MEMIECH

7220
CONTROLLER FOR 1 MBIT
BPK 70 AZ BUBBLE MEMORY SUBSYSTEM

7220-1 0°CTo 75°C
7220-5 —20°C To +85°C
7220-6 —40°C To +85°C
m Provides Interface between Host m 16 Easy-to-Use Commands
Microprocessor and 1 Mbit Bubble m Three Modes of Data Transfer
Subsystems — DMA
| Interfaces to 8080/85/86/88/186/286 — Polled
and other Standard Microprocessors — Interrupt
m Controls Up to Eight BPK 70AZ-1, -4, m Transfer of Single or Multiple Pages of
Subsystems Data
m Controls up to Four BPK 70AZ-5
Subsystems

The 7220 is a complete 1 Mbit Bubble Memory Controller (BMC) that provides the interface between the
microprocessor host and the 1 Mbit Bubble Memory Subsystem. All communication between the host proces-
sor and the bubble memory is performed through the controller.

The BMC interfaces easily to any Intel microprocessor or other standard microprocessor. The user has 16
easy-to-use commands available. Information such as the starting page location, the number of pages to be
transferred and a read or write command is passed to the BMC before the read or write operation is initiated.

The design engineer writes a bubble memory software driver to integrate the bubble memory into his system.
This interfacing with the BMC is similar to interfacing a disk drive controller. Application notes and manuals
describe the details of interfacing to the BMC.

The BMC can transfer data in DMA, interrupt or polled mode. Data is transferred in and out of the bubble
memory subsystem via the controller in single or multiple pages. A page size may vary from 64 bytes in a
single bubble system and up to 512 bytes in an eight bubble system. (Maximum page size of 256 bytes for
7220-5, 7220-6.)

The BMC has an eight bit data bus plus parity bit. Word length expansion to 16 bit is possible by operating two
controllers in parallel.

The BMC generates all the timing and contro! signals to the subsystem.
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MEMIECH 7220

One 7220-1 BMC can control up to eight BPK HARDWARE DESCRIPTION

70AZ-1, -4 subsystems. This provides an easy ex-

pansion path to expand any 1 Mbit (128 Kbyte) sys- The 7220 Bubble Memory Controller is packaged in
tem by adding on additional subsystems. One a 40-pin Dual-In-Line Package (DIP). The following
7220-5/7220-6 can control up to four BPK 70AZ-5 lists the individual pins and describes their function.
subsystems.

The BMC is manufactured using Intel’s high perform-
ance HMOS process and is packaged in a standard
40-pin Dual-In-Line package. All inputs are directly
TTL compatible and the device uses a single +5
Volt supply.

Table 1. Pin Description
Signal Name | Pin No. | I/0 | Source/Destination Description
Veo 40 | + 5 VDC Supply £5%
GND 20 | Ground

PWR.FAIL 1 | 7230 CPG A low forces a controlled stop sequence and
holds BMC in an IDLE state (similar to RESET).

RESET.OUT 2 O | 7250 CPD/7242 FSA | An active low signal to disable external logic
7230 Reference initiated by PWR.FAIL or RESET signals, but not
Current Switch active until a stopping point in a field rotation is
reached (if the BMC is causing the bubble
memory drive field to be rotated).

CLK 3 | Host Bus 4.0 MHz £0.1%, 50% duty cycle. TTL-level ciock.

RESET 4 | Host Bus A low on this pin forces the interruption of any
BMC sequencer activity, performs a controlled
shut-down, and initiates a reset sequence. After
the reset sequence is concluded, a low on this pin
causes a low on the RESET.OUT pin,
furthermore, the next BMC sequencer command
must be either the Initialize or Abort command; all
other commands are ignored.

RD 5 I Host Bus A low on this pin enables the BMC output data to
be transferred to the host data bus (Dg—Dg).

WR 6 I Host Bus A low on this pin enables the contents of the host
data bus (Dg—-Dg) to be transferred to the BMC.

DACK 7 I Host Bus A low signal is a DMA acknowledge. This notifies
the BMC that the next memory cycle is available
to transfer data. This line should be active only
when DMA transfer is desired and the DMA
ENABLE bit has been set. CS should not be
active during DMA transfers except to read status.
If DMA is not used, DACK requires an external
pullup to Vg (5.1 KQ).

DRQ 8 O Host Bus A high on this pin indicates that a data transfer
between the BMC and the host memory is being
requested.

INT 9 @) Host A high on this pin indicates that the BMC has a

new status and requires servicing when enabled
by the host CPU.
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Table 1. Pin Description (Continued)

Signal

Pin No.

1/0

Source/Destination

Description

10

Host Bus

A high on this pin selects the command/status
registers. A low on this pin selects the data
register.

11-18

170

Host Bus

Host CPU data bus. An eight-bit bidirectional
port which can be read or written by using the
RD and WR strobes. Dg shall be the LSB.

19

1/0

Host Bus

Parity bit.

21

Host Bus

Chip Select Input. A high on this pin shall
disable the device to all but DMA transfers (i.e.,
it ignores bus activity and goes into a high
impedance state).

22

1/0

7242 FSA

A bidirectional active high data line that shall be
used for serial communications with 7242 FSA
devices.

23

7242 FSA

An active low output utilized to create time
division multiplexing slots in a 7242 FSA chain.
It shall also indicate the beginning of a data or
command transfer between BMC and 7242
FSA.

SHIFT.CLK

24

7242 FSA

A controller generated clock that initiates data
transfer between selected FSAs and their
corresponding bubble memory devices. The
timing of SHIFT.CLK shall vary depending upon
whether data is being read or written to the
bubble memory.

BUS.RD

25

An active low signal that indicates that the DIO
line is in the output mode, i.e., BMC is sending
data to FSA. It shall be used to allow off-board
expansion of 7242 FSA devices.

b3
>
3

26

1/0

A bidirectional pin that shall be tied to the WAIT
pin on other BMCs when operated in parallel. It
shall indicate that an interrupt has been
generated and that the other BMCs should halt
in synchronization with the interrupting BMC.
WAIT is an open collector active low signal.
Requires an external pullup resistor to Vg (5.1
KQ).

