

































































































































































































































































































































































































































































































































































































































































































































































HALT ON ERROR: OFF, error rate and longevity testing can be con=
ducted. Any errors will cause the printer to record the event, but
system execution will continue. Also, every 10,000 completions of
the test will cause a "'10,000 passes complete" to be printed.

If a line printer is not available, the HALT ON ERROR can be

set to ON, thereby halting execution at the end of the current test .

sequence until the error information can be marually documented.

The user can then continue execution or return control to the main

program menu.

CHANGING OPTIONS:

Entering a 'Y’ in response to 'CHANGE? (Y/N)' causes the cursor
to move to the top of the data pattern table. The program will now

accept entries of valid hexadecimal characters for data patterns
and number of pages. A carriage return. always moves the cursor to
the next entry. A line feed will move the cursor from the upper
table to the first entry in the lower table. (In the lower table,
the line feed and carriage return react identically.) Note that the
DATA PATTERN = $00 # PAGES = $00 causes the random data generation
to begin.

In the lower table, the options can be toggled from ON to OFF
or OFF to ON by entering an 'Q@' when the cursor is aligned. After
entering all options, return the cursor to the CHANGE? (Y/N) message
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by entering carriage returms or line feeds. Entering a 'N' in
response to CHANGE? (Y/N) will return control to the main program

menU.

3.4 -- Option C: Change/Write Maploop Contents

Selecting the C option from the main program meru clears the
CRT screen and causes the CHANGE/WRITE MAPLOOP CONTENTS menu to be
displayed. Two options are currently available (also an option to
return control to the main program menu). See Figure 3.5.

OPTION A: ALTER EXTSTING MAP DATA

If the maploop contents are to be appended with bad loops not
currently masked, the A option: ALTER EXISTING MAFLOOP DATA is
selected, This causes the current contents of the maploop to be
read and displayed. (If an error is encountered through, execution
is suspended and option B: WRITE NEW MAP DATA must be used.)

The program then requests the decimal value corresponding to
the bad loop number to be entered. Provided the loop is not already
masked and a weak loop exists which can be masked good, the map con-
tents stored in a buffer will be adjusted to accommodate the

apperded loop.

If more loops are to be appended, enter 'N' in response to
'WRITE MAP? (Y/N)' and 'Y' in response to 'ANOTHER LOOP? (Y/N).
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KNI A KK KK MR O XK K AR ORI XCICE ORI KO ROK 3O

x x
x BURELE MEMORY BOOTLOOP X
x ALTER / WRLITE FROGRAM *
x X

AR IKKI K KCH R LI X IARKMOK A XA KK X KA KOS KK X K
A, ALTER EXISTING MAPLOOP DATA

B WRITE NEW HARLOOP DATA
C. RETURN TQ PROGRAM MEZNU

Figure 3.5 == Write Maploop Meru
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The program again requests decimal loop number input. This can be
repeated until all loops are appended, at which time a 'Y' should
be entered in response to 'WRITE MAP? (Y/N)'.

At this time, the bubble memory should be cleared and the
mechanical interlock changed for map write operations. Entering
the appropriate maploop number causes the map to be written with
the new maploop data.

The mechanical interlock must now be returned to the normal
‘position. A carriage return causes the main program mernu to be

displayed. See Figure 3.6.

OPTION B: WRITE NEW MAPLOOP DATA

When maploop data -is entered from the bubble memory label,
option B of the CHANGE/WRITE MAPLOOP CONTENTS meru is used.

A buffer is formatted with the proper synchronization pattern
in response to the device type (i.e., MEGABIT versus 256K). The
CRT screen is first cleared, then a bubble memory label is dis-
played. See Figure 3.7. Data is now entered exactly as on the
dévice label. Carriage returns are automatically inserted, so that
the user simply enters the coded information character-by-character.

When all information is ent:eredv, the proposed maploop contents
are displayed. The bubble memory must now be cleared and the

234



IO SORCICK WOXER R K KIS O ACK, 3K KK K R KK SRR KKK
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* OPTION C
SELECTED FROM
MAIN MENU.

A,
[E8
c.

