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intel® .BPK 72A 

SPECIFICATIONS 

Capacity 

128K Byte per BPK 72A 

Performance 

Avg.-Access Time ................... 48 msec 
Maximum Data Transfer Rate .... 100 Kbits/sec 

Data Transfer Rate ....... 68 Kbits/sec 

BPK 72A POWER SUPPLY REQUIREMENTS , 
Power Off/Power Fail 

Voltage Margin Decay Rate, 

+ 12 Volt ±5% less than 1.10 volts/msec 

+5 Volt ±5% less than 0.45 volts/msec 

p,ata Organization 

64 bytes per page 
2048 pages per BPK 72A 

Addressing Scheme 

Logical page number 

. Environmental 

'Temperature: Temperature specifications 
Operating Humidity: 0-95% Non·Condensing 

• Voltage sequencing- no restrictions 
• Power ori voltage rate of rise - no restrictions 

. BPK 72A POWERCONSUIVIPTION' 

Power (Watts) " 

Total Total Total Total 
+5V +12V Active Active ',' Standby Standby 

(Maximum) (Maximum) (Maximum) (Typical) (Maximum) (TypiC?al) 

1.92 4.80 6.72 ,3.90 3.03 1.55 
,', , , 

By using power switching techniques the bubble memory system's standby power consumption can be 
reduced to, virtually zero., Application Note 164: Using CMOS to Minimize Bubble Memory Power Con· 
sumption. (Order Number: 230826·001) '. ' , 

6·280 



7220 
CONTROLLER FOR 1 MBIT 

BPK 70A BUBBLE MEMORY SUBSYSTEM 
7220-1 

7220-4 

7220-5 

0° To 75°C 

10°C To 55°C 

- 20°C To 85°C 

• Provides Interface between Host 
Microprocessor and 1 Mbit 
Bubble Subsystems 

• 16 Easy-to-Use Commands 

• Interfaces to 808018518618811861286 
and other Standard Microprocessors 

• Three Modes of Data Transfer 

-DMA 

• Controls Up to Eight BPK70A-1, -4, 
Subsystems (or BPK70-1, -4) 

- Polled 
- Interrupt 

• Controls up to Four BPK 70A-5 Bubble 
Memory Subsystems or BPK70-5 

• Transfer of Single (64 bytes) or Multiple 
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 t!1e starting page location, the number of 
pages to .be transferred and a read or write command is passed to the BMC before the read or write 
operation is initiated. . 
The design engineer writes a bubble memory software driver to integrate the bubble memory into his 
system. This interfacing with the BMC is similar to interfacing a disk drive controller. Application notes 
and manuals describe the details of interfacing to the BMC. 
The BMC can transfer data in DMA, interrupt or polled mode. Data is transferred in and out of the bubble 
memory subsystem via the controller in single or multiple pages. A page size may vary from 64 bytes in a 
single bubble system and up to 512 bytes in aneight bubble system. (Maximum page size of 256 bytes 
for 7220-5.) 
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 signals to the subsystem. 
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Pin Configuration 
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One 7220·1 or 7220·4 BMC can control up to eight BPK 
, 70A·1, ·4 subsystems. This provides an easy expansion 

path to expand any 1 Mbit (128K byte) system by adding 
on additional subsystems. One 7220·5 can control up to 
four BPK 70A·5 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 7220 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. I/O SourcelDestination Description 

Vee 40 I +5VDCSupply 

GND 20 I I Ground 

. PWRFAll 1 I 7230 CPG A low forces a controlled stop sequence 'and holds 
BMC in an IDLE state (similar to RESET), 

RESET,OUT 2 0 7250 CPD/7242 FSA An active low signal to disable external logic 
7230 Reference initiated by PWRFAll or RESET signals, but not 
Current Switch active until a stopping point in a field, rotation is 

reached (if the BMC is causing the bubble 
memory drive field to be rotated). 

ClK 3 I Host Bus 4 MHz, TTl·level clock. 

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

RD 5 I Host Bus A low on this pin enables the BMC oUtput data to 
be transferred to the host data bus (Do'D8)' 

WR 6 I Host Bus A low on this pin enables the contents of the host 

\ 
da,ta bus (Do·D8) to be transferred to the BMC. 

DACK 7 I Host Bus A lOw signal is a OMA acknowledge, This 
notifies the BMC that the next memory cycle is 
available to transfer data, This line should be 
active only when OMA transfer is desired and the 
OMA ENABLE bit has been seL CS should not be 
active during OMA transfers except to read status, 
If OMA is not used, OACK requires an external 
pullup to Vee (5,1K ohm). 

ORQ 8 0 Host Bus A high on this pin indicates that a data transfer 
between the BMC and the host memory is being 
requested, 

INT 9 0 Host Bus A high on this pin indicates that theBMC hasa 
new status and requires servicing when enabled 
by the host CPU: 

Ao 10 I Host Bus A high on this pin selects the command/status 
registers. A low on this pin selects the data 
register, 

0 0.0 7 11·18 I/O Host Bus Host CPU data bus. An eight·bit bidirectional 
port which can be read or written by using the 
RO and WR strobes. Do shall be the lSB. 

08 19 I/O Host Bus Parity biL 

6·282 
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Table 1. Pin Description (Continued) 

,Signal Name PinNa. I/O SourcelDestination Description 

CS 21 I Host Bus Chip Select Input. A high on this pin shall disable 
the device to all but DMA,transfers'(i.e., it ignores 
bus activi,ty and goes i,nto a high impepance state). 

DIO 22 I/O 7242 FSA, , A bidirectional active high data line that shall be 
used for serial communications with 7242 FSA 
devices.' . 

SYNC 23 0 7242 FSA An active loll:t 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 0 '7242 FSA A coiitroller 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 reacj or written to the bubble 
memory. 

BUS.RD 25 0 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· 

I pansion of 7242 FSA devices. 

WAIT 26 I/O . A bidirectional pin that shall be tied to the WAIT 
pin on otherBMCswhen operated in parallel. It 
shall indicate that an interrupt has been generated 
and that the other BMCs should halt in 
synchronization with the interrupting 'SMC. WAIT is 
an open collector active low Signal. Requires an , 
external pullup resistor to Vee (5.1 K ohm). , 

ERR.FlG 27 I 7242 FSA An active lov,i"input generated externally by 
7242 FSA indicating that an error condition 
exists. It is an open collector input ~hich requires 
an external pullup resistor (5.1K ohm). 

DET.ON 28 0 . An active low signal that indicates the system is 
in the read mode and may"tie detecting~ It is useful 
for'power saving in the MBM. 

C/O ~9 0 7242 FSA A high on this line indicates that the BMC is 
beginning an FSA command sequence. A low on 
this,line indic.ates that the BMC is beginning a 

I data transmit or receive sequence. 

BOOT.SW.EN 30 .. Q 7230 CPG An,active low signal which may be used for " 
enilbling the BOOT.SWAP olthe 7230 CPG. 

SWAP. EN .' 31 0 7230 CPG An active low signal uS'ed to create the swap 
,function in external circuits. 

BOOT.EN 32 ,0 723.0 CPG An active low signalenabling,ihe boqtstrap loop 
repHcate function in .external circuitry. 

REP. EN 33 0 7230 CPG An active low,signalused to enable the replicate 
function in external·circuitry. 

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

TM;A 35 0 7230 CPG Anactiv~ low timing signal generated by the 
,deco,dar logic for determining CUT; "pulsEil·width .. 

y.-:V+, 36·39 0 7250 CPD Four active low timing signals generated by the 
,X-, X+ " decoding logic and used to create coil drive 

" currents in'thebubble:memory device, 

·Not used in minimum (128K byte) system. 6-283 
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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 

Vee 

GND 

08 

Ao 
JIli 

WlI 
liACR 

cs 
DRQ 

INT 

CLK 

SEQUENCER 

• 
FSA I 

SELECT 
LOGIC I 

• 

SYSTEM 
BUS 

INTERFACE 
DATA REGISTER, 

DMAAND 
INTERRUPT· 

LOGIC 

I 
N 
T 
E 
R 
N 
A 
L 

B 
U 
S 

MiI,roprocessor-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 
functior;1s of the Individual functional sections of the 
BMC. 

POWER FAIL. 
ABORT. AND 
RESET LOGIC 

I 
REGISTER 

I 
FILE 

/ FIFO 

BUBBLE 
SIGNAL 

DECODER 
010 & BOOTLOOP 

ENCODER/DECODER 

X+ 
x:: 
V+ 
v:. 
i'M.li 
TM:ii 
REP.EN 

iiOOT.EN 
SViAP.EN 
BOOT.SW.EN 

C/D 
SHiff.CIi( 

SYNC 
010 

Figure 3. 7220 Bubble Memory Controller (BMC), Block Diagram 

System Bus Interface! The System Bus Interface (SBI) 
logic contains ·the timing and control logic reqiJired 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-

the RAM and input/output latches have at least one byte 
of data. 

DMA and Interrupt Logic-The ORO pin has two func-
tions: . 

put data, output data,.and status data latches. The BMC (1) If the OMA enable bit in the enable register is set, 
. can interface asynchronously to the host CPU. With a the ORO pin, in conjunction with the OACi< pin, pro-

4-MHz clock, it is capable of sustaining a 1.14 Mbyte per vides a standard OMA transfer capability; i.e.; it has 
second transfer rate, while.data is available in the BMC the ability to handshake with an 8257 or 9517/8237 
FIFO. OMA controller chip. . 

FIFO....,. The FIFO consists of a 40 x8 bit .FIFO RAM for (2) If the OMA enable bit is reset, the ORO pin acts as a 
data storage. The FIFO block also contains input and "ready for data transfer iriterrupt" pin. It becomes 

t t d I h 'd d . active when 22 bytes may be read from or. written in· 
ou pu ata ate eS,provl ing ouble data buffering, to to the BMC', it is reset when this condition no longer 
improve the R/Vol cycle times seen at the system bus in-
terface. The FIFO may. be used as a general purpose exists. 
FIFO when a command' is not being executed by the Register File-The register file contains 7 eight-bit 
BMC Sequencer. In this mode, the FIFO READY status registers that are access.ible by the host CPU. Refer to 
bit becomes a FIFO not·empty indicator indicating that the Register Section for details. 

6-284 



inter 
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 n!3xt 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 010 line. This 
block also generates the BUS.RO' signal, which indio 
cates the direction of data transfer on the 010 line (this 
is useful in situations which require external buftering 
on the 010 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 o/,the BMC. 

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

FSA Select Logic block contains the logic which con· 
trois the timing of the interaction between the BMC and 
the FSAs. The FSA selection is determined by the four 
high·order bits iri the BlR and the four high·order bits in 
the AR; both set by the,user. 

7220 

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. 

X +, X - , Y + , and Y ~ go to the 7250 CPOs, 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° 274.5° 
TM.A (EVEN) 90° 4° 94.5° 

TM.B (ODD) 270° 90° 360° 
TM.B (EVEN). 90° 90° 180° 

BOOT. EN 252° 108° 360° 
REP.EN 252° 108° 360° 

SWAP.EN 180° 5'?" 697" 
BOOT.SW.EN' 180° ~C' 180° 

SHIFTClK (RO) 186.75 ° 99° 285.75° 

SHIFTClK (WR) 72° 288° 360° 

eStays low for 4118 field rotation periods when writing the MBM 
Bootloop, 

*. All phases relative to y'; start phase. AU entries:!: 1.20'except TM.A 
width which is :c: 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 010 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 
iden'tify these registers a~d 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 lirie (designated Ao) and data bus lines Do through 
0 4, ' 

Both COmmand Register (CMOR) and Register Address 
Counter (RAG) are 4·bit registers which are loaded from 
00.03' 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. 

6·285 
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ROTATION I 
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Figure 4. 7220 BMC Timing .Diagral)1 

Table 3 gives a complete listing of the address asign: 
ments for theuser'accessible registers. The registers 
are listed in two groups, The first group (STR, CMDR, 
RAG) consists of those registers that are selected and 
accessed in one operation. The second group (UR, BLR, 
ER, AR, FIFO) consists of thos,e registers that are 
addressed indirectly by the contents of 'RAG.: 

Table 3. Address Assignments for ,the 
User-Accessible Registers 

AO D7 D6 D5 D4 D3 D2 D1 DO Sym~ol Name of Register Read/Write 

1 0 0 0 1 C, C C C CMDR Command Write Only 
Register , 

1 0 0 ,M 0 B B B B' RAC' Regj'ster.Address Write Oh,y 
Counter " 

1 S S ss, S S S S STR . Status Register Read Only. 

6·286 

T<!ble 3. Address Assignments -for the, 
User-Acce~sible Registers (Continued) 

RAe 
AO 83 82 81 80 Symbol Name 01 Register· R.adIWrite 

0 1,' 0 f 0 ,UR Utility Register Read or Write 
0 1 0' ,t 1 BlA lSB Block- Length Write Only 

Register lSB 
0 1 1 0 O· BlR MSB ,Blo,ck length ,Write Only 

0 1 1 0 1 
Register MSB 

ER Enable Register WrlleD"ly 
0 1 1 1 0 AR lSB' Address Register' Read or Write 

,lSB 
0 1 1 1 1 AR MSS' Address Register ReadprWrit~ 

MSB 
0 0 0 0 0 FIFO FIFO Data Buller Read orWrite 

SSSSSSSS = 8·blt: statusin'lormalion returned to the user from the STR ' 
C,CCC:= 1-bit command code se~t to:th~ ~MOA by I,he user. 
BBBS = 4·bit register address sent to the RAG by the user. 

B3B281 BO::;: 4',bit con,tents ,of RAe at the time the user make's a read or 
, ~rite.request with AO=O, 

LSB= Least Significant Byte 
. ,'MSB = Most Significant Byte 

M = Modifier 



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

To facilitate such oper~tions, the BMC a~tomaticallY 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 FI FO ad­
dress). When it has reached 0000, it no longer incre­
ments. All subsequent data transfers (with AO = 0) will 
be to or from the FIFO until such time as the RAG is 
loaded with a different register address. 

REGISTER DESCRIPTIONS 

Command Register (CMDR) 4 Bits, Write Only 
The user issues a commimd 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 theBMC: , 

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

Table 4" Command Code Definitions 

03 02 01 Do Command Name 

a a a a Write Bootloop Register Masked 
a a a 1 Initialize 
a a 1 a Read Bubble Data 
a a 1 1 Write Bubble Data 
a 1 iJ a Read Seek 
a 1 a 1 Read Bootloop Register 
a 1 1 a Write Bootloop Register 
a 1 1 1 Wr.ite Bootloop 
1 a a a Read FSA Status 
1 a a 1 Abort 
1 a 1 a Write Seek 
1 a 1 1 Read Boqtloop 
1 1 a a Read Corrected Data 
1 1 a 1 Reset FIFO 
1 1 1 a MBM Purge 
1 1 1 1 Software Reset 

The most commonly used commands in normal opera-
tion are: ' 

Initialize 
Read Bubbl,e Data 
Write Bubble Data 
Reset FIFO 
Read Seek 
Write Seek 
Abort' 
Read Corrected Data 
Software Reset 
Read FSA Status 
MBM Purge 

7220 

Commands relating to the bootloop, and used only for 
diagnostic purposes, are: ' 

Read Bootloop Register 
Write Bootloop Register 
Write Bootloop Register Masked 
Read Bootloop " 
Write Bootloop 

Status Register (STR) 8 Bits, Read Only 

The user reads the BMC status register in response to 
an interrupt signal, oras part of the polling process in a 
polled data transfer mode. The status register provides 
information about error conditions, completion or ter­
mination of 'comm'ands, and about the BMC's readiness 
t6transfer data or accept new commands. The in­
dividual bit descriptions are as follows: 

6-287 

STATUS REGISTER 

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 
a BUSY indicates that the BMC is ready to receive 
a' new comma'nd', In the case of Read Bubble Data, 
Read Bootloop, read Bootloop Register, or Read 
Corrected Data commands, BUSY may also indicate 
that the data has not been completely removed from 
the FIFO, an"d that DRO is still active. BUSY will then 
drop as soon as ORO does (after the user has finis­
hed reading the data remaining in the FIFO). 