ERR.FLG

27

7242 FSA

An active low input generated externally by
7242 FSA indicating that an error condition
exists. It is an open collector input which
requires an external pullup resistor (5.1 KQ).

DET.ON

28

An active low signal that indicates the system is
in the read mode and may be detecting. Itis
useful for power saving in the MBM.

29

7242 FSA

A high on this line indicates that the BMC is
beginning an FSA command sequence. A low
on this line indicates that the BMC is beginning
a data transmit or receive sequence.
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Table 1. Pin Descrip

tion (Continued)

Signal Pin No. | 1/0 | Source/Destination Description

BOOT.SW.EN 30 O 7230 CPG An active low signal which may be used for
enabling the BOOT.SWAP of the 7230 CPG.

SWAP.EN 31 O 7230 CPG An active low signal used to create the swap
function in external circuits.

BOOT.EN 32 O 7230 CPG An active low signal enabling the bootstrap loop
replicate function in external circuitry.

REP.EN 33 0 7230 CPG An active low signal used to enable the
replicate function in external circuitry.

TM.B 34 0 7230 CPG An active low timing signal generated by the
decoder logic for determining TRANSFER pulse
width.

TM.A 35 0 7230 CPG An active low timing signal generated by the
decoder logic for determining CUT pulse width.

Y-, Y+ 36-39 | O 7250 CPD Four active low timing signals generated by the

X—, X+ decoding logic and used to create coil drive
currents in the bubble memory device.

*Not used in minimum (128 Kbyte) system.

FUNCTIONAL DESCRIPTION

The 7220 Bubble Memory Controller provides the
user interface to the bubble memory system. The
BMC generates all memory system timing and con-
trol, maintains memory address information, inter-
prets and executes user request for data transfers,

and provides a Microprocessor-Bus compatible in-
terface for the magnetic bubble memory system.

Figure 3 is a block diagram of the 7220 Bubble
Memory Controller (BMC). The following paragraphs
describe the functions of the individual functional
sections of the BMC.
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Figure 3. 7220 Bubble Memory Controller (BMC), Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

System Bus Interface—The System Bus Interface
(SBI) logic contains the timing and control logic re-
quired to interface the BMC to a non-multiplexed
bus. The logic also contains the circuitry to check
and generate odd parity on transfers across the bus.
The interface has input data, output data, and status
data latches. The BMC can interface asynchronous-
ly to the host CPU. With a 4-MHz clock, it is capable
of sustaining a 1.14 Mbyte per second transfer rate,
while data is available in the BMC FIFO.

FIFO—The FIFO consists of a 40 x 8 bit FIFO RAM
for data storage. The FIFO block also contains input
and output data latches, providing double data buff-
ering, to improve the R/W cycle times seen at the
system bus interface. The FIFO may be used as a
general purpose FIFO when a command is not being
executed by the BMC Sequencer. In this mode, the
FIFO READY status bit becomes a FIFO not-empty
indicator indicating that the RAM and input/output
latches have at least one byte of data.

DMA and Interrupt Logic—The DRQ pin has two
functions:

(1) If the DMA enable bit in the enable register is set,
the DRQ pin, in conjunction with the DACK pin,
provides a standard DMA transfer capability; i.e.,
it has the ability to handshake with an 8257 or
9517/8237 DMA controller chip.

(2) If the DMA enable bit is reset, the DRQ pin acts
as a ‘‘ready for data transfer interrupt” pin. It be-
comes active when 22 bytes may be read from or
written into the BMC; it is reset when this condi-
tion no longer exists.

Register File—The register file contains 7 eight-bit
registers that are accessible by the host CPU. Refer
to the Register Section for details.

MBM Address Logic and RAM—The MBM address
logic consists of the block length counter, starting
address counter, adder, and MBM Address RAM.
The MBM Address RAM is used to store the next
available page address for each of up to 8 dual
FSAs. The address maintained is the read address;
the write address is generated, when needed, by
adding a constant to the stored read address.

The block length counter enables multiple page
transfers of up to 2048 pages in length.

The starting address counter is used as a register to
hold the desired start address. Once the start ad-
dress is reached, the counter is incremented on

each subsequent page transfer so that its value is
equal to the present read address.

DIO Bootloop Decoder/Encoder—Performs paral-
lel-to-serial and serial-to-parallel conversions be-
tween the FIFO data and the serial bit stream on the
DIO line. This block also generates the BUS.RD sig-
nal, which indicates the direction of data transfer on
the DIO line (this is useful in situations which require
external buffering on the DIO line). This block also
contains the circuitry which decodes the bootioop
data during a Read Bootloop or Initialize operation,
and encodes the bootloop data during a Write Boot-
loop operation.

- Sequencer—Controls the execution of commands

by decoding the contents of its own internal ROM in
which the BMC firmware is located. This block also
sets and resets flags and status bits, and controls
actions in other parts of the BMC.

Power Fail and Reset—Provides a means of reset-
ting the bubble systems in an orderly manner, when
activated by the PWR.FAIL signal, the RESET sig-
nal, or the ABORT command. The additive noise on
the PWR.FAIL pin should be less than 150 mV for
proper powerfail operation.

FSA Select Logic block contains the logic which
controls the timing of the interaction between the
BMC and the FSAs. The FSA selection is deter-
mined by the four high-order bits in the BLR and the
four high-order bits in the AR, both set by the user.

Bubble Signal Decoder block contains the logic for
creating all the MBM timing signals. The BMC to
bubble memory interface consists of active low tim-
ing signals. The starting and stopping point of each
signal is determined by the decoder logic. Each sig-
nal may occur every field rotation or only once in a
number of field rotations. The field rotation in which
a timing pulse occurs is controlled by the sequencer
logic.

Figure 4 and Table 2 illustrate the typical timing sig-
nals for the BMC. These signals are described in the
following paragraphs.

