

Figure 5-2, Data Interface Signals (Sheet 1 of 2)

CPU
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@ MIRxx
MIR28' 9
MIR29' 300
MIR30' 7
MIR31' 11
@ §300/ - 5315/
5300/ 54
s301/ 36
s302/ 35
$303/ 33
S304/ 39
$305/ 41
$306/ 40
s307/ 38
s308/ 23
S309 28
$310/ 24
s311/ 22
s312/ 29
s313/ 35
s314/ 15
s315/ 27
@ DMADxx/
DMADOY/ | 76
DMADO02/ {261
DMADO3/ | 31
DMADO4/ |228
DMADO5/ |253
DMADo06/ |252
DMADO7/ | 42
DMADO8/ |258
DMADO03/ |257
DMAD10/ 37
DMAD11/ | 45
DMAD12/ | 60
DMAD13/ | 62
DMAD14/ | 61
DMAD15/ | 59
DMADI16/ 52

T TWISTED PAIR, BLUE WIRE TO GROUND, POSITION VW REFERS TO STRIP LOCATED BETWEEN SLOTS
V AND W, PIN DESIGN NUMBERS ARE 4-50 AND 53-102,

96768600 B

X110
X111
X112

X114
X115
X116

BUSxx

BUS00
BUS01
BUS02
BUS03
BUSO04
BUS05
BUS06
BUSO07
BUS08
BUS09
BUS10
BUS11
BUS12
BUS13
BUS14
BUS15

210
220
222
224
223
221
219

296
89
929
10

CPUDFMex
cpupFMo1 | 71
cpupFMaz | 73
CPUDFMo03 | 66
cpupFMos | 77
CPUDFM05 | 63
CPUDFMo6 | 65
cPUDFMo? | 267
CPUDFMos | 69
CPUDFM09 | 86
CPUDFM10 | 291
CPUDFMI1 | 260
CPUDFMI2 | 38
CPUDFM13 | 259
CPUDFM14 | 266
CPUDFMI5 | 275
CPUDFM16 | 276
DMADFMxx
DMADFMo1 | 264
DMADFMo2 | 241
DMADFM03 | 5
DMADFMo4 | 47
DMADFMO5 | 14
DMADFMos | 32
DMADFMo7 | 17
DMADFMo8 | 30
DMADFMos | 16
DMADFM10 | 8
DMADFM11 | 18
DMADFM12 | 265
DMADFMI3 | 12
DMADFM14 | 67
DMADFMi5 | 21
DMADFM16 | 34
SIG | GND
cPuMaBxx | sLv | stmp vwl
cpumaBiz/ | s0 | so
cpumaBia/ | 48 | 48
cpuMaBi/ | 49 | 49
cPuMABIS/ | 51 | 50
cpumMaBI6/ 270 | 70
crumaB17/| 26 | 26
cPuMABI8/ | 68 | 68

Figure 5-2, Data Interface Signals (Sheet 2 of 2)

@ ECCxx

ECCo00
ECCo1
ECC02
ECCO03
ECCO04

87
285
288

MDO00
MDO1
MDo02
MDo3
MDO04
MDO05
MDO0s
MDO7
MDO08
MD09
MD10
MbD11
MDI12
MD13
MD14
MD15

@ XOxx

X001
X002
Xoo3
X004
X005
X006
Xoo7
X008
XOvg
Xo10
Xon
Xo1z
Xo13
X014
X015
X016

253
268
269

256




FROM A&CI SLOT X ARRAY BOARD
206 Qe
207 Q=@
E16KN0-1/ E16KNX-Y/
208 Q=9
209 Qeg@
220 Qe
227 Oy
RAS16K0-1/ RAS16KX-Y/
228 Q@
229 Q@
280 O
RAS16K1-X/ (32K ONLY)
RAS16K1-1/ 244*
E16KN1-X/ (32K ONL'
E16KN1-1/ 298* /o ¢ 0
SLOT 2
[T ¢ S—
E16KN0-3/ o1 200 O E16KNX-Y/
8 208 O
E16KN1-2/ 4 208 s
E16KN0-2/. O 10 ] 230 O |
ADDRFSS
CONNECTOR®*
RAS16K0-3/ o I 21 O
28 O RAS16KX-Y/
BASIGKL-2/ 29 229 4
RAS16K0-2/ O 30 220 O
RAS16K1-X/
RAS16K1-3/ 244% /c (32K ONLY)
E16KN1-X/
E16KN1-3/ 205+ / (32K ONLY)

FROM A&CI SLOT Y ARRAY BOARD
206 O
E16KN0-2/
‘oYU 207 Q@
E16KNX-Y/
@ 08 208 O
09 209 )
E16KN1-1/ O 10 l 230 O
ADDRESS
CONNECTOR**
RAS16K0-2
/ Q27 | 227 O
o —0 28 228 O__.._qn_;w__—
29 229 p
.BAMHL.__O:,O 230 O-
(32K ONLY)
RAS16K1-2/ 244*
E16KN1-X/
E16KN1-2/ 295* (32K ONLY)
SLOT AC
205 O
E16KNO0-4/ GKNX-
. O 201 O E16KNX-Y/
SRN1- ] 208 O——9 -
E16KN0-3/ 9 200 O ry "
AN >
E16KN1-2/ 10 210 O
>
E16KN0-2/ 1 " |\ Ecc
O\ TRANSMIT

