















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BPK 72A

. PRELIMINARY

SPECIFICATIONS

Capacity
- 128K Byte per BPK 72A.

_Performance .~

" Avg'AccessTime................... 48 msec
Maximum Data Transfer Rate .... 100 Kbits/sec

Average Data TransferRate ....... 68 Kbits/sec

" Data Organization'

64 bytes per page
2048 pages per BPK 72A

~ Addressing Scheme -

Logicall page number

" Envrronmental

Temperature Temperature specrflcatlons
Operating Humidity: 0—95% Non-Condensing

BPK 72A POWER SUPPLY REQUIREMENTS

I o T .-Power Off/Power Fail
“Voltage | Margin .- Decay Rate .

- +12 Volt . +5% less than 1.10 v'ths/msec

+5 Volt +5% |- less than 0.45 voltsimsec

' BPK 72A POWER CONSUMPTION DR

'« Voltage sequencing — no restrictions
‘e ‘Power on voltage rate of rise — no restrictions

Power (Watts) TR S
v Total" Total . Total Total
+5V 12V "Active Active . "Standby Standby
(Maximum) (Maximum) " (Maximum) “(Typical) (Maximum) (Typical)
192 480 872 | .39 3038 7155

By usmg power swyrtchmg technrques the bubble memory system’s standby power consumption can be
reduced to.virtually zero. Application Note 164 Usmg CMOS to Mmlmlze Bubble Memory Power Con
sumption. (Order Number 230826-001) o ]
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| < 7220
~ CONTROLLER FOR 1MBIT
BPK 70A BUBBLE MEMORY SUBSYSTEM

72201 - 0° To 75°C
7220-4 © 10°C To 55°C
72205 © —20°CTo85°C
B Provides Interface between Host B 16 Easy-to-Use Commands
Microprocessor and 1 Mbit , »
Bubble Subsystems B Three Modes of Data Transfer
® Interfaces to 8080/85/86/88/186/286 : . — DMA
~and other Standard Microprocessors — Polled
B Controls Up to Eight BPK 70A-1, -4, — Interrupt

Subsystems (or BPK70-1, -4)

®  Controls up to Four BPK 70A-5 Bubble. ® Transfer of Single (64 bytes) or Multiple
Memory Subsystems or BPK70-5 » Pages of Data

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
processor 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. i

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 subsystemvia the controller in single or multiple pages. A page size may vary from 64 bytesin a

fsmg_iléazt(;ut_,b)ble system and up to 512 bytes in an eight bubble system. (Maximum page size of 256 bytes
or

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

The BMC generates all the timing and control signals to the subsystem.
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Inter . 7220 |  PRELIMINARY

One 7220-1 or 7220-4 BMC can control up to eight BPK in-line package. All inputs are directly TTL compatible and
~ 70A-1, -4 subsystems. This provides an easy expansion . the device uses a smgle +5 Volt supply.

path to expand any 1 Mbit (128K byte) system by adding.
on additional subsystems. One 7220-5 can control up to HARDWARE DESCRIPTION
four BPK 70A-5 subsystems. .

. . . The 7220 Bubble Memory Controller is packaged in a
The BMC is manufactured using Intel’s high performance 40-pin Dual In-Line Package (DIP). The following lists the
HMOS process and is packaged in a standard 40-pin dual- individual pins and describes their function.

Table 1. Pin Description

Signal Name Pih No. [[[e] Source/Destination ) . Description
VCC 40 | . +5VDC Supply
GND 20 R I L Ground .
-PWR.FAIL. 1 o 7230 CPG A low forces a controlled stop sequence and holds
) BMC in an IDLE state (similar to RESET). -
RESET.OUT 2 O | 7250 CPDI/7242 FSA An active low signal to disable external Ioglc '
7230 Reference initiated by PWR.FAIL or RESET signals, but not
K Current Switch active until a stopping point in a field.rotation is

reached (if the BMC is causing the bubble
memory drive f|e|d to be rotated).

CLK : 3 0 Host Bus =~ 4 MHz, TTL-level clock.

RESET 4 | " Host Bus - A low on this pin forces the interruption of any

B A L 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 | " " Host Bus A low on this pin enables the BMC oU'tput datato .
_ ‘ ; be transferred to the host data bus, (Dg-Dg).
WR 6 | Host Bus A low on this pin enables the contents of the host
: N i ... | data bus (D¢-Dg) to be transferred to the BMC.
DACK 7 | Host Bus - | Alow signal is a DMA acknowledge. This

notifies the BMC that the next memory cycleis -
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 toV¢c (5.1K ohm).

DRQ  > 8 (e} Host Bus A high on this pin indicates that a data transfer

between the BMC and the host memory is belng
‘requested
INT 9 (0] Host Bus A high on this pin‘indicates that the BMC has a

‘new status and requires serwcmg when enabled
by the host CPU.

Ag - 10 | Host Bus A high on this pln selects the command/status
registers. A low on thls pin selects the data
. . register.
Dg-D7 11-18 110 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.

Dg - 19 110 Host Bus Parity bit.
' -6-282




intel

7220

PRELIMINARY

Table 1. Pin Description (Continued)

-Signal Name

Pin No.

110

Source/Destination

Description

cs

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).

‘DIO -

22

/10

- 7242 FSA

A bidirectional active high data line that shall be
used for senal communlcatlons with 7242 FSA
devices.: .

SYNC

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

17242 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 wrltten 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 ex-
pansion of 7242 FSA devices. )

26

110

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 V¢ (5.1K ohm). !

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 (5.1K ohm).

DET.ON

28

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

(elh)

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.

BOOT.SW.EN

30. .

7230 CPG

An active low signal which may be used for . - '
enabling the BOOT.SWAP of the 7230 CPG.

SWAP.EN.

31

7230 CPG

An active low signal used to create the swap

function in external circuits.

BOOT.EN

32

7230 CPG

An active Iow signal enabling-the bootstrap loop
replicate function in external circuitry.

REP.EN" -

© 33

7230 CPG

An active low-signal used to enable the repllcate
function in external circuitry. i

M.B

—

34

' 7230 CPG

An active low timing signal generated by the
decoder logic for determlnmg TRANSFER pulse
width. Co

-
<
>

. 35

7230 CPG

’ | An actlve low timing SIgnaI generated by the

decaoder logic for determlnlng CUT. pulse width.

x| <]
|]|I
x| <
allnl

36-39

7250 CPD

Four active low timing signals generated by the
decoding logic and used to create coil drive
currents in'the bubble memory device.

*Not used in minimum (128K byte) system.
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FUNCTIONAL DESCRIPTION

The 7220 Bubble Memory Controller provides the user in-
terface to the bubble memory system. The BMC
generates all memory system timing and control, main-
tains memory address information, interprets and ex-
ecutes user request for data transfers, and provides a

Microprocessor-Bus compatible interface 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. ) ‘

RESET | «————— PWR.FAIL
POWER FAIL, WR.FAIL
ABORT, AND
RESET LOGIC
SETLOG ————— RESET.OUT
WATT «—] ERRFLG
SEQUENCER '
pETON i REGISTER
' i FILE
Ve¢ —m8m8m8 ————> |
: N
T
E
FSA R ‘
SELECT N
roaie L = FIFO
. : B
GND ————————— Y
De-D; <—nf - X3
‘ S
Dp <—— SYSTEM ——— V%
ho INTEBRUFSACE T
RD >1 ' DATA REGISTER, ——> ™A
WR ———1 . DMA AND BUBBLE L - TNE
DACK ———|  INTERRUPT . o?gggeln ————» REP.EN
cs — rosie DIO & BOOTLOOP [ BOOT.EN
DRQ <—— ENCODER/DECODER |————» SWAP.EN
INT | —————» BOOT.SW.EN
—— cib
BUS.RD - SHIFT.CLK
S | SVNC
CLK e+ D0

) Figuré 3. 7220 Bubble Memory Qontroller (BMC), Block Diagram -

System Bus Interface —The System Bus Interface (SBI)
logic contains the timing and control logic required 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 in-
put data, output data,-and status data latches. The BMC

. can interface asynchronously 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 buffering, to
improve the R/W cycle times seen at the system bus in-
terface. 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

6-284

the RAM and input/output latches havé at least one byte

. of data.

DMA and Interrupt Logic—The DRQ pin has two func-
tions: '

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

DMA controller chip. :

If the DMA enabile bit is reset, the DRQ pinacts as a
“ready for data transfer interrupt” pin. It becomes
active when 22 bytes may be read from or written in-
to the BMC; it is reset when this condition no longer
exists.

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

@
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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 Ad-
dress RAM is used to store the next available page ad-
dress for each of up to 8 dual FSAs. The address main-
tained 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 trans-

fers 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 address is -

reached, the counter is incremented on each subse-
quent page transfer so that its value is equal to the pre-
sent read address.

DIO Bootloop Decoder/Encoder— Performs parallel-to-

serial and serial-to-parallel conversions between the

FIFO data and the serial bit stream on the DIO line. This
block also generates the BUS.RD signal, which indi-
cates 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 bootloop data during a Read
Bootloop or Initialize operation, and encodes the boot-
loop data during a Write Bootloop 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 resetting
the bubble systems in an orderly manner, when acti-
vated by the PWR.FAIL signal, the RESET signal, or the
ABORTcommand. 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 con-
trols the timing of the interaction between the BMC and
the FSAs. The FSA selection is determined 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 timing signals.
The starting and stopping point of each signal is deter-

mined by the decoder logic. Each signal may occur

every field rotation or only once in a number of field rota-
tions. The field rotation in which a timing pulse occurs
is controlled by the sequencer logic.

Figure 4 and Table 2 illustrate the typical timing signals

for the. BMC. These signals are described in the follow-

ing paragraphs. A

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 gen-
erating the bubbles.

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° 4° 2745°
?M— A (EVEN) 90° 4° . 94.5°
TM.B (ODD) 270° 90° 360°
TM.B (EVEN), 90° 90° 180°
BOOT.EN 252° 108° 360°
REPEN 252° 108° 360°
SWAP.EN 180° 5.7° 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 relative to Y- start phase. Al 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 Specifica-
tion for a description of the BMC/FSA interface.)

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

'

"USER-ACCESSIBLE REGISTERS

The user operates the bubble memory system by read-
ing from or writing to specific registers within the bub-
ble memory controller (BMC). The following paragraphs
|dent|fy these registers and gives brief functional
descriptions, including bit confnguratlons 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 single ad-
dress line (desngnated Ag) and data bus lines Dy through
Da.

Both Command Register (CMDR) and Register Address
Counter (RAC) are 4-bit registers which are loaded from
Dg-Ds. The status register is selected and read by a
single read request. The command register.is selected
and loaded by a single write request. The remaining
registers are accessed indirectly, 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.
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.
FIELD O 60 20 T o180 240 300 ° 360 ‘a20 480 540 . 600 660 720
ROTATION - ) : . . . .
(DEGREES) e - an :

BOOT.EN

SWAP.EN

DC (INACTIVE ON 180)

SHIFTCLK
(RD)

SHIFTCLK
(WR)

Iv g l.

Figure 4. 7220 BMC Timing Diagram .

Table 3 gives a compleéte listing of the address asign-
ments for the user-accessible registers. The registers
are listed in two groups. The first group (STR, CMDR,
RAC) consists of those registers that are selected and
accessed in one operation. The second group’(UR, BLR,
ER, AR, FIFO) consists of those reglsters that are
addressed indirectly by the contents of RAC. IR

_Table 3. Address Assugnments for the
User-Accessible Registers

A0 D7 D6 D5 D4 D3 D2 D1 DO | Symbol | Name of Register Read/Write
10001C.CC C |CMDR |[Command Write Only
: DT [ EERE Register -

1 0 0M 0 B B B.B![RAC " | Register. Address |Write Only

= Counter

1 8 8 5.8.8 S S8 S [STR - |Status Register ReadOnIy

Table 3. Address Assngnments 1or the .
User-AccessubIe Reglsters (Contmued)

RAC .
A0 B3 B2 B1 B0 | Symbol | Name of Regi: Read/Write
0 10 1 0|UR | Utility Register | Read orwrite
0-1- 0 1 1 | BLRLSB | Block Length Write Only
Cr conep oo Register LSB
0: 1 1 0 0| BLRMSB |. Block Length Write Only
. . Register MSB N
0 11 1| ER Enable Register | Write Only
0 1 1 1 0 | ARLSB:-‘| Address Register |-Read or Write
. . | . s .
0 171 1 1 | ARMSB | Address Register | Read or Write
e . MSB . S
0 0 0 0 0 {FIFO FIFO Data Buffer | Read orWrite’

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

CCCC = 4-bit command code sent to.the CMDR by the user.
B8BBB

“MSB = Most Significant’ Byte
M = Modifier

6-286 -

.. write request with AO=0.
LSB= Least Slgmhcanl Byte

-bit register address sent to the RAC by the user.
B3B2B1B0 = 4-bit contents of RAC at the time the user makes aread or: .-
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The register file contains the registers with address
71010’ 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 operétions, the BMC adtomat'ically in-
crements. the RAC by one.count after each transfer 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 ad-
dress). When 'it" has reached 0000, it no longer incre-
ments. All subsequent data transfers (with A0 = 0) will
be to or from the FIFO until such time as the RAC is
loaded with a different register address.

REGISTER DESCRIPTIONS
Command. Reglster (CMDR) 4 Blts, 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 command codes used to issue the
sixteen commands recognized by the BMC:

Table 7 is a listing of the commands and their functions.

Table 4. Commahd Code Definitions

D3 | D2 | D1 | Do Command Name
0 0 0 | 0 | Write Bootloop Reglster Masked
0|01} 0| 1 |Initialize

0 0 | 1 | 0 | Read Bubble Data
0]0 |1 1 | Write Bubble Data

0 11 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:| O | Read FSA Status

110 0 1 |-Abort .

1 0 1 0 .| Write Seek

110 | 1 | 1 |Read Bootloop

1.1.1.1 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 opera-

tion 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

Commands relatmg 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 process in a
polled data transfer mode. The status register provides
information about error conditions, completion or ter-
mination of commands, and about the BMC's readiness
to transfer data or-accept new commands. The in-
dividual bit descriptions are as follows: :

STATUS REGISTER
FIFO READY

ifiels,falawm_

L———» UNCORRECTABLE ERROR
CORRECTABLE ERROR
TIMING ERROR
OP FAIL
OP COMPLETE

BUSY

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 Reglster or Read
Corrected Data commands, BUSY may also indicate
that the data has not been completely removed from
the FIFQ, and that DRQ is still active. BUSY will then
drop as soon as DRQ does (after the user has finis-
. hed reading the data reméining in the FIFO).

OP COMPLETE (when = 1) indicates the successful
completion of a command. .

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

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 correctable
error has been detected in the last data block
transferred. :

6-287 -
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UNCORRECTABLE ERROR (when ,=. 1) indicates
thatat least one FSA has reported to the BMC that an ..,
uncorrectable error has been detected in the Iast
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 useron
the data lines Do-Dg

FIFO READY has two functlons The FIFO READY ©~
functions are as follows: - - . i

IF RAC # FIFO, FIFO READY = 1

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 curcuutry Each FSA responds 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 correctablé. The value of ENABLE ICD af-
fects the action 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 transfer the correc-

NOTE:
TAT i . . .
S US BITS READ " WRITE
FIFO READY BUSY ‘ '
1 1 datain : space in ,1 4
- FIFO FIFO
0 1. nodata | ..nospace .
1 0 — data in FIFO —
0 0 — FIFO empty —

ted data to the BMC. The Read Corrected Data com-,

mand-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 correctab|e In the case of an
uncorrectable error, bad data may have been sent to

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 command is
issued. They may also be reset by making a write request
(WR=0) to the BMC with Ag=1, D4y=0, and Dg=1
(Modifier Bit) (that is, writing the RAG with Dg= 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.

: Enable Reglster (ER) 8 Bits, Wnte Only

The user sets yanous bits of the enahle register to
enable or.disable various functions within the BMC or
the FSAs. The individual bit descriptions are as follows:

ENABLE REGISTER

I7IGI5IAIGTZII.,~I‘0]
INTERRUPT ENABLE (NORMAL)
A INTERRUPT ENABLE (ERROR)

. —b DMA ENABLE

— MAXIMUM FSA-BMC TRANSFER RATE
WRITE: BOOTLOOP ENABLE
ENABLE RCD
ENABLE ICD
ENABLE PARITY INTERRUPT
In the above figure and in the text below, the following

abbreviations are used:

ICD =INTERNALLY CORRECT DATA

RCD = READ CORRECTED DATA . '
UCE =UNCORRECTABLE ERROR ° ‘ .
CE' =CORRECTABLE ERROR

TE =TIMING ERROR - e

ENABLE PARITY. INTERRUPT enables the BMC to
iinterrupt the host system (via.the INT line) when
the BMC detects .a parity error.on the data bus
lines Dy-Dy.

the user. The value of ENABLE RCD affects the ac-
tion of INTERRUPT ENABLE (ERROR).

