




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7220·1 

HARDWARE DESCRIPTION 
The 7220-1 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 PinNo. 1/0 Source/Destination Description 

Vee 40 I + 5 VOC Supply 

GNO 20 I Ground 

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

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

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

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

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

RO 5 I Host Bus A low on this pin enables the BMC output data to 
be transferred to the host data bus (Oo·Os). 

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

OACK 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 set. CS should not be 
active during OMA transfers except to read status. 
If DMA is not used, OACK requires an external 
pullup toVcc (5.1K ohm). 

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

00.07 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 �~�n�d� WR strobes. Do shall be the lSB. 

Os 19 I/O Host Bus Parity bit. 
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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 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 low output utilized to create time 
division multiplexing slots in a 7242 FSA chain. It 
shall also indicate the beginning of a data or 
command transfer between BMC and 7242 FSA. 

SHIFT.ClK 24 0 7242 FSA A controller generated clock that initiates data 
transfer between selected FSAs and their 
corresponding bubble memory devices. The timing 
of SHIFT.ClK shall vary depending upon whether 
data is being read or written to the bubble 
memory. 

BUS.RD 25 0 * An active low Signal that indicates that the 010 
line is in the output mode. It shall be used to 
allow off-board expansion of 7242 FSA devices. 

WAIT 26 110 * A bidirectional pin that shall be tied to the WAIT 
pin on other BMCs when operated in parallel. It 
shall indicate that an interrupt has been generated 
and that the other BMCs should halt in 
synchronization with the interrupting BMC. WAIT is 
an open collector active low signal. Requires an 
external pullup resistor toVee (5.1K ohm). 

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

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

CID 29 0 7242 FSA A high on this line indicates that the BMC is 
beginning an FSA command sequence. A Iowan 
this line indicates that the BMC is beginning a 
data transmit or receive sequence. 

BOOT.SW.EN 30 0 7230 CPG An active low signal which may be used for 
enabling the BOOT.SWAP of the 7230 CPG. 

SWAP.EN 31 0 7230 CPG An active low Signal used to create the swap 
function in external circuits. 

BOOT. EN 32 0 7230 CPG An active low signal enabling the bootstrap loop 
replicate function in external circuitry. 

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

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

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

Y-,Y+, 36·39 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 . 

• Not used in minimum (128K byte) system 
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FUNCTIONAL DESCRIPTION 
The 7220-1 Bubble Memory Controller provides the user 
interface to the bubble memory system. The BMC 
genera~es all memory system timing and control, 
maintains memory address information, interprets and 
executes user request for data transfers, and provides a 
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Microprocessor-Bus compatible interface for the 
magnetic bubble memory system. 

Figure 3 is a block diagram of the 7220-1 Bubble Memory 
Controller (BMC). The following paragraphs describe the 
functions of the individual functional sections of the BMC. 
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Figure 3. 7220-1 Bubble Memory Controller (BMC), Block Diagram 

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

FIFO-The FIFO consists of a 40 x 8 bit FIFO RAM for 
data storage. The FIFO block also contains input and 
output data latches, providing double data buffering, to 
Improve the RIW 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 

o BMC Sequencer. In this mode, the FIFO READY status 
bit becomes a FIFO not-empty indicator Indicating that 

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

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

(1) If the OMA enable bit in the enable register is set, 
the ORO pin, in conjunction with the OACK pin, pro­
vides a standard OMA transfer capability; I.e., it has 
the ability to handshake with an 8257 or 9517/8237 
OMA controller chip. 

(2) Itthe OMA enable bit is reset, the ORO pin acts as a 
"ready for data transfer interrupt" pin. It becomes 
active when 22 bytes may be read from or written In· 
to the BMC; it is reset when this condition no longer 
exists. 

Register File-The register file contains 7elght·bit 
registers that are accessible by the host CPU. Refer to 
the Register Section for details. 
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MBM Address logic and RAM-The MBM address logic 
consists of the block length counter, starting address 
counter, adder, and MBM Address RAM. The MBM Ad­
dress RAM is used to store the next available page ad­
dress for each of up to S 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 204S 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 equai to the pre­
sent read address. 

010 Bootloop Oecoder/Encoder- Performs parallel-to­
serial and serial-ta-parallei conversions between the 
FIFO data and the serial bit stream on the 010 line. This 
block also generates the BUS.RO signai, which indI­
cates the direction of data transfer on the 010 line (thiS 
is useful in situations which require external buffering 
on the 010 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.FAIL signal, the FiESET signal, or the 
ABORT command. The additive noise on the PWI:\.FAIL pin 
should be less than 150 mV for proper powerfail 
operation. 

FSA Select logic block contains the logiC which con­
trols the timing of the interacti'on between the BMC and 
the FSAs. The FSA selection is determined by the four 
high-order bits in the BlR and the four ./ligh-order bits in 
the AR, both set by the user. 

Bubble Signal Decoder block contains the logiC for 
creating all the MBM timing signals. The BMC to bubble 
memory interface consists of active low timing signals. 
The starting and stopping point of each signal is deter­
mined by the decoder logic. Each signal may occur 
every field rotation or only once in a number of field rota­
tions. The field rotation in vyhich 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. 
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Table 2. 7220-1 BMC 'Timing (Degrees)** 

Signal Start Wlclth End 

X+ 270· His· 37S· 

Y+ O· lOS· lOS· 

r- 90· lOS· 19S· 
Y- lS0· lOS· 2SS· 

TM.A(OOO) 270· 4· 274.5· 
TM.A (EVEN) 90· 4· 94.5· 
TM.B(OOO) 270· 90· 360· 
TM.B (EVEN) 90· 90· lS0· 

BOOT.EN 252· lOS· 360· 
REP.EN 252· lOS· 360· 

SWAP.EN lS0· 5.7· 697· 

BOOT.SW..EN: lS0· ~C' lS0· 

SHIFTClK (RO) lS6.75· 99· 2S5.75· 

SHIFTCLK (WR) 72· 2SS· 360· 

'Slays low for 4118 field rolallon penods when wriling Ihe MBM 
Boolloop, 

"AII phases relalive 10 Y+slari phase All enlnes ±1 26"excepl TM A 
width which " ± 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 correspondil)g MBM. (Refer to 7242 FSA Specifica­
tion for a description of the BMC/FSA interla,ce.) 

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 
Seli~ction 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 00 through 
04. 

Both Command Register (CMOR) and Register Address 
Counter (RAC) 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 loa,dep by a single write request. TheJemaining 
registers are accessed indirectly, and the desired register 
is first selected by placing its address in the RAC. and then 
read or written .with a subsequent read or write request. 
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Figure 4. 7220-1 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, 
RAG) consists of those registers that are selected and 
accessed in one operation. The second group (UR, BLR, 
ER, AR, FI FO) consists of those registers that are 
addressed indirectly by the contents of RAC. 

Table 3. Address Assignments for the 
User-Accessible Registers 

lAo 07 D6 D5 04 03 02 01 DO Symbol Name of Register ReadIWrite 

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

1 0 0 0 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 
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Table 3. Address Assignments for the 
User-Accessible Registers (Continued) 

RAC 
AO 83 82 81 80 Symbol Name of Register ReadIWrite 

0 1 0 1 0 UR Utility Register Read or Write 
0 1 0 1 1 BLR LSB Block Length Write Only 

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

Register MSB 
0 1 1 0 1 ER Enable Register Write Only 
0 1 1 1 0 AR LSB Address Register Read or Write 

LSB 
0 1 1 1 1 ARMSB Address Register Read or Write 

MSB 
0 0 0 0 0 FIFO FIFO Data Buffer Read or Write 

SSSSSSSS = a·bit status informatJon returned to the user from the STR 
CCCC = 4·bit command code sent to the CMDR by the user. 
BBBB = 4·bit register address sent to the RAC by the user. 

B3B2B1BO= 4·bit Gontents of RAC at the time the user makes a read 0 

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

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

To facilitate such operations, the BMC automatically 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 

Command Register (CMDR) 4 Bits, Write Only 

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

Table 4 lists the 4-bit command codes used to issue the 
sixteen commands recognized by the BMC: 

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

Table 4_ Command Code Definitions 

03 02 01 Do Command Name 

0 0 0 0 Write Bootloop Register Masked 
0 0 0 1 Initialize 
0 0 1 0 Read Bubble Data 
0 0 1 1 Write Bubble Data 
0 1 0 0 Read Seek 
0 1 0 1 Read Bootloop Register 
0 1 1 0 Write Bootloop Register 
0 1 1 1 Write Bootloop 
1 0 0 0 Read FSA Status 
1 0 0 1 Abort 
1 0 1 0 Write Seek 
1 0 1 1 Read Bootloop 
1 1 0 0 Read Corrected Data 
1 1 0 1 Reset FIFO 
1 1 1 0 MBM Purge 
1 1 1 1 Software Reset 

The most commonly used commands in normal opera­
tion are: 

Initialize 
Read Bubble Data 
Write Bubble Data 
Reset FIFO 
Read Seek 
Write Seek 
Abort 
Read Corrected Data 
Software Reset 
Read FSA Status 
MBM Purge 

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

Read Bootloop Register 
Write Bootloop Register 
Write Bootloop Register Masked 
Read Boot/oop 
Write Bootloop 

Status Register (STR) 8 Bits, Read Only 
The user reads the BMC status register in response to 
an interrupt signal, or as part of the polling process in a 
polled data transfer mode. The status register provides 
information about error conditions, completion or ter­
mination of commands, and about the BMC's readiness 
to transfer data or accept new commands. The in­
dividual bit descriptions are as follows: 
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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 
0, BUSY indicates that the BMC is ready to receive 
a new command. 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, and that DRO is still active. BUSY will then 
drop as soon as DRO does (after the user has finis­
hed reading the data remaining in the FIFO). 

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

OP FAIL (when = 1) indicates that the BUSY bit has 
gone inactive with either 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 als6 set if no boot/oop sync word 
is found dunng 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) inpicates 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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UNCORRECTASLE ERROR (when = 1) indicates 
that at least one FSA has reported to the BMC that an _ 
uncorrectable error has been detected in the last 
data block transferred. 

PARITY ERROR (when = 1) indicates that the / 
BMC's parity check circuitry has detected a parity 
error on a data byte sent to the BMC by the user on 
the data lines 00-08' 

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

NOTE: IF RAC "to 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 1 through 6, is not valid until the 
BUSY bit is low. 

STR Bits 1 through 6 are reset when a new command is 
issued. They may also be reset by making a write re­
quest (WR=O) to the BMC with Ao=1, 0.=0, and 05 =1 
(that is, writing the RAC with 0.= 1). This operation also 
resets the "INT" pin to "0". NOTE: A byte of FIFO data 
can be lost when using this procedure if the RAC is 
written to other than the FIFO address when data is still 
present in FIFO. 

Enable Register (ER) 8 Bits, Write Only 
The user sets various bits of the enable register to 
enable or disable various functions within the BMC or 
the FSAs. The individual bit descriptions are as follows: 

INTERRUPT ENABLE (NORMAL) 
INTERRUPT ENABLE (ERROR) L-.. ___ DMA ENABLE 

'-----_ MAXIMUM FSA·BMC TRANSFER RATE 

'------_ WRITE BOOTLOOP ENABLE 
'----------..ENA8LE FICO 

L-..--------_ENABLEICD 
L-..---------_ENABLE PARITY INTERRUPT 

In the above figure and In t~e text 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 parity error on the data bus 
lines 00-07' ' 
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ENABLE ICD enables the BMC to give the Inter­
nally Correct Data command to the FSAs when an 
error has been detected by the FSA's error detection 
and correction circuitry. Each FSA responds to such 
a command by internally cycling the data through its 
error correction 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 INTERRUPT ENABLE (ERROR). 

ENABLE RCD enables the BMC to give the Read 
Corrected Data command to the FSAs when an error 
has been detected. This causes each FSA to correct 
the error (if possible) and also to transfer the correc­
ted'data to the BMC. The Read Corrected Data com­
mand is also used to read into the BMC data 
previously corrected by the FSA in response to an 
Internally Correct Data command. In either case, 
when the data transfer has been completed, the 
BMC reads each FSA's status to determine whether 
or not the error was correctable. In the cas!! of an 
uncorrectable error, bad data may have been sent to 
the user. The value of ENABLE RGD affects the ac­
tion of INTERRUPT ENABLE (ERF!OR). 

WRITE BOOTLOOP ENABLE (when = 1)' enables 
the bootloop to be written. If this bit is equal to 
zero, and a Write Bootloop command is received 
by the BMC, the command is aborted and the TIM· 
ING ERROR bit is set in the STR. 

MFBTR controls the maximum 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 the only page.) See 
Table 5 for effects of this bit on the various 7220-1 
commands. 

Table 5. MFBTR Bit Definitions 

Number Maximum 
MFBTR Bit 01 MBMI Required 

Operated Host Interlace 
in Parallel Date Rate Read Command Write Command 

1 50K byte/sec 0 N/A 

2 lOOK byte/sec Ii N/A 

4 200K byte/sec 0 N/A 

8 400K byte/sec 0 N/A 

1 t 2 5K byte/sec 1 0 
2 25K byte/sec 1 0 
4 50K byte/sec 1 0 
8 lOOK byte/sec 1 0 

NOTE. The MFBTR bl.t should always be set to "0" for all commands 
except "Read Bubble Data." 

DMA ENABLE (when = 1) enables the BMC to 
operate in DMA data transfer mode, using the DRQ 
and DACK signals in interaction with a DMA con­
troller. When equal tq zero, DMA ENABLE sets up 
the controller to support Interrupt driven or polled 
data transfer. 
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INTERRUPT ENABLE (ERROR) selects error condi­
tions under which the BMC stollis 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 Interrupt on TE only 
0 1 0 Interrupt on UCE or TE 
0 1 1 Interrupt on UCE, CE, or TE 
1 0 0 Interrupt on UCE or TE 
1 0 ·1 Interrupt on UCE, CE, 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). 

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 

1716151413121,101 1716151413121,101 _____ x 

NUMBER OF FSA 
CHANNELS INFC) 

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 operatiCin. The bit configuration is as 
follows: 

ADDRESS REGISTER MSB ADDRESS REGISTER LSB 

17161 5 14131 21,101 
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 M BMs 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 Bits 
BlR MSB Bits (7,6,5,4) 

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

0000 0 0,1 0,1,2,3 o to 7 OtoF 
0001 1 2,3 4,5,6,7 8to F 
0010 2 4,5 8,9,A,S 
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 S 
1100 C 
1101 D 
1110 E 
1111 F 

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

6-192 

FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or 
Write 
The BMC FIFO is a 40-byte buffer through which data 
passes on its way from the FSAs to the user, or from the 
user to the FSAs. The FIFO allows the data transfer to 
proceed in an asynchronous and flexible manner, and 
relaxes timing constraints, both to the FSAs and also to 
the user's equipment. The user's system must, however, 
meet the data rate requirements. When the BMC is busy 
(executing a command) the FIFO functions as a data 
buffer. When the BMC is not busy, the FIFO is available 
to the user as a general purpose FIFO. 
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FUNCTIONAL OPERATION 
The IC components used in the bubble memory systems 
have been designed with transparency in mind-that is, 
a maximum number of operations are handled by the 
hardware, and firmware of these components. 

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

Data Flow Within the Magnetic Bubble 
""emory (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 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 data bits. 

From the FSA FIFO, data is sent to the bubble memory 
controller (BMC) in the form of a serial bit stream, via a 
one-line bidirectional data bus (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 the 010 line. One clock cycle later, a 

data bit from the B channel FIFO is placed on the 010 
fine. The BMC continues to output SYNC pulses, once 
every 20 or 80 clock cycles, each time receiving two data 
bitslin 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. 

Multiple·MBM Systems. 

The 7220-1 BMC can interface up to 8 one-megabit BPK70 
Bubble Storage subsystems. The data flow in a multiple­
BPK70 system is in most respects similar to that which 
occurs in a one-BKP70 subsystem. The difference is in 
the time-division multiplexing that occurs on the 010 
bus line between the BMC and the FSAs. 

For data transfer operations, the BMC may exchange 
data with as few as two FSA channels (one BPK70) or as 
many as 16 FSA channels (eight BPK70s). 

SOFTWARE INTERFACE-The general procedure for 
communicating with the BMC is: 

Pass parameters to the BMC by loading the 
registers. 

Send the desired command. 

Read the status/command register until BMC is not 
busy (or use "INT" pin). 

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

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 properly set up before issuing the Initialize command. 

The Read Bubble Data command causes data to be read from the MBMs into the BMC FIFO, 
The selection of the MBMs to be accessec1 and the starting address for the read operation is 
specified in the address register (AR). The block length register (BlR) specifies the number of 
system pages to be read. All the parametric registers must be properly set up before isstJing 
the Read Bubble Data command. 

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

Software Reset 

Read FSA Status 

Read Bootloop 
Register 

Write Bootloop 
Register Masked 

Read Bootloop 

Write Bootloop 

7220-1 

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 7220-1. 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 
cydes 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 B-bit status register of all FSAs, 
and to store this information in the BMC FIFO. The Read FSA Status command is independent 
all parametric registers. 