E16KN1-1/ Quz

> ENABLES

v

E16KN0-1/ 13
X .
J\, ’
RAS16K0-1/ 4
O\ &
>
6K1-1 25
>
RAS16K0-2/ 26
O\ R
, ~ | Ecc row
RAS16K0-4 S
Oz 21 O ADDRESS
_ | sTrOBES
RAS16K1-3/ 0( v
s 228 Q=g
s
>
DASIKOY oy 229 O—@
2
RAS16K1-2/ 4o 230 O &-BASIKX-Y/
RAS16K1-X/
RASI6K1-4/ 244 /C (32K ONLY)
E16KN1-X/
EI16KN1-4/ 295* (32K ONLY)

Figure 5-3. MOS Memory Array Signals (Sheet 1 of 2)
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ADDRESS AND
CONTROL INTERFACE

DATA INTERFACE

o CAs/ o 239 222 ENMOS-250 >
s/ N Q@ =
*E16KNX-Y/. 00-05) 210 284 ‘_g_gy_z_____’
06-07 209 282 | MPROT )
(08-11) | 208
>
(12-15) | 207
ltPAR, PROT) | 208
SEIKNIX/ o (00-05) ) 295
@—L25=0n) g 296
MEMORY
ADDRESS ~ o
AND CONTROL < (08711) 1 297 ARRAY
INTERFACE 12-15 20 CARD
(PAR, PROT)_ | 299
(@)—MoSMAx: ®
— TRASIGKX-Y/  o[227
*RAS16K1-X/ » 244
SLTBLKx
WT-MOS/ (00-07) 232
(08-15) 233
PAR,PROT) _ | 231
L >
® MOSMAxx ® MDx
MosMAo0 | 258 MD00 255
MosMAo1 | 257 ,
Mpot 268 "*THE FOLLOWING PINS ARE STRAPPED TOGETHER
MOSMAZ {260 MDoz 269 ON THE BACK PLANE:
MosMA03 | 259 :
MosMack | 265 MDo3 256 E16KNX-Y/: 206, 207, 208, 209, 210
MosMaos | 264 Moo4 280 EI6KN1-X/: 295, 296, 297, 298, 299
MDO5 b RAS16KX-Y/: 227, 228, 229, 230
MD0G a WT-MOS/: 231, 232, 233
Mpo7 263 **ADDRESS CONNECTOR (NO. 96762000) SHOWN IN
MDO8 22 POSITION (TOP PINS 9,209) FOR THE FOLLOWING
® SLTBLKx/ MDo? 274 MEMORY CONFIGURATION:
SLTBLKO |238 MDI10 281 SLOT X: 32K
SLTBLK1 |235 Mon 273 SLOT Y: 16K
2
SLTBLK2 |241 Mo12 293 SLOT Z: 16K
SLTBLK3 |242 MDI13 290 SLOT AC: ECC
MD14 286
MDI15 287
Figure 5-3. MOS Memory Array Signals (Sheet 2 of 2)
96768600 A
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ADDRESS
AND
CONTROL
INTERFACE

96768600 A

®

CAS/

v

cs/ >

*E16KNx-x/

A 4

6

_@ MOSMAxx

239

237

SOJOXOIC)

ENMOS-250

ECCHERE/

-» ADDRESS AND
CONTROL

| P INTERFACE

*RAS16Kx-x/. ECC
—®' ’ ARRAY
@ SLTBLKx/ CARD

WT-MOS/, 2,
E16KNx-x/ @ RAS16Kx-x/ @ SLTBLKx/
E16KNO0-1/ | 13 RAS16K0-1/ | 24 SLTBLKO/ | 238
E16KN1-1/ | 12 RAS16K1-1/| 25 SLTBLK1/ | 235
E16KNO0-2/ | 11 RAS16K0-2/ | 26 SLTBLK2/ | 241
E16KN1-2/ | 10 RAS16K1-2/ | 30 SLTBLK3/ | 242
EI6KNO-3/| 9 RAS16K0-3/ | 29
E16KN1-3/ 8 RAS16K1-3 28

MOS MAxx

MOS MA0O 258
MOSs MAO1 257
MOS MA02 260
MOS MA03 259
MOS MA0O4 265
MOS MAO5 | 264

*SEE ALSO BACKPLANE NOTES FOR SLOT AC IN FIGURE 5-3.