ALTER EXISTING MAFLOOP DATA
WREITE MEW MAPLOOP DATA
RETURN TO PROCRAM MENU

SELECT OPTION: A
EXECUTING 50 INITIALIZATIONS
SUCCESSFUL! 11 L

EXECUTING MAP COMFARE TEST
SUCCESSFUL ! ! 1t

BUEBLE HEMORY DEVICE TYPE: MBM 2011 1M-BIT MEMORY
FREDUNDANT LOOP MUMBIERS:
9000 0001 0002 0003 0004 00US 000s 0007 Q008 0009
0810 0013 0014 00146 0017 0018 0€19 0020 0021 0022
0024 0025 04026 0027 0029 0030 0031 0032 0032 0034
0033 0043 x00TL 00353 0054 0086 0063 00465 0074 0079
00746 OUBT 1091 0101 0141 0192 UL97 x0211 0212 x0I32
U283 202927 x0370 x0U74 x037F %0376 x0372 x0Ta7 x0580 x0381

* => NUMBER OF MASKED BAD LOCF3 = 0013
MUMEER OF MASKED WEAK LOOPS = 0047
TOTAL NUMEER OF REDUNDANT LOOFS = 0060

ENTER 3~0ICIT I1.OOP NUMEER TO BE MASKED AS EAD: 210

REDUNDANT LOOF HNUMEERS:
0001 0002 03003 0004 0008 0n046 0007 qung (CO0% - 10010
0013 0014 0ulé6 0017 0018 001y uwugo w021 Gu22 GOT7
3025 0026 0027 0029 0030 0Qu31L UYO22 N34 fud4 0039
0043 %0051 00353 0084 0058 0063 0045 0074 0075 00764
7085 0021 0101 9141 UL92 0197 x0210 x0211 0112 %0232
x0283 xU2LP2 xu370 xYI7H xYTTG 20376 x03V2Z x0T69 xNLBY xuliel

4 2> NUMGER OF MACKED ERD LOCPS = 0014
HUMEER OF MASKED WEM LOOPS = 0046
TOTAL MUAMGER OF REDUMDAMT LOOPS = 0060

EXCCUTE AP 1RITT 2 (Y/H) N SHOTHER 1LQUR 2 (Y/N)
ENMYER 2-DL0IT L0 HUMEBER TO EEL malhED AC Al 1979

FEIUIDNWT LOOF MBS
yon2  ound a904 s guus 0NWS o e auee Suly U0LT
GOl wOLléd DUlT MO 01 duld BuTL onld B0l 0039
GULL 0227wyl U200 ondl 0032 wuld3 gult wwss 063
OB U2 B3 el OUeT UGS BuT4  uolrG unTa 000y
U1 OANL Ukl DL NL?T wmuEw? x0Tl 02l Il endnT
KOLSY TNV 2GUT0 AYT7b 20B7T anllo gU3YLT auhuy wy ~NGHL

o O hasKED BAD LONPS = 0013
- Fle VEAK LOOPS = (4048
LURGAMT LORES = 0llen

TOTAL cHBIZER U el

EALCUIT mad WRITE 2 (Y/H) Y
[T o I G D R WIRN & WIRTTE

CHARKE HEL RGN IR e R TS GURERS, se) TR
Tiownb Bl CuekLE TE. TEATUS = 0L

T e JUEIEERS TR i TN POSTY LUt
i a0 oL

PR N KA BRI GNP AT AR RS BRI R T KK

Figure 3.6 == Sample Maploop Alteration

* OPTION-A -
CHANGE EXISTING
MAPLOOP INFO.

* PROGRAM READS,
VERIFIES, AND
DISPLAYS CURRENT
MAPLOOP INFO.

* BAD LOOP NUMBER
TO BE APPENDED
1S ENTERED.
(DECIMAL VALUE)

* UPDATED MAPLOOP
CONTENTS DISPLAYE

* PROGRAM REQUESTS
WHETHER MAP IS TO
BE WRITTEN OR
ADDITIONAL LOOPS
ARE TO BE
APPENDED.

* READY FOR MAP
WRITE -
DEVICE MUST BE
CLEARED AT THIS
TIME.