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

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

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

The Write Bootloop command causes the existing contents of the selected MBM's bootloop to 
be replaced by new bootloop data based on 40 bytes of information stored in the FIFO (the 
user must actually write 41 bytes, where the 41st byte is all Os). Encoding of the bootloop data 
is done by the BMC hardware. 
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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 specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = see front page; Vee = 5.0V +5%, -10%) 

Symbol Parameter Min. Max. Unit Test Condition 

Vil I nput low Voltage 0.8 V 

VIH('I .Input High Voltage (all but PWR.FAll) 2.0 Vee+ 0.5V V 

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

VOl(,) Output low Voltage 
(All outputs except DET.ON, BUS.Rp, .45 V 10l = 3.2 rnA 
SHIFT.ClK, and SYNC 

VOl(2) 
Output low Voltage .45 V IOL = 1.6 rnA 
DET.ON, BUS.RD, SHIFT.ClK, SYNC 

VOH Output High Voltage 2.4 V 10H = 400,..A 

Illll Input leakage Current 10 ,..A O",VIN",Vee 

10Fli Output Float leakage 10 ,..A 0.45", VOUT '" Vee 

lee Power Supply Current from Vee 200 rnA 

A.C. CHARACTERISTICS 
(T A = see table 1; Vee = 5.0V + 5%, - 10%; CL = 150 pF; unless otherwise noted.) 

Symbol Parameter Min. Max. Unit Test Condition 

tp Clock Period 249.75 250.25 ns 

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

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

teDF ClK.to 010 Entering Float 10 250 ns Ul)der Pin loads' 

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

teDH ClK to 010 Hold Time 0 ns Under Pin loads' 

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

te$OT ClK to SYNC Trailing Edge Delay 10 100 ns Under Pin loads' 

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

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

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

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

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

tseFT SHIFTClK to Y - Trailing Edge 80 200 ns Under Pin loads' -
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A.C. CHARACTERISTICS (Continued) (TA = see table 1; VCC =5.0 +5%, -10%; Cl =150 pF; 

READ CYCLE (HOST INTERFACE) unless otherwise notell.) 

Symbol Parameter Min. 

tAC Select Setup to RD~ 0 

tCA Select Hold from RDf 0 

tRR RD Pulse Width 200 

tAD Data Delay from Address 

tRO Data Delay from RDt 

tOF Output Float Delay 10 

toe DACK Setup to RD~ 0 

tco DACK Hold from RDt 0 

tKO Data Delay from DACK~ 

(DMA Mode) 

tCYCR "Read:' Cycle Time 41.-1, 

WRITE CYCLE (HOST INTERFACE) 

Symbol Parameter Min. 

tAC Select Setup to WR ~ 0 

tCA Select Hold from WRf 0 

tww WR Pulse Width 200 

tow Data Setup to WRf 200 

tWD Data Hold from WRf 0 

tDC DACK Setup to WRt 0 

tco DACK Hold from WR f 0 

tCYCW 'Write" Cycle Time 4tp + tww 

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

tDEADW Inaclive Time between WRI and WRI 41p 

tDEADR Inactive Time between RDI and RDI 

7250·7230 INTERFACE TIMINGS 

Symbol Parameter 

tCBl ClK to Bubble Signal leading Edge 

tCBT ClK to Bubble Signal Trailing Edge 

"Bubble Pm loads Showl} Below 
PIN LOADINGS 

Pin Names 

X+, X-, Y+, Y-

TM A, TM B, REP EN, BOOT EN, 
SWAP EN, BOOT SW EN, CiD. 
ERR FLG, WAIT, SYNC 

DET ON & SHIFT CLK 

BUS READ 

Value Unit 

150 pF 

50 pF 

100 pF 

10 pF 

150 

Min. 

6-196 

Max. Unit Test Condition 

ns 

ns 

ns 

150 ns 

150 ns 

100 ns 

ns 

ns 

150 ns 

In non DMA mode. 
ns ICYCR Min. = 61.-1. 

Max. Unit Test Condition 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

150 ns 

ns 

Max. Unit Test Condition 

250 ns Under Pin loads' 

250 ns Under Pin loads' 
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WAVEFORMS 

READ (HOST INTERFACE) 

i+----------tCVCR--------+I 
DACK------' W--------~------------------------~ 

cs --------1~ Jr----1I+-------------t--,L _----~ r---+----
Ao -----+OJ 1'--++---------t--4'----,., "----t---

DATA BUS c 
1+----10>0----+1 

t-----IKD>----~ 14----IDEADR-----+1 

WRITE (HOST INTERFACE) 

.... ---------Ic".------------i 

~----~~~---~------------~ ,----~ ,----1~---

Ci ----~ .JI~--++----------------+-,.. ,---'" ,---1--
Ao----J ~--~--------~~'----J ~ ___ ~_ 

.... ---Iww'-----I 

WI! 

DATA BUS 

1+-----IDW'----_I+--lwD 

DMA (HOST INTERFACE) 

i+----tDe"o----i 

DRO 

I-Ico 

IIIlORWII 
,1/ \ 

~---------
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WAVEFORMS (Continued). 

7242 INTERFACE TIMINGS 

Y-__ ~~.j= 
SHIFTCLK (READ) J 

7250 & 7230 INTERFACE TIMINGS 

CLK 

BUBBLE SIG 
7250 & 7230 
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7230 
CURRENT PULSE GENERATOR 

FOR BUBBLE MEMORIES 

7230 o to 700 e 

7230-4 10 to 55°e 

7230-5 -20 to +85°e 

• TTL Compatible Inputs • Direct Interface to Bubble Memory 
Controller • Provides All Pulses for Intel Bubble 

Memories • Automatic Power Fail and Reset 
-Replicate, Swap, Generate, 

Boot Replicate and Bootswap 
• Operates from +5 and +12 Volts Only 

• Current Sink Outputs Designed to 
Directly Drive Bubble Memory 

• Schottky Bipolar Technology 

• Standard 22-Pin Dual-In-Line Package 

The Intel 7230 is a Current Pulse Generator (CPG) designed to drive Intel Magnetics Bubble Memories. The 7230 
is a Schottky Bipolar, TTL input compatible device that converts digital timing signals to analog current pulses. 
The CPG provides all pulses for Intel Magnetics Bubble Memories (7110 Family). These include Replicate, 
Swap, Generate, Boot Replicate and Bootswap pulses. The high-current sinking outputs directly drive the 
bubble memory. It also directly interfaces to the Intel Magnetics Bubble Memory Controller (7220-1) and 
Formatter/Sense amplifier (7242). 

The 7230 operates from 5-volt and 12-volt power supplies and is in a standard 22-pin dual-in-line package. 

TO 
8080 
8085 
8088 
8086 

7220-1 
BUBBLE 
MEMORY 

CONTROLLER 
(BMC) 

1----------------1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

TO 
ADDITIONAL 

I 
I 
I 

~-:::",::--....I I 
I 
I 
I 
I 
I 

Figure 1. Block Diagram of Single Bubble 
Memory System-128K Bytes 

Figure 2. Pin Configuration 

Intel Corporation Assumes No Responslbllty for the Use of Any Circuitry Other Than Circuitry Embodied In an Intel Product No Other CIrcuit Patent Licenses 8J'B Implied' 
© INTELCOR,PORATION, 1982 6-199 NOVEMBER 19B2 
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EXTERNAL RESISTOR REQUIREMENTS 

Connect a 1% 3.48K ohm resistor based between pin 
20 and ground or referenced current switch as out-
lined in BPK72 User's Manual. . 

Table 1. Pin Description 

Symbol Pin No. Description 

BOOT.EN 10 An active low input enabling the BOOT. REP output current pulse. 

BOOT.REP 13 An output providing the current pulse for bootstrap loop replication in 
the bubble memory. 

BOOT.SWAP 14 An output providing a current pulse which may be used for writing data 
- into the bootstrap loop. 

BOOT.SW.EN 9 An active low input enabling the BOOT.SWAP output current pulse. 

CS 7 An active low input for selecting the chip. The chip powers down during 
deselect. 

GEN.A 18 An output providing the current pulse for writing data into the "A" quads 
of the bubble memory. 

GEN.B 19 An output providing the current pulse for writing data into the "~" quads 
of the bubble memory. 

GEN.EN.A 5 An active low input enabling the GEN.A output current pulse. 

GEN.EN.B 4 An active low input enabling the GEN.B output current pulse. 

PWR.FAIL 21 An active low, open collector output indicating that either Vee or Voo is 
below its threshold value. 

J 

REFR. 20 The pin for the reference current generator to which an external 
resistance must be connected. 

REP.A 15 An output providing the current pulse for replication of data in the "A" 
quads of the bubble memory. 

REP.B 16 An output providing the current pulse for replication of data in the "B" 
quads of the bubble memory. 

REP.EN 8 An active low input enabling the REP.A and REP.B outputs. 

SWAP 17 An output providing the current pulse for exchanging the data between 
the input track and the storage loops in the bubble memory. 

SWAP.EN 6 An active low input enabling the SWAP output. 

TM.A 2 An active low timing signal determining the cut pulse widths of the 
BOOT.REP, GEN. A, GEN.B, REP. A and REP.B outputs. 

TM.B 3 An active low timing signal determining the transfer pulse widths of the 
BOOT.REp, GEN.A, GEN.B, REP.A and REP.B outputs. 
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1--_____ ~2::!1__<> PWR FAIL 

EXTERNAL 
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TM.S 

REFERENCE CURRENT 
GENERATOR 

REP EN o-=-...,....+-H-<L~ 

Figure 3. Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. -40° to +1000C 
Storage Temperatuare .............. -65"C to +150°C 
Vee and Input Voltages ................ -0.5V to +7V 
Voo and Output Voltages ............ -0.5V to +12.6V 
Power Dissipation ................................ 1W 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera­
tion 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 maxi­
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA = range specified in Table 1; Vee = 5.0V ± 5%, ±5% VOO = 12V ±5%; unless 
otherwise specified) 

Limits 
Symbol Parameter Unit Test Conditions 

Min. Typ. Max. 

IlL Input Low Current -0.4 mA VIL = 0.4V, Vee = 
5.25V 

IIH Input High Current 20 /LA VIH = Vee = 5.25V 

VIL Input Low Voltage 0.8 V \ 

VIH Input High Voltage 2.Q V 

Ve Input Clamp Voltage -1.5 V 1= -18 mA, Vee = 
4.75V 

leEX1 Output Leakage Current 1.0 mA Vee = 5.25V, 
(All Outputs except PWR.FAIL) VoO = 12.6V 

leEX2 PWR.FAIL Output Leakage Current 40 /LA VOH - vee-
5.25V 

VOL PWR.FAIL Output Low Voltage 0.4 V IOL - 4 mA, Vee = 
4.75V 

lee1 Current from Vee-Selected 30 45 mA CS = VIL. Vee = 
5.25V 

1001 Current from Voo-Selected 20 35 mA CS = VIL, Vee = 
5.25V 

1002 Current from Voo-Power Down 12 19 mA CS = VIH, Voo = 
12.6V 

A.C. CHARACTERISTICS* Vee = 5V ± 5%; Voo = 12V ±5% 

Symbol Parameter Min. Max. Unit 

tENON Delay On 260 ns 

tOISOFF Delay Off 70 ns 

tesoN CS Enable 500 ns 

tesoFF CS Disable 70 ns 

'These parameters are sample tested, not 100% tested. 

POWER FAIL CHARACTERISTICS** TA =O°C to 70°C 

Min. Typ. Max. Test Conditions 

VeeTH 4.43V 4.60V 4.70V 

VOOTH 10.75V 11.10V 11.28V 

"Power fail characteristics apply to 7110 Bubble Memory Data Integrity only and not to full memory operation. 
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CAPACITANCE* (TA = 25°C) 

Parameter Test Conditlons* 

Input Capacitance 

'This parameter is periodically sampled and not 100% tested. Condition of measurement is f = 1 MHz. 

OUTPUT CURRENTS (TA = range specified in Table 1, VCC = 5.0V :t5%, VOO = 12V :t5%) 

Test Conditions 

Parameter Current (mA) Voltage Out 
Voltage Out 
(7230·5 only) 

Min. Nom. Max. Min. Max. Min. Max. 

GEN.A, GEN.B CUT 62 75 81 5.7 11.5 5.5 11.6 

GEN.A, GEN.B TRANSFER 34 40 49 5.7 12.2 5.5 12.2 

REP. A, REP.B CUT 170 200 240 3.7 9.0 3.4 9.3 

REP.A, REP.B TRANSFER 126 145 160 3.7 11.2 3.4 11.4 

SWAP 111 125 134 3.1 9.7 2.7 9.9 

BOOT. REP CUT 85 100 110 7.8 12.0 7.7 12.1 

BOOT.REP TRANSFER 63 75 80 7.8 12.4 7.7 12.4 

BOOT.SWAP 63 75 80 9.1 12.2 9.0 12.3 

TWO-LEVEL PULSES ARE DEFINED AS SHOWN 

~
-+-

WAVEFORM 

OUTPUT 
CURRENT 

JUT CURRENT -

TRANSFER CURRENT 

CUT ~ t PULSE.... -
WIDTH 

TRANSFER 
PULSE WIDTH 

Figure 4. Output Pulse Diagram 
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7242 

DUAL FORMATTER/SENSE AMPLIFIER 
FOR BUBBLE MEMORIES 

7242 0 to 70°C 

7242-5 - 20 to + 85°C' 

• Error Detection/Correction Done • FIFO Data Block Buffer 
Automatically 

• Dual Channel 
• Daisy-Chained Selects for Multiple 

Bubble Memory Systems 

• On-Chip Sense Amplifiers • MOS N-Channel Technology 

• Automatically Handles 
Redundant Loops 

• Standard 20-Pin Dual-In-Line Package 

The Intel 7242 is a Dual Formatter/Sense Amplifier (FSA) designed to interface directly with Intel Magnetics 
Bubble Memories, The 7242 features on-chip sense amplifier for system ease of use and minimization of system 
part count The 7242 also provides for automatically handling the bubble memories' redundant loops so they 
are tran,sparent to the user. In addition, complete burst error detection and correction can be done automati­
cally by this device. 

the 7242 has a full FIFO data block buffer. This device can be daisy-chained for multiple bubble memory 
systems. Up to eight FSAs can be controlled by one 7220-1 Bubble Memory Controller (BMC). 

The 7242 utilizes an advanced NMOS technology to incorporate the on-chip sense amplifiers and other unique 
, features. The device is mounted in a standard high-density 20-pin dual-in-Iine package. 
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TO 
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AD:;~?~:L Figure 1. Block Diagram of Single Bubble 
Memory System-128K Bytes 
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ERR FLAG 4 
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Figure 2. Pin Configuration 
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Table 1. Pin Description 

Symbol Pin No. Description 

C/O 3 Command/Data signal. This signal shall cause the FSA to enter a 
receive command mode when high and to interpret the serial data line 
as data when low. Any previously active command will be immediately 
terminated by ciO. 

CLK 18 Same TTL-level clock used to generate internal timing as used for 
7220-1. 

CS 1 An active low signa!...]!sed for multiplexing of FSAs. The FSA is 
disabled whenever CS is high (i.e., it presents a high impedance to the 
bus and ignores all bus activity). 

DATA.OUT.A, DATA.OUT.B .11, 12 Output data from the FIFO to the MBM generate circuitry. Used to 
write data into the bubble device (active low). 

DET.A+,DET.A-,DET.B+, 6,7,8,9 Differential signal lines from the MBM detector. 
DET.B-

010 17 The Serial Bus data line (a bidirectional active high signal). 

ENABLE. A, ENABLE.B 13, 14 TTL-level outputs utilized as chip selects for other interface circuits. 
They shall be set and reset by the Command Decoder under 
instruction of the Controller (active low). 

ERR.FLG 4 An error flag used to interrupt the Controller to indicate that an error 
condition exists. It shall be an open drain, active low signal. 

RESET 16 An active low signal that shall reset all flags and pOinters in the FSA as 
well as disabling the chip as the CS signal does. The RESET pulse 
width must be 5 clock periods to assure the FSA is properly reset. 

SELECT.IN 19 An input utilized for time-division multipleXing. An active low signal 
whose presence indicates that the FSA is to send or receive data from 
the Serial Bus during the next two clock periods. 

SELECT.OUT 2 The SELECT.lN pulse delayed by two clocks. It shall be connected to 
the SELECT.IN pin of the next FSA. It is delayed by two clocks because 
the FSA is a dual-channel device. Channel A shall internally pass 
SELECT.lN to Channel B (delayed by one clock). 

SHIFT.CLK 15 A Controller-generated clock signal that shall be used to cloc~ data 
out of the bubble lIO Output Latch to the bubble mo.dule during a 
write operation and to cause bubble signals to be converted by the 
Sense Amp and clocked into the Bubble I/O Input Latch on a read. 

FUNCTIONAL DESCRIPTION 

The following is a brief description of each block of 
the 7242 FSA, 

1/0 Latches, Flags, and Bus Control-Each channel 
of the FSA has its own internal Data Bus, on which all 
data transfers ~re made. There is a Flag and a bidirec­
tional Latch in each "I/O Latches-Flag" block. Only 
one Latch is used in a given operation and the Flag 
tells the Bus Controller whether or not the Latch is 
full. The Bus Controller monitors these flags, and 
other control signals, to determine when each device 

Serial Communications-The Serial Communica­
tions block handles all transfers on the Serial Bus 
and is shared by both channels of FSA. 

Command Decoder-The Command Decoder inter­
prets commands by the Serial Communication logic 
and sets the appropriate command and enable lines. 
It also maintains FSA status, and generates various 
reset lines. 

Internal Data Bus-The Internal Data Bus is the 
main data link between the Serial Communications 
block and all other data sources in each half of the 
FSA. 