OP COMPLETE (when =c,l) 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 erro'r to th'e 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 acorrectable 
error has been dete'cted in the last data block 
transferred. 
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UNCORRECTABLE ERROR (when ,= 1) indicates 
that at ieast one FSA has reported to the Biv1c that an , 
uncorrectable error has been det'ected in the last 
data block transferred: 

PARITY ERROR (when = 1) indicates ,that', the 
BMC's parity check circuitry has detected a parity 
error on a data byte sent to the BMC by the user on 
the data lines 00.08. 

FIFO READY lias two fUnctions. The FIFO READY 
functions are as follows: 

NOTE: IF RAC f. FIFO, FIFO READY = 1 

,STATUS BITS 
READ WRITE 

FIFO READY BUSY 

1 1 data in, space, in 
FIFO FIFO 

--, 
0 1, nodaia .. no space 

:--
1 0 - data in FIFO ..,.. 

0 0 - FIFO empty -

Alihoug'h' 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=O) to the BMC with Ao= 1, 04 =0, and Ds= 1 
(Modifier Bit) (that is, writing the RAC with Ds= 1)"This 
'operation also resets the "INT"pin to "0". NOTE: A byte 
of FIFO data can be lost wMn using this procedure if the 
RAC is written to other than the FIFO address 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:disabl'e various ,functions within the BMC or 
the FSAs. The individual bit descriptions are as follows: 

INTERRUPT ENABLE (NORMAL) 
INTERRUPT ENABLE (ERROR) 

L------'-'--__ ~MA ENABLE 
'--'----'-'--. MAXIMUM FSA·8MC TRANSFER RATE 

L..._-:--:--,--_",- WRITE BOOTLOOP ENABLE 
L---_______ ENABLE Reo 

'----------..... ENABLE ICD 
'--_-----_,_--- ENABLE PARITY INTERRUPT 

I~ the above figure and in,the te~t below, the' following 
abbreviations are used: 

ICD = INTERNALLY CORRECT DATA 
RCD= READ CORRECTED DATA 
UCE =UNCORRECTABLE'ERROR . 
CE = CORRECTABLE ERROR" ' 
TE = TIMING ERROR 

ENABLE PARITY INTERRUPT enables the BMC to 
interrupt the host system (via the INT line) when 
the BMC detects ,a par.ity error on the, ,data bus 
line~ 0 0.07, ' , ", , 

ENABLE ICD enables the BMC to give the Inter-, 
rially Correct Data comm'and to the' FSAs when an 
error has been detected by theFSA's error detection. 
,and correction c'ircuitry. Each FSA responds to such 
a command by internally cycling tlie data through'its 
error correction network. When finished, 'the FSA 
retu'r'ns'stattis 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 th~ Read 
Corrected Data command tothe FSAs when an error 
has been detected. This causes each FSA to corred 
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 respon~e to ,an 
Internally Correct Data command. In eJther case, 
'whenthe' 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 h'ave 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 bootioop to be written. If this bit is equal to 
zero, and a Write Bbotioop commancHsreceived 
by the BMC,the cqmmand is aborted and tlie TIM­
ING ERROR bit is set in the STR. 

MFBTR controls the 'mai<imum burst transfer 'rate' 
from FSA(s) to BMC FIFO.'This rate is variable on 

'the "last page" of a multiple page transfer. (In one ': 
page transfers the last page is th'e only page.) See' 
Table 5 for effects of this bit on the various 7220, 
commands. 

Table 5. MFBTR Bit Definitions 

,Number' Maximum 
,MFBTR Bit ,01 MBMs Required 

Operated Host Interf.ce 
InP.railel Data Rate' Read Command Write Command 

1 SOK byte/sec 0 N/A 

2 100K byte/sec 0, ' N/A 

4 200K byte/sec, 0 ,N/A 

8 \ 400K byte/sec 0 N/A 

1, l2,SK'byte/sec 1 0 

2 2SK byte/sec 1 0 

4 SOK byte/sec 1 0 
8 lOOK byte/sec 1 0 

NOTE: The MFBTR bit shoutd .Iw.ys be set to "0" lor alt comm.nds, , 
except "Read Bubble O.t .... ' " , 
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DMA ENABLE (when = 1) enables the BMC to 
operate in DMA data transfer mode, using the ORO 
and DACK signals in interaction with a,DMA con· 
troller. When equal to zero, DMA ENABLE ,sets up, 
the controller to support interrupt driven pr poliep 
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 0 1 I nterrupt on TE only 
0 1 0 Interrupt on UCE or TE 
0 1 1 Interrupt on UCE, CE, orTE 
1 0 0 Interrupt on UeE 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 Register (BLR) 16 Bits, 
Write Only 

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

BLOCK LENGTH REGISTER MSB BLOCK LENGTH REGISTER LSB 

171 6 I 5 I 4 I 3 I 2 I, I 0 I 1716151_13121,101 
~,-X 

NUMBER OF FSA 
CHANNELS (NFC) 

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 ADDRESS REGISTER LSB 

I 7 I 6 I 5 I·_ 1. 3 I 2 I, I 0 I x _________ _ 

MBM SELECT 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 Channels 

AR MSB Bils 
BLR MSB Bits (7,6,5,4) 

(6,5,4,3) 0000 0001 0010 0100 1000 

0000 0 0,1 0,1,2,3 Ota7 OlaF 
0001 1 2,3 4,5,6,7 810F 
0010 2 4,5 8,9,A,B 
0011 3 6,7 C,D,E,F 
0100 4 8,9 
0101 5 A,B 
0110 6 C,D 
0111 7 E,F 
1000 8 
1001 9 
1010 A 
1011 B 
1100 C 
1101 D 
1110 E 
1111 F 

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

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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F;U.NCTI,ONAL 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 
hludware and firmware of these components. 

Each one·MegabitBubbleMemory (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 contained only one MBM module. , 

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

During a read operation, data flows as follows: The 
data from the MBM is input to the formatter/Sense 
Amplifier (FSA). Data from eachchann~1 (A c~anriel 9r B 
channel) of the MBM goeslo th~ ~orrespo!lding ,channel 
of the FSA. In the FSA, the data is paired up with the cor· 
responding bit in the FSA's boot loop' 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,da,ta 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 :bidirectionaldata'bus '(010). The data is multi­
plexed onto the 010 line, ,with data tiits coming idter· 
nately from the A and B channels of the FSA. The BMC 
outputs a SYNC pulse to the SELECT.lN input of the 
FSA. The FSA responds by placing a data'bit from the A 
channel FIFO on the 010 )ine.One clock cycle later, a 

data bit from the B channel FIFO is placed on the 010 
line. The BMC continues to output SYNC puises, once 
every 20 or 80clock cycles, each'time receiving two data 
bits!in return. " 

In the BMC, the da,taundergoes serial·to·parallel conver- . 
sion, an,d 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 memoryisperformed,through the 7220 
BMC. The BPK 72 Bubble Memory Prototype ,Kit User's 
Manual; Order Number: 121685, contains ,detailed infor; 
matiqn on hQw to use and interface the BMC., Below the 
general prinCiples are described, for detailed guidelines 
please, refer to t'he BPK 72 ManUlil. For softwarEl con· 
siderations, please also see Application Note AP·157. 
(Order Number: 230707) 

First th~ hard';"areinterfacing 'requirements a~d second 
the software interfacing requirements are described. 

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. 

Table 7. Detailed Command ,Descriptions 

Initialize 

Read.,IiIubble Data 

Write Bubble Data 

R~adSeek 

The BMC executes the Initialize command by first interrogating the bubble system tQ 
determine how many FSAs are present, then reading and decoding the bo:otloop 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 qatato be read from the MBMs into the BMC FIFO. 
The selection of the MBMs to be,accessed and the shirting 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 paramfiltric registers must be properly set up beforeissiJing 
the Read Bubble Datacommai'ld.' ' , ' , 

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 
operationisspecified,in the, address register (AR), The block length register (BLR) specifies 

, the,number ofsystem pages to be written.AII'the parametric registers must be properly set up , 
before issuing the Write Bubble Data command: ' ,',' 

The ReadSeek'corilmandrotates the selected MBMs tp,a de$illnated page address location. 
No data transfer occurs. The positioning is such that the next data location available to be read 
is'thEispecified (i nAR) page address plus one. The Read SE!ek command may be, used to reduce 
latency (access time) in cas'es where information is available for the user to predict the 
location of animpending'readreference to the MBMs.' . . , , 

, ,,' " " ' '" 
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Table 7. Detailed Command Descriptions (Continued) 

Write Seek The Write Seek command rotates the selected MBMs to a desig'nated 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. TheWrite Seek command may be used to 
reduce latency (access time) in cases where information is available for the user to predict the 
location of an impending write reference to the MBMs. 

Abort The Abort coml)1and causes a controlled termination of the command currently being 
executed by the BMC. The Abort command will be accepted by the BMC (and is typically 
issued) when the BMC is busy. 

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

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

.RCD set in the ER). 

Software Reset 

Read FSA Status 

Read Bootloop 
Register 

Write Bootloop 
Register Masked 

Read Bootloop 

'Write Bootloop 

System Tin:alng 

The Software Reset command clears ihe BMC FIFO and ail 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 ne'eded 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 ,ls 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 booiloop information in the BMC FIFO. The Initialize command uses 
this command as a subroutine. . 

The Write Bootloop command causes the existi ng 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 the41 st byte is all Os). Encoding of the bootloop data 
is done by theBMChardware. 

As shown on the timing diagrams In the WAVEFORM 
section the typical read/wrhe cycle timing provides suf­
ficient tolerance 'to allow most currently available 
microprocessors to be easily adapted to the BMC timing 

in relation to the data transfer mode (polled, interrupt­
driven, or DMA) to be implemented in order to be sure 
that the host system software and 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). 

requirements. . ' 

User Data Transfer Rate Requirements 
The maximum data rate for the user interface is a func­
tionof the number of MBMs operated in parallel as 
outlined in table 8. The rates listed must be considered 
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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 kbyteslsecond 

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 support an interrupt·driven system an Intel ,8259 Pro· 
grammable Interrupt Controller is often used. 

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

Multiple MBM·System 
ABMC is capable of processing data and of supplying 
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). 

SOFTWARE INTERFACE REQUIREMENTS 
To use the BMC, the user has to write a "bubble memory 
software driver". 

The bubble driver is responsible for all the system 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 

Maximum Data Transfer Rate 
Between BMCFIFO and the 
FSAs during Read Bubble 

Qata Commands 

MFBTR= 0 MFBTR = 1 

50 kbytes/second 12.5 kbytes/second 

100 kbytes/second 25 kbytes/second 

200 kbytes/second 50 kbytes/second 

400 kbytes/second 
I 

100 kbytes/second 

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 level of 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 
betwe,en 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 
aQalogous to a disk system. Just as disk sector sizes 
are fixed when a disk isformatted, bubble page sizes are 
established, under software control when the bubble 
system is initialized. " 

" For a single bubble system, the page size is fixed at 
either 64 bytes when error correction is implemented or 
68 bytes without error correction, and' the total number 
of pages available is 2048. In systems with multiple 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 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 bubble memory controller. 

Buffering 
The bubble mernory controller.includes 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 tral)sfer 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 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 avai lab Ie. 

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/O) ports, an eight-bit 
bidirectional data port, and an eight-bit commanq/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 startirig 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 determine if command 
is accepted. 

If applicable, transfer (Le., read or write) data. 

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

Examine the status register to determine whether 
ttie operation 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 
Temperature under bias .............. -40 to +100·C 
Storage Temperature ... ; .:.' ....... - 65'C to + 150'C 
All Input or Output Voltages and 
Vee Supply Voltage ..................... -0.5V to 7V 

'NOTICE: Stresses above those 'listed under "Absolute Max­
Imum Ratings" may cause permanent damage to the device. 
This Is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
In the operational sections of this speclllcation is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. ' 

D.C. CHARACTERISTICS (TA = see front page; Vcc = 5.0V + 5%, 7" 10%; • = 7220-5) 

Symbol Parameter Min. Max. Unit Test Condition 

Vil Input low Voltage 0.8 V 

VIH(i) ~nput High Voltage (all but PWR.FAIL) 2.0(2.2') Vee+ 0.5V V 

VIH(2) Input High Voltage (PWR.FAll) 2.5 Vee+ 0.5V V 

VOl(l) Output low Voltage 
(All outputs except DET.ON, BUS.RD. .45 V 10L = 3.2 mA 
SHIFT.ClK. ahd SYNC 

VOL(2) 
Output low Voltage .45 V 10l = 1.6 mA 
DET.ON. BUS.RD. SHIFT.ClK, SYNC 

VOH Output High Voltage 2.4 V 10H =400/LA 

IIILI Input leakage Current 10 /LA o ",VIN '" Vee 

10FLI Output Float leakage 10 /LA 0.45", VOUT '" Vcc 

Icc Power Supply Current fromVcc 200 mA 

A.C. CHARACTERISTICS 
(TA = see front page; Vcc = 5.0V + 5%, -10%, Cl = 150pF; unless otherwise noted.) 

Symbol Parameter- Min_ Max. Unit Test Condition 

tp Clock Period 249.75 250.25 ns 

tl' Clock Phase Width (High Time) .45 tp '.55 tp 

tR-tF Input Signal Rise and Fall Time 30 ns 

FSA INTERFACE TIMINGS (under pin loading) 

Symbol Parameter Min. Max. Unit Test Condition 

tCDV ClK to 010 Valid Delay 150 ns Under Pin loads' 

tCDF ClK to 010 Entering Float 10 250 ns Under Pin loads' 

tCDE ClK to 010 Enabled from Float 150 ns Under Pin loads' 

tCDH ClK to OrO Hold Time 0 ns Under Pin loads' 

tCSOl ClK to SYNC, leading Edge Delay 120 ns Under Pin loads' 

tCSOT ClK to SYNC Trailing Edge Delay 10 100 ns Under Pin loads' 

tDC 010 Setup Time to Clock 80 ns Under Pin loads' 

tDHC 010 Hold Time from Clock 0 ns Under Pin loads' 

tCOl ClK to Output leading Edge 150 ns Under Pin loads' 

tCOT ClK to Output Trailing Edge 0 190 ns Under Pin loads' 

tEW ERR. FlG Pulse Width 200 ns Under Pin loads' 

tSCFT SHIFTClK to Y - Trailing Edge 80 200 ns Under Pin loads' 
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A.C. CHARACTERISTICS (Continued) (TA = see front page; Vcc = 5.0 ± 5%, -10%; Cl = 150pF; 
READ CYCLE (HOST INTERFACE) unless otherwise noted; •• = 7220·5.) 