* STATUS DISPLAYED.
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Figure 3.7 -- Write New Maploop Display
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mechanical interlock set for the write map operation. Entering the
appropriate maploop number causes the map to be written with thé
entered maploop data.

The mechanical interlock must now be returned to the normal

position. A carriage return causes the main program memu to be

displayed.

3.5 == Option D: Display/Verify Maploop Contents

Selecting option D: DISFLAY/VERIFY MAPLOOP CONTENTS from the
main program menu executes only the system initialization, map read
and map display sequences of the system test. This option is used
primarily to read maploop contents only. A "TRY AGAIN? (Y/N)'
message at the end of each map read and display allows for repeti-
‘tive map read operations. A 'N' in response to 'TRY AGAIN? (Y/N)
returns control the main program meru. See Figure 3.8.

3.6 == Option E: Enter Test Data

Selecting option E: ENTER TEST DATA from the main program
allows test conditions to be entered in a buffer memory accessible
by the system test. Such data includes the DATE, DEVICE UNDER TEST,
LOT #, and TEMPERATURE and is useful in production testing. A

carriage return allows termination of entered data and access to
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Y
EXECUTING S0 INITTIALIZATIONS

SUCCESSFUL! ! 1!

EXECUTING MAP COMPARE TEST

SUCCESSFUL! 11!

BUEBLE MEMORY DEVICE TYPE: MBM 2011

REDUNDANT LOOP NUMBERS:
0000 0001 0002 0003
0010 0013 0014 0016
0024 0025 00246 0027
0033 0043 x0051 0053
0076 0085 0091 0101

0004
0017
0029
00S4
0141

%0283 %0292 %0370 %x0374 x0373

0005
0018
0030
0056
0192

1M=-BIT MEMORY

0006 0007
0019 0020
0031 0032
0063 0063
0197 x0211

0008
0021
0033
0074
0212

%0376 xX03?2 x0IT46% %0580

t => NUMBER OF MASKED BAD LOOFS = 0013
NUMEEER OF MASKED WEAK LOOPS = 0047
" 'OTAL NUMEER OF REDUNDANT LLOOF'S = 0040

TRY AGAIN? (Y/N)

Figure 3.8 - Sample DISPLAY/VERIFY MAPLOOP CONTENTS

0009
Qo022
0034
0075

x0222

%0581
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the next data category. If only a carriage return is entered,
the data remains as is. Figure 3.9 is an example of data entered
under the E option. Following data entry of the last category,

control is returned to the main program memnu.

During the execution of the system test (option A), this data
is retrieved from the buffer memory and documented onto every test
sheet as shown in Figure 3.10.

As test conditions change, the buffer memory can be updated
by again exercising option E and entering a carriage return where

data is to remain as is.

3.7 == Option F: Return to XORBUG

Selecting option F from the main program menu allows control
- to be transferred to the XORBUG monitor resident in the system firm=
ware. Re-entry into BUBLTEST must then be accomplished through
XDos.
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(3

DATE: FEERUARY 8, 1984

DEVICE UMDER TEST: MBMZ0lla - 14mU
LOT ¥ &0634321-8

TEMFERATURE: 635 DEGREES CELSTIUS

Figure 3.9 == Sample Test Data Entry -
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LA ) LALET L L i
ENTER DIEVICE NUMEER: SaMPLE4
**DEVICE NUMBER

33

DEVICE UNDER TEST: MOTOROLA 3X3 1 MEGABIT BOARDS
LOT & &0123454-8

DATE: FEERUARY 7, 1934 **TEST DATA

TEMPERATURE: 2T DEGREES CELSIUS

BUBEBLE MEMORY SYSTEM FRODUCTION TEST:
REVISION 2. 00

MOTOROLA ENGINEERING RELEASE 1982 **START OF TEST
EXECUTING S0 IMNITTALIZATIONS
SUCCESSFULLY ** SYSTEM INITIALIZA-
TION

EXECUTING MAP COMFARE TEST
SUCCESSFUL ! 1Y

BURBLE MEMORY DEVICE TYPE: MEM 2011 1M-BIT MEMORY
REDUNDANT LOOP NUMBERS: .
0000 0001 0002 0003 0004 0005 0006 0007 - 0008 0009
0010 0013 0014 0016 0017 0018 0019 0020 0021 0022
N024 0025 0026 0027 0029 00630 0031 0032 0033 0034
00335 0043 x0051 - 0053 0094 0096 0063 0063 0074 0075
0076 0085 0091 0101 0141 0192 0197 %0211 0212 %0232
k(0233 %0292 xX0370 0374 Xu3735 x0J76 XN392 %0569 k080 %0581