X+, X—, Y+, and Y— go to the 7250 CPDs, and
are used to enable the coil drive currents in the
MBMs.

TM.A and TM.B go to the 7230 CPGs, and are used
to determine, respectively, the pulse widths for the
CUT and TRANSFER functions used in replicating
and generating the bubbles.
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Table 2. 7220 BMC Timing (Degrees)**

Signal Start Width End
X+ 270° 108° 378°
Y+ 0° 108° 108°
X— 90° 108° 198°
Y- 180° 108° 288°
TM.A (ODD) 270° 45° 274.5°
TM.A (EVEN) 90° 4.5° 94.5°
TM.B (ODD) 270° 90° 360°
TM.B (EVEN) 90° 90° 180°
BOOT.EN 252° 108° 360°
REP.EN 252° 108° 360°
SWAP.EN 180° 517° 697°
BOOT.SW.EN 180° DC* 180°
SHIFTCLK (RD) | 186.75° 99° 285.75°
SHIFTCLK (WR) 72° 288° 360°

*Stays low for 4118 field rotation periods when writing the
MBM Bootloop.

**All phases relate to Y — start phase. All entries +1.26%
except TM.A width which is £0.5.

SWAP.EN, REP.EN, BOOT.SW.EN, and BOOT.EN
all go to the 7230 CPG. They are used to enable,
respectively, the data swap, data replicate, boot
swap, and boot replicate functions within the MBMs.

SHIFT.CLK goes to the FSAs. It is used to control
the timing of events at the interface between each

FSA and its corresponding MBM. (Refer to 7242
FSA Specification for a description of the BMC/FSA
interface.)

SYNC and C/D control the serial communications
between the BMC and the FSAs (on the DIO line).

USER-ACCESSIBLE REGISTERS

The user operates the bubble memory system by
reading from or writing to specific registers within the
bubble memory controller (BMC). The following par-
agraphs identify these registers and gives brief func-
tional descriptions, including bit configurations and
address assignments.

Register Addressing

Selection of the user-accessible registers depends
on register address information sent from the user to
the BMC. This address information is sent via a sin-
gle address line (designated Ag) and data bus lines
Do through Dgy.

Both Command Register (CMDR) and Register Ad-
dress Counter (RAC) are 4-bit registers which are
loaded from Dg—Dg3. The status register is selected
and read by a single read request. The command
register is selected and loaded by a single write re-
quest. The remaining registers are accessed indi-
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Figure 4. 7220 BMC Timing Diagram
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Table 3 gives a complete listing of the address as-
signments for the user-accessible registers. The reg-
isters are listed in two groups. The first group (STR,
CMDR, RAC) consists of those registers that are se-
lected and accessed in one operation. The second
group (UR, BLR, ER, AR, FIFO) consists of those
registers that are addressed indirectly by the con-
tents of RAC.

Table 3. Address Assignments for
the User-Accessible Registers

Name of |[Read
Register |Write
1 0 0 01 C C C C|CMDR|Command|Write
Register| Only
1 0 0 M 0O B B B B| RAC |Register |Write
Address| Only
Counter
Status Read
Register| Only

A0 D7 D6 D5 D4 D3 D2 D1 DO|Symbol

1§ 8§ S S S S S S| STR

RAC Symbol Name of
A0B3B2B1B0| Y Register

01 0 1 OfUR

Read/Write

Utility Register |Read or Write

0 1 0 1 1|BLRLSB |Block Length Write Only
Register LSB
0 1 1 0 0 |BLRMSB|Block Length Write Only

Reister MSB
11 0 1([ER Enable Register |Write Only

0 1 1 1 O|[ARLSB |Address Register|Read or Write
LSB

0 1 1 1 1|ARMSB |Address Register|Read or Write
MSB

0 0 0 0 O(FIFO FIFO Data Buffer{Read or Write

SSSSSSSS = 8-bit status information returned to the user
from the STR

CCCC = 4-bit command code sent to the CMDR by
the user.

BBBB = 4-bit register address sent to the RAC by the
user.

B3B2B1B0 = 4-bit contents of RAC at the time the user
makes a read or write request with A0 = 0.

LSB = Least Significant Byte

MSB = Most Significant Byte

M = Modifier

The register file contains the registers with address
1010 through 1111. These registers are also called
parametric registers because they contain flags and
parameters that determine exactly how the BMC will
respond to commands written to the CMDR.

To facilitate such operations, the BMC automatically
increments the RAC by one count after each trans-
fer of data to or from a parametric register.

The RAC increments from the initially loaded value
through address 1111 and then on to 0000 (the
FIFO address). When it has reached 0000, it no
longer increments. All subsequent data transfers
(with AO = 0) will be to or from the FIFO until such
time as the RAC is loaded with a different register
address.

REGISTER DESCRIPTIONS

Command Register (CMDR) 4 Bits,
Write Only

The user issues a command to the BMC by writing a
4-bit command code to the CMDR.

Table 4 lists the 4-bit commnad codes used to issue
the sixteen commands recognized by the BMC.

Table 7 is a listing of the commands and their func-
tions.