Symbol Parameter 

tAC Select Setup to RD! 

tCA Select Hold from ROt 

tAR RD Pulse Width 

tAD Data Delay from Address 

tAD Data Delay from RD! 

tOF Output Float Delay 

toc DACK Setup to RD! 

tco DACK Hold from ROt 

tKO Data Delay from DACK! 

tCYCR "Read" Cycle Time 

WRITE CYCLE (HOST INTERFACE) 

Symbol Parameter 

. tAC' Select Setup to WR! 

tCA Select Hold from WRi 

tww WR Pulse Width 

tow Data Setup to WRi 

two Data Hold from WRf 

toc DACK Setup to WR! 

tco DACK Hold from WR f 

tCYCW "Write" Cycle Time 

tca 
Request Hold from RD or WR 
(Non-Burst Mode) 

tOEAOW . Inactive Time between WRr andWRI 

tOEADA Inactive Time between RDr and RDl 

MD7250·MD7230 INTERFACE TIMINGS 

Symbol Parameter 

tCBl ClK to Bubble Signal leading Edge 

tCBT ClK to Bubble Signal Trailing Edge 

'Bubble Pin loads Shown Below 
PIN lOADINGS 

Pin Names' 

X+, X-, Y+, Y-

TM.A, TM.B, REP. EN, BOOT.EN, 
SWAP.EN. BOOT.SW.EN: C/O. 
ERR.FLG, WAIT, SYNC, 010 

DET.ON & SHIFT.CLK 

BUS.READ 

Value Unit 

150 pF 

'100 pF 

100 pF 

10 pF 

Min. Max. Unit Test Condition 

0 ns 

0 ns 

200 ns 

150(200' .) ns 

150(200") ns 

10 100 , ns 

0 ns 

0 ns 

150(200") ns 

(DMA Mode) In non DMA mode. 
41.-t, ns tCYCR Min. = 6t.-t, 

Min. Max. Unit Test Condition 

0 ns 

0 ns 

200 ns 

200 ns 

0 ns 

0 ns 

0 ns 

4tp + tww 

200 ns 

4tp ns 

150 

Min. Max. Unit Test Condition 

250(275") ns Under Pin Loads' 

250(275") ns Under Pin loads' 
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WAVEFORMS 

READ (HOST INTERFACE) 

i----~----tCYCA'-------_t 

DACK --"""'" Jr"'....;..---+-----------'---..,. 

CS ----+-'" JI--t+---------t--"Il ,---" ,.-~--
Ao ----+--' ]\---IH---------+-.....,-----J ,,--+--

1m 

DATA BUS c 
14---1'0,---+1 

I+----IKO'----I I+----IDEADR-,----~ 

WRITE (HOST INTERFACE) 

i--------tCYC,.----------+i 

DACK --""""'\. Jr-----t------------""lIL ,--" r--t--

CS ----'" -I!--++---------t--"'\oL ,---'" r--t--
Ao ____ J 1'---4+---------11-.....,- '-___ J ,,--+--

14----lww----1 

WII 

DATA BUS 

I ... e-----IOW----.... t--IWO 

DMA (HOST INTERFACE) 

14---- tOEAO----l 

DRO 

~tca 

\ 
~----~---------

v 
1m ORWII----JI 
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CONTROLLER FOR 4MBIT 

BPK 5V74 BUBBLE MEMORY SUBSYSTEM 
• Provides Interface between Host 

Microprocessor and 4 Mbit 
Bubble Memory Subsystems 

• Interfaces to 808018518618811861286 
and Other Standard Microprocessors 

• 18 Easy-to-Use Commands 

• Three Modes of Data Transfer 
-DMA 
- Polled 
- Interrupt 

• Controls up to Eight Bubble Memory 
Subsystems 

• Transfer of Single (64 bytes) or Multiple 
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 4MbitBMC is a superset of the 1Mbit BMC's 16 commands providing an easy 
up-grade of software from the 1 Mbit 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 polled mode. Data is transferred in and out of the bubble 
memory subsystem via the controller in single or multiple pages. A page size may vary from 64 bytes in a 
single bubble system and up to 512 bytes in an eight bubble system. . 

TO .... .... .... .... 

~----------------, 
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~ _L-_-_-_-_-_-:::~b.=~L.~<.!!!I~Y'1!.EMJ 
TO 

ADDITIONAL 
BPK 5V74 

Figure 1. Block Diagram of a 512K Byte 
Bubble Storage System 

PWR:FAn: 
IU:-SET.OUT 

33 REP.EN 

Figure 2. 
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. Pin Configuration 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Pro­
duct. No Other Circuit Patent Licenses are Implied. 
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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 Signals 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 PlnNo. I/O Source/Destination Description 

Vcc 40 I + 5 VDC Supply 

GND 20 I Ground 

PWR.FAIL 1 I 7234 CPG A low forces a controlled stop sequence and holds 
BMC in an IDLE state (similar to RESET). 

RESET.OUT 2 0 7250 CPDI7244 FSA An active low signal to disable external logic .. 
7234 Reference initiated by PWR.FAIL or RESET Signals, but not 
Current Switch active until a stopping point in a field rotation is 

reached (if the BMC is causing the bubb!e 
memory drive field to be rotated). 

ClK 3 I Host Bus 2 MHz, TTL·level clock. 

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

RD 5 I Host Bus A low on this pin enables the BMC output data to 
be transferred to the host data bus (Do-OS>. 

WR 6 I Host Bus A low on this pin enables the contents of the host 
data bus (Do·DS> to be transferred to the BMC. 

DACK 7 I HostBus 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 Vee (5.1K ohm). 

ORO 8 0 Host Bus A high on this pin indicates that a data transIer 
between the BMC and the hqst memory is being 
requested. 

INT 9 0 Host Bus A high on this pin indicates that the BMC has a 
new status and requires servicing when enabled 
by the host CPU. 

Ao 10 I Host Bus Ahigh on this pin selects the commandlstatus 
registers. A low on this 'pin selects the data 
register;' 

00-07 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. Do shall be the lSB .. 

0 8 19 110 Host Bus Parity bit. 



7224 

Table 1. Pin Description (Continued) 

Signal Name PinNo. 1/0 SourcelDestination Description 

CS 21 I Host Bus Chip Select Input. A high on this pin shall disable 
the device to all but OMA transfers (i.e., it ignores 
bus activity and goes into a high impedance state). 

010 22 1/0 7244 FSA A bidirectional active high data line that shall be 
used for serial communications with 7244 FSA 
devices. 

SYNC 23 0 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 0 7244 FSA A controller generated clock that initiates data 
transfer betwee·n selected FSAs and their 
corresponding bubble memory devices. The timing 
of SHIFT.ClK shall vary depending upon whether 
data is being read or written to the bubble 
memory. 

BUS.RO 25 0 An active low signal that indicates that the 010 
To User External line is in the output mode, Le., BMC is sending 

Circuit data to FSA. It shall be used to allow off-board ex-
pansion of 7244. FSA devices. 

WAIT 26 110 A bidirectional pin that shall be tied to the WAIT 
To Alternate pin on other BMCs when operated in parallel. It 
Controller(s) shall indicate that an interrupt has been generated 

When User System and that the other BMCs should halt in 
Uses More Than synchronization with the interrupting BMC. WAIT is 
One Controller. an open collector active low signal. Requires an 

external pullup resistor to Vee (S.1K ohm). 

ERR.FlG 27 I 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). 

OET.ON 28 a 
To User External 

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

Circuit for power saving in the MBM. 

CID 29 0 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 0 7234 CPG An active low signal which may be used for 
enabling the BOOT.SWAP of the 7234 CPG. 

SWAP.EN 31 0 7234 CPG An active low signal used to create the swap 
function in external circuits. 

BOOT.EN 32 0 7234 CPG An active low signal enabling the bootstrap loop 
replicate function in external circuitry. 

REP. EN 33 0 7234 CPG An active low signal used to enable the replicate 
function in external circuitry. ' 

TM.B 34 0 7234 CPG An active low timing signal generated by the 
decoder logic for determining TRANSFER pulse 
width. 

TM.A 35 0 7234 CPG An active low timing signal generated by the 
decoder logic for determining CUT pulse width. 

Y-,Y+, 36;39 0 7250 CPO Four active low timing signals generated by the 
X-,X+ 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 dllta transfers, and provides a 

Vee 
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D. 
Ao 

1m 
WI! 

'1OOlR 
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.~ SEQUENCER 
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DMAAND 
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" 
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I 
N 
T 
E 
R 
N 
A 
L 

B 
U 
S 

Microprocessor-Bus compatible interfa,ce for the 
magnetic bubble memory system. 

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

POWER FAIL, 
ABORT, AND 
RESET LOGIC 

I 
REGISTER 

FILE 
I 

FIFO 

BUBBLE 
SIGNAL 

DECODER 
010 & Boonoop 

ENCODER/DECODER 

x.;: 
X-
V> 
Y-
TM.A 

TM.B 

REP. EN 

iiOli'i':EN 
SWAP.EN 
BOOT.SW.EN 

C/ii 

010 

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

,System Bus Interface-The System Bus Interface (SBI) 
logic ,contains the timing and control logic r~quired to 
interface the BMC to a non·multiplexed b.\ls. The log'ic 
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, ifis capable of sustaining a 1 Mbyte per 
second transfer rate while data is available in the BMC 

,FIFO. 

. the RAM and input/output latches have at I~asf one byte 
of data. 

DMA and Interrupt LogiC-TheORa pin has two func­
tions: 

(1) 'If the DMA enable'bit in the enable register Is set, 
the DRO pin, in conjunction with the DACi< 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. 

(2) If the DMA enable bit is reset, the DRO pin acts as a 
"ready for data transfer interrupt" pin. It becomes 
active when 22 bytes may be read from or written in­

·to tlie BMC; it is reset when this condition no loriger 
exists. 

FIFO- The FIFO consists of a40 x 8 bit FIFO RAM for 
data storage .. The FIFO block also contains in'put and 
output data latches, providing double data buffering, to 
improv,E1 the RlW 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 Register Flle- The register file contains 6 eight-bit 
BMC Sequencer; In this mode, the FIFO READY status registers that are accessible by the host CPU. Refer to the 
bit becomes a FIFO not-empty Indicator indicating that , Register Section for details. 
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MJ3M 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. 

010 Bootloop Decoder/Encoder- Performs parallel·to­
serial and serial-to-parallel conversions between the 
FIFO data and the serial bit stream on the DIOline. This 
block also generates the BUS.RDsignal, 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 boot loop 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.FAll signal, the RESET signal, or the 
ABORT command. The additive noise on the PWR.FAIL pin 
should be less than 150 mV for proper powerfail 
operation. 

FSA Select Logic block contains the logic which controls 
the timing of the interaction between the BMC and the 
FSAs. The FSA selection is 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 M.BM 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 rot~ 
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. 

)( +, 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. 

Table 2. 7224 BMC Timing (Degrees)·· 

Signal Start Width 

X± 270· 108· 
Y+ O· 108· 
X- 90· 108· 

, Y- 180· 108· 
TM.A (LATE) 279· 94.5· 

TM.A (EARLY) 99· 94.5· 
TM.B (LATE) 279· 90· 

TM.S (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 MSM 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. Theyar.e used to enable, respectively, the 
data swap, data replicate, boot swap, a(1d boot replicate 
functions within the MBMs. 

SHIFT.ClK goes to the FSAs.lt is used to control the tim­
ing of events at the interface between each FSA and its 
corresponding MSM. (Refer to 7244 FSA Specification for 
a description of the BMC/FSA interface.) 

SYNC and C/O control the serial communications be­
tween the BMC and the FSAs (on the 010 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 Ao) and data bus lines Do through 
05' 

The Command Register (CMDR) is an 8-bit register which 
. is loaded from Do - 07, Register Address Counter (RAC) 
is a 4-bit register which is loaded from Do - 03, 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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90· 126 162 198 234 270· 306 342 18 54 90· 126 162. 198 

Y+/~ .. -----...... 

X-I------~ '---__ ----'r 
Y-I----------------~~ r-------------------------,L---

'--------' 

X+/--.J 

TMN---~-~'Ur---------,U 

TMB/--------, 

u 
1-----..,_ ...... 1 

SHCLKI(WR)';'" ----------;. ______ ... ~ ... ______ ...... r___lL. ______ _'r' 
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REPEN/-------------------, 

BOOTEN/-------------------, 

1l00T.S\ll.EN/-------------~ _______________________ D_C""'II_NA_CTIVE ON 180·) 

SWAPEN/(START) ~_"-: __________ -, 

SWAPEN/(STOP) -------------'-----------.... 

TMN(FORREP~-------------------~ur--~---------------

TMB/(FOR REPS) ---------------------~ 

Figure 4. 7224·BMC Timing,Diagram 

Table 3 gives a complete 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 registers that are 
addressed indirectly by the contents of RAG. 

Table 3. Address Assignments for the 
User~Accessible Registers ' 

AO 07 06 05 04 03 02 01. DO Symbol Name of Register ReadlWrlte 

1 0 o C 1 C C C C CMDR Command Write Only 
Register 

1 ,0 o M 0 B B B B RAC Register Address Write Only 
Counter 

1 S S S S S S S S. STR Status Register Read Only 

Table 3. Address Assignments for the 
User-Accessible Registers (Cortinued) 

RAe 
AO 83 82 81 80 Symbol Name of Register ReadlWrile 

0 1 0 1 1 BLR LSB Block Length WriteOnly 
Register LSB 

0 1 1 0 0 BLR MSB Block Lenglh Write Only 
Register MSB 

0 1 1 0 1 ER Enable Register Read or~rite 
0 1 1 1 0 AR LSB Address Regisler Read or Write 

LSB 
0 1 1 1 1 AR MS'B Address Register Read or Write 

MSB. 
ci 0 0 d 0 FIFO FIFO Data Buffer Read or Write 

ssssssss:;; a·bit status information returned to the user from the.STR 
CCCCC = 5-bit command code sent 10 the CMDR by the user. 
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BBBB = 4·bit register address sent to the RAC by the user. 
B3B2B1BO= 4·bit contents of RAC at the time the user makes a read or 

write request with AO = O. 
LSB = Least Significant Byte 

MSB = Most Significant Byte 
M = Modifier (When written high will clear any pending 

interrupt from 7224 without destroying any data 
present in the FIFO and its associated latches. 
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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 will respond to com· 
mands written to the CMDR. 

To jacil!tate,such operations, theBMC automatic;l.lly 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 AO = 0) will 
be to or from the FIFO until such time as the RAC is 
loaded With a different register' address. 

REGISTER DESCRIPTIONS 

Co;nmandRegister (CMDR) 4 Bits, Write Only 
The user issues a command to the BMC by writing a 5·bit 
command code to the CMDR. 

Table 4 I,ist~ the S·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 

05 03 02 01 00 Command Name 

1 0 0 0 0 Write Bootioop Register Masked 
0 0 0 0 1 Initialize 
0 0 0 1 0 'Read Bubble Data 
0 0 0 1 1 Write Bubble Data 
0 0 1 0 0 Read Seek 
0 0 1, 0 1 ,Read Bootloop Register 
0 0 1 1 0 Write BootiooP Register 
0 0 1 1 1 Write Bootioop 
0 11 0 0 ,0 Read, FSA,Status 
0 1 0 0 1 Abort 
0 1 0 1 0 Write Seek 
0 1 0 1 1 ' ,Read Bootioop 
0 1 1 0 0 Read Corrected Data 
0 1 1 0 i, Reset FIF;O , ' 
0 1 1 1, 0 MsMPuige, , 
0, 1 1 ,1 1, Software Reset' 
1 0 0 0 1 Zero Access Read Seek 
1 0 0 1 0 Zero Access Read Bubble Data 

The most commonly used cOmmands," normalopera· 
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 

7224 

Commands relating to the bootioop, and used only for 
diagnostic purposes, are: 

Read Bootioop Register 
Write Bootloop Register 
Write ,Bootioop Register Masked 
Read Bootioop 
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 follolYs: 

STATUS REGISTER 

FIFO READY 
PARITY ERROR 

L-__ ~+ UNCORRECTABLE ERROR 
L-_____ CORRECTABLE ERROR 

L-______ + TIMING ERROR 

'--------_ OP FAIL 

'-----------. OP COMPLEtE L-__________ .... 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 th'at 'the BUSY bit has 
gone inactive with either theTIMING 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, or 
the Write Bootloop 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 last data block 
transferred. 
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UNCORRECTABLE ERROR (when = 1) indicates 
that at least one FSA has reported to the BMCthat an 
uncorrectable error has tleen detected' in the last 
data block transferred. ' 

PARITY ERROR (when = 1) ,indicates that the 
BMC's parity check circ(iitry has detected a parity' 
error on'a data'byte sent to the BMC by the user on 
ttie dat~lines Do-Os. 