Figure 5-4. ECC Array Signals

@ ECCxx

ECCo0
ECCo1
ECCO02
ECCo03
ECCo04

83

88
91
89

ECCxx : DATA INTERFACE



Dl (CPU) (DMA) (D)

4 STBCPUBKP/ DMAMDS/ STBCPUDFM/, SELCPUINT/, SELCPUEXT/,
CPUMDS/ DMA-PF/ WT-MPF/, STBDFM/, STBDMADEM/,
SET SM105/ DMAMPB/ ENEXTRDO/
SET SM108/
[ 2,13, 14 l1s. 19}, EXTRESIN/
CONTROL CONTROL [
OUTPUT LOGIC [€—= QUTPUT
MPE+DED/ (LOCAL) Locic PF/CHO
(EXTERNAL) PE/CH1 (EXT
— BANK)
PROT FAULT
WRT-MPB/ 5 |_EXTRESOUT/, CHO/PF, CHI/PE G
Ls ] 3 BKPT
CONTROL CPUBKPWRT,
LINE LOGIC — =P CNTRLR
Mc/ - ENMOSWRTDO/
———rp 2 ey B
[11_12 feip MC/POMC . peapy Ll ST o
©pv) P weire WT-MOS/
POWFAIL/ ’ _ SC TIMING L AL
——y] k=i POMC [ 2]e (MEM
$-PHASE < 4 ARRAYS)
CAS/
TIMING CHAIN >
» TO-T7
v (ALL) ENRAS
EXTWRTIN, CHO/PF ‘ENMOSRDD
CH1/PE, SC/MPL T
PRF/MPB. EXTWPBIN R 6,7
ol @ comrnor. L2 &
LINE s
CPU) 0, n:gg’x;wxsa bl BLKAD o
¢ CPU WRITE, CHARO,1 CPU-SC/, ~ T LOGIC CONTROL
CPUPROTECT/. CPUWRTPB :
sc mglxjmr
T & REQUEST]
{5) 18 —_
(DMA) Oy »|  CONTROL LINES EXTWRTOUT, PF/CHO. PE/CH1. MPL/SC,
DMAWRITE, DMACHARO, 1 LINE MPB/PRF. EXTWPBOLT (EXT
DMA-SC/. DMAPROT/ MULTIPLEXER — @-» BANK)
DMAWRTPB/ - (EXTERNAL)
DMAx-MR/ ~
m—— 4 > I 2.3 .
DMA-MAE/ e DMA EXT s "
By — DMA PRIORITY EXTREQOLT. (;:‘;\:h )
(DMA){ e (1) P AND » EXTERNAL BANK :
PRIORITY/ > BANK SELECT PRIORITY SELECT
DMAx-RA/ N | DMA-L p—— : > (1)
< - ENCPWRTDO/
ENDMWRTDO/
CPUREQ/ 4] 0
— P CPU REQUEST 2
, AND
(o  SEUMAB1s »  BANK SELECT > [
2 EXTREQACT/
| ®| LOCAL DMAREQACT/
BANK _(:)" (oD
${ PRIORITY
SELECT SELECT
(EXT  EXTREQIN/ LINES
BANK)
n | 4 7.8.10 cs/.
L REF ROW MEMORY ADDRESS MOSMAxx, SLTBLEx/
el »{  ADDRESS ARRAY ADDRESS RAS1GKcx/ . E16KNxx/ MEM
» COUNTER DECODING & ARRAYS)
L 3
l ] 10 Q‘D
REFMA Bxx
(EXT - EXTIMABxx/ o~ 4| LocAL
BANK) D, MEMORY
DMAMABxx/ (1) ADDRESS N
(DMA) . e .
CPUMAB 12/-17/ “~ o] MULTIPLEXER
(Dl) ——— 6
1
8305/ - 8315/ PU l— o 16,17
(CPL) - D fmnm—:ss EXTERNAL L
REGISTER Lep  MEMORY ADDRESS EXTOMABxx/
| OUTPUT'MULTIPLEXER | (()p BEA‘;!;()

Figure 5-5. Address and Control Interface Block Diagram
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MIR 28'-31'

2 appR|_2_|
MIR MODE [ PAGEMODE/
ToL REGISTER REGISTER
————
3 3
(CPU)
5.6
GATE AB/, GATE LBDS/ BOUNLD?""_L > BOUNDS CPUNBNDS/
GATE UBDS/ (32— >
[=] , rorovry, Emor REGISTER COMPARATORS
CPU RDOPAGE/
ADDRESS 7'y 7Y
CONTROL T
(A&C[) &W—’ LOGIC
. qe) NAKCT)
UPPER HALF l v
(B SELECT 4 4
cPU N AB00-AB15 »  MEMORY MEMORY CPUMAB 12-18
ADDRESS P PAGE |———()—>{ ADDRESS )
REGISTER FILE MUX
4
(MSB)
5300/ - $315/
(CPU) -—G:/:\
3,9,17 v
STCP/EXD/ R :,2'“ DATA CPUxx T8
- X001 - X016
ENMOSWRTD/ REGISTER %ﬂ (EXT
CHR-0/CHR-1/, IATAOUT -D—>E0
(&cr( WRT-PB/ MUX >
DMAREQACT/
EXTREQACT LOCAL Lo ] 'y
- WRITE DATA CPU0S LSECMPB
0 ENABLE LDMA10_|
LOGIC | |
) v
[ s
PROTECT MPROT
(cpuy ENPRISYS e
MUX
DMADxx
(DMA) {16 )oee
MD00-15, MPAR,
2 MPROT
er a
17 —p( [ 1112 1
DMA L] Laviz | IMPAR J >
$ WRITE DATA
REGISTER WRITE » 7,14 4
DATA T on PARITY MEM
MUX | cHECK ARRAYS)
p
EXT | 9 ECC |la.14 ECC 00-04
WRITE DATA Xwn10 GENERATOR J
(EXT e ({Dm » REGISTER
BANK) >—<\ e _T SEC STATUS
ECCHERE/ (CPU)
y y
| 16 O $ ERROR 16 |BPxx | 4 |u.19
EXT Lse CORRECTION ECC ERROR
READ DATA SECxx & LATCH CHECK REPORT
DRIVERS
STBDFM/ i) @aecy
DMADFMxx MPE+DED/
DMAMPL =
DMAMPB DMA N
OUTPUT
(DMA) REGISTER/ WORD PARITY ext L7:8
MUX X RDxx READ P—
M DATA
: BUFFERS
n MPF STATUS
B. U&"Cls) OPERAND
BUS MUX 4
(CPU) 18,19,20 ABxx
CPUDFMxx, EVENPAR, MEMPROTBT/ cpu p————
18 OUTPUT  |—ORDPARITY |
REGISTER/ [qisiin
MUX || ECC STATUS
Figure 5-6. Data Interface Block Diagram

