














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MC34046S°MC34047S

FIGURE 2 — SIGNAL WAVEFORMS
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L Advance Ihformation

GENERAL DESCRIPTION

THE SC42468 Bubble Memory Coil Pre-driver is a monolithic
CMQOS integrated circuit which generates control signals for driv-
ing the X and Y field coils of a magnetic bubble memory device.
The coil currents are switched through bridge configurations of
complementary MOS Power FETs which are packaged separately.
Basic control/timing signals are input to the coil pre-driver from
the bubble memory controlier.

The Coil Pre-driver also contains under-voltage sensing circuits
for the two bubble memory system power supply voitages. These
circuits provide an interlock signal which can be used to provide
an orderly shut-down so as to prevent loss of data in the event
of a loss of D.C. power. The SC42468 is packaged in a 20-pin dual
in-line package.

FEATURES

® Level Shift from TTL to Coil Drive Voltage

® High Load-Capacitance Drive Capability for Low-On-Resistance
Power FET Coil Drivers.

® Coils Grounded When not Operating

® Interlock Disabies Operation Driver When Coils are not Being
Driven

e Under-Voitage Detection and Interlock

e Chip Select Input for Multiple-Bubble Systems

BUBBLE MEMORY
COIL PREDRIVER

20

ABSOLUTE MAXIMUM RATINGS*

Characteristic Value Unit

Storage Temperature -65to +150 °C
Ambient temperature with power a_\pplied

Commercial Device Oto +70 °C

Extended-temperature Device -55t0 +125 °C
Voltage — Vpp and Coil Drive Outputs ~05to +15 Volts
Voltage — any other pin to GND -05t0 +7.0 Volts
Output Driver Current 180 mA
Power dissipation i 1.2 Watts’

*Absolute Maximum Ratings indicate limits beyond which permanent damage may occur to
the device. Proper operation of the device requires that it be limited to the conditions
specified under DC Electrical Characteristics.

PIN ASSIGNMENTS

VDDE ® ~ E XAOC

vaoc[2 113] xA0
Gndé (18] X80
vao[4] [17] xBOC
v80[5 | 6] xB
ysoc 6] [15] XA
ve[7] 14) TS
Ya[g] (73] Vsense
Run E E_ZJ VREF
PDNO [10] E] Vee

20-pin Dual In-line
Package: 0.3-inch row spacing

This document contains information on a new product. Specifications and information herein
are subject to change without notice.

12-32




S$C42468

PIN DESCRIPTIONS

Inputs ' Outputs
Cs — Chip Select — enables operation of the coil XAO — X-coil positive-current N-channel driver
pre-driver. enable.
XA — X coil positive current enable. XAOC — X-coil positive-current P-channel driver
XB — X coil negative current enable. enable.
YA — Y coil positive current enable. XBO — X-coil negative-current N-channel driver
. . enable. ‘
YB — Y coil negative current enable. X . )
XBOC — X-coil negative-current P-channel driver
enable.
YAO — Y-coil positive-current N-channel driver
enable.
Supplies and Miscellaneou YAOC — Y-coil positive-current P-channel driver
Vpp  — Coil driver supply voltage. enable.
Vcc  — Logic supply voltage. YBO  — Y-coil negative-current N-channel driver
VRer — Reference voltage for sensing circuits. enable.
VSENSE — VDD sensing input. YBOC — Y-coil negative-current P-channel driver
GND  — System Ground. enable.
RUN — Indicates that the X and Y coils are being
driven — enables the operation driver.
PDNO — Power Down Output — indicates that at

least one of the power supply voltages is
below its minimum operating value.

FIGURE 1 — FUNCTIONAL DIAGRAM

| Identical | YAOC
| Circuit IL— YBO
—
| L__vBoC
b J- _________________ -
O———
Low-Voltage _
VSENSE O——— Sensing O PDNO
VREF O—————
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DC ELECTRICAL CHARACTERISTICS (VRef = 2.50 V £1%, Tp = 25°C)

Parameter Symbol Min Max Unit

Coil Supply Voltage VpD 9.0 14.5 Volts

Logic Supply Voltage vee 4.75 5.25 Voits

Current from Vpp___ bDq - TBD mA

" (Vpp =120V, CS = 0)

Current from Vpp__ IpD, - TBD mA
(Vpp =120V,CS = 1)

Current from Vg e — TBD . mA
(Ve = 525 V) :

Current from VREF IREF - TBD pA
(VREF =.2.525 V),

Logic High In Voitage (TTL) VIH 2.0 — Voits

Logic Low In Voltage (TTL) VL —_ 0.8 Volts

Logic High Out Voltage (TTL) VOH 27 — Volts

- (lg = —0.4 mA)

Logic Low Out Voltage (TTL} VoL — 04 Volts

 (ip = 1.6 mA)

Logic High In Current IIH — 20 HA
(V) =27V,Vec = 5.0V) )

Logic Low In Current TN — ~-40 KA
(V) =04V, Ve = 50V)

Driver High Out Voltage (CMOS) VDOH Vpp-0.3 — Volts
(IpoH = —10 mA),

Driver Low Out Voltage (CMOS) VpoL . 0.2 Volts
(ipoL = 10 mA)

Driver High Out Current IDOH —250 —_ mA

Driver Low Out Current ) lpoL 250 - mA

Input Capacitance CIN — 15 pF

Vg Detection Threshold vVTce TBD TBD Volts

VSeNSE Detect Threshold Vrs 78D TBD Volts

Vce Power Up Enable VECC T8D T8D Volts

Vpp Power Up Enable VEDD T8D TBD Volts

AC ELECTRICAL CHARACTERISTICS (Vpp = 10.8t0 13.2V, Tp = 25°C)

Parameter Symbol Min Max Unit

Output Rise Time tr — 35 ns
(CL = 450 pF)

Output Fall Time . tf — 35 ns
(CL = 450 pF)

CS* to Driver Out tocb —_ 300 ns
(CL = 450 pF)

CS* to RUN Delay tDCR - 300 ns

Other In to Driver Out tDID — 150 ns
(CL = 450 pF)

Other In to RUN Out IDIR — TBD ns
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FIGURE 2 — SIGNAL WAVEFORMS
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OPERATION

The magnetic bubble memory device requires a ro-
tating magnetic field which is produced by the inter-

action of two orthogonal (X,Y) coils mounted inside the -

package. A uniform rotating field would be produced
by driving the coils with sinusoidal currents displaced
by 90° in time. In actual practice, an approximately tri-
angular current waveform is produced by applying a
voltage pulse to each coil through transistor switches
and allowing the inductance of the coil to integrate the
volitage into a current ramp. The pulse duration is small
relative to the time-constant of the coil and series tran-
sistors so that the current ramp is approximately linear.

Timing inputs to the Coil Pre-driver are provided to
the XA, XB, YA, and YB pins. These signals are active-
high and enable the application of voltage pulses to the
coil driver FETs, which in turn enable current flow in
the coils. XA and YA enable positive current flow; XB
and YB enable negative current flow. Four output drive
signals are provided for each coil, one for each of the
four switch transistors in the bridge (two P-channel, two
N-channel). These correspond to the four inputs and
their logical complements except that if both X(Y) inputs
go high, all four X(Y) outputs go high. This is the off
state wherein all N-channel drivers are turned on thus

grounding both ends of both coils. When either coil is
in the off state (XA =XB=high, or YA=YB=high), the
RUN output is held low to disable the Operation Driver.

Note that the “X” and Y halves of the circuit are
identical as are the “A’” and "B’ portions within each
half. This symmetry may be taken advantage of to sim-
plify printed-circuit board layout in some cases by in-
terchanging “X" and “'Y” or "A"” and “B.”

The Chip Select (CS) input is active-low, and when
false (high) overrides the timing inputs forcing the coil
drivers into the off state, and places the Coil Pre-driver
into a standby mode with reduced power consumption.
Chip Select may be used to selectively enable one of
a parallel-wired group of bubble memories, each with
its own set of support circuits.

The Power Down (PDNO) signal is active-low and
goes low whenever either:-Vcc or Vpp drops below its
normal operating range. V¢ is sensed internally, but
since Vpp is variable (dependent on the operating fre-
quency) it is sensed through the VGENSE pin using a
voltage divider (R1 and Ry) from Vpp. At nominal Vpp,
VGENSE should be 2.90 volts.When power is applied,
PDNO is held low until both Vceand Vpp have reached
their operating vatues. PDNO has an open-drain output

_and may be externally wired-ored.
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FIGURE 3 — TYPICAL COIL WAVEFORMS
(X-COIL IDENTICAL, PHASE SHIFTED)
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l Advance Information

GENERAL DESCRIPTION BUBBLE MEMORY

The SC42584 and SC42585 Bubble Memory controllers are CONTROLLERS
monolithic HMOS integrated circuits which control the operation
of the Motorola MBM2256 (256 Kilobit) and MBM2011 (1 Megabit)
Magnetic Bubble Memories, respectively. They provide the inter-
face between a Magnetic Bubble Memory (MBM) subsystem and
the user system, including data and map loop read and write,
redundant loop management, error correction, and all bubble
memory timing. The SC42584 and SC42585 are functionally equiv-
alent and pin-compatible. They differ only in data record length
and bubble memory control puise timing. They are packaged in
40-pin dual-in-line packages with 0.6-inch pin row spacing.

FEATURES

® Single-Chip Integrated Circuit

e Generation of All Bubble Memory Timing Signals
e Operation of 1 to 8 Bubble Memories in Parallel
® Complete Error Correction/Detection

® Dynamic Data Buffering of 16 Bytes

® Complete Redundant Loop Management FIGURE 1 — PIN ASSIGNMENTS
o Direct 8-bit Microprocessor Bus interface

® Programmed, interrupt, or DMA Data Transfer

o Power-Failure Interlock

® On-chip Crystal-Controlled Oscillator

e Simple Software Interface with Diagnostic Capability
o Bootloop Write with Mechanical Interiock

ABSOLUTE MAXIMUM RATINGS*

Ch isti Value Unit
Ambient temperature with power applied
Commercial device Oto + 70 °C
Extended-temperature device -55t0 + 126 °C
Storage Temperature - 65 to + 150 °C
Voltage — any pin with respect to GND -05t0 + 7.0 Volts
Power dissipation 1.0 Watts

* Absolute Maximum Ratings indicate limits beyond which permanent damage
may occur to the device. Proper operation of the device requires that it be
limited to the conditions specified under DC Electrical Characteristics.