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

NOTE: IF RAC #- FIFO, FIFO READY = 1 ' 

STATUS BITS 
READ WRITE 

FIFO READY BUSY 

1 1 data in' 'space in 
FIFO FIFO 

0 , 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 rthrough 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=O) to the BMC with Ao=l, 0.=0, and 0.=1 
(Modified bit) (that. is, writing the RAC with 0s= 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, Writ,e Only 
The user sets' various bits' 'of' the enable register to 
enable or disable various hinctionSiNithln the BMC or 
the FSAs. The individual bit descriptions are as follows: 

INTERRUPT ENABLE (NORMAL) 
INTERRUPT ENABLE (ERROR) 

L~===:"DMA ENABLE .' 
MAXIMUM FSA·BMC.TRANSFER RATE 

~-----_WRITE BOOTlOOP ENABLE 
'-----'--~'--_ ENABLE Reo 

L-_~'__~ _______ ENABLE lCD' 

~-----:-----. ENABLE PARITY INTERRUPT 

,In the a,bove 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 
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, ENABLE PARITY INTERRUPT eriabl~sthe BMCtQ 
interrupt the host system '(via the INT line) when 
theBMC detects"a parity error on, ,the data bus 
lines 00-07' ' 

ENAI3LE ICD enables the BMC, to, give th,e Inter- , 
, nally Correct Data command to the ,FSAswhen an 

error has been detected by the FSA's error detection 
and correction circuitry. Ea.ch FSA responds to such 
a command by internally cycling the data through its 
error correcti,on network. When, finished, 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 INTERFiUPT ENABLE (ERROR). 

ENABLE RCD enables the BMC to give the Read, , 
Corrected Data command to the FSAs when an error 

" "1 
has been detected. This causes each FSA to correct 
the error (if possible) and also to transfer the correc­
ted data to theBMC:The Read Corrected Data com" 

, 'mand is als,() 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 sentto 
the user. The value of ENABLERCD 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;" "IJ enables the BMC to' 
op.!lrate in DMA data vansfe(m'ode,using the DRQ' 
and DACK signals in i,nteraction 'with a, DMA con­
troller. When equal to zero; DMAENABLE sets up 
the controller to support interrupt driven or polled' 
data transfer. 

INTERRUPT'ENABLE(ERROR) selects error c,ondi-" 
tions under which the BMC stops commandexe· 
cution and interrupts the tiost processor'(vla the 
INT line). INTERRUPT ENABLE (ERFlOR) operates 
In conjunction with ENABLE ICDand ENABLE 
RCD. 
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Intenupt 
Enable Enable Enable 

ICD RCD (ERROR) Intenupt Action 

0 0 1 Interrupt on TE only 
0 1 0 Interrupt on UCE orTE 
0 1 1 Interrupt on UCE, CE, orTE 
1 0 0 Interrupt on UCE or TE 
1 0 1 Interrupt on UCE, CE, orTE 
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 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 ~ead or 
write command. The bit configuration is as follows: 

BLOCK LENGTH REGISTER MSB BLOCK LENGTH REGISTER LSB 

17161514131211101 1716 15141 31211101 
--~-- x 
NUMBER OF FSA 
CHANNELS (NFC) 

NUMBER OF PAGES TO BE TRANSFERREQ 

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 ADDRESS REGISTER LSB 

X MBM SELECT --::ST:-:-A::RT::':IN-:-:G:-:A~D::':DR::E:::SSC-:W::I::TH::IN::-E::-:A~C:-:-H -:-:M::BM~-

Within each MBM there are 8192 possible starting ad­
dress locations for a data read or write operation, hence 
the requirement for 13 biis 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 

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

(7,6,!;) 0000 0001 0010 0100 1000 

000 0 0,1 0,1,2,3 o to 7 otoi 
001 1 2,3 4,5,6,7 
010 2 4,5 
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 

0 0 0 1 2 64 byte 64K OOOO-FFFF 25K bytes/sec 

0 0 1 0 4 128 byte 32K 0000-7FFF 50K bytes/sec 

0 1 0 0 8 256 byte 16K 0000-3FFF 100K bytes/sec 

1 0 0 0 16 512 byte 8K 000O~1FFF 200K bytes/sec 
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FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or 
Write 

The BMC FIFO is a 40-0yte ouffer 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 functionsasa data 
buffer. When the BMC is not busy, the FIFO is available 
to the user as a general purpose FIFO. 

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

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

During a read operation, data flows as fOllows: The 
data from the MBM is input to the Formatter/Sense 
Amplifier (FSA). Data from each channel (A channel or B 
channel) of the MBM goes to the corresponding channel 
of the FSA. In the FSA, the data is paired up with the cor­
responding bit in the FSA's bootloopregister to deter-

mine whether i.t 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 theFSA FIFO, data is sent to the bubble memory 
controller (BMC) .in the form ofa serial bit stream, via a 
one-line. Oidirectional data bus (010). The data is multi, 
plexed onto the 010 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 
channel FIFO on theDiO line; One clock cycle later, a 
data bit from the B Channel FIFO is placed on the blo 
line. The BMC continues to output SYNC pulses, once' 
every 20 or 80 clock cycles, each time receiving two data 
bits!in return. . , 

In the BMC, the data undergoes serial-to-parallel 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 communicatioris 'between the host rnicroprocessor, 
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 
the software interfacing requirements are described. 

Table 7. Detailed Command Descriptions 
'" 

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 prope'rly 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 (SlR) 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 MBMsto be accessed and the starting address for the write 
operation is specified in the address register (AR). The block length register (BlR) specifies 
the number of system pages to be written. All the parametric registeri:i'must be properly set up 
before issuing the Write Bubble Data command. 

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

Abort' 

MBM Purge 

Read Corrected Data 

S'oftware Reset 

Read FSA Status 

Read Bootloop 
Register 

Write Bootloop 
Register Masked 

Read Bootloop 

Write Bootloop 

Zero Access Read 
Bubble Data 

Zero Access Read 
Seek 

7224 

. Table 7. Detailed Command Descriptions (Continued) 

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. TheWrite Seek command may be used to 
reduce latency (access time) in cases where information is available for the user to predict the 
location of an impending write reference to the MBMs. 

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 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, 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 a·bit status register of all FSAs, 
and to store this information in the BMC FIFO, The Read FSA Status command is independent 
all paral11etric registers. 

The Read Bootloop Register command causes the BMC to reacl the bootloop register of ttie 
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 qf logic 1s and masks out the remaining 1 s 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 se,lected MBM, 
and to store the ,decoded bootloop information in the BMCFIFO. The Initialize command uses 
this command as a subroutin,e. 

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 Os). Encoding of the bootloop data 
is done by theBMC 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. 

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· 
Iy the time required to read the datafrom the 7244(S). The values written into the parametric 
registers prior to the i,ssuance 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 

7224 

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 tobe easily adapted to the BMC timing 
requirements. 

User Data Transfer Rate Requirements 
The maximum data rate for the user interface is a func­
tionof 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, interrupt­
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 FIFQ 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 support an interrupt-driven system an Intel 8259 Pro­
grammable Interrupt Controller is often used. 

The polled data transfer mode relies almost exclusively 
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 f<;>r 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 INTERFACE REQUIREMENTS 
To use the BMC, the user has to write a "bubble memory 
software driver". 

The bubble driver is responsible for all the system 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, th,e bubble driver must 
support the, bit/l:;lyte 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 maysimply be called from the main program. ' 

At the highest leyel 'of 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 Org,anization 
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 
established, under software control when the bubble 
system is initializ~d. 
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For single bubble system, the page size is fixed at 64 
bytes with error correction. The' total number of pages 
avaliable 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 mem'ory controller., 

'Buffering 

The bubble memory controller includes a FIFO data buf­
fer that, although only 40 bytes,long, reconciles timing 

: difference.s between the parallel data transfer to or from 
the host microprocessor and the serial data transfer to 
or from th,e. 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 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 appiication. ' 
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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 (I/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 
s,uch as starting page location, direction of transfer, and 
the number of pages to be transferred is passed to the 
BMCbefore the desired read or write operation is 
initiated. 

The general procedure for communicating with theBMC 
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 determine if command 
is accepted_ . , 

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

Read the status register until BMC is hot busy (or 
under some conditions "INT" pin). 

Examine the status register to determine whether 
the operation was successful., 

For all details and exceptions to this general description 
consult the BPK 75 User's Manual. (Available 1st Quarter 
1984). 
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ABSOLUTE MAXIMUM RATINGS 
Temperature under bias .............. - 40 to + 100·C 
Storage Temperature ............. - 65·C to + 150·C 
All Input or Output Voltages and 
Vee Supply Voltage ..................... -0.5V to 7V 

D.C. CHARACTERISTICS 
(TA = Ot070·C, Vee = 5.0V +5%, ...,10%) 

Symbol , Parameter 

V1l Input low Voltage 

V1H(1) ~nput High Voltage (all but PWR.FAll) 

V1H(2) InputHigh Voltage (PWR.FAll) 

VOl(1) Output low Voltage 
(All outputs except DET.ON, BUS.RD, 
SHIFT.ClK, and SYNC 

VOL(2) 
Output low Voltage 
DET.ON, BUS.RD, SHIFT.ClK, SYNC· 

VOH Output High Voltage 

liN Input leakage Current 

iOFli Output Float leakage 

Icc Power Supply Current from Vcc 

A.C. CHARACTERISTICS 

·NOTlCE: Stresses above those listed under "Absolute Max· 
Imum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
In the operational sections of this specification Is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Min. Max. Unit . Test Condition 

0.8 V 

2.0 Vec+ 0.5V V 

2.5 Vcc+ 0.5V V 

.45. V I.Ol = 3:2 mA 

.45 V 10l = 1.6 mAc , .. . . 
2.4 V 10H'" 400ILA 

10 ILA 0,:;V1N ,:;Vce .', 

10 ILA 0.45.:; VOUT .:; Vee 

200 mA 

(TA = 0 to 70·C, VCC = 5.0V + 5%, -10%; Cl = 150pF; unless otherwise noted.) .0' 
Symbol Parameter Min. Max. Unit Test Condition 

tp Clock Period 499.5 500.5 ns 

t~ Clock Phase Width (High Time) .45 tp .55 tp 

tR·tF Input Signal Rise and Fall Time 30 ns' '. 

FSA INTERFACE TIMINGS (under pin loading) 

Symbol Parameter Min. Max. Unit . Test Condition 

tCDV ClK to 010 Valid Delay 200 ns Under Pin loads· 

tCDF ClK to 010 Entering Float 250 ns Under Pin loads· 

tCDE ClK to 010 Enabled from Float 200 ns Under Pin loads· 

tCDH ClK to 010 Hold Time 0 ns Under Pin loads· 

tCSOl ClK to SYNC leading Edge Delay 200 ns Under Pin loads· 

tCSOT ClK to SYNC Trailing Edge Delay 150 ns UnderPin loads· 

toc 010 Setup Time to Clock 150 ns Under Pin loads· 

tOHC 010 Hold Time from Clock 0 ns Under Pin loads· 

tCOl ClK to Output leading Edge 200 ns Under Pin loads· 

tCOT ClK to Output Trailing Edge 200 ns Under Pin loads· 

tEW ERR. FlG Pulse Width 200 ns Under Pin loads· 

tSCFT SHIFTCL.:K to Y - Trailing Edge 80 200 ns Under Pin loads· 
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A.C. CHARACTERISTICS (Continued) (TA = 0 to 70·C,Vcc = 5.0 + 5%, -10%; Cl = 150 pF; 
READ CYCLE (HOST INTERFACE) . unless otherwise noted.) 

Symbol Parameter 

tAC Select Setup to RD! 

tCA Select Hold from RDi 

tRR RD Pulse Width 

tAO Data Delay from Address 

tRO Data Delay from RD! 

tOF Output Float Delay 

toe DACK Setup to RDr 

teo DACK Hold from RD i 

tKO Data Delay from DACK! 

teyeR '"Read'" Cycle Time 

WRITE CYCLE (HOST INTERFACE) 

Symbol Parameter 

tAe Select Setup to WR! 

teA Select Hold from WRj 

tww WRPulseWidth 

tow Data Setup to WRi 

two Data Hold from WRj 

toe DACK Setup to WR! 

teo DACK Hold from WR j 

teyew '"Write" CycleTime 

tea 
Request Hold from RD or WR 
(Non-Burst Mode) 

tOEAOW Inactive Time between WRt and WRI 

tOEAOR Inactive Time between ROt and RDI 

7250·7234 INTERFACE TIMINGS 

Symbol Parameter 

teBL ClK to Bubble Signal leading Edge 

teBT ClK to Bubble Signal Trailing Edge 

'Bubble Pin Loads Shown Below 
PIN LOADINGS 

Pin Names 

X+, X-, Y+, Y-

TM.A, TM.B, REP.EN, BOOT.EN, 
SWAP.EN, BOOT.SW.EN, e/D, 
ERR.FlG, WAIT, SYNC, 010 

DET.ON & SHIFT.elK 

BUS.READ 

Value Unit 

150 pF 

100 pF 

10 pF 

Min. Max. ·Unlt Test Condition 

0 ns 

0 ns 

200 ns 

200 ns 

200 ns 

10 100 ns 

0 ns 

0 ns 

200 ns 

(DMA Mode) In non DMA mode. 
4tp ns tCYCR Min. = 6tp 

Min; Max. Unit Test Condition 

0 ns 

0 ns 

200 ns 

200 ns 

0 ns 

0 ns 

0 ns 

4t" 

200 ns 

4tp ns 

150 

Min. Max. Unit Test Condition 

275 ns Under Pin Loads' 

275 ns Under Pin Loads' 
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WAVEFORMS 

READ (HOST INTERFACE) 

DACK --""""\. lL"""----+-~---...,..-------_ 

cs ----+ ....... 1I'--++---------+~ _--"""" ,.--t--
~--...,..--+~ ~--++---------+~ ~ __ -J ~ __ ;-__ _ 

if!) 

DATA BUS c 
I-----·DEADR---~ 

WRITE (HOST INTERFACE) 

t----'--------"',i.-~-------., 

DACK---~~----+-~-----------~r-_....... ,.--t--

CS ----"'JI...,.._-++--...,..------.,-+...,..-"!iI. ,------"" ,----1--
~----J ~--Hr---------_+~ ~...,.._--- .'---~---

WIi 

DATA BUS 

J---__ -"--.DW----~t--

DMA (HOST INTERFACE) 

DRO 

1m ORWIi--------'. 

6·312 



WAVEFORMS (Continued) 

7244 INTERFACE TIMINGS 

7250 & 7234 INTERFACE TIMINGS 

eLK 

BUBBLE SIG. 
7250 & 7230 

7224 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 

NOTES: 

1. All packages drawings not to scale. 

2. All packages seating plane defined by .0415 to .0430 PCB holes. 
3. Type P packages only. Package length does not include end flash burr. Burr is .005 nominal, can be .010 max. at one end. 