96768600 A



A&Cl

A&CI

5-12

~ E16KNx-x/
—

SLTBLK0/ 5 | RAS 6.7
I = (o
CONTROL 4K x 18 BIT
DRIVERS > BLOCK 0
4 3 3
RAS16Kx-y/
A 4
cas/ s CAs
CONTROL
cs/ DRIVERS &
A
4 8,9
MoSMAXK ' -
ADDRESS 4K x 18 BIT
DRIVERS BLOCK 1
o>
- 3
WT-MOS/ ls WT
CONTROL
SLTBLK1/ DRIVERS RAS
SLTBLK2/ s RAS
~ CONTROL
DRIVERS W
+ !
2,3 [a0.12
= ;’ARKE ¥  kxsEIT
—(15) DRIVERS D, ¢—}—»  BLOCK2
MDxx
MPROT . 'y 5
MPAR I
5 CAS
CONTROL
DRIVERS [
A
o 2.1
4K x 18 BIT
R BLOCK 3
| L %
|'s WT
CONTROL
SLTBLK3/ DRIVERS RAS
ST

Figure 5-7, Memory Array Block Diagram
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o p—— YT | 9 i 9 llo |10
AR ey
|7y 4Kx 5 DOUTsx-x/ 4KxS 4Kx5 4Kx5 4Kx5
7 gy o T -—-———
MAXX "X o3 1T BLOCK
D(Nxx-x—’ RAS16K 01-0 01-1 01-2 01-3

TYPICAL OF 24-4K BLOCKS

4Kx5 4Kx5 4Kx5 4Kx5

RAS16K 11-0 11-1 11-2 11-3

(< , 30—

——CASL | CONTROL |l ) TR 4Kx5 4Kx5 4Kx5 4Kx5
wr-Mos/ | DRIVERS
WTx
RASI6K  02-0 02-1 oz 02-3

e B o= O g =]
) ms omvens [—@—pESEES =] =] ] m
SO

4Kx5 4Kx5 1Kx5 1Kx5
| 4,5
MEMORY RASI6K  12-0 12-1 122 123
\ Tosvae &) ADDRESS  f——{Z)—PMAxx—x
DRIVERS
‘ 17 | 17 | 18 | 18
4Kx5 4Kx5 4Kx5 1Kx5
RAS16K 03-0 03-1 032 03=3
| 19 ] 19 | 20 20
4Kx5 4Kx5 4Kx5 4Kx5
RAS16K  13-0 13-1 132 183
ALCl E16Kxx-x/ GD l
6,7,8
DOUTxx-x (30——p| READ DATA
6,7.8 ~ DRIVERS
CCxx WRITE DATA
DL 5 _....ppmxx
— DRIVERS @) =

Figure 5-8. ECC Array Block Diagram
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CPU REQUEST AND BANK SELECT CIRCUITS

The m=2mory request input from the CPU is received on
the CPUREQ/ line and latched in a flip-flop at B4. The
flip-flop output, CPUREQ:

1. Generates the first STBCPUDFM/ signal through
the gates at H1 and A9. This signal strobes the
CPU address into the CPU data register for break-
point compare on the CPU panel interface.

2. On a local bank request, (CPUMAB18/ false),
generates the CPU local request CPUREQ-L to the
local bank priority circuits through the gate at J4.
This signal may be inhibited if a DMA or external
read/modify/write cycle is in progress, or when
the DMA PRIORITY/ line is true from the DMA.

If DMA priority is selected the flip-flop at HJ1 is
clocked low, inhibiting the CPU request until the
DMA priority line is dropped. At this time, the
flip-flop is set such that the next CPU request will
be resynced properly.