Table 4. Command Code Definitions

Q
w
=)
N
=}
—h
(=
o

Command Name

0 0 0 0 Write Bootloop Register Masked
0 0 0 1 Initialize

0 0 1 0 Read Bubble Data

0 0 1 1 Write Bubble Data

0 1 0 0 Read Seek

0 1 0 1 Read Bootloop Register
0 1 1 0 Write Bootloop Register
0 1 1 1 Write Bootloop

1 0 0 0 Read FSA Status

1 0 0 1 Abort

1 0 1 0 Write Seek

1 0 1 1 Read Bootloop

1 1 0 0 Read Corrected Data

1 1 0 1 Reset FIFO

1 1 1 0 MBM Purge

1 1 1 1

Software Reset

The most commonly used commands in normal op-
eration are:

Initialize

Read Bubble Data
Write Bubble Data
Reset FIFO

Read Seek

Write Seek

Abort

Read Corrected Data
Software Reset
Read FSA Status
MBM Purge
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Commands relating to the bootloop, and used only
for diagnostic purposes, are:

Read Bootloop Register

Write Bootloop Register

Write Bootloop Register Masked
Read Bootloop

Write Bootloop

Status Register (STR) 8 Bits, Read
Only

The user reads the BMC status register in response
to an interrupt signal, or as part of the polling pro-
cess in a polled data transfer mode. The status reg-
ister provides information about error conditions,
completion or termination of commands, and about
the BMC’s readiness to transfer data or accept new
commands. The individual bit descriptions are as fol-
lows:

STATUS REGISTER
FIFO READY

Innnnnnn

‘———— UNCORRECTABLE ERROR
t~—————————— CORRECTABLE ERROR
TIMING ERROR

= OP FAIL

= OP COMPLETE

BUSY

0008-5

TIMING ERROR (when = 1) indicates that a FSA
has reported a timing error to the BMC, or that
the host system has failed to keep up with the
BMC, thereby causing the BMC FIFO to overflow
or to underflow. TIMING ERROR is also set if no
bootloop sync word is found during initialization,
or if a Write Bootloop command is issued when
the WRITE BOOTLOOP ENABLE bit is equal to
zero in the enable register.

CORRECTABLE ERROR (when = 1) indicates
that a FSA has reported to the BMC that a cor-
rectable error has been detected in the last data
block transferred.

UNCORRECTABLE ERROR (when = 1) indi-
cates that at least one FSA has reported to the
BMC that an uncorrectable error has been de-
tected in the last data block transferred.

PARITY ERROR (when = 1) indicates that the
BMC’s parity check circuitry has detected a parity
error on a data byte sent to the BMC by the user
on the data lines Dg-Dg.

FIFO READY has two functions. The FIFO
READY functions are as follows:

BUSY (when = 1) indicates that the BMC is in
the process of executing a command. When
equal to 0, BUSY indicates that the BMC is ready
to receive a new command. In the case of Read
Bubble Data, Read Bootloop, read Bootloop Reg-
ister, or Read Corrected Data commands, BUSY
may also indicate that the data has not been
completely removed from the FIFO, and that
DRAQ is still active. BUSY will then drop as soon
as DRQ does (after the user has finished reading
the data remaining in the FIFQ).

OP COMPLETE (when = 1) indicates the suc-
cessful completion of a command.

OP FAIL (when = 1) indicates that the BUSY bit
has gone inactive with either the TIMING ERROR
or UNCORRECTABLE ERROR bits active.

Status Bits Read Write
FIFO READY BUSY
1 1 data in spacein
FIFO FIFO

0 1 no data no space
0 — datain FIFO —
0 — FIFO empty —

NOTE:

If RAC # FIFO, FIFO READY = 1

Although the status word can be read at any time,
the status information, bit 1 through 6, is not valid
until the BUSY bit is low.

STR Bits 1 through 6 are reset when a new com-
mand is issued. They may also be reset by making a
write request (WR = 0) to the BMC with Ag = 1, D4
= 0, and D5 = 1 (Modifier Bit) (that is, writing the
RAC with Ds = 1). This operation also resets the
“INT” pin to “0’. NOTE: A byte of FIFO data can be
lost when using this procedure if the RAC is written
to other than the FIFO address when data is still
present in FIFO.
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rectly, and the desired register is first selected by
placing its address in the RAC, and then read or
written with a subsequent read or write request.

WRITE BOOTLOOP ENABLE (when = 1) en-
ables the bootloop to be written. If this bit is
equal to zero, and a Write Bootloop command is
received by the BMC, the command is aborted

Enable Register (ER) 8 Bits, Write Only and the TIMING ERROR bit is set in the STR.

The user sets various bits of the enable register to - - .
enable or disable various functions within the BMC from FSA(s) to BMC FIFO. This rate is variable

or the FSAs. The individual bit descriptions are as on the “last page™ of a multiple page transfer. (In
follows: one page transfers the last page is the only

page.) See Table 5 for effects of this bit on the
various 7220 commands.

Table 5. MFBTR Bit Definitions

MFBTR controls the maximum burst transfer rate

ENABLE REGISTER

Lledeleleofef]o]

I::E::U:: ENABLE (NORMAL) Number Maximum MFBR Bit
L - IDME ENUABLENAELE (ERAaR of MBMs Required
| e || Operated | Hostinterface [ Reag | wee
ENABLE RCD in Parallel Data Rate Command | Command
::::i Ivinmrv INTERRUPT 1 50 Kbyte/sec 0 N/A
0008-6 2 100 Kbyte/sec 0 N/A
4 200 Kbyte/sec 0 N/A
In the above figure and in the text below, the follow- 8 400 Kbyte//sec 0 N/A
ing abbreviations are used: ! 12.5 Kbyte/sec ! 0
ICD = INTERNALLY CORRECT DATA 2 25 Kbyte/sec ! 0
RCD = READ CORRECTED DATA 4 50 Kbyte/sec ! 0
UCE = UNCORRECTABLE ERROR 8 100 Kbyte/sec ! 0
CE = CORRECTABLE ERROR NOTE:
TE = TIMING ERROR .

The MFBTR bit should always be set to “0” for all com-

ENABLE PARITY INTERRUPT enables the BMC mands except “Read Bubble Data”

to interrupt the host system (via the INT line)
when the BMC detects a parity error on the data
bus lines Dgo-Dy7.

DMA ENABLE (when = 1) enables the BMC to
operate in DMA data transfer mode, using the
DRQ and DACK signals in interaction with a DMA
controller. When equal to zero, DMA ENABLE
sets up the controller to support interrupt driven
or polled data transfer.

ENABLE ICD enables the BMC to give the Inter-
nally Correct Data command to the FSAs when
an error has been detected by the FSA's error
detection and correction circuitry. Each FSA re-

sponds to such a command by internally cycling
the data through its error correction network.
When finished, the FSA returns status to the
BMC as to whether or not the error is correct-
able. The value of ENABLE ICD affects the ac-
tion of INTERRUPT ENABLE (ERROR).