4. All package drawings end view dimensions are to outside of leads. 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 
16-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

18-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

20-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 
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PACKAGING INFORMATION All dImensIOns In Inches and (millImeters) 

PLA~)TIC DUAL IN-LINE PACKAGE TYPE P 
28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

40-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

CERAMIC DUAL IN·LlNE PACKAGE TYPE D 
16-LEAD HERMETIC DUAL IN-LINE 

C·79(){20.0661.~ 
.750 {19.050} PACKAGE TYPE D 

.210(5.080) 
MAX. 

PIN 1 ----- I 
.310 (7.874) 

.265 (6.731) 

~~~"'I---1 (8128) 
320 

.700 REF. I~ .050(1.270) t -:aoo J 
(17.780) MI\)( (7620) 

'-~~i=F~ .~~;;;:::;;~a---;---T 16514 1911 

"SE;;;:A",TI",NG,,--_+-_,,( ~135561 -M' .L 
PLANE 10 

.125(3.175) (~1~5!~P - 'l REF 

MIN L ~~~. j 

7·2 

.032 TYP. 
(0.8131 

(10.160) 
NOTE 4, 



inter F'A~KAGI~G INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LINE PACKAGE TYPE D 
24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

40-L~AD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

SEATING 
PLANE 

.200 (5.01) 
MAX. 

1---- ~:!:: :~!::::: 

o .090 (2.286) 

j. .010 [(lSJo48) J 
.----- t~.~~l (1;.go40) 

~~n~~L~tJ .185 (4.699) --. 

lo20 MINJ4O(3·~!2~r ~. fa-
. 12513.1751,_--,,-~, 

MIN. .110 12.7941~ 
. 09012.286) 

(.50B) ··11 . 'i1Y REF . 

-11-.02010.50BI L .700 J 
.032 TYP. .016 (0,406) MAX . 

10.B131 (17.780) 

1.485 137.719) 1---· 1.435 ~3:491- .-:1 
--1 

.600 (15.2401 

.515 113.0811 

NOTE 4. 

-..l ~~~..jJ.1 (15.748) 

.200 (S.OB) '·(~Jigr . __ .085,£,59) r ::g 1 
MAX:' .. ('5.240) 

'.Iffi=r;=r;=r;. -- -.=·_=-=r··"FF"H"lNfl-.--O:" .. '7S(4.44S) l' :: l' . 
~~ ~ ~~~~ _ .. ', 

PLANE t 020 MIN ,OlD TVP. : ;0-

.12513.1751 L -- .• i :-.060 TVP. Ii . .10.508). 10.2541 I .700 -., REF. 
MIN. . ~ 11.5241 I ~ __ II ..... 020 (0.508) 1_ MAX. --...J 

.032 TVP .01610.4061 (17.780) .110 12.7941 
. 090 i2.2861 10.8131 NOTE 4 . 

~ 1.485137.7191 

1 _____ 1.435136.4491 

o .600 (15.240J 
.515113.081) 

I .OB~~~5B) ('5.748) 

:-----;:===::..,1 _ Mo;~ [ ::g J . 10.2.41 (' S.240) 

:~nrn~~~'] ._'85_(3_.558_) ~--=1 .,40 (4.669) 
----.-: .010 TVP. f ,.L L .'f.~\N. 102541 '--i R~~. 

.032 TVP. 
(0.8131 

-I1-.~1050BI L 700 J 
016(04061 MAX 

.225 (S.715) 
MAX. 

C ·2.aBO 152.8321~ 
2:030 (5,.5621 

. PIN 1 --- f 
.600 (15.240) 

.515 113.0811 

.~~""'~ 
L.OB~~S9) 

.11012.7941 

. 090 12.286) 
.032 TVP 

10.813) 
.016 (0.406) 

7·3 

. 010 TVP. 
(0.2541 

(17.780) 
NOTE 4. 

! .700 I! 
I-- MAX . ...J 

(,7.780) 
NOTE 4 . 

..L , . 
REF. 



PACKAGING INFORMATION All dimensions in Inches and (mililmeiers) 

CERAMIC DUAL IN·LINE PACKAGE TYPE D 
18-LEAD HERMETIC DUAL IN-LINE' .920 (23.0001 

C_·:0~~3~21 ~ 
I 

PACKAGE TYPE D 

20-LEA~ HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

.210(5.080) 
MAX. 

.31017.8741 

.265 (6.731) 

~~"""""~ (8.128) 

(20.320) MAX (7.820) 
.800 REF. I-- .070 (l.n. 8) t ~ j 

t~-IrI;;;r;;:;r;:;r;.; :;~f1flj1J,='ll==It :~:~:;~:~: n 3 . SEATING :.:1 
'.~ "'PLC;A"'N"E'--+--V -r.. 010 TYP..... .........: '10 

L .OI~~3~~~· fO 254) I ' , REF • 
• 12513.1751 J IL " 

MIN. I" _ .02010.508) L M~. -I 

SEATING 
PLANE 

.060 TYP. .032 TYP. .016 (O.406) (10.160) 
.11012.7941 fl.S24) (0.S131 NOTE 4 • 
. ~o, (2.2~61 

. 210(5.080) 
MAX. 

.990(25.146) ~ r- :950(24.1301 

1 __ .:..-_ . PIN 1 
i"='-'="'=----- I 

• . .310 (7.874) 

:26516.7311 

1--W.'070 l&nB) 't' (~~) j . 
M. " ,'(7.820) "'. 

:=rJr~w[:i==II ,,~14.191l ' .. =1- .'4013.556)ti :: ~ 3 

-r;,SMIN .. Oll)yV~.~·" ,"":-..l~ 10 
10.381) (0.254). : 400 '!' REF • 

_11_ .020 10.508) '1-- MAX. -I 
. 125 (3.175) 

~ . MIN. 

. 110(2.7941 
.032 TVP. .01.10.406) (10.160) 

10.813) NOTE 4 . 

C 1.095127.8131 ~ 
. . 1.060 (26.924) 

. PIN 1 . b' ----- -~~I.)·' 
;. . .370 (9.398) 

---- ~ , (10.668) 

.21~15.080) ... 1.000 REF. _1_·O6O~24) . t .:: j 
MAX. W (25.400) '. '(10.160) 

-- - --- .180 (4.572) " ., 

SEATING ====~ 1.16013.810). ~~=~:::::=~~ 
PLANE ~ --- L:5MIN. ':~~~~~f .• ~ ~~Rt 

.125 (3.175) I .060 TVP (0.3811 I,' ... 500 -I' 
MIN. r (1.524) .032 TVP. ~ MAX . 

. 110 (2.794) (0.813) (12.700) 

.090 (2.286) NOTE 4. 

1.285 132.6391 . 
. ~ 1.235 131.369) -----J . 
1_ ___ . _ ~~I 
i"""'="=-~- - -1 

.200~06) 

7·4 

.600 (15.240) 

.515 (13.081) 

(15.746)' 
.~ 

r(15~(" 
--;----{- .175(4.445) 1'- .. :: .... l· 
~ .140(3.556) _.. '" 3 

lO2OMIN .010 TVP. ":. ro 
II . (.506) 10.254), .700 -. REF. 

-- ...... 020 (0.508) _ MAX. ---.J 
.01. 10.406) (17.780) 

NOTE 4. 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN-LINE PACKAGE TYPE C 
24-LEAD HERMETIC DUAL IN-LINE 1.215 (30.861} -----...J 

~ 1.185/30.0991 n, ••• 1 PIN 1 MARK PACKAGE TYPE C l_~__ PINl 
. -=- I 

. ::F:~J70 (LillJ [::;~~: J 
..... ~~~~- = - .030 (0.762) 

.210 (5.334) 1.100 REF. I ! 
110(2.794) (27.940) - .100(2.540) ±-. .075(1.905) 

SEATING 

T L .060 (1.524) 10.254) + ''-:~ REF Ln~ LC"= ~="=~~~p:::~~~~:OTYP· Eit2 ~ 1~ 
PLANE 

.0SO/.04OlYP. II .025(.635) ! .665 ': 
(1.270)/(1.016) __ .~ 10.558) i- MAX. -I 

.015 (0.381) (16.89)' 

. 090 12.286) NOTE 4 . 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

1415(35941) ~ C 1355135179) 

PIN 1 JJPlN1MARK 

CERAMIC LEAD LESS CHIP CARRIERS 
18-LEAD CERAMIC LEAD LESS 
PACKAGE TYPE F 

210 (5 334) 

~ 

.110 (2.7941 

,090(2.2861 

CERAMIC FLAT PACK PACKAGE TYPE CF 

18-LEAD HERMETIC FLAT PACK 
PACKAGE TYPE CF 

7-5 

-=- t 
605(15367) (15748) 
585 14859) ~--: 

070 (LillJ 590 I 

- = - I..:I 000 (1 762) r(14986) I' 

'll'.:::i~ ,.,,-
080 (2 032) i 

C"_ = - lSO (3 810) 

--- 090(2286)' [)' ~ L 060 (1524) 010 TY. -. Eit2 .. To" 
___ (0254) +: I, ~~ REF 

040(1016) I II 
OSO/ 040 lYP. i 665 ' 

(1 270)/(1 016) _I~ ~ 10 5581 I-- MAX --I 
015 (O381) (1689) 

NOTE 4. 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE C 
16-LEAD CERAMIC DUAL IN-LINE 
PACKAGE TYPE C 

18-LEAD HERMETIC DUAL IN~LlNE 
PACKAGE TYPE C 

810 (2Q 574) r-- 790 (2Q (66) ------j 
1_ _ _ _ PIN,I 

[I~~: " ~~ [;;I:] 
.165(4.191) .--- ·(17.780)' --- ,- 030 (0762) .. 100(2.540) 

.110(2.794) .075(1.905) 

•• ~:=:;:='=== .115(2.921) M 
SEATING ,_-----'L----' .085 (2.159) , Cf 

=.;PL"'A';;;NEc=-----t--) L J l .~ .05011·270) .010 TVP. ~: # TcF 
.050 TVP. JI .025 (0.5081 10.2541, ': REF. 

(1.270) ..... 022 (0.558) L .325 I 
.032 TVP. .01510.3811 (~~:5)---I 

:~ :~:;:: la.B13) NOTE 4 . 

. 910 (23.114) 

1 .890 (22.606) ~ 
PIN 1 MARK 

PIN 1 11---
[

--- .280(7.1121 (8.128) 

. I . [~:-..... ~_iiF- ~ - ----'. (7.366) ---=~ ~.~~ .095(2.413) .. 
I .075 (1.905) 

=== ===t~:115(2.921) M 
--- ~~~. . ~ 

"iiS'iiii-"---i~-)( I J L ~ .050 (1.270) .010 TVP. '..: TcF L .050 TVP. J .025 (0.635) 10.2541: ': REF. 
(1.2701 .~ (0.5581 L .325 I 

.015(0.381) MAX.--I 
.11012.794) .032 TVP, (8.255) 
.090 (2.286) 10.813) NOTE 4. 

CERAMIC DUAL IN·LlNE PACKAGE TYPE C 
20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

.165 (4:191) 

.110(2.794) 

1.010 (25.654) 

~ Jj9cJ(25.146) ------j 
I. __ PIN 11 

PIN 1 MARK 

..".~~~ _ ~ _ ----'. (7366) 

900 REF L .QZQ (Lill) 

[
=== I ~(~:)J 

(22B60~ 030 (0762) 100(2.540) 
==.! 075 (1.905) 

•• ~:=:;:='====== ~----=r 115(2921) Eta 
--- 085(2159) ~ 

~~--t--)( l J L ~ 050 (1 270) 010 TVP. '..: TcF 
050 TVP J 025 (0 635) (02541: ': REF. 

(1 2701 ~~~:~ ~::: L J~~ --I 
:~~~ :~:;::: O(~~8~~j ~~~~5l. 

7·6 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC LEAD LESS CHIP CARRIER 

20-LEADLESS HERMETIC CHIP CARRIER 
JEDEC PACKAGE TYPE F 

28-LEAD CERAMIC LEAD LESS 
PACKAGE TYPE C 

32-LEAD CERAMIC LEAD LESS 
PACKAGE TYPE E 

32-LEAD CERAMIC LEAD LESS 
PACKAGE TYPE E . 

7-7 



BUBBLE LEAD-LESS PACKAGE AND SOCKET 

lQ.92;!;O.13 

430 ± 005 

457 J ," 
180 

, 
1 

M~ , 
N N' ro,M 

. , 

43.18 ± 0.56 

1.700± 022 

+ 0.38 
37.59 - 0 13 

1.480+ ,015 
- .005 

7-8 

., 

2.54 
~r1' 100 

i ,,- J 
--~ 

2: 

-
~' 

f.o. 

2.79 
c-

,11 

~ 

~-
N 

f 
1 

I 356 ., ... 
140 

POLARIZATION KEY 

i 
0 IV 0 
~ ~ 
0 - 0 

PIN' - N ., '" 
V I ..... 

PIN 1 ,1 
IDENTIFICATION 

5.08 .. ... 
200 



BUBBLE LEAD-LESS PACKAGE AND SOCKET 

BUBBLE SOCKET #7905 

(----
--~ 
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1MBIT LEADED BUBBLE MEMORY PACKAGE 

TOP VIEW END VIEW 

/+-----1· .. -----·1 

SIDE ViEW 

/1--' __ "35 __ '~ I.015RAD'+US 

'~t13~ ;::'-::========= SEATING PLANE 
- .135 

141_-----1.5110--__ -+-0.111..-.015 

P.C. BOARD SPACE REQUIREMENTS 

.200 DIA.(4J1) 
FAR SIDE OF p.e. BOARD 
KEEP CLEAR OF TRACES 

7-10 

,.094 ± .003 DIA. (4xl 
NON PLATED HOLE 



4MBIT BUBBLE MEMORY PACKAGE 

END VIEW 

IDENTIFICATION LABEL 

TOP VIEW 

-t - .-=-=-==-=-=-=-=-==-=-=-=-=-==---, 
L 
r 

"-"1"'." 

----------------
-----------------

1.. ;-'''" t 
0060B--'_ 
T + too, 

SIDE VIEW 

(20X) DETAIL A 

~ I- "I 

L"J=-=-=--=-=--=-=--=-=--=-=··~T.---'---t -SEAT'NG"'N' 

I.. -:!,'-.015(20):) t 

P.C. BOARD SPACE REQUIREMENTS 

7-11 

.031 ~ .003 OIA 120X) 
PLATED THRU HOLE 



PACKAGING,INFORMATION All dimensions in inches and (millimeters) 

7264 (PART OF 4MBIT BUBBLE MEMORY SYSTEM) 

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

,020 (0.51) .080 (2.04) 
.055 (1.39) ~-;:-::-=:-J~ lli (2.92) 

L t t r--I ---j---,-------,)~~" -'r----'--
CIA 0.161 (4.08) 

0.139 (3.54) .250 

.500 (12.70) 

.580 -(14.73) 

(6.35) 

3 .046 (1.15) 

!--+-u:::::=====!2 ~===-i"Tnl 
.045 (1.15) , 

T0220 

7·12 ' 



OPTICAL INSPECTION: 
CONTAMINATION 
PARTICAL COUNT 
CRITICAL DIMEIjSIONS 

WAFERSDRT 
DC, AC, FUNCTIONAL 

OPTICAL INSPECTION: 
SORT DEFECTS 

SCRIBE AND BREAK 

EXPRESS PRODUCT FAMILY 

EXPRESS PRODUCT MANUFACTURING FLOWS 

HERMETICITY 
QAMONITOR 

TEMPERATURE CYCLE 
QAMONITOR 

MOLD 

SOLDER DIP 0 
QAMONITOR 

o DEFLASH, 
TRIM, 
FORM 
QAMONITOR 

o QA MONITOR 

PLASTIC 

PRECAP VISUAL 
LOT ACCEPTANCE 

WIRE BOND 
QA MONITOR 
LOT ACCEPTANC~ 

DIE ATTACH 
QA MONITOR 
LOT ACCEPTANCE 

7-13 

OUTGOING 
ACCEPTANCE 

BURN IN FLOW: 
168~8 HRS,@ 12S-·C 
DYNAMIC 
(N/A FOR T PRODUCTS) 

LEGEND 

o MANUFACTURING 

o TEST OPERATION 

o QUALITY ASSURANCE 

o LOT ACCEPTANCE 



QUALITY ASSURANCE OPERATIONS 

PROCESS TECHNOLOGY 

, Reliability: Generate Design Rules 
Generate Test Pattern 
Process Qualification 
Stress Testing 
Failure Mode Analysis 

PACKAGE TECHNOLOGY 

Reliability: Process Qualification 
MaterialsTest Methods 
Materials Characterization 

WAFER FABRICAT 

Quality: Incorning Inspection 
. High Magnification \ 

PRODUCT DESIGN 
Reliability: Process Qualificatio 

Process Control, Me 
Analytical Test Labo: 

Quality: Parameter Limits, Testability 
Test Program Control 
Target Specification 

PRODUCT VALIDATION/QUALIFICATION 

Design Engineering: 
Design Engineering: 
Applications Engineering: 
Quality/Reliability: 

7·14 

Design Verification 
Perforrnance Verification 
Systern Verification 
Qualification 



:es 
II Gate 

rValidation 
'Y 

Quality: Incoming Inspection Gates 
High/l.,ow Magnification Visual Gates 

Assembly Q.A. Acceptance 

External Visual 
Fine/Gross Leak® 
Centrifuge 
Acoustic (PIND) 
MarK Permanency 

Open/Short Test 
Bond Pull 
Die Shear 
X-Ray 
Internal Visual 

Reliability: Process Qualification 
Assembly Monitor Program 

ASSEMBLY MONITOR PROGRAM TEST AND FINISH 

External Visual 
Fine/Gross Leak® 
Lid Torque 
Temp/Humidity®. 
Moisture Resistance® 

Quality: Final Q.A. Acceptance 

Electrical Test Sample 
Soiderabiiity 
Mark Permanency 

Physical Dimensions 
External Visual 
Conformance to Sales Order 

Internal Visual 
Temperature Cycle 
Thermal Shock 
Steam 

Reliability: Reliability Monitor Program 

48 Hr, 125°C Dynamic Burn-In 
1000 Hr, 125°C Dynamic Lifetest 

NOTES: 

® Hermetic packages, only. 

®. Plastic packages, only. 

PLANT CLEARANCE 

Quality: External Visual 
Sales Order Requirements 



Enclosed is my check for $ payable to INTEL CORPORATION. 

Please enroll me in the following workshop(s): 
"", . 

Workshop(s) Date(s) -'-______ --,-__ 

Confirmation number(s): ____ _ 

Name: ___________ Tel. No. __________ _ 

I Please put correct mailing address on reverse:side. 
, D Please keep me on your mailing list. I ' D Please remove my name from your mailing list. 

I 

BOSTON AREA 
Intel Customer Training 
27 Industrial Ave. ' 
Chelmsford, MA 01824 
(617) 256"1~74 ",' 

WASHINGTON D.C. AREA 
Intel Customer Training 
7833 Walker Dr., 5th FI. 
Greenbelt, MD 20170 
(301) 474-2878 

CANADA 
Intel Custon1er'Tr'aining 
190 Atwell Drive 
Toronto, Ontario M9W 6H8 
(416) 494-6831 

Registration 

CHICAGO AREA 
Intel Customer Training 
Gould Center, East T()wer 
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-~800 

,'."' 

LOS ANGELES 
Intel Customer Training 
Kilroy Airport Center 
2250 Imperial Highway 
EI Segundo,CA 90245 
(415) 940-7800 

, , ..... 

To enroll, call theapptopriate Intel Training Center between the hours of 8:30-12 and 1-4:30 and 
ask for Customer:Training. Since enrollment is limited, registration 4-:8 weeks in advance is . 
recommended:' ' , ' 

Confirmation No: ___________ ~-
Your confirmation number, issued upon registration, guarantees your enrollment. 

Payinent: 
Check' or money order payable to Intel Corporation is due before workshop begins. To ensure proper 
credit, please include your enrollment confirmation 'number with your payment and send to the 
appropriate training Cente"r.' . " " 

--Workshop Hours: Workshops begin at 8:30 a.m. and end at,approximately 5:00 p.m. 

The best training you can get your hands on. 

,7-16 



Intel Workshop Schedule 1984 

iAPX 86, 88, 186 
Part I P. 8 

iAPX 86, 88, 186 
Part II P. 9 

iAPX 286 Microprocessors 
P.10 

Other Areas 

De Denver 
M Minneapolis 
N New York 

Canada 

Cg Calgary 
0 Ottawa 
T Toronto 

Call 

312-981-7250 
312-981-7250 
301-474-2878 

Call 

416-494-6831 
416-494-6831 
416-494-6831 

7-17 

Area USA Training Center 

B BOllon 27 Induslrial Ave., 
Chelmsford, MA 01824 

C Chicago 2550 Golf Rd., Suite 815, 
Rolling Meadows, IL 60008 

0 Dallas 12300 Ford Rd., Suite 380, 
Dallas, TX 75234 

L Los Angele. 2250 Imperial Hwy., 
EI Segundo, CA 90245 

S San Francisco 1350 Shorebird Way, 
Mt. View, CA 94043 

W Washington, DC 7833 Walker Drive, 5th FI .. 
Greenbelt, MD 20770 

Telephone 

617-256-1374 

312-981-7250 

214-241-8087 

415-940-7800 

415-940-7800 

301-474-2878 



Workshop Tuition 

"Ethernet is a trademark of Xerox Corp.; Ada is a Registered Trademark of the Ada Joint Program Office-US Government; XENIX is a trademark of 
Microsoft Corp. 

7-18 



inter 

ALABAMA 
Intel Corp. 
303 Williams Avenue, S.W. 
Suite 1422 
Huntsville 35801 
Tel: (205) 533-9353 

ARIZONA 

Intel Corp. 
11225 N. 28th Drive 
Suite 2140 
Phoenix 85029 
Tel: (602) 869·4980 

CAUFORNIA 

Inlel Corp. 
1010 Hur1ey Way 
Suile 300 
Sacramenta 95825 
Tel: (916) 9294078 

Intel Corp. 
~~ft~ pir'rttln!ty Road 
r7~~) DJ~~35~2dl1 
Intel Corp.-
2000 East 4th Street 
Suite 100 
Santa Ana 92705 

~: (7Ji6_5~1:1~~2 
Intel Corp,-
1350 Shorebird Way 
MI. View 94043 

~: (4J~6_3~~~9~~~6 
910-338-0255 

Intel Corp,-
5530 Corbin Avenue 
Suite 120 
Tarzana 91356 

~: (2Jf6.41~~~~3 
COLORADO 

Intel Corp. 
4445 Northpark Drive 
Suite 100 
Colorado Springs 80907 
Tel: (303) 594-6622 

Inlel Corp.-
650 S. Cherry Street 
SuUe 720 
Denver 80222 
Tel: (303) 321·8086 
TWX: 910-931-2289 

CONNECTICUT 

Intel Corp. 
36 Padanaram Road 
Danbury 06810 

~: (2~lJ...~~:11i:6 
EMC Corp. 
393 Center Street 