* => NUMEBER OF MASKED EBAD LOOFS = 0013
NUMEER OF MASHKED WEAK LOOPS = 0047

TOTAL NUMEER OF REDUNDANT ILOOFS = 0060 ) ** MASKED LOOP SET
EXECUTING WRITE/READ TEST -

TEST FASS NUMEER = 0006 - :
DATA PATTERN= 400 & PAGES = 0128 **WRITE/READ TEST
OATA FATTERN= 804 & FAGES = 0128
DATA PATTERN= $0C F PAGES = (128
CATA FATTERN= $1.C  # PAGES = 0128
DATS PATTERN= $3C & PACES = 0128
CaTa PATTERN= 7€ # PAGES = 0128
DATH FATTERN= ST % PAGES = 0L2C
DATA FATTIERM= 5FD # FAGES = 0128
ATA PATTERN= $FF  F PAGES = 0129
FEEUDO-RANDOM DATA § FAGES = 0396
KK AR KRR KRR A K **SUCCESSFUL COMPLETIC
FEE BA 88 8BS
P FA AS S5 8 : ' OF TEST
PP A AS S
FPF AAGA B8S 88
P A A IS 3
P A AS S8 8
k4 A 8s [P35

KKK IR RKR R XK ALK

Figure 3.10 -- Sample Test Sheet Depicting Test Data



CHAPTER 4 -- USING BUBLTEST

This chapter describes how to load, set-up and execute BUBLTEST

test sequernces.

4.1 -- Program Loading

BUBLTEST (Rev 2.00) is loaded into system memory using XDOS.
First XDOS must be initialized using the 'XDOS' command in response
to<the XORBUG prompt. Once the '=' appears, simply enter 'BUBLTEST'
followed by a carriage return. The program will aﬁtomatically load
itself into system memory and begin program execution by displaying
the main program meru. BUBLTEST is now reedy for use.

4,2 -- Program Set-up

Test parameters can now be entered (if desired) via option B
(See Section 3.3) and test data recorded (if desired) via option E

(See Section 3.6).

Test execution or exercising any option is possible at this

time.,
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4,3 == Test Execution

With all test parameters entered and all test data recorded,
test execution can begin by selecting option A. The system will
respond with READY . A carriage return results in a request for the
device number.. An entry followed by another carriége return begins

program execution.
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CHAPTER 5
BUBLTEST EXECUTION EXAMPLES
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MUMIZER

DA I L T Sl g

ENTER CEVICE SoMFLEY

37
DEVICE UMDER TEST:
0T # &0123456~8

DATE: FEERUARY 7, 1984
TEMPERATURE: 29 DECGREES CELSIUS

MOTOROLA 3X3 1L HESABLT EQARDS

BUBEBLE MEMORY 8SYSTEM FRODUCTION TEST:

REVISION 2. 00

MOTOROLA ENGIMEERING RELEASE 1982

EXZCUTING S0 INITIALIZATIONS
SUCCIESSFUL ! !

EXECUTING taP COMFARE TEST
SUCCESSFUL Lt 1!

BUEBLE MEMORY DEVICE TYPE: MBM
REDUNDANT LOOP NUMBERS:

2011 IM-BILIT MEMORY

o000
no1o
0024
0039
3076
xO283

0ot
0013
0023
0043
0o0es
X292

jo0z2
0014
0026
X031
0091
X(Q)370

0003
0016
0027
0053
0101

x0374

0004
0017
3029
0054
0141
x®0379

0003
0018
0020
0056
0192
%0376

0006
naLe
0031
0043
3197

x() 392

0go7
]
0032
0065
®0211
ROHHP

ouos
Mozl
0032
0074
nz12
x03E0

0009
1022
0024
Ne7%s
22322

%3381

= 0013
= (1047
= 006U

x =» MUMEER OF MASKED EAD LLOOFS
MUMEEER OF MASHED WEAK LOOPS
- TIOTAL NUMEER OF REDUNDANT LUOFS

EXECUTING WRITE/READ. TEST
MUMEBER = 0009

+ PAGES
FAGES
PAGES

TEST - FALS
DATA
DATA
DATA

PATTERN= %00
FATTERM= 608
PATTERN= %18 ¥

i

0128
0128
0128

@

PATTERN=
FATTE RS
4 T TR
PO TTERNS
i FA TTIER M=

AT BATTERN=
FEEEUDO-FARIDOM

naTA

$383  #
73k
FF3 %
EF?
EFFE
EFTFE
DATE i

XA A AN IKK A,

[

S
[*AGES

FAGES =

LI I TR I 1]

01.2

0128
01.213
01228
112283
0Lz
1896

e “é g3 56

FoEA A8 88 8

S S S T S

[ 2 S A7 Yot = W A 39

£ A A 3 B

L AP

'1 2 : 3“982’ 135b * Successful completion of

KA AR KA AN KK F K,

test sequence.



TRY

EHTER DEVICE MUMEER:

DEVI
LaT

AGAIN? (Y/M) Y

CE UNDER TEST:
¥ A0L1234546~-8

MOTOROLA

DATE: FEERUARY 7, 1584

TEMF

ERATURE:

2% DEGREES CE

UX3 1

SANMPLES

ELSIUS

MEGABTLT BEOQARDS

EUBRLE MEMORY SYSTEM PRODUCTION TEST:

REVIS

SLION 2. 00

MOTOROLA ENGINEERING RELEASE

EXEC

UTING 50 INITEL
SUCCESSFULLL ! 1

ALTIZATIONS

EXECUTING MAP COMPARE TEST

BUEBLIE MEMORY DEVICE TYPE:

SUCCESSFULLt 11!

REDUNDANT LOOP NUMBERS:

000
0ol
g0z

0035

807
xN28

g
=

0ao1
0013
0025
0043
6 0083
3 %0292

0002
0014
30264
x0051
0091
%0370 x

0
0
9

33

NUMBER

0003 0004
0016
0027
0053 0054
0101 0141

0374 x0373

002%

OF MASKED EAD LOOFS
MUMEER OF MASKED WEAK LOOPS
TOTAL NUMEBER UF REDUNDANT. LOOFS

EXECUTING HRITE/I‘\E{%D TEST

TES
DATA
DATA
DATA
DATA
DATA
DeaTA
DATA
DaTA
l' (\ T
P

KIEK
WK
KKK
R 314
KKK
WK

KKK
FRFF

s

FFF
=

[

=
a4

T FASS NUMEER
PATTERN= 400
FATTERN= $02
PATTERN= $04
FATTERMN= H0E
PATTERN= $112
FPATTERM= 53K
PATTERN= $JT
FaTTERM= tFE
PATTERN= $FF

D(J~F\I§NIJ()M DT

XXX D=
XA SAR=

XK GAR=

KX SARE:

KK =

XEXK

LR#OR:
ERROR:
ERIROR:
ERROR:

Sal
Sidfees

KM MK XK KKK
A IITI L

A A I L
AoA L L
JEY=T2T- S W

A A T L

o A T L

AT A TIT LLLL

TR KUK ALK KKK

é;—#-‘.-:;-:é-s-;‘r-‘-:v

UUOJ
PAGES
FAGES
PAGES
FAGES
PAGES
FaGES
FAGES
FEGES
FPaGES
FAGES
onee
n20%
0ZF I
U496
0627
0627

[ I

BouoE

i

BTR=

STR:=
STR

MEBEM

0617

ST R
STR=

ETR=

1982

2011

0003
00183
00zo
00386
0192
%0376

=0
= 0
=0

h128
01283
0128
01283
0123
0128
0128
1312263
ni12¢

N894
0y
09
0y

= 09

QOGP

1IM-BIT MEMO
0006 0007
0012 0020
0031 0032
00463 0063

0197 %0211
X0392 %0569

013
047
060

RY

Q008
0021
0033
0074
0212

00
no
0o
0o
x(02

38

0%
22
24
75

22

Xx(580 %3581,

READ DATA / EXPECTED

LOOFE

1o
4

2300 =
0294 21
0458 7E
009 FF
0175 FC
0295 FiE

LOGF#
L.OOP#
LOOF
L.OOPE

S0
ALE
/6
/7
/10
JEF

nns
a0gs
oS
0005
N0a0s
00063

U~l~ R

*% DEVICE FAILS DUE TO SOFT ERRORS

(EXCESS~-1

¢ TYFE:
C TYRE:
TrRE:
UOTYRIE:
TYFE:
TYPE:

46

SOFT
GUFT !
SOFT!
GOFT

Ti
SOFTY
SIOFT !

IMPLIES THRESHOLD TOO LOW)



ENTER

DEVICE UNDER

DEVICE

NUPMIEER

TEST:

LOT & A0LZ3454~8
DATE:
TEMPERATURE: 29

FERRUARY 7, 1984

EUBELE MEMORY
REVISION

MOTOROLA ENGIMNEERING RELEASE 1982

2.00

EXECUTING 50

STR= 21

MOTOROLA

DIEGREES

3X3 1

SomPPLEZ .

CELSIUS

MEGABTT BOARDS

SYSTEM PRODUCTION' TEST:

IMNITIALITZATIONS
X INITIALIZATION ERROR

@ ATTEMPT 00

Ll
xxx MAR READ ERROR xxx
READ

MAF
090
o0
00
00
09
o0

0o
00
0o
00
00
g0

80
a0
00
00
00
g9

MAP READ

a0
00
00
00

%

00
00
0o
00
09
g0

o

a0
00
09
00
0o

DATA:
20 00
ng 00
90 00
00 00
00 090

DATA:
00 09
0e 00
00 90
00 G0
00 0u

a0
ago
00
Qo
00

AN MO KKK K KKK
FFFF

F

-

=

Aa ITI U
A A I LU
A A I L
[RY=T2 2 T N W
A A T L
A T .
A A IIT LLLL

SRR ICK K INCIR K ACCRK XK

00
0o
00
090
no

0o
o0
0o

ago

ng

an
1o

-00
(08

00
ge
00

00

00

o0
0o
00

0o

00

00

00

090
00
0g
00
0o

0o
00
neo
o0

00
a0
00
ao
00

00
09
00
g0
o0

no
00
2o
00
00

00

a9
00
090

0o
00
00
00
00

00
00

0g

‘00

00
o0

oy
00

00
00
09
uu
a0

39

00
00
0o
0
00

00 -

00
60

0g -

00
09
o0
00
00

70
0Q

00

00

00

- 00

0o
049

-0

*% DEVICE FAILS FOR LACK OF MAPLOOP

INFORMATION. THIS IS SOMETIMES THE

247

00
0n
)
(']
09

no
00
0o
g0
a0

RESULT OF IMPROPERLY INSERTED DEVICES.



CHTER (EEVICE

REVTCE UNDER TEST.
LOT # nU12349%6-8
DATE: Fi

MUMRER

UARY 7, 134

VOTORMLA 33

GAMPLES

TIZNPERA';:URE. 23 OECREES CELSIUS

BUBELE MEMORY SYSTEM FRODUCTION

SEVISION 2. 00

TEST:

MOTOROLA ENGIMEERING RELEASE 1982

ECECUTING
SUCCESSFULL 11!

S0 INITIALIZATIONS

EXECUTING MAP COMFARE TEST

SUCCESSFUL ! 1 1Y

MAXTIMUM ERKOR COUMT EXCCEDED

ER vt 2283 FVAL S Eas Hhsd

FFFF  fé TIT L
L N TS S
F . A A [ L
ref ded Ll
F A a T L
+ [ TS TS S
F oo v T LLLL

¥ 8 33 aad REALESNS RS NI

1 HEGABLT BHOARDS

SUBBLE MEMORY DEVICE TYPE: MBM 2011 1M-BIT MEMORY
REDUNDANT LOOP NUMBERS: .
9000 000L 0002 0003 W004 0005 0006 0007 0008
0010 0012 0014 0016 0017 09018 0019 0020 0021
0024 0025 0026 0027 9027 0030 0031 0032 0033
0039 0042 x0051 0083 0054 0056 0043 0065 1074
00746 008 0091 0101 0141 0192 0197 w0211 9212
20283 %0292 %0370 k03741 x037T xu376 %0392 xX0T6&Y %0580
x => NUMEBER OF MASKED £AD LOOPS = 0013
NUMECER OF MASHED WEAK LOOPS = 0047
TOTAL NUMEER OF REDUNDANT LOOFS = 0060
EXECUTING WRITE/READ TEST
TEST FAGSS NUMEBER = 1008
DATA PATTERN= 300 & PAGES = 0128
DATA FATTERN= 808 & FAGES = 0128
DATA PATTERN= 318 » PACES = 0128
OATA PATTERM= 833 & #ACES = 0128
DATA PATTERN= 379 & FAGES = 0128
OATA FATTERN= $F3. & FPAGES = 0128
DATA PATTERN= 3F9 P PACES = 0128
" DATA PATTERN= 8FB 8 PAGES = 01283
DATA PATTERN= $FF P PAGES = 0128
FSEUDO~RANDOM DATA 8 FAGES = 0394 .
X% ERROR: XXX SAR= 0030 STR= 09 LOOFPs 0301 00 /08
XXX XXX SAR= 00B0  STR= 09 LOOP® 0523 00 /03
P 3 22X GAR= YuH2 STR= 09 LOOP® 0270 00 /08
xRx xxx SARw 0082 $TRs= )9 LOOP® 0437 00 /08
X g XXX SAR= 084  STiw 09 LOOP® 0115 00 /08
xRL ¥ xxx SAaRe 0084 STR= 49  LOOP$ 0360 00 /08
XX X SAR= NuRs OTRe 09 LOOP* 0380 90 /08
XXX XXX SAKm U036 BiRs )9 LO0PY 0413 0y /08
R &3 XX siak= 0Ll Lifes 0970 LOOKE Q0L g0 /00
“mx X aaks pu/ WTRe 09 LLUOFE 0485 00 /i3
XK LK o= ) cGikes Ny LCCEe 3949 00 /00
XRRK B AR U9 SIRE A2 LOUkE 09eF a0 08
EE 24 XX GAKT (1007 T g9 LOOF® 0164 00 /00
KR xXX SART QU7 0% LUUFE 0221 N /08
2K R SAIRE (e Uy LRCE% 9SES 00 /08
XXX EREUR, XX oibes G091) L0 0L3S 03 /99
XK ERIVUK: WX S0l Al LWkt 03¢l ud /03
wrx EREUS: KXE D= UOAS LOUPY 0429 Ny /08
XX ERFROR: XXX SAIR= (1006 LJOP® 0817 00 /08
£xx ERROR:. X% Z4Ra 007 1LJOFE 0477 00 /06
2k ERRGR: &%XX Sak= 004a LDGHE 0330 00 /oy
rx&x ERROR: XX8 Sak= OAL S LJoOrE 02%4 00 /08
AKX ERIOR: X1k SAk= 00083 E LOOFE 04495 00 /08
X ERFOR: XX Saks 00AE STR= u®  LOOPE 0L4L 00 /08
XK ERRUK: wxx SAR= JUAF TR 3% LOOPS® 0112 00 /08

Maximum Error Count = 25

40
0009
0022
0034
3079
*x0232
%0581
1008 ERROR TYPE: SOFT!
08 ERFIOR TYPIZ: SOFT!
0003 ERRIR TYPE: SOFT!
00U8 CRROR TYPE: COFTH
gou8 v SOFTY
ouo8 SOFT!
3oue SURT!
noug SBOFT!
06498 SOFT!
Uyt CAIFT
o3 TOFT!
[PRTRIEH COFT!
013 SOETY
[LRVENEE) COFT!
W03 SOFT
AR 4} GOFTY
uoun SAFTY
BRI SIOFTY
nous SUFT!
sy SOFY !
wnul BRSO
ooy
Hons M !
[FIVATEI rye OFT!
oot Fl SOFT!

EXECUTION TERMINATED
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** DEVICE FAILS FOR SOFT ERRORS

(EXCESS-0 IMPLIES THREHOLD

TOO

HIGH)

ca



TINY EGALINY /N Y
ENTER DEVICE NUMEER: SAMFLES

-

DEVICE UNDER TEST: MOTORQLA 3X3 1 MELAEXT ROARDS
.OT # ADL23456-8

DATE: FEERUARY 7, 1984

TEMFERATURE: 25 DEGREES CELSIUS

BUEBLE MEMORY SYSTEM FRODUCTION TEST:
REVISION 2. 00
MOTOROLA ENGINEERIMG RELEASE 1982

EXECUTING S0 INITIALIZATIONS'
X INITIALIZATION ERROR x

FEB
FF
FF
00
00

FB

FF
FF
00

STR= 09 @ ATTEMPT 00
MAF  READ DATA:
00 19 0L 098 OF EF E9 7E BF C7 FB EF FE FF FF FF FF
FF EZ FF FF 7F FF FF FF FF FF EF F7 FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
12 86 (4 9E 01 CE FF FF FF FD FF FA 00 00 09 0u 00
g0 00 00 G0 00 00 00 00 0O 0O 00 00 0O 00 0O Q0 0O
00 00 02 ) ,
MAP READ DATA:
00 19 01 08 OF EF E? 7E BF C7 FB EF FE FF FF FF FF
FF &7 FF FF 7F FF FF FF FF FF EF F7 FF FFF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
12 84 04 PE 0L CB FF FF FF FD FF FA 00 00 00 00 00
30 06 00 00 a0 00 00 00 00 00 00 00 00 0O 30 GO 00 03
0 00 02 ' ' ’

A0 K XK SHCOK KKK KKK

FF FF
FF
FF
00
00

FF
FF
FF
00
00

FF
00
00

FF
FF FF
FF FF
00 00
30 00

FF FF
FF
FF
00

41

FF
oe
BF
00

FF
7F
F3
00

00 00 00

SR

FF
52

00
ao

FF
FF
52
00
00

FFFF AA IIT L

F A A T L ** DEVICE FAILS FOR ERROR IN MAPLOOP
F A A T L INFORMATION.

FFF  Adiha T L

= A A T L MAPLOOP CONTENTS ARE DISPLAYED.
F [~ TR 2 T S .

= A A TTT LLLL

SRR LK A XK KK IOX KK XCOCKKK
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00

7
7F
29
30
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TTYOARAINY (Y/MY Y
ENTER DEVICE (UNBER: SatiFEL

42
GEVLICIE UNDIER TEST: MOTOROLA 3X3 1 mEGHELT EOARDS
O kB AQL23356-83
DATE: FEERUARY 7, 1984
TEMPERATURE: 25 DEGREES CELSIUS

BUEBLE MEMORY SYSTEM PRODUCTION TEST:
REVISION 2. 00
MOTORULA ENGINEERING RELEASE 1982

EXECUTING S0 INITIALIZATIONS
SUCCESSFULL ! 1!

EXECUTING MAP COMPARE TEST
SUCCESSFULL L1

BUEelLE MEMORY DEVICE TYPE: MBM 2011 1M-BIT MEMORY .

REDUNDANT LOOP MUMBERS: Rk

J000 0UoL 9002 (0093 0004 0003 0006 0007 w008 0009 N
0610 0913 0014 0016 0017 9013 0019 0020 0021 0022

0024 0uU2T U024 0027 0029 0u30 0031 0032 0033 U034

003T 0043 x00S51L 0053 0054 0084 00463 0065 0074 40/

00746 0083 19091 0101 0141 0192 0197 =x0211 0212 %0232

x0283 40292 x0370 x0374 x037T xYJ76 X0392 x0T67 x0580 x0581

% = NUMBER OFF MASKED BAOD LOOFPS = 0013
NUMEER OF MASHKED WEAK LOOPS = 0047
TOTAL MNUMEEER OF REDUNDANT LOOFS = 0060

EYCCUTING WRITE/READ