ENABLE RCD enables the BMC to give the Read
Corrected Data command to the FSAs when an
error has been detected. This causes each FSA
to correct the error (if possible) and also to trans-
fer the corrected data to the BMC. The Read
Corrected Data command is also used to read
into the BMC data previously corrected by the
FSA in response to an Internally Correct Data
command. In either case, when the data transfer
has been completed, the BMC reads each FSA’s
status to determine whether or not the error was
correctable. In the case of an uncorrectable er-
ror, bad data may have been sent to the user.
The value of ENABLE RCD affects the action of
INTERRUPT ENABLE (ERROR).

INTERRUPT ENABLE (ERROR) selects error
conditions under which the BMC stops command
execution and interrupts the host processor (via
the INT line). INTERRUPT ENABLE (ERROR)
operates in conjunction with ENABLE ICD and
ENABLE RCD.

Interrupt
Engle E;?:t:)le Enable Interrupt Action

(ERROR)

0 0 0 No Interrupts due to errors

0 0 1 Interrupt on TE only

0 1 0 Interrupt on UCE or TE

1 0 0 Interrupt on UCE or TE

1 0 1 Interrupt on UCE, CE, or TE

1 1 0 Not used

1 1 1 Not used

iming Error, CE = Correctable Error,

TE = T
UCE = Uncorrectable Error

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




MEMIECH 7220

INTERRUPT ENABLE (NORMAL) (when = 1)
enables the BMC to interrupt the host system
(via the INT line), when a command execution
‘has been successfully completed (OP COM-
PLETE = 1 in the STR).

Utility Register (UR) 8 Bits,
Read or Write

The utility register is a general purpose register
available to the user in connection with bubble mem-
ory system operations. It has no direct effect on the
BMC operation, but is provided as a convenience to
the user.

Block Length Register (BLR) 16 Bits,
Write Only

The contents of the block length register determine
the system page size and also the number of pages
to be transferred in response to a single bubble data
read or write command. The bit configuration is as
follows:

BLOCK LENGTH REGISTERMSB  BLOCK LENGTH REGISTER LSB
[lelsfelale]ifo] [r]els]efalo]]o]

— s\ J

v
NUMBER OF FSA NUMBER OF PAGES TO BE TRANSFERRED
CHANNELS (NFC)

The system page size is proportional to the number
of magnetic bubble memory modules (MBMs) oper-
ating in parallel during the data read or write opera-
tion. Each MBM requires two FSA channels. Bits 4
through 7 of BLR MSB actually specify the number
of FSA channels to be accessed.

The BLR LSB, together with the 3 least significant
bits of the BLR MSB, specify the number of pages to
be transferred. Up to 2048 pages can be transferred
in response to a single bubble data read or write
command, hence the requirement for 11 bits. All 11
bits equal to zero specifies a 2048 page transfer.

Address Register (AR) 16 Bits,
Read or Write

The contents of the address register determine
which MBM group is to be accessed, and, within that
group, what starting address location shall be used
in a data read or write operation. The bit configura-
tion is as follows:

ADDRESS REGISTER MSB ADDRESS REGISTER LSB

[rlelsf«folel o] [rlefs]elo]o]]o]

MY\ . Y,
MBM SELECT STARTING ADDRESS WITHIN EACH MBM
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Within each MBM there are 2048 possible starting
address locations for a data read or write operation,
hence the requirement for 11 bits in the starting ad-
dress.

The selection of the MBMs to be read or written is
specified by AR MSB Bits 3-6. The BMCs interpre-
tation of these bits depends on the number of MBMs
in a group, which is specified by BLR MSB Bits 4-7.

Table 6 shows which MBM groups are selected in
response to given values for BLR MSB Bits 4-7 and
AR MSB Bits 3-6. A 1-megabyte system (8 MSMs)
is represented, with the FSA channels numbered 0
through F:

Table 6. Selection of FSA Channels

AR MSB Bits BLR MSB Bits (7, 6, 5, 4)
(6,5,4,3) |0000|0001| 0010 | 0100 | 1000
0000 0 0,1 | 0,123 |0to7|0toF
0001 1 23 | 456,7 |BtoF
0010 2 | 45 |89,AB

0011 3 6,7 |C,D,EF

0100 4 8,9

0101 5 | AB

0110 6 | CD

0111 7 | EF

1000 8

1001 9

1010 A

1011 B

1100 C

1101 D

1110 E

1111 F

The accessing of single FSA channels is done only
as part of diagnostic processes. AR MSB Bit 7 is not
used.

FIFO Data Buffer (FIFO) 40 x 8 Bits,
Read or Write

The BMC FIFO is a 40-byte buffer through which
data passes on its way from the FSAs to the user, or
from the user to the FSAs. The FIFQ allows the data
transfer to proceed in an asynchronous and flexible
manner, and relaxes timing constraints, both to the
FSAs and also to the user's equipment. The user's
system must, however, meet the data rate require-
ments. When the BMC is busy (executing a com-
mand) the FIFO functions as a data buffer. When the
BMC is not busy, the FIFO is available to the user as
a general purpose FIFO.
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FUNCTIONAL OPERATION

The IC components used in the bubble memory sys-
tems have been designed with transparency in
mind—that is, a maximum number of operations are
handled by the hardware and firmware of these
components.

Each one-Megabit Bubble Memory (MBM) operates
in its own domain, and is unaffected by the number
of bubble memories in the system. The roles played
by the MBM'’s immediate support circuitry can be de-
scribed as if the system contained only one MBM
module.

Data Flow Within the Magnetic Bubble
Memory (MBM) System (Single MBM
Systems)

During a read operation, data flows as follows: The
data from the MBM is input to the Formatter/Sense
Amplifier (FSA). Data from each channel (A channel
or B channel) of the MBM goes to the corresponding
channel of the FSA. In the FSA, the data is paired up
with the corresponding bit in the FSA’s bootloop reg-
ister to determine whether it represents data from a
““good” loop. If it does, the data bit is stored in the
FSA FIFO. Error detection and correction (if enabled
by the user) is applied to each block of 256 data bits.