3. On an external bank request (CPUMAB18/ true),
generates the enabling CPUADRI1S8 signal to the
external bank priority select circuit through the
gate at HJ2. This signal is inhibited if an external
bank is not connected (EXTBANK/ false), the CPU
memory address error flip-flop at B6 is set bring-
ing the line CPUMAE true, which inhibits a write
operation, thus forcing a local bank read cycle from
the same address. A true EMPF/ line from the
address and control interface also forces a local
read cycle to provide the timing for the loading
or statusing of the memory page file.

A CPURERQ signal is also generated internally for the
write portion of a read/modify/write cycle, by a

C PUSCREQ or CPUEXSCRQ signal from the read/
modify/write cycle logic.

REFRESH TIMER/ADDRESS COUNTER

Timar N5 is set for a 15.6 microsecond period and
feeds the clock input of the refresh row address counter
at L6 and M5. The counting provides every combina-
tion of the 64 row addresses through the outputs
REFMABO1 through REFMABI6, selecting half of each

5-14

MOS memory array board for refresh on alternate

cycles by the REFMABI5 output. Thus, the entire local
memory bank is refreshed every 128 cycles, or two
milliseconds. The counter clock also serves as a
refresh request to the local bank priority select circuits.

LOCAL BANK PRIORITY SELECT CIRCUITS

Priority is determined first among the three higher
priority request inputs—DMA local requests, external
requests and refresh requests. Then, priority is deter-
mined between the highest priority among these three
requests and a CPU request. The highest priority
request determines the source of data, address,and
control information for the completion of the memory
cycle.

Requests from the refresh timer are latched in the flip-
flop at M4, and external requests from the EXTREQIN/
line in the flip-flop at J6. A latched DMA-local request
is available from the DMA priority select circuit at gate
A2 pin 12.

The latched refresh, external, and DMA-local requests
are received through the gates at L3 and are latched by
the request priority flip-flops at M3 (DMA-local, exteraal)
and M4 (refresh). If one or more of the flip~flops is set,
further requests are blocked out by the L3 gates, as are
requests made during a read/modify/write split cycle.

Once one or more of the request priority flip-flops are
set, the flip-flop at K3 is clocked low, and the output
DMAREQ (representing a DMA or higher priority request)
is available to the DMA active latch. After a 40-
nanosecond resync delay through the delay circuit at

S1 the flip~-flop at L2 is set, which enables the priority
select gates at N3, P2 and P4.

The DMA active flip-flop at L4 is set directly by the
DMARERQ signal if no CPU local request is in progress
and the RESYNCINT line is false (RESYNCINT is a CPU
request resync signal generated by the flip-flop at H3
from the CPU timing signals). Otherwise, the DMA
active flip-flop is set at T6 time or when the RESYNCINT
line returns false. After the present cycle is complete
(MEMHALT true) an STRMOSADR signal is generated at
gate N4 pin 12 through the gates at P3 and R4 plus the
delay circuit at S3, which allows the selected address and
control lines to stabilize. The address and control lines
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are selected by the outputs of the priority select gates
and consist of the lines ENDMAADR, ENCPUADR,
SELREFRESH, and EXTSEL, On external or DMA
requests, either the EXTSEL2 or DMASEL2 flip-flop
at L5 is clocked true by the STRCONT timing signal,
which provides the data select signals EXTREQACT/
or DMAREQACT/ to the data interface, and EXTREQACT
or DMAREQACT to the local bank control output
logic.

The request priority flip-flops at M3 and M4 are cleared
at T4 time by the RESYNDMA/EXT resync signal, and
waiting priority requests may be accepted at that time
unless a read/modify/write cycle is in progress, when
one or both of the inhibit lines CPDMSC/PR or
CPU/EXTSC are true.

The CPU active flip-flop at L4 is set directly by the
CPUREQ-L signal if no memory cycle is in progress
(MEMHALT true) and the DMA active flip-flop is not
set; an immediate STRMOSADR signal is generated
at gate N4 pin 2 to start a CPU memory cycle. Ifa
DMA or higher priority memory cycle is in progress,
the CPU active flip-flop is clocked true at T6 time,
and the STRMOSADR signal is generated through the
gsates at N4 at the conclusion of the cycle.

EXTERNAL BANK PRIORITY SELECT CIRCUITS

A DMA external bank request is made by the DMA
priority and bank select circuit and is made available

to the external bank priority select circuit at gate A2
pin 8. A CPU external request requires the two sig-
nals CPUREQ and CPUADR 18 from the CPU request
and bank select circuit. Write portions of read/modify/
write cycles are requested via the lines DMAEXSCRQ
for a DMA cycle, and the same CPUREQ and CPUADRI18
lines for a CPU cycle.

An incoming request is latched by either the
DMAEXTREQ or CPUEXTRERQ flip-flop at E1. A DMA
request also sets the flip-flop at K1, which enables the
DMA address to the external bank via the line
DMAEXTSEL, and generates an external bank request
EXTREQOUT/ through the gate at K2 and driver at R3.
A CPU request also generates an EXTREQOUT/ signal
through the same gate and driver and enables the CPU
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address to the external bank via the line CPUEXTSEL
to the CPU and DMA select flip-flops at NP1. These
flip-flops provide the select lines to the external
address and control multiplexer, and to the external
write data out multiplexer in the data interface via the
lines ENCPWRTDO/ or ENDMWRTDO/.