40-pin dual in-line package;
0.6-inch row spacing

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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PIN DESCRIPTIONS

User Interface

RESET — If a command is executing, initiates an
orderly termination; resets and precon-
ditions internal registers and control

~logic.

Data Bus .~ Bidirectional transfer of data, com-
(D7-D0) mands, and status between the user
system and the controller.

Address  — Selects one of eight mternal registers

(A2-A0) for bus transfer.

[« - — Chip Select— enables the user data-bus
interface.

RD — Read Enable — enables reading from

o " .the addressed register in conjunction
with CS or DACK.

WR — ‘Write Enable.-— enables writing to the

‘addressed Ffegister in conjunction with
CSor DACK.

INT — Interrupt — programmable. to indicate
data request or command completion.

DRQ — Data Request — indicates that the

contrller is ready for a data byte transfer
to or from the user system.

DACK — Data Acknowledge — enables a transfer
s between the bus and the data buffer in
conjunction with RD and WR but inde-

pendent of A2-A0.

External Map Memory Interface
MAPDATA '— Data from external redundancy map
memory.

CLRMAP ~— Initializes (clears to zero) ‘the redun-
. dancy-map memory address counter.

CLKMAP.,  — Rising edge increments the redun-
: dancy-map memory address counter.

WRMAP  — Enables writing data from the MBM(s)

to the redundancy-map memory. "

Supplies and Miscellaneous
XIN — Crystal connections for controller clock

XOoUT oscillator. Alternatively, XIN -may be dri-
ven with an externally-generated square
wave at standard TTL levels, in which

s case, XOUT should be left unconnected.

Vcc . — Power supply.voltage: 5V * 5 percent.

GND.

- System ground..

Bubble Memory Interface

DIN
DOUT

STROBE

SRCLK

GEN
SWAP
REP
RMAP
cuTt

XA
XB
YA

YB
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Data In — serial data from MBM sense
amplifier (single-MBM bank) or parallel-
to-serial shift register (multiple-MBM
bank).

Data Out — serial data to MBM opera-
tion driver (single-MBM bank) or to
serial-to-parallel shift reglster (multlple-
MBM bank).

Data timing signal — defines sample
window for sense amplifier. Trailing

‘edge latches detected data in sense am-

plifier. Leading edge’ latches data into
operation driver in single-MBM bank.

Data timing for multiple-MBM bank.
Loads data from sense amplifiers into
a parallel-to-serial shift register. Trailing
(rising) edge clocks data from a serial-
to-parallel shift register into the opera-
tion driver(s).

Clock for shift registers used in a mul-
tiple-MBM bank. Rising edge advances
shift registers. Falling edge internally
samples data on DIN or changes data
on DOUT.

Generate Timing signals to op-
Swap eration driver which

. control the corre-
Replicate

sponding currents. Cut

Replicate Map [ current is produced by

Cut the conjunction of CUT
and REP or CUT and
RMAP.

X coil positive cur-

rent enable.

When the —A and
—B signals are
both high, the cor-
responding coil is
off and both ends
are grounded. .

X coil negative
current enable.

Y coil positive cur-
rent enable.

Y coil negative
current enable.
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Volts 5% unless otherwise specified.)

Par Symbol Min Max Unit
Input Low Voltage . ViL -0.5 0.8 \%
Input High Voltage VIH 2.0 Vee+0.5 \
Output Low Voltage VoL — 04 v
(loL = 2.0 mA)
Output High Voltage VoH 24 — \
(loH = —500 puA)
VOH for XA XB,YA,YB (1) VCoH 24 —_ v
XIN Input Low Voltage ' VXINL -0.5 0.4 \
XIN Input High Voltage VXINH 24 Vee + 0.5 \
Input Current i — 10 wA
(ViN = 0to Vee)
Output Off-state Current loz -10 10 nA
(VouT = 4510 Vi)
Ve Supply Current Icc —_— 150 - mA
(Vce = 5.25V) i |
(Note 1) Vec =5V, IoH = — 0.5mA
. Vee = 28V, o4 = —0.1mA

AC ELECTRICAL CHARACTERISTICS

P: Symbol Min Max Unit -

Clock Period ‘toy 100 333 ns
Clock High Time ) tCH 0.4 0.6 tcy
Clock Rise Time tCR - 25 ns
Clock Fall Time 1CF — 25 ns
RESET Pulse Width ' tWRE 64 — tcy
Reset Disable Delay tDRD — 192 tcy
DRQ Turn Of Delay tDDR — 300 ns
INT Turn Off Delay tDIN — 150 ns
TS & Address Set Up tAS 25 — ns
CS & Address Hold tAH 0 — ns
Time Between Successive RD Pulses tROFF 2.0 — tcy
Read Data Delay tDDR

{CL = 30 pF) - » 250 - ns

(CL = 100 pF) — 300 ns
Data Bus Turn Off tpz 20 100 ns

(CL = 20 — 100 pF) )
WR Pulse Width ’ tww 200 - ns
Time Between Successive WR Pulses tWOFF 2.0 - tcy
Write Data Set Up tDSW 25 - ns
Write Data Hold tDHW 25 —~ ns
DIN, MAPDATA Set Up tDIS 50 - ns
DIN, MAPDATA Hold DIH 50 . ns
DOUT Delay tDOD — 100 ns
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BUBBLE MEMORY DEVICE OPERATION

The magnetic bubble memory (MBM) device stores
data as the presence or absence of locally-polarized
domains referred to as bubbles in a thin film of magnetic
garnet material. A pattern of magnetic material on the
surface defines stable locations for the bubbles and
paths between them. A rotating magnetic field is pro-
duced in the plane of the film by two orthogonal coils
within the MBM package. One cycle of field rotation
advances all bubbles one position on their respective
tracks. The field may be stopped at the end of any cycle,
and the bubbles will remain in place.

The data storage area is organized as a number of -

closed storage loops. Input and output tracks carry bub-
bles to and from the storage loops and are intercon-
nected with the loops at opposite ends by swap and
replicate gates respectively. One physical page of data
consists of one bit from each of the storage loops. Fig-
ure 2 is a functional diagram of the MBM. Actual im-
plementation may be different. Table 1 gives the MBM
capacities.

A generator creates bubbles in the input track as re-
quired to write data into the MBM. When a number of
data bits equal to the number of storage loops has been
entered into the input track and shifted into alignment
with the loops, a swap pulse is applied which inter-
charges each bit in the input track with one bit in the
adjacent storage loop. The bits swapped out are shifted
to the end of the input track and annihilated.

To read data non-destructively, a replicate-cut-trans-
fer pulse is applied. This pulse causes a stretched bub-
ble at the replicate gate of each storage loop to be cut

into two full-sized bubbles with the trailing bubble trans- .

ferred to the output track while the leading bubble re-
mains in the storage loop. Bubbles in the output track
are then shifted to the detector which consists of a
matched pair of magneto-resistive elements. Bubbles
pass beneath the active detector element causing a
change in its resistance, and are then destroyed. A con-
stant current passed through the detector converts the
resistance change into a voltage change. The reference
detector element provides cancellation of noise induced
by the rotating field, through the use of differential
detection.

In order to improve MBM device yields, extra redun-
dant storage loops are provided, and the device is
permitted to have a limited number of non-functioning
loops. Since data transfer between the controller and
the MBM is bit serial, if the controller knows the loca-
tions of the non-functioning loops, it can skip over them.
For this purpose, two additional storage loops are pro-
vided, one of which is loaded at the factory with a map
of the useable data loops; the other is empty. The map
loops communicate with the same input and output
tracks as the data loops, but have separate control in-
puts for replicate and transfer-in (the map write function
does not perform a true swap).
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SYSTEM DESCRIPTION

The Magnetic Bubble Memory Controller provides the
complete interface between a user system and a mag-
netic bubble memaory subsystem. The user communi-
cates with the controller via an eight-bit parallel bi-
directional data bus which carries commands, data,
status, and associated control information. This data
bus is designed to connect directly to a microprocessor
system. The controller contains eight internal registers
which can be mapped via three address lines directly
into memory locations or /O ports in the user system.

The controller is specifically ‘designed to interface
with the following Motorola bubble memory devices
and support circuits:

¢ MBM2256 and MBM2011 Magnetic Bubble Memories
— 256 kilobit and one megabit devices respectively.

® SC42468 Coil Pre-driver — provides the necessary
drive for the X and Y coil drivers (MOS power FETs)
and also provides power supply low-voltage detection.

® MC34046 and MC34047 Operation Drivers — provide
the generate, swap, replicate, and map replicate
current pulses for the MBM2256 and MBM2011
respectively.

® MC34044 Sense Amplifier — provides the deteetor
bias currents and bubble signal detection.

The controller can operate 1, 2, 4, or 8 MBMs in par-
allel, each with its own support circuits. Parallel oper-
ation multiplies the single-MBM physical page size and
data transfer rate by the number of MBMs operated (1,
2, 4, or 8). Consecutive data bits are written to and read
from adjacent MBM devices cyclically; therefore each
data record is distributed across all the MBMs. Single
and muitiple MBM systems are shown in Figures 3a
and 3b.

The controller can be interfaced to several banks of
MBMs, each containing multiple MBMs (not necessarily
the same number). This is accomplished by using the
chip select inputs on the support.devices to enable one
bank at a time using an externally latched and decoded
address. The controller operates the various banks in-
dependently, and it must be reinitialized whenever the
active bank is changed. A muitiple-bank system is
shown in Figure 3c.

A multiple-MBM bank requires additional compo-
nents as follows: )

1) an eight-bit serial-to-parallel shift register which re-
ceives data from DOUT clocked by SRCLK, and from
which data is transferred in parallel to the operation
drivers by SYNC. Banks of two or four MBMs use
the positions corresponding to the first bits shifted
in.

2

a parallel-to-serial shift register which receives data
from the sense amplifiers enabled by SYNC and
shifts the data to DIN clocked by SRCLK. The bit
length need be only as great as the number of MBMs.
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The controller accepts only the first two or four bits
shifted in for corresponding bank sizes.

an external redundancy-map memory and address
counter (not required for two MBM2256s) to aug-
ment: the controller's internal map memory. This
memory subsystem is connected as shown in Figure
4. It uses the following controller signals which are
described under PIN DESCRIPTIONS: CLRMAP,
CLKMAP, WRMAP, and MAPDATA. The memory is
configured as one bit wide, and is written and read
serially. Map memory timing is shown in Figure 9.

In some applications, the user may wish to have the
redundancy map data permanently stored in a PROM.
This may be done using the configuration described in
3). In this case, the controller's internal map memory
is not used.

