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DATA SHEET

SINGLE-BOARD BUBBLE MEMORY SYSTEM

OVERVIEW

The RMS family is a single-board bubble memory system containing the
controller and all necessary support circuitry. The module is electrically
compatible with the 6500 or 6800 bus. The system is contained on a single
6" by 9.75" module and, through options, may contain one or two one-me-
gabit devices or one or two 256K-bit devices (30,840 to 262,656 bytes). The
options are selected by two jumpers on the module.

There are four modules in the RMS family:

RMS121 is a 32K-byte single-board bubble memory system
RMS122 is a 64K-byte single-board bubble memory system
RMS141 is a 128K-byte single-board bubble memory system
RMS142 is a 256K-byte single-board bubble memory system

The host system communicates with the RMS via programmed |/ O at a rate
determined by the number of devices and the location of the redundant
loops. For a system with two devices, the average data rate for a block (once
it has been accessed) is 22K bytes/second. The maximum data rate (when
no redundant loops are encountered) is 25K bytes/second. The access time
for a system ranges from 0.84 ms to 22 ms, depending on present block
location and the type of bubble device.

The RMS has provision for a file management or utility PROM which, when
connected to the system, becomes a part of the memory space for the host
computer.

The RMS firmware employs a checksum algorithm for error detection. All
data bytes that are to be written in a block are added together, and the
resulting eight bits are written into the last location of each block. Upon
reading a block of data from the bubble memory, each byte read is also
summed. This result is compared to the checksum byte at the end of the
block. The error status is loaded into the controller following each block
access.

REFERENCE DOCUMENTS

The following Rockwell documents are recommended for use with the in-
formation in this data sheet:

o SYSTEM 65 User's Manual, Document No. 29650N35

AIM 85 User's Guide, Document No. 29650N36

e« RMS File Management/Utility Program Reference Guide, Document No.
514

e R6500 Hardware Manual Document No. 29650N31

FEATURES

e Board user spectrum

— One or two RBM256 256K-bit devices

— One or two RBM411 one-megabit devices
32K to 256K bytes

100 kHz field rate

Plug-in compatibility with System 65, AIM 65, 6500 and 6800 systems
Byte-oriented data transfers

Extensive command structure

RCS151 or RCS152 controller

Programmed data transfer

Operating system on board

Checksum error detection

Data buffering and formatting

Read/write coordination

Redundancy control

All analog circuitry

Power-fail memory protect circuitry

6" x 9.76" pc board size

0°C to 50°C operating

—40°C to +125°C non-operating data retention
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: Tho Mnmory Modulo can bo deod into three functional areas: System Intarfaee.
* controller, and bubbie interface. The central unit of the moglule Is the RCS151 or
RCS152 NMOS controlier. It contains a microprocessor bus interface, an internal
microprocessor system (ROM, RAM, CPU and 1/0) to decode commands and
contrgl the operational sequences and a complete bubble memory control and
timing gonorator
A 4K-byte slice of tho host system main address space selected by a DIP switch
allows the user to choose the memory assignment for the RMS. Multiple modules
may be used in a system by proper application of the address space assignments.

6500 Bus Structure

6500-based systems are organized around two primary buses. Each bus consists
of a set of parallel paths which can be used to transfer binary information between
the devices in a system. The first bus, the Address Bus, is used to transfer the
address generated by the processor to the address inputs of the memory and
peripheral interface devices. The Address Bus consists of 16 lines, aliowing the
processor to access (Read or Write) up to 65,536 memory words, registers, etc.

The Data Bus consists of an 8-bit bidirectional data path. These lines transfer
dats from the processor to the selected memory location during a Write operation,
and trarisfér data and Instructlons from memory Imo the processor during a Read
operation. .

The direction of the data transters is controlied by the Read/Write (R/W) tine on
the processor. This line performs the write enable function. As long as the R/W
line is high (2.4 Vdc), all data transfers will take place from memory to the pro-
cessor (Read operation). This line will go low only when the processor is going
to Write data out to memory. Al fransitions on this line oceur during Phase 1 time
of the clock, concurrent with the address lines. ' ‘

BA12 - BAIG ADDRESS
0FCODE

As in most mlcrooomputor systems, the timing of all data transfers is controlled
by the system clock. A “Phase 1" clock pulse is the negative portion of BO2 during
which the address lines change, and a “Phase 2" clock pulse is the positive pulse
during which the data is transferred. The timing of the signals on the Address Bus,
Data Bus, and R/W line is shown In the R8500 Bus Timing section. All signal
trangitions are specified with respect to the Phase 1 and Phase 2 clock signals.

< In particular, the address lines and the R/W line will stabilize during Phase 1,

and alf data transfers will take place during Phase 2.

The specific timing specifications for operating at a 1-MHz clock rate are also
given under R6500 Bus Timing. Note that the sequence of operations will be the
same for all processors. However, these timing specifications will change for de-
vices which are specified to aperate faster than 1.0.Mhz. The address is guran-
teed to be stable 300 ns after the leading edge of Phase 1, and the data must be
stable 100 ns before the trailing edge of Phase 2. At 1,0-MHz operation, this al-
lows the memory devices approximately 575 ns to make data available on the
data bus. Although there are many factors which determine the actual data and
address generated within the system, It is Important to keep in mind that the basic
timing shown does not change. Thess figures specify the system bus discipline
which applies to all R6500 processors and support chips.