From the FSA FIFO, data is sent to the bubble mem-
ory controller (BMC) in the form of a serial bit
stream, via a one-line bidirectional data bus (DIO).
The data is multiplexed onto the DIO line, with data
bits coming alternately from the A and B channels of
the FSA. The BMC outputs a SYNC pulse to the
SELECT.IN input of the FSA. The FSA responds by

placing a data bit from the A channel FIFO on the
DIO line. One clock cycle later, a data bit from the B
channel FIFO is placed on the DIO line. The BMC
continues to output SYNC pulses, once every 20 or
80 clock cycles, each time receiving two data bits in
return.

In the BMC, the data undergoes serial-to-parallel
conversion, and is assembled into bytes, which are
then placed in the BMC FIFO, which can hold 40
bytes of data. From this FIFO, the data bytes are
written onto the user interface.

During a write operation, the data flow consists of
the corresponding operations in the reverse order.

INTERFACING REQUIREMENTS

All communications between the host microproces-
sor, and the bubble memory is performed through
the 7220 BMC. The BPK 72 Bubble Memory Pro-
totype Kit User’s Manual, Order Number: 121685,
contains detailed information on how to use and in-
terface the BMC. The general principles are de-
scribed below. For detailed guidelines please refer
to the BPK 72 Manual.

HARDWARE INTERFACE
REQUIREMENTS

User Interface Signals

The source, destination and function of the user in-
terface signals are described in Table 1 in the data
sheet.

Table 7. Detailed Command Descriptions

Initialize

command.

The BMC executes the initialize command by first interrogating the bubble system to
determine how many FSAs are present, then reading and decoding the bootloop
from each MBM and storing the results in the corresponding FSA’s bootloop register.
All the parametric registers must be properly set up before issuing the initialize

Read Bubble Data

The Read Bubble Data command causes data to be read from the MBMs into the

BMC FIFO. The selection of the MBMs to be accessed and the starting address for
the read operation is specified in the address register (AR). The block length register
(BLR) specifies the number of system pages to be read. All the parametric registers
must be properly set up before issuing the Read Bubble Data command.

Write Bubble Data

The Write Bubble Data command causes data to be read from the BMC FIFO and
written into the MBMs. The selection of the MBMs to be accessed and the starting
address for the write operation is specified in the address register (AR). The block
length register (BLR) specifies the number of system pages to be written. All the
parametric registers must be properly set up before issuing the Write Bubble Data
command.

LR
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Table 7. Detailed Command Descriptions (Continued)

Read Seek

The Read Seek command rotates the selected MBMs to a designated page address
location. No data transfer occurs. The positioning is such that the next data location
available to be read is the specified (in AR) page address plus one. The Read Seek
command may be used to reduce latency (access time) in cases where information is
available for the user to predict the location of an impending read reference to the
MBMs.

Write Seek

The Write Seek command rotates the selected MBMs to a designated page address
location. No data transfer occurs. The positioning is such that the next data location
available to be written is the specified (in AR) page address plus one. The Write Seek
command may be used to reduce latency (access time) in cases where information is
available for the user to predict the location of an impending write reference to the
MBMs.

Abort

The Abort command causes a controlled termination of the command currently being
executed by the BMC. The Abort command will be accepted by the BMC (and is
typically issued) when the BMC is busy.

MBM Purge

The MBM Purge command clears all BMC registers, counters, and the MBM address
RAM. Furthermore, it determines how many FSA channels are present in the system
and stores this value in the 7220. The “INITIALIZE” command uses this command
as a subroutine.

Read Corrected Data

The Read Corrected Data Command causes the BMC to read into the BMC FIFO a
256-bit block of data from the FIFO of each selected FSA channel, after an error has
been detected. The data cycles through the error correction network of the FSA.
After the data has been read, the FSA reports to the BMC whether or not the error
was correctable. The Read Corrected Data command is used only when the system
is in error correction mode (ENABLE ICD or ENABLE RCD set in the ER).

Software Reset

The Software Reset command clears the BMC FIFO and all registers, except those
containing initialization parameters. It also causes the BMC to send the Software
Reset command to selected FSAs in the system. No reinitialization is needed after
this command.

Read FSA Status

The Read FSA Status command causes the BMC to read the 8-bit status register of
all FSAs, and to store this information in the BMC FIFO. The Read FSA Status
command is independent to parametric registers.

Read Bootloop
Register

The Read Bootloop Register command causes the BMC to read the bootloop
register of the selected FSA channels and to store this information in the BMC FIFO.
Twenty bytes are transferred for each FSA channel selected.

Write Bootloop
Register Masked

Proper operation of the FSAs during data transfer to or from the MBMs requires that
the bootloop register contain (if error correction is used) exactly 270 logic 1s for each
FSA bootloop register. The user may select any subset of 270 ““good’ ioops from the
total number of available loops (if error correction is not used, 270 replaced by 272).
As an alternative, the Write Bootloop Register Masked command may be used. This
command counts the number of logic 1s and masks out the remaining 1s after the
proper count has been reached. The Initialize command uses this command as a
subroutine.

Read Bootloop

The Read Bootloop command causes the BMC to read the bootioop from the
selected MBM, and to store the decoded bootloop information in the BMC FIFO. The
Initialize command uses this command as a subroutine.

Write Bootloop

The Write Bootloop command causes the existing contents of the selected MBM’s
bootloop to be replaced by new bootloop data based on 40 bytes of information
stored in the FIFO (the user must actually write 41 bytes, where the 41st byte is all
0Os). Encoding of the bootloop data is done by the BMC hardware.

12
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System Timing

As shown on the timing diagrams in the WAVE-
FORM section the typical read/write cycle timing
provides sufficient tolerance to allow most currently
available microprocessors to be easily adapted to
the BMC timing requirements.