‘WRITE BOOTLOOP ENABLE (when=1) enables
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 and the TIM-
ING ERROR bit is set in the STR .

MFBTR controls the | maxnmu,m burst transfer rate
from FSA(s) to BMC FIFO. This rate is variable on

"the “last page” of a multlple page transfer. (In one
page transfers the last page is the only page. ) See’
Table 5 for effects of thls blt on the various 7220
commands.

Table 5. MFBTR Bit vDefinitions

Number Maxim - oo
of MBMs Requir:l:l‘ ‘ "MFBTR Bit
Operated Host Interface [
in Parallel Data Rate Read C d | Write C
R 50K byte/sec o NIA
2 100K bytel/sec 0 - N/A
.4 200K bytelsec . 0 . NIA
8 ' 400K bytelsec 0’ N/A
1, 12.5K'bytelsec 1 0
2 25K byte/sec 1 0
4 50K bytelsec 1 0
8 100K byte/sec 1 0

NOTE: The MFBTR bit should always be set to “0" for all commands. .
except "Read Bubble Data.”

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 con-
troller. When equal to zero, DMA ENABLE sets up
the controller to support interrupt driven or polled
data transfer.
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INTERRUPT ENABLE (ERROR) selects error condi-
tions under which the BMC stops command exe-
cution and interrupts the host processor (via the
INT line). INTERRUPT ENABLE (ERROR) operates
in conjunction with ENABLE ICD and ENABLE
RCD.

Interrupt
Enable Enable Enable
ICD RCD (ERROR) Interrupt Action
0 0 0 No interrupts due to errors
0 i 1 Interrupt on TE only
0 1 0 Interrupt on UCE or TE
0 1 1 Interrupt on UCE, CE, 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

TE = Timing Error, CE = Correctable Error,
UCE = Uncorrectable Error.

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 COMPLETE =1 in the
STR).

Utility Register (UR) 8 Bits, Read or Write

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

Block Length Reg|ster (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 REGISTER MSB

Lrlefefefslz]r]o]

NUMBER OF FSA
CHANNELS (NFC)

BLOCK LENGTH REGISTER LSB

NUMBER OF PAGES TO BE TRANSFERRED

The system page size is proportional to the number of

magnetic bubble memory modules (MBMs) operating in '

parallel during the data read or write operation. 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 com-
mand, 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,

Lrlelsfafafa]fo]

what starting address location shall be used in a data
read or write operation. The bit configuration is as
follows:

ADDRESS REGISTER MSB’
K |°|5|"f [2]+]o]

MBM SELECT

ADDRESS REGISTER LSB
Eonnannn

STARTING ADDRESS WITHIN EACH MBM

Within each MBM there are 2048 possible starting ad--
dress locations for a data read or write operation, hence
the requirement for 11 bits in the starting address.

The selection of the MBMs to be read or written is
specified by AR MSB Bits 3-6. The BMCs interpretation
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 MBMs) is
represented, with the FSA channels numbered 0
through F:

Table 6. Selection of FSA Channéls

AR MSB Bits BLR MSB Bits (7,6,5,4)
(6,5,4,3) 0000 0001 0010 0100 1000
0000 0 0,1 01,23 Oto7 OtoF
0001 1 23 456,7 8toF '
0010 2 45 89,A,B :
0011 3 6,7 CDEF -
0100 4 89
0101 5 AB
0110 6 Cc,D
0111 7 E,F
1000 8
1001 9
1010 A
1011 B
1100 Cc
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 FIFO 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 requirements. When the BMC is busy
(executing a command) 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 systems

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 described as if the

system contalned only one MBM module.. .

Data Flow W|th|n the Magnetlc 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 correspondmg channel
of the FSA_ In the FSA, the data is paired up with the cor-

responding bit in the FSA’s bootloop register to deter-.

mine whether it represents data from a ‘good’ loop. If it
does, the data bit is stored in the FSA FIFO. Error detec-
tion 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 memory

controller (BMC)in the form of a serial bit stream, viaa_

one-llne bldlrectlonal data:bus'(DI10). The data is multi-
plexed onto the DIO"line, with data bits coming alter-
nately 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

data bit from the B channel FIFO is placed on the DIO

line. The BMC continués to output SYNC pulses, once

every 20 or 80 clock cycles each tlme receiving two data
bitstin return.

In the BMC, the data onoergoes serial-to-parallel conver-’
sion, 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 inter-

face. .

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

INTERFACING REQUIREMENTS

All communications between the host microprocessor,
and the bubble memory is performed through the 7220
BMC. The BPK 72 Bubble Memory Prototype Kit User’s
Manual, Order Number: 121685, contains detailed infor-
mation on how to use and interface the BMC. Below the
general principles are described, for detailed guidelines
please. refer to the BPK 72 Manual. For software con-
siderations, please also see Application Note AP-157.
(Order Number: 230707)

First the nardyvare 'in{erfacing 're'quirements and second
the software interfacing requirements are described.

HARDWARE INTERFACE REQUIREM‘ENTS
User Interface Signals
The source, 'destination and functlon of the user inter-

channel FIFO on the DIO line. One clock cycle later, a

face signals are described in Table 1 in the data sheet.

Table 7. Detailed Command Descriptions

Initialize

Write Bubble Data

Read Seek

‘Read .Bub‘blle Data |- The Read Bubble Data command causes data to be read from the MBMs into the BMC FIFO.

" the Read Bubble Data command.

“No data transfer occurs. The positioning is such that the next data location available to be read
~isthe specified (inAR) page address plus one. The Read Seek command may be used to reduce

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 parametnc
registers must be properly set up before issuing the Initialize. command. '

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 parametrlc reglsters must be properly set up before i |ssumg

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 parametrlc reglsters must be properly set up
before issuing the Write Bubble Data command

The Read Seek command rotates the selected MBMs toa deslgnated page address location.

latency (access tlme) in cases where information is avallable for the user to predict the
Iocatlon of an |mpend|ng read reference to the MBMs
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Table 7. Detailed Command Descriptions (Continued)

Write Seek

Abort
MBM Purge

Read Corrected Data

Software Reset
Read FSA Status
Read Bootloop
Register

Write Bootloop
Register Masked

Read Bootloop

‘Write Bootloop

‘written is the specified (in AR) page address plus one. The Write Seek command may be used to

_of datafrom the FIFO of each selected FSA channel, after an error has been detected. The data

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

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.

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.

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.

The Read Corrected Data command causes the BMC to read into the BMC FIFO a 256-bit block

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).

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.

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
all parametric registers.

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.

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” loops 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. '

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

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 0s). Encoding of the bootloop data
is done by the.BMC hardware.

System Timing

in relation to the data transfer mode (polled, interrupt-
driven, or DMA) to be implemented in order to be sure

As shown on the timing diagrams in the WAVEFORM
section the typical read/write cycle timing provides suf-
ficient tolerance to allow most currently available
microprocessors to be easnly adapted to the BMC timing
requnrements

User Data Transfer Rate Requirements

The maximum data rate for the user interface is a func-
‘tion of the number of MBMs operated in parallel as
outlined in table 8. The rates listed must be considered
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that the host system software and hardware are capable
of keeping up with the data transfer. 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).
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Table 8. }User Data User Trar\sler Rate Requirements

) Maximum Data Transfer Rate
Number of Maximum Data Transfer Rate .-Between BMC FIFO and the
MBMs _ Between BMC FIFO and the FSAs during Read Bubble
Operating FSAs during Write Data Commands
in Parallel Bubble Data Commands —
MFBTR = ; '"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 N 50 kbytes/second 200 kbytes/second 50 kbytes/second
8 100 kbytes/second 400 kbytes/second 100 kbytesleecond

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 possible, one
common configuration is the Intel 8257 DMA controller.

To support an interrupt-driven system an Intel 8259 Pro- -

grammable Interrupt Controller is often ‘ueed.

The polled data transfer mode relies almost 'excltisively
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 processrng data and of supplymg
the.required timing and control signals for operating.up
to four Bubble Storage Units (BSUs), each of which is
capable of storing 128 kbytes of user data. A BSU con-
sists of a 128 kbyte MBM and its five immediate IC sup-
port chips (i.e. a MBPK 70A-5 Kit).

SOFfWARE INTERFACE REQUIREMENTS

To use the BMC, the user has to writea “bubble memory
software driver”.

The bubble driver is responsible for all the system in-
teraction with the bubble memory controller and is in-
trinsic to the efficient and reliable operation of the bub-
ble system. The driver accepts bubble memory com-
mands and command execution parameters from the ap-
plication program, controls and monitors command ex-
"ecution, 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 con-
troller'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 function
of the specific application needs. Regardless, a set of

basic drivers- must be developed that in turn are in-
tegrated into a system at the appropriate level. If an ap-

. plication program is small and simple, a basic bubble
driver may simply be called, from the main program.

At the highest Ievel of drlver sophistication, the applica- -

tion program treats the bubble system as a collection of
named data areas of files similar to the way in which
data is stored and retrieved .in disk operating systems.
At the file system level, an application program can ig-:
nore 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 bubbile file. :

Data Organization ,
From a software viewpoint, data logically is organized

" 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 microprocessor. A

page is the smallest increment of data that can be

. - transferred; single.bytes cannot be transferred. Concep-

tually, the data organization within a bubble memory is

. analogous to a disk system. Just as disk sector sizes

are fixed when a disk is formatted, bubble page sizes are
establlshed under software control when the bubble
system is |n|t|a||zed

. 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 multipie bub-

- bles, page size can vary from 64 bytes (68 bytes without

error correction) to 256 bytes (272 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 determmes the total number
of available pages (address fleld size). The selection of
the appropriate page size depends primarily on the data
rate supported by the system. The higher the data. rate,
the faster the microprocessor must respond to the
demands of the bubble memory controller.

Buffering

The bubble memory controller rncludes a FIFO data buf—
fer that although only 40 bytes long, reconciles timing
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differences between the parallel data transfer to or from
the host microprocessor and the serial data transfer to
~or:from the Bubble Memory Subsystem. Accordingly,
when an application program requests data from a bub-
ble, the software driver is responsible for keeping up
with the FIFO for the duration of the data transfer in
order to prevent the FIFO from overflowing - or
underflowing.

Command Executlon

Command execution can be performed either in an inter-
rupt driven mode or in a polled mode irrespective of the
data transfer mode (polled, interrupt-driven, or DMA).

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 software
- overhead are all important considerations when choos-
ing the appropriate mode for your application.

Error Correction

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

Communication with the BMC
_ All communications between the host and the bubble
memory actually are performed through the BMC. The
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BMC has'two input/output (I/0) ports, an eight-bit
bidirectional data port, and-an eight-bit command/status
port.- Conceptually, a bubble memory 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 desured read or write operation |is
initiated. - .

~ The general procedure for communicating with the BMC

is:

Set-up’the BMC for data transfer communication
by loading specific parameters in user-accessible
regusters

Send the desired command

Read the status register to determine if command
" is accepted..

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

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

Examine the status register to determnne whether
the operatlon was successful.

- For all details and exceptions to this general descrip-

tion, see AP-157 or the BPK 72 User's Manual.
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ABSOLUTE MAXIMUM RATINGS

*NOTICE: Stresses above those ‘listed under “Absolute Max-
imum Ratings” may cause permanent damage to the device.

Temperature under bias .............. —40 to +100°C This is a stress rating only and functional operation of the
Storage Temperature.. ... .. “eew.ds. =—65°Cto +150°C device at these or any other conditions above those indicated
All Input 6r Output Voltages and ‘ in the operational sections of this specitication is not implied.
Ve Supply Voltage ..... A “...—05Vto7Vv Exposure to absolute maximum rating conditions for extended

D.C. CHARACTERISTICS Ta =

periods may aflect devlce reliability.

see front page; Vg = 5.0V +5%, — 10%; + = 72208)

" Symbol ' Parameter Min. Max. Unit .| Test Condition

ViL Input Low Voltage - 08 v ‘
Vini) Input High Voltage (all but PWR.FAIL) 2.02.2%) |Vcc+0.5V v
Ving) Input High Voltage (PWR.FAIL) 2.5 Vee+0.5V|] v
VoL Output Low Voltage : 1

’ (All outputs except DET.ON, BUS.RD RD, .45 ‘ \ loo=32mA

SHIFT.CLK, and SYNC - o

Vouar | 8;:‘?311%08‘{1;?:;,92HIFT.CLK; SYNC 45 V. [lou=16mA
Vou Output High Voltage 2.4 v lon = 400uA
[ Input Leakage Current 10 | uA 0<V|y=<Vcc
lord| Output Float Leakage 10 CuA | 045 <Voyur =Vee
[ Power Supply Current from Ve | 200 mA : :

A.C. CHARACTERISTICS

(Ta = see front page; Vgc =

5.0V + 5%, —10%, C_ = 150pF; unless otherwuse noted)

Symbol Parameter- Min. Max.. | Unit Test Condition
tp Clock Period - 249.75 250.25 ns
g Clock Phase Width (High Tlme) * 45 tp .55 tp
tp-te Input Signal Rise and Fall Time ] ns

FSA INTERFACE TIMINGS (under pin loading) v
Symbol Parameter Min. Max. Unit Test Condition
tcnv CLK to DIO Valid Delay 150 ns Under Pin Loads*
tcor 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*
tesoL CLK to SYNC Leading Edge Delay 120 ns Under Pin Loads*
tesor CLK to SYNC Trailing Edge Delay 10 100 ns Under Pin Loads*
toc DIO Setup Time to Clock 80 ns Under Pin Loads*
tpHe 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 Puise Width 200 ) ns Under Pin Loads*
tsceT SHIFTCLK to Y= Trailing Edge 80 200 ns Under Pin Loads*
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A.C. CHARACTERISTICS (Continued) (Tp = see front page; Vgg = 5.0 = 5%, —10%; C|_ = 150pF; -

READ CYCLE (HOST INTERFACE) unless otherwise noted; ** = 7220-5.)
" Symbol Parameter ~ Min. Max. -Unit Test Condition
tac - Select Setup to RD{ 0 : | ns '
tca Select Hold from RD{ , 0 ns
tRR RD Pulse Width 200 ns
tap Data Delay from Address : 150(200* *) ns
tRD Data Delay from RD| . ) 150(200**) ns
toF Output Float Delay ‘ 10 , 100 . ns
1 toe DACK Setup to RD - o | ns .
tco DACK Hold from RD?1 0 . _ ns ’
tkp Data Delay from DACK! 150(200* *) ns
\" ‘ (DMA Mode) In non DMA mode.
tcycr “Read” Cycle Time 4t,-tg. S ns | teyen Min. = 6t,-tg
WRITE CYCLE (HOST INTERFACE)
Symbol Parameter Min. Max. Unit Test Condition
“tac - Select Setup to WR | ' 0 - ns :
tca Select Hold from WR - ] ns
tww WR Pulse Width 200 ns
tpw Data Setup to WR? , ‘ 200 | ns
twp Data Hold from WR1 . 0 l " ns
tpc DACK Setup to WR 0 v ns
tcp DACK Hold fromWRt 0 ns
tcycw “Write” Cycle Time At + tyy
“BE
toEADW . | - Inactive Time bétween WR! and WRI | = 4t , ns
tDEADR = | Inactive Time between RD! and RD! 150
MD7250-MD7230 INTERFACE TIMINGS
' Symbol |~ Parameter ' ‘ Min. Max. Unit Test Condition
tCBL‘ CLK to Bubble Signal Leading Edge 250(275**) ns | -UnderPin Loads*
, tceT | oLk to Bubble Signal Trailing Edge ) 250(275**) . ns Under Pin Loads*
v~ *Bubble Pin Loads Shown Below .
.~ PIN LOADINGS
Pin Names' t ‘Value Unit
X+, X=,Y¥,Y= B 150 pF
TMA, TM.B, REPEN, BOOTEN, |
SWAP.EN, BOOT.SW.EN, C/D, 100 pF
ERR.FLG, WAIT, SYNC, DIO
DET.ON & SHIFT.CLK 100 pF
BUS.READ 10 pF 6295
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- 7224
CONTROLLER FOR 4MBIT
BPK 5V74 BUBBLE MEMORY SUBSYSTEM

B Provides Interface between Host B 18 Easy-to-Use Commands
Microprocessor and 4 Mbit n
Bubble Memory Subsystems ) Thfeowfes of Data Transfer

B Interfaces to 8080/85/86/88/186/286 — Polled
and Other Standard Microprocessors — Interrupt

®  Controls up to Eight Bubble Memory ® Transfer of Single (64 bytes) or Multiple -
Subsystems Pages of Data

The 7224 is a complete 4 Mbit Bubble Memory Controller (BMC) that provides the interface between the
microprocessor host and the 4 Mbit Bubble Memory Subsystem. All communication between the host
processor and the bubble memory is performed through the controller.