The CPU and DMA external request latches are reset
at the end of the external cycle by the EXTRESYNC
signal, which allows the next external bank request to
be processed.

CPU ADDRESS REGISTER

The least significant 11 CPU address bits from lines
$305/ through S315/ (LSB) are clocked into the CPU
address register at J7 and K7 by the GATE AB/ signal
from the CPU. The register output lines are CPUMABO1
through CPUMABIL1. The most significant bits
CPUMABI12/ through CPUMAB17/ are supplied by the
data interface.

LOCAL MEMORY ADDRESS MULTIPLEXER

Memory addresses from the CPU address register,
DMA port, external port, and refresh address counter
are available to the local memory address multiplexer,
consisting of three-state two-input multiplexers
located at L7, L8, L9, M7, M8, M9, R8, R9, and
part of S8 and S9. Addresses are selected according
to the following truth table:

CPU (CPUMABO1
through CPUMABI1,
CPUMABI12/ through
CPUMAB17/

ENCPUADR true,
SELREFRESH' false

DMA (DMAMABOI/ ENDMAADR true,
through DMAMAB17/) EXTSEL' false

External (EXTIMABO01/ ENDMAADR true,
through EXTIMAB17/) EXTSEL' true

Refresh (REFMABO1
through REFMABOG,
REFMABIS5)

ENC DR true,
SELREFRESH' true



MEMORY ADDRESS/ARRAY ADDR:SS
CECODING

The 12 least significant memory address bits, as
selected by M8, L8, L9, L7, M9, and M7 are .
strobed into registers M6 and N7 by the STRMOSADR
signal; the least significant six bits in N7, the next
most significant in M6.

The line RAE, when low, gates the six bits in N7
through selector P7 to the lines MOSMAO0 through
MOSMAO5, forming the row address to the memory
array boards. Later, the line CAE gates the six
bits in M6 through selector N6 to the same lines to
the memory arrays, forming the column address.

The two least significant bits from selectors R8 or
R9, representing memory address bits 13 and 14, are
routed through gates at F6 to a two to four-line
decoder, the NAND gates F7, and strobed into the
block select register F8 by the STRMOSADR line.
The one low line of the four outputs is one of the 4K
block select lines SLTBLKO/ through SLTBLK3/,

to the memory array.

Into the same F8 register are strobed the memory
address bit 15, from R8 or R9, and the level on the
SELREFRESH line. When low, the SELREFRESH
line also forces both gates at F6 high, thus selecting
all four block select lines simultaneously, and the
line CS/ to the memory array high to support a
refresh cycle.

Memory address bits 16 and 17 from R8 or R9 and S8
or S9 are strobed into register S6 by the STRMOSADR
line. These two lines plus bit 15 from F8 are decoded
by the three-to-eight-line decoders D7 and D8. The
output from D7 selects one of the eight row address
strobes RAS16K0-1/ to RAS16K1-4/ when selectors E7
and E8 are enabled by the ENRAS line. When
SELREFRESH is low all the inputs to selector E7

and the inputs to E8 are tied through the inverter at
H6 to bit 15. Thus, half the row address strobes are
selected on a refresh cycle, alternating with the level
on bit 15. The outputs of decoder D8 select one of the
eight transmit enables E16KN0-1/ to E16KN1-4/, to
the memory array boards. The outputs are enabled
during a read cycle by the ENMOSRDD line from the
write logic.

EXTERNAL MEMORY ADDRESS OUTPUT
MULTIPLEXER

Memory addresses from the CPU address register and
DMA port are available to the external memory address
output miltiplexer, consisting of three-state, two-input
multiplexers located at J8, J9, K8, K9, P8, and P9.
The inpats CPUMABO1 through CPUMABI11 and
CPUMABI12/ through CPUMAB17/ or DMAMABO1/
through DMAMAB17/ are selected by the active CPU

or DMA external select latch at NP1 to the external
memory address outputs EXTOMABO1/ through
EXTOMABI17/.

CONTROL LINE MULTIPLEXERS

Incoming control line information from the CPU, DMA,
and external ports is selected by the same select line as
memory address information. Some incoming lines are
modified by control line logic before selection:

® CPUWRITE, CPUWRT — The CPUWRITE input is
inhibited at the gate H7 by (1) the RDOPAGE/ input
from the data interface, indicating a read-only
page has been accessed in page mode, (2) CPUMAE,
indicating the external bank was requested but none
is connected, and (3) the EMPF line from the data
interface, indicating a load or read MPF instruc-
tion is in process. The inhibited line CPUWRT is
fed to the control logic multiplexers.

° CPUPROTECT/, CPUPROT ~ A gate at G7 allows
the CPUPROTECT/ line, the CPUNBNDS/ line, or
a low ENPRTSYS line to set the CPU program protect
line to the control line multiplexers (CPUPROT) true.

° CHARO, CPUCHARO — A gate at G9 allows the CPU
write protect bit line CPUWRTPB to inhibit the
CHARO input, thus forcing a restore operation on
the most significant eight data bits. The inhibited
line CPUCHARO is fed to the control line multi-
plexers.