One of the basic system control functions s the system RESET signal. Whether
this signal is generated automatically by external power-on circuitry or manually
from a switch, the system components must obey a fixed set of rules to assure
proper system operation. During power-up and power-down, B RESET (Pin 5)
must be held low until the supply voltages have stabiiized or been removed. This

. procedure ensures that the peripheral ping will remain in a known state until the

entire system Is initialized and the processor is ready to assume control of the
output lines.
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Figure 1. Single Board Bubble Memory System

interface. Signails and Data Flow

The first part of Table 1 describes the System bus signals used by the RMS. The
arrows indicate the direction of signal flow. The second part of this table describes
the other interfaces internal to the RMS between the “interface” and “controller”
functions. '

Data Flow

The heart of the RMS controller is an RCS151 or RCS152 one-chip microcom-
puter and one R8520 Peripheral Interface Adaptor (PIA). The Controller sets up
automatic handshanking in the R6520 to communicate commands and control
data to the host, Since the controller has no DMA capability the data to be stored
in or retrieved from the bubbles is transferred by a byte-for-byte basis. The next
two sections describe the Write and Read Data Flow.

Write Data Flow

In a typical Write ssquence, the first byte from the host is received by the controller
through PORT A of the R6520. Once the write sequence is received by the con-
trolier, the host must send the exact number of bytes to fill an entire block of data.

The controller signals to the host to send each byte by lowering the ROYDATA
line.

The first byte put Into the data stream to the bubbles by the controller contains
the block address. Every byte after that is sent by the host at approximately
1 byte every 40 microseconds depending when the RDYDATA line goes low. The
exact data rate depends on the spacing of the defective loops. The last byte sent
by the controller is the checksum byte which is being calculated as the data is
being sent.

Read Data Flow

For the Read sequence, the data path operation is exactly opposite to the Write
sequence. Data Is received from the bubbles serially, shifted into a shift register
and recelved by the controller in parailel. The controller reads the first byte as the
block address and strips that off before sending the rest of the data to the host.
This data is send through PORT A of the R6520 where the host receives it byte
by byte when the RDYDATA goes low. The host must be ready to receive the data
at approximately 1 byte every 40 microseconds. The last byte received from the
bubbles is aiso stripped off the data stream and is used by the controller for a
checksum. If there Is a discrepancy, the checksum error flag is set in the status
register to tell the host of such an error.




Chock's'qm

The checksum is used to detect errors in each block and is the last byte of the
data stream. It is computed by adding every byte in a block including the first byte
(the address fleld) and using the result of that addition as the fast byte of every
biock. On a write operation, the controlier calculates the checksum and writes the
result to the bubbles. On a read Gperation, the controlier calculates the checksum
and compares the result with the last byte read. Any discrepancy between these .

two results is flagged in the status register as a chocksum error.

Table 1;

RMS Interface Signal
- SYSTEM RMS SIGNALS .
AB <0:15> F These bidirectional ‘address lines inform the
————— RMS when it is being addressed. During data
transfers they provide the address of the data
byte being transferred. The lines are TTL
compatible.
DB <0:7> These bidirectional: deta lines are used to-
. - transfer data to/from the BMS. Thie data lines
are inverted and are TTL compatible.
Bg2 This is the #2 clock Input from the host system.
BR/W The bus read/write line is used to indicate the
—_— direction of transfer. During operation this line
is controlied by the host system, i
VMS; VUA, VXA These signals are used in-lieu of internally- .
e connected B2 for strobing the address in EX-
ORciser and Micro Module systems. i
IRQF The System interrupt request line can be used
-— to interrupt the system when a command is
completed or an error occurs. :
RST This line resets the controller, the R8520. and
| —— other digital circuitry.

R6520 INTERFACE/CO!|

NTROLLER SIGNALS

Inpyt (from Controller)
ACK -

Output (to Controller)
RDYCM -~

ROVDATA = —

Data Ports
PAQ-PA7 -

PBO-PB7 -

a low transition indicates the host computer
has put a command word or data word (Write)
on port A or that the host has read the data
word from port PA (Read).

v

set low to indicate the controller is ready to re-
ceive a command word.

set low to indicate the controller is ready to re-

ceive a data word (Write). Note—a data word
must be on port A within 35us of the low tran-
sition of this signal. The controtier wil! read
from port A after 35us even if the host has not
loaded new data into port A. This signal is also
set low to indicate the controller has output a
word to port A (Read). The host must read the
word from port A within 35us.

Used to transfer command words to the con- .
troller as well as data words to and from the
controtler.

Used to tf@nsfﬂ status from the controller to
the host. The status is available on port B after
each command has been executed.