3

CONTROLLER OPERATION

A block diagram of the main functional components
of the controller is given in Figure 5.

User Interface

The user interface is directly compatible with many
8-bit microprocessors. The data bus provides user com-
munication with any of the eight internal registers as
selected by the address input. The INT signal can be
used to interrupt the processor to request data or to
indicate command termination. The DRQ and DACK sig-
nals can interface to a separate Direct-Memory-Access
controller. These functions are described in detail under
PROGRAMMING INFORMATION.

Data Path

The DATA BUFFER provides sixteen bytes of dynamic
buffering between the user and the bubble memory
subsystem. Bytes are transferred in parallel between
the buffer and the SHIFTER which performs the serial-
to-parallel conversion on data read from the MBM(s)
through DIN or the parallel-to-serial conversion on data
to be written to the MBM(s) over DOUT.

When writing, the QUTPUT MAPPER inserts zeros
into the data stream at positions corresponding to the
unused loops. The INPUT MAPPER deletes the corre-
sponding bits from the input stream when reading. The
redundant loop map is accessed from the MAP MEM-
ORY during these operations and provided.to the map-
pers. The ERROR CORRECTION circuit generates check
bits and inserts them into the data stream when writing,
and checks these bits when reading. It is capable of
correcting any single burst of errors up to three bits
long via the READ CORRECTED command.

The redundancy-map data is usually stored i in one of
the two separate map loops in the MBM. The controller
reads this data during initialization, and stores it in the
MAP MEMORY from which it is retrieved during data
read and write operations. The controlier has on-chip
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map memory sufficient to store the map for one
MBM2011 or two MBM2256s. For multiple-MBM banks,
additional external memory is required; the controller
provides all the control signals necessary to operate
this external memory.

Alternatively, the map data can be permanently
stored in an external PROM or a completely external
RAM may be used. In either case, the entire map is read
from the external memory, and the internal map mem-
ory is not used.

The map loop also contains a synchronization pattern
which is used to locate sector/page zero during initial-
ization. The map loop is normally loaded at the factory
and need only be read to initialize the controllier. How-
ever, commands are provided to read and write the map
loops for diagnostic purposes or to change the map
loop contents. Since the map loop write uses a transfer-
in rather than a swap function, the MBM must be erased
using the Z-coil or an external magnetic field prior to
a map write. The map transfer-in pulse is generated on
the SWAP pin. A switch is required as shown in Figure
6 to properly route the current pulse to the MBM. This
switch also protects against accidental destruction of
the map data by an unintentional map write.

Redundant loop data are stored in alternate bit po-
sitions in one of the map loops in the MBM. The inter-
vening bit positions and the other map loop must con-
tain all zeros (no bubbles). All map operations access
only alternate map bits so the intervening zeros are not
seen by the controller. {Initialization may start in the
wrong phase and read only the intervening zeros. In
this case, it automatically shifts one position and re-
reads.) Data from the two map loops are merged when
reading so that loop selection is not required. The
WRITE MAP command allows specification of the de-
sired loop.

The format of the map loop data is shown in Table 3.

Bubble Memory Data and Timing

All the necessary MBM coil drive and functlon-gate
timing signals are generated by the controller. The coil
drive timing signals are sequenced on and off so as to
start and stop the drive field in the proper phase. Data
to and from the MBM(s) are transferred bit-serial. The
signals STROBE, SYNC, and SRCLK aré provided to
clock this data. Control timing is given in Figure 10 and
Table 4.

Oscillator

An on-chip oscillator provides the lnternal time base
to operate the controlier when connected to an external
crystal as shown in Figure 7. Alternatively, XIN can be
driven from an external oscillator and XOUT not used.
The crystal or external oscillator frequency is 64 times
the coil drive frequency.

Reset and Power-Down
The RESET pin provides internal preconditioning of
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the controller logic on power-up or other system reset
conditions and also acts as a power-down interrupt
which provides an orderly termination of any operation
in.progress with no loss of data in the MBMs.

RESET initializes the registers as follows (hexadeci-
mal values):

LPC: ' 0000

CMDR: FF~ (TERMINATE)

MSR: 01

SAR: 0000

RCR: 00

SFR: -~ 00 .
STR: C1 (while RESET is active)

01 - (after RESET is removed)

The system must be initialized after a reset to syn-
chronize the MBM(s) with the controller. The user
should load the SFR according to the system configu-
ration, and then execute an INITIALIZE command.

When RESET is brought low, the controller ensures
that all control pulse and coil drive signals are properly
sequenced to the off condition so that no data is de-
stroyed in the MBMs. This will occur within three mag-
netic cycles after RESET goes low. Data being written
wili usually not have been swapped in, and will have
to be rewritten when the system is restarted. Note that
if RESET is generated due to detection of low DC volt-
age. the power supply voltages may already be out of
their specified operating ranges, and proper MBM op-
eration may not be guaranteed. The user should provide
input power detection or other means of sustaining DC
voltages to minimize the chance of data loss.

Error Detection and Correction

In order to ensure the integrity of the data stored in
the bubble memory system, the controlier employs er-
ror detection and correction circuitry which operates
automatically, and is in general transparent to the user.

During a normal WRITE DATA operation, the con-
troller calculates and appends a 12-bit error correction
code (ECC) field onto each block of 512 bits (64 bytes)
written. Extra minor loops are provided in the MBMs
for this field. The ECC used is a Fire Code which permits
the identification and correction of any single burst of
errors up to three bits long.

During a READ DATA .operation, the controller recal-
culates the ECC fieid to verify the data. If an error is
detected, the controller stops (provided the Stop on
Error bit is set) and indicates the error in the status
register. It also saves the ECC syndrome and data block
address to enable re-reading (and error correctlon) of
the erroneous block.

Two types of errors can occur:

1) Soft errors — due to transient phenom‘ena in the
detection and sense circuitry. The data in the mem-
ory is good and can usually be re-read correctly.

2) Hard errors — due to‘incorré'ct data in the MBM(s).
Thé READ CORRECTED command rereads the er-
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roneous block and sends corrected data to the user
in most cases. The data shouid then be re-written to
the MBM(s) to correct the memory contents.

Soft and uncorrectable errors are detected and indi-
cated only by the READ CORRECTED command. If an
error is detected during a READ DATA command- with
Stop on Error set, the controller saves the calculdted
ECC syndrome. The READ CORRECTED command uses
two separate ECC circuits: one attempts to do error
correction using the error syndrome, the other recal-
culates the syndrome on the raw data received from the
MBM(s). This recalculated syndrome is compared to the
saved syndrome from the READ DATA. If they are not
equal, the Soft Error bit is set indicating that the data
reread was not the same as the originally-read data. If
the error-correction circuit does not find a correctable
error, the Uncorrectable Error bit is set.

If a soft error occurs, the error-correction circuit can-
not function properly. However it may have been
"“fooled” and changed.some data. Therefore the data
received during READ CORRECTED with a soft error
indication should be ignored, and the data reread with
the READ DATA command.

Hard errors are rare, and the block structure of the
MBM, and interleaved operation of multiple MBMs
causes most hard errors to be correctable, i.e. a hard
failure in a single minor loop affects only one bit in any
ECC block {except for a single MBM2256 system).

The controller also calculates and inserts an ECC field
during a WRITE MAP operation. This field is checked
during the INITIALIZE (L= 1) and READ MAP (C=1) op-
erations; however error correction is not performed for
the map data.

The ECC details and capabilities are summarized in
Table 5.

PROGRAMMING INFORMATION

Nine basic commands with 24 options provide.total
control of the bubble memory subsystem. The user
stores a command into the command register, transfers
data bytes as required, then checks the controller status
to verify proper completion of the operation.
Registers

Eight registers are directly accessible by the user via
the data bus. The desired register is selected by the
three-bit address on A2-A0 when CS'is 'true ({low).
(DATA can also be selected by DACK.) All are read-wnte
except the STR which is read only.

While a command is executing (READY = 0), writing
is inhibited except to DATA and to CMDR bits 1&0;
therefore only a Terminate (immediate) command can
be accepted (CMDR bits 7-2 will not be altered). The
registers are summarlzed |n Table 6.

Symbol

(Address) Name and Use

CMDR — Command Register — loaded by the
{000) ‘user with the command to be exe-
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cuted by the controller (see to be activated at the termination of
Commands). any command. INT is cleared by read-
MSR — Multiple Sector Register — loaded by ing STR or writing CMDR. May be set

concurrently with bit 2.

(001) the user with the number (0 indicates
256) of sectors/pages to be read or 2 Enable DRQ Interrupt — causes INT to
written by the subsequent multiple be activated whenever DRQ is true.
sector READ DATA or WRITE DATA May be set concurrently with bit 3.
command (not used for single sector 1 Page Addressing Mode — (see Sector/
commands). Page Addressing)-

SARL — Sector Address Register, two bytes, 0: Sector Addressing Mode (default).

gg:-: ' Il;'= L°W‘|°"ze"d 8b bi‘:' H=hi9"}'ﬁ’?:" 1: Page Addressing Mode.

its — loade the user with the -
(011) address of the (fir»;t) sector/page to be 0 Write Protect — prevents any WRITE

command from being executed. A write
protect error will be indicated if any
WRITE (Map or Data) is attempted with

read or written by the subsequent
(multipie sector) command.

RCR — Residual Control Register — selects Write Protect = 1.
(100) various options which apply to sub- SFR — System Features Register — defines
_sequent commands. Individual bits (101) the system configuration. Functions
provide specific options as follows: of the individual bits are as follows:

Bit  Function Bit  Function

7  Not used, always zero. 7-3 Not used, always zero.

6  Read Buffer Enable — used primarily 2+ External Map — indicates that all map
for diagnostic functions. This bit must data is to be stored or is pre-stored in
be set to 1 if it is desired to read from the external map memory (RAM or
the data buffer when no command is PROM). The controller does not use its
in progress. Otherwise, the buffer may internal map storage.

be written into, but not read from. For . .
proper operation, it must be reloaded 1,0 Bank Size — specifies the number of

with a 0 before initiating a subsequent MBMs in the active bank as follows:
command. 00: 1 MBM, 01: 2 MBMs,

0: Buffer is write-only between 10: 4 MBMs, 11: 8 MBMs

commands. STR .— Status Register (Read Only) — indi-
1: Buffer is read-only between (110) - cates the status of the command in
commands. progress or last ended — cleared

when CMDR is loaded (except TER-
MINATE when busy) or by RESET.
Certain bits pertain only to specific
commands or are defined differently

5 Stop on Error — causes the controller
to terminate any READ DATA com-
mand at the end of any ECC block in
which a data error was detected. The for different commands. The mean-
ECC logic, SAR, and MSR are leftin the . . ) R
proper state for execution of a READ ings of the bits are as follows:
CORRECTED command. Bit  Command Meaning

4  Half Buffer — causes DRQ to be set 7 RDC Soft Error — the recom-
. . puted ECC syndrome did
only when the buffer is at least half not match the previous
full* (READ) or half empty (WRITE). syndrome (see Error
When Half Buffer is set to 1, data may . .
be transferred in 8-byte bursts in re- Correction/Detection).

sponse to DRQ. The setting of DRQ 6  WRDWRM Write Protect bit is set
according to Half Buffer and the num- — command not
ber of bytes in the buffer is as follows: executed. .
HB READ WRITE : 786 — RESET pin is active (low).
0: =1 byte =< 15 bytes 5 RDD,WRD Sector/page Address Out
1: = 8 bytes* < 8bytes of Range for the number
*or at end of command if buffer ’ of MBMs specified.
is not empty. RDM (C=1) Map compare error —
3 Enable READY iInterrupt — causes INT the data read from the
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MBM(s) did not match
thatin the map memory.