. should have access to the internal Data Bus. When a 
transfer is to be made, the appropriate devices are 
enabled, the Bus is enabled, and the transfer takes 
place synchronously by virtue of a transparent State 
Machine Sequencer. 

FIFO-The FIFO is a variable-length First-In-First­
Out buffer utilized to store data passing to and from 
the MBM module. The FIFO is logically 272 bits in 
length in the "no error correction" mode. It is 270 bits 
in the "error correction" mode, since 256 bits of the 
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data and a 14-bit error correction code must be used 
in this mode of operation. 

The FIFO pointers are reset by hardware or software 
resets or each time a command to read or write is 
received by the Command Decoder. 

If a block length other than 272 bits is used in the no 
error correction mode, the FIFO pointers will not 
return to word zero at the end of each block transfer. 
This is of no consequence if one is not concerned 
about the absolute location of data in the FIFO. 
Keeping in mind that the FIFO is only 272 bits 
physically, any block length may be used up to and 
including 320. 

Bootstrap Loop Register-The Bootstrap Loop 
Register is a 160-bit register that contains 
information detailing the location of bad loops in the 
MBM module. This data will enable bubble I/O to 
ensure that bits are not loaded in the FIFO from bad 
loops, or written from the FIFO into bad. loops. A 
logic zero (absence of a bubble) is written into bad 
loops. 

Error Correction Logic-The Error Correction Logic 
contains the circuitry to implement a burst error 
correcting code capable of correcting any single 
burst error of length equal to or less than 5, anywhere 
in the 270-bit data stream, including the error 
correction code which is 14 bits in length. A 
Correction Enable bit may be set or reset via a special 
command. When reset, the entire error correction 
network is disabled and block length may vary from 
270 bits. Error detection shall be accomplished on all 
data transfers (when enabled); however, correction 
cannot take place unless the FSA is operated in a 
buffered mode (i.e., an entire block is read prior to 
passing any data to the Controller). 

Bubble I/O-The Bubble I/O consists of an 
integrated Sense Amplifier and an output driver. The 

Sense Amplifier consists of a sample-and-hold 
circuit and a differential, chopper-stabilized 
comparator. 

Enables-The ENABLE.A and ENABLE.B outputs 
are utilized as chip selects for external circuitry. To 
set an ENABLE line, the desi'red channel of the FSA 
must be selected and Read or Write MBM, Set Enable 
Bit, Initialize, Read Corrected Data, or Internally 
Correct Data command is sent. Any other command 
sequence will reset the ENABLE lines. 

COMMANDS 

FSA Commands 

The FSA shall receive a four-bit command word via 
the Serial Bus. In addition, some of the commands 
require additional data bits, e.g., status to be passed 
serially. The four bits shall be interpreted as shown in 
Table 2. The effects on the Status bits, Correction 
Enable bit, and Enable pins are summarized in 
Table 3. 

The following is a brief description of each command 
available in the 7242 FSA. 

No Operation-Deselects the chip and prevents 
further internal activity (default state for reset, 
unselected or unaddressed channels). Resets the 
FIFO and Bootloop pointers. The Enable pins 
(ENABLE.A and ENABLE.B) become inactive. 

Software Reset-Resets all FIFO and Bootloop 
pointers and flags. Status flags, Error Correction 
Enable bit, error correction shift register, and the 
Enable pins become inactive. 

Initia/ize-The chip is set to read data from the MBM 
Boot/oop and pass it to the Controller. Resets the 
FIFO and Bootloop pointers and the Error Correction 
Logic, and disables the Bootloop register (so that it 
does not interfere with the data flow). The Enable 
pins become active in addressed channels. 
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Figure 3. Logic Diagram 
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Table 2. Command Code Description 

Data 

Code Description Correction Not 
Enabled Enabled 

0000 No Operation None None 
0001 (Reserved) - -
0010 Software Reset None None 
0011 Initialize MBM Bootloop MBM Bootloop 
0100 Write MBM Data 270 Bits In Variable 
0101 Read MBM Data 270 Bits Out Variable 
0110 Internally Correct Data None -
0111 Read Corrected Data 270 Bits Out -
1000 Write Bootloop Register 160 Bits In 160 Bits In 
1001 Read Bootloop Register 160 Bits Out 160 Bits Out 
1010 (Reserved) - -
1011 (Reserved) - -
1100 Set Enable Bit None None 
1101 Read ERR.FLG Status 1 Bit Out 1 Bit Out 
1110 Set Correction Enable Bit None None 
1111 Read Status Register 8 Bits Out 8 Bits Out 

Table 3. Command Function Summary 

Command Data Flow 
Reset FIFO Reset Reset Error 

Command Description & Bootloop Status Correction Enable 
Code (RlW) 

No Operation 0000 -
Software Reset 0010 -
Initialize 0011 R 
Write MBM Data 0100 W 
Read MBM Data 0101 R 
Internally Correct Data 0110 -
Read Corrected Data 0111 R 
Write Bootloop Register 1000 W' 
Read Bootloop Register 1001 R 
Set Enable Bit 1100 -
Read ERR.FLG Status 1101 R 
Set Error Correction 

Enable Bit 1110 -
Read Status Register 1111 R 

Write MBM Data-Data input by the Controller is 
written into the good loops in use in the MBM (under 
control of the Bootloop register) each time a 
SHIFT.ClK is received. It also activates the Enable 
pins and resets the FIFO and Bootloop pointers. If 
the Correction Enable bit is set, the FSA computes 
the correction code and appends it to the data 
stream to be stored in the MBM (last 14 of 270 bits). 

Read MBM Data-This command activates the 
ENABLE pins and resets the FIFO and Bootioop 
pointers independent of the state of the Correction 
Enable bit. If the Correction Enable bit is reset, data 
from the MBM, of block length dictated by 2 times the 
number of logic "1s" in the Bootloop register, is 
sensed and screened by the FSA Sense Amp and 
Bootloop register, and stored in the FIFO. As soon as 

Pointers (Errors) Logic 

X H 
X X X H 
X X X L 
X X L 
X X L 
X - L 
X - L 
X - H 
X H 
X L 

H 

X H 
X H 

one bit is guaranteed in the FIFO, simultaneous 
reading from the FIFO may be done by the Controller. 
The FIFO need not be emptied after each page is 
read, but one must insure that more than 272 bits of 
FIFO are not needed at any time during the transfer. 

If the Correction Enable is set, data must be read in a 
buffered mode. First, a full block of data is read from 
the MBM . At that point the FIFO contains 270 bits of 
data. If an error is detected by the Error Correction 
network, the FSA raises the UNCORR.ERR and 
CORR.ERR flags which generate an interrupt to the 
Controller. If no error is detected, the 270 bits of data 
may be read from the FIFO while simultaneously 
reading and checking the next block of data from the 
MBM. When an error is detected the Gontroller may 
respond to the interrupt in one of three ways. 
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1. Ignore it and try again (must make sure to reset 
the Error Correction shift register before a retry). 

2. Send a Read Corrected Data command to the 
FSA. This command will correct the data stream 
(if possible) and interrupt the Controller when the 
block has been read. At this time the Controller 
can send a Read Status command to see if the 
error was correctable (CORR.ERR) or 
uncorrectable (UNCORR.ERR). 

3. Send an internally Correct Data command to the 
FSA. The FSA corrects the data without 
transferring it to the Controller. When finished, 
the FSA interrupts the Controller. At this point it 
can be determined whether or not the error is 
correctable. If so, a Read Corrected Data 
command may be sent to read the good data. 

Internally Correct Data-Internally cycles the data 
through the error correction network and returns 
status as to whether or not the data is correctable. 

Requires approximately 1400 clock cycles to 
complete. ERRFLG will be inactive during internal 
cycling, but will return active at its completion. Also 
activates the ENABLE pins and resets the FIFO and 
Bootloop pointers. 

Read Corrected Data-Cycles data through the 
error correction network with each Controller read 
(SELECT.IN at the FSA). At the end of 270 reads, 
status is available to indicate whether .or not the data 
was successfully corrected. ERRFLG acts as in 
Internally Correct Data. This command is required to 
read data corrected internally as well, but has no 
effect on the data read if it was successfully 
corrected. Activates the ENABLE pins and resets the 
FIFO and Bootloop pointers. 

Write Bootloop Register-Contents of the FSA's 
Bootloop register are written with 160 bits from the 
Controller. The Controller must read the MBM 
Bootloop first, to determine which loops are good. 
The number of good bits in the 160-bit register is 135 
if correction is used, and variable up to 160 if 
operating in the no correction mode. ENABLE pins 
become il1active and the FIFO and Bootloop pOinters 
are reset. 

Read Bootloop Register-As above except that data 
is read from the FSA Bootloop to the Controller. 

Set Enable Bit-ENABLE pins become active for 
addressed channels, inactive for unaddressed 
channels. Also resets the FIFO and Bootloop 
pointers. 

6-209 

Read ERR.FLG Status-Reads the composite error 
status for addressed channels of the FSA. (The com­
posite status is the logic OR of CORRERR, UN­
CORRERR and TIMER.R. The ERR.FLG pin is the 
logic NOR of both channels' composite error status: 
ERR.FLG.A and ERRFLG.B.) ENABLE pins become 
inactive. 

Set Error Correction Enable Bit-Enables the Error 
Correction Logic in addressed FSAs and disables it 
in unaddressed FSAs. ENABLE pins become inac­
tive and FIFO and Bootloop pointers are reset. Fur­
thermore, when this enable is set, the corresponding 
FIFO becomes a 270-bit FIFO (logically) instead of a 
272-bit FIFO as in the no correction mode. 

Read Status Register-The 8-bit Status Word for the 
addressed FSA is output to the Controller. Only one 
FSA channel can be addressed at a time, or bus 
contention may result. ENABLE pins become inac­
tive and error flags in the addressed FSA channel are 
reset. 

SERIAL INTERFACE 

Command Sequence-The FSA communicates 
with the Controller via a Serial Interface. The Con­
troller/FSA Interface contains the following signals: 

1. CLK 

2. SELECT.lN (Formatter) 

3. SELECT.OUT (Formatter) 

4. SYNC (Controller) 

5.010 

6. cio 
7. SHIFT.CLK 

8. ERRFLG 

Commands from the Controller to the FSA shall take 
place in the following format (see Figure 4). 

1. Controller raises C/O flag indicating that a com­
mand is coming, and simultaneously outputs a 
SYNC pulse. This SYNC pulse is shifted down the 
FSA chain in shift register fashion via the FSA 
SELECT.lN/SELECT.OUT lines. 

2. Controller outputs a serial data stream on the 010 
line beginning in the clock period following 
SYNC. Each bit in the stream corresponds to an 
address bit for a particular FSA (up to 16 chan­
nels). Each FSA, upon receiving SELECT.lN will 
look for the presence or absence of a logic one on 

AFN.()1358B 



7242 

010 in the clock period following receipt of 
SELECT.IN. (A logic one indicates that the FSA 
shall accept the command.) 

3. Twenty clock periods after the first SYNC the Con­
troller sends cm low followed by a four-bit com­
mand on the 010 line. 

4. If the command is a Read Status command (1111), 
the addressed FSA returns 8 bits of Status start­
ing 4 clock periods after the last command bit is 
received. Note that the Status is returned during 
this period for any FSA position. Therefore only 
one FSA channel should be addressed at a time to 
avoid contention. 

5. If the command requires further data (see section 
on FSA Commands), more SYNC pulses are sent 
by the Controller. This will occur at integral multi­
ples of 80 or 20 clock periods starting no sooner 
than 40 clocks after the first command SYNC 
pulse. Some number of SYNC periods may pass 
before the second SYNC to allow the FSA to set 
itself up and get data ready for the Controller. 
There are several possibilities: 

a. For the Read ERR.FLG Status command the 
second SYNC can occur40 clocks after the first 
SYNC. This SYNC (or SELECT. IN) causes each 
addressed FSA to send the appropriate Status 

Information. No further SYNCs (without C/O 
high) should be sent. 

b. For the Read MBM Data (or initialize) com­
mand the second SYNC must wait the appro­
priate number of SHIFT.CLOCKs to assure that 
valid data is available in the FIFO. 
After this wait, each addressed FSA channel 
sends one bit of data on the 010 line for each 
SYNC (or SELECT.IN) pulse. 

c. For the Read Bootloop Register command, the 
second SYNC can occur 60 clock cycles after 
the first SYNC. The data transfer then pro­
ceeds as in b. above. 

d. For the Write MBM Data or Write Bootloop 
commands, the 010 line is used to transfer 
data to the FSA on successive SYNC pulses. 
The first data bit can be transferred by a 
second SYNC pulse, 40 clock cycles after the 
first SYNC. (However, data to the MBM will not 
be available at the Oataout pins until 40 clock 
cycles after the SYNC which transferred it.) 
Each transfer to the addressed FSA will be 
initiated by a SYNC (or SELECT.IN). 

6. SYNC (SELECT.IN) precedes the data it transfers 
by 1 clock cycle. Data Transfers to or from the 
FSA's FIFO must contain the proper number of 
SYNCs (externally counted) or a timing error may 
occur (TIMERR flag will be set, causing an inter­
rupt to the Controller). 

1' .... _-----2. CLOCKS-----_.I ..... ------2. ClOCKS-----_.1 

ClK 

C/id 
I 
I 
I 

I I~------------------T_--+-----------------~--~--
SYNC 1J 

I 
, I 
I 

,---____ .,.-_lsBs 

DIO __ L-~~JL~~JL~~~~~~ ____ _LJLAJ~ ___ _+~~~~JL~~----

1~.-----ADDR,6EsBs,TwsoRD'----- l~o:~:DN~ I_ ~~TRUci' _I 
4 BITS 8 BITS 

NOTE STATUS INFO IS ONLY PRESENT ON BUS FOR THE READ STATUS COMMAND SEQUENCE 

Figure 4. Command Sequences 
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Data Sequences-Bubble data shall be passed be­
tween the Controller and FSAs in the following 
fashion (see Figure 5). 

1. Controller outputs a SYNC pulse. 

2. Each FSA then outputs (inputs) a single bit on 010 
after SYNC (SELECT.IN) has been clocked into its 
control section. Only previously enabled FSAs 
output (input) data and the Controller must know 
when to input (output) data bits. 

3. After 80 or 20 clocks, another SYNC pulse is out­
put and the sequence repeats until all data has 
been transferred. 

Error Conditions-Each FSA shall upon detection of 
an error set a Status bit and pull down ERR.FLG. This 
signal can be asynchronous to SYNC. Error Status 
bits shall be: 

1. Correctable Error 

2. Uncorrectable Error 

3. Timing Error 

The Status Word that shall be passed to the Control­
ler after receipt of a Read Status command shall be in 
the following format: 

SPARE 1 ("0 '\ 

SPARE 2 ("0") 

FIFO EMPTY (FIFOMT) 

(UNCORRERR) 
UNCORRECTABLE ERROR 

(CORRERA) 
CORRECTABLE ERROR 

(TIMERR) 
TIMING ERROR 

FIFO FULL IFIFOFL) -----' '------- iE~6~ CORRECTION ENABLE 

NOTE- EAROR FLAGS SHALL BE RESET UPON 
BEING READ BY THE CONTROLLER OR BY A 
SOFTWARE RESET OR INITIALIZE 

1--------------80 CLOCK CYCLES-------------_I 

CLK 

Ur---------------------------------------~L~(------------~U~----­
SYNC 

010 --,/'7"1~.A-" lywl"-.AJo.II~I'_"_;X:I'_" llwX,-I\..X..A..Jl 11....J1'-r-'--\-------~~f-------c;rrn 

~l~--~--~~~--~j 
DATA TO ~ ST FSA 

DATA TO 9TH FSA ____ -' 

DATA TO 16TH FSA _____ ---, ___ --' 

Figure 5. Data Sequences 
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BUBBLE INTERFACE 

Bubble Interface-Each Bubble Interface shall con­
sist of a DATAOUT signal and a pair of differential 
inputs from the MBM detector bridge. 

Read Timing-The timing for reading a bit from the 
memory shall be as follows: 

1. Controller outputs a SHIFT.ClK. FSA samples 
bubble signal during SHIFT.ClK and holds signal 
after trailing edge. 

2. Trailing edge of SHIFT.ClK initiates signal conver­
sion timing. 

3. Data is latched at end of conversion period in the 
Bubble input latch, and will subsequently be 
loaded into the FIFO. 

Write Timing-The timing for writing a bit from the 
FIFO shall be as follows: 

1. Controller lowers SHIFT.ClK. 

2. Data is gated out of FSA by SHIFT.elK. 

3. Controller outputs a generate pulse (to external 
logic, not to FSA). 

4. Controller raises SHIFT.ClK. The DATA.OUT pin is 
forced high. 

5. FIFO and Bootloop register are incremented after 
the leading edge of SHIFT.ClK. 

System Timing-The SYNC pulse (which denotes 
the beginning of a data transfer from Controller to 
Formatter or vice-versa) shall be synchronous- with 
the beginning of a bubble memory field rotation. Due 
to timing constraints in the FSA, the following 
statements hold: 

1. Data read from the bubble memory into the FSA 
shall not be available to the Controller until 40 
clock cycles after SHIFT.ClK. 

2. Data cannot be written to the bubble memory 
until 40 clock cycles after SYNC. 

FSA ERRROR CORRECTION 

Error Correction-The error correction logic con­
sists of a burst error correcting File code capable of 
correcting 5 or fewer bits in a single burst; the num­
ber of check bits is 14.* Error correction/detection 
shall take place on each 256-bit data block. The FSA 
shall set low ERR.FlG each time a correctable or 
uncorrectable error is detected. ERR.FlG shall be 
set high upon being read by the Controller or by a 
software reset being issued. The polynomial imple­
mented is given below: ' 

G(X) = 1 + X2 + x5 + x9 + X11 + X14 

DATA FORMAT 

Data Format-Data into a single FSA channel from 
the bubble memory shall be in the format described ' 
below. The two channels of the bubble are repre­
sented identically. The following definitions apply: 

01/ = data from odd quads of bubble device, loop 1/ 
e1/ = data from even quads of bubble device, loop 1/ 

Data Block Format-
01 81°1 81°282°282 ... °80880°80880 

1st bit 320th bit 

When using correction, the first 270 good bits will be 
used; the last 14 of these are to be used for the error 
correcting code. The remaining 50 bits must be mas­
ked as "bad" bits in the FSA Bootloop register. 

When operating without correction, any number of 
,bits may be used by loading the Bootloop register 
appropriately. The preferred number is 272 bits, 
however. 

'See "Error-Correcting Codes" by W. W. Peterson and 
E.J. Weldon, Jr., pp. 366-370, M.I.T. Press, 1972. 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -40°C to +100°C 
Storage Temperature ............... -65°C to +150°C 
All Input or Output Voltages and 

Vee Supply Voltage .................. -0.5V to +7V 
Voo Supply Voltage .................. -0.5V to +14V 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera­
tion 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 maxi­
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70°C; Vee = 5,ov +5%, -10%; Voo = 12V ±5%) 

Limits 
Symbol Parameter Unit Test Conditions 

Min. Typ. Max. 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0' Vee +0.5 V 

VOL Output Low Voltage (All Outputs Except 
SELECT.OUT) .2 0.45 V IOL = 3.2mA 

VOLSO Output Low Voltage (SELECT.OUT) .2 0.45 V IOL = 1.6mA 

VOH Output High Voltage (All Outputs Except 
SELECT.OUT) 2.4 3.0 V IOH = 400/-LA 

VOHSO Output High Voltage (SELECT. OUT) 2.4 V IOH = 200/-LA 

VTHR Detector Threshold 2.3 2.5 2.7 mV VOO = 12.0V 

IIIL I Input Leakage Current 0 5 /-LA O';;VIN ';;Vee 

IIOFL I Output Float Leakage 0 10 /-LA 0.45 ,;;VOUT .;;Vee 

lee Power Supply Current from Vee 35 120 mA 

100 Power Supply Current from Voo 5 30 ) mA 

'Minimum VIH is 2.2V for the 7242-5 device. 
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A.C. CHARACTERISTICS. (TA = O°C to +70°C; vee = 5.0V +5%, -10%; Voo = 12V ±5%; Cl = 120 pF; 
unless otherwise n(i)ted) 

Symbol Parameter 

tp Clock Period 

tf Clock Phase Width 

tn tf Clock Rise and Fail Time 

tSle SElECT.lN Setup Time to CLK 

teoe C/O Setup Time to CLK 

teye SELECT.IN or SRIFT.CLK Cycle Time 

toe 010 Setup Time to Clock (Read Mode) 

tese CS Setup Time to CLK 

tRle RESET.IN Setup Time to CLK 

tlH Control Input Hold Time for C/O, SELECT.IN and 010 

tesol CLK to SELECT.OUT Leading Edge Delay 

tesoT CLK to SELECT.OUT Trailing Edge Delay 

teov CLK to 010 Valid Delay* 

teoH CLK to 010 Hold Time* 

teDE CLK to 010 Enabled from Float* 

tSIDE SELECT.IN Trailing Edge to 010 Enabled from Float* 

teoF CLK to 010 Entering Float* 

tseoo SHIFT.CLK to DATAOUT Delay* 

tsewR SHIFT.CLK WiC;Hh (Read) 

tseww SHIFT.CLK Width (Write) 

CAPACITANCE (TA = 25°C, Vee = OV, f = 1 MHz) 

Symbol Parameter Min. 

CIN Input Capacitance 

COUT Output Capacitance 

COlO 010 Capacitance 

*010 Write Mode 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUTIOUTPUT 

2. 

0.5 =x:: > TEST POINTS < : :x= 
A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND a 45\1 FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 8V FOR A LOGIC 0 

6-214 

Max. 

10 

10 

10 

Min. Max. Unit Test Conditions 

240 500 ns 

.45tp :55 tp 

30 ns 

50 ns 

50 ns 

20 tp 

50 ns 

100 ns 

100 ns 

10 ns 

100 ns Cl - 50 pF 

80 ns Cl - 50 pF 

100 ns 

0 ns 

100 ns 

70 ns 

100 ns 

200 ns 

4tp teye 11 tp 

tp teye 2 tp 

Unit Test Conditions 

pF 

pF 

pF 
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WAVEFORMS 

DIO INTERFACE TIMING 

BUBBLE DATA INTERFACE TIMING 

~--------------------t~c--~------------------~ 

SHIFT.eLK 

DATA.OUT.A ---+-""' 
DATA.OUT.B 

(WRITE) 

'SCWR. 
tscww 

tSCDO 
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7250 
COIL PRE-DRIVE 

FOR BUBBLE MEMORIES 

7250 

7250-5 

• Very Low Power • Only One Power Supply Required, +12V 

• Power Fail Reset for Maximum 
Protection of Bubble Memory • CMOS Technology 

• TTL Compatible Inputs • Standard 16-Pin Dual In-Line Package 

The Intel 7250 is a low power Coil Pre-Driver (CPO) for use with Intel Magnetics Bubble Memories. The 7250 is 
controlled by the Intel 7220-1 Bubble Memory Controller (BMC) and directly drives Quad VMOS transistor 
packs, which are connected to the coils of the bubble memory. 

The 7250 is a high-voltage, high-current driver constructed using CMOS technology. The device has TTL 
compatible inputs and the outputs are designed to drive either low on-resistance VMOS transistors or bipolar 
transistors. 

The 7250 is in a standard 16-pin dual in-line package. 

TO .. " 8085 .... .... 
7220·1 

BuaBLE 
MEMORY 

CONTROLLER 
(SMe) 

~----------------, 
I 

, I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I, 
I 
I 
I L _______ _ 

TO 
ADDITIONAL 

BPK70's 

Figure 1. Block Diagram of Single Bubble 
Memory System-128K Bytes 

Y-.OUT 

GND --..----'-.-
Y+.OUT 

Figure 2. Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any CircUitry Other Than Circuitry Embodied In an Intel Product. No Other Circuit Patent Licenses are Implied. 
© INTEL CORPORATION, 1982 6.216 OCTOBER 1982 

ORDER NUMBER: 2'0800-00' 
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Table 1. Pin Description 

Symbol Pin No. Description 

CS 1 Chip select. It is active low. When high chip is deselected and 100 
is significantly reduced. 

RESET 2 Active low input from RESET.OUTof 7220-1 Controller forces 
7250 outputs inactive so that bubble memory is protected in the 
event of power supply failure. 

X+ IN, .x- .IN 3,4 Active low inputs from Controller which turn on the high-current 
X outputs. 

X-.OUT 12,13,14,15 High-current outputs and their complements for driving the 
X-.OUT gates of the 7254 VMOS quad transistors which in turn drive the 
X+.OUT X coils of the bubble memory. 
X+.OUT 

V+.IN, V-.IN 5,6 Active low inputs from Controller which turn on the high-current 
Voutputs. 

V-OUT 7,9,10,11 High-current outputs and their complements for driving the 
V-.OUT gates of the 7254 VMOS quad transistors which in turn drive the 
V+.OUT V coils of the bubble memory. 
V+.OUT 

Figure 3. Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ... -40°C to +100°C 
Storage Temperature ............... -65°C to +150"C 
Voltage on Any Pin with 

Respect to Ground ............. ....:0.5 to Voo +0.5V 
Supply Voltage. Vpp ................... -0.5 to +14V 
Output Current .............................. 250 mA 

(One Output @ 100% Duty Cycle) 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent·damage to the 
device. This is a stress rating only and functional opera­
tion 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 maxi­
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA =see range specified on first page 

Voo = 12V +5%. -10%; unless otherwise specified) 

Symbol Parameter 
Limits 

Test Conditions 
Min. Typ. Max. Unit 

IIINI Input Current 5 /LA VI = 0.8V 

VIL Low-Level Input Voltage 0.8 V 

VIH High-Level Input Voltage 2.2 V 

VOL1 Output Low Voltage 2.0 V IOL = 100 mA 

VOL2 Output Low Voltage 0.2 V IOL = 10 mA 

VOH1 Output High Voltage Voo-2 V IOH = -100 mA 

VOH2 Output High Voltage Voo-0.2 V IOH = -10 mA 

IOL Output Sink Current 100 mA VOL = 2.0V 

IIOHI Output Source Current 100 mA VOH = Voo-2.0V 

1000 Supply Current 4.5 mA Chip Deselected: CS = VIH. 
Voo = 12.6V 

1001 Supply Current 75 mA f = 100 kHz, Voo = 12.6V, 
Outputs Unloaded 
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A.C. CHARACTERISTICS (T A = see range specified on first page 

Voo = 12V ±5%, unless othlilrwise specified) 

Symbol Parameter Min. Typ. Max. Unit Test Con~ltlons 

tp1 Propagation Delay from X+ .IN, 
l<-1N, Y+.lN, V-.IN 

100 ns 500 pF Load 

tp2 ~rOpagation Delay from CS or 150 ns 500 pF Load 
ESET 

tr Rise Time (10% to 90%) 45 ns 500 pF Load 

tF Fail Time (90% to 10%) 45 ns 500 pF Load 

ts Skew Between an Output and 20 ns 
Its Complements 

A.C. TEST CONDITIONS 

\-----------1----------~ ~-:.:: 
~: ~I ~-------~----ov 

OUTPUT 1t=~-
CAPACITANCE* (TA = 25°C, Voo = OV, VBIAS = 2V, f = 1 MHz) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

C IN Input Capacitance 110 I pF 

'Thls psrameler is periodically sampled and Is noI100% lesled. 
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7254 
QUAD VMOS DRIVE TRANSISTORS 

FOR BUBBLE MEMORIES 

• Designed to Drive X and Y Coils of 7110 
Bubble Memories 

• Operates from" DO Only 

• No Bias Currents Required 

• Fast Turn~On and Turn-Off: 30 ns 
Maximum 

• Built-In Diode Com mutates Coil Current 
When Transistor is Turned Off 

• VMOS FET Technology 

• N-Channel and P-Channel Transistors 
in the Same P~ckage 

• Standard 14-Pin Dual-In-Line Package 

The 7254 is a quad transistor pack designed to drive the X and Y coils of Intel Magnetics Bubble Memories. Two 
7254 packages are required for each bubble memory device. Each 7254 package would drive either the X or Y 
coil as shown under "circuit diagram." This recommended connection circuit takes into account the fact the 
01/02 and 03/04 are tested as a pair for "On" resistance value to assure optimal bubble performance. 

TO 
8080 
8085 
8088 
8088 

7220-1 
BUBBLE _ 
MEMORY 

CONTROLLER 
(BMC) 

~----------------, I ' I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

7242 
FORMATIERI 

SENSE 
AMP 
(FSA) 

L ______ _ 

TO 
ADDITIONAL 

BPK70's 

7110 
ONE MEGABIT 

BUBBLE 
MEMORY 

UNIT 
(MBM) 

Figure 1. Block Diagram of Single Bubble 
Memory System-128K Bytes Figure 2. Pin Configuration ' 

Intel Corpora1ion Assume. No Reaponalbllty for the Use of Any Circuitry Other Than Circuitry Embodied 111 an Intel Product No Other Circuit Patent Licensea lIN Implied 
© INTEL CORPORATION. 1982 6.220 OCTOBER 1982 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ... -40°C to +100°C 
Storage Temperature ............... -65°C to +150°C 
Gate Voltage (with respect to 

Source and Drain ............................. 15V 
Continuous Drain Current ........................ 2A 
Peak Drain Current .............................. 3A 
Power Dissipation (T A = BO° C) ................ 1.05W 
Power Dissipation (T A = 25°C) ................ 1.75W 

·COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera­
tion 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 maxi­
mum rating conditions' for extended periods may affect 
device reliability. 

D.C_ CHARACTERISTICS All Limits Apply for N- and P-Channel transistors, T A = -30° to 85°C unless 
otherwide noted. 

Symbol Parameter 
Limits 

Test Conditions 
Min. Typ. Max. Unit 

BVOSS Drain-Source Breakdown Voltage 20 V VGS = 0,10 = lOJLA 

VGS(th) Gate-Source Threshold Voltage 0.8 V VGS = VOS, 10 = 1 rnA, 
TA = 25°C 

0.65 V VGS = VOS, 10 = 1 rnA, 
TA = 85°C 

IGSS Gate Leakage Current 100 nA VGS = 12V, VOS = 0, 
TA = 25°C 

loSS Drain Leakage Current 500 nA VGS = 0, VOS = 20V, 
TA = 25.oC 

RoS On-Resistance for sum of 20 2.5 3.0 n VGS= 11.4V,10= lA, 
01+02,03+04 (Note 1) TA = 25'C 

VF1 Parasitic Diode Forward Voltage .75 V VGS = OV, 10 = 50 rnA, 
(Note 1) TA = 25'C 

VF2 Parasitic Diode Forward Voltage 1.20 V VGS = OV, 10 = 1000 rnA, 
(Note 1) TA = 25'C 

NOTE: 
1 Pulse test-SO!,-s pulse, 1% duty cycle, rDS Increase O.so/JC. 

A_C. CHARACTERISTICS T A = 25°C 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

TON(N) N-Channel Turn-On Time 20 ns 

tON(P) P-Channel Turn-On Time 30 rlS 

tOFF(N) N-Channel Turn-Off Time 20 ns 

tOFF(P) P-Channel Turn-Off Time 30 ns 

+17V 

INPUT 

OUTPUT 

Figure 3. Switching Time Test Circuit Figure 4. Switching Time Test Waveforms 
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CAMCITANCI TA = HOC .,... ,. ..... .... 
CllleN) N·Channellnput Capacitance 

Cllsep) P·Channe' Input Capacitance 

QI 1M 

1 D, , • D. 14 

2 '.-J=: I I c~~: " 
3 tz G, 

: :~:: ~ ~~ " . :;i"s, t 

7 D. • • 0, I 

Q2 Q3 

7 • S 4 , , ., 

~ 
• t 10 U " 1* 14 

- - - - - -
0.711 ,11 •• 
0.140''' .• 

Typ. .... 
175 

190 

o.--f 

0,-1 

0.1101".1 
0.12513.111 

' ....... ,.......lnfor .... 11on 

8-222 

Unit Teat Condltlona 

pF VGS = O. VOS = '12'1, 
f= 1 MHz 

pF VGS = O. VOS = 12'1, 
f = 1 MHz 

.,2V 

r-G• 

r-G, 

-:-

F9 
~ ~ 0.012(0.311 

0.320 11.131 • 0.001 (0.201 
UtO (7.371 TYP. 

DIMENIIONS IN INCHIS AND (MILLIMETERSI 
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7114 
4-MEGABIT BUBBLE MEMORY 

OPERATING FREQUENCY 

100 KHz 50 KHz 

7114 A-1 7114-1 

7114 A-4 7114-4 

• 4,194,304 Bits of Usable Data Storage 

• Non-Volatile, Solid-State Memory 

• True Binary Organization: 512-Bit Page 
and 8,192 Pages 

• Major Track-Minor Loop Architecture 

• Redundant Loops with On-Chip Loop 
Map and Index 

• Block Replicate for Read; Block Swap 
for Write 

CASE 
OPERATING NON-VOLATILE 
TEMP. eC) STORAGEeC) 

0->75 -40->+90 

10->55 -20->+75 

• Single-Chip 20-Pin Dual In-Line 
Package 

• Small Physical Volume 

• Maximum Data Rate 400 Kbit/Sec 
(7114A) 

• Average Access Time 40 msec (7114A) 

The Intel Magnetics 7114 (unless otherwise indicated 7114 refers also to 7114A) is a very high-density 
4-megabit non-volatile, solid-state memory utilizing magnetic bubble technology. The usable data storage 
capacity is 4,194,304 bits. The defect-tolerant design incorporates redundant storage loops. The gross capacity 
of Intel Magnetics bubble memory is 5,242,880 bits. 

The 7114 has a true binary organization to simplify system design, interfacing, and system software. The device 
is organized as 512 data storage loops each having 8,192 storage bits. When used with Intel Magnetics 
complete family of support electronics, the resultant minimum system is configured as 512K bytes of usable 
data storage. The support circuits also provide automatic error correction and transparent handling of redun-
dant loops. . 

The 7114 has a major track-minor loop architecture. It has separate read and write tracks. Logically, the data is 
organized as a 512-bit page with a total of 8,192 pages. The redundant loop information is stored on-chip in the 
boot loop along with an index address code. The 7114 provides totally non-volatile data storage when operated 
within the stated limits. 

" . 
B~B6 

1----------------1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

ADOITIOti ... t 
8PK14S 

I 
I 
I 
I 
I 
I 
I 
I 

Figure 1. Block Diagram of Single Bubble 
Memory System-512K Bytes 

PULSE COM 1+12VI 

REPLICATE B 

REPLICATE A 

BOOT REP 

BOOT SWAP 

NC 

GENERATE B 

X+COILIN 

7114 
INTEL MAGNE11CS 
BUaBLE MEMORY 

DET SUPPLY 1+12V) 

OETOUT A+ 

DET OUT A­

DETOUTB+ 

DETOUT s­
DETCOM 

SWAPB 

SWAP A 

Y·COIL IN 

Figure 2. Pin Configuration 
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7114 

, Table 1. 7114 Pin Description 

Symbol Pln# Name and Function 

BOOT.REP 4 Two-level current pulse input for reading' the boot loop. 

BOOT.SWAP 5 Single-level current pulse for writing data into the boot loop. This pin is 
normally used only in the manufacture of the MBM. 

DET.COM 15 Ground return for the detector bridge. 

DET.OUT 16-19 Differential pair (A+, A- and B+, B-) outputs which have signals of 
several millivolts peak amplitude. 

DET.SUPPLY 20 +12 volt supply pin. 

GEN.A and GEN.B 7,8 Two-level current pulses for writing data onto the input track. 

PULSE.COM 1 + 12 volt supply pin. 

REP.A and REP.B 3,2 Two-level current pulses for replicating data from storage loops to 
output track. 

SWAP.A and SWAP.B 13, 14 Single-level current pulse for swapping data from input track to 
storage loops. 

X-.COILlN, X+.COILIN 9, 10 Terminals for the X or inner coil. 

Y- .COILlN, Y+ .COILIN 11, 12 Terminals for the Yor outer coil. 

The 7114 is packaged in a dual in-line leaded pack­
age complete with permanent l)1agnets and coils for 
the in-plane rotating field. In addition, the 7114 has a 
magnetic shield surrounding the bubble memory 
chip to protect the data from external magnetic 
fields. 

The operating data rate is 400 Kbit/sec for 7114A, and 
200 Kbit/sec for 7114. The 7114 can be operated 
asynchronously and has start/stop capability. 

GENERAL FUNCTION DESCRIPTION 

The Intel Magnetics 7114 is a 4-megabit bubble 
memory module organized as two identical 2,048K 
binary half sections. See Major Track-Minor Loop 
architecture diagram. Each half section is in turn 
organized as four 512K subsections referred to as 
octants. 

The module consists of a bubble die mounted in a 
substrat~ that accommodates two orthogonal drive 
coils that surround the die. The drive coils produce a 
rotating magnetic field in the plane of the die when 
they are excited by 90" phase-shifted triangular cur­
rent waveforms. The rotating in-plane field is respon­
sible for bubble propagation. One drive field rotation 
propagates all bubbles in the device one storage 
location (or cycle). The die-substrate-cpil subas­
sembly is enclosed in a package consisting of per­
manent magnets and a shield. The shield serves as a 
flux return path for the permanent magnets in addi­
tion to isolating the device from stray magnetic 

fields. The permanent magnets produce a bias field 
that is nearly perpendicular to the plane of the die. 
This field supports the existence of the bubble 
domains. 

The package is constructed to maintain 1.5 degree 
tilt between the plane of the bias magnet faces and 
the plane of the die. This serves to introduce a small 
component of the bias field into the plane of the die. 
During operation when the drive coils are energized 
this small in-plane component is negligible. During 
standby or when power is removed the small in-plane 
field ensures that the· bubbles will be confined to 
their appropriate storage locations. The direction of 
the in-plane field introduced by the package tilt 
(holding field) is coincident with the 0" phase direc­
tion of the drive field. 

Architecture 

A 7114 octant subsection is composed of the follow­
,ng elements shown on the architecture diagram. , 
STORAGE LOOPS 

Each octant subsection contains eighty identical 
8,192-bit storage loops to provide a total max· 
imum capacity of 655,360 bits. The excess storage 
is provided for two purposes: a) it allows a redun­
dancy scheme to increase device yield; and b) it 
provides the extra storage required to implement 
error correction. 

REPLICATING GENERATOR (GEN) 
The generator operates by replicating a seed bubble 
that is always present at the generator site (GEN). 
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INPUT TRACK AND SWAP GATE 
Bubbles following generation are propagated down 
an input track. Bubbles are transferred to/from the 
input track from/to the 80 storage loops via series­
connected swap gates spaced every two propaga­
tion cycles along the track. The swap gate's ability to 
transfer bubbles in both directions during an opera­
tion eliminates the overhead associated with remov­
ing old data from the loops before new data can be 
written. The swap gate is designed to function such 
that the. logical storage loop position occupied 
by the bubble transferred out of each loop is filled 
by the bubble being transferred into each loop. 
Transferred-out bubbles propagate down the 
remaining portion of the input track where they are 
dumped into a bubble bucket guard rail. 

OUTPUT TRACK AND REPLICATE GATE 
Bubbles are read out of the storage loops in a non­
destructive fashion via a set of replicate gates. The 
bubble is split in two. The leading bubble is retained 
in the storage loop and the trailing bubble is trans­
ferred onto the output track. Replicate gates are 
spaced every two propagation cycles along the out­
put track. 

DETECTOR 
Bubbles, following replication, are propagated along 
the output track to a detector that operates on the 
magneto-resistance principle. The cylindrical bub­
ble domains are stretched into long strip domains by 
a chevron expander and are then propagated to the 
active portion of the detector. The detector consists 
of a thin film, lying underneath a stack of chevrons, 
through which a current is passed. As the strip 
domain propagates below the thin-film detector, its 
magnetic flux causes a fractional change in film 
resistance which produces an output signal of 
several millivolts. The strip domain following detec-

tion is propagated to a bubble bucket guard rail. A 
"dummy" detector stack sits in the immediate 
vicinity. It is connected in series with the active de­
tector and serves to cancel common mode pickup 
which originates predominately from the in-plane 
drive field. 

BOOT LOOp, BOOT SWAp, AND 
BOOT REPLICATE 
One of the four octants in each half chip contains a 
functionally active Boot Storage Loop. This loop is 
used to store: 

a) A loop mask code that defines which loops within 
the main storage area should be accessed. Faulty 
loops are "masked out" by the support 
electronics. 

b) A synchronization code that assigns data ad­
dresses (pages) to the data in the storage loops. 
Since bubbles move from one storage location to 
the next every field rotation, the actual physical 
location of a page of data is determined by the 
number .of field rotations that have elapsed with 
respect to a reference. 

The boot loop is read from and written into via the 
same input and output tracks as the main storage 
loops. However, it has independently accessed swap 
and replicate gates. The boot swap, under normal, 
circumstances, is intended only to be used during 
basic initialization at the factory at which time loop 
mask and synchronization codes are written. The 
boot replicate is intended to be accessed every time 
power is applied to the bubble module and its periph­
eral control electronics. At such a time, the control 
electronics would read and store the mask informa­
tion, plus utilize the synchronization information to 
establish the location of the data circulating within 
the loops. 
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IDENTIFICATION lABEL. 

___________________ ~ 1 ---------------------~ 
U'375~ 

I' 135 'I 
J_n___ ______ J / ~ .. -.. 
~ ~==-----L SEATING PLANE 

i, 1500~L f -l (20x) 015 

PACKAGE OUTLINE 

MAJOR TRACK-MINOR LOOP ARCHITECTURE 
OF 7114 (ONE HALF SHOWN). 

Figure 3. Package Outline and Device Architecture 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Case Temperature ........ O°C to 75°C Case 
Relative Humidity ............................... 95% 
Shelf Storage Temperature (Data 

Integrity Not Guaranteed) ......... -65°C to +1500C 
Voltage Applied to DET.SUPPLY .............. 14 Volts 
Voltage Applied to PULSE.COM ............ 12.6 Volts 
Continuous Current between DET.COM and 

Detector Outputs ........................... 10 mA 
Coil Current ................... 2.5A D.C. or A.C. RMS 
External Magnetic Field for 

Non-Volatile Storage ................... 20 Oersteds 
Non-Operating Handling Shock ................. 200G 
Operating Vibration (2 Hz to 2 KHz) .............. 20G 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. ThIS is a stress rating only and functional opera­
tion 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 maxi­
mum rating conditions for extended periods may affect 
device reliability. 

D.C. AND OPERATING CHARACTERISTICS (TC = Range Specified on First Page) 

Limits 

Parameter Min. Nom.[l) Max. Unit 

RESISTANCE: PULSE.COM to GEN.A or GEN.B 12 30 58 ohms 

RESISTANCE: PULSE.COM to REP.A or REP.B 13 27 35 ohms 

RESISTANCE: PULSE.COM to SWAP. A or SWAP.B 20 47 71 ohms 

RESISTANCE: PULSE.COM to BOOTREP 3.5 8 23 ohms 

RESISTANCE: PULSE.COM to BOOTSWAP 5 20 49 ohms 

RESISTANCE: DETOUT A+ to DET.OUT A- 770 1190 2200 ohms 

RESISTANCE: DET.OUT B+ to DETOUT B- 770 1190 2200 ohms 

RESISTANCE: DET.COM to DET.SUPPLY 560 950 2100 ohms 

NOTE: 
1 Nominal values are measured at 25'C. 
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DRIVE REQUIREMENTS (Tc = Range specified on First Page) (See note 2) Vdd =12V ±5% 

7114 7114A 

Symbol Parameter Min. Nom.[ll Max. Min. Nom.[1] Max. Units 

fR Field Rotation Frequency 49.95 50.00 50.05 99.90 100.00 100.10 KHz 

Ipx X.Coil Peak Current .58 1.6 A 

Ipy Y.Coil Peak Current .74 2.1 A 

81x 'X. Coil Positive Turn-On Phase 268 270 272 268 270 272 Degrees 

82x X.Coil Positive Turn-Off Phase 16 18 20 16 18 20 Degrees 

S3x X.Coil Negative Turn-On Phase 88 90 92 88 90 92 Degrees 

84x X.Coil Negative Turn-Off Phase 196 198 200 196 198 200 Degrees 

81y Y.Coil Positive Turn-On Phase 0 0 0 0 0 0 Degrees 

82y Y.Coil Positive Turn-Off Phase 106 108 110 106 108 110 Degrees 

83y Y.Coil Negative Turn-On Phase 178 180 182 178 180 182 Degrees 

84y Y.Coil Negative Turn-Off Phase 286 288 290 286 288 290 Degrees 

PT Total Coil Power 1.5 2.9 Watts 

-Ax X.Coil D.C. Resistance 7.4 1.0 Ohms 

Ry Y.Coil D.C. Resistance 3.3 0.4 Ohms 

Lx X.Coil Inductance 89 15 p.H 

Ly Y.Coillnductance 78 14 p.H 

NOTES: 
1. Nominal values are measured atTe = 25°C. 
2. See Figure 4 for test set-up and X-V COIl waveform. 

CONTROL PULSE REQUIREMENTS (see Notes 2 and 3) (TC = Range Specified on First Page) 

Phase of Leading Edge Width 
Current (mA) (Degrees) (Degrees) 

Pulse Min. Nom. Max. Min. Nom.[ll Max. Min. Nom.[ll Max. 

275 279 (late) 283 
GEN. A, GEN.B CUT 39 44 50 95 99 (early) 103 6 9 13.5 

275 279 (late) 283 
GEN.A, GEN.B TRANSFER 25 29 33 95 99 (early) 103 86 90 94 

REP.A, REP.B CUT 130 148 165 284 288 292 6 9 13.5 

REP.A, REP.B TRANSFER 100 115 130 284 288 292 86 90 94 

SWAP 140 152 165 176 180 184 513 517 521 

BOOT.REP CUT 33 38 42 284 288 292 6 9 13.5 

BOOT.REP TRANSFER 25 29 33 '284 288 292 86 90 94 

BQOTSWAP 35 39 44 176 180 184 See Not~ 4 

NOTES: 
1. Nominal values are at T e = 25°C, 
2. Pulse timing is given in terms of the phase relations as shown below. For example, a 7114 operating at tf:! = 50.000 KHz would have 

a REP. A transfer width of goo whIch is 5l'sec. 
3. l'No level pulses are described as shown below in Figure 5. 
4. BOOT.SWAP is not nQrmally accessed during operatIon. It is utilized at the factory to write the index address and redundant loop 

information into the bootstrap loo~s before shipment. 
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Figure 4. X-V Coil Waveforms and Test Set-Up 
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Figure 5. Two-Level Current Pulse 
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15 
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Figure 6. Test Set-Up for Output 
Voltage Measurement 

Figure 7. Detector Output Waveforms 

OUTPUT CHARACTERISTICS (T c = Range 
Specified on Front Page) 

Test 
Symbol Nom. Units Conditions 

S, 18 mV See notes 

So 1 mV 1,2 

NOTES: 
1 Nommal values are measured at Te ~ 25°C 
2 See Figure 6 for test set·up, and Figure 7 for detector output 

waveforms and timmg 
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PACKAGING INFORMATION All dimensions In inches and (millimeters) 

NOTES: 
1. All packages drawings not to scale. 
2. Type P packages only. Package length does not include end flash burr. Burr is .005 nominal, can be .010 max. at one end. 
3. All package drawings end view dimensions are to outside of leads. 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 835121.209) 

l6-LEAD PLASTIC DUAL IN-LINE r---i25i2O:95s')~ 
PACKAGE TYPE P ,_ _ _ _ ___ PIN " __ 
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PACKAGE TYPE P 
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PACKAGE TYPE P 
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PACKAGING INFORMATION All dimensions In Inches and (millimeters) 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 

24-LEAD PLASTIC DUAL IN·LlNE 
PACKAGE TYPE P 

21I-LEAD PLASTIC DUAL IN·LINE 
PACKAGE TYPE P 

4O-LEAD PLASTIC DUAL IN·LlNE 
PACKAGE TYPE P 

[ 
_ ~ ,3' 6231---+j 

1235(31369). _ !iN-.!! 

5451138431 
535,'35891 c:--- PIN;-t 

-- - 1-.1 080 (2032) [ Ms.:~ -+I 

-.-~"' ... "~- -- ",-
MAX - - :::=r ,:0,:1::',

4
) -f!=1 

-7.'if.i~-t-- ~ -- ~ 150 j3"iiijj 010 TVP , 0° _ I --r 0'5 MIN. ,02541 ..: 150 

j L - II ,0.3811 ' I REF 
r i . -.1-020'05081 L :~ j 

~: :~ ~::: :,:,~;.~P ~~8i~t 0'6 ,04061 (17 780) 
NOTE 4 

1 445 136 703) [ 
_'455(36957)~ 

C-_-JPIN~-l 
~(b.843J 
535,'36651 

'~~X0801 I' 300~33.0~)~REF 2. m 
:: _ = - '80 ,'.084) 

SEATING ~m- - =r 150 (3.8'0) 
PLANE -----r 015 MIN 

'25,3'75) I L II ,03811 
MIN r-I. i -11- 020 ,0 508) 

.~ :~::: :':'~J.;'P ~;r3';" Oii,iiMii) 

2.066 ,62 '97) 

[ - 2ii4s(51943) ----, 
_ !_!N~I ' 

i'='-'='-~--- -I 
546,'3943) 

635113.589) 

625 c· MAX 1 
116676) I 

O'OTVP-RfY' 
(0.254) -.: 150 

, 700 i REF L MAX ___ 
(17780) 
NOTE 4 

~~...pi.---1 .625 

1900(48260)REF - 1- 085(2159) J--"~~~5)J 
065 (1 651) I 

.r;t;:::;:;:~ ==r 175 (4445) -F1 
'""i55 (3937\ 0'0 TVP ~ fY' --r 0'6 MIN ,0.254) ..: 15' 

200(5080) 
MAX 

- .11 ,03811 'L 700 I REF 
O6OTVP 032'TVP j..-~(O.508) MAX j 
" 524) '0.8'3) .0'810408) (17780) 

NOTE 4 

7·2 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·L1NE PACKAGE TYPE D 
16-LEAD HERMETIC DUAL IN-LINE c= 790(2o.066)~ 150(190501 PACKAGE TYPE D 

18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

2D-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

PIN 1 

(8.128) 

200(5.080) 
MAX. 

.800 REF. t ~ j (20.320) (7.820) 

SEATING 
PLANE 

125 (3175) 
MIN 

-t-,R;:;;;;;i=Fi;:;; '::;0101~L:L==r 165(4191) 
, ::I 140(35561 -E :: ~, ..!!:.. 

110 (2194) 
090(2286) 

032 TVP 
(0813) 

OlOryp -........: 10' 
(0 254), " REF. 

, 400 • 

I.- MAX -I 
(10180) 
NOTE 4 

200(50801 
MAl(. 

.126 (3175J 
MIN 

110 (27941 

090 122a6i 

032 TV" 
(0813) 

c= '096~~ 
1 060 (26 924) 

PIN 1 

400 (10 161 
370 (9398) ~

----- l 

~~~~-1 (10888) 

200(6. ... 1 ;.~-~ I .080(1524) t~J 
MAX (lIS 400) - MAX (1iifeo) , 

.~~~~L:L=:J 180(4672) 

.::] :.150(3.8101 .~:i ~/ ..!!:.. SEATING 
PLANE 

126 (3175) 
MIN. 

7-3 

032 TV" 
(o.S13) 

--r .010TYP. ~ 10" L 015 MIN. (0.264) I , REF 
(0.381) • 500 • 

I.- MAX -I 
(12700) 
NOTE 4 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

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

SEATING 
PLANE 

• 200 (5.08) 
MAX. 

C ,.285 (32'G391-=:] 
1.235 (31.369) 

PIN 1 --- -1 
600 (15 240) 
515 (13 081) 

-.l ~~~oPiL (15.748) 
.090 (2.286) ~ 

. MAX. C .600 ~ 
(15.240) , 

-='.=H"'R" 'i'i'!il::::r=J .175(4.445) ~:: II 
l020MI~4O(3.:) TVP.-l f 1~ 

II . (.508) {0.254}, 700 -., REF. 

o 
1.100 REF . 

(27.940) 

032TYP 
(0813) 

- -.020 {0508} l.- MAX --I 
016 {0.406} (17780) 

. NOTE 4. 

.090 (2.2SB) 

MiX' .010 [(15Jo48) J 
MAX 600 
{0.2.4} (15.240) 

.185(4.699) __ 

.140(3.556) ~ 
--.: .010TYP,f= ,J!:... 

L.020 MIN. {0.264} • ...: 10' 
(.508) , REF. 

--II- 020 {0.508} L 700 J 
.032 TYP, .016 (0.406) MAX 

125/3.175) 

MIN ~(2'794)-.I 
090 (2286) 

{0.813} (17780) 

1 485 (37719) 

1
--- 1435 (36449) ~ 

. - !!~I --- 1 
.600 (15.240) 
.515 /13.0811 

~ 

NOTE 4 

~~~oPil (15.748) 
1.300 REF . __ .085 (2.1.59) C .. 620600 1 

.200 (~:. (33.020) MAX (15.240) 

C IifR=;=n=n ~.175(4.445) ~I 
SEATING _ ~- .140(3.556) , 0' 

PLANE I II t 020 MIN .010 TVP : 1li" 
125J~N175} t---- i t _ 060 TVP '- II . (0.508)' {0254} . 700 -I REF. 

r-I {15241 -1~020{0508} ~(1~~0)--I 
,110 (2794) 

090 12.286) 
~~~8~;r 016 (0.4061 NOTE 4 

1485 (37.719) 

C=~~3:-9} 

200 (5 08) 
MAX 

o 600 115.240) 

515 (13.081) 

I ·08~tl58) (15.148) 

1.300 REF ~_-;:==::::.I- Mo;~ [ .~ J 
(33.020)' {Q254} (15240) 

T-liFF'FFffi;;;:-c..-::-=:::-~~i~~j!J: :-::-:-!:-::-9~ ~--
",SE",A",Tlii'NG"-_--t-__ V =1 ~ .010 TYP -f ,0' 
PLANE L.I -
12513.175) j °r~~N. (0254) ~ R~~. 

MIN 110(2794) -H- 020(0508) L 700 J 
090 (2.286) 032 TYP. 016 (0 406) MAX 

(0 813} (17780) 
NOTE 4 

7-4 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE D 
40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D c loao (528321~ 

2 030 (51 562) 

PIN 1 

110 (2794) 
090 (2286) 

--- 1 
600 (152401 

515 (13081) 

~.......j.!~ I--- .08~'59) (1~~48) 

. C(15~)] 
,.n.J""\.F\.LI::J-::::::: pq rf 

t .020 MIN 010 TV' --I- -it- 10'" 'L (.508) 102541, 700 ',REF 

--i 020 10 5081 ~ MAX --i 
032 TV' 016 104061 (17 780) 
(0813) NOTE 4 

CERAMIC DUAL IN·LlNE PACKAGE TYPE C 
l6-LEAD CERAMIC DUAL IN-LINE 
PACKAGE TYPE C 

l8-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

165(4.191) 
.110 (2794) 

PIN 1 MARK 

(17780) -, 030 (0762) .100(2.540) 
700 REF. I--- 070 (UZID [ ;)~: ] 

075(1905) 

t-i;j;;:;;;;::;;O;';;;;, 115(2921) R 
p-----''---'- 085(2159) , rf 

.;;;s;~--+--V L J L ~ 050(1.270) 010TV, "-.: 10'" 
050 TVP JI .020 (0 508) (0 254) I :: REF 

(12701 _ .02210 55BI L.. _ r1;~ --I 
110(2794) 03:!TVP .015(0381) (8255) 
090(2.286) (0 B13) NOTE 4 

PIN 1 MARK 

910 (23114) r 890 (22 808) =--:::J IT _ . "", =""" 

165(4191) 
110 (2 794) 

.~(2794) 

090 t2.286} 

7-5 

_I 075(1 905) 

==" ;; 115(2921) Eta 
--- ~~-~~ rf 

I J L ~ 050(1.270) O'OTVP "-., 10'" L 050 TYP J 025 (0635) (0.254) I " REF 

(1 270) _ ~ 10.55B) I 325 I 
.015 (0.381) I--- MAX ---I 

~- ~-(0,813) NOTE 4 



PACKAGING INFORMATION All dimensions In Inches and (millimeters) 

CERAMiC DUAl-IN·LlNE PACKAGE TYPE C 1010( ...... ' 

~O-LEAD HERMETIC DUAL IN-LINE r-- .... (.6.i4ii 

PACKAGE TYPE C 1- - - - _ ~ ..... 0;-"""IJ'Jjaf--. 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

40-LEAD-HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

110(27941 
:090(2.2881 

C 1215(~----I 

1 186 (3D 099) "'~I ~ I PIN 1 MARK 
PIN 1 

-=- f 
.605 (15.367) 

.585 r.859) 
J!ZQ U.ml 

'+~ __ --=- 030 (0.762) 

1.100 REF I I 
(27940) - ',-___ .100(2.540) 

t--~~ .. F -=~Pn~~~~ .0~(1.~) 150 (3.810) 'F""'ir~ 

110 (2794) 
000 (2 286) 

.085~1$) t-~~-t 

t .080(1.524) ~1~.~· 
• 0000.04OTYP ~~ .025(.835) 
(1.270)1(1 018) 022 (0.568' 

0i6 (0381) 

r--- ~(35941) 

1 ____ 1385{351,191 

'-=f""'~6f1 

.210(5334) I .100 ~.54O) 

rJ' 
111'" 
REF • 

=I __ ...-.joi.:i~~ [::iJ 
.080~.0112) • 

• 150(3.810) R ~ 

110 (2.794) 
ii9ii (22i6i 

,110 (2 794) 

0i0 (2286) 

7-6 

.0501.040 TYP 
(1.270)1(1.018) 

O5OI.04OTYP 
(1.270)1(1 016) 

.. '.~--'- .090 ~.288) rJ' 

_080_(_,._524_) .O(1~.~r , ,:., 
-l~ .040 (1.018) I ,,' 

022 (0 568' i 885 i 
0i5 (-0.38-" I- (~8~9)--I 

/ 
NOTE 4. 

PIN 1 MARK 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·L1NE PACKAGE TYPE B 
24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 

SEATING 

PLANE 
100 (2 540) 

1 285 (32639) r--- 1 235 (31 369) -------, 

1__ __ _ ~N-.!I ----- I 
515 (13081) ~-- 600 (15240) 

_ ~ 09~~l86) (156~48) 

220{5558j ---1Wo-REF ---I 1 150 (3810) ~(1;~O)~ 
MAX __ ~~~~o~ 5- 125"i3175i 

155 (3937J ' 
:===_ 190 (4826) ~ 

MIN 2!.Q (2794) j 
090 (2286) 

IIII-----J I t 015MIN 010TYP -: k 1~ 
L-=-1 h [' IL (03.'1 (02541 L 700 J REF 

060 TYP ~ -- 020 (0508\ MAX 

(1 524) ~~28~;t 016 (0 406) ~~;:~) 

CERAMIC LEAD LESS CHIP CARRIERS 

18-LEAD CERAMIC LEAD LESS 
PACKAGE TYPE F 

7-7 



BUBBLE LEAD·LESS PACKAGE AND SOCKETS 

BUBBLE SOCKET #7904 

10 92::t.: 0 13 

430" -OOS-T-

457 

180 

I 

I 

~;~;~;~;~~H 
CROSS RECESS BINDING HEAD r:-

'l~' t1- <,'"0"" W% " 

~~ JtiJ;;;;====;;;!l:ll~ POLYESTER 94V-O 

II ~ PIN 1 IDENTIFICATION 

7-8 



~ 
I 

I 

SECTIONJ..A 



.280 

4 MBIT LEADED BUBBLE MEMORY PACKAGE 

TOP VIEW END VIEW 

'-=ro IDENTIFICATION LABEL 

. l 
1.300 1.48 

JJ .oao TYP. 

I .. 1.500 ..I 

SIDE VIEW 

1
,""," ___ 1.35 __ -...j"~.015 RADIUS 

113 f--------
~J .135 r ~I. ~ SEATING PLANE 

_. _ -1.500----1 t 
~L.016 

P.C. BOARD SPACE REQUIREMENTS 

.200 DIA (4x) 
FAR SIDE OF P.C. 

BOARD KEEP CLEAR 
OF TRACES 

) 

.041 ",.002 DIA. (20x) 
PLATED THRU HOLE 

.08h .003 DIA. (4x) 
NON PLATED HOLE 

7·10 

L 

.375 

O~ .:z ·L ~8 

r f 





u.s. SALES OFFICES 

ALABAMA ' Q.OIlGt~ NEWJERIEY PENNSYLVANIA 
Intel Corp Intei Corp InteiCorp· Intel Corp· 
303 Williams Avenue, S W. 3300 HOlcomb Bndge Road Rantan Plaza III 510 Pennsylvanlll Avenue 
Suite 1422 Surte225 Rantan Center Fort Washtngton 19034 
Huntsville 35801 Norcross 30092 Edison 08837 Tel. (215) 641-1000 
Tel (2051533-9353 Tel (404) 449-0541 Tel (2011225-3000 TWX 510-661-2077 

ARIZONA ILLINOI8 
TWX 710-480-8238 Intel Corp. 

Intel Corp Intel Corp. NEWMlXlCO 201 Penn Center Boulevard 
SUlte301W 

11225 N 28th Dnve 2~ Golf Road. BFA Corp 

~:ar..~rar~70 Suite 2140 SulteS1S PO Box 1237 
PhQanIX 85029 ROlling Meadow$ 60008 Las Cruces 88001 
Tel' (602) 869-4980 Tel (312)981·7200 Tel, (5051523-oeDl QED Electronics 

TWX 910-651-5881 TWX 91()..983.()543 300 N York Road 
CALlF()RNIA 

INDIANA BFA Corp, Hatboro 19040 
Intel Corp 3705 W .. terfl8k:l. N E 

Tel (215) 874-9600 
1010 Hurley Way Intei Corp Albuquerque 87111 TEXAS 
Su .. 3OO 9100 Purdue Road Tel (505) 292-1212 Intel Corp * Sacramento 95825 SUite 400 TWX 910-989-1157 
Tel' (9161929-4078 IndianapolIS 46288 12300 Ford Road 

Intei Corp Tel (3171675-0623 NEW YORK Sulte380 
Dall •• 75234 

7870 Opportunity Road IOWA Intei Corp,. Tel (214) 241-8067 
Suite 135 

Intel Corp 
300 Motor Parkway lW)( 91()00860-5617 

San Diego 92111 Hauppauge 11787 
Tel (714) 268-3563 St Andrews BUilding Tel (5161231-3300 Intel Corp-

Intel Corp * 
1930 St Andrews Dnve N E TWX 510-227_ 7322 S W Freeway 
Cedar RaPIds 52402 Suite 1490 

2000 East 4th Street Tel (3191393-5510 InteiCorp Houston 77074 
Su1t8100 80 Washington Street- Tel (7131988-6066 
Santa Ana 92705 KANSAS PoughkeePSie 12601 TWX 91()..881-2490 
Tel (714) 835-9642 Intel Corp. Tel (914) 473-2303 

lndustrl8l Olgltal Systems Corp - TWX 910-595-1114 8400W 110th Street TWX 510-248-0060 
Intel Corp. Suite 110 Intel Corp.-

5925 Sovereogn 
Suite 101 

3375 Scott Boulevard Overland Park 66210 211 White Spruce Boulevard Houston 77036 
Santa Clara 95051 Tel (9131642-8060 Rochester 14623 Tel (713) 988-9421 
Tel (408) 98Ht088 Tel (716) 424-1050 
TWX 910-339-9279 LOUISIANA TWX 510-253-7391 InteiCDfP 
911).338-D255 Industnal Digital Systems Corp T-Sq ...... 

313 E. Anderson Lane 

Intel Corp· 2332 Severn Avenue 4054 Newcourt Avenue 
SUite 314 

5530 OorbIn Avenue SIn,. 202 Syracuse 13206 
Austin 78752 

SUite 120 Metalne, LA 70001 Tel' (3151483-6S92 
Tel (5121454-3626 

Tarzana 91356 Tel (5041831-8492 TWX 710-541-0564 UTAH 
Tel (213) 706-0333 MARYLAND T-Squared InteiCorp 
TWX 910-495·2045 Intel Corp· 7353 Prttsford 268 West 400 South 
COLORADO 7257 Pat1<way Drrve Victor Road Salt Lake City 84101 
Intel Corp Hanover 21076 Victor 14564 Tel (6011533-8066 
4445 Northpark Dnve Tel (301) 798-7500 Tel (716) 924-9101 VIRGINIA 
Su1t8100 lWX 71().862-1944 TWX 510-254-8542 

'Intel Corp 
Colorado Spnngs 80901 Intel Corp NORTH CAROUNA 1501 Santa Rosa Road 
Tel (3031594-8622 1620 Elton Road 

Intel Corp SUltaC-7 
Intel Corp • Silver Spnng 20903 

2306 W Meadowv1ew_ Richmond 23288 
650 S Cherry Street Tel (301) 431-1200 

SUite 208 Tel'(604I~ 
Surte720 MASSACHUSETTS Greensboro 27407 WASHINGTON Denver 60222 

Intel Corp· Tel (8191294-1541 
Tel (3031321-110116 Intel Corp 
TWX 91()..931·2289 27 Indumal Avenue OHIO 110 110th Avenue N E 

Chelmsford 01824 
Intel Corp· SUlta510 

CONNEcnCUT Tel (617) 256-1600 
6600 Poe Avenue Bellevue 98005 

Intel Corp TWX 710-343-6333 
Dayton 45414 Tel (2061453-60116 

36 Padanaram Road EMC Corp Tel (600) 325-4415 TWX 910-443-3002 

~:In~)o::~.~ 381 elliot Street TWX 811)-45()..2528 WlSCONSI,N Newton 02164- Intei Corp. TWX 71().456-1199 Tel (617) 244-4740 InteiCorp 

EMe Corp , TWX 922531 Chegnn-Bnunard Bldg , No 300 
~~n~R08d 

MICHIGAN 
28001 Chegnn Boulevard 

48 Purnell Place Cleveland 44122 Til (4141764-9060 
ManchtSter 06040 Intel Corp· Tel (2161464-8915 
Tel (2031646-6065 26500 Northwe8tem Hwy TWX,610-427-9298 

is~CC::r Street 
SUite 401 OKLAHOMA 
Southfield 48075 

Intei Corp 
Wallingford 06492 Tel (3131353-0920 

lWX 81()"244-4915 4157 S Harvard Avenue 
Tel (2001265-6991 Suite 123 
FLORIDA MINHI!SOTA Tulsa 74101 
Intel Corp InteiCorp Tel (9181749-6688 
1500 N W 62nd Street 3500 W 80th Street OREGON 
SUite 104 Su .. 360 

Intei Corp A Lauderdale 33309 Bloomington 55431 
Tel (3051 n1-0600 Tel (612) 835-6722 10700 S W Beaverton 
TWX 51()..956-9407 TWX 91().576-2867 Hillsdale Highway 

Surte22 
Intel Corp MISSOURI Beaverton 97005 
500 N Maitland InteiCorp Tel (5031641_ 
SUite 205 4203 Earth City Expressway lWX 910-487-8741 
Maitland 32751 Suite 131 
Tel (305) 626-2393 Earth CIty 63045 
TWX 810-853-9219 Tel (314) 291-1990 

·F ... d ApplICatIOn Locatton 



inter 
ALABAMA 

tArrow Electronics 
3611 MemOrial Par1<.way So 
Huntsville 35405 
Tel (205) 830-1103 

tHamllton/Avnet Electronics 
4812 Commercial Drive N W 
Huntsville 35805 
Tet (205) 837-7210 
TWX 81()..726·2162 

t Pioneer/Huntsville 
1207 Putnam Drive N W 
HuntsvIlle 35805 
Tel (205) 837-9300 
TWX 810-726-2197 

ARIZONA 
tHamliton/Avnet Electronics 
505 S Madison Dnve 
Tempe 85281 
Tel (602) 231-5140 
TWX 910-950-0077 

tWyle Distribution Group 
8155 N 24th Street 
PhoeniX 85021 
Tel (602) 249-2232 
TWX 910-951-4282 

CALIFORNIA 

tArrow Electronics, Inc 
521 Weddell Drive 
Sunnyvale 94086 
Tel (408) 745-6600 
TWX 910-339-9371 

tArrow Electronics, Inc 
19748 Dear Born Street 
Chatsworth 91311 
Tel (213) 701-7500 
TWX 910-493-2086 

tAvnet ElectrOniCs 
350 McCormick Avenue 
Costa Mesa 92626 
Tel (714) 754-6051 
TWX 910-595-1928 

tHamllton/Avnet ElectrOnics 
19515 So Vermont Avenue 
Torrance 90502 
Tel (213) 558-2987 

tHamllton/Avnet ElectrOniCS 
1175 Bordeaux Dnve 
Sunnyvale 94086 
Tel (408) 571-7526 
TWX 910-339-9332 

tHamliton/Avnet Electronics 
4545 Vlewndge Avenue 
San Diego 92123 
Tel (714) 563-1969 
TWX 910-335-1216 

tHamllton/Avnet Electronics 
10912 W Washington Boulevard 
Culver City 90230 
Tel (213) 558-2193 
TWX 910-340-6364 or 7073 

tHamliton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
Tel (714) 641-4109 
TWX 910-595-2638 

tHamlton/Avnet Electronics 
4103 Northgate, Boulevard 
Sacramento 95834 
Tel- (916) 920-3150 

Klerulff ElectroOlcs, Inc 
3969E Bayshore Road 
Palo Alto 94303 
Tel (415) 968-6292 

tWyle Dlstnbutlon Group 
124 Maryland Street 
EI Segundo 90245 
Tel (213) 322-8100 
TWX 910-348-71400r7111 

tWyle Distribution Group 
9525 Chesapeake Drtve 
San Diego 92123 
Tel (714) 565-9171 
TWX 910-335-1590 

tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95052 
Tel (408) 727-2500 
TWX 910-338-0451 or 0296 

tWyle Distribution Group 
17872 Cowan Avenue , 
Irvine 92713 
Tel (714) 641-1600 
TWX 910-595-1572 

COLORADO 
tWyle Dlstrlbutton Group 
451 E 124th Avenue 
Thornton 80241 
Tel (303) 457-9953 
TWX 910-936-0770 

tHamllton/Avnet ElectroniCS 
8765 E Orchard Road 
SUIte 708 
Englewood 80111 
Tel (303) 740-1017 
TWX 910-935-0787 

U.S. DISTRIBUTORS 

CONNECTICUT 
tArrow Electonlcs 
12 Beaumont Road 
Wallingford 06512 
Tel (203) 265-7741 
TWX 710-476-0162 

tHamliton/Avnet Electronics 
Commerce Industnal Park 
Commerce Drive 
Danbury 06810 
Tel (203) 797-2800 
TWX 710-456-9974 

tHarvey ElectroniCS 
112 Main Street 
Norwalk 06851 
Tel (203) 853-1515 
TWX 710-468-3373 

FLORIDA 
tArrow ElectrOniCS 
1001 N W 62nd Street 
SUite 108 
Ft Lauderdale 33309 
Tel (305) 776-7790 
TWX 510-955-9456 

tArrow ElectroniCs 
50 Woodlake Drive W 
Bldg B 
Palm Bay 32905 
Tel (305) 725-1480 
TWX 510-959-6337 

tHamllton/Avnet ElectroniCS 
6801 N W 15th Way 
Ft Lauderdale 33309 
Tel (305) 971-2900 
TWX 510-956-3097 

tHamlltonJAvne~EI OniCS 
3197 Tech Drive N rth 
St Petersburg 02 
Tel (813) 576-3930 
TWX 810-863-0374 

tPloneer/Orlando 
6220 S Orange Blossom Trail 
SUite 412 
Orlando 32809 
Tel (305) 859-3600 
TWX 810-850-0177 

tPloneer/Ft Lauderdale 
1500 62nd Street 
SUite 506 
Ft Lauderdale 33309 
Tel (510) 955-9653 
TWX 305-771-7520 

GEORGIA 
tArrow ElectroniCs 
2979 PaCifiC Dnve 
Norcross 30071 
Tel (404) 449-8252 
TWX 810-766-0439 

tHamllton/Avnet ElectroniCS 
5825 D Peachtree Corners 
Norcross 30092 
Tel (404) 447-7500 
TWX 810-766-0432 

tPloneer/Georgla 
5835 B Peachtree Corners E 
Norcross 30092 
Tel (404)448-1711 
TWX 810-766-4515 

ILLINOIS 
tArrow ElectroniCS 
492 lunt Avenue 
POBox 94248 
SChaumburg 60193 
Tel (312) 893-9420 
TWX 910-291-3544 

tHamllton/Avnet ElectroniCs 
1130 Thorndale Avenue 
BensenVIlle 60106 
Tel (312) 860-7780 
lWX 910-227 -OOSO 

tPloneer/Chlcago 
1551 Carmen Drive 
Elk Grove Village 60007 
Tel (312) 437-9680 
TWX 910-222-1834 

INDIANA 
t Arrow ElectrOniCS 
2718 Rand Road 
Indianapolis 46241 
(317) 243-9353 
TWX 810-341-3119 

tHamllton/Avnet ElectroniCS 
485 Gradle Drive 
Carmel 46032 
Tel (317) 844-9333 
TWX 810-260-3966 

INDIANA (Com.) 
tPloneer/lndlana 
6408 Castleplace Dnve 
Indianapolis 46250 
Tel (317) 849-7300 
TWX 810-260-1794 

KANSAS 
tHamlnon/Avnet ElectronICS 
9219 QUlvera Road 
Overland Paf1( 66215 
Tel (913) 888-8900 
TWX 910-743-0005 

MARYLAND 
tHamllton/Avnet ElectroniCS 
6822 Oak Hall Lane 
Columbia 21045 
Tel (301) 995-3500 
TWX 710-862-1861 

tMesa 
16021 Industnal Dr 
GaitherSburg 20877 
Tel (301) 948-4350 
TWX 710-825-9702 

tP,oneer 
9100 Gaither Road 
Gaithersburg 20760 
Tel (301) 948-0710 
TWX 710-828-0545 

MASSACHUSETTS 
tHamllton/Avnet Electronics 
50 Tower Office Park 
Woburn 01801 
Tel (617) 935-9700 
TWX 710-393-0382 

tArrow ElectroniCS 
Arrow Dnve 
Woburn 01801 
Tel (617) 933-8130 
TWX 710-393-6no 

tHarvey/Boston 
44 Hartwell Avenue 
lexington 02173 
Tel (617) 863-1200 
TWX 710-326-6617 

MICHIGAN 
t Arrow ElectrOniCS 
3810 Varsity Drive 
Ann Arbor 48104 
Tel (313) 971-8220 
TWX 810-223-6020 

tPloneer/Mlchlgan 
13485 Stamford 
Livonia 48150 
Tel (313) 525-1800 
TWX 810-242-3271 

tHamllton/Avnet ElectrOniCS 
32487 Schoolcraft Road 
Livonia 48150 
Tel (313) 522-4700 
TWX 810-242-8775 

tHamllton/Avnet ElectronICS 
2215 29th Street S E 
Space AS 
Grand Rapids, 49508 
Tel (616) 243-8805 
TWX 810-273-6921 

MINNESOTA 
t Arrow Electronics 
5230 W 73rd Street 
Edina 55435 
Tel (612) 830-1800 
TWX 910-576-3125 

tHamllton/Avnet ElectroniCs 
10300 Bren Road East 
Minnetonka 55343 
Tel (612) 932-0666 
TWX (910) 576-2720 

Ploneer/Twln Cities 
10203 Bren Road East 
Minnetonka 55343 
Tel (612) 935-5444 
TWX 910-576-2738 

MISSOURI 
t Arrow Electrontcs 
2380 Schuetz 
St LOUIS 63141 
Tel (314) 567·6888 

tHamllton!Avnet ElectroniCS 
13743 Shoreline Court 
Earth City 63045 
Tel (314) 344-1200 
TWX 910-762-0684 

NEW HAMPSHIRE 
t Arraw ElectroniCS 
1 Perimeter Drive 
ManChester 03103 
Tel (603) 668-6968 
TWX- 710-220-1684 

NEWJERSEV 
tArraw ElectroniCS 
Pleasant Valley Avenue 
Moorestown 08057 
Tel. (215) 928-1800 
TWX 710-897-0829 

t Arraw ElectroniCS 
285 Midland Avenue 
Saddle Brook 07662 
Tel (201) 797-5800 
TWX 710-998-2206 

tHamllton/Avnet ElectroniCS 
1 Keystone Avenue 
Bldg 36 
Cherry HIli 08003 
Tel (609) 424-0100 
TWX 710-940-0262 

tHamllton/Avnet ElectroniCS 
10 Industrial Road 
Fairfield 07006 
Tel (201) 575-3390 
TWX 710-734-4388 

tHarvey ElectrOniCS 
45 Route 46 
Plnebfook 07058 
Tel (201) 227-1262 
TWX 710-734-4382 

tMeasurement Technology Sales Corp 
383 Route 46 W 
Fairfield 07006 
Tel (201) 227-5552 

NEW MEXICO 
tAlliance ElectrOniCS Inc 
11030 Cochiti S E 
Albuquerque 87123 
Tel (505) 292-3360 
TWX 91 0-989-1151 

tHamllton/Avnet ElectronICS 
2524 Baylor Drtve $ E 
Albuquerque 87119 
Tel (505) 765-1500 
TWX 910-989-0614 

NEWVORK 
t Arrow ElectroniCS 
900 Sread Hollow Road 
Farmingdale 11735 
Tel (516) 694-6800 
TWX 510-224-6494 

tArrow Electronics' 
3000 South Winton Road 
Rochester 14623 
Tel (716) 275-0300 
TWX 510-253-4766 

tArrow ElectroniCs 
7705 Maltage Drtve 
Liverpool 13088 
Tel (315) 652-1000 
TWX 710-545-0230 

t Arraw ElectrOniCS 
20 Oser Avenue 
Hauppauge 11787 
Tel (516) 231-1000 
TWX 510-227-6623 

tHamllton/Avnet ElectrOniCS 
333 Metro Park 
Rochester 14623 
Tel (716) 475-9130 
TWX' 510-253-5470 

tHamllton/Avnet ElectroniCS 
16 Corporate Circle 
E Syracuse 13057 
Tel (315) 437-2641 
TWX 710-541-1560 

tHamdton/Avnet ElectrOniCS 
5 Hub Dnve 
MelVille, Long Island 11746 
Tel (516) 454-6000 
TWX 510-224-6166 

tHarvey ElectronICs 
POBox 1208 
Blnghampton 13902 
Tel (607) 748-8211 
TWX 510-252-0893 

tMlcrocomputer System Techntcal Demonstrator Centers 



NEW YOAK (Cont) 

tHarvey ElectroniCS 
60 Crossways Park West 
WOOdbury, Long Island 11797 
To< (516) 921-8920 
TWX 510-221-2184-
tHarvey/Rochester 
840 Fairport Park 
Fairport 14450 
Tel (716) 381·7070 
TWX 510-253-7001 
tMeasurement Technology Sales Corp 
38 Harbor Park DrIve 
Port Washington 11050 

, Tel (516) 621-6200 
TWX 510-223-0846 

NORTH CAROLINA 
tArrow Electronics 
938 Burke Street 
Winston-Salem 27102 
Tel (919) 725-8711 
TWX 51()"931-3169 
tArrow Electronics ) 
3117 Poplarwood Court 
SUIIe 123 
Ralelgn 27265 
Tel (919) 876-3132 
TWX 510-928-1856 
tHamllton/Avnet ElectroniCS 
2803 Industrial Drive 
Raleigh 27609 
Tel (919) 829-8030 
TWX 510-928-1836 
tPloneerJCaroilna 
106lndustnal Avenue 
Greensboro 27406 
Tel (919) 273-4441 
TWX 510-925-1114 

OHIO 
tArrow ElectrOniCS 
7620 McEwen Road 
Centerville 454S9 
Tel (513) 435-5563 
TWX 810-459-1611 
tArrow ElectroniCS 
6238 Cochran Aoad 
Solon 44139 
Tel (216) 248-3990 
TWX 81()..427-9409 
tHamllton/Avnet ElectroniCS 
954 Senate Dnve 
Dayton 45459 
Tel (513) 433-0610 
TWX 910-450-2531 
tHarrlllton/Avnet ElectroniCs 
4588 Emery Industnal Parkway 
Warrensville Helghts 44128 
Tel (216) 831-3500 
TWX 810-427-9452 
tPloneer/Dayton 
4433 Interpolnt BOldevard 
Dayton 45424 
Tel (513) 236-9900 
TWX 810-459-1622 
tPloneer/Cleveland 
4800 E 131 st Street 
Cleveland 44105 
Tel (216) 587-3600 
TWX 81()..422·2211 

u.s. D'ISTRIBUTORS 

OREGON 
t Almac/Stroum ElectroniCS 
8022 S W Nimbus, Bldg 7 
Beaverton 97005 
Tel (503) 641-9070 
TWX 910-467-8743 
tHamllton/Avnet ElectroniCs 
6024 S W Jean Road 
Bldg C, &oute 10 
Lake Oswego 97034 
Tel (503) 635-7848 
TWX 911)..455-8179 

PENNSYLVANIA 
tArrow ElectroniCS 
650 Seco Road 
Monroeville 15146 
Tel (412) 856-7000 
tPloneer/Plttsburgh 
259 Kappa Dnve 
PIttSburgh 15238 
Tel (412) 782-2300 
TWX 710-795-3122 

~~og~:~~~::!: VaUey 
Horsham 19044 
Tel (215) 674-4000 
TWX 510-665-6n8 

TEXAS 
t Arrow ElectroniCS 
13715 Gama Road 
Dallas 75234 
Tel (214) 386-7500 
TWX 910-860-53n 
tArrow ElectroniCs, Inc 
10700 Corporate Drive, 
Suite 100 
Stafford 77477 
Tel (713) 491-4100 
TWX 910-880-4439 
tHamllton/Avnet ElectroniCS 
10508A Boyer Boulevard 
Austin 78757 
Tel (512) 837-8911 
TWX 910-874-1319 
tHamlltontAvnet ElectronICS 
2111 W Walnut HIli Lane 
Irving 75062 
Tel (214) 659-4100 
TWX 910..as0-5929 
tHamllton/Avnet ElectroniCS 
8750 West Park 
Houston 77063 
Tel (713) 780-1771 
TWX 91D-881-5523 

tPloneer/Austln 
9901 Burnet Road 
AustIn 78758 
Tel (512) 835-4000 
TWX 910-674-1323 
tPtorleerJDalias 
13710 Omega Road 
Dallas 75240 
Tel (214) 386-7300 
TWX 910-850-5563 
tPlon'¥r/Houston 
5853 Point West DrIVe 
Houston n036 
Tel (713) 98B-555S 
TWX 910-881-1606 

UTAH 

tHamllton/Avnet ElectroniCS 
1585 West 2100 South 
Salt Lake City 84-119 
Tel (801) 972-2800 
TWX 910-925-4018 
tArrow ElectrOniCS 
4980 Amelia Earhart DI1V8 
Salt Lake City 84116 
Tel (801) 539-1135 
WASHINGTON 
tAlmlC/stroum ElectroniCS 
14380 S E Eastgate Way 
Bellevue 98007 
Tel (206) 643-9992 
TWX 910-444-2067 
tHamlltonJAvnet ElectronICS 
14212 N E 21st street 
Bellevue 98005 
Tel (206) 453-5844 
TWX 910-443-2469 
twyIe Olstnbutlon Group 
1750 132nd Avenue N E 
Bellevue 98005 
Tel (206) 453-8300 
TWX 910-443-2526 
WISCONSIN 
t Arraw ElectronICs 
430 W A,ussan Avenue 
Oakcreek 53154 
Tel (414) 764-6600 
TWX 910-262-1193 
tHam.lton/Avnet ElectroniCS 
2975 Moorland Road 
New Berlin 53151 
rei (414) 784-4510 
TWX 910-262-1182 

/ 
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inter EUROPEAN DISTRIBUTORS/REPRESENTATIVES 

AUSTRIA 
Bacher Elektronlsche Geraete GmbH 
Rotemuehlgasse 26 
A 1120 Vienna 
Tot (222) 83 63 96 
TELEX: 11532 BASAT A 
BELGIUM 
Inaleo Belgium S.A 
Ave des Croix de Guerre 94 
81120 Brussels 
Tel (02) 216 01 80 
TELEX: 25441 

DENMARK 
MultlKomponent AIS 
Fabrlksparken 31 
DK~2600 GJoskrup 
Tel (02) 45 66 45 
TX. 33355 
Scandinavian Semiconductor 
Supply AIS 
NSrinasgade 18 
OK-2200 Copenhagen 
Tel (01) 83 50 90 
TELEX' 19037 

FINLANO 
Oy Fmtronlc AB 
Melkonkatu 24 A 
5F·00210 
HelSinki 21 
Tel (0) 692 60 22 
TELEX 124 224 Flron SF 

FRANCE 
Celdls SA' 
53. Rue Charles Frerot 
F-94250 Gentlny 
Tel. (01) 5461313 
TELEX 200 485 
Jermyn SA 
rue Jules Ferry 35 
93170 Bagnalat 
Tel (1) 859 04 04 
TELEX' 213810 F 
Metralogle' 
La Tour d' Asnleres 
1, Avenue Laurent Caty 
92606-Asnleres 
Tel' (1) 791 4444 
TELEX 611 448 

Tekelec AlrtroOic' 
Cite des Bruyeres 
Rue Carle Vernet 
F·92310 Sevres 
Tel (01)5347535 
TELEX 204552 

WEST GERMANY 

ElectroOiC 2000 Vertnebs A G 
Neumarkler Strasse 75 
0-8000 Munich 80 
Tel (89) 43 40 61 
TELEX 522561 EIEC 0 

Jermyn GmbH 
Postfach 1180 
Schulstrasse 48 
0-6277 Bad Cam berg 
Tel (06434) 231 
TELEX 484426 JERM 0 

Celdls EnatechOik Systems GmbH 
Schilierstrasse 14 
0-2085 Qulckborn-Hamburg 
Tel (4106) 6121 
TELEX 213590 ENA 0 

Proelectron Vertnsbs GmbH 
Max Planck Strasse 1-3 
6072 OrSlelch bel Frankfurt 
Tel (6103) 33564 
TELEX 417983 

IRELA"D 

Micro Marketing 
7 Ontario Terrace 
Canal Road 
Dublin 6 Eire 
Tel (1)962022 
TELEX 31584 

ISRAEL 

EastronlCS Ltd' 
11 RozanlS Street 
POBox 39300 
Tel AvIV 61390 
Tel (3) 47 51 51 
TELEX 33638 

ITALY 

Eledra 3S SPA' 
Vlale Elvezla, 18 
I 20154 Milano 
Tei (2) 34 97 51 
TELEX 332332 

NETHERLANDS 

Inelco Nether Comp Sys BV 
Turlstekerstraat 63 
POBox 360 
NL Aatsmeer 1430 
Tet (2977) 28855 
TELEX 14693 

Konmg & Hartman 
Koperwerl30 
POBox 43220 
2544 EN's Gravenhage 
Tel 31 (70) 210 101 
TELEX 31528 

NORWAY 

Nordlsk Etektromc (Norge) A/S 
Postofflce Box 122 
Smedsvlngen 4 
1364 Hvalstad 
Tel (2) 786 210 
TELEX lG:J63 

PORTUGAL 

Oltram 
Componentes E ElectrOnlca LOA 
Av Mrguel Bombarda, 133 
Pl000 Llsboa 
Tet (19) 545 313 
TELEX 14182 Bneks-P 

SPAIN 

Interface S A 
Ronda San Pedro 22, 3" 
Barcelona 1 0 
Tel (3) 301 7851 
TWX 51508 

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

SWEDEN 

Ae Gosta Backstrom 
Box 12009 
Atstr3hercatan 22 
S-10221 Stockholm 12 
Tel (8) 541 080 
TELEX 10135 

Nordrsk Electronrk AB 
Box 27301 
S-10254 Stockholm 
Tel (8) 635 040 
TELEX 10547 

SWITZERLAND 

Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zunch 
Tel (01) 363 23 20 
TELEX 56788 INDEL CH 

UNITED KINGDOM 

Bytech Ltd 
UOIt57 
London Road 
Ear1ey, Readrng 
Berkshire 
Tel (0734) 61031 
TELEX 848215 

Comway Mlcrosystems Ltd 
Market Street 
UK-BrackneH, Berkshrre 
Tel 44 (344) 55333 
TELEX 847201 

DECADE Ltd 
100 School Road 
Tllehurst 
Reading, Berkshire 
Tel (0734) 413127 
TELEX 837953 

Jermyn Industries (Mogul) 
vestry Estate 
Sevenoaks, Kent 
Tel (0732) 450144 
TELEX 95142 

MEDL 
East Lane Road 
North Wembley 
Middlesex HA9 7PP 
Tel (01) 9049307 
TELEX 28817 

Raprd Recall, Ltd 
Rapid House/Denmark 5t 
High Wycombe 
Bucks, England HP11 2ER 
Tet (0494) 26 271 
TELEX 837931 

YUGOSLAVIA 

H R Microelectronics Enterprrses 
POBox 5604 
San Jose, California 95150 
Tet 408/978-8000 
TELEX 278-559 

"Field Applrcatlon Location 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

VLC$RL 
Sarmiento 1630, 1 Prso-(1042) 
(1042) Buenos Aires 
Tel 35·1202/9242 
TELEX Public Booth 9900 or 9901 

AUSTRALIA 

Total Electronrcs 
9 Harker Street 
Burwood 
Vrctorra 3125 
Tel 61 3 288-4044 
TELEX AA 31261 

Mailing Address 
Prrvate Bag 250 
Burwood, Vlctona 3125 
Australia 

A J F Systems & Components, Pty Ltd 
#1 Johnstone Lane 
Lane Cove, N,S W 2066 
TELEX 26297 

BRAZIL 

Icotron SA 
05110 Av Mutlnga 3650.6 Andar 
6 Andar 
Plntuba Sao Paulo 
Tel 261-0211 
TELEX 1122274/tCOTBR 

CHILE 

DIN 
A'll VIC MacKenna 204 
CasrUs 6055 
Santiago 
Tel 227564 
TELEX 352003 

CHINA 

Schmrdt & Co Ltd 
Wing On Centre, 28th Floor 
Connaught Road 
Hong Kong 
Tel 011-852-5-455-644 
TELEX 74766 SCHMC HX 

COLOMBIA 

International Computer Machrnes 
Carrera 7 No 72-34 
Apdo Aereo 19403 
Bogota 1 
Tel 211-7282 
TELEX 45716 ICM CO 

HONG KONG 

SchmIdt & Co ltd 
Wrng on Center, 28th Floor 
Connaught Road 
Hong Kong 
Tel 5-455-644 
TELEX 74766 SCHMC HX 

INDIA 

Mlcromc DeVices 
104j109C, Nlrmallndustrral Estate 
Sion (E) 
Bombay 400022, India 
Tel 486-170 
TELEX 011-5947 MDEV IN 

JAPAN 

Asahr ElectrOnics Co Ltd 
KMM Bldg Room 407 
2-14-1 Asano, Kokura 
Klta-Ku, Krtakyushu City 802 
Tel (093) 511-6471 
TELEX AECKY 7126-16 

Hamllton-Avnet Electronics Japan ltd 
YU and YOU Bldg 1-4 Hondome-Cho 
Nrhonbashl Chuo-Ku, Tokyo 103 
Tel (03) 662-9911 
TELEX 2523774 

Ryoyo Electrrc Corp 
Konwa Bldg 
1-12-22, TsukrJr 
Chuo-Ku, Tokyo 104 
Tel (03) 543-7711 

Tokyo Electron Ltd 
Shin Juku, Nomura Bldg 
26-2 NiShi-Shin Juku-Ichame 
Shin Juku-Ku, TOkyo 160 
Tel (03) 343-4411 
TELEX 232-2220 LABTEL J 

KOREA 

Koram Digital 
Room 909 Woonam Bldg 
7, l-KA Bongre-Dong 
Chung-Ku Seoul 100 
Tel 2-753-8123 
TELEX K25299 KODIGIT 

NEW ZEALAND 

Mclean Information Technology Ltd 
459 Kyber Pass Road, Newmarket, 
POBox 9464, Newmarket 
Auckland I, New Zealand 
Tel 501-801, 50t-219, 587-037 
TELEX NZ21570 THERMAL 

SINGAPORE 

General Engrneers Corporatron Pty Ltd 
Blk 3, Units 1003-1008, 10th Floor 
P S A Multi-Storey Complex 
TELOK BLANGAHIPasrr PanJang 
Singapore 0511 
Tel 271-3167 
TELEX RS23987 GENERCO 

SOUTH AFRlCA 

Electronrc Burldlng Elements, Pty Ltd 
PO Box 4609 
Hazelwood, Pretoria 0001 
Tel 011-27~12-46-9221 or 9227 
TELEX 3-0181 SA 

TAIWAN 

Taiwan Automation Co' 
3d Floor #75, SectIon 4 
Nanking East Road 
Talpel 
Tel 771-0940 
TELEX 11942 T AIAUTO 

YUGOSLAVIA 

H R M1croelectronlcs Enterprrses 
POBox 5604 
San Jose, California 95150 
Tel (408) 978-8000 
TELEX 278-559 

'Field Apphcatron Locatron 



BELGIUM 

Intel Corporation S A 
Pare Seny 
Rue du Moulin a Papler 51 
BOlte 1 
8-1160 Brussels 
Tel (02) 661 07 11 
TELEX 24814 

DENMARK 

Intel Denmark A/S' 
Lyngbyvej 32F 2nd Floor 
OK-2100 Copenhagen East 
Tel (01) 18 20 00 
TELEX 19567 

FINLAND 

Intel Finland OY 
Hameentle 103 
SF - 00550 Helsinki 55 
Tel 0/716955 
TELEX 123 332 

FRANCE 

Intel Corporation, SA R L ' 
5 Place de la Balance 
Stile 223 
94528 Rungls Cedex 
Tel (01) 687 22 21 
TELEX 270475 

Intel Corporation, S A R L 
Immeuble BBC 
4 Qual des EtrDlts 
69005 Lyon 
Tel (7) 842 40 89 
TELEX 370700 

AUSTRALIA' 

Intel Semiconductor Pty Ltd 
Spectrum BUilding 
200 Paclf!c Highway 
Level 6 
Crows Nest, NSW, 2089 
Australia 
Tel 011-61-2-436-2744 
TELEX 790-20097 

HONG KONG 

Intel Semiconductor Corp 
99-105 Des Voeux Rd, Central 
18F, Unit B 
Hong Kong 
Tel 011-852-5-499-432 
TELEX 63869 

ISRAEL 

Intel Semiconductor ltd * 
POBox 1659 
Haifa 
Tel 4/524 261 
TELEX 46511 

INTEL' EUROPEAN SALES OFFICES 

WEST GERMANY 

Intel Semiconductor GmbH' 
Seldlstrasse 27 
0-8000 Muenchen 2 
Tel (89) 53891 
TELEX 05-23177 INTL 0 

Intel Semiconductor GmbH' 
Malnzer Strasse 75 
D-6200 Wlesbaden 1 
Tel (6121) 70 08 74 
TELEX 04186183 INTW D 
Intel Semiconductor GmbH 
Brueckstrasse 61 
7012 Fellbach 
West Germany 
Tel (711)580082 
TELEX 7254826 INTS 0 

Intel Semiconductor GmbH" 
Hohenzollern Strasse 5' 
3000 Hannover 1 
Tel (511)344081 
TELEX 923625 INTH D 

Intel Semiconductor GmbH 
Ober-Ratherstrasse 2 
0-4000 Dusseldorf 30 
Tel (211)651054 
TELEX 08-58977 INTL 0 

ITALY 

Intel CorporatIOn Itaba Spa' 
Mllanoflorl, Palazzo E 
20094 Assago (Milano) 
Tet (02) 824 00 06 
TELEX 315183 INTMIL 

NETHERLANDS 

Intel Semiconductor Nederland B V • 
Cometongebouw 
Westblaak 106 
3012 Km Rotterdam 
Tel (10) 149122 
TELEX 22283 

NORWAY 

Intel Norway A/S 
PO Box 92 
Hvamvelen 4 
N-2013 
SkJetten 
Tel (2) 742 420 
TELEX 18018 

SWEDEN 

Intel Sweden A B • 
Box 20092 
Archtmedesvagen 5 
S-16120 Bromma 
Tel (08) 98 53 85 
TELEX 12261 

SWITZERLAND 

Intel Semiconductor A G • 
Forchstrasse 95 
CH 8032 ZUrich 
Tel (01) 55 45 02 
TELEX 57989 ICH CH 

UNITED KINGDOM 

Intel Corporation (U K ) Ltd • 
5 Hospital Street 
Nantwlch, Cheshire CW5 5AE 
Tel (0270) 626 560 
TELEX 36620 

Intel Corporation (U K ) Ltd * 
Pipers Way 
SWlndon, Wiltshire SN3 1 AJ 
Tel (0793) 488 388 
TELEX 444447 INT SWN 

'Field ApplicallOn Location 

INTEL INTERNATIONAL SALES OFFICES 

JAPAN 

Intel Japan K K 
5-6 Tokodal, Toyosato-machl 
Tsukuba-gun, Ibarakl-ken 300-26 
Tel 029747-8511 
TELEX 03656-160 

Intel Japan K K 
2-1-15 Naka-machl 
Atsugl, Kanagawa 243 
Tel 0462-23-3511 

Intel Japan K K 
2-51-2 KOjlma-cho 
Chofu, Tokyo 182 
Tel 0424-88-3151, 

Intel Japan K K 
2-69 Hon-cho 
Kumagaya, Sattama 360 
Tel 0485-24-6871 

Intel Japan K K 
2-4-1 Terauchl 
Toyonaka, Osaka 560 
Tel 06-863-1091 

Intel Japan K K 
1-5-1 Marunouchl 
Chlyoda-ku, Tokyo 100 
TE'l 03-201-3621/3681 

Intel Japan K K 
1-23-9 Shlnmachl 
Setagaya-ku, Tokyo 154 
Tel 03-426-2231-427-8845 

'Field Application Location 



intJ 
CALIFORNIA 
Intel Corp 
1601 Old Bayshore Highway 
SUIte 345 
Burlingame 94010 
Tel (415) 692-4820 
TWX 910-375-3310 

Intel Corp 
2000 E 4th Street 
Suite 110 
Santa Ana 92705 
Tel (714) 835-2670 
TWX 910-595-2475 

Intel Corp 
7670 Opportunity Road 
San Diego 92111 
Tel (714) 268-3563 

Intel Corp 
5530 N Corbin Avenue 
SUite 120 
Tarzana 91356 
Tel (213) 708-0333 

COLORADO 
Intel Corp 
650 South Cherry 
SUite 720 
Denver 80222 
T 81 (303) 321-8d86 
TWX 910-931-2289 

CONNECTICUT 

Intel Corp 
36 Padanaram Road 
Danbury 06810 
Tel (203) 792-8366 

FLORIDA 
Intel Corp 
1500 N W 62nd Street 
SUite 104 
Ft Lauderdale 33309 
Tel (305) 771-0600 
TWX 510-956-9407 

Intel Corp 
500 N Maitland Avenue 
SUite 205 
Maitland 32751 
Tel (305) 628-2393 
TWX 810-853-9219 

Intel Corp 
5151 Adanson Street 
Orlando 32804 
Tel (305) 628-2393 
GEORGIA 
Intel Corp 
3300 Holcomb BrIdge Road 
Sutte225 
Norcross 30092 
Tel (404) 449-0541 

ILLINOIS 
Intel Corp 
2550 Golf Road 
Suite 815 
Rolhng Meadows 60008 
Tel (312) 981-7230 
TWX 910-253-1825 

KANSAS 
Intel Corp 
9393 W 110th Street 
Sutte 265 
Overland Park 66210 
Tel (913) 642-8080 

MARYLAND 

Intel Corp 
7257 Parkway Dnve 
Hanover 21076 
Tel (301) 796-7500 
TWX 710-862-1944 

U.S. SERVICE OFFICES 

MASSACHUSETTS 
Intel Corp 
27 Industnal Avenue 
Chelmsford 01824 
Tel (617) 256-1800 
TWX 710-343-6333 

MICHIGAN 
Intel Corp 
26500 Northwestern HIghway 
Sutte401 
Southfield 48075 
Tel (313) 353-0920 
TWX 810-244-4915 

MINNESOTA 
Intel Corp 
7401 Metro Boulevard 
Sutte 355 
EdIna 55435 
Tel (612) 835-6722 
TWX 910-576-2867 

MISSOURI 
Intel Corp 
4203 Earth City Expressway 
Sutte 143 
Earth City 63045 
Tel (314) 291-1990 

NEW JERSEY 
Intel Corp 
385 Sylvan Avenue 
Englewood Cliffs 07632 
Tel (201) 567-0820 
TWX 710-991-8593 

NEW YORK 
Intel Corp 
2255 Lyell Avenue 
Rochester 14606 
Tel (716) 254-6120 

NORTH CAROUNA 
Intel Corp 
2306 W Meadowview Aoad 
Suite 206 
Greensboro 27407 
Tel (919) 294-1541 

OHIO 
Intel Corp 
Chagrin-Brainard Bldg 
SUite 300 
28001 Chagnn Boulevard 
Cleveland 44122 
Tel (216) 464-6915 
TWX 810-427-9298 

Intel Corp 
6500 Poe Avenue 
Dayton 45414 
Tel (800) 325-4415 
TWX 810-450-2528 

OKLAHOMA 

Intel Corp 
4157 S Harvard 
SUite 123 
Tulsa 74101 
Tel (918) 749-8688 

OREGON 
Intel Corp 
10700 S W Beaverton-Hillsdale Highway 
SUite 22 
Beaverton 97005 
Tel (503) 641-8088 
TWX 910-487-8741 

PENNSYLVANIA 
Intel Corp 
500 Pennsylvania Avenue 
Fort Washington 19034 
Tel (215) 641-1000 
TWX 510-661-2077 

Intel Corp 
201 Penn Center Boulevard 
SUite 301 W 
PittSburgh 15235 
Tel (313) 354-1540 

TEXAS 
Intel Corp 
313 E Anderson Lane 
SUite 314 
Austin 78752 
Tel (512) 454-8477 
TWX 910-874-1347 

Intel Corp 
2925 L B J Freeway 
Suite 175 
Callas 75234 
Tel (214) 241-2820 
TWX. 910-860-5817 

Intel Corp 
7322 S W. Freeway 
Sutte 1490 
Houston 77074 
Tel (713) 988-8088 
TWX 910-881-2490 

VIRGINIA 
Intel Corp 
7700 Leesburg Pike 
SUite 412 
Falls Church 22043 
Tel (703) 734-9707 
TWX 710-931-0625 

WASHINGTON 
Intel Corp 
110 IIOth Avenue N E 
SUite 510 
Bellevue 98004 
Tel 1-800-538-0662 
TWX 910-443-3002 

WISCONSIN 
Intel Corp 
150 5 Sunnyslope Road 
SUIte 148 
Brookfield 53005 
Tel (414) 784-9060 