User Data Transfer Rate Requirements

The maximum data rate for the user interface is a
function of the number of MBMs operated in parallel
as outlined in Table 8. The rates listed must be con-
sidered in relation to the data transfer mode (polled,
interrupt-driven, or DMA) to be implemented in order
to be sure that the host system software and hard-
ware are capable of keeping up with the data trans-
fer. In other words, the BMC requires the host CPU
to be able to sustain the maximum data rate transfer
rate for the minimum data transfer (e.g., for a one
bubble system keep up the transfer rate for at least
64 bytes = one page).

Hardware Interfacing for Data Transfer

The BMC supports three data transfer modes, i.e.,
DMA, interrupt-driven and polled.

To support DMA, a hardware mechanism is required
for servicing the BMC’s data transfer requests.
While several hardware implementations are possi-
ble, one common configuration is the Intel 8257
DMA controller.

To support an interrupt-driven system a Programma-
ble Interrupt Controller is often used.

The polled data transfer mode relies almost exclu-
sively on the software interaction between the host
processor and the BMC to control the transfer of
data.

Multiple MBM-System

A BMC is capable of processing data and of supply-
ing the required timing and control signals for oper-
ating up to eight Bubble Storage Units (BSUs), each
of which is capable of storing 128 kbytes of user
data. A BSU consists of a 128 kbyte MBM and its
five immediate IC support chips (i.e., a BPK70AZ-1
Kit).

SOFTWARE INTERFACE
REQUIREMENTS

To use the BMC, the user has to write a ““‘bubble
memory software driver’.

The bubble driver is responsible for all the system
interaction with the bubble memory controller and is
intrinsic to the efficient and reliable operation of the
bubble system. The driver accepts bubble memory
commands and command execution parameters
from the application program, controls and monitors
command execution, and returns operational status
information to the application program at command
completion. To perform all of these operations, the
bubble driver must support the bit/byte level of the
bubble memory controller's command and status
registers and the parametric registers that define the
operating mode, system configuration, and extent of
the transfer.

The level of the software driver complexity is a func-
tion of the specific application needs. Regardless, a
set of basic drivers must be developed, that in turn,
are integrated into a system at the appropriate level.
If an application program is small and simple, a basic
bubble driver may simply be called from the main
program.

At the highest level of driver sophistication, the ap-
plication program treats the bubble system as a col-
lection of named data areas of files similar to the
way in which data is stored and retrieved in disk op-
erating systems. At the file system level, an applica-

Table 8. User Data User Transfer Rate Requirements

Number of Maximum Data Transfer Rate Maximum Data Transer Rate
Between BMC FIFO and the
MBMs Between BMC FIFO and the )
. . . FSAs during Read Bubble
Operating FSAs during Write Data Commands
in Parallel Bubbile Data Commands
MFBTR = 0 MFBTR = 1
1 12.5 kbytes/second 50 kbytes/second 12.5 kbytes/second
2 25 kbytes/second 100 kbytes/second 25 kbytes/second
4 50 kbytes/second 200 kbytes/second 50 kbytes/second
8 100 kbytes/second 400 kbytes/second 100 kbytes/second

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



MEMIECH

7220

tion program can ignore the mechanics of bubble
storage and access and merely present a file name
to the driver to open, read, or write, then close the
desired bubble file.

Data Organization

From a software viewpoint, data logically is orga-
nized into blocks of bytes called pages. During data
transfer operations, one or more of these pages are
transferred between the bubble(s) and the host mi-
croprocessor. A page is the smallest increment of
data that can be transferred; single bytes cannot be
transferred. Conceptually, the data organization
within a bubble memory is analogous to a disk sys-
tem. Just as disk sector sizes are fixed when a disk
is formatted, bubble page sizes are established, un-
der software control when the bubble system is ini-
tialized.

For a single bubble system, the page size is fixed at
either 64 bytes when error correction is implemented
or 68 bytes without error correction, and the total
number of pages available is 2048. In systems with
multiple bubbles, page size can vary from 64 bytes
(68 bytes without error correction) to 512 bytes (544
bytes without error correction) depending on the
number of bubble devices in the system. Page size
is directly proportional to the system data rate and
also determines the total number of available pages
(address field size). The selection of the appropriate
page size depends primarily on the data rate sup-
ported by the system. The higher the data rate, the
faster the microprocessor must respond to the de-
mands of the bubbie memory controller.

Buffering

The bubble memory controller includes a FIFO data
buffer that, although only 40 bytes long, reconciles
timing differences between the parallel data transfer
to or from the host microprocessor and the serial
data transfer to or from the Bubble Memory Subsys-
tem. Accordingly, when an application program re-
quests data from a bubble, the software driver is re-
sponsible for keeping up with the FIFO for the dura-
tion of the data transfer in order to prevent the FIFO
from overflowing or underflowing.

Command Execution

Command execution can be performed either in an
interrupt driven mode or in a polied mode irrespec-
tive of the data transfer mode (polled, interrupt-driv-
en, or DMA).

14

Data Transfer Mode

As described earlier in the hardware section, three
data transfer modes are available (polled, interrupt-
driven or DMA).

System performance, additional hardware and soft-
ware overhead are all important considerations
when choosing the appropriate mode of your appli-
cation.

Error Correction

The bubble memory system has a built-in error cor-
rection. To insure highest data integrity, the error
correction should always be used. Three levels of
error correction are available.

Communication with the BMC

All communications between the host and the bub-
ble memory actually are performed through the
BMC. The BMC has two input/output (I/0) ports, an
eight-bit bidirectional data port, and an eight-bit
command/status port. Conceptually, a bubble mem-
ory system can be thought of as a disk system in
that data in the bubble memory is organized into
blocks called pages in bubble technology that are
similar to disk sectors. Information such as starting
page location, direction of transfer, and the number
of pages to be transferred is passed to the BMC
before the desired read or write operation is initiated.