The BMC interfaces easily to any Intel microprocessor or other standard microprocessor. The user has
18 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 18 commands of the 4Mbit BMC is a superset of the 1Mbit BMC’s 16 commands providing an easy
up-grade of software from the 1Mbit to the 4Mbit system.

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 polied 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.
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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 control 5|gnals to
the BPK 5V74 subsystem.

One BMC can control up to eight BPK 5V74 subsystems.
This provides an easy expansion path to expand any 4
Mbit (512K byte) system up to 32Mbit (4Mbyte) by adding
on additional BPK 5V74 subsystems.

The BMC is manufactured using Intel’s high performance
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.

HARDWARE DESCRIPTION

The 7224 Bubble Memory Controller is packaged in a
40-pin Dual In-Line Package (DIP). The following lists the
individual pins and describes their function.

Table 1. Pin Description .

Signal Name Pin No. [[o] Source/Destination

Description ‘

Voo 40 !

+5VDC Supply

GND 20 |

Ground

PWR.FAIL . 1. | v 7234 CPG

A low forces a controlled stop sequence and holds
BMC in'an IDLE state (similar to RESET).

RESET.OUT _ 2 o 7250 CPD/7244 FSA
. 7234 Reference
Current Switch

An active low signal to disable external logic
initiated by PWR,FAIL or RESET signals, but not
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 e 3 ] " Host Bus

2 MHz, TTL-level clock.

RESET 4 | Host Bus

A low on this pin forces the interruption of any
BMC sequencer activity, performs a contro||ed
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 | Host Bus

A low on this pin enables the BMC output data to
be transferred to the host data bus (Dy-Dg).

WR 6 | 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 | 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 V¢c (5.1K ohm).

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 (o} Host Bus

A high on this pin indicates that the BMC has a
new status and requires servicing when enabled
by the host CPU.

Ag 10 1 Host.Bus

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

Do-D; 11-18 o | 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. -

Dg 19 110 Host Bus

Parity bit.
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Table 1. Pin Desbriptlon (Continued)

Signal Name

PinNo. -

[[e]

Source/Destination

Description

cs

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).

DIO

22

/0

7244 FSA

A bidirectional active high data line that shall be
used for serial communications with 7244 FSA
devices.

SYNC

23

7244 FSA

An active low output utilized to create time
division multiplexing slots in a 7244 FSA chain. It
shall also indicate the beginning of a data or
command transfer between BMC and 7244 FSA.

SHIFT.CLK

24

7244 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.

©25

To User External
Circuit -

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 ex-
pansion of 7244 FSA devices.

26

o

To Alternate
Controller(s)
When User System
Uses More Than
One Controller.

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 V¢c (5.1K ohm).

ERR.FLG

27

7244 FSA

An active low input generated externally by

7244 FSA indicating that an error condition
exists. It is an open collector input which requires
an external pullup resistor (5.1K ohm).

8

To User External
Circuit

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

29

7244 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.

BOOT.SW.EN

30

7234 CPG

An active low signal which may be used for
enabling the BOOT.SWAP of the 7234 CPG..

SWAP.EN

31

7234 CPG

An active low signal used. to create the swap
function in external circuits.

BOOTEN

32

7234 CPG

An active low signal enabling the bootstrap loop
replicate function in external circuitry.

REP.EN

33

7234 CPG

An active low signal used to enable the replicate ,
function in external circuitry.

=
T Z
o

7234 CPG

An active low timing signal generated by the
decoder logic for determining TRANSFER pulse
width.

-]
=
>

.35

7234 CPG

An active low timing signal generated by the
decoder logic for determining CUT pulse width.

x1=<}] -
ah
x| <
aF]

36-39

7250 CPD

Four active low-timing signals generated by the
decoding logic and used to create coil drive
currents in the bubble memory device..
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FUNCTIONAL DESCRIPTION

The 7224 Bubble Memory Controller provides the user
interface to the bubble memory system. The BMC
generates all memory system timing and control,
maintains memory address information, interprets and
executes user request for data transfers, and provides a

Mlcroprocessor-Bus compatible interface for the

: magnetlc bubble memory system.

Figure 3 is a block diégram of the 7224 Bubble Memory
Controller (BMC). The following paragraphs describe the
functions of the individual functional sections of the BMC.

RESET 1
POWERFAIL, |~ — PWRFALL
ABORT, AND
RESET L
SET LOGIC -
WATT <——» - ERRFIG
SEQUENCER
DET.ON ~————} E
ETON. B REGISTER
: FILE .
Ve¢ —mmmm ——————» '4‘
~ N . T
E
FSA . R
. SELECT N
- tosie L FIFO
GND —————— v
0¢-D; t——p] X—+
I
Dp ———] SYSTEM I
ho INTERFACE -
RD > DATA REGISTER, ———> WA
WR ———»1 " DMA AND BUBBLE S
DACK —————> INTERRUPT - Di'gggén |————> REPEN
o - LOGIC
- ’ DIO & BOOTLOOP [ BOOT.EN
DRQ -——] ENCODER/DECODER |————— SWAPEN
INT +——rf ———— BOOT.SW.EN
———— CiD
‘BUS.RD |———— SHIFT.CLK
——— SVNC
cLK j«—> pi0

Figure‘v 3. 7224‘Bubble Memory Controller (BMC), Block Diagram

System Bus Interface—The System Bus Interface (SBI)
logic contains the timing and control logic requnred 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 in-
put data, output data, and status data latches. The BMC
can interface asynchronously to.the host CPU. With a
'2-MHz clock, it is capable of sustaining a 1-Mbyte per
second transfer rate wh||e 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 buffering, to
improve the R/W cycle times seen at the system bus in-
terface. 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 Ieast one byte

of data.

DMA and Interrupt Logic—The 'DRQ pin has two func-
tions:

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

DMA controller chip.

If the DMA enable bit is reset, the DRQ pin acts as a
“ready for data transfer interrupt” pin. It becomes
active when 22 bytes may be read from or written in-
‘to the BMC; it is reset when this condition no longer
exists.

2

Reglstér File— The register- file contains 6 eight-bit
registers that are accessible by the host CPU. Refer to the
Register Section for details.
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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 Ad-
dress RAM is used to store the next available page ad-
dress for each of up to 8 dual FSAs. The address main-
tained 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 trans-
fers 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 address is reach-
ed, the counter is incremented on each subsequent page
transfer so that its value equal to the present read ad-
dress. There are 8192 possible starting addresses.

DIO Bootloop Decoder/Encoder— Performs parallel-to-
serial and serial-to-parallel conversions between the
FIFO data and the serial bit stream on the DIO line. This
block also generates the BUS.RD ‘signal, which indi-
cates 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 bootloop data during a Read
Bootloop or Initialize operation, and encodes the boot-
loop data during a Write Bootloop 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 resetting
the bubble systems in an orderly manner, when acti-
vated by the PWR.FAIL signal, the RESET signal, or the
ABORTcommand. 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 determined by the four high-
order bits in the BLR and the three 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 timing signals.
. The starting and stopping point of each signal is deter-
mined by the decoder logic. Each signal may occur
every field rotation or only once in a number of field rota-
tions. The field rotation in which a timing pulse occurs
is controlled by the sequencer logic.
Figure 4 and Table 2 illustrate the typical timing signals
for the BMC. These signals are described in the foliow-
ing 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 7234 CPGs, and are used to
determine, respectively, the pulse widths for the CUT and
TRANSFER functions used in replicating and generating
the bubbles. 8 ’ ,

Table 2. 7224 BMC Timing (Degrees)**

Signal Start Width

X= 270° 108°

Y+ 0° 108°

xX= 90° 108°

. - 180° 108°
TM.A (LATE) 279° 94.5°
TM.A (EARLY) 99° . 94.5°
TM.B (LATE) 279° 90°
TM.B (EARLY) 99° 90°
BOOT.EN 261° 126°
REP.EN 261° 126°
SWAP.EN ©180° 153°
BOOT.SW.EN 180° DC*
SHIFTCLK (RD) LATE 230.5° 45°
EARLY 40.5° 63°

SHIFTCLK (WR) LATE 261° 126°
EARLY 81° 126°

*Stays low for 8211 field rotation periods when writing
the MBM Bootloop.

**All phases relative 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 7234 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 tim-

ing of events at the interface between each FSA and its
corresponding MBM. (Refer to 7244 FSA Specification for
a description of the BMC/FSA interface.)

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

USER-ACCESSIBLE REGISTERS

The user operates the bubble memory system by read-
ing from or writing to specific registers within the bub-
ble memory controller (BMC). The following paragraphs
identify these registers and gives brief functional
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 single ad-
dress line (designated Ag) and data bus lines Dy through
Ds.

The Command Register (CMDR) is an 8-bit register which

.is loaded from Dy — D;. Register Address Counter (RAC)
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is a 4-bit register which is loaded from Dy — Dj3. The’
status register is selected and read by a single read re-
quest. The command register is selected and loaded by a
single write request. The remaining registers are access-
ed indirectly, 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.
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- REPEN/ - e 1 : o [ — —.
‘BOOTEN/ 1 : |' - ; :
boons:w.s‘n‘/ . 1 B ) . DC (INACTIVE ON 180°)
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" TMAIFOR REPS) iy

TMB/(FOR REPS)

Flgure 4, 7224 BMC Tlmlng Diagram

Table 3 gives a complete listing of the address asign- Table 3. Address ASSIQnments for the

ments for the user-accessible registers. The registers ) User-Accessible Registers (Continued)
are listed in two groups. The first group (STR, CMDR, ™ - - -
ists’ ister: lected an .
RAC) cons.ISts of those. registers that are se d and . A0 B3 B2 B1-BO | Symbol | Name of Register | Read/Write
accessed in one operation. The second group (UR, BLR, : :
ER, AR, FIFO) consists of those registers that are 0 1 0 1 1 |BLRLSB | Block Length Write Only
addressed indirectly by the contents of RAC. " i Register LSB )
0 t 1 0 0 |BLRMSB | Block Length Write Only
: . Register MSB .
0 1 1 0 1. |ER .. Enable Register | Read or Write
0 1 1 1 0 |ARLSB Address Register | Read or Write
Table3 Address Assignments for the ‘ LSB o
User-Accessane Reglsters 01 1 1 1 1AR MSB | Address Register | Read or Write
o : . | msB... . :
AO Q7 D6 DS D4 D3 D2 D1.D0 Symbol | Name of ngisle!’ Read/Write 0 0 0 0 o0 |FIFO ) FIFO Data Buffer | Read or Write
1.0.0C 1 C C C-C |CMDR-|Command . .|Write Only SSSSSSSS = 8-bit status information returned to the user:from the STR
. ) Register .. CCCCC = 5-bit command code sent to the CMDR by the user.
1.00MO0 B B B B |RAC Register Address |Write Only | BBBB = 4-bit register address sent to the RAC by the user.
] : Counter . . . B3B2B1B0 = 4-bit contents of RAC at the time the user makes a read or
. N co write request with AO=0.
185888 S S S S.{STR Status Register |Read Only " ' LSB= Least Significant Byte

MSB = Most Significant.Byte
M = Modifier (When written high quI clear any pending
interrupt from 7224 without destroying any data
present in the FIFO and its associated latches.

6-302



intel

7224

ADVANCE INFORMATION

The register file contains the registers with address 1011

through 1111. These registers are also called parametric
registers because they contain flags and parameters that
determine exactly how the BMC WI|| respond to com-
mands wntten to the CMDR.

To facilitate, such operations, the BMC automatlcally in-
crements thé RAC by one count after each transfer 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 ad-
dress). When it has reached 0000, it no longer incre-
ments. All'subsequent data transfers (with A0 =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 wrltmg a 5-bit
command code to the CMDR.

Table 4 lists the 5-bit command codes used to issue the
eighteen commands recognized by the BMC.

Table 7 is a listing of the commands and their functions.

Table 4. Command Code Definitions

D5|D3|D2 |D1} Do Command Name

110 (00| 0| Write Bootloop Register Masked
0lo0}0 |0} 1] Initialize

0/0]| 01| 0| ReadBubble Data

0{0 |0 |11 | Write Bubble Data
0]0]1]0]| 0| Read Seek

0]01]1.10.] 1 | Read Bootloop Register:
0]01]1]1] 0| Write Bootloop Register
0]0{1 |11 | Write Bootloop

0]1]0 10/} 0| ReadFSA.Status.
0]l1]0/]0} 1| Abort

0]1]0]1| 0| Write Seek

0|1}0|1]| 1. ReadBootloop

0}1]1.]0]| 0. ReadCorrected Data
0]1[1]0/| 1. |ResetFIFO .
ojt111]1|o0 MBM Purge . .
0|1]1[1]1 |Software Reset
110]0{0]| 1] Zero Access Read Seek
1]10}0 ] 1] 0 | Zero Access Read Bubble Data

The most commonly used commands in normal opera-
tion are: | ) ) ‘

Initialize .

Read Bubble Data

Write Bubbie Data

Reset FIFO'

Read Seek

Write Seek

Abort

Read Corrected Data

Software Reset -

Read FSA Status

MBM Purge

Zero Access Read Seek
Zero Access Read Bubble Data

Commands relating to the bootloop', and used onI‘y 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 process in a
polled data transfer mode. The status register provides
information about error conditions, completion or ter-
mination of commands, and about the BMC’s readiness
to transfer data or accept new commands. The in--
dividual bit descriptions are as follows: :

STATUS REGISTER

Lrlelsfelofefo]e]
I FIFO READY
PARITY ERROR

———————» UNCORRECTABLE ERROR
CORRECTABLE ERROR
TIMING ERROR

- OP FAIL -

+» OP COMPLETE
BUSY

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.

OP COMPLETE (when = 1) indicates the successful
completion of a command.

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

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 Bootioop
command is issued when the WRITE BOOTLOOP
ENABLE bit is equal to zero in the enable register, or
the Write Béotloop Register Masked command is
sent without an adequate number of 1’s present in
data pattern.

CORRECTABLE ERROR (when = 1) indicates that
a FSA has reported to the BMC that a correctable
error has been detected in the Iast data block
transferred. .
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UNCORRECTABLE ERROR (when = 1) i'ndicates
that at least one FSA has reported to the BMC that an
uncorrectable error has been detected 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 databyte sent to the BMC by the user on
the data lines Do-Ds

"FIFO READY has two functlons The FIFO| READY
functions are as follows:

NOTE: IF RAC # FIFO, FIFO READY =1

STATUS BITS READ WRITE
FIFO READY | BUSY
1 1 © datain ‘'space in
: EIFQ FIFO
o .| 1 no data no space
1 0 — data in FIFO —
0 0 - — FIFO empty —

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 command is
issued. They may also be reset by. making a write re-
quest’ (WR 0) to the BMC with A;=1, D,=0, and D=1
(Modified bit) (that is, wrltmg the RAC with Dg=1).

This operation also resets the “INT” pin to “0”. NOTE:
A byte of FIFO data can be lost when using this pro-
cedure if the RAC is written to other than the FIFO ad-
dress when data is still present in FIFO. .

Enable Register (ER) 8 Bits, Write Only

The user sets various bits of ‘the enable register to

enable or disable various functions within the BMC or

the FSAs. The individual bit descriptions are as follpws:
ENABLE REGISTER ’ : ’

Llefsfefele]efo] 0
| . INTERRUPT ENABLE (NORMAL)
. INTERRUPT ENABLE (ERROR)
‘DMA ENABLE :

FSA-BMC .TRANSI RATE
- —————-> WRITE BOOTLOOP ENABLE

ENABLE ncn )

ENABLE ICD

ENABLE PARITY INTERRUPT

In the above flgure and |n the text below, the followmg
abbreviations are used: :

ICD =INTERNALLY CORRECT DATA
RCD = READ CORRECTED DATA "~
UCE = UNCORRECTABLE ERROR
CE - = CORRECTABLE.ERROR

TE =TIMING ERROR

6-304

'ENABLE PARITY INTERRUPT enables the BMC to

interrupt the host system (via the INT line) when
the -BMC detects a parity error on the data bus :
lines Dg-D7. :

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 responds to such
a command by internally cycling the data throughits
error correction network. Whenfinished, the FSA .
returns status to the BMC as to whether or not the

error is correctable. The value of ENABLE ICD af- ~
fects the action of INTERRUPT ENABLE (ERROR).