~~~li(rg3? g6~91 
FLORIDA 

~~~. ~\e: 6200 Street 
Suite 104 
FI. Lauderdale 33309 
Tel: (305) 771-()600 
lWX: 510·956·9407 

~nJ~ ~~altland 
Suile 205 
Mailland 32751 
Tel: (305) 628·2393 
lWX: 810-853·9219 

OiEORGIA 

Inlel Corp. 
3300 Holcombe Bridge Road 
Suite 225 
Norcross 30092 
Tel: (404) 449-0541 

DOMESTIC SALES OFFICES 

IWNOIS 

Inlel Corp." 
2550 Golf Road 
Suile 815 
Rolling Meadows 6000B 

~:(3~f6.6~~~5~2B~ 
INDIANA 

Inlel Corp. 
9100 Purdue Road 
Suite 400 
Indianapolis 46268 
Tel: (317) 875-0623 

IOWA 

Inlel Corp. 

~J30Ans;~~nd~:~i"8rive N.E. 
Cedar Rapids 52402 
Tel: (319) 393·5510 

U ..... 

Intel Corp. 
8400 W. l10th Street 
Suite 170 
OVerland Park 66210 
Tel: (913) 642-8080 

LOUISIANA 

Industrial Digital Systems Corp. 
2332 Severn Avenue 
Suile 202 
MetairIe 70001 ' 
Tel: (504) 831-8492 

MARYlAND 

Intel Corp."' 

~~~:ra~d'16 Drive 

~:{3~,~1s~~~~ 
Inlel Corp. 
1620 Elton Road 

¥~7:e\3gr,rl"231~~~3 
MASSACHUSETrS 

Inlel Corp." 
27 Industrial Avenue 
Chelmsford 01824 

~:(6ii6_3~~: 

~~5C E~T·Street 
Newton 02164 
Tel: (617) 244-4740 
TWX: 922531 ' 

MICHIGAN 

~J%lo?NP~westerri.' Hwy, 
Suite 401 
Southfield 48075 

~: (3Jr6_2~~4~~0 
MtHNESOTA 
Intel Corp. 
3500 W, 80th Street 
Suite 360 

~7~~r:~~Ns~2 
MISSOURI 
Intel Corp. 
4203 Earth City Expressway 

~;: g' 63045 
Tel: (31,tr 291-1990 

NEW JERSEY 

::r!ta~~~ III 
Raritan Center 
EdisOfl 08837 

~:(2~N}-4~~~~~ 

NEW IIEXICO 

Inlel Corp. 
1120 Juan Tebo N.E. 

~M~~ue 29~:J~~ 
NEW YORK 
Inlel Corp." 
300 Vanderbilt MOlar Parkway 
Hauppau~e 11788 
Tel: (516 231-3300 
lWX: 51 -227·6236 

Intel Corp. 

~ug~~~~on12~~t 
Tel: (914J 473·2303 
TWX: 510-248-0060 

Intel Corp." 
211 White Spruce Boulevard 
Rochesler 14623 

~:(7Jf6_2~~~7W~0 
T.S~uared . 

~:acu~di~~~~oad 
~: (3ir6.~~~~~2 

j3~~ua~~SIOrd 
VlcIor Road 
VICtor 14564 

~: (7Jf~29~~~Od 
NORTH CAROLINA 

Intel Corp, 
2306 W. Meadowview Road 
Suite 206 
Greensboro 27407 
Tel: (919) 294·1541 

OHIO 

Inlel Corp." 
6500 Poe Avenue 
Dayton 45414 

~:{5JrL~~~~~~O 

~~~8'~Ee;nard Bldg., 'No. 300 

. ~~~la~hag~r22BOUlevard 

~:(2Jf6-4~~~9~~W 
OKLAHOMA 

Inlel Corp. 
4157 S. Harvard Avenue 
Suite 123 
Tulsa 74135 
Tel: (918) 749-8688 

OREGON 
Inlel Corp 
10700 S.W. Beaverton 
~~:a~2 Highway 

Beaverton 97005 

~:(58,3J..t~~B~~~6 
PENNSYLVANIA 
Intel Corp.-
510 Pennsylvania Avenue 
Fort Washmgton 19034 

~:(2Jr6_:,~~m? 
Intel Corp," 
201 Penn Center Boulevard 
Suile 301W 

f~~b~U:p~ 152~31970 
Q.E.D. Electronics 
300 N. York Road 
Halboro 19040 
Tel: (215) 674-9600 

1EXAS 

Inlel CorP,-
12300 Ford Road 
Suite 380 
Daltas 75234 

~/2J16-8ib'.tgN 
Inlel Corp.-
7322 S.w, Freeway 
Suite 1490 
Houston 77074 

~: (7Jr6-8~~~~g~6 
Industrial Dlgllal Systems Corp. 
5925 Sovereign 
Suite 101 
Houston 77036 
Tel: (713)988-9421 

~~~I €,°'Xnderson Lane 
Suile 314 
Auslfn 78752 
Tel: (512) 454-3628 

UTAH 
Intel Corp. 
268 West 400 South 
SaH Lake City 84101 
Tel: (801) 533-8086 

VIRGINIA 
Inlel Corp, 
1603 Santa Rosa Road 
Suite 109 
RIchmond 23288 
Tel: (B04) 282-5668 

WASHINGTON 
Intel Corp. 
110 1101h Avenue N.E. 
Suite 510 
Bellevue 9B004 

~:(28fJ4~~~~~6 
WISCONSIN 

Intel Corp. 
450 N. Sunnyslope Road 
Suile 130 
Brookfield 53005 
Tel:, (414) 784-9060 

CANADA 
ONTARIO 

Intel Semiconductor of Canada, Ltd. 
39 Hwy, 7, -Belt Mews 
Nepean K2H 8R2 
Tel: (613) 829-9714 
TELEX: 053-4115 

Inlel Semiconductor 01 Canada, Ltd, 
50 Galaxy Boulevard 
Suite 12 
Rexdale M9W 4Y5 
Tel: (416) 675-2105 
TELEX: 06983574 

Intel Semiconductor 01' Canada, Ltd. 
201 Consumers Road 
Sulle 200 
Wittowdale M2J 4GB 
Tel: (416) 494-6831 
TELEX: 4946831 

QUEBEC 

Inlel Semiconductor of Canada, Lid. 
3860 Cote Vertu Road 
Suile 210 
SI. Laurent H4R 1V4 
Tel: (514) 334-0560 
TELEX: 05-824172 

·Fleld Application Location 



ALAlIA"" 
tArrow Electronics, Inc. 
3611 Memorial Parkway So. 
Huntsville 35405 
Tel: (205) 882·2730 

tHamiiton! Avnel Electronics 
4812 Commercial Drive NW. 
Huntsville 35805 
Tel: (205) 637-7210 
TWX: 810-726-2162 

tPioneer/Huntsvil1e 
1207 Putnam Drive NW. 
Huntsvme 35805 
Tel: (205) 837·9300 
TWX: 810-726-2197 

ARIZONA 

tHamillorl/Avnet Electronics 
505 S. Madison Drive 
Tempe 85281 
Tel: (602) 231-5140 
TWX: 910-950-0077 