INIT Initialization error —
synchronization pattern
could not be found.

RDC Non-correctable error.

3 all READS Data Error detected
(ECC). For RDC com-
mand, indicates that er-
ror is in a different block
than previous error.

2 all READS  Data Buffer overrun —
and WRITES the user did not read/
" write the data buffer fast
enough to keep up with
' the MBM data transfer
rate, or the user at-
“ tempted to read/write the’

buffer when DRQ=0.
1 all RD & WR Data transfer request

(DRQ).

Ready — previous com-
mand has terminated
and .controlier is ready

0 all

' . to receive a new
command.
DATA Data buffer — a 16-byte first-in-first-
(111) out (FIFQ) buffer used for all data
transfers.
Sector/Page Addressing

A page of data corresponds to a‘single physical read
or write of the MBM(s) — therefore, the page length is
determined by the MBM type (256K or megabit) and the
number of MBMs specified in the SFR. The number of
pages in a bank is independent of the number of MBMs,
and is determined only by the MBM type.

Note: A minimum block size of 64 bytes is required for
the ECC. Therefore, a single 256K-bit bank utilizes
two physical pages per logical page.

A sector is a fixed-length record independent of the
number of MBMs specified in the SFR and is equal to
the maximume-length page for the MBM type. Therefore,
the number of sectors in a bank is proportional to the
number, of MBMs.

Sector addressing is selected by default. Page ad-
dressing may be selected by setting the Page Mode
bit=1'in the RCR. Sector and page addressing are equiv-
alent for a maximum bank of 8 MBMs.

Regardless of the mode or number of MBMs, error
detection/correction is performed on blocks of 512 bits
(64 bytes). in general, there are multiple ECC blocks
within a sector/page.

Table 7 shows the sector and page sizes and counts
for all configurations.
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Logical Addressing

Propagation of the bubbles along the input or output
track causes the:data loops to be shifted an equal dis-
tance. Thus, following a replicate and clearing of the
output track, the physically adjacent page has propa-
gated well past the replicate gates; a similar affect oc-
curs during consecutive writes. In order to provide min-
imum access time when reading or writing consecutive
pages/sectors, the controller uses a logical addressing
scheme such that consecutive logical pages are spaced
several physical locations apart to account for the la-
tency described above. This spacing is given in Table 8.

The controller maintains the current logical page/
sector address in the Logical Page Counter (LPC), a non-
accessible register which is incremented by the appro-
priate value during each active MBM cycle. The LPC is
compared to the SAR to locate the desired page/sector
for READ & WRITE commands. To synchronize the LPC
with the MBM contents, the INITIALIZE or CLEAR LPC
command should be used. RESET also clears the LPC
to zero regardless of MBM position.

The timing of the WRITE DATA command is such that
consecutive commands to consecutive logical ad-
dresses (without reloading the SAR) will be accom-
plished with minimum lateney. During a multiple-page/
sector READ DATA command, replicates are performed
“on the fly’" as each logical page reaches the replicate
position; however. the extra propagation distance be-
tween the replicate gates and the detector means that
at the termination of a READ DATA command, the next
logical address has passed the replicate position. The
POSITION READ command will give minimum access
time when consecutive logical pages/sectors are to be
read with single-page/sector commands.

Commands

The user initiates operation of the controlier by writ-
ing a command byte into the command register (CMDR).
The various commands are described below and sum-
marized in Table 6. For each command, the value to be
loaded into the CMDR is given in binary with certain
option bits which affect its operation.' Use of the SAR
and MSR is described where applicable. These regis-
ters, when used, as well as the SFR and RCR, must be
loaded prior to loading the CMDR. |

Data Transfer . »

All data transfers are made to/from the data buffer
which is accessed as register 7. During a read or write
command execution, when the controller determines
that a data transfer.is required, it does the following:

1) sets the DRQ bit in the status register.

2) raises the DRQ pin to. the active (high) state.

3) if RCR bit 2 (Enable DRQ Interrupt) is set, raises

the INT pin to the active (high) state.

Any of these conditions may be recognized by ap-
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propriate software or hardware as indicating that data
transfer is required. The user then transfers one or more
bytes to or from the buffer using WR or RD and either
of the following:

1) addressing Register 7 {CS=0, A2A1,A0 = 111).

(CS=1, DACK=0, A2-A0
ignored).

The DRQ and DACK signals may be used with a sep-
arate direct memory access (DMA) controller. DRQ and
INT (if used) remain active as long as data transfer is
required.

If the RCR Half Buffer bit is set to 1, then eight bytes
can always be transferred in a burst when a DRQ occurs.

Notes:

The WRITE DATA (S = 0) AND WRITE MAP commands
do not begin execution until the first data byte has
been written into the data buffer. When using pro-
grammed data transfer, the user should always load
the first. 16 data bytes in a burst as fast as possible
so as to provide adequate buffering for the operation.
{It is not necessary to check DRQ since the buffer is
known to be empty at the start of the command.)

Due to the asynchronous operation of the data buffer,
the controller always attempts to keep it full during
a write operation. As a result, it may request up to 16
additional bytes at the end of a write depending on
the user system response time. Response to these
extra DRQs is optional: extra bytes transferred will
not be written to the MBM(s); ignoring the DRQ will
not cause an error.

2) activating DACK

Termination and Status
When the' command ‘execution is fmlshed the
controller:
1) sets the Ready bit and any other bits which are
appropriate in the status register.
2) if RCR bit 3 (Enable Réady Interrupt) is set, raises
the INT pin to the active (high) state.

The -user should read the status register to verify
proper completion of the previous command and take
any corrective action indicated. Ready indicates that the
controller is able to accept a new command.

INT, if used, is cleared by reading the status reglster
or loading the command register.

Command Descriptions
INITIALIZE (INIT) CMDR= 1111 L100

Read the map loop until the synchronization pattern
(64 ZEROs followed by a ONE is detected, then set the
logical page counter (LPC) to zero. Then if L=1, load
the redundancy map memory with the map data.

If the synchronization pattern is not found after one
complete cycle of the map loop, the map loop is shifted

one position and a second attempt is made reading the
interleaved bits.

INITIALIZE should be executed after any of the
following:

1) Power off-on.
2) Reset.
3) Bank switching or MBM change

Page synchronization is then maintained until any of
the above conditions occurs. The Load Map Memory
(L=1) option should be used unless it is not desired to
use the redundant-loop map or the map has been pre-
stored in an external PROM.

Register usage: None.

Errors detected:
Initialization error — the synchronization pattern
could not be found on either pass.
Data error — an ECC error was detected when read-
ing the map data.

CLEAR LPC (CLPC) CMDR = 0010 0000

Clear the Logical Page Counter (LPC) to zero without
accessing the MBM(s) or loading the map memory. Per-
mits the user to synchronize the controller to sector’
page zero without using the.map loop(s), e.g. by rec-
ognizing a page with a unique data pattern.

Useful in systems where the map data are stored in
an external PROM and the bulk erase capability of the
MBM is utilized, since bulk erase will destroy the syn-
chronization pattern along with the data.

POSITION (POS) CMDR= 0W10 1000

Position the MBM data for minimum access time for
a subsequent READ DATA (W=0) or WRITE DATA
{W=1) command. RDD and WRD will automatically po-
sition the MBM(s) if required; POS minimizes the la-
tency at the time the RDD or WRD is executed.

Register Usage:

Start: SAR‘ Address of sector/page to be
read or written by a subsequent
command.

End: SAR: Unchanged. The SAR should
s  notbe reloaded prior to issuing
the RDD or WRD command,
even with the same address, or
the effect of POS will be lost
and the RDD or WRD access
" time will be excessive.

WRITE DATA (WRD) CMDR= 010M US00

Write one or more sectors/pages of data. Positioning
is performed if the MBM(s) have not been pre-positioned.

M=0: Write one sector/page.
M=1: . Number of sectors/pages is specified
in MSR.
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U=8=0: Normal Write — user sends only data
bits; zeros are inserted for redundant
loops, and ECC bits are generated and
appended.

U=1,8=0: Unmasked Write — user sends data
for all loops including redundant and
ECC bits.

U=0,S=1: Suppress Transfer— the 16 bytes cur-
rently :in the buffer are written re-
peatedly, with redundant loop and
ECC bits inserted as in a normal write;
the user does not send data.

U=S=1: NOT ALLOWED.

Register Usage:

Start: SAR: Address of (first) sector/page
to be written.
MSR: M=0: Not used.
M=1: Number of sectors/
pages to be written.

End: Norm: SAR: Address of last sector/page
written + 1.
MSR: M=0: Unchanged.
M=1: MSR=1.
Error: SAR: Address of the sector/page
having the error.
‘MSR: M=0: Unchanged.
M=1: Number of sectors/
pages still to be written in-
cluding the one with the error.

Errors detected:

Write protect — write protect bit is set; WRD is not
executed.

Out of Range — if the initial address is out of range,
the command is not executed; if a command at-
tempts to write past the end of the installed mem-
ory, the command terminates after the last allow-
able sector/page. )

Overrun — the command is terminated immediately.

READ DATA (RDD) CMDR= 000M US00

Read one or'more sectors/pages of data. Positioning
is performed if the MBM(s) have not been pre-positioned.

M=0: Read one sector/page.

M=1: Number of sectors/pages is specified
’ in MSR.

U=8=0: * Normal Read — redundant loops and

ECC are masked and remaining bits
are sent to the user; ECC is checked
and errors reported.