ENABLE RCD enables the BMC to give the Read
Corrected Data command to the FSAs when anerror
has been detected. This causes each FSA to correct
the error (if possible) and also to transfer the correc-
ted data to the BMC.The Read Corrected Data com-

.'mand 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 error, bad data may have been sent to
the user. The:value of ENABLE RCD affects the ac-
tion of INTERRUPT ENABLE (ERROR) )

WRITE BOOTLOOP ENABLE (when 1) enables
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 and the TIM-.

ING ERROR bit is set in the STR .

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 con-
troller. When equal to zero, DMA ENABLE sets up
the controller to support mterrupt dnven or polled '

data transfer

: INTERRUPT'ENABLE (ERROR) selects error condi- '

tions under which the BMC stops command exe-
cution and interrupts the host processor’ (via the
INT line). INTERRUPT ENABLE (ERROR) operates
in conjunction with ENABLE ICD and ENABLE
RCD.
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Interrupt
Enable Enable Enable
Ico RCD (ERROR) Interrupt Action
0 0 , 1 Interrupt on TE only
0 1 0 Interrupt on UCE or TE
0 1 1 Interrupt on UCE, CE, 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

TE = Timing Error, CE = Correctable Error,

UCE = Uncorrectable Error.
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 COMPLETE = 1 in the
STR).

Block Length Register (BLR) 16 Blts,
Write Only

The contents of the block length reglster deteérmine 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 REGISTER MSB
Lrlelsfefe]z]t]o]

X
NUMBER OF FSA
CHANNELS (NFC)

BLOCK LENGTH REGISTER LSB
Lrfelsfefafafr]o]

NUMBER OF PAGES TO BE TRANSFERRED

The system page size is proportional to the number of
magnetic bubble memory modules (MBMs) operating in
parallel during the data read or write operation. 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 com-

mand, 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 configuration is as
follows: .

ADDRESS REGISTER MSB
|7{e]s]afs]2][1]0]
X

MBM SELECT

Booononn

STARTING ADDRESS WITHIN EACH MBM

Within each MBM there are 8192 possible starting ad-
dress locations for a data read or write operation, hence
the requirement for 13 bits in the starting address.

The selection of the MBMs to be read or written is
specified by AR MSB Bits 57. The BMCs interpretation 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 4-megabyte system (8 MBMs) is represented, with the
FSA channels numbered 0 through F:

Table 6. Selection of FSA Channels

ARMSB Bits BLR MSB Bits (7,6,5,4)

(7,6,5) 0000 | 0001 0010 0100 1000
000 0 0,1 0,1,23 0to7 | Oto7
001 1 23 4,56,7
010 2 45
011 3 6,7
100. 4
101 5
110 6
111 7

Table 5. 4Mbyte System Page Size, Page Address Range, and Data Transfer Performance Configuration

BLR MSB NFC System Page Size # of Pages Address Range MBM Data Transfer Rate
7 6 5 4|
00 01 2 64 byte 64K 0000—FFFF 25K bytes/sec
0010 128 byte 32K 0000—7FFF 50K bytes/sec
0100 8 ' 256 byte 16K 0 O 0 0 —3FFF 100K bytes/sec
10 00 16 512 byte 8K 0000—1FFF 200K bytes/sec
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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 FIFO 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 requirements. When the BMC is busy
(executing a command) the FIFO: functions .as ‘a data
buffer. When the BMC is not busy, the FIFO is avallable
to the user as a general purpose FIFO.

FUNCTIONAL CPERATION

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

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

Data Flow Within the Maghetic 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 cor-

mine whether it represents data from a ‘good’ loop. If it
does, the data bit is stored in the FSA FIFO. Error detec-
tion and correction is applied to each block of 256 data
bits.

From the FSA FIFO, data is sent to the bubble memory
controller (BMC) in the form of a serial bit stream, via a
one-line bidirectional data bus (DIO). The data is multi:
plexed onto the DIO line, with data bits coming alter-
nately from the A and B channels of the FSA. The BMC
outputs a SYNC pulsé 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 cyc!es each time receiving two data
bits!in return.

In the BMC, the data undergoes serial-to-parallel conver-
sion, 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 inter-
face. ;

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

INTERFACING REQUIREMENTS

All_communications between the host microprocessor,
and the bubble memory is performed through the 7224
BMC. Below the general principles are described, for
detailed guidelines please refer to the BPK 75 Manual.” *

First the hardware interfacing requirements and second

responding bit in the FSA’s bootloop register to deter-

the software interfacing requirements are descrlbed

Table 7. Detailed Command Descnptions

Initialize

Read Bubble Data

Write Bubble Data

Read Seek

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 command.

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.

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 parametnc registers'must be properly set up
before issuing the Write Bubble Data command.

The Read Seek command rotates the selected MBMs toa 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 toreduce
latency (access time) in cases where information is available for the user to predict the
location of an impending read reference to the MBMs.
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_ Table 7. Detailed Command Descriptions (Continued)

Write Seek

Abort

‘MBM Purge »

Read Corrected Data

Sbftware Reset *

Read FSA Status -

Read Bootloop
Register

Write Booiloob' :
Register Masked

Read Bootloop

Write Bootlooo

Zero Access Read
Bubble Data

Zero Access Read
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 (inAR) 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 predlct the
location of an impending write reference to the MBMs.

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

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 7224. The “INITIALIZE” command uses this command as a subroutine.

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).

The Software Reset command clears the BMC FIFO and all registers, excepf 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.

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
all parametric registers.

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.

Proper operation of the FSAs during data transfer to or from the MBMs requires that the
bootloop register contain exactly 270 logic 1s for each FSA bootloop register. The user may
select any subset of 270 “good” loops from the total number of available loops. As an alter-
native, 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 Imtlallze command uses this command as a subroutine.

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

TheWnte 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 0s). Encoding of the bootloop data
is done by the:BMC hardware.

The Zero Access Read Bubble Data command functions exactly the same as the Read Bubble
Data command except it must be preceeded by the Zero Access Read Seek command. The
parametric registers are written prior to the Zero Access Read Seek command and should not
be rewritten for the Zero Access Read Bubble Data command. N
The Zero Access Read Seek command operates similiarly to the Read Seek command but it
reads the first page of data from the MBM into the FSA(s) FIFO. This eliminates the first page
‘overhead involved in the Read Bubble Data command. The latency for the first page data is on-
ly the time required to read the data from the 7244(s). The values written into the parametric
registers prior to the issuance of the Zero Access Read Seek command are identical to those
written for a Read Bubble Data command. The seeking address for the Zero Access Read Seek
command is equal to the desired read address. The Zero Access Read Seek command in-
crements the Ad and decrements the BLR. Since the Zero Access Read Bubble Data command
expects this increment and decrement, it is used for this data transfer instead of the Read
Bubble Data command. . ,
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HARDWARE INTERFACE REQUIREMENTS
User Interface Signals

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

System Timing

‘As shown on the timing diagrams in the WAVEFORM

. section the typical read/write cycle timing provides suf-
ficient 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 func-
tion -of the number of MBMs operated in parallel as
outlined in table 8. The rates listed must be considered
in relation to the data transfer mode (polled, |nterrupt-
driven, or DMA) to be implemented in order to be.sure
that the host system software and hardware are capable
of keeping up with the data transfer. 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).

)

Table 8. User Data User Transfer Rate

Requirements
Number of Maximum Data Transfer Rate
MBMs Between BMC FIFO and the
Operating FSAs during Write
in Parallel Bubble Data Commands
1 12.5 kbytes/second
2 25 kbytes/second
4 50 kbytes/second
8 100 kbytes/second

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 possible, one
common configuration is the Intel 8257 DMA controller.

To éupport an interrupt-driven system an Intel 8259 Pro-
grammable Interrupt Controller is often used.

The polled data transfer mode relies almost exclhsively
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 supplying the
required. timing and control signals for operating up to
eight Bubble Storage Units (BSUs), each of which is
capable of storing 512 kbytes of user data. A BSU con-
sists of a 512 kbyte MBM and its five immediate IC sup-
port chips (i.e. a BPK 74 Kit).

SOFTWARE INTER_FACE REQUIREMENTS

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

The bubble driver is responsible for all the system in-
teraction with the bubble memory controlier and is in-
trinsic to.the efficient and reliable operation of the bub-
ble system. The driver accepts bubble memory com-
mands and command execution parameters from the ap-
plication program, controls and monitors command ex-
ecution, 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 con-
troller’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 function

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

At the highest Ievel_bf driver sophistication, the applica-
tion program treats the bubble system as a collection of
named:data areas of files similar to the way in which
data is stored and retrieved in disk operating systems.

-At the file system level; an application program can ig-

nore 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 organized
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 microprocessor. A
page ' is the smallest increment of data that can be
transferred; single bytes cannot be transferred. Concep-
tually, the data organization within a bubble memory is
analogous to a disk System. Just as disk sector sizes
are fixed when adisk is formatted, bubble page sizes are
established, under software control when the bubbie

system is initialized.
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For single bubble system, the page size is fixed at 64
bytes with error correction. The total number of pages
available is 8092. In systems with multiple bubbles, page
size can vary from 64 bytes to 512 bytes 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 supported by the
system. The higher the data rate, the faster the
microprocessor must respond to the demands of the bub-
ble memory controller.- .

‘Buffering

The bubble memory controller includes a FIFO data buf-
fer 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 Subsystem. Accordingly,
when an application program requests data from a bub-
ble, the software driver is responsible for keeping up
with the FIFO for the duration of the data transfer in
order to prevent the FIFO from overflowing or
underflowing.

Command Execution

Command execution can be performed either in an inter-
rupt driven mode or in a polled mode irrespective of the
data transfer mode (polled, interrupt-driven, or DMA).

Data Transfer Mode

‘As described earlier in the hardware section, three data
transfer modes are avallable (poIIed interrupt- dnven or
DMA).

System performance, additional hardware and software

overhead are all important considerations when choos-

ing the appropriate mode for your application.

Error Correction

The bubble memory has a built-in error detection. Three
levels of error correction are available.

Communication with the BMC

All communications between the host and the bubble
memory actually are performed through the BMC. The
BMC has two input/output (//O) ports, an eight-bit
bidirectional data port, and an eight-bit command/status
port. Conceptually, a bubble memory 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 for communicating with the. BMC
is:

Set-up the BMC for data transfer communication

by loading specific parameters in user-accessible
registers.

Send the desired command.

Read the status register to deiermine.if command
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 reglster to determlne whether
the operation was successful. _

For all details and exceptioné to this general description
consult the BPK 75 User s Manual. (Available 1st Quarter
1984)
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ABSOLUTE MAXIMUM RATINGS ‘ *NOTICE: Stresses above those listed under “Absolute Max-

. imum Ratings” may cause permanent damage to the device.
Temperature under bias .............. —40to +100:C This is a stress rating only and functional operation of the
Storage Temperature........... ....—65°Cto +150°C device at these or any other conditions above those indicated
All Input or Output Voltages and " . in the operational sections of this specification is not implied.

Vcc Supply Voltage . ...t -0.5V to 7V Exposure to absolute maximum rating conditions for extended
. periods may affect device reliability.

D.C. CHARACTERISTICS
(Ta = 010 70°C, Voo = 5.0V +5%, — 10%)

Symbol Parameter = Min. Max. Unit ‘Test Condition

Vi Input Low Voltage 08. \
Vina) 1Input High Voltage (all but PWR.FAIL) 20 |Vcc+o0sV| v’
Vine) Input High Voltage (PWR.FAIL) . 2.5 Vee+05V| v
VbL(,, Output Low Voltage

(All outputs except DET.ON, BUS.RD, .. .45, v loL = 3.2mA
SHIFT.CLK, and SYNC ) ’ ' ) o

Output Low Voltage

Vou) DET.ON, BUS.RD, SHIFT.CLK, SYNG . 45 Vo |loi=16mA "
Vou Output High Voltage 24 : v lon = 400pA

N Input Leakage Current 10 " wA lOo=Vins=Vee -

| ot Output Float Leakage 10 uA 0.45 < Voyt < Vee
lec . Power Supply:Current from Vgc 200 mA L

A.C. CHARACTERISTICS
(TA = 010 70°C, Vg = 5.0V + 5%, —10%; C = 150pF; unless otherwise noted.)

Symbol . Parameter e Min. Max. Unit Test Condition

tp ‘| Clock Period = ' 4995 | 5005 ns
tg Clock Phase Width (High Time) 45 tp 55tp .
trtr Input Signal Rise and Fall Time : © 30 ns’
FSA INTERFACE TIMINGS (under pin loading)
Symbol “Parameter Min. Méax. | Unit | " Test Condition
teov CLK to DIO Valid Delay : 200 ns Under Pin Loads"
tcor CLK to DIO Entering Float 250 ns Under Pin Loads*
tcoe CLK to DIO Enabled from Float 200 ns Under Pin Loads*
tcoH CLK to DIO Hold Time 0 ns Under Pin Loads*
tesoL CLK to SYNC Leading Edge Delay 200 ns Under Pin Loads*
tesor CLK to SYNC Trailing Edge Delay 150 ns Under Pin Loads*
toc DIO Setup Time to Clock 150 ns | Under Pin Loads”
toHe | DIO Hold Time from Clock 0 ns Under Pin Loads*
tcoL CLK to Output Leading Edge 200 ns Under Pin Loads*
tcor CLK to Output Trailing Edge : 200 ns Under Pin Loads*
tew ERR. FLG Pulse Width -200 ns Under Pin Loads*
, tscrr SHIFTCLK to Y= Trailing Edge 80 200 " ns Under Pin Loads*
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A.C. CHARACTERISTICS (Continued) (Tx = 0 to 70°C, v
READ CYCLE (HOST INTERFACE)

C
_unless otherwise note

g): 5.0 + 5%, —10%; C, = 150 pF;

BUS.READ

pF

6-311

Symbol Parameter Min. Max. Unit Test Condition
tac Select Setup to RD| 0 ns
tca Select Hold from RD1 0 ns
tRR RD Pulse Width 200 ns
taD Data Delay from Address 200 ns
trD Data Delay from RD| 200 ns
tor Output Float Delay 10 100 ns
tpc DACK Setup to RD !’ 0 ns
tcp DACK Hold from RD1 ] ns
tkD Data Delay from DACK{ 200 ns
' (DMA Mode) In non DMA mode.
tcycr “Read” Cycle Time 4t, ns teven Min. = 6t
WRITE CYCLE (HOST INTERFACE)
Symbol Parameter Min. " Max. Unit Test Condition
tac Select Setup to WR ) ns
tca Select Hold from WR1 0 ns
tww 'WR Pulse Width 200 ns
tow Data Setup to WR? 200 ns
twp Data Hold from WR?t 0 ns .
toc DACK Setup to WR} 0 ns
tcp DACK Hold fromWR 1 0 ns
tcycw “Write" Cycle Time 4ty
o | peetrion oD or 2 |
tDEADW Inactive Time between WR! and WRI at, ns
tDEADR Inactive Time between RD! and RD! 150 .
B
7250-7234 INTERFACE TIMINGS
Symbol Parameter Min. Max. Unit Test Condition
tceL CLK to Bubble Signal Leading Edge 275 ns “Under Pin Loads*
tceT CLK to Bubble Signél Trailing Edge 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, BOOT.EN, .
SWAP.EN, BOOT.SW.EN, CID, 100 pF
ERRFLG, WAIT, SYNC, DIO
DET.ON & SHIFT.CLK
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WAVEFORMS

READ (HOST INTERFACE)

DACK

toc ‘ |=—tcp

& .