® DMA WRITE, DMAWRT — A gate at G9 allows the
DMAMAE/ addressing error signal to inhibit the
DMA WRITE line, indicating the external bank was
requested but none is connected. The inhibited
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write line DMAWRT is fed to the control line
multiplexers.

outputs TO through T7 and the complements T0 through
T7. At TT time the flip-flop at H5 is clocked back low
on single cycles, stopping the clocking of the timing
chain. Single cycles are read cycles or full word write
cycles with protection disabled. On a normal write
opzration the WRT-SC flip-flop at K3 inhibits the first
T7 reset signal through the gate at F4, allowing the
timing chain to start again after T6 time through the
gates at D2 and D3 if ECC is not installed, or after

T7 time with ECC. The timing chain output is shown
in figure 5-9, along with the abbreviated representation
used in the read/write cycle timing diagrams.

. DMAPROT/, DMAPROT — A gate at G9 allows
either the DMAPROT/ input or a low ENPRTSYS
line to set the DMA program protect line to the
control line multiplexers (DMAPROT) true.

The control line multiplexers for the local bank are the
three-state, two-input multiplexers at R7, S7, and parts
of S8 and S9. The multiplexer outputs feed the control
line registers at R6 and S6. The external bank control
line multiplexers are at H8 and H9. Table 5-1 shows the

multiplexer inputs and outputs. The three-state timing multiplexer at E5 receives the

T3, T4, and T6 timing signals at one set of inputs;

T4, T5, and T7 at the other. When the ECC option

is installed, the later timing signals are used to pro-
vide the additional delay needed for the ECC check bits
to be decoded and single bit errors corrected. The
affected circuits are described in this section showing
both times (e.g., T6 (T7) indicates the T6 time is used
without ECC, T7 time with ECC). A delay circuit at A5
provides the additional timing signals of T6 (T7)+50
nanoseconds and T6 (T7)+100 nanoseconds. The outputs
memory array. After a 50-nanosecond delay, the of this E5 multiplexer are disabled through the gates
flip-flop at H5 is set through the gates at D6 and G6 at D5 during the write portion of a protected write

(100 nanoseconds through the gates at F6 and G6 for cycle.

a full word write cycle with protection disabled), and
the STRCONT signal is generated. This flip-flop
controls the operation of the timing chain. When

EIGHT-PHASE TIMING CHAIN

The STRMOSADR signal from the local priority
select circuit starts a memory cycle by clocking the
flip-flop at J6 low. After a 30-nanosecond delay by
the delay circuit at J6, the ENRAS line goes low,
enabling the row address strobe to the selected MOS

Additional timing signals are generated for other parts

of the system. The memory resync flip-flop at H5 gener-
set by the delayed STRMOSADR signal, the line _ates a resync signal to the local priority select circuits,
MEMHALT goes false, terminating the STRMOSADR MEMRESYNC, which is low from time T4 to T7. The
signal. STCP/EXD/ signal from gate D4 pin 11 is a double pulse
at TO and T2 times which strobes write data into registers

The eight-phase timing chain consists of the clock in the data interface. The RAE and CAE outputs from the

gates at J4 and J5, the four-bit counter circuits at G5
(even clock) and F5 (odd clock), the delay circuit at
G2, the timing selector at G3, and the restart gate at
H7. The clock gates are enabled by the setting of the
flip-flop at H5, causing the counter at G5 to be clocked
and the first, or TO, output to appear. At the same
time the gate output of J5 pin 8 sends a clock signal to
the delay circuit at G2. The time delay selected (20
or 30 nanoseconds) is determined by the ENMOS-250
input from the arrays. If one or more of the arrays is
a slow array, causing ENMOS-250 to be low, the 30
nanosecond time is selected by the three-state drivers
at G3. With circuit propagation delays, the time
between clocking of the G5 and F'5 counters is either
40 or. 50 nanoseconds.

Alternate clocking of the G5 and F5 timing registers
produces an eight-phase, overlapping timing chain with

96768600 C

flip-flop at E3 select row address or column address to
the MOSMAxx lines, with CAE true from T1 to T5 time
and RAE true at all other times. The column address
strobe CAS from the other flip-flop at E3 is sent at T1
time (delayed somewhat by device delays).

CONTROL LINE LOGIC AND READ/WRITE
CONTROL

The control line information latched in the registers at
RG and S6 determine the action taken during a mamory
cycle. When the write line is true, three gates at S5 and
P5 determine whether a single cycle write or read/
write split cycle will be executed.