U=1,8=0: Unmasked Read — all bits are sent to
: the user; ECC is not checked.
U=0,S=1: Suppress Transfer—data are not sent

to the user; ECC is checked and errors
reported.
U=S=1: NOT ALLOWED ( = RDC command).

Register Usage:
Start: . SAR: Address of (first) sector/page
o to be read.
MSR: M=0: Not used.
‘M=1: Number of sectors/
pages to be read.

End: Norm: SAR: Address of last sector/page

read + 1.
MSR: M=0: Unchanged.
M=1: MSR=1.
Error: SAR: Address of sector/page having
the error.

MSR: M=0: Unchanged.
M=1: Number of sectors/
pages still to be read includ-
_ing the one with the error.

Errors detected:

Out of Range — if the initial address is out of range,
the command is not executed; if a command
attempts to read past the end of the installed
memory, the command terminates after the last
allowable sector/page.

Data Error (ECC) — if Stop on Error is set, data
transmission to the user stops immediately fol-
lowing the 64-byte ECC block ih which the error
is detected.

Overrun — the command is terminated immediately.

READ CORRECTED (RDC) CMDR= 0000 1100

Reread the page in which an error was detected and
apply error correction to the erroneous block. Only valid
immediately following a READ DATA command with a
Data Error indication and with the Stop On Error bit set
in the RCR. :

Corrected data are sent to the user starting at the
beginning of the 64-byte ECC block in which the error
was detected and continuing to the end of that sector
or page; i.e. the last 64 bytes sent by the RDD are re-
peated with error correction, and the sector or page is
completed. A soft or uncorrectable error in the first block
or a data error in a subsequent block will be indicated
if detected, but the sector/page will be completed re-
gardless of errors or the Stop On Error bit. See Error
Detection and Correction.

Register Usage: .
Start: No registers may be loaded be-
tween the end of READ DATA
and the issuing of READ
CORRECTED.

End: Norm: SAR: -Address of next sector/
page.

MSR:  Remaining sector/page
count.

Error: SAR & MSR: Unchanged.
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Errors detected:
Soft error — the recalculated ECC syndrome did not
match the saved syndrome. -
Uncorrectable error — the error was not correctable.
Data error — an error was detected in another ECC
block.
Overrun — the command is terminated immediately.
TERMINATE (TERM) CMDR= XXXX XX1i

Terminate the current operation at the end of the cur-
rent page (I=0) or terminate immediately (I=1). TER-
MINATE permits aborting of any command in progress
at any time.

If the controller is not busy, TERMINATE is treated as
a no-op, except for resetting the buffer pointers.

Register Usage: Buffer (FIFO) pointers are reset.

Errors detected: Depends upon the command being
executed.

READ MAP (RDM)  CMDR= 1000 CO00

Read the map loop data and send to the user. The
order of the data read is as shown in Table 3 grouped
into 8-bit bytes with the first bit being the most-signif-
icant bit in the byte. In a multiple-MBM system, bits
from the MBMs are interleaved.

C=0: The entire map loop contents (64 or 128 bytes)
are sent to the user. Error detection is not
performed.

C=1: Check Data — only the M-field and ECC-field
are sent to the user; ECC checking is per-
formed, and the map data (M-field) are com-

pared to the contents of the map memory.
Errors are reported. :

Register usage: none.
Errors detected:

Map compare error (C=1 only) — the data read from
the map loop did not match that stored in the map
memory. -

Data error (C=1 only) — an ECC error was detected
{map error correction is not performed by the
controller).

Overrun — the command is terminated immediately.

WRITE MAP (WRM} . CMDR= 1100 N00O

Write map loop 1 (N=0) or 2 (N=1) with user-sup-
plied data. The user must supply the entire map loop
contents (64 or 128 bytes per MBM) including the sync
pattern as described under READ MAP. However, the
ECC-field bits are ignored and replaced by ECC bits
generated by the controller.

Register usage: None.

Errors detected:
Write protect— the write protect bit is set; WRM
is not executed.
Overrun — the command is terminated immediately.

Note:

WRITE MAP will execute in a multiple-MBM system
but will not generate correct ECC bits for multiple
MBMs. It is intended for loading the map in a single
MBM only. The MBM must first be erased using the
Z-coil or a suitable external magnetic field. The MBM
map pins must be connected as shown in Figure 6.

TABLE 1. BUBBLE MEMORY CAPACITIES

MBM2256 MBM2011
Number of data loops: 282 584
Number of redundant loops: 20 60
Number of loops used for ECC: 6* 12
Number of usable data loops: 256 512
Number of bits per loop: 1024 2048
Number of bits of data storage: 262,144 1,048,576
Number of map loops: 2 2
Number of bits used in map loops: 512 1024

* Actually 12 bits in every other physical page.

TABLE 2. EXTERNAL MEMORY REQUIREMENTS

MBM Number External Memory Required {bits)
Type of MBMs |SFRbit 2= 0 1
2256 1 0 282
2 0 564
4 534 1128
8 1662 2256
201 1 0 584
2 574 1168
a4 1742 2336
8 4078 4672
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Minimum requirement; additional bits are not used.

Memory must be configured one bit wide.
Internal Map Memory capacity: 594 bits.
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TABLE 3. MAP LOOP FORMAT

Number of bits )
Pattern: Field 256K ™ ] Note
MM - MM ' Map Data ' 282 584 , (1)
EE - EE ECC 12 12 (2
Uu --Uu User 152 . . 362 (3)
00 --- 001 . Sync 65 65 (4)
X X 1 1 (5)

(1) Each bit marks the corresponding data loop:
M=1: good loop. ‘ .
M=0: redundant loop.
For correct operation, there should be exactly 262 (256K) or 524 (1M) 1s in this field.

{2) Error Correction (Fire) Code — applies only over the Map Data field.

(3) May be used-for any purpose such as an identification number. However, it must not contain any sequence. of 64 zeros followed by a one. Such a
pattern will be recognized:as a sync pattern and cause incorrect initialization.

(4) Synchronization pattern — 64 ZEROs followed by a ONE.

(5) This bit is skipped after synch ronization is established before reading the first Map Data bit.

- TABLE 4. NOMINAL CONTROL PULSE TIMING

256 K ) MEGABIT
Pulse Start Width Start Width
XA 33 31 33 31
shut down .12 - 12 - -
xB B 1 31 1 3
start up (XB off) 46 — 46 —_
YA ’ 49 ) 31 49 31
YB - ‘ 17 31 17 31
start up (YB off) 62 — 62 —_
shut down . . 60 — 60 ) —
GEN 17 2 17 2
SWAP 63 63 53 63
MAP TR-IN (SWAP pin) -53 39 53 : 39
[o1V) : 0 3 63.5 2
REP 1 20 1 18
RMAP 1 20 1 18
STROBE . 34 12 34 12
SYNC 0 4 0 4-
SRCLK 08, ... 4 08,... : 4
CLRMAP 0 46 0 46
CLKMAP 08, ... 4 08,... . 4
WRMAP 311,... 4 311,... ) 4
1unit = 1 oscillator cycle. REFERENCE: SRCLK zero {0) transition.
= 1/64th magnetic cycle. All times + 50 ns except: .
= 5625 degrees of rotation. SYNC +100
= 126  ns at 125,000 bits per second. CLRMAP _. g Ps
= 156.25 ns at 100,000 bits per second. CLKMAP
TABLE 5. ERROR CORRECTION CODE SUMMARY
Type of code: B . ) Fire Code.
Generator polynomial: . (x5 4+ 1)-(x7 +x8+ x5+ x4+ x2+x+1)
No. of data bits per ECC block: 512 (282 or 584 for Map loop)
No. of check bits per ECC block: ' 12
Total bits per block: 524 (294 or 596 for Map loop)
Correctable errors: any burst of 1 to 3 bits.

Redundant loop bits and interieaved zeros in the map field are not included in the ECC operation.
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TABLE 6. REGISTER AND COMMAND SUMMARY

Addr Reg. Reset Cmd. Byte Option bits
0 CMDR - FF RDD 000M USO0O0 M= Multiple
1 MSR 01 RDC 0000 1100 U= Unmasked
2 SARL 00 | WRD 010M USO00 S= Suppress transfer
3 SARH 00 POS OW10 1000 W= Write position
4 RCR 00 .| RDM 1000 C000 C= Check data
5 SFR 00 WRM 1100 NOOO N= Loop #2
6 STR 01* INIT 1111 L100O L= Load map memory
CLPC 0010 0000
7 DATA — TERM c- - - -1 |=  Immediate
* = C1 while RESET is active.
Bit SFR RCR STR (applicabl d)
7: 0 1] Soft Error (RDC)
6 0 Read Buffer Enable Write Protect (WRD,WRM)
5 0 Stop on Error Out of Range (RDD, RDC, WRD)
Map Compare Error (RDM)
Initialization Error (NIT)
4: 0 Half Buffer Non-Correctable Error (RDC)
3: 0 Enable READY Interrupt Data Error (all RD, INIT)
2: External Map Enable DRQ Interrupt Overrun (all RD-WR)
1 { Logz Page Mode DRQ (data request) (all RD'WR)
0: # MBMs Write Protect Ready (all}
TABLE 7. SECTOR AND PAGE SIZES
N Sector Page
of Length Number of Length Number of
MBM MBMs (Bytes) Sectors (Bytes) Pages
2256 1 256 128 64* 512
2 256 256 64 1024
4 256 512 128 1024
8 256 1024 256 1024
2011 1 512 256 64 2048
2 512 512 Y 2048
4 512 1024 256 2048
8 512 2048 512 2048

* A minimum block size of 64 bytes is required for the ECC. Therefore, a single 256K-bit bank utilizes two physical pages per logical page.
TABLE 8. PAGE SEPARATION AND LATENCY