S T X

"5 N . F. ~ ,‘ , \

: tAC - RO 1 oF— L ) :
. DATABUS L X ‘ i___.____.<
. tAD - . . e
‘ DEADR

WRITE (HOST INTERFACE)

DACK =

N K

DATA BUS o . x . B G X

1 .
oW WD 1

DMA (HOST INTERFACE)
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WAVEFORMS (Continued)

7244 INTERFACE TIMINGS

- -
tesoL—
SYNC =
— %— tcsor
. . )
Lo
. ~»| |e—tonc

DIO (READ) 0‘71.: :;N //////////

. [—tcov ' b tcor .
RESET OUT, CD . ;l
. rm;—»
ERR.FLG -/

 f
| |— —{ tcov | —»| tcoF [e—
—p{ tcoH [ 4—
DIO (WRITE) == }— ——————— e — DATA OUT VALID x DATA OUT VALID —— — — —
icoE e

—bI tscrr

SHIFTCLK (READ) /

7250 & 7234 INTERFACE TIMINGS

CLK
tcaL tcet
BUBBLESIG. .
7250 & 7230 :
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MAX. (27.940) T 0%%| (15240)
el & 185 (4.699) .
SEATING = i_‘_i 140(35(?27\/? .
1| -
PLANE f 020 MIN o25s . N
1125 (3.175) 3 * 060 TYP. : & REF.
MIN- 116 (2.794) (1.524) gﬂ;:_““’ L 700 _—I
590 (2.286) 016 (0.406) MAX
1090 (2.286) 032 TYP. .
(0.813) (17.780)
NOTE 4.
. 1.485 (37.719)
28-LEAD HERMETIC DUAL IN-LINE - S T
PACKAGE TYPE D ' o]
.600 (15.240)
515 (13.081)
” | iy
1.300 REF. 085 (2.159) X
.200 (5.08) (33.020) ' a ) [‘ (‘?g%) "I
MAX. . - !
. 1’ Jf = e e— —~—§_ .175 (4.445) [ 1
SEATING L —_——— — .140 (3.556) LI )
PLANE ! 010 TYP. 1 &
azs 378 L - ? ! L ozomn. (0.254) -
MIN. . el e 060 TYP. i (0.508) 1 .700 1 REF.
. - (1.524) r‘ ol 020 (0.508) [ 1’;1’;)8(0 o
110 (2.794) 032 TYP 1016 (0.406) LOTE 4’
090 (2.286) (0.813)
28-LEAD HERMETIC DUAL IN-LINE 1.485 (37.719)
PACKAGE TYPE D 7435 (36.429) .
O Ege {15.240)
SEEEN oo 1s9)
_ MAX. (15.748)
0 .010
.200 (5.08) 1.300 REF. I MAX. 600
MAX. {33.020) (0254  (15.240)
pem— 185 (3.556) :
SEATING E _i_t ‘40(4669) .
i "PLANE 010 TYP. d 3
" T ozomn. (0.254) <l ©
125 (3.175) P (.508) W Rer.
RITYPE Y] _J “(1.524) ..‘ "’_f‘.“ﬂi._g:' L 700 Al
1090 (2.286) 032 TYP, 016 (0.406) MAX.
(0.813) (17.780)
NOTE 4.
40-LEAD HERMETIC DUAL IN-LINE 80 (52.832)
< 562
PACKAGE TYPED 30 (51.562)
' i PIN 1
600 (15.240)
515 (13.081)
" ' 15.748
1.900 REF. : L___ 1085 (2.159) (15748
225 (5.715) (49.546) MAX. ey e
MAX. : (15.240)
. L 175 (4.445) .  —
SEATING [ vt 140 (3.556) u, s
PLANE 1020 MIN. owrve.  f ~fe 0
125 (3.175) ] 060 TYP (508) wzsa) T ) REF.
MIN. L— (1528 -—IL—M (0.508) fee maX. _J
110 (2.794) "03z2Tye 016 (0.406) (17.780)
1090 (2.286) (0.813) NOTE 4.
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intel

PACKAGING INFORMA‘i’ION All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

.920 (23.000)
18-LEAD HERMETIC DUAL IN-LINE 380 (22.352)
PACKAGE TYPED ___ PIN1
1310(2.874)
1 265 (6.731)
———— (8.128)
800 REF | 070 17n) 50
e 20320) A (50)
- 155 @y’
\SEATING 3 ——L——t 10 (356 T N s
L FLANE 015 M, -, 010 TvP. | = R;oF
125 (3.175) (0.381) (0.254) T ' ©
S bEs 400
MIN. |" | _>| .020 (0.508) l— MAX.
032 TYP. -016 (0.406) (10.160)
110(2794) 060 TVP. (0.813)
—_— (1.524) ) NOTE 4.
1090 (2.286) -
20-LEAD HERMETIC DUAL IN-LINE ;922(25»“5: I
850 (28.130
PACKAGE TYPE D PINT
! 310(7.870) .
1265 (6.731)
e ) (8.128)
320
210 (5.080) 900 REF. |+ 070 (1.778) le— 300"
MAX. (22.860) . MAX. (7620) |-
desaron | 7]
SEATING i ] 1 740 (35%6) . T 3
PLANE ' ; : 10
P olsmin, 010 TYP. ~
) (0.254) REF.
1125 (3.175)__ ; (0.381) 00
| MIN. ’ _,l 020 (0.508) l max. -l
. oeoTyp.  O3ZTYP 076 (0.406) (10.160)
110 (2.794) ez (0.813) NOTE 4
1090 (2.286)
22-LEAD HERMETIC DUAL IN-LINE .:;%‘é;'.%i;
PACKAGE TYPE D ' PIN
400 (10.16)
370 (9.398)
-y " g
210 (5.080) 1.000 REF. ‘ 060 (1.524) .« -
==  MAX. [+ ..400
MAX. (25.400) ) - (10.160) . °
) e —— as0@sz2) |
SEATING E ""° I a
P N o
LANE morvw ~ N
OIS MIN.* Ttozsa). U W Rer
125 (3.175) __] 050 TvP (0.381) 500 :
l: (1.524) | le— MAX. -
0327TYP.
-110(2.794) (0.813) .020 (0.508) (12. 7004}
1090 (2.286) 1016 (0.406) NOTE 4.
T
24-LEAD HERMETIC DUAL IN-LINE 1285 (326391
PACKAGE TYPE D 1235 (31.369)
: PIN1
.600 (15.240)
1 515 (13.081)
. Ty :
"  (15.748)
1‘129,0 slng. %205) ) . 620
200 (5.08) - (@7.840) ) g
o p— 3 175 (4.445) i
© SEATING ] 4t 7140 (3.556)
PLANE 010 TYRJ
. [ I
125 (3.175) ] °5°533)“ (0.254) ¥
MIN.
[, —ll=-020 (0.508)
110 (2.794) 032 TYP. 016 (0.406)
090 (2.286) (0.813)




intel”

PACKAGING INFORMATION Al dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C
24-LEAD HERMETIC DUAL IN-LINE

1.215 (30.861) |

1.185 (30.099)
PACKAGE TYPE C o ‘l PIN 1 MARK
1605 (15.367) (15.748)
585 (14.859) .ggg "
070 (1.778) y
I l 030 (0.762) (14.966)
210 (5.334) 1.100 REF. I
0@ 794 (27.940) i 100(2.540)
- 075 (1.905)
T T .150 (3.810)
s | (IIOE - — - =a 5
PLANE T o524y “lozsn S~ rer
il
125 (3.175) .050/.040 TYP. 025 (635) i 665 :
MIN. (1.270)/(1.016) _, ||, -022(0.558) MAX.
-~ 015 (0.381) (16.89)
.110(2.794) NofE 4
.090 (2.286) ’
1.415 (35.941
28-LEAD HERMETIC DUAL IN-LINE 1355 (35.179) PIN 1 MARK
PACKAGE TYPE C PPN
605 (15.367) (15.748)
14.859) o620
070 (1.778) 590
L — l 030 (0.762) (ds8e) |
|
.210 (5.334) "39?390205F 1 2100 (2.540)
1130 (3.302) ~ 1080 (2.032)
- 150 (3.810) ‘——ﬁ-——‘n )
SEATING [r - - 1090 (2.286) t o
PLANE b osoqsen e~ \““’ng:_
1125 (3.175) 040 TYP. 040 (1.016) 665 j
MIN. . (?.537/6)1(1.016) _|l 0220558 max. _|
075 (0.381) (16.89)
110(2794) NOTE 4
1090 (2.286)
CERAMIC LEADLESS CHIP CARRIERS
18-LEAD CERAMIC LEADLESS
PACKAGE TYPE F 061 (1.701)
085 (1.397)
pirdvd when
L_E| 050 (1.270)
e e ) 1
130 (3.302)
" e 120 (3.048)
ereftree] 440 (11.478) mn.zm-sc: A
“Taow ] o
A 028 (0.711)
sream o : 4 R
e ahesn § ¥
Y oMT@E@N)
ST ‘ ¥ o
mgm; PiN 1 INDEX CORNER o 85C
g e
CERAMIC FLAT PACK PACKAGE TYPE CF
18-LEAD HERMETIC FLAT PACK
PACKAGE TYPE CF
oo R IR
e ==
o wosw
Lo .
owual |
v 30T wouseal 2o
i t
[ L ]
[ 001 0w | L one uasey
o e 06 oot o fisear




®
lntel . ' ‘ ‘ PACKAG'NG INFORMAT|ON All dimensions in inches and (millimeters) .

CERAMIC DUAL IN-LINE PACKAGE TYPE C
16-LEAD CERAMIC DUAL IN-LINE o 810 (20.574)
PACKAGE TYPE C } 790 (20.066) m“

PIN 1 MARK

M

305 |7 747)

280 (7.112) (%‘,gl
290
| S | Fo)
700 REF. 070 (1.778
.165 (4.191) (17.780) — 1™ .030 (0.762) 100 (2.540)
110(279%3) ]
._._:=:=-_=x__...__ 115 (2921)
— [ -—-WT e -
PLANE 010 TYP, s 0
- K [—1—):::(:,:;:, R | 4
a25(3.178) o] | 0soTve. 325
MIN. (1.270) ol 922 .022 (0 558) MAX
032 TYP. 015 (0 381) ; oy
.10 (2.794) . g (8.255)
090 (2.286) -(0.813) NOTE 4.
. v 910 (23.114)
18-LEAD HERMETIC DUAL IN-LINE 80 (22.606) N 1 MARK
PACKAGE TYPE C =
.305 (7.747)
280 (7.112) 8.128)
: .280(7.112) . (,3 20) —
. 290 "
g T| (7.366)
— .800 REF. .~ 070 (1.778) -
165 (4.191) 20.320) I 030 (0.762) 095 (2.413)
110 (2.794) — 5159
o —— T T,
115 (2.921)
SEATING - :{ 085 (2.159) *
PLANE | T 1.050(1270) . o0 e, o l, I
- L 1025 (0.635) (0.254) ! ¥ REF.
125 (3.178) .050 TYP. 325
MIN. (1.270) e _02_2 (m
016 (0.381) MAX.
.110(2.794) 0327TYP, (8.255)
) 1090 (2.286) o fos . NOTE 4.
CERAMIC DUAL IN-LINE PACKAGE TYPE C 1016(;555.,
20-LEAD HERMETIC DUAL IN-LINE [ Seousee :
PACKAGE TYPE C PIN T MARK
.305 (7.747) (8.128)
280 (7.112) o 2320
290
o (7.366)
1900 REF. L_ 070 (1.778)
165 (4191) [~ "2 g0 0 (0762
110 (2.794) 100 (2.540)

I 1075 (1.905) )
T ek -——‘-‘-—— 115 (2.921) - |‘|
SEATING - 1085 (2.159) (2.159) +

[0
PLANE |- L H " T 050 (1:270) morvp,,‘._ \[/W

(0.254) A REF.
4125 (3.175). -050 TYP. 025 (0635) :
MIN. (1.220) 022 (0.588) L_ -325
I s 03e)
110 (2.794) -0327TYP. . (8. 255)
1090 (2.286) (0.813) . NOTE 4.
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in N S : PACKAGING |NFORMAT|ON All dimensions in inches and (millimeters)

CERAMIC LEADLESS CHIP CARRIER

20-LEADLESS HERMETIC CHIP CARRIER
JEDEC PACKAGE TYPE F . . osr (1 10n I:

S5 aen
2008)

o
g un 065 (1 651) 0501 270)
- .50 040 (1 016)
RSN N 1 Tve2kLCS
§ oy -y —

— 0002
120 (304
RS T
L1810 36) 440 (11176) : 250 (6 350) REF
Shetioon o losn N 3 o33
- + a0 0pLcs
ooz o mgan A
070117} o ann
v —-{—’——
£ iy .
s n orriias | 10
Wam iz +
78, o0 PIN 1 INDEX CORNER 07 (h 05y
. o5y o 062(1570)
005 (0 127) - -
e apics
momnner—
087 (1.701) frosen
saqe ossamn
gt omoson I
ory oow s 0300
s osan e~ o, % (0350
r—«u o2 . —2= —> e ¥
A oun 103 o’
L} L mem
0801279 onam
007 {0177}
oz @71y
o2 0 ssa)

a mes

32-LEAD CERAMIC LEADLESS : )
PACKAGE TYPEE '

a0 (0008 AEF

458 (11 63)) i
PRtk p——
GTaLew) ous 2150

020 (0.308)
010 (0.284)

weosn
oo 8154
s osan o (1753 o sc
oty p—
o) 0w 085

108 (2887)

oo oire
o] . s,
i - M(OM)
- s
Stz pefite "
= 50 i

T¥Parcs

oy
- e
=
S —
32-LEAD CERAMIC LEADLESS
PACKAGE TYPE E
Pl S S
Eelsw)
winesn Rt
s
b T mam
400 (10 160) N
[ATon] g o 120358 —
o]
e mann -
‘ L 8 s
P
s e

PIN 1 INDEX CORMER




PRELIMINARY

BUBBLE LEAD-LESS PACKAGE AND SOCKET

10.92£0.13 43.18.+ 0.56
- . - o Ll
.430 = .005 w 1700+ .022
. . \ 4
‘ s : I X7 356
. {5 " R 140
@ 7, - ' '
oy -
Y ' . i | POLARIZATION KEY
. o : o !
i i
5 28 8% = 8% 8
Py 138 gd;o o - <
+ o4+ o+ |‘¢ I
s'8 38
o € ~
§ - R~
- PIN1 -y
<wiv
' 4 !
~
A sl PIND : A
@ @ )
‘ g« 28 4038 IDENTIFICATION
! L - 37.69-013 - =279
1.480 + .015 1 :
' - .005
457 . - .
» - > - 5.08 B
© 180 .200
} i
\‘ . i ) . . -
.




PRELIMINARY

BUBBLE LEAD-LESS PACKAGE AND SOCKET

BUBBLE SOCKET #7905

) 3-3NOILO3S
© e vikaeor
/ - V-V NOILO3S
(08 V10 000 - 140" . . |
- _sld|l||||l.l.lln||||. z N
1 !
10H NYHL Q3LVId .
(x02) VIQ £00° =S¥ |
113
L
]
U I
N =
ml _ s
o o0t -
: -
ot —— ot
S
e a-aNoiLoas
P N I [
dAL 9
f T wowowr — —
on os ;
‘WO 02 ] :
4400NYLS 060" _
|
-
i
|
I - h x
| AL
_ AN
SO ,,Ab
N . i
\ .
H < /l SILYOIONI
L.d i o

(SNid LOAId NO G3ddYHL) NMOG-GIOH 11S ‘NLS

;
S

79




PRELIMINARY

1MBIT LEADED-BUBBLE MEMORY PACKAGE

TOP VIEW END VIEW
. I 1.66 IDENTIFICATION LABEL
3 \
20 @ ﬁ Mea 1040 RADIUS
‘_*_E g 2 .o}% o1
:fo_E g L, Yy [
o Loosy
200 = B 1300 —
E g 1.46 :
[m B N —
O 0 -
_—E j —
Y
@ii 1@ - [} To{'vp,
! " ' '.o:sorva‘—A “ ?
005—»-liw— 375>
SIDE VIEW
135 . .
/ 015 RADIUS -
a3 @ 7 ‘ SEATING
e ) e PLANE
. |l 015 ' f
P.C. BOARD SPACE REQUIREMENTS
1.70 - >
200 + .003
< 1500 + >
) 3 N Y Y- X §
V- N V¥
. _ _ _ |
— — — o
T I 6l
1.300 = .003 10060 | o ¢ |
150 900 | o |
| g 41 041 = .002 DIA. (20%)
o] d | PLATED THRU HOLE
, le v . /
- t bl
7N : (A
3 N —— 7,;\

2200 DIA. (4x)
FAR SIDE OF P.C. BOARD
KEEP CLEAR OF TRACES

094 = .003 DIA. (4x)
NON PLATED HOLE
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ADVANCE INFORMATION

4MBIT BUBBLE MEMORY PACKAGE

TOP VIEW

7

I

‘~ E—|

9 EQUAL SPACES
10 = .90
760

inininisiniuinininin
ooooouooun

END VIEW

IDENTIFICATION LABEL

¥
EE_;:Z SIDE VIEW
A 018

+
(20X) DETAIL A 1 .
SCALE 10/1
015 R (20%)
: a2
- - PLANE
Runbopn | mi CIIT07
¢ l —>'l<—.o|s (20 1
. |

-
2
®
—

U SO P.C. BOARD SPACE REQUIREMENTS

.031 = 003 DIA (20X}
PLATED THRU HOLE .