~~e N~iS%l~~~~~roup 
Phoenix 85021 
Tel: (602) 249-2232 
TWX: 910·951-4282 

CALIFORNIA 

tArrow Electronics, Inc. 
19748 Dearborn Street 
Chatsworth 91311 

~:(2J~6}9~~J~ 
tHamiiton/Avnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel: (714) 754-6051 
TWX: 910-595-1928 

tHamiiton/Avnet Electronics 
19515 So. Vermont Avenue 
Torrance 90502 

~:(2J~~3~1i.:2~ 
tHamilton/Avnel Electronics 
1175 Bordeaux Drive 
Sunnyvale 94086 
Tel: (40B) 743-3300 
TWX: 910-339-9332 

tHamiiton/Avnet Electronics 
4545 V~rldge Avenue 
San Diego 92123 

~:(7Jn_5S:5~i~ig 
tHamihon/Avnet Electronics 
~~~r ~ity w~~nton Boulevard 

~:(2JiU~~~~ 
tHamilton Avnet/Electronlcs 
21050 Erwin Street 
Woodland Hills 91367 

~:(2JiL~:2~~ 
tHamilton Electro Sales 
3170 PLJllman Street 
Costa Mesa 92626 

~: (7Jn_5~~iJsog 
tHamillon/Avnet Electronics 
4103 Northgate Boulevard 
Sacramento 95834 
Tel: (91S) 920-3150 

KlerulN Electronics, Inc. 

~~ ~ smgare Road 

iWx:(~f~3=~2 
Kierutff Electronics, Inc. 
14101 Franktin Avenue 
Tustin 92680 

~; (7Jf6_5~~~~l~J 

tWyIe Distribution Group 
124 Maryland Street 

~:(Hti:%~~~ or 7111 

DOMESTIC DISTRIBUTORS 

CALIFORNIA (Cont'd) 

tWyle Distribution Group 
9525' Chesapeake Drive 
San Die90 92123 
Tel: (714),565-9171 
l'iVX: 910-335-1590 

t~6e =i~ut~~n~~oup 
Santa Clara 95051 
Tel: (408) 727-2500 
TWX: 910-338-0296 

tWyle Distribution Group 
17872 Cowan Avenue 
Irvine 92714 
Tel: (714) 641-1600 
l'iVX: 910·595-1572 

COLORADO 
tWyle Distribution Group 
451 E. 124th Avenue 
Thornton 80241 
Tel: (303) 457-9953 
l'NX: 910-936-0770 

tHamiiton/Avnet Electronics 
8765 E, Orchard Road 
Suite 708 
Englewood 80tl1 

fWx:{3~13~9j~~Oj~V 
COHNEcnCUT 

tArrow Electronics,' Inc. 
12 Bellumont Road 

~tlli{~~;r 2~-~~41· 
l'iVX: 710-476-0162 

tHamltton/Avnet Electronics 
Commerce Industrial Park 
Commerce, Drive 
Danbu1b 06810 

~:{27rJ.41r~~~0 
tHarvey' Electronics 
112 Main Street 
Norwalk 06851 

~: (2~fJ_4~~~31~~ 
FLORIDA 

tArrow Electronics, Inc: 
1001 N.w. 62nd Street 
Suite 108 
Ft. Lauderdale 33309 
Tel: (305) 776-7790 
l'iVX: 510-955-9456 

tArrow Electronics, Inc. 
50 Woodlake Drive W. 
Bldg. B 
Palm Bay 32905 

~: (3gf~9~~s1~~0 
tHamiiton/Avnet Electronics 

~Ola~d'Zrd~I;1h 3~O~· 
Tel: (305) ,971·2900 
TWX: 510-956-3097 

tPioneer/Alta Monte Springs 
221 N. Lake Blvd. 
Suite 412 ' 

~:~glt~~~~!o 32701 

tPioneer/F1. Lauderdale 
1500 62nd Street N.W. 
Suite 506 
FI. Lauderdale 33309 
Tel: (305) 771-7520 
TWX: 510-955-9653 

GEORGIA 

t Arrow Electronics, Inc 
2979 Pacific Drive 
Norcross 30071 
Te!: (404) 449-8252 
TWX: .810-766-0439 

tHamiiton/Avnet Electronics 
5825 D. Peachtree Comers 
Norcross 30092 
Tel: (404) 447-7500 
TWX: 810·766..0432 

tPioneer/Georgia 
58358 Peachtree Comers E 
Norcross 30092 
Norcross 30092 
Tel: (404) 448-1711 
TWX: 810-766-4515 

IWHOIS 

tArro..y Electronics, Inc. 

~~~u~b~~~on~~~5 Street 
Tel: (312) 397-3440 
TWX: 910-291·3544 

tHamillon/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (312) 86Q.-7780 
l'iVX: 910·227-0060 

INDIANA 

tArrow Electronics, Inc. 
2718 Rand, Road 
Indianapolis 46241 

Wh?: ~i~5~n119 
tHamiiton/Avnet Electronics 
485 Gradle Drive 
Carmel 46032 

~: (3~i6'2~~3~~~3 
tPioneer/lndiana 
6408 Castleplace Drive 
Indianapolis 46250 

~:(3~i6_2~~;~~~0 
KAN .... 

tHamilton/Avnet Electronics 
9219 Qulvera Road' 
Overland Park 66215 
Tel: (913) 888·8900 
l'iVX: 910-743-0005 

MARYLAND 

tHamiiton/Avnet Elo;ctronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel: (301) 995-3500 
TWX: 710-862-1861 

t~o~~ I~g~~~~~rivc:rporation 
r~:th(£~~)r~4~~fIloTWX' 710-828-9702 

MASSACHUSETTS 

tArrow Elec.tronics,. Inc. 
t Arrow Drive 
Woburn 01801 

~:(6ji6_3~~~~t;g 
tHamilton/Avnet Electronics 
50 Tower Office Park 
Woburn 01601 . 
Tel: (617).935-9700 
TWX: 710-393-0382 

tHarvey/Boston 
44 Hartwell Avenue 
Lexington, 02173 
Tel: (617) 863-1200· 
TWX: 710-32,6-6617 

MlCHIGAN 

tArrow Electronics" InC. 

i~~O A~:ity48~~ve 
Tel: (313) 971-8220 
TWX: 810-223-6020 

tPioneer/Michigan 
13485 Stamford 
livonia ,48150 
Tel: (313) 525·1800 
TWX: 810-242-3271 

tHamillon/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48'50 

~: (3Ji6_2~~~-V7~0 , 

tHamilton/Avnet Electronics 
2215 29th Street S.E. 
Space A5 
Grand Rapids 49508 
Tel: (616) 243-8805 
TWX: 810-273-6921 

MINNESOTA 

tArrow ElectroniCS, Inc; 
5230 W. 73rd Street 
Edina 55435 

~: (6Jf6_5~~311~~0 
tHamiiton/ Avnet Electronics 
10300 Bren Road East 
Minnetonka 55343 
Tel: (612) 932.Q600 
TWX: (910) 576-2720 

tPioneer!Twin Cities 
t0203 'Bren Road East 
Minnetonka 55343 

~: (6Jf6.5~~~~~4 
MISSOUFd 

tArrow Electronics: Inc. 
2380 Schuetz 
S1. louis 63141 

~:(3J:6_7~~~ri8~~8 
tHamiltonfAvnet Electronics 
13743 . Shoreline Court 
Earth C~' 63045 , 
Tel: (314 344·1200 
TWX: 91 -762-0684 

NEW HAMPSHIRE 

tArrow Electronics, Inc. 
t Perimeter Road 
Manchester 03103 
Tel: (603) 668-6968 
TWX; 7tQ.-220-1684 

NEW JERSEY 

tArrow' Electronics. Inc 
Pleasant Valley AVenue 
Moorestown 08057 
Tel: (215) 928:1800 
TWX: 710·897-0829 

tArrow Electronics, Inc. 
2 Industria! Road 
Fairfield 07006 
Tel: (201) 575-5300 
l'iVX: 710·998-2206 

tHamiMon/Avnet Electronics 
1 Keystone Avenue 
Bldg. 36 .' 

~~r760~;" 4~Bf>.8{10 
TWX: 710-940-0262 

tHamilton/Avnet Electronics 
10 Industrial 
Fairfield 07006 
Tel: (201) 575-3390 
TWX: 710-734-438B 

tHarvey Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201) 575-3510 
TWX; 710-734-4382 

tMTI Systems Sales 
383 Route 46 W 
Fairffeld 07006 
Tel: (201) 227·5552 

NEW MEXICO 

tAliiance Electronics Inc 
11030 Cochiti S.E. 
Albuquerque 87123 
Tel: (505).292-3360 
TWX: 910-989·1151 

tHamillon/Av~et Electronics 
2524 Baylor. Drive, S.E 
AlbUQuerque 8710S 
Tel: (505) 765·1500 
TWX: 910~989-0614 

NEW YORK 

tArrow Electronics, Inc 
900 Broad Hollow Road 
Farmingdale 11735 
Tel: (516) 694-6800 
TWX: 51<!-224~126 

tArrow Electronics, Inc 
3000 South Winton Road 
Rochester 14623 

~:(7J~6.is73~4~~~0 
t Arrow Electronics, Inc. 
7705 Maltage DriVe 
Liverpoot 13088 

~:(3~~6_~~tgfg 
tArrow Electronics, Inc. 
20 Oser Avenue 
Hauppauge 11788 
Tel: (516) 231-1000 
TWX: 510-227-6623 

tMicrocomputer System Technical Demonstrator Centers 



NEW YORK (Cont'd) 

tHamillon/Avnel Electronics 
333 Metro Park 
Rochester 14623 

~:(7J~~2~~~~1Jg 
tHamlilon/Avnal Electronics 
16 Corporate CIrcle 
E. Syracuse 13057 

~:(3if~5~~:1~rol 
tHamlllon/Avnel Electronics 
5 Hub Drive 
Melville, lO~ Island 11747 

~:(5Jf6_2~4.6~~O 

~~J.~EI=ICS 
Binghamton 13902 

~:(sglJ_21~~~11 
tHarvey Electronics 
60 Crossway Park Wesl 
WoodbU~' Long Island 11197 
Tel: (516 921-8700 
TWX: 51 ·221·2184 

tHarvey/Rochester 
840 Fairport Park 
Fairport 14450 

~:(7J~~2~~~i~10 

t~Ha~~e~rksa~~ve 

~:~Vi~~~OSO 
NORTH CAROLINA 

tArrow Electronics, Inc. 
938 Burke Street 
Winston-Salem 27101 

~:(9J~~9~~~3~~1 

E~m'~ltia1ori!~cto,oo~cs 
~~9J~~9~~~~19 
tPioneer/CaroUna 
103 Industrial Avenue 
Greensboro 27406 

~:(9J~6_9~~~t:l 
OHIO 

fArrow Electronics, Inc. 
7620 McEwen Road 
Centerville 45459 

~: (5Jr~4~1~1~if3 
tArrow Electronics, Inc. 
6238 Cochran Road 
Solon 44139 

~:(2JfL~~~9~1: 
tHar.:illon/Avnet Electronics 
954 Senate Drive 
Dayton 45459 

twx: (5J~6-4~~2~~0 
tHamilton/Avnet Elec1ronics 
4588 Emery Industrial Parkway 

fer(~~6~1e83~~~~ 44128 
TWX: 810-427·9452 

DOMESTIC DISTRIBUTORS 

OHIO (Cont'd) 

tPlaneer/Daytan 
4433 Interpolnt Boulevard 

~:ro(~,~541ts.9900 
ryc<: 810-459·1622 

tPloneer/Cleveland 
4800 E. 131st Street 
Cleveland 44105 
Tel (21E) 587-3600 
TWX: 810·422·2211 

OKLAHOMA 

tArrow Electronics, Inc. 
4719 S. Memorial Drive 
Tulsa 74145 
Tel: (918) 665-7700 

OREGON 

tAlmac Electronics Corporalioo 
8022 S.W. Nimbus, Bldg. 7 
Beavarton 97005 
Tel: (503) 641·9070 
TWX: 910-467·8743 

tHamUton/Avnel Electronics 
6024 S.W. Jean Road 
Bldg. C, Suite 10 

~:(~m.:n~~~~4 
PENNSYLVANIA 

tArrow Electronics, Inc. 
650 Seco Road 
Monroeville 15146 
Tel: (412) 856-7000 

l~~n~:;:ttsg~~h 

!:(41n.~i~3~~go 
'1~~o~~2t~~W~d Valley 
Horsham 19044 

~:(2Jrur~f;W~0 
TEXAS 

tArrow Electronics, Inc. 
13715 Gama Road 
Dallas 75234 

~: (2~~6.8~~~~~0fl 
tArrow Electronics, Inc. 
10899 Klnghurst 
Suite 100 
Houslon 77099 

~:(7J~U~~~~~0 
tArrow Electronics, Inc. 10125 
Metropolitan 
Austin 78758 
Tel: (512) 835-4100 
TWX: 910-874·1348 

tHamilton/Avnet ElectroniCS 
2401 Rulland 
AClstin 78757 

~:(5Jr~8~~~~~~' 
tHamiiton/Avnel Electronics 
2111 W. Walnut Hill lane 
Irving 75062 

~:(2J~6.8~~10Jl 

TEXAS (Cont'd) 

tHamillon/Avnel ElectroniCS 
8750 West Park 
Hosuton 77063 

~:(7J~6_:a~~51i~' 
tPioneer/Austin 
9901 Burnet Road 
Austin 78758 
Tel: (512) 835-4000' 
TWX: 910-874·1323 

tPioneer/Dal!as 
13710 Omega Road 
Dallas 75234 
Tel: (214) 386-7300 
TWX: 910·850·5563 

tPioneer/Houslon 
5853 Paint West Drive 
Houston 77036 

~; (7Jr6~~~i~5~5 
UTAH 

tHamllton/Avnet Electronics 
1585 West 2100 South 

!:(~~3.9~~~~~~9 
Wyle Distribution Group 
1959 South 4130 West, Unit B 
Salt lake City 84104 
Tel: (801) 974·9953 

WASHINQTOI~ 

tAlmac Electronics Corporation 
14360 S.E. Eastgate Way 
Bellevue 98007 

tvix: (2~'~-4~!:2~~~2 
tArrow Electronics, Inc. 
14320 N.E. 21st Slreet 
Bellevue 98007 
Tel: (206) 643-4800 
TWX: 910-444·2017 

tHamiiton/Avnet Electronics 
14212 N.E. 21st Street 
Bellevue 98005 
Tel: (206) 453·5874 
TWX: 910·443·2469 

WISCONSIN 

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

~:(4J~~2~~1mO 
tHamillon/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel: (414) 784·4510 
TWX: 910-262·1182 

CANADA 
ALBERTA 

tHamltton/Avnel Electronics 
2816 21st Street N.E. 

~:II:gatl0312~3~~3~86 
TWX: 03-827·642 

tLA Varah, ltd. 
4742 14th Street N.E. 

¥:II:ga{.r031~~0.fg5 
TWX: 038-258·97 

ALBERTA (ConI'eI) 

Zentronics 

~60 ~~th Avenue N.E. 