256 K MEGABIT UNITS
Physical page length: 282 584 bits
Inter-page gap: . 15 17 bits
Logical page separation: 297 601 bits
Page transfer time (incl. gap): 297 (1) 601 cycles
Read and write latency (2)
READ DATA (RDD) .
after POSITION READ (3) . 181 92 cycles
after RDD, next logical address - 1024 2048 cycles
random address { min: 463 : 676 cycles
{ max: 1486 2723 cycles
WRITE DATA (WRD) :
after POSITION WRITE (3) 0 0
after WRD, next logical address (3) 0 0
random address { min: 1 B cycle
{ max: 1024 2048 cycles
User peak data transfer rate (4) .
@ 125 kHz: N*15,625 bytes'sec
@ 100 kHz: N*12,500 bytes sec
(1) 594 cycles for single MBM2256 (2 physical pages). ’ ) (3) Provided that the SAR is not reloaded between commands.
(2) Number of MBM magnetic cycles before MBM data transfer begins — (4) @ Field frequency. N = number of MBMs operating in parallel.
there is an additional overhead delay in the controlier of between three and This is the peak burst rate; average rate is-reduced by the ratio
four cycles from the loading of the CMDR (RDD) or first data byte (WRD). of the number of bits transferred to the total page transfer time.
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FIGURE 2 = MAGNETIC BUBBLE MEMORY FUNCTIONAL DIAGRAM
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FIGURE 3b — MULTIPLE-MBM SYSTEM
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FIGURE 4 — EXTERNAL MAP MEMORY CONNECTION
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FIGURE 6 — MAP WRITE SWITCH B - . FIGURE 7 — CRYSTAL OSCILLATOR CIRCUIT
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FIGURE 9 — DIN, DOUT, AND MAP MEMORY TIMING
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Mechanical

MECHANICAL DATA

The packaging availability for each device is indicated on the individual data sheets. Dimensions for the packages
are given in this section.

aassessnsnsnsssnsnsssmm 1 6-PIN PACKAGES —

CERAMIC PACKAGE
'CASE 620-08

L v v
r“— -—j c I¢ -—] o " [MILLIMETERS | _INCHES
[ . ‘ |oim{ MIN_TMAX | MIN | MAX
| ] -+ [ TA ] 19.05 [ 19.94 [ 0750 | 0.785
8 | 6.10 | 743 | 0240 0.295
T 1 - [ 508] - 10200
K D | 038 ] 053 | 0015/ 0021
F | 1.40 | 1.78 | 0.055 | 0,070
q_“__ G 52 B5C 0.100 BSC
H_I‘“L_ Sm,NG\/M W | 051 | 11400201 0045
ne 4| 020 | 0.307]0.008 [ 0.012]
K | 3.8 | 4.32 [ 0.125] 0,170
L |_ 762BSC_ | 0.300BSC
NOTES: M T — 150
1. LEADSWITHIN 0.13 mm (0.005) RADIUS 4. DIM “A”AND “B" DO NOT INCLUDE N[ o5r] 1.02]0020] 0.040
OF TRUE POSITION AT SEATING PLANE ~ GLASS RUN-QUT.
AT MAXIMUM MATERIAL CONDITION. 5. DIM-“F" MAY NARROW T0 0.76 mm . CASE 620-08
2. PACKAGE INDEX: NOTCH IN LEAD (0.030) WHERE THE LEAD ENTERS
NOTCH IN CERAMIC OR INK DOT. THE CERAMIC BODY.
3. DIM “L" TO CENTER OF LEADS WHEN
FORMED PARALLEL. '
CERAMIC PACKAGE
CASE 690-13
16 7 j
B
1 _ J 8 ‘
A
F L —-
¢ ‘ \
T " _j-
~ 3 \
: T \ MILLIMETERS] _INCHES
N K \‘ DIM| MIN_|MAX | MIN | MAX
7 o -———T A | 20.07 | 20.57] 0.790 | 0.810
|=—D ‘ . B | 701 7.74| 0280 0.305
el —-(G‘-— = \\]M\’/ G| 267 419 0.105] 0.165
D | 038 053] 0.015] 0.021
F | 076 | 1.52] 0,030 0.060
6 254 BSC 0.100 BSC
NOTES: H 1 076 ] 1.78] 0.030] 0.070
. -A- AND -B- ARE DATUMS. J | 020 0300008 0012
2. T ISSEATING PLANE K | 3.8 ] 5.08] 0.125] 0.200
3. POSITIONAL TOLERANCE FOR LEADS (D). L 7.szlasc 0.30 s?g
25 (0.01 T[A®|B Ml - 100 = o
(#1025 000 TA@[E®) N | 038 | 1.52] 0.015] 0.060

4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL. CASE 690-13
5. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5, 1873.
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MECHANICAL DATA (Continued)

messsssssssssnms 16-PIN PACKAGES (Continued)

PLASTIC PACKAGE
CASE 648-05

ANNAANAA

| — “
Q 8
UUUUUUY

o
w

UJ
el OPTIONAL LEAD
CONFIG. (1,8, 9, & 16)
P A
NOTE 5 L
- MILLIMETERS] _ INCHES
K DIM| MIN | MAX | MIN | MAX
H A | 18.80 | 21.34 | 0.740 | 0.840
T B | 6.10 | 6.60 | 0.240 | 0.260
_ Ny C | 4.06 | 5.08 | 0.160 | 0.200
: K. D 1038 | 053 | 0.015 | 0.021
_.HL L JI.D SEATING ey wd F 1102 [ 1.78 | 0.040 | 0,070
PLANE G 2.54 BSC 0.100 BSC
H | 0.38 | 241 | 0.015 ] 0.035
NOTES: J | 0.20 | 0.38 | 0.008 | 0.015
: - K [ 292 | 343 | 0.115 | 0,135
1. LEADS WITHIN 0.13 mm 3. DIMENSION “B” DOES NOT T 57 Bee 530 BSC
(0.005) RADIUS OF TRUE INCLUDE MOLD FLASH. T i w ] 10
POSITION AT SEATING 4. “F" DIMENSION IS FOR FULL N 1657 [ 7.02 | 0.020 | 0.040
;I;\ATA!I; ﬁ%ﬁm% LEADS. “HALF" LEADS ARE : - - -
10N. OPTIONAL AT LEAD POSITIONS
2. DIMENSION “L” TO 1,8,9, and 16). CASE 64805
CENTER OF LEADS 5. ROUNDED CORNERS OPTIONAL.
WHEN FORMED
PARALLEL.
CERAMIC PACKAGE
CASE 650-02
;R
e
9 8\I=l *
[ ]
— ' 1A
L | G
!
= 16 1%——=4-— -a
D === = t (&)
»I«R N -E
f L o
" MILLIMETERS INCHES 5
L B K | DIM [ MiN_| MAX | MIN | MAX o
9.40 | 10.16 | 0.370 | 0.400
| 1 622 | 6.60 | 0.245 | 0.260 =

1.52 .03 | 0.060 | 0.080
0.38 .48 | 0.015 | 0.019
0.08 [ 0.35] 0.003 | 0.006
1.27 BSC 0.050 BSC

.64 | 0.89 | 0.025 | 0.035
9.40 0.250 } 0.370

NOTES:
1. LEAD NO. 1 IDENTIFIED BY TAB

D rXiToNnoloio =

ON LEAD OR DOT ON COVER. 18 5 —170.74% —
2. LEADS WITHIN C.13 mm (0.005) - 0.51 -_[0.020
TOTAL OF TRUE POSITION AT - 0.38 — 10015
MAXIMUM MATERIAL CONDITIGN.
CASE 650-02
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Mechanical

MECHANICAL DATA (Continued)

18-PIN PACKAGES messsssesssssssssssssssms

CERAMIC PACKAGE

CASE 680-06
8
A
e rC . MILLIMETERS{ . INCHES

L DIM| MIN MAX MIN MAX
A | 2248 | 23.24 | 0.885 | 0.91
- B | 706 | 7.75 [0.282 | 030
i ) T [ 3181 4.27 [0.125] 0.6
f h D | 038 | 0.58 [0.015] 0.023
i N ey \ F | 0.76 | 1.52 | 0.030 | 0.060
1 0 G | 254 B5C 0.100 BSC
L J \—4—'1 lpl— 1\ Lk \— W] 1.02 | 1.52 | 0,040 | 0.060
H G~ b * SEATING PLANE —M 7 1 020 | 0.30 | 0.008 ] 0.012
S S K | 268 | 4.44 | 0.105 [ 0.175
, T [ 7.37 | 7.87 [0.290 | 0310
N kA0S WITHIN 0.13 mm (0.005) RAD OF L S T ST S 1)
TRUE POSITION AT SEATING PLANE AT N 0381 1.40 [0.0150.055

MAXIMUM MATERIAL CONDITION.
2. DIMENSION “L” TO CENTER OF LEADS
WHEN FORMED PARALLEL.

CASE 680-06

PLASTIC PACKAGE
CASE 707-02

NiNaNaNaNaNANANA NS

D
Q .
UUUUUUUUU
.

22.22 | 23.24 | 0.875 | 0.915
110 | 6.60 | 0,240 ] 0.260
U 56 | 457 | 0.140( 0.18
gl TP b FES| DR 36 | 056 [ 0.014] 0.022

G - SEATING PLANE re—m 97 | 1.78 | 0.060] 0.070
2,54 BSC 0.100 BSC |
0

Z_LL
3 ) -l
1=
=
=
2=
=2c
£
2|4
»|m
x|
]
=
2=
{x]
X
=
>

=110

1,52 | 0.040] 0.060
. .20 | 0.30 | 0.008 | 0.012
NOTES: A7 TCRIA NN
1. POSITIONAL TOLERANCE OF LEADS (D), 2. DIMENSION L TO CENTER OF LEADS 7 3
SHALL BE WITHIN 0.25mm(0.010) AT " WHEN FORMED PARALLEL. M % [ 155 [ 160"
MAXIMUM MATERIAL CONDITION, IN 3, DIMENSION B DOES NOT INCLUDE N T 08T 10210020 0,040
RELATION TO SEATING PLANE AND MOLD FLASH.
EACH OTHER.