4+
TN
OF
N
\
7/

-1
z
f
\
o
g
H

v

A 006x

t

900
1600 = 003
10 "
400 REF
7N 7N
L— LDy
(D —t
\T/ \.1_
[
1094 DIA (4X)
| ’ NON-PLATED HOLE
N | 800 =

|

2200 DIA (4X)

.ON FARSIDE OF
c.

.C. BOARD
* KEEP CLEAR OF TRACES
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ADVANCE INFORMATION

PACKAGING INFORMATION All dimensions in i«l;lches and (millimeters)

7264 (PART OF 4MBIT BUBBLE MEMORY SYSTEM)

PIN 1 — Gate
PIN 2 & TAB — Drain
PIN 3 — Source

.230
020 (051) | 270 080 (208)
055, (1:39) ™™ 5.85) ~ 5 (292
(6.85) :
ek J T
500 (12.70)
580 —(14.73)
0.161 (4.08)
DIA 5738 354 250
(6.35)
Ll ——————— 046 (1.15)
070 | (1.77)
.380 _(9.66) T
420 (10.66)
¢ 1 "
100 (2.54) : . .045 (1.15) T
135 (3.42) P ;4‘ ‘
560 (14.23) ’
650~ (16.51) ™

TO220

712 .



EXPRESS PRODUCT FAMILY

@

LEAD TRIM ,
QA MONITOR
TIN PLATE
QA MONITOR
WAFER O
FABRICATION AL
VISUAL
HERMETICITY SOLDER DIP

OPTICAL INSPECTION: QA MONITOR QA MONITOR

CONTAMINATION

PARTICAL COUNT

CRITICAL DIMENSIONS {rLash

TEMPERATURE CYCLE O : OUTGOING
@ QA MONITOR o, ACCEPTANCE
QA MONITOR

WAFER SORT )

DC, AC, FUNCTIONAL

CURE
CAP SEAL
QA MONITOR 100% ELECTRICAL TEST:
MOLD DC, AC, FUNCTIONAL
OPTICAL INSPECTION:
OnT DEFETTS QA MONITOR
HERMETIC
PLASTIC
BURN IN FLOW:
TANDARD DYNAMIG & 12 C
SCRIBE AND BREAK s L
<:> 535%2 é’ﬁ‘iﬁ‘c . FLOW (N/A'FOR T PRODUCTS)
OPTICAL INSPECTION:
BREAK DEFECTS 100% ELECTRICALTEST:

EXPRESS PRODUCT MANUFACTURING FLOWS

O WIRE BOND
LOTACCEPTANCE QA MONITOR

A
LOT ACCEPTANCE

DIE ATTACH
QA MONITOR
LOT ACCEPTANCE

DC, AC, FUNCTIONAL

FINAL QA:
ELECTRICAL—AQL 0.1%

LEGEND

O MANUFACTURING
@ TEST OPERATION
O QUALITYASSURANCE
[0 LoT ACCEPTANCE




QUALITYASSURANCE OPERATIONS

PROCESS TECHNOLOGY

Rellablllty Generate Design Rules
Generate Test Pattern

Process Qualifi
Stress Testing
Failure Mode Al

PACKAGE TECHNOLOGY |

Rellability Process Qualification
Materials Test Methods
Materials Characterization

cation

PRODUCT DESIGN

— '

Quality: Parameter Limits, Testability
Test Program Control
Target Specification

PRODUCT VALIDATION/QUALIFICATION

Design Engineering:
Design Engineering:
Applications Engineering: System Verification

Quality/Reliability:

7-14

Design Verification
Performance Verification

Qualification

WAFER FABRICAT

Quality: Incoming Inspectior
_ High Magnification\

Reliability Process Qualificatio
Process Control, Mc
Analytical Test Labo




Quality: Incoming Inspection Gates »
High/Low Magnification Visual Gates .

Assembly Q.A.‘Acceptance

I ~ External Visual Open/Short Test
Fine/Gross Leak® Bond Pull
Centrifuge Die Shear
Acoustic (PIND) X-Ray
Mark Permanency Internal Visual

Reliability: Process Qualification
Assembly Monitor Program
es
1| Gate

r Validation
y

'ASSEMBLY MONITORPROGRAM ~ TESTANDFINISH

Quality: Final Q.A. Acceptance

ElectricaiTest Sample Physidal Dimensions

Solderability External Visual
Mark Permanency Conforrmance to Sales Order

External Visual Internal Visual Reliability: ReliabilitMnit r Program’ }
Fine/Gross Leak® Temperature Cycle ‘

Lid Torque Thermal Shock

Temp/Humidity ®. Steam

Moisture Resistance®

RELIABILITY MONITOR PROGRAM

PLANT CLEARANCE
" 48 Hr, 125°C Dynamic Burn-In " Quality: External Visual

1000 Hr, 125°C Dynamic Lifetest Sales Order Requirements

. NOTES:
@ Hermetic packages, only.

' ®. Plastic packages, only.

'7-15



Enclosed is my check for $

Workshop(s)

Name:

Confirmation number(s):

payable to INTEL CORPORATION
_ Please enroll me in the following workshop(s)

Tel. No. .

Please put correct mailing address on reverse side.
- O Please keep me on your mailing list.
O Please remove my name from your mailing list.

BOSTON AREA

Intel Customer Training
27 Industrial Ave. '
Chelmsford, MA 01824
(617) 256-1374 ‘

WASHINGTON D.C. AREA
Intel Customer Training
7833 Walker Dr., 5th Fl.
Greenbelt, MD 20770

(301) 474-2878 -

CANADA
Intel Customer Training
190 Atwell Drive

Toronto, Ontario MOW 6H8

(416) 494-6831

Registration

CHICAGO AREA

Intel Customer Training
Gould Center, East Tower
2550 Golf Rd., Suite 815
Rolling Meadows, IL 60008
(312) 981-7250

-DALLAS AREA

Intel Customer Training
12300 Ford Road, Suite 380
Dallas, TX 75234

(214) 241-8087

- SAN FRANCISCO AREA
- Intel Customer Training
1350 Shorebird Way
Mt. View, CA 94043
(415) 940-7800

LOS ANGELES

Intel Customer Training

Kilroy Airport Center

2250 Imperial Highway

El Segundo, CA 90245
~ (415) 940-7800

To enroll, call the appropnate Intel Trammg Center between the hours of 8: 30—12 and 1-4: 30 and
ask for Customer ‘Training. Since enroliment is limited, reglstratlon 4-8 weeks in advance is

recommended

Confirmation No:

~Your confirmation number, issued upon registration, guarantees your enroliment.

Payment:

Check or money order payable to Intel Corporatron is due before workshop begins. To ensure proper
credit, please include your enroliment confirmation number with your payment and send to the

‘appropriate Tralmng Center.

- “Workshop Hours: Workshops begin at 8:30 a.m. and end at'approximaiely 5:00 p.m.

The best training you can get your hands on.

7-16



Intel Workshop Schedule 1984

LR N
Workshops JANUARY [FEBRUARY| MARCH MAY
(All Workshops 5 days unless g - 5
.otherwise specified) - 9{16|23[30l 8} 1926 14]21
Introduction to Mlcroprocessors ) :
P. 4 (4 days) M-TH T W|S C
MCS-51 Microcontrollers
P.5 S S C
MCS-96 16-Bit Microcontrollers
P. 6 (4 Days) M-TH B
MCS-80/85 Microprocessors
P77 . D S B
iAPX 86, 88, 186 Microprocessors, L D}
PartiP. 8 S|B|D N L{M
iAPX 86, 88, 186 Microprocessors,
PartliP 9 B w B
iAPX 286 Microprocessors
L

MCS-48/49 Microcontrollers "
P11 . B

P10 S B

Data Communications (Including
Ethernet) P. 12 (4 Days)

Speech Communication with
Computers P. 13 (4 Days) M-TH w

Beginning Programming Using
Pascal P. 15 (4 Days) M-TH C

PLM Programming
P16

N

Ada* Programming, |
P17

XENIX‘/C Programming,
1 . .

Sy 86/300
| Programming P 19 (3 Days)

iRMX 86 Operating System
P. 20-21 (10 Days)

a ingt

iRMX 88, 80 Operating System
P22

iDIS Database Information
System P. 23 (4 Days) T-F

iTPS Transaction Processing
System P. 24 (4 Days)

System,2000 for Non- .
Programmers P. 27 (3 Days) M-W

System 2000 Technical
Fund P.28

System 2000 Applications -
i 9

Progr g P

System 2000 Report Writing
P. 30 (3 days) M-W

System 2000 Database Design &
Implementation P. 31

Other Areas ._Call Area USA Training Center Teleph
De Denver 312-981-7250 B Boston 27 Industrial Ave,,
M Minneapolis 312-981-7250 ‘Chelmsford, MA 01824 617-256-1374
N New York 301-474-2878 C Chicago 2550 Golf Rd., Suite 815,
Rolling Meadows, IL 60008 312-981-7250
Canada Call D Dalias 12300 Ford Rd., Suite 380,
Cg Calgary 416-494-6831 Dallas, TX 75234 214-241-8087
O Ottawa 416-494-6831 L Los Angeles 2250 Imperial Hwy., .
T  Toronto 416-494-6831 El Segundo, CA 80245 415-940-7800
S San Francisco 1350 Shorebird Way,
Mt. View, CA 94043 415-940-7800
W Washington, DC 7833 Walker Drive, 5th Fi.,
Greenbelt, MD 20770 301-474-2878

717



Workshop Tuition

: . USA
LENGTH Standard Group

Introduction to Mi Self Study $750 NA
Audio Cassette )
Introduction to Microp 4 Days $995 NA
Beginning Programming Using :
Pascal ' 4 Days $995 $895
MCS2-48/49 Microcontrollers 5 Days $995 $895
MCS®-51 Microcontrollers 5 Days $995 $895
MCS®-96 Microcontrollers 5 Days $995 $895

- MCS®-80/85 Microprocessors 5 Days $995 $895
iAPX 86, 88 Mlcroprocessors.
Part | 5 Days $995 $895
iAPX 86, 88, 186 Microprocessors,
Part Il - 5 Days $995 $895
IAPX 286 Microprocessors 5 Days $995 $895
Data Communications including : !
Ethernet* 4 Days $995 $895
Speech Communication with
Computers 4 Days $995 $895
Ada* Prog 9 5 Days $995 $885
PL/M Programming 5 Days $995 $895
XENIX*/C Programming 5 Days $995 ) - $895
System 86/300 Applications
Programming 3 Days $995 - $895
iRMX™-86 Operating System
for Progl 10 Days $1995 . $1795
|RMX"‘-88 Operating System 5 Days $995 - $895
iDIS™Datab Inf Y 4 Days $995 - $895
iTPS/TAPS Transaction . '
Processing System' 4 Days $995 $895
System 2000® For B
Non-Programmers 3 Days $495 - $450
System 2000® Technical
Fundamentals 5 Days $795, $720
System 2000® Report Writing 3 Days $595 . $550
System 2000® Applications ‘ » .
Programming 5 Days $895 $795
System 2000® Database Design
and Impl 5 Days $895 i $795

Customer Site Trammg

Contact Regional Tramlng Center

Prepaid Tution

$9600 for 12 ($1 2500 Canadian)

*Ethernet is a lrademark of Xerox Corp.; Ada is a Registered Trademark of the Ada Jomt Program Oﬁloe-US Govemmem XENIX is a trademark of

Microsoft Corp.
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ALABAMA

| Corp.
303 Wnllwms Avenue, SW.
Suite 1
Huntsvil
Tel: (205) 5339353
ARIZONA
Intel 3
‘12250?1") 28th Drive
Suite ZMD
Phoenix
Tet: (602) 8694950
CALIFORNIA-
it ?1"'&, W

u )

Suite 300 Y
Sacramento 95825
Tel: (916) 929-4078
Intel Corp,
7670 nity Road
o %f o
an
(714) -3563
2000 ‘Egét 4th Street
Sama Ana 92705
Tel: (714) 835-9642
TWX: 910-595-1114
Intel Corp.*
1350 Shorebird Way
M( View 9404

(415)

TWX il -339 9279
910-338-0255

Intel Corp.*®

5530 Corbin Avenue
Suite 120

Tarzana 91356

Tel: (213) 708-0333
TWX: 910-495-2045
COLORADO

Inte!_ Corp.

4445 Noﬂhpark Drive
Suite 00

Coiov Springs 8
Tel: (303) 594- 6622
a9 < c'neny Street
Suite 720

Denver 80222

Tel: (303) 321-8086
TWX: 910-931-2289
CONNECTICUT

Intel_Corp.
ss Pudanavam Road

ry 06810

Tel: (201347928366
TWX: 710-456-1199
EMC Corp.
393 Center Slrm

Walling
Tel: (203) 265699|
FLORIDA
Imel.Oov&
1500 N.W. 62nd Street

ﬁa 104

Lauderdale 33309

Tel (305 771-0600
TWX: -956-9407

2751
Tel (305 628-2333
: 810-853-9219

GEOﬂGIA

Intel Corp.
300 Holcombe Bridge Road
Suite 225

Norcross 30092
Tel: (404) 449-0541

DOMESTIC SALES OFFICES

LuNOIS
Intel Corp.*
2550 Golf Road
Suite 815

ling Meadows
Tel: (312& 981-7200
TWX: 910-651-5881

IWANA
9100 Purdue Road
Su

46268
w: (:m) 0750623
IOWA
Intel Corp.
St. Andrews Buildi
1930 St. Andrews Orive N.E.
Cedar_Rapids 52402
Tel: (319) 393-5510
KANSAS
u% W. 110th Street
Overlar 66210
Tel: (9'3) 642 -8080
LOUISIANA
Industrial
2332 Sm%vem Corp.
Suite 202
Metairie
Tel: (504) 83!-8492
MARYLAND

Intel Corp.
7257 Plrkwl Drive

Tel (30! 96'7500
2-1944

Intel Corp.
1620 Ell

d
Te| (30‘“’?3‘ |200
MASSACHUSETTS
Intel Corp.*
27 Industrial Avenue
Cnelms{ord D|324
6-1800
TWX 7l 443—6333
385 Elllo! ‘Street
Newton 02164
Tel (sn) 24«740
MICHIGAN

Intel
gssoo‘r?ormwemm Hwy.
Southfield 48075

Tel: (313) 353-0920
TWX: 810-244-4915

MINNESOTA

Intel Corp.

3500 Ws.0 80th Street
n 55431

Tel (51 835-6722
576-2867

MISSOURI

l;‘ 2o Céa.r%' City Exg

ressway

S |(e 131 P

Tel (314] 291-1990

NEW JERSEY

Intel .*

anacoﬁm L]

Raritan Center

Edison 08837

Tel: (201&_422543000

Intel Corp.

1120 Juan Tabo N.E.
Albuquerque_87112

Tel: (505) 292-8086

NEW YORK

Intel Corp.*

300 Vanderbilt Motor Parkway

Hauppauge 11

Tel: (516) 231-3300

TWX: 510-227-6236

80 Wushmgtnn S

Tel: (9!4& 473 2303

217 Vi 'smm Boulevard
ite ulevar
er 14623

Tet: (7|6&- 424-1050

TWX: 510-253-7391

T-s%ulred )

g“ thln Road

TM (315&‘ 483~8592

T-Squared
7353 Pittstord

r
Victor 14564

Tel: (7‘6&. 924-9101

TWX: 510-254-8542

Intel Corp.

2306 W. Meadowview Road

Groens
Tel: (919) 2941541

Intel Cor

500 Pos Avanue
Day 45414

Tel: (513) 890-5350
TWX: 810-450-2528
Intel Cor

Chggrm-apmmurd Bk!g No 300
Chagrin Boulevar

. 14122
Tel (21"6 4646915

27-9298
OKLAHOMA
Intel Corp.
4157 S. Harvard Avenue
Suite 123
Tuisa 74135
Tek: (918) 749-8688
OREGON

intel Corp.