TABLE 5-1. CONTROL LINES

Local Bank External Bank
Multiplexer
Control Function Input Multiplexer Register Multiplexer Output Line
Write CPU WRT S8 R6 H8
’ DMAWRT S9 H9 EXTWRTOUT

EXTWRTIN S9 -—

Character 0 CPUCHARO R7 H8
DMACHARO S7 H9 PF/CHO
CHO/PF ST -

Character 1 CHAR1 R7 H8
DMACHARI1 S7 H9 PE/CH1
CH1/PE ST -

Split Cycle CPU-sC/ R7 HS
DMA-SC/ s7 H9 MPL/SC
SC/MPL S7 -

Program Protect CPUPROT R7 S6 H8
DMAPROT ST H9 MPB/PRF
PRF/MPB . s7 -

Write Protect Bit CPUWRTPB S8 HS
DMAWRTPB/ S9 H9 EXTWPBOUT
EXTWPBIN S9 —_

The FUL-WRT line is brought low to initiate a single cycle
write operation when the ENPRTSYS line is false and both
the character 0 and character 1 lines are true. In all
other conditions when the write line is high a read/

write split cycle is initiated by the line WRITE-SC, which
conditions the WRT-SC flip-flop at K3 to be clocked low

at T2 time, and clocked back high at the second T2

time (T2%*).

When FUL-WRT is true, the write flip-flop at F2 is
clocked high at T2 time, bringing the WT-MOS/ write
control line to the memory arrays true until T6 time,
when the flip-flop is cleared through the gate at D6. The
read/write data select flip-flop also at F2 is preset by
the STRMOSADR signal, bringing the ENMOSWRTD/

line true, enabling write data to the memory data lines
from the data interface.

5-18

On a normal write cycle the flip-flops at F2 are clocked
low at T2 time for the read portion of the cycle, bring-
ing ENMOSRDD true, which enables the selected trans-
mit enable line to the memory arrays. At T6 (T7)+50
nanoseconds the read/write data select flip-flop is clocked
high, and at the second T2 time the write flip-flop is

clocked high for the write portion of the cycle and cleared
at the second T6 time.

On a read cycle, both flip-flops are clocked low at T2
time and remain low for the duration of the cycle.

Three conditions cause the write flip~flop to be held
clear (WT-MOS/ held false) by the WRT-ABORT signal
through the gate at D6:

[} Protect parity error — When a parity error is
detected from read data (or double error with
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Figure 5-9. Eight-Phase Timing Chain
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ECC) the line MPE+DED/ from the data interface
goes true, and the MPE+DED flip-flop at C9 is
clocked low. The true MPE+DEDFF line from

the flip-flop and a true program protect line pro-
duce the WRT-ABORT signal through two gates at
Ps.

° Write protect bit parity error — When a parity
error is detected (MPE+DEDFF true) and the
write protect bit control line is true, the WRT-
ABORT signal is produced through the gates at
S5 and P5.

° Protect fault — When the protect bit from read
data is true (MPB-L from the data interface) and
the program protect line is false, the WRT-ABORT
signal is produced through the gates at C7 and P5.

. CPUBKPWRT -~ When CPU-SC/ is low or CPUWRT
is low, a CPUBKPWRT signal is applied to the
breakpoint controller. This enables the break-
point compare OPERAND.,

On an aborted write operation, a normal write cycle is
executed except that existing memory data is retained.

SPLIT CYCLE CONTROL LOGIC

The local split cycle control line latched in register
R6 clocks the levels on ENDMAADR, ENCPUADR,
and EXTSEL into the register at R2 at TO time.

On a CPU local split cycle request, the request inhibit
lines to the priority select circuits CPUSC~-HLD,
CPU/EXTSC, and CPDMSC/PR are brought true
through gates at N2, and the resync line SCCLRDMA
is brought true during T1 time to clear any waiting
higher priority request. When the CPUWRT line goes
high, the CPUSCREQ signal is generated through the
gate at F4 to begin the write cycle.

On a DMA local split cycle request, the request inhibit
lines to the priority select circuits DMASC-HLD and
CPDMSC/PR are brought true through gates at S2 and
N2, and DMA+EXTSC is also brought true. When the
DMAWRT line goes high, the DMASCREQ signal is gen-
erated through the gate at P2 to begin the write cycle.

On an external split cycle request, the request inhibit
lines to priority select circuits DMA+EXTSC and
CPU/EXTSC are brought true, the latter through the
gates at S2 and N2. The request for the write cycle
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is regenerated at the external bank and received over
the EXTREQIN/ line.

On DMA- or CPU-external requests the incoming split
cycle line DMA-SC/ or CPU-SC/ establishes a true or
false level at the inputs to the external SC flip-flops at
PR1. On a CPU-external split cycle request, one of
the flip-flops at PR1 is clocked high by the CPU external
select latch at NP1, bringing the inhibit line
CPUEXSC-HLD true to the external bank priority select
circuit, and the BLK AB/ line low to prohibit any CPU
address change until the cycle is complete. When the
CPUWRT line goes true, the second request signal
CPUEXSCRQ line to the external bank priority select
circuit is brought true, resulting in a second
EXTREQOUT/ signal to the external bank to begin the
write cycle. A DMA-external split cycle request is
handled in a similar manner by the other flip-flop at
PR1, producing the inhibit signal DMAEXSC-HLD

and the second requestsignal DMAEXSCRQ.

CONTROL OUTPUT LOGIC—LOCAL BANK CYCLES

CPU Read/Write Cycles

On a CPU read or write request the output STBC PUDFM/
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