CASE 707-02
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MECHANICAL DATA (Continued)

e 18-PIN PACKAGES (Continued) sesssss—

CERAMIC PACKAGE

CASE 747-01
rG
= '8’:__‘_
—j [
— ——"1
= —
———f —i -A-
———— | omm——
————] S——— {
9 10 D
L—————x»
—»H—F 3
Ll { WILLIMETERS] _ INCHES
1 J 1 DIMI MIN | MAX | MIN | MAX
z { - i A 1143 0.450
bt L] B | 9.14 | 9.01 | 0360 | 0.390
N C [ 152 | 2.03 | 0.060 | 0.080
D | 041 | 045 0.016] 0018
F | - | 025] — [o0010
NOTES:
1. -A-,-B-, AND -T- ARE DATUMS. & o}bznsgw 08&50%3308
2. -T-1S SEATING PLANE. e e
3. LEADS POSITIONAL TOLERANCE. Ko ot - 3
[&loa3 0008 @IT[A @B @) : -

4. DIMENSIONING AND TOLERANCING CASE 747-01
PER ANSI Y14.5,1973.

<
L
c
«
£
3]
]
=
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Mechanical

MECHANICAL DATA (Continued)

meeessssessssssssssssy 20-PIN. PACKAGES messssssssssssssssssssssnssen

CERAMIC PACKAGE
CASE 729-02

A
— i MILLIMETERS |  INCHES
N — ¢ DIM[ MIN_|MAX | MIN | MAX
) T T T T ; A | 2454 [2591 | 0570 [1.020
- A N / B | 7.06 |8.13 [0273 |0.320
: = C | 279 | 4.70 [0.170 | 0.185
M g ,
L e LI S oo fosr s {00
G | 254 BSC |0.400  BSC
NOTE: H ] 0.89 [ 1.52 | 0035 ] 0.060
1. LEADS WITHIN 0.25 mm (0.010) J [ 0.20 | 0.30 | 0.008_| 0.012
DIA. OF TRUE POSITION AT K | 3.18 | 457 n.rzg 0‘]s8c0
SEATING PLANE, AT MAXIMUM bl 70062 I?[S]g 003(9 |?oo
MATERIAL CONDITION. N | 051 [1.52 [0.020 [ 0.060
2. DIMENSION L TO CENTER OF : 5
LEADS WHEN FORMED CASE 720.02
PARALLEL,

PLASTIC PACKAGE
CASE 738-02

1

B
0 l
RV AVEVEVEVEVEYRVEV

A& . L
=
J c
J - ﬂﬁ MILLIMETERS INCHES
bl

=
=2

Gl pe— D e MIN_ [ MAX_| MIN [ MAX

o

A | 2565 |27.18 | 1.010 | 1.070
B | 6.10 | 6.60 | 0.240 | 0.260
C | 394 | 457 |0.155 | 0.180
NOTES: D | 038 056 |0.015 0022
1. DimCAT 1S DATUM. F | 1.27 | 1.78 |0.050 | 0.070
2. POSITIONAL TOL FOR LEADS; G 2.54 BSC 0.100 BSC
125 (0. T J | 020 038 |0.008 [0.015
#18 025 0010@) |A@) K | 279 [ 356 [0.110 | 0.140
3. IS SEATING PLANE. L 7.62 BSC 0.300 BSC
4. DIM “B” DOES NOT INCLUDE MOLD FLASH. ™M | 00 ] 150 ] 00 | 150
N

DIM TO CENTER OF LEADS WHEN
FORMED PARALLEL.

. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5, 1973.

0.51 | 1.02 ] 0.020 | 0.040

o

CASE 738-02
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MECHANICAL DATA (Continued)

mess——— 20-PIN PACKAGES (Continued) sessss———

LEADLESS CHIP CARRIER
CASE 752B-01

E
L (I
] T
=1 ip
g
S
= 1
Ni— -'l
¢ MILLIMETERS] _ INCHES
pIM[ MIN | MAX | WIN | MAX
A | 877 | 927 | 0345 [ 036
NOTES: B [ 8.13 | 850 | 0.320 | 0.33
1. DIMENSIONS A AND L ARE DATUMS. g ;g 0-2‘; 0':'2 ggg
2.[T] IS GAUGE PLANE. F [ 242 | 266 | 0095 0.105 |
3. POSITIONAL TOLERANCE 5 S aee ooEEse 1 -
FOR TERMINALS (D): 18 PLACES H 1.02 127 10040 ] 0.050 |
025000 G TABILE] L | 7.12 | 749 0280 0.205 | °
4. DIMENSIONING AND TOLERANCING N [ 1.02 | 127 | 0.040 | 0.050 |
PER ANSI Y14.5, 1973. R | 6.48 | 6.98 | 0.255 | 0.275

CASE 752B-01

CERAMIC PACKAGE
CASE 732-03

—-—

)

Q

an—

I =

- )

MILLIMETERS| _ INCHES £~

DIM| MIN | MAX | MIN [ MAX (%]

A | 23.88 | 25.15 | 0.940 | 0.990 (]

B | 660 | 7.49| 0.260 | 0.295 =
C | 3.81 | 5.08] 0.150 | 0.200
NOTES: D .38 | 056 | 0.015 [ 0.022
1. LEADS WITHIN 0.25 mm (0.010) F | 1.40 | 1.65 | 0.055] 0.065
DIA, TRUE POSITION AT G | 254BSC 0.100 BSC
SEATING PLANE, AT MAXIMUM W | 0.51 ] 1.37 | 0020 ] 0.050
MATERIAL CONDITION. J | 020 | 0.30] 0.008 | 0.012
2. DIM L TO CENTER OF LEADS K] 3.18 | 4.06 | 0.125 | 0.160
WHEN FORMED PARALLEL. L 7.62 BSC 0300 BSC
3. DIM A AND B INCLUDES M| 00 | 150 | 00 | 150
MENISCUS. N | 0.25 | 1.02 | 0.010 | 0.040

CASE 732-03
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Mechanical

MECHANICAL DATA (Continued)

24-PIN PACKAGES

CERAMIC PACKAGE
CASE 716-06

—~{—F hL—*ﬂ

] i cC MILLIMETERS INCHES
T DIM[ MIN | MAX | MiN | MAX
' I < A | 2764 ] 30.99 | 1.088] 1.220
H~— J SEATING PLANE \‘l ' B B | 14.73 ] 15.34 .580 | 0.604
--D G - = M— C | 267 | 432 | 0.106] 0.170
: 038 | 053 | 0015 0021
) . F | 076 | 1.40 [ 0.030] 0.055]
NOTE: 2.54 BSC 0.100BSC
1. LEADS TRUE POSITIONED WITHIN W 1076 [ 178 | 0,030 | 0.078
0.25mm (0.010) DIA (AT SEATING T 020 T 030 T0.008 [ 001z
PLANE) AT MAXIMUM MATERIAL 25 T 45 0100 0180
CONDITION. L | 7499 1549 | 0590 | 0610
2. DIM“L” TO CENTER OF LEADS M = 100 | - [ 100 ]
WHEN FORMED PARALLEL. N | 1.07 | 157 | 0,040 0.060
716-06
CERAMIC PACKAGE
CASE 748-01
MILLIMETERS |  INCHES
DIM[ MIN_[MAX | MIN_| MAX
A | 2921 [31.75 | 1.150 | 1.250
B | _9.40 | 10.16 [ 0.370 0.400
€1 - | 572] - |02%5
D | 038 | 056 0.015] 0.02
F | 1.27 | _1.65 ] 0.050] 0.065
NOTES: G 2.54BSC |  0.100BSC
1. DIMENSIONS[-A-] AND [B-] ARE DATUM. 3| 020 ] 030 0,008] 0012
2. POSITIONAL TOLERANCES FOR LEADS: K | 254 | 432 0,100 0.170
[ FiB000®T[A @B @ nln C:g-'ﬁlegﬂ 80-40? B?go
3. 1S SEATING PLANE. N | 051 | 1.7 ] 0020 0.050
4. DIMENSIONS A AND B INCLUDE MENISCUS. :
5 DIMENSION L TO CENTER ‘ CASE 748:01
OF LEADS WHEN FORMED ,
PARALLEL.
6. DIMENSIONING AND TOLERANCING

PER ANSI Y14.5,1973.
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MECHANICAL DATA (Continued)

———— 24-PIN PACKAGES (Continued) ss———

CERAMIC PACKAGE
CASE 716-08

MILLIMETERS | _INCHES
MIN | MAX | MIN | MAX
2763 | 30.98 | 1.088 | 1.220
7.16 | 7.74 |0.282 | 0.305 |
66 | 4.31 | 0.105] 0.170
38 | 053 | 0.015] 0021

2
=

‘ N 7 V' " T .
Homl ’__’“‘sful;mn e — ‘IG L K —JL—J . \xM

NOTES:
1. POSITIONAL TOLERANCE FOR 14 .39 | 0.045 | 0.055
LEADS: : 2.54 BSC 100 BSC

. .77 10.030 | 0.070
.20 .30 | 0.008 | 0.012
17 .08 | 0.125 | 0.200
.62 BSC 0.300 BSC

$[0.25 (0,010 @[T[A @B @
2. DIMENSION L TO CENTER OF
LEADS WHEN FORMED PARALLEL.
3. DIMENSIONING AND TOLERANCING — 1 100 | = [ 100
PER ANSI Y14.5, 1973. 101 152 [0.040| 0.060
4, CONTROLLING DIMENSION:
INCH. CASE 716-08

2= |2 | x|—|x|o| n|o|o| o]
=
)

FRIT SEAL PACKAGE
CASE 623-05

SEATING PLANE

1
WA =
T |
_J_ L MILLIMETERS] __ INCHES

i1 b N J A MIN_| MAX | _MIN | MAX
Jal- ~Low y 31.24 [32.77 | 1.230 | 1.290

12.70 | 15.49 | 0.500 | 0.610
4.06 | 559 | 0.160 | 0220
41| 051 0,016 | 0.020
27 | 1.52 | 0.050 | 0.060
2
2

T
=

Mechanical

54 BSC 0.100 BSC
0.20 | 0.30 ] 0.008 [ 0.012
3.8 | 4.06 | 0.125 | 0.160 |
5.24 BSC 0.600BSC |
09 [ 150 0o [ 180
0.51 | 1.27 | 0.020 | 0.050

NOTES:

1. BIM “L” TO CENTER OF
LEADS WHEN FORMED
PARALLEL.

LEADS WITHIN 0.13 mm
(0.005) RADIUS OF TRUE
POSITION-AT SEATING PLANE
AT MAXIMUM MATERIAL
CONDITION. (WHEN FORMED
PARALLEL).

ad

2|2 [x|~|o no|o|e(x 1S

CASE 623-05
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MECHANICAL DATA (Continued)

mstessssssssssssss 24-PIN PACKAGES (Continued) se———

FRIT SEAL PACKAGE
CASE 623A-03

‘nnnnnnnnnnr\
13

1
L |SpEaSupEyEyE W w g =y
- A

SEATING PLANE

Rrp—"

N J B MILLIMETERS INCHES
s ' DIM| MIN | MAX | MIN | MAX
Jalo Aep N T\/ M R A | 31.28 [32.77 | 1.230 ] 1.290
G } K B | 1270 | 1549 | 0.500 | 0.610
C_| 4.06 | 584 | 0.160 | 0.230
NOTES: : . D | 041 | 051 ] 0.016 | 0.020
1. DIM “L" TO CENTER OF F | +.27 | 1,52 | 0.050 | 0.060
LEADS WHEN FORMED G | 2548SC 0.100 BSC
PARALLEL. J 1 0207 0.30[.0.008] 0.012
2. LEADS WITHIN 0.13 mm K | 3.18 | 4.06 | 0.125 | 0.160
(0.005) RADIUS OF TRUE L | 15248SC 05008SC _|
POSITION AT SEATING PLANE M| 00 | 150 oo | 150
AT MAXIMUM MATERIAL N | 0.51 | 1.27 | 0.020 | 0.050
CONDITION. {WHEN FORMED-
PARALLEL). . CASE 623A-03