~:i:gW0312~7t"621 
BRITISH COWMBIA 

lA Varah, ltd. 
2077 Alberta Street 
Vancouver V5Y lC4 

~X: (sg,~.9~~~ig~1 
Zentronics 

~~~h~~~~ e~~g~~rt Road 
Tel: (604) 273·5575 
TWX: 04·5077-89 

MANITOBA 

L.A. Varah, ltd. 

~i~~i~;9 K~~R Eg"N~rd Street 
Tel: (204) 633·6t90 
TWX: 07·55·365 

Zentronlcs 
590 Berry Streel 

~rnlr2~~) A.j~5.~6S6~ 
ONTARIO 

Hamilton/Avnet Electronics 
E845 Rexwoad Road 
Units G & H 
Mississauga L4V IAl 
Tel: (416) 677-7432 
TWX: 610-492·8867 

Hamilton/Avnet Electrooics 
210 Colonnade Road South 
Nepean K2E 7L5 
Tel: (613) 226-1700 
TWX: 05-349·71 

lA Varah, ltd. 
505 Kenora Avenue 
Hamilton L8E 3P2 
Tel: (416) 561·9311 
TWX: 061-8349 

Zenl10mcs 
8 Tilbury Court 
Brampton lET 3T4 
Tel: (416) 451·9600 
TWX: 06·976·78 

Zentronics 
564/10 Weber Street North 
Waterloo N2l 5C6 
Tel: (519) 884·5700 

Zentronics 
5~0 Berry Street 
Winnipeg R3H OSt 
Tel: (204) 775-8661 

QUEBEC 

Hamilton/Avnet EleclrOlllcs 
2670 Sabourin Street 
51. laurent H4S 1M2 

~:(5J~6-4~~~3~i3 
Zentronics 
505 locke Street 
51. laurent H4T lX7 
Tel: (514) 735·5361 
TWX: 05-827·535 

tMlcracomputer System Technical Demonstrator Centers 



inter 

IELGI ... 

Intel Corporalion S.A. 

~ :uerr,Ou6n 8 Pepier 51 
Boi .. , 
8-1160 Brussels 

ateF~'407 11 
DEMIIARK 

FINLAND 
Intel Finland OY 
Hameenlie 103 
SF • 00550 Helsinki 55 
Tel: 0/716 955 
TELEX: 123 332 

FRANCE 

EUROPEAN SALES OFFICES 

FlWfCE (Cont'd) 

Intel Corporation. S.A:R.l. 
Immeuble BBC 
4 Quai des Etrolls 
69005 lyon 
Tel: (7) 842 40 89 
TELEX: 305153 

WEST GERIIA~V. 

Intel Semiconductor GmbH­
Seldlslrasse 27 
0-8000 Muenchen 2 
Tel: (89)" 53891 ' 
18..E'(: 05-23177 INil D 

Inlel Semiconductor GmbH­
Mainzer StrafSe 75 
0-6200 Wlesbaden 1 
Tel: (6121) 70 08 74 
TELEX: 04186183 INTW 0 

Intel Semiconductor GmbH 
Brueckslrasse 61 
7012 Fellbach 
West Germany 

~~te¥'V2~2~ I~¥S ~ 
InlBl Semlconduclor GmbH­
Hohenzollem Strasse 5-
3000 Hannover 1 

~td:~'~2~:254~N~~ [? 

Intel Semiconductor GmbH 
Qber·Ratherstrasse 2 

~~~11rufs"'~rf 5:° ~ 
TELEX: OS·58977 INTl 0 

ISRAEL 

Intel SemiconduClor lId,­
P.O. Box 1659 
Haifa 
Tel: 4/524' 
TELEX: 4fi511 

ITALY 

NETHERLANDS 
Inlel Semiconductor Nederland B.V.-

~::~We~gUi~~ng 
3068 Rotterdam 
Tel: (10) 21 23 77 
TELEX: ~2283 

NORWAY 

~I, ~:V'W2 Al8 
Hvamvelen 4 
N-2G13 

~:r&) 742 420 
TELEX: 18018 

.WEDEN 

Intel Sweden A.B,· 
Box 20092 
Archlmednvagen.5 
8-1612G Bromma 
Tel: (OS) 98 53 85 
'TELEX: 12261 

.WlTZERlAND 

Intel 8emlconduclor A.G.' 
Forchstrasse 9S 
CH 8032 Zurich 

+~(J~1)57~ 41CH02 CH 

IlNITED KINGDOOI 

'Field ApPlication Location 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 

AUStRIA 

BELGIUM 

DENMARK 

Scandinavian Semiconductor I 

Supply AlS 

FlNLUID 

~=~2:BA 
8F-00210 
Helsinki 21 
Tel: (G) 692 60 22 
TELEX: 124 224 Ftron SF 

FirANCE 

Metrologie 
La Tour d' Asnleres 
1, Avenue laurent Cery 
92606-Asnleres 
Tel: (1) 791 44 44 
TEl8C: 611-448 

FRANCE (ConI'd) 

35 

WEST GERIIANY 

Proelectron Vertrlebs GmbH 
Max Planck Sirasse 1-3 
6072 Dreielch bel Frankfurt 
Tel: (6103) 33564 
TELEX: 417983 

....... ND ' 

~~:g:~ket~ce . Park 

~~m:t':X 
Tel: (1) 85 62 88 
TELEX: 31584 

IlRAEL 

ITALY 

ITALY (Cont'd) 

Inlesl 
Milanfiori Pal. E/5 

. 20090 Assago 
Milano 
Tel: . (02) 82470 
TELEX: 311351 

NETHERLANDS 

Koning & Hartman 

~~;' ~220'·· 
2544 EN's Gravenhage 
~[~~ ~i~8210.101 

NORWAY 
Nordisk 8ektronfc (Norge) AlB 
Postomce Box 122 

f3~~:d4 
Tel: (2) 786 210 
TELEX: 77546 

POII1UGAL 
0_ 

SPAIN 

Interface SA 
Ronda San Pedro 22,3 
Barcelona 10 

+Wx: (3~,~~ 78 51 

m SESA 
Miguel Angel 23-3 
Madrid 10 
Tel: (1) 419 54 00 
TELEX: 27707 

SWEDEN 

AB Gosta Backstrom 
Box 12009 
Aistroemergatan 22 
S-10221 Siockhofm 12 
Tel: (8) 541 080 
TELEX: 10135 

SWEDEf:I (Confd) 

UNITED KJHQDOII 

m7l1d. 
London Road 
Earley, Reading' 
Berkshire· . 
Tel: (0734) 61031 . 
TELEX: 848215 

cOmway Mlcrosysie'",s i Ltd, 
Market Street • , 
UK-Sreeknell, Serkllhlre 

~~~~ Jm6155333 
Jermyn Industries 
Vestry ESlate 
Sevenoaks. Kent 
Tel: (G732) 450144 
TELEX: 95142 

M.E.D.L 
East Lane Road 

~=e::m~ 7PP 
Tel: (01) 904 93 07 
TELEX: 28817 

Rapid Recall, Ltd. 
Rapid House/Denmark St 
Hlgh~ 
~:I~s(0497f'a~ . ~fr 2ER 
TELEX: 837931 

YUGOSUYlA 

Enterprises 

95150 



inter 
AUSTRALIA 

Intel Semiconductor Pty. Ltd. 

~ggctp!~ifi~U~?~~~ay 
level 6 
Crows Nesl, NSW, 2089 
Australia 
Tel: 011-61-2-436-2744 
TELEX: 790-20097 
FAX: 011-61-2-923-2632 

INTERNATIONAL SALES OFFICES 

HONG KONG 

Intel Semiconductor ltd. 
13/F Hong Kong Trade Centre 
161_167 Des Voeux Road Central 
Tel: 011·852-5-450-885 
TELEX: 63869 .ISlHKHX 

JAPAN 

Intel Japan KK 
5-6 Tokodai. Toyosato-machi 

t:lk~b2~~~9:8~~~raki.ken 300·26 
TELEX: 03656-160 

JAPAN (Cont'd) 

Intel Japan K.K.· 
2-1-15 Naka-machl 
Atsugi, Kanagawa 243 
Tel: 0462-23-3511 

Intel Japa~ KKo 

~~~;~, ~gc~a-~~~ 
Tel: 0424-88-3151 

Intel Japan KK.· 
2-.69 Han-cha 

~~,~a~ll~22~~Ta 360 

JAPAN (Cont'd) 

Intel Japan K.K.· 
2-4-1 TerauChi 

+ ~r:o~~~g63~~~a 560 

Intel Japan K.K. 
1-5-1 Marul'IOuchi 
Chiyoda·ku, Tokyo 100 
Tet: 03·201·3621/3681 

\~1ej_9Ja~~mKa~ti~ 
f:l~gJ1.~'~M:2IglkYO 154 

"Field Application Location 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

VLC S.R.l. 
Sarmiento 1630, 1 Piso 
1042 Buenos Aires 
Tel: 35-1201/9242 
TELEX: Public Booth 9900 or 9901 

Mailing Address 
Soimex International Corporation 
15 Park Row, Room #1730 
New York, New York 10038 

~:!, ci~!;~5~riones 
AUSTRAUA 

Total Electronics 
9 Harker SITeel 
Burwood 
Victoria 3125 
Tel: 61 1 288-4044 
TELEX: AA 31261 

Mailing Address 
Private Bag 250 
Burwood, Victoria 3125 
Australia 

Total Electronics 
#1 Johnstone Lane 
Lane Cove, N.S.w. 2066 
TELEX: 26297 

BRAZIL 

Icotron SA 
05110 Av. Mulinga 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 Computer Machines 
Carrera 7 No, ,72-34 
Apdo. ,Aereo 19403 
Bogota 1 
Tel: 211·7282 
TELEX: 45716 ICM CO 

HONG KONG 

Schrnidt & Co. 'ltd. 
Wing on Centre, 28th Floor 
111 Connaught Road Central 
Tel: 5 8521 222 
TELEX: 74766 SCHtylC HX 

INDIA 

Micronic Devices 
104/109C, Nirmal Industrial Estate 
Sion (El 
Bombay 400022 
Tel: 486-170 
TELEX: 011-71447 MDEV IN 

JAPAN 

Asahl Electronics Co. ltd. 
KMM Bldg. Room 407 
2·14-1 Asano, Kokura 
Kita-Ku, Kitakyushu City 802 
Tel: (093) 511-6471 
TELEX: AECKY 7126-16 

JAPAN ICOnI'd) 

HamUton-Avnet Electronics Japan ltd. 
t~o and YOU Bldg." 1-4 Horidome-

Nihonbashi Chuo·Ku, Tokyo t03 
Tel: (03) 662-9911 
TELEX: 2523774 

Ryoyo Electric Corp. 
Konwa Bldg. 
1-12-22, Tsukiji 
Chuo-Ku, Tokyo 104 
Tel: (03) 543·7711/541-7311 

Tokyo Electron ltd. 
Shin Juku, Nomura Bldg. 
26-2 Nishi-Shin Juku-Ichome 
Shin Juku-Ku, Tokyo 160 
Tel. (03) 343-4411 
TELEX: 232-2220 LABTEL J 

KOREA 

Karam Digital 
2nd Floor, Government Pension Bldg. 
1-589, Yoida-Dong 
Youngdungpa-Ku 
Seoul 150 
Tel: 782-8039 or 8049 
TELEX: KODIGIT K25 299 

NEW ZEALAND 

McLean Information Technology ltd. 
459 Kyber Pass Road, Newmarket, 
P.O. Box 9464, Newmarket 
Auckland 1, New Zealand 
Tei: 501-801, 501-219, 587-037 
TELEX: NZ21570 THERMAL 

SINGAPORE 

General Engineers Corporation Ply, 
Ltd. 

~to~,g~ ~~~a~ult~O~rOrey Complex 
Singapore 0511 
Tel: 011-65-271-3163 
TELEX: RS23987 GENERCO 

SOUTH AfRICA 

Electronic Building Elements, Ply. Ltd. 
P.O. Box 4609 
Hazelwood, Pretoria 0001 
Tel: 011-27-12-46-9221 or 9227 
TELEX.: 3·0181 SA 

TAIWAN 
Taiwan Automation Corp." 
3rd Floor # 75, SecUon 4 
Nanking East Road 
Taipei 
Tel: 771-0940 or 0941 
TELEX.: 11942 TAIAUTO-

YUGOSLAVIA 

H. R. Microelectronics Enterprises 
P,O. Box 5604 
San Jose, California 95150 
Tel: (408) 978-8000 
TELEX.: 278-559 

"Field Application Location 



CAUFORNIA 

Intel Corp. 
1350 SlKIrebird Way 
Mt. View 94043 

~:(~f~3~~)~ 
910-338-0255 

Intel Corp: 
2000 E. 4th Slreet 
Suite 110 
Santa Ana 92705 

~:(7ri~6.5~~2~~~7 
Intel Corp. 
7670 Opportunity Road 

~:I~ 8~~~ 2~~~~63 
Intel Corp. 
5530 N. Corbin Avenue 
Suite 120 
Tarzana 91356 
Tel: (213) 708·0333 

COLORADO 
I Inlel Corp. 

650 South Cherry 
Suite 720 
Denver 80222 
Tel: (303) 321-8086 
TWX: 910-931·2289 

CONNECTICUT 

Intel Corp. 
36 Padanaram Road 

~~~bm3r':~~_8366 
FLORIDA 

~~gb ~~~: 62nd Street 
Suite 104 
Ft. Lauderdale 33309 

~: (3~,5~9~~~~~0 

~~~ ~ai1land Avenue 
Suite 205 
Maitland 32751 

~: (3~,5J.s~~~~~~3 
Intel Corp. 
5151 Adanson Streel 
Orlando 32804 
Tel: (305) 628·2393 

U.S. SERVICE OFFICES 

GEORGIA 

~~~ ~:combe BrIdge Aoad 
Suite 225 
Norcross 30092 
Tel: (404) 441·1171 

• WHOIS 

Intel Corp. 
2550 Golf Road 
Suite 815 

~?J~~~\~1~~~OOO8 
.... BAS 

Intel Corp. 
8400 W. 110th Street 
Suite 170 
Overland Park 66210 
Tel: (913) 642-8080 

MARYLAND 

Intel Corp. 7257 Parkway Drive 
Hanover 21076 

~: (3~"6_8~~~~~~0 
MASSACHUSETTS 

Intel Corp. 
27 Industrial Avenue 
Chelmsford 01824 

~:(6ji6.3~~~Wf30 
MICHIGAN 

~"JE'sbo Cor/cirthwestern Highway 
Suite 401 
Southfield 48075 

~:(3Jr~2~~4~S:50 
MINNESOTA 

lmel Corp. . 
7401 Metro Boulevard 
Suite 355 
Edina 55435 

~:(6Ji~_5~~~W62l 
MISSOURI 

Intel Corp. 
4203 Earth City Expressway 
Suite 143 

f:rh(31~~ ~~~'5 ' 

NEW JERSEY 

Intel Corp. 

~851~n C~~n~7632 
~: (2~,'6.~~~-g~~0 
NEW YORK 

Intel Corp. 
2255 Lyell Avenue 
Rochester 14606 
Tel: (716) 254-6120 

NORTH CAROLINA 

Intel Corp . 
5600 Executive Drive 
Suite 113 
Charlotte 28212 
Tel: (704) 568-B966 

Intel Corp. 
2306 W. Meadowview Aoad 
Sulta 206 
Greensboro 27407 
Tel: (919) 294-1541 

OHIO 

Inlel Corp. 
6500 Poe Avenue 
Dayton 45414 

~:(8J'f~4~~2~15 
OKLAHOMA 

Intel Corp. 
4157 S. HaMrd 
Suite 123 
Tulsa 74101 
Tel: (918) 744-8068 

OREOOH 

Intel Corp. 
10700 S.W. Beaverton-Hillsdale 

~~~W~2 
Beavel10n 97005 

~:(5~,sJ..t~~~~~6 

PENNSYLVANIA 

Intel Corp. 
500· Pennsytvanla Avenue 
Fort Washington 19034 

~:(2J~6_~~2~~ 
Intel Corp . 
201 Penn Cen!er Boulevard 
Suite 301 W 

~:~b(;p~) 15li.i540 

TEXAS 

~n,!~1 ~Tnderson Lane 
Suite 314 
Aus!!n 78752 
Tel: (512)454-3628 
TWX: 910-874~1347 

Inlel Corp. 
12300 Ford Road 
Suite 380 
Dallas 75234 

~:(2Jt~B~:,~7 

m'~ ~~ Freeway 
Houston 77074 

~: (7Jf6.s~~~2~gg8 
VIRGINIA 

Intel Corp .. 
7700 Leesburg Pike 
Suile 412 
Falls Church 22043 

~: (7~'~_91~~~~g7 
WASHINGTON 
Intel Corp. I 

110 l10th Avenue N.E. 
Suite 510 
Bellevue 98004 
Tel: 1·800-536-0662 
TWX: 910-443-3002 

WISCONSIN 

~~gl ~rCUnnySlope Road 
Suite 148 
Brookfield 53005 
Tel: (414) 184·9060 