R6500 BUS TIMING
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Chnncnnstlc ) Symbol Min * Typ T max Units
Cycle Time TCYC 1.0 - 10.0 us
¢1(0UT) Pulse Width (measured at 1.5V) PWH<151 430 - - ns -
¢2(OUT) Pulse Width (measured at 1.5V} EWH@Z 430 - - ns
¢1(0UT)' ¢2(0UT) Rise, Fall Time TR' TF - - 25 . ns
(measured at 0.8V to 2.0V}
{Load = 130 pF + TTL)
Delay Time Between Clocks TD 5 - - ns
(measured at 1.5V)
Read/Write Timing **
Characteristic Symbol Min Typ Max Units
Read/MWrite Setup Time from R650X TRWS - 100 300 ns
Address Setup Time from R650X TADS i - 200 300 ns
Memory Read Access Time ; Tace - - 575 ns
Data-8tability Time Period TDSU 100 - - ns
Data Hold Time TH 10 30 - ns
Enable High Time for DBE Input TEH 430 - - ns
Data Setup Time from R650X TMDS - 160 200 ns

## Load Conditions = 1 TTL Load + 130 pf



ADDRESSING

The term “block” refers to one bit in the same relative position from each of the
loops (on one or more devices) which are accessed in parallel during a Read or
Wirite. A block of data is sent to the RMS serially from each bubble-device, using
the defective loop PROM as a shift clock to compact the data. The RMS separates
the data stream into bytes which are delivered to the System through Port A of
the R6520. -

The data stream is partitioned into an address field, a data field and a checksum
field. The first byte contains the block address, which is used to determine the
current location during power-on reset, and as a check after each subsequent
Read operation. The checksum, the last byte of each block, is used to detect data
errors. Table 2 gives the number of data bytes for each device.

0 X X X X X X X Least-Significant Address Byte

—— User Address Block Bit 1
e User Address Block Bit 2
User Address Block Bit 3
User Address Block Bit 4
User Address Block Bit 5
User Address Block Bit 6
User Address Block Bit 7
Signifies Least Significant Byte of address

A unique address is stored in bubble memory for each block. The first byte in each
block holds that block's address. This address is inserted for the Erase/Address
Load and by every Write operation. In the Read mode, it is stripped off before the
data is sent to the user.

The number of blocks depends on the device as indicated in Table 2. As shown
below, there are 12 bits in the user block address.

MS Byte LS Byte

0000 X X X X|X X X X X X X X

“ )
=~

12-bit Block Address
Range: 0 — 2051

The block address actually stored by the RMS (Table 3) differs from the user
block in four ways: 1) it is a one-byte address, as opposed to two bytes: 2) each
block contains either the MS Byte or the LS Byte, so the controller must read at
least two blocks to obtain the block address in restart; 3) Bit 7 signifies whether
the address if MS Byte or LS Byte; and 4) since, for a four-micron system, there
is an odd number of blocks (1025), the last block is represented as ail FFs in the
address byte.

100 X X X X Xq Most-Significant Address Byte

|— User block Address Bit 8

User Block Address Bit 8

User Block Address Bit 10

User Block Address Bit 11

User Block Address Bit 12

Signifies Most Significant Byte of address

If the above byte has the vaiue 11111111, then the address is assumed to be
1025 of the four-micron system.

Upon initial power-up, the controller is put in a reset mode, to establish address
positioning. This address is stored in the controller RAM. The controller estab-
lishes address positioning by two or three blocks, depending on the previous ad-
dress positioning. For example, if prior to the initial read the controller is positioned
on an MS Byte block, then two blocks are read {one with MS Byte and the fol-
lowing, which is an LS Byte block address). if an LS Byte block does not foliow
an MS Byte block, a block address error is flaged to the host; the same applies
if an MS Byte block does not follow an LS Byte block. The only exception is block
number 1024 for a four-micron device.

If the bubble memory is positioned on an LS Byte block address, the controlier
ignores the address and reads the two following addressss (which are MS Byte
followed by LS Byte block).

With the present block address known, the controller converts the one-byte ad-
dress to a two-byte user block address format, and stores that address in RAM.
Before reading or writing to the bubbies, the controlier converts the two-byte user
address to a one-byte RMS block address, which is used for that bubble function.
Since the address Is in nonvolatile bubble memory, along with the data, power
shut down of the memory does not affect operation. Read operations are non-
destructive and also do not affect the block address in memory.

As shown in Table 2, every configuration has a different number of redundant
loops. Redundant loop information is stored in a PROM on the RMS board. If a
device has fewer redundant loops than the number listed In Tabie 2, the controlier
simply does not use these extra “good” loops, and writes zeros into these ioops

* on a Write operation.

FUNCTIONAL OPERATION

The RMS sets up several registers in RAM which are used to calculate and store
the block address. A program stored in controller ROM interprets and executes
the RMS command set and provides the basic timing for the RMS data transfers.
This section describes the registers, command set, and types of errors which are
detected. Figure 2 shows a RAM map.

RMS Data Register

The RMS data registers reside in the controller RAM and are Initiaiized by the

power-on reset sequence and the Restart command. The user has access to the
registers.

REGISTER FORMAT

115 8 [7 0 |Block to be accessed
Secondary Block Address Reg. Base address

# of blocks to be transferred
Multi-block Read/Write

Error Conditions & Configuration
Command code

Block size # of parallel bubble devices

Block Address Register (0B, 0C)

CONTENTS

Block Address Reg.

# of Blocks Register
Block Counter
Status Register

Command Register

The value in this register at the start of each Read or Write determines the block
to be accessed. After each Read or Write, the block address is incremented to
allow the host access to sequential blocks without explicitly changing the block
address. The block address register can be loaded by the Read, Write, Load Reg-
isters, and Load Registers & Execute commands. The contents of the biock ad-
dress register can be read by the Read Registers command.

Secondary Block Address Register (0D, OE)

This register is not incremented after each Read or Write and can, therefore, be
used as a base address for subsequent operations. The Load Registers and Load
Registers & Execute commands can be used to load this register.

# of Blocks Register (0A)

This register specifies the number of biocks of data to be transferred during Read
and Write operations. The # of blocks register can be loaded by the Read, Write,
Load Registers and Load Registers & Execute commands and can be read by the
Read Registers command. The value contained in the register is equal to the
number of blocks to be transferred minus one; thus from 1 to 256 biocks may be
specified.




Status Reglster (07)

At the completion of each command (after the RDYCMD line goes low), the con-
tents of the status register are available on port B. The assignments for each bit
in the status word are shown below. A “1" Iindicates the error condition exists.

Command Register (06)

The command register is used to store the command code untii the operation is

completed. :
Bits 4, 3 and 2 are error conditions. Bits 0, 1 and 7 define the bubbie type and: '
capacity. Block Counter (09)
7 (] 8 4 3 2 1 0 ‘
The block counter is used to count blocks during multl-bloc_:k Read and Write
1=4micron | Not | Not | Invalid |Check-| Block | device # devices operations.
0 = 2 micron |Used {Used | Command | sum { Address type 0 = 1 device
Code | Emor | Error | 0= 256K | 1= 2device Block Size Register (08)
Error J1=1M

Status Register Bit Assignments

The block size register indicates the block size of each controlier biock. The reg-
ister is updated during each Restart command and during hardware reset.

Table 2. Data Stream Definition

CONFIGURATION °3::L°' LOOP ALLOCATION
AVAILABLE
NO. OF MAX. NOT NO. OF
DEVICES DEVICE PA2 PA1 REDUNDANT ADDR. CHECKSUM DATA USED TOTAL BLOCKS
1 RBM 256 0 0 10 8 8 256 0 282 1025
2 RBM 256 0 1 36 8 8 512 (] 564 1025
1 RBM 411 1 0 44 8 8 512 0 572 2052
2 RBM 411 1 1 08 8 8 1024 8 1144 2052
Table 3. RMS Block Address Format vs. User Block Address Format
BLOCK : :
ock # USER BLOCK ADDRESS RMS BLOCK ADDRESS
DEC. HEX. (HEX.) (HEX.)
0 (] 0000 80
1 1 0001 00
2 2 0002 80
3 3 0003 02
4 4 0004 80
5 5 0005 04
6 8 0008 80
126 7€ 007E 80
127 7F 007F 7E
128 80 0080 81
129 81 0081 00
130 82 0082 81
131 83 0083 02
1022 3FE 03FE 87
1023 3FF 03FF 7€
1024 400 0400 88
10286 401 0401 00
2048 800 0800 90
2049 801 0801 00
2050 802 0802 20
2051 803 0803 02
Special case: 256K four-micron device block 1024
1024 400 0400 FF




00|  CHKSUM RDCHKS OUTADD ~ INADD PNDCMD STRAP COMMAND STATUS
STORED READ ADDRTO ADDR FROM PENDING " STRAP FOR CURRENT
CHECKSUM CHECKSUM BUBBLES BUBBLES COMMAND CONFIGUR. COMMAND
08 BLKSIZ BLKCTR NBLKS BLKAU " BLKAL BLKA2V BLKA2L CBLKAU.
BLOCK BLOCK # OF BLOCK BLOCK 2ND BLOCK | 2ND BLOCK CURRENT
sIze COUNTER BLOCKS " ADDR (U) ADDR (L) ADDR (U) ADDR (L) ADDR (U)
10 CBLKAL ERS FLG ERS VAL TEMPU TEMPL TEMP 1 TEMP 2 SAVE X
CURRENT FLAG TO VALUE FOR SAVE X
ADDR (L) INCREMENT ERASE REQISTER
ERSVAL ADDR LOAD
18 CNTR WRCNTR SAVE
WORKING # OF BYTES .
" COUNTER TO WRITE

CONTROLLER COMMANDS

The RMS controller contains an extensive command structure which falls into three primary categories. The first is the operational commands comprising read and write.
The second category comprises the initialize, start and verify commands and thirdly-a set of test commands is provided to access internal registers within the controller.
The command code is always the first byte in the sequence; subsequent bytes contain parameters such as a block address, # of blocks, etc. The R6520 ports must be

Figure 2. RMS RAM MAP

set up as input or output and the execute command sent.

Table 4. Command Codes .

7 8 5 4 2 1 0 COMMAND
0 0 a a # of Beginning X Read from Bubble Memory
Blocks Block
To be Read Address
0 1 a a " #of Beginning X Write to Bubble Memory
Blocks Block
To be Written . Address
1 1 0 1 1 1 0 Read from Last Block Address g
()
1 1 0 1 1 1 1 Write to Last Block Address
1 1 1 1 1 1 1 Execute
1 1 0 1 1 0 0 Cancel—Terminate Multiple Operation
1’ 1 0 1 0 0 0 Erase/Address Load—Clear and load
Block Address g
=
1 1 0 1 0 0 1 Restart—Read Next Block Address (Same %
as Hardware Reset) o
1 1 0 1 0 1 0 Address Verify—Check RMS Address
1 1 0 1 1 0 Load Registers & Execute—Transfer
Command Parameters
1 1 0 1 0 1 Read Registers—Read RMS Status and
Address Registers
1 0 1 2nd Block # of Block X Load RMS Registers
Address Blocks Address g‘l
1 1 0 0 b X X Transfer RMS Registers—
Move 4 Address Registers
1 1 0 1 0 0 0 Read RMS RAM—Test—RAM to System
1 1 0 1 0 1 0 Load RMS RAM—Test—System to RAM
1 1 0 1 1 0 0 Shift—Test—Rotate Bubbles

Note: X = Don’t Care

a, b are parameters




READ AND.WRITE COMMANDS -

The Read (from Bubble Memory) and the Write (to Bubble Memory) commands

are Identical in set-up and operation except for the direction of data flow; there-
fore, these commands will be discussed together, and the notation R/W used to
indicate either or both commands.

R/W are multiple byte commands (up to 5 bytes) that allow the user to specify
the starting biock address, and the number of blocks to be accessed. These pa-
rameters may be suppiled expllcltly as part of the R/W command sequence or
the contents of the RMS internal registers may be used. The code for the Read
command is “00XXXXXX" and for the Write command is “O1XXXXXX" where
"XXXXXX" Is used to define the R/W parameter options. Some of these options
indicate that additional data will be transmitted to the controller via handshake
while others specify operations on the RMS internal registers. See Figures 3 and
4 for sequence and timing.

Bit 0 not used
Bit 1

a

To specify the starting block address as part of the R/W command, bit 1 is set

to a logic 1. If the block address is specified, then two bytes of data are added

to the R/W command sequence as shown in Figure 3. However, if bit 1 Is a logic
0, then the block-address is determined by bits 3, 4, and 5.

Bit 2

To specify the number of blocks to be accessed as part of the R/W command,
bit 2 Is set to logic 1. If the number of blocks is specified, then one byte of data
is added to the R/W command sequence as shown in Figure 3. However, if bit
21s a logic 0, the current contents of the # of Blocks Register is used.

REPEAT UNTIL ALL
RMS ACCEPTS
COMMAND CODE TRANSMITTED

| A

COMMAND —X

Bits 3, 4, and 5

These bits are used to specify data transfers between the Block Address Register
and the Secondary Block Address Register. The specific operations performed
are shown in Figure 5. These operations are performed prior to the operations
controlied by bits 1 and 2.

7 6 . 5 4 3 2 1 0

Transmit | Transmit
0: Read | Block Address Register |  data block

0 & Buffer Address . length | address V]
1: Write| Register Commands | in blocks |(2 bytes)

COMMAND BYTES ARE

i

| -
I# of blocks in data | Optional — to be transmitted

only if bit 2 of command

Ltransfer ——_—_4 is set {1).
-— = = —==9
'rLower byte of block|
ad_dr(iss _____ . Optional — to be transmitted
only if bit 1 of command
"""""" is set {(1).

| Upper byte of blockjl
|address |

Execute command (substi-
tute the cancel command -
to inhibit operation).

[1[1[1]’1]1[1[1[1[.

Figure 3. Data Sequence for the Read and Write Commands

RMS ACCEPTS
EXECUTE COMMAND

RDYCMD ' : T
bYe \_f—\__[_ RMS ISSUES
B : | DATA READY
AW W i W
RMS ACCEPTS ! '
1ST DATA BYTE
. |—HOST
ACKNOWLEDGES
|
1
RDYDATA

S\

FIRST TRANSMITTED DATA BYTE

Figure 4. Timing Sequence for Read, Write, Load Registers, Read/Write Last
Block, and Read/Write CQntroller Register RAM Commands




Bit Bit Bit 1st 2nd
5 4 3 Bik. Addr. Bilk. Addr.
0 No Change No Change
1 No Change No Change
1 0 2nd Blk. No Change
Addr.
0 1 1 2nd Blk. No Change
Addr.
1 0 0 2nd Blk. Blk. Addr.
Addr.
1 0 1 No Change No Change
1 1 0 No Change Blk. Addr.
1 1 1 No Change Blk. Addr.

Figure 5. Address Register Operations

Read from Last Block (D6)

This command allows the user to read from the last accessed block of bubble
memory. The last block is determined by decrementing the Block Address Reg-
ister. Figure 6 shows the data sequence and Figure 4 the timing diagram except
that no data bytes are transmitted between the command and execute codes.

[1 10101 10| Read from Last Block code

Set up R6520 PA port as Input

NOTE

Write to Last Block command uses same sequence except
for command code which is "11010111"".

Execute command. (Substitute the
cancel code to inhibit operation.)

EEEEEEEE
N

Figure 6. Read from Last Block Data Sequence

*

Write to Last Block (D7)

This command allows the user to write to the last accessed block of bubble mem-
ory. Otherwise, operation is the same as for the Read from Last Block command.
Except for the command code Figure € shows the data sequence and Figure 4
the timing diagram except that no data bytes are transmitted between the com-
mand and execute codes.

Execute (FF)

The single-byte Execute command starts the command processing after the pa-
rameters, if any, have been passed for a Read, Read from Last Block, Write, Write
10 Last Block, Restart, Address Verify, Erase/Address Load, Read Registers, or
Load Registers & Execute.

Before the Execute command is sent, the R6520 PB port must be set up as inputs
and the PA port set up as outputs for the Write, Write to Last Block, and Load
Registers & Execute commands and as inputs for the Read, Read from Last Block,
Read Registers, Restart, Address Verify, and Erase/Address Load commands.

Cancel (D4)

This single-byte command is used to terminate an interrupted muitiple block op-
eration and to cancel a Read, Write, Restart, Address Verify, or Erase/Address
Load after the parameters have been passed, but before the Execute command
has been given. The Cancel command is also used to clear error conditions prior
to entering a new operational command.

Transfer Registers (CX)

This single byte command allows the user to manipulate the four address registers
in the controller below. The figures below show the resulting contents of the reg-
isters as a function of bits in the command code and the contents of the registers
prior to execution of the Transfer Register's command.

Bit3 Bit2 2nd Block Address Reg.  Block Address Reg.
0 0 No Change No Change
0 1 No Change 2nd Block Address
1 0 Block Address No Change
1 1 Block Address 2nd Block Address

Erase/Address Load (DO)

The Erase/Address Load command is used to clear the bubble memory, load the
address field and store one of three different values in each block: 1) all zerces,
2) all FF's and 3) incrementing values in each block (0's in Block 0, 1's in Block
1, and 8o on). The block addresses are loaded each block.

This command is generally used when first bringing a system up. To merely turn

the system on, the Restart command or a hardware reset is used. An Erase/Ad- -

dress Load operation requires about 6 secs. for 256K device and 21 secs. for
megabit devices.

Erase/Address Load is a two byte command. The second byte specifies the value
to be input to each block; a value of 00 will cause all zeroes to be input, a value
of 80 will cause incrementing values to be input, and a value of 40 will cause FF's
to be input.

If an error is detected, operation will terminate and the error condition will be in-
dicated on the eight data lines (R6520 PA port). The Cancel command resets the
error flags and terminates the Erase/Address Load execution. Any other com-
mand will produce an invalid command error.

Restart (D1)

The restart command causes the controlier to read 2 or 3 physical blocks in the
bubble memory to establish positioning. The number of physical blocks read is
determined by the location of the bubble controller before the restart is issued.
After reading the blocks, address positioning is established and the information
stored in the block address register.

If the first block read is the LS Byte of the address, that block is ignored and the
following two blocks are read to establish positioning. In addition to establishing
positioning, a mini address verify is performed by checking aiternating blocks of
MS Byte and LS Byte. Block address error is flagged to the host if that condition
does not exist.




Address Verity (D2)

This command is used to check the RMS block addresses that are stored with
each block of data. Since the block address is stored as an extension of the data
stream, Address Verify provides a check on the controller_integrity. In addition,
an interruption of a Write command between erasing the oid data and loading the
new data (perhaps due to loss of power) can be detected. The execution of this
command consists of a series of intemally generated RMS Read operations in
which the block address fields are examined and compared. Approximately 6 sec-
onds per 256K-bit devices and 21 seconds for megabit devices are required for
a complete Address Verify; if an error is found, execution is suspended at that
point. Since a series of complete Read operations are performed, two error types
may be detected: Block address error or checksum error.

Load Registers and Execute (D5)

This multiple byte command allows thé user to load all seven Controller registers.
After the controlier receives the registers it executes the command that was
passed to it in the command register.

L1 1010 10 1| oadRegisters and Execute
Command

The registers will be loaded in this order:
Command Register
Status Register
Block Size Register
Block Counter Register
Number of Blocks Register
Block Address {U) Register
Block Address (L) Register
Secondary Block Address (U} Register
Secondary Block Address (L) Register

Figure 7. Data Sequence for the Load Registers & Execute
Command (Note: The Cancel Code can be Substituted for
any of the Execute Codes to Terminate Operation.)

Read Registers (D3)

This command allows the user to read the controller status and address registers
by handshaking this data to the host. One byte is needed in the command se-
quence: the Read Registers command code. Before receiving the first byte from
controller, the PA port must be set up as inputs. The data sequence is shown in
Figure 8.

110100 1 1| Read Register Commands Code

(Set up R6520 PA port as inputs). There is a 27 microsecond delay in the controller
before the first RUVDATA is sent. Between each suceeding RDYDATA, there is
a 60 microsecond time span. This interval gives the host time to set up for ac-
cumulating the registers to be sent.

Figure 8. Data Sequence for Read Registers Command

Load Registers (A-B, X)

This multiple byte command (up to 7 bytes) allows the user to load three of the
controller registers via a handshake sequence. This timing diagram is similar to
that for the Read and Write commands shown in Figure 4. The data sequence is
shown in Figure 9.

7 6 5 4 3 2 0

Transmit Transmit | Transmit
1 0! 1 | Secondary 0 ¥ of Block 0
Block Blocks | Address
Address

| Low—er_ by—te-:)f_ S;co;d;rp

Block Address ! Optional — to be

--------- =\ transmitted only if
. — e - - —— bit 4 of command
) Upper byte of Secondary I is set (1).
Block Address
M e e s e e - J
———————— - Optional — to be transmitted
# of Blocks only if bit 2 of command
————————— 4 is set (1),
| Lower Byte of Block |
LAddress 3 Optional ~ to be

transmitted only if
-1 bit 1 of command

Upper byte o of Block is set (1),

LAddress

= - —d

Figure 9. Data Sequence for Load Registers Command

Read Controller Registers RAM (Test Command)

This command allows the user to read-the controlier register RAM. Figure 3 shows
the RAM map. Figure 10 shows the command sequence and Figure 4 shows the
timing diagram except that no data bytes are transmitted between the command
and execute codes.

1101t 1 0 0 0 Read Controlier register RAM -

(Set up RE520 PA port as outputs)

1111111 ¢ Execute command to signal controlier that
the RE520 is set up as outputs. (Substitute
the Cancel code to inhibit operation.)

There is a 27 microsecond delay in the controller before the first RIDYDATA Is
sent. Between each suceeding RDYDATA, there is & 60 microsecond time span.

This interval gives the host time to set up for accumulating the registers to be
sent.

Figure 10. Data Sequence for Read Controller
Register RAM Command

Load Controlier Register RAM (Test Command)

This command allows the user to load the first fifteen RAM locations from
CHKSUM to BLKA2L as shown in Figure 2.

[1 101101 OI Load controlier register RAM

(Set up R6520 PA port as outputs), then send each RAM location by handshaking
them to the controlier with the RDYCMD line.

Figure 11. Data Sequence for Load Controlier
Register RAM Command

Shift (Test Command) (DC)

The shift command allows the user to shift the déta in bubble memory from 0 to
4095 positions. The current block address is recovered by perlormlng an auto-
matic Restart.

ERROR CONDITIONS

The RMS can detect three types of errors. These errors are recorded in the status
register and retumned to the system through the data lines after each command
is compieted (RBYCMD goes high). The error types are:

o Invalid Command Code—Read, Write, Erase/Address Load, Restart, Address
Verify, Load Registers and Execute, Read Last Block, Write Last Block, Read
Registers, or Load Registers command sequence ending with any code other
than “11111111” (Execute command) or *“11010100” (Cancel command). This
code is also set if a block address is greater than the maximum block address.




w

o Block Address Error—After each Read operation, the block address from bub-
ble memory is compared to that stored in the RMS (address of the block re-
quested). If the two do not agree, this error flag will be set.

o Checksum Error— After each Read or address verify operation, the checksum
result is compared to the stored value. This error flag is set if they do not
agree.

o If an error condition exists, the Cancel command must be sent to clear the
error. ’

AVAILABLE FIRMWARE

A 4K-byte optional PROM contains the software necessary to implement a file
system and directory similar to the disk-based system resident in System 65 or
the cassette-based system resident in the AIM 65. This software package includes
the subroutines: necessary 1o communicate commands and- control data to the
controller. A 4K PROM used to perform utility routines is also available, for both
6500- and 6800-based systems.

Thése PROMS assume that memory slice “8XXX" is chosen and are identified
as

RPR106 System 65 File Program
RPR107 AIM 65 File Program
RPR108 System €5 Utility Program
RPR109 AIM 65 Utility Program
RPR110 EXORciser Utitity Program

Tables 5, 6 and 7 show the memory maps for the System 65, AIM 65 and
EXORciser systems.

Table 5. System 65 Memory Map

Address Contents
0000-00FF Page 0
0100-01FF Stack }On 16K RAM Board in standard System 65
0200-3FFF RAM R
4000-7FFF " User Memory or 1/O
8000-8FFB 4K PROM
8FFC Port A data direction register
8FFD Control Register A
8FFE . . Port B data direction registe: R65620 on RMS
8FFF Control Register B k :
8000-BFFF User Memory or 1/O
C000-C3FF System 1/0
C4000-C7FF System RAM } See System 65 User's Manual
CB800-FFFF System ROM / for details
00F0-00F7 Utility Memory
0000-0001
C830-C7E9 } File-Management

Table 6. AIM 65 Memory Map

Address " Contents
0000-00FF Page 0
0100-01FF Stack }On Board in standard AIM 65
0200-0FFF RAM ‘
1000-7FFF User Memory or |/O
8000-8FFB 4K PROM
8FFC Port A data direction register
8FFD Control Register A
8FFE Port B data direction register R6520 on RMS
8FFF Control Register B
9000-9FFF User Memory or I/O
A00O-AFFF System RAM & |I/O } See AIM 65 User's Guide
B000-FFFF System ROM for detalils
0000-002F Utility Memory
00DD-00DE
OEB0-OFFF } File Management

Table 7. EXORciser Memory Map Requirements

Address - Contents
0000-0025 Varlablé assignments
8000-8FFB 4K PROM
8FFC. Port A data direction register
8FFD Control Register A R6520
8FFE Port B data direction register - on RMS
8FFE Control Register B
Note: ‘Allocatlon of other memory space
is dependent on the equipment
and software packages being used.
FILE MANAGEMENT SYSTEM

A set of subroutines (bubble memory 1/0 drivers) written for System 65 and AIM
and resident in the on-board PROM organizes the effective blocks of 128 bytes
each (see Table 8) into files with names which are stored in a directory along with
the associated block addresses. The directory is stored in a designated location
in the bubble memory.

The bubble memory I/O drivers can be used by both the system programs (editor,
loader, etc.) and by users programs to read byte, write byte, and close file. The
open file routine will search the directory for the named file and determine its start-
ing block address. The first effective block will then be read in for later processing.
The second function is read byte. This routine will return next byte from last effect
block read. It will also determine when all bytes have been accessed so that the
next effective block of data can be read. The write byte routine performs a similar
function, but in reverse. Every time a byte is transferred to the subroutine it will be
stored in a buffer. As soon as the buffer is full the routine will automatically transfer
the effective block:of data to the bubble memory. The fourth routine is a close
routine. This routine will write the last effactive block:of data (if any) to the bubble
memory and insert the: new name in the directory. The data will be kept in two

buffers in RAM, one for input and one for output.

From these four basic functions more complex file management routines have
been derived such as initializing directory, compressing data, deleting files, ren-
aming files, listing files, etc. In addition, the AIM 85 editor and loader can use
these routines for source program and object code manipulations.

The Bubble Memory File Program will operate properly with any of the configura-

tions showni inTable 8. No user input is needed to account for the different block

sizes possible. The RMS board must be set up to respond to address $8000.

Table 8. Files

Devices: A

RBM258 RBM256 RBM411 RBM411
Number of devices 1 2 1 L2
Block Size 32 64 64 128
Number of Blocks 1025 1025 2052 2052
Number of Read/ 4 2 2 1
Writes needed for 128
byte effective block
Number of effective* 256 512 1026 2052
Blocks
Number of Blocks 1 1 0 4]
unused by file
management

* = The first ten effective blocks are reserved for the directory.




FILE DIRECTORY DEFINITION . -

¥

The directory Is a list of the current files in bubble memory. Each entry requires
16 bytes and specifies the file name, currsnt status, length of file, starting address,
and ending address. The format of a directory entry is shown in Figure 12; the
U and L indicate the upper and lower bytes of the parameter. The status code

indicates the current file status: A “2" indicates an active flle and “3" a deleted

file. In addition, the end of the directory is marked by a “0" status code. The file
name may be any combination of six or fewer alphanumeric characters. If fewer

than six characters are used, the file name is padded with ASCII “blanks”. The .

length and address parameters are seif explanatory. Note that the last three bytes
are not used by the present tile program.

Ten effective blocks are allocated for the directory. Each effective block can con-
tain 128/16 = 8 entries, a total of 8 x 10 = 80 entries are possible. However,
the last entry must be a marker with the status code equal to “0". Thus 79 user
entries are possible. ’

112]13j4i5(6]|7[8]|9]|10]11]12]13|14]|15]16

N

'— Not Used

Ending Block
Addr (Hex)

Starting Block
Addr (Hex)

File Length (Dec.)

File Name

Status Code

Figure 12. Flie Directory Entry Definition

UTILITY PROGRAMS

A set of utility programs Is available to aid the user in performing input and output
operations between the host and the RMS. The routines greatly simplify the user
design cycle by providing software control of the R6520 Peripheral Interface

. Adaptor and the RMS control register.

GENERAL PARAMETERS
DC Power Requirements

-12v

+8v +12v
Operating 1.1A 0.4A* 0.1A
Non-Operating 0.9A 0.1A 0.1A

*0.5A for RMS122, 0.6A for RMS142
Temperature Range

Operating (ambient) 0°C t0 50°C

Non-Operating —40°C to +125°C with data retention
Size 9.75" x 8.0" x 0.85"
(247.85mm x 152.4mm x 16.5mm)
Relative Humidity Up to 90% without condensation
Vibration & Shock That encountered in handling and servind
electronic hardware.
Mating Connector 86 pin SAE Type SAM-43D/2-2

Electrical Characteristics .

Symbol Characteristic Min Max Unlt{
VoL . Output Low Voltage 04 \
{loc = 16 mA)
loL Output Low Current
D100-7 8
Other Signals 16 - mA
VoH Output High Voltage 24 \)
(Ve = 4.75V)
loH Output High Current 400 MA
(Vee = 4.75V)
ViL Input Low Voitage 08 A
he Input Low Current
(Ve = 5.26V)
DI100-7 0.4
Other Signals 2.0 mA
VIH input High Voltage 20 Y
WH Input High Current 50 MA
(Vee =5.25V)
CONNECTOR P1 PIN ASSIGNMENTS
Pin | Signai Pin | Signal Pin | Signal Pin | Signal
1| +5V 23 | NotUsed | A | +5V A | Not Used
2 | +5V 24 | NotUsed | B | +8V B | Not Used
3 | +sv 25 | NotUsed | C | +5v T | Not Used
4 | NotUsed | 26 | NotUsed | D | TRD D | Not Used
5. | B Reset 27 | Spare E | NotUsed | E Spare
6 | BRW 28 | Spare F | vMA F | Spare
7 | NotUsed | 290 | Di H [ NotUsed | A | U3
8 | NotUsed | 30 | DB J | B2 J | O7
9 | NotUsed | 31 | B0 K | NotUsed | R | D2
10 | vUA 32 | Da L | Spare C | D8
1" | -12v 33 | BAtS M | —t2v M | BA4
12 | NotUsed | 34 | BA12 N | NotUsed | N | BA13
13 | NotUsed | 35 | BAM1 P | NotUsed | P | BA10
14 | NotUsed | 36 | BA8 R | NotUsed | R | BA®
15 | NotUsed | 37 | BA7 S | NotUsed | 5 | BAG
16 | +12v 38 | BA4 T | +12v T | Bas
17 | NotUsed | 39 | BA3 U | NotUsed | O | BA2
18 | NotUsed { 40 | BAO V | NotUsed | V | BA1
19 | VXA 41 | Ground W | Spare W | Ground
20 | NotUsed | 42 | Ground X | NotUsed | X .| Ground
21 | NotUsed | 43 | Ground Y | NotUsed | Y | Ground
22 | Not Used Z | NotUsed




OUTLINE DIMENSIONS

The outline dimensions of the RMS circuit card are shown below. This outline is compatible
with the Rockweli System 65, and the Motorola EXORciser development systems.

The RMS Is intended to mount on 0.75 inch centers.

Card extractors are provided for card removal.
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