The general procedure of communicating with the
BMC is:

Set-up the BMC for data transfer communication
by loading specific parameters in use-accessible
registers.

Send the desired command.

Read the status register to determine if com-
mand is accepted.

If applicable, transfer (i.e., read or write) data.

Read the status register until BMC is not busy (or
under some conditions “INT” pin).

Examine the status register to determine whether
the operation was successful.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

—40°to +100°C
—65°Cto +150°C

All Input or Output Voltages and

Vce Supply Voltages

-0.5Vto +7V

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings”’ may cause permanent dam-
age to the device. This /s a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T4 = see front page; Voc = 5.0V +5%, —10%; * = 7220-5/7220-6

Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Voltage 0.8 \
ViH() Input High Voltage (all but PWR.FAIL) | 2.0(2.2*) | Vcc+0.5V v
Vi) input High Voltage (PWR.FAIL) 25 Voc+05V |V
VoL Output Low Voltage
(All outputs except DET.ON, BUS.RD, 0.45 Vv loL = 3.2mA
SHIFT.CLK, and SYNC
Youe SEtTp.ch)tl\%? gu\g.)gageSHlFT.CLK, SYNC 0.45 v lo, = 1.6 mA
VoH Output High Voltage 2.4 \ lon = 400 nA
| Input Leakage Current 1 nA 0 < VN € Voo
|OFL| Output Float Leakage 10 pA | 0.45 < Voyut < Vo
lec Power Supply Current from Vg 200 mA

A.C. CHARACTERISTICS
Ta = see front page; Vo = 5.0V +5%, —10%, G = 150 pF; unless otherwise noted.

Symbol Parameter Min Max Unit Test Conditions
tp Clock Period 249.75 250.25 ns

ts, Clock Phase Width (High Time) 0.45tp 0.55 tp ns

tR—tF Input Signal Rise and Fall Time 30 ns

FSA INTERFACE TIMINGS (under pin loading)

Symbol Parameter Min Max Unit Test Conditions
tcpv CLK to DIO Valid Delay 150 ns Under Pin Loads**
tcoF CLK to DIO Entering Float 10 250 ns Under Pin Loads**
tcoe CLK to DIO Enabled from Float 150 ns Under Pin Loads**
tcoH CLK to DIO Hold Time 0 ns Under Pin Loads**
tcsoL CLK to SYNC Leading Edge Delay 120 ns Under Pin Loads**
tesoT CLK to SYNC Trailing Edge Delay 10 100 ns Under Pin Loads**
toc DIO Setup Time to Clock 80 ns Under Pin Loads**
toHC DIO Hold Time from Clock 0 ns Under Pin Loads™**
tcoL CLK to Output Leading Edge 150 ns Under Pin Loads**
tcoT CLK to Output Trailing Edge 0 190 ns Under Pin Loads™**
tew ERR.FLG Pulse Width 200 ns Under Pin Loads**
tscrT SHIFTCLK to Y — Trailing Edge 80 200 ns Under Pin Loads**

**See Bubble Pin Loads on next page.
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A.C. CHARACTERISTICS (Continued)
Ta = see front page; Voc = 5.0V +5%, —10%; C_ = 150 pF; unless otherwise noted; * = 7220-5/7220-6

READ CYCLE (HOST INTERFACE)

Symbol Parameter Min Max Units Test Conditions
tac Select Setup to RD | 0 ns
tca Select Hold from RD T 0 ns
tRR RD Pulse Width 200 ns
tAD Data Delay from Address 150(200*) ns
trRD Data Delay from RD |, 150(200*) ns
toF Output Float Delay 10 100 ns
toc DACK Setupto RD | 0 ns
tco DACK Hold from RD T 0 ns
tkD Data Delay from DACK | 150(200*) ns
tcyer “Read” Cycle Time (DMA Mode) ns In non DMA mode.
atp — tg tcycr Min = 6tp — 1y
WRITE CYCLE (HOST INTERFACE)
Symbol Parameter Min Max | Units | Test Conditions
tac Select Setup to WR | 0 ns
tca Select Hold from WR T 0 ns
tww WR Pulse Width 200 ns
tow Data Setup to WR T 200 ns
twp Data Hold from WR T 0 ns
toc DACK Setupto WR | 0 ns
tcp DACK Hold from WR T 0 ns
tocycw “Write”” Cycle Time atp + tww
R 00 | s
toeapw | Inactive Time between WR T and WR | 41p ns
tDEADR Inactive Time between RD T and RD | 150
7250-7230 INTERFACE TIMINGS
Symbol Parameter Min Max Units Test Conditions
tceL CLK to Bubble Signal Leading Edge 250(275%) ns Under Pin Loads™**
tceT CLK to Bubble Signal Trailing Edge 250(275%) ns Under Pin Loads**
**Bubble Pin Loads Shown Below
PIN LOADINGS
Pin Names Value | Unit
X+, X=,Y+,Y— 150 pF
TM.A, TM.B, REP.EN, BOOEN,
SWAP.EN, BOOT.SW.EN, C/D, 100 pF
ERR.FLG, WAIT, SYNC, DIO
DET.ON & SHIFT.CLK 100 pF
| BUS.READ 10 pF
16
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WAVEFORMS

READ (HOST INTERFACE)
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7242 INTERFACE TIMINGS
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MEMTECH TECHNOLOGY CORPORATION
101 BLUE RAVINE ROAD
FOLSOM, CA 85630

MARKETING, CUSTOMER SERVICE: (916) 351-3100
TECHNICAL HOTLINE: (916) 351-3132
FAX: (916) 985-6804
TELEX: 910 250 1368 MEMTECH UQ
EASYLINK: 62020974

MemTech assumes no responsibility for the use of any circuitry other than the circuitry embodied in a
MemTech product. No circuit patent licenses are implied and MemTech reserves the right to change said
circuitry and specifications at any time without notice. MemTech assumes no responsibility for any errors that
may appear in this document and makes no commitment to update nor to keep current the information
contained in this document.
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