10700 S.W. Beaverton

Hlllsdalo Highway

Beavennn 97005

Yel (503 641-8086
67-8741

PEMYLVMM

5!0 Penr?sytvnnla Avenue
Washi mn 19034
(215& 641-1

TWX 510-661- 2077

Inte! .
201 meCemzr Boulevard

Fmsburyh 15235
Tel: (412) 823-4970

OED Electronics
N York Road

Zabore 10040
Tl (215) 674-9600

TEXAS

Intel Corp.*

12300 Ford Road

Dl llas 7523

Tel: (214& 20 8087
-860-5617

Inte! Corp.*

;322 SW Freeway

Houston

Yel (7|3 QBMOBG
81-2490

Indus(rlul Digital Systems Corp.
§925 Sovereign

uite 101

Houston 77036

Tel: (713)988-9421
313 E xnderson Lane

Suit
Auslln
Tel: (512) 454 3628

UTAH

Intel Corp.

268 Wet sl 400 South
Salt Lake City 84101
Tel: (801) 533-8086

VIRGINIA

Intel Corp.
1803 Sama Rosa Road

10
Rncnmond
Tel: (804) 282 5658

WASHINGTON

|SI0 ||(5)(h “Avenue N.E.
Bellevue 98004

Tel: (206) 453-8086
TWX: 910-443-3002
WISCONSIN

Intel Com

Brookfield
Tel: (414) 784-9060
CANADA

ONTARIO .
Intel Sem»conduc!or oi Canada, Ltd.
3 7 Bel

Nepnan 2H

Tel:_(613) 829-97“

TELEX: 053-4115

Intel Semloonducmv of Canada, L.
50 Galuy Boulev:

o ms& 753105
TELEX: 06983574

Intel Semiconductor of Canada, Lid.
201 Consumers Road

Suite

Willowdale M2J 4G8

Tel: (416) 494-6831

TELEX: 4946831

QUEBEC

Inlel Sammﬂuudor of Canada, L.
60 Colo Vertu Road

" *Field Application Location



ALABANA

tArow Electronics, Inc.
3611 Memonal Parkway So.

Huntsville 354

Tel: (205) B@Z 2730
‘tHamilton/Avnet _Electronics
4812 Commercial Drive
Huntsville 3580

Tel: (205) B37-7210

TWX: 810-726-2162

YPmeef untsville
Putnam Drive N.W.
358!

Tal (205) 837-9300
TWX: 810-726-2197

ARIZONA:

tHamilton/Avnet Electronics
5 S Madxson Drive

e NW.

Tel 231 5140
TWX 91 -950-0077

{Woye Disiution Group
155 N. 24t Street

(602 249-2232
‘I'W)C 910-951-4282

CALIFORNIA

tArrow Electronics, Inc.
521 Weddell Drive
Sunnyvale 94086

Tel: (406&3 '45-6600
TWX: 910-339-9371
tAmrow Electronics, Inc.
19748 Dearborn S
Chatsworth 91311

Tel: (213&4701-7500
TWX: 910-493-2(

{Hamilton/Avnet Electronics
350 McCormi

ick Avenue
Costa _Mesa 92626
Tel: (714) 754-6051

TWX‘ 910-595-1928

1Hal mmm/Avne« Electmmes
19515 So.

orrance
Tel: (2|3&' 6153909
tHamilton/Avnet Electronics
1175 Borde;g;ss Drive
(lw& 743-3300
TWX: 910-339-9332
Imminon/Avmt Electronkx
Vi
San Diego 92123
Tel: (7“ 641-1850
-595-2638
tHaman/AvneI Electronics

2 w. ushrg\on Boulevard
23

City _20:
Tei: (213) 558-2458
TWX: 91&640-6364

;Haminm Avnet/Electronics
050

194-2207

tHamilton Electro Sales
3170 HIII un Simet

Tel (7 14 841-4109
-595-2638

1Hum|mmIAvnel Electronics
3 Northgate Boulevard

S cvnmemo 95834
Tel: (916) 920-3150

Kierulff Inc.
14101 Franklin Avenue

(7“& 7315711
595-2599

Kierulff _Electronics, Inc.
625 Commerce Way

Tel. 21 725—0325

fv:yie Distribution Group
- Maryland Street

o5 90 5
TWX: 91 34&7“0 or 7111

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd)

1 Distribution Group
95 5 Chesapge‘alég Drive

g‘go
Tel (714) - 565-9171
TWX: 910 -335-1590
t Distribution Group

rs Avenue
Sama Clara 95051
Tel: (408) 727-2500
TWX: 910-338-0296

tWyle Distribution Groyj

17872 Cowan Avenue P

Irvine 92714

Tel (714) 641-1600
TWX: 910-595-1572

COLORADO

1Wyle Distribution Grou
AVSVIYIE. 124lh“Aven ue P

(303) 457-9953
TVVX. 910-936-0770

EHamnllon/Avne! Electronics
765 E. rd Road
Suite 708

Englewood 80111

Tel: (303& 740-1017

TWX: 910-935-0787
CONNECTICUT

fArrow Electronics,  Inc.

12 Beaumont Road

Wallingfofd 06492 .

Tel: (203) 265-7741 .,

TWX: 710-476-0162

&ammon/kvnea Electronics
mmerce Industrial Park
mmeroe Drve

Tel (2%3& 797 -2800
10-456-9974

tHarvey Electronics
112 Main Street

lorwal
Tel: (203) 853-1515
TWX: 710-468-3373

FLORIDA

tArrow Electronics, Inc.
1001 P'J.W. 62nd Street

l Lauderdale 33309
Tel: (305) 776-7790 .-
TWX: 510-955-9456

tArrow Electronics, Inc.
50 Woodiake Drive W.

Bidg. B

Paim Basy 32905

Tel: _(30&. 725-1480
1Hammon/Avnel Elecrtonlcs

Fl ®Lederdale. 333
Tel, (305) 9712900
" 510-956-3097

tHam-non/Avnel Electronics
7_Tech. Drive North
SI Pe!ersburg 33702
Tel (813 576-3930 .-
63-0374 o

tPioneer/Alta Moma Springs
22| N Lnke

me Spnngs 32701
(30%83 9-3600
53-0284

tPtoneer/Ft. Laudevdala

S 506

Ft. Lauderdale 33309
Tel: (305) 771-7520

TWX:" 510-955-9653

GEORGIA

tArrow_ Electronics, Inc
2979 Pacific Drive

Norcross 30071
Tel: (404) 449-8252
TWX: . 810-766-0439

1Hamnl|on/Avnet Electronics
achiree Corners
Non:mss 092
Tel: (404& 447 7500
766-0432

tPioneer/Georgia

58358 Peachiree Comers E
Norcross 30092

Norcross 30092

Tel: (404) 4481711

TWX: 810-766-4515

ILLINOIS
Arrow _ Electronics, Inc.

WX 910-291-3544

‘Hamillon/Avnet  Electronics
130 Thorndale Avenue
uensermlbe

(312) 860-7780
WX 910-227-0060

Ploneev/Chlca%o
551

ik Grove  vilage 60007
(312
W 9102021854

INDIANA

tArrow_ Electronics, inc.
2718 Rand - Road
ndlanapohs 4624!

W 810 341 3119

‘tHamilton/Avnet E!oclroniw
485 Gradle. Drive .
Carmel 4603
Tel: (317& 844-9333
TWX: 810-260-3966

TPlcmeev/lnd-a

260-1794

KANSAS
fHamrIlon/Avnei Electronics
9219 Quivera Roa

rland Park 66215

(913 888-8900

: 910-743-0005
MARYLAND
tHamilton/Avnet  Electronics
6822 Oak Hall Lane

Columbia 21!
Tel: (30‘&9 3500
TWX: 710-862-1861

yEE

\

MINNESOTA

tArrow Electronics, Inc:
5 30 LA ‘;ard Street

55
Tel (612 830-1800
910-576-3125

1Harmnon/Amel Electronics
0300 Bren Road East
Mn 4.
Tel: (612) 932-0600
TWX: (910) 576-2720
1Pioneer/Twin_Cities

MISSOURI

tArrow  Electronics, Inc.
2380 Schuetz

St. Louis 63141

Tel: (314) 567-6888
TWX: 910-764-0882

tHamilton/Avnet Electronics

Earth Cif 3 .

Tel: (3141 3441200

TWX: 910-762-0684

NEW HAMPSHIRE

fArow_Electronics,

1 Perimeter Road

Mancnes!er 0310:
(603) 668-696!

TWX 710-220-1684

NEW JERSEY

fArrow Electronics, ' Inc.
Pleasanl Valley Avenue

Moores 0805
Tel (2‘5) 9231800

Inc.

tArrow Eleclvomcs. Inc.
2 Industrial Road
Fairfield 07006
Tel: (201&_ 575-5300
TWX: 710-998-2206

tMesa C
16021 Industrial Drive
Gaithersburg

% 087
Tel: (301) 948-4350TWX: 710-828-9702

1Pio

9100 Gallmv Road
Gaithersburg 20877
Tet: 1301& 948-0710
TWX: 710-828-0545 -

MASSACHUSETTS
fAmow | électmnics. Inc.
(617& 933-8‘30
-393-6770
ﬂ'lammon/Avne! Electronics
Office Park
WObum 801 N
Tel (617) . 935-9700 .
TWX: 710-393-0382

tHarvey/Boston
44 Hartwell Avenua

Lexm?\
(617) 5634200
TWX: 710-326-6617

MICHIGAN

tArrow Electronics, .Inc. -
3810 Varsity D
n r
(313 971—8220
TWX' -223-60:

1Pioneer/Michigan’
13485 Stamford
Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271

1Hamil(on/Avnel Electronics
487 Schoolcraft Road

leon B!GO

Tel (313 522-4700
242-8775

tHamlllon/Avnel Elecérvnics

S E.

Gvanu Raplds 49508

Tel: (616) 243-8805
TWX: 810-273-6921

1 Keystone Avenue
Bidg. 3

Grerry
(sos) 24000
710-940-0262

1Ham|non/Avnel Electronics
006

Tel (201) 5753390

TWX: 710-734-4388

1Har Elec1ron|cs
i ’&5’

(201 57535‘0
710-734-4382

1MTI sYslems sales

DOS
(201) 227-5552
NEW MEXICO
fAlliance Electronics Inc.
11030 Cochiti S.E.

Albuquevque 87123
Tel: (50.‘:{ 292-3360
TWX: 910-989-1151

{Hamilton/Avnet Electronics
2524 Baylor- Drive. S.E.
Albuquerque_ 87106

Tel: (505) 765-1500
TWX: 910-989-0614

NEW YORK

tArrow Electronics, Inc.
900 Broad Hollow Hoad

2!
Tel: (7!6& 275-0300
TWX: 253-4766

tArrow Electronics, Inc.
7705 Manage Drive

(315&_ 652-1000
545-0230

{Arrow Electronics, Inc.
Rt
lauppauge

Tel: (516) 231-1000

TWX: 510-227-6623

tMicrocomputer System Technical Demonstrator Centers.



NEW YORK (Cont'd)

tHamilton/Avnet Electronics

333 Metro Plrk

Rochester

Tel: (7|6& 47&9!90
-253-5470

tHlmllloMAvml Eloctronlcn
IS Cotpor

Tcl (3\5& 437 264!

tﬂmmm Electronics

, Long Island 11747
484.6000

TWX: 510-224-6166

Hi Electronics
e
Binghamton 13902

Tel: (607) 748-8211
TWX: 510-252-0893
Harvey Electronics

&) Crossway Park West
Woodbury, island 11797
Tel: (516) 921-8700

TWX: 510-221-2184

&40 FlkMsoPuk
Tol (715&' 381-] 7070

iMTE S Sales
38 Har Park Dri
Port Washington 11050

segw Electronics, Inc.
ms
(9‘9 725~87||
TWX: 510-931-3169
Hammon/Avnet Eedmnies
510 Spnngo‘Fores(

27
Tel: l?;‘19 878-0819
TWX: 510-928-1836

tPioneer/Carolina
103 Industrial Avenue

e '(';?3&'?92

m':

-4441
25-1114

wow Electronics, Inc.
Road

Centerville 45459
Tel: (513) 435-5563
TWX: 810-459-1611

zAmyw Electronics, Inc.
238 Cochran Road

Tel: (216&4245-3990
TWX: 810-427-9409
tHar:iton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513&4433—0610

TWX: 810-450-2531
tHamilton/Avnet Electronics
4588 L

industrial Parkway
/arrensville Heights 44128

27.9452

DOMESTIC DISTRIBUTORS

OHIO (Cont'd)
tPioneer/Dayton

4433 Interpoint Boulevard
Dayton 45424

Tel: (513 236-9900
TWX 59-1622

tPioneer/C
4600 E. |3|sl Sueel

1
e (216) 587-3600
TWX: 810-422-2211
OKLAHOMA

tAnow Electronics, Inc.
47[19 3 Mcmollal Dnvo
ulsa

Tel: (QIB) 665»7700

OREGON

Beavertor
Tel: (5038 6415
-467-4

70
8743
wamllloﬂ/l\vnel Elecltonk:s
Bldg C, Suite 10

97034
el (5%3“9235- 7848
TWX: 910-455-8179

PENNSYLVANIA
fArrow Electronics, Inc.
650 Seco Road

ile 15146

Monroevil
_ Tel: (412) 856-7000

LPiovmr/Pmsbuvgh

Tel: (47 Vo520
TWX: 710-795-3122

. LPloneev/Delawnve Valley
Gibr:

Tel (2!5 674-4000
51

6778
TEXAS ’
tAmow Elecxronics. Inc.
13715 Gama,

Dallas_7:

Tel: (214 3867500
TWX: 91 -5377
tArow Electronics, Inc.
10899 Kinghurst

Suite 100

Houston 77099

Tel: (713) 530-4700

TWX: 91 39
tArrow Electronics, Inc. 10125
Metropolitan

Austin_78758

Tel: (512) 835-4100

TWX: 910-874-1348
\‘Hammon/Avnol Electronics

Austin 73
Tel: (512) 837-89"
TWX: 910-874-1319

1Hamdlon/Avnel Electronics
1 W. Walnut Hill Lane

ing 7506
Tel: (2“&_8659-4100
TWX: 910-860-5929

ics Corporation
LOZZ SW 9Nlm bus, Bldg. 7
erton

TEXAS (Cont'd)
tHamilton/Avnet Electronics
8750 West Park
Hosuton 77063
Tel: (713& 780-1771
g -881-5523
{Pioneer/Austin
9901 Bumel Road
Tel (saz) sas 4000°
TWX: 910-874-1323
tPioraeer/Da!las
(214& 386—7300
10-850-5563

{Pioneer/Houston

5853 Point West Drive
Houston 77036

Tel: (713& 988-5555

TWX: 910-881-1606

UTAH

THamillon/Avnel Elew?‘nics
S ke Cl

Tel: (801) 97. 2800

TWX: 910-925-4018

Wyle Distribution Grou
1959 South 4130 WES‘:. Unit B
Salt Lake City 84

Tel: (801) 974- 9953
V/ASHINGTON

tAlmac Eledronlcs Corpolallon
14360 S.E. Eastgate W:
Bellevue 98007

Tel: (206) 643.9992

TWX: 910-444-2067
tArrow Electronics, Inc.
14320 NE lel Street
Bellevue

Tel: -4800
TWX 91 -444-2017

mamlnon/Avnel Elmomcs
MZIIZ NE. 21st

5
(206) 453-5874
Toix:%810.443-2460

tArrow Electronics, Inc.
430 W. Rausson Avenue
k 53154

(4‘4 764-6600

: 910-262-1193
1Hamnllon/AvneI Electronics
2975 Moorland
New Berlin_53151

Tel: (414) 784-4510
TWX: 910-262-1182

CANADA

ALBERTA

1{Hamilton/Avnet Elecuomcs
2516 2ist Stre l N.E

i (703) 5309586
TWX: 03-827-642
LA, Varah, L.
4742 14th Street N.E.
Galgary 120 6L7
Tel, 409)230-1235
TWX: 038-258-97

ALBERTA (Cont'd)
Zentronics

SGXO 14th Avenue N.E.
Calgarx T2A 6J4

Tel: (403) 272-1021
BRITISH COLUMBIA
LA. Var

TWX: 610-929-1

[ g ——
i ge

Richmond V6X ?m

Tel: (604) 273-5575

TWX: 04-5077-89

MANITOBA

LA. Varah, Ltd.

12-1832 Kin, Edward Street
Winnipeg R2R

Tel: (204) 633~6|90

WX: 07-55-365

Zentronics

590 Berry Street
an R3H 0S1

Tel: ) 775-8661
ONTARIO
Haminon/Avnel Electronics
6845 R wood Road
Units G

Mississauga_L.

Tel: (416) 577 7432

TWX: 610-492-8867

Hamilton/Avnet Electronics

210 Colonnade Road South
Nepean K2E 7L5

w (613) 226-!700

LA. Varah, Ld.

P2
Tel: (4!6) 561»93“

B Tnlbury Court
L6T 314
(4|6) 45‘59600
Zentronics
964/10 Webev Street North
Tal (519) 5845700
Zenlromcs

590 RSH S1
Winni
Tel: (’2%%) 775-8661

QUEBEC

Hamilton/Avnet  Electronics

Tel: 1514& 331-6443
-421-3731

Zemromcs

505 Locl
tLaremHT

St X7
Tet, (514) 7355361

tMicrocomputer System Technical Demonstrator Centers



BELGIUM

Intel Corporation S.A.

Rue due%oulin a Papier 51

Boite 1

B-1160 Brussels

Tel: (02)661 07 11

TELEX: 28414

DENMARK

Imel Denmark A/S®

UK l F 2nd Flgov‘
penha n East

Tel: (ot) 18720 00

TELEX: 19567

FINLAND

Intel Finland OY

Hameentie 103

SF - 00550 Helsinki 55

Tel:

TELEX 123 332

FRANCE

Intel Corporation, S.ARL.*

5 de la Balance

Silic 223

94528 Rungis Cedex

Tel: (01) 687 22 21

TELEX: 270475

EUROPEAN SALES OFFICES

FRANCE (Cont'd)
Intel Corporation, S.AR.L.
Immeuble BBC

Quai des Etroits
69005 Lyon
Tel: (7) 842 40 89
TELEX: 305153
WEST GERMANY

Intel Semmnductor GmbH*
Seidistrasse 2

D-8000 Muenchs 2

Tel: (89) 53891

TELEX: 05-23177 INTL D
Intel Semanduclor GmbH*
Mamxer Stv

D-6200 Wies

Tek: (6121) 70 08 74
TELEX: 04186183 INTW D
Intel Semiconduyctor ' GmbH
Brueckstrasse 61

7012 Fellbach

West Germany .
Tel: (711) 58 00 82
TELEX: 7254826 INTS D

Intel Semiconductor GmbH*
Hohenzollem S(rasse 5 -

Tel (512 "4 40 81
23625 INTH D

Intel Sermoonductur GmbH
Ober-Ratf

D-4000 sse!dor' 30 .
Tel: (211) 65 10 54
TELEX: 08-58977 INTL D

ES

ISRAEL.

Intel Semiconductor Ltd.*
PC!' Box 1659

ai

Tel: 4/524

TELEX: 46511

ITALY

Intel Corporation Italia Spa®
Milanofiori, Pafazzo

20094 Assago (Mnlauo)

Tel: (02) 8

TELEX: 3‘5183 INTMIL
NETHERLANDS

Intel Semiconductor Nederland B.V.*
Alexanderpoort Building
Marten eesweg 9

(lO) 21 23 7
TELEX 22283

NORWAY
Inlel Norwag AlS

SWEDEN

Intel Sweden AB.*
Art’:‘himedesvogen 5
§-16120 Bromma
Tel: (08) 98 53 85
TELEX: 12261
SWITZERLAND

Intel Semiconductor A.G.*
Fomm(re 5

(01) 55 45 02
EX 57989 ICH CH
UNITED KINGDOM

Intel Corporation (UK) Ltd.*
5 Hospual Streel

twich, Cheshlre CW5 5RE .
(0270) 626 560

Intel Corporation (UK) Ld.*
Plpe Way
indon, wlllsmve SN3 1RJ

'l’el (0793) 488 388
TELEX: 444447 INT SWN

*Fleld Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elekwomsche Geraete GmbH
Rotemuehlgasse 2
A 1120 Vienna
(222) 83 63 9
TELEX 11632 BASAT A

BELGIUM
Ineioo Eelglum LA,
des Croix de Guerre 94
B1|20 Brussels
Tel: (02) 216 01 60
TELEX: 25441
DENMARK
MumKomponent A/S
riksparken 31
DK 2600 Gloskrup
Tel (oz) 45 66 45
Scandmavnan Semiconductor '
Supply /S
S;AZ ah
Copenhagen
(ou aa 50 80
037
FINLAND
Oy Fintronic AB
Melkonkatu 24 A
002 D

Tel (0) 692 60 22
TELEX: 124 224 Ftron SF

Generim

Z). de Counaboem

Avenue

91943 Les Ulls CedexBPBa
Tel:_(6) 907 78 7

TELEX: F691700

(1) 859 04
TELEX 21810 F
Metrologie
La Tour d' Asnieres
1 Avenue Laurenl Cely
92606-Asniel
Tel: (1) 201 44 44
TELEX: 611-448

FRANCE (Cont'd)

Tekelec Airtronic
Clle des Bruyeres .

e Carle Veme
F-923|0 Sevre:
Tel: (01) 534 5 35
TELEX: 204552

WEST GERMANY

Electronic 2000 Veﬂnebs AG.
Neumavktev Slva

D-8000" Municl

Tel: _(89) 43 0

TELEX 522561 ElEC D

Jermyn GmbH
Posllach 1180

(0
TELEX: 484426 JERM D

Celdis Enateohmk Syslems GmbH
Gutenbergstrasse 4

2359 Hensledwlzlmrg |

Tel: (04193) 4

TELEX: 21 80260

Pme|e&raon Veririebs GmbH
lch bel Frank'url
Tel (6103)
TELEX: 417933
IRELAND *
Micro Marketin
gex aTY

ice - Park
Glena

Dubl
Tel (1) 85 62 88
TELEX: 31584

ISRAEL

Eastronics Ltd.
ll Hozams Siveel

T A 61300,
Tel: (3) 47 51 51
TELEX: 33638
ITALY

Eledra 35 SPA.

(2) 34 97 51
TELEX 332332

ITALY (Cont'd)

Intesi -
Milanfiori Pal. E/S
. 20090 Assago

Milano

Tel:. (02) 82470

TELEX: 311351

NETHERLANDS

Koning & Hartman

Ko rwerf 30 -
BOX 43220

EN's Gravenhage
’{el 31 (70) 210.101

NORWAY

Nordisk Elektronic (Norge) A/S
Postoffice Box 122
Smedsvingen 4 |

1364 Hvalstad

Tel: (2) 786 210

TELEX: 77546

PORTUGAL

Componenles E Electronica LDA
Av. Mi uel Bombarda, 133
P1000

Tel: (19)

TELEX: |4|82 BneksP

SPAIN

Interface_S.
Ronda San Pedro 223

Tel 13) 301 78 51

M' uel An 1 233
M?d id 1 o
Tel: (1) 419 54 00
TELEX: 27707

SWEDEN

AB Gosta Backstrom
Box 12009
Als(roemergaun
$-10221 ockholm 12

Tel: (8) 5
Ttk o135 ™

SWEDEN (Cont'd)
deisk7 Electronik AB,
Sand! ham lan 71
$-10254 rglgoad(h(ﬂm
Tel (e) 635 040
10547
SWITZERLAND
Indus\rade AG

Sl 10)
Teie séren oRL oH

UNITED KINGDOM -

Berk
Tel: (0734) 61031 -
TELEX: 848215

mway Mlcmsyswems Ld.
Market Street

UKBrackneIl Berkshire *
Tel: 44 1344& 55333
TELEX: 847201

Jermyn Industries
Vestry Eslale

evenoaks, Kent

Yel: (0732) 450144
LEX: 951

Easl Lane Hoad

onh

e1 (01) 904 93 07

TELEX: 28817

Rapid Recal
Rapid House/Denmark St

High wEoom
Bes rks‘ land - HP11 2ER
Tel: (0494) 26 271
TELEX: 837931
YUGOSLAVIA
H, R._Microelectronics Enterprises
Box
Cal"omla 95150

Sa Jose,
Tel:_408/376-800
TELEX: 278-! 559



AUSTRALIA

Intet Semleonaucw Pty. Ltd.
% um_Buildir

200 Pacific Hughway

Level

Crows Nest, NSW, 2089
wstralia

Tel: o1 81- 2—436—72744

FAX: 0I1—6| 2-923-2632

INTERNATIONAL SALES OFFICES

HONG KONG
Intel Semiconductor Lid.

ELEX 63869 . ISLHKHX

JAPAN .
Intel Japan K.K.
5-6 Tokodai, Toy

yosato-
Tsukuba-: ; barakl-ken 300 26
Tel: 029747-8511
TELEY: 03656-160

JAPAN (Cont'd)

Intel Japan KK.*
2-1-15 Naka-machi
Alsugi, Kanagawa
Tel: 0462-23-3511
Intel Japan KK.*
2-51-2 Kojima-cho
Chofu, Tokyo 182
Tel: 0424-88-3151

Inte! Japan KK .
2-6

el &Jsizfé"é‘%'{'“ %60

n
=

3

JAPAN (Cont'd)

Intel Japan K.K.* -
%-4-1 Terauchi

oronaka.

Tel: 06-863-1091

Intel Jay KK.

1 E;MM';‘:unnc elf(uyo
Tel: 03-201- 3621/3651
Intel Jaj n KK

1239 hinmachi
J(u, Tokyo 154
Tel 0 26-2231

*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA
VIC SRL.
Sarmiento 1630, 1 Piso

TELEX: Public Booth 9900 or 9901

Malling Add

Soimex lntemauonal Corporation
15 Park Row, Room #1730
?1212) Vork New York 10038

slcn Bnones
AUSTRALIA

Total Electronics
9 Harker Street

irwood

Victoria 3125

Tek: 61 3 288.4044
ELEX: AA 31261

Mailing Address
Private Bag 250
Burwood, v:mona 3125
Australia
To!al Electronics
Johnstone ' Lane
e Cove, N.SW. 2066
TELEX' 26297

BRAZIL

lcotron S.A.

05110 Av. Mutinga 3650-6 Andar
Pirituba Sao Paulo

Tel: _261-0211
TELEX: 1122274/ICOTBR

CHILE

DIN

AV. VIC MCKENNA' 204
Casilla 6055

Santiago

Tel: 227 564

TELEX: 352 003
COLUMBIA

International Com uter Machines
Carrera 7 Ne 2-34

o, “Adreo 19403

Bogota 1

Tel 211-7282

TELEX: 45716 ICM CO
HONG KONG

Schmidt & Co.

ing_on Cemre, 281h Floor
11 Com\au ht Road - Central
el: 5 8521 222

ELEX: 74766 SCHMC HX
INDIA

Micronic Devices

04/109C, - Nirmal Industrial Estate
ion (E)

ombay 400022

el: 486-170

ELEX: 011-71447 MDEV IN
JAPAN

A::hl Elecllonlcs Co le
-14' Asano. Kokura

-Ku, Kitakyus| 802
el: (093) 511- 647‘ Gty
ELEX: AECKY 7126-16

JAPAN (Cont'd)

Hamilton-Avnet  Electronics Japan Ltd.
(Y:U and YOU BIdg., 1-4 Horidome-

h n(%gfru Chu&Ku, Tokyo 103
TELEX 2523774

Ryoyo Electm: Corp.
Konw;

Tel 103) 543 77||/54| -7311

Tokyo Electron Ltd.

Shin Juku, Nomura Bldg.
26-2 Nishi-Shin _Juku-Ichome
Shm dgi)(u-Ku. To:(yo 160
TELEX 232-2220 LABTEL J

KOREA
Korarn Digital
2nd

Floor, Governmem Pension Bldg.

1-589, Yoido-
Voung ungpo-Ku

782—8039 r 8049
TELEX KODIGIT K25 299
NEW ZEALAND

McLean Informmlon Technology L!
459 K ber Road Newmarkel
P.O. 9464.

Am:kland 1, New Zeal
Tel: 501-801, 501-219. 557-037
TELEX: NZ21570 THERMAL

_PO

SINGAPORE

(LSenefal Engineers Corporation Pty.
18 Pasir P‘“Wﬁ

|s|-05/05 PSA Mutti S(orey Complex
ingapore

Tel: 011-65- 27| -3163

TELEX: RS23987 GENERCO
SOUTH AFRICA

EJectmnic Builging Elements, Pty. Lid.
Tel 01127 12 46 9221 or 9227
TELEX: 3-0

TAIWAN

Taiwan Automation Corp.*

3rd Floor #75 S ection 4

Nanking East Roa

Taipei
Te) 771-0940 ol
TELEX: "942 TAIAUTO,

YIIGOSLAVM

H. R. Mlcroeleclyomes Enterprises
x 5604

jose, California 95150

San
Tel: (408i 978-8000
TELEX: 278-559 .

*Field Application Location



CALIFORNIA

Intel Corp.

1350 Shorebird Way

Mt View 94043

Tel: (415&3968-82"

TWX: 910-339-9279

910-338-02

Intel Col

2000 E. 4lh Street

Suite 110

Santa_Ana 92705

Tel: (714) 835-5577

TWX: 910-595-2475
Intel Corp.

76 0 Owonunny Road

Tol (71%‘ 268»3563

5530 N Oorbln Avenue

Td: (213) 70&0333
‘COLORADO

Intel
650 g::,& Cherry
Sulte 720

Denver 80222
Tel: (303) 321-8086
TWX: 910-931-2289

CONNECTICUT
Inte!_Corp.

36 Padanaram Road
Danbury 06810

Tel: ?2"3) 792-8366
FLORIDA

1500 NW 62nd Street
Suite 104

Ft. Lauderdube 33309

Tel: (305) 771-0600
TWX: 510-956-9407

Intel Oorﬁ

500 N. Maitland Avenue
Suite 205

Maitland 3

Tel: (305 623 2393
TWX

v —
Orlando_32804
Tel: (305) 628-2393

U.S. SERVICE OFFICES

GEORGIA

Rol Meadows 60008
Tel: nEH 981-7270
TWX: 910-253-1825

Intel .
8400 cx',pnmn Street

Sute 170
Park 66210
Tel: (9|3) 642:8080

MARYLAND

Intel Corp. 7257 Parkway Drive

Hanover 21076
Tel (301&_ 796-7500
MASSACHUSETTS
Intel .
27 Irmul Averwe
Tel (61 256-1800
7&'343-6333
IIICMGAN
Intel
Suite 40
Southfield . 48075
Tel: (313) 354-1540
TWX: 810-244-4915
MINNESOTA

Highway

o

Intel Corp. ' .

7401 Mgtro Boulevard

Tal (612& 835~6722'

TWX: 910-567-2867
MISSOURI

Intel Corp.

4203 Earth Cil ressway
Suite 143 'y Exp

Earth City 63045 .
Tel: (31:‘ 291-2015

Intel Corp.

2255 Lyell Avenue
Rochester 14t

Tel:. (716) 254-6120

Tel: (9‘9) 294 1541
OHIO

Chagﬂcogﬂnard Bidg.
2 00| ungnn Boulevard
Cleveland 4412

Tel: (216) 464-6915
TWX: 810-427-9298

Intel Corp.
\venue

Day 45414
Tel: (800) 325-4415
TWX: 810-450-2528

OKLAHOMA

Intel Corp.

4157 8. Harvard
Suite 123

Tulsa 74101

Tel: (918) 744-8068
OREGON -

Intel Corp.
10700 S.W. Beaverton-Hillsdale

Suite 2):2

Beaverion 97005
Tel: (503) 641-8086
TWX: 910-467-8741

PENNSYLVANIA
lnm Corp
|a Aveme

Tel 2"21?"' 000
&-66 -2077

20‘ 501 Fann” Center Boulevard

Suite 30| .

Pittsbut

Tel: (313) 354 1540

TEXAS

Intel Omx:
313 E. Anderson Lane

Austi

Tel: (512 4544628

TWX: 910-874:1347
Intel Corp.

12300 Ford Road

Suite 380

Dallas 75234

Tel: (214& 241-8087
TWX: 910-860-5617

Intel COW

7322 S.W. Freeway

Suite 1490

Houston 77074

Tel: (713) 988-8088

TWX: 91 1-2490 °

VIRGINIA

Intel Corp.

7700 Leesburg Pike

uite 12

FaII 22043

(703& 734-9707
931-0625

WASHINGTON

||D 110th Avenue NE

Suite 510

Tel: 1-800-538-0662
TWX: 910-443-3002

'IIOOONSIN
I
g\mﬂys Road
Sune |48 ope
Brookfield
Tel: (414) 734@050



Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051 -

Intel International (U K. ) Led.
Piper’s Way

Swindon, SN3 lR]

Wiltshire, England

Intel Japan K.K.
15-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

Japan

Printed in U.S.A./C-626/115K/RRD/JR
Memory