CERAMIC PACKAGE

CASE 652-02
==1 - LY ——m— ‘
—rg ‘,—_*=' G A

= —
 — i —

D} p——— Y — |
! L |

MIN | MAX | MIN |} MAX

=t — = = ¢ 14,99 | 15.49 | 0.590 | 0.610
. - 9.27 | 9.91]0.365 | 0.390°
1.27] 2.03] 0.050 | 0,080
0.38] 048] 0.015 | 0.019
0.08] 0.15] 0.003 | 0.006

©
L
c
o
£
1]
@
=

"8 4>'<—‘K—> MILLIMETERS] _ INCHES
L o . . i DIM

-
=
-n

L |

o0 w1

NOTES: . : . G 1.27 BSC 0.050 BSC
1. LEADS WITHIN 0.25 mm (0.010) H .69 | 1.02] 0.027 | 0.040
TOTAL OF TRUE POSITION AT .35 9.4010.250 | 0.370
MAXIMUM MATERIAL CONDITION. L [2187] - .865 | —
N .26 | 0.63]0.010 | 0.025

CASE 652-02
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MECHANICAL DATA (Continued)

messssssssssssssss 24-PIN PACKAGES (Continued) meses—

PLASTIC PACKAGE
CASE 709-02

A NSO NN NN MNN
24 " 13

p 12 !
VIV UV U U UUTOY
A -C L
o]
T
Y1) N
—H- —el— F-IL —~— K\/LM A MILLIMETERS| _ INCHES

SEATING

sane DIM[ MIN | MAX | MIN | MAX
A ]31.37 | 3213 | 1.235 | 1.265
NOTES: B | 1372 | 14.22 | 0.540 | 0.560
1. POSITIONAL TOLERANCE OF LEADS (D), C | 394 508 | 0.155 | 0.200
SHALL BEWITHIN 0.25 mm (0.010) AT D | 0.36] 0.56]0014]0.022
MAXIMUM MATERIAL CONDITION, IN :; ‘~2°§4 ngz Uﬁﬂ;‘go gsogo
AELATION TO SEATING PLANE AND W Tee T 265 .065 5,060
EACH OTHER. J [ 020] 038 | 0008]0.015
2. DIMENSION L TO CENTER OF LEADS K 292 | 3.43 | 0.115] 0.135
WHEN FORMED PARALLEL. L | 1524 BSC | 0.600 BSC
3. DIMENSION B DOES NOT INCLUDE MOLD M | 00 | 150 [ 09 | 159
FLASH N | 051 1.02 | 0.020] 0.040
CASE 70302
PLASTIC PACKAGE
CASE 724-02
A ]

24 13 I

3

‘lO 12 Y

v
e H—

©
L
c
«
£
o
@
=

[
N |
MILLIMETERS INCHES
W MIN | MAX MIN | MAX |
} K— 31.24 [32.13 [1.230 | 1,265

____jGL__ Zdleep J'_JL 6.35 | 6.86 | 0.250 | 0.270

4.06 | 4.57 |0.160 | 0.180

SEATING PLANE 0.38 | 051 }0.015] 0,020
1.02 1.52 | 0.040 | 0.060

2.54 BSC 0.100 BSC
1.60 | 2.11 [0.063 | 0.083
0.1 0.30_{ 0.007 | 0.012

92 | 343 0,115 0.135 |
3 787 |0.290 | 0.310
- 100 - 100
0.51 | 1.02 |0.020 | 0.040

L
1

NOTE:

1. LEADS, TRUE POSITIONED WITHIN
0.25 mm {0.010) DIA AT SEATING
PLANE AT MAXIMUM MATERIAL
CONDITION (DIM D).

Z2Brxi- T omoloim

CASE 724.02
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MECHANICAL DATA (Continued)

messssesssnssssssssmm 28-PIN PACKAGES weesss—

CERAMIC PACKAGE
CASE 719-03

N
]

: =

e D ———

(R J——

I MILLIMETERS | INCHES
Ayt € DIM[ MIN [ MAX | MIN | MAX
) -------- —5t | A [ 35.20 [ 35. 386 | 1.414
; N [ B | 14.73 | 15.3¢ | 0.580 | 0.604
1 rai C | 3.05]| 419]0.120 | 0.165
H= * SEATING ‘/ J ke D .38 2 .015 | 0.021
PLANE M F | 076 | 1. .030 | 0.055
6 2.54 BSC 0.100BSC_|
NOTES: H | 076 [ 1. 030 | 0.070
1. LEADS, TRUE POSITIONED WITHIN .20 | 0. .008 | 0.
0.25 mm (0.010) DIAMETER (AT K| 254 | 4 100 | 0.
SEATING PLANE) AT MAXIMUM L | 14.99 | 15.49 | 0.590 | 0.
MATERIAL CONDITION. M| - | 10 — |10
2. DIMENSION “L” TO CENTER OF N | 051 | 1.52 | 0.020 | 0.060
LEADS WHEN FORMED PARALLEL. CASE 71903

CERDIP PACKAGE
CASE 733-03

A MO AN NN NN
28 15

TR
L A A —

NOTES:

. DiM 1S DATUM.

. POSITIONAL TOL FOR LEADS:

[(§ 1702500100 ®[T[A @)

IS SEATING PLANE.

DIM A AND B INCLUDES MENISCUS.
DIM -L- TO CENTER OF LEADS
WHEN FORMED PARALLEL.

. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5,1973.

MILLIMETERS]  INCHES
MIN | MAX | MIN | MAX
36.45 | 37.85| 1.435| 1490
12.70 | 15.37 | 0.500 | 0.605
4.06 | 5.84 | 0.160] 0.230
038 | 056 | 0.015] 0.022
1.27 | 165 | 0.050] 0.065
2.54 BSC 0.100 BSC
0.20 | 030 | 0.008] 0.012
3.18 | 4.06 | 0.125] 0.160
15.24 BSC 0.600 BSC
50 ] 150 | 50 [ 150
051 [ 1.27 | 0.020] 0.050

L
{
z

| Mechanical

N =

oW

o
zizir|xlc|oinjojelel>l5

=)

CASE 733-03
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MECHANICAL DATA (Continued)

mesessssnnnmm—— 28.PIN PACKAGES (Cont"inued) 1

PLASTIC PACKAGE

CASE 710-02
LHAMANAMAAMNAONNAN
28 . 15 )
D 8
p 14 l
MUV UV UV OTUVUUUYUUYY
A c [— L—
_[N
v it ,JL —t MILLIMETERS |  INCHES
—JH- e} - k] g DIM] MIN | MAX | WIN | MAX
F D \searinc M A | 3646 | 37.21 | 1.435 | 1.465
: PLaNE B | 13.72 | 14.22 | 0.540 | 0.560
C | 394 508 [ 0.155] 0.200
NOTES: D | 036 0.56 mr %%
1. POSITIONAL TOLERANCE OF LEADS (D}, E “2125 315'352 0'(?,180 BSC
SHALL BE WITHIN 0.25mm(0.010) AT W T Te T 26 [ 0.065 [6.068
MAXIMUM MATERIAL CONDITION, IN J | 020 038 0008] 0015
RELATION TO SEATING PLANE AND K T 202343 [ 011810136
EACH OTHER. . L | 1524 BSC | 0.600 BSC
2. DIMENSION L TO CENTER OF LEADS M | 00 | 150 | © [ 150
WHEN FORMED PARALLEL. N 0.51 | 1.02 | 0.020 [ 0.040
3. DIMENSION B DOES NOT INCLUDE
MOLD FLASH. CASE 710-02

13-13
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MECHANICAL DATA (Continued)

s 40-PIN PACKAGES sesssesssssssssssa—

CERAMIC PACKAGE

CASE 715-05
% j
(&) | b
*] —F

MILLIMETERS | _INCHES
NOTES: DIM | MIN |MAX | MIN | MAX
1. DIMENSIONCAT IS DATUM. A
. pOSI : ‘ 49 1 0. -
2. POSITIONAL TOLERANCE FOR LEADS e
D | 038 ] 053 | 0.015] 0.021
0 ]0.25 (0.010 @I T} A F | 076 ] 1.52 | 0.030] 0.060
3. [TJ15 SEATING PLANE. ‘j 2-250‘ 333 =15 gu‘s"“ “3313
4. DIMENSION “L" TO CENTER OF LEADS T2 a5 o100 0.180
WHEN FORMED PARALLEL. L | 1499 | 1565 | 0.590 | 0.616
5. DIMENSIONING AND TOLERANCING M | - [ 100 | — | 100
PER ANSI Y14.5, 1973. N | 1.02 | 1.52 | 0.040] 0060
CASE 715-05

PLASTIC PACKAGE

CASE 711-03
PACKAGE DIMENSIONS (CONTINUED)

P 8

5 . ”

AYASAVE RVEFRAVETIVEVEVEVEVEVESEVEVAYAvay]

A — b
| G
N [ 1
J J ~\j—r )
l— gk ¢ o \ K M

SEATING
PLANE

NOTES: MILLIMETERS|  INCHES |
1. POSITIONAL TOLERANCE OF LEADS (D), MIN_| MAX | MIN | MAX
SHALL BE WITHIN 0.25 mm (0.010) AT 5169  62.45 | 2.035 [ 2.065 |
MAXIMUM MATERIAL CONDITION, IN 13.72 | 14.22 | 0.540 | 0.56
RELATION TO SEATING PLANE AND 394 | 508 | 0.156] 0.20
EACH OTHER. 0.36 | 0.56 | 0.014 | 0.02
2. DIMENSION L TO CENTER OF LEADS 1.02 | 1.52 ] 0.040 | 0.060
WHEN FORMED PARALLEL. 2.5 BSC 0.100 BSC
3. DIMENSION B DOES NOT INCLUDE 165 [ 2.16 | 0.065 | 0.085
MOLD FLASH. 0.20 | 0.38 | 0,008 | 0.015
292 | 343 [ 0.115] 0,135
15.24 BSC | 0,600 BSC
00 150 00 ] 150
0.51 | 1.0 | 0.020 | 0.040

Mechanical

Zgr-x‘u:ca-nonwb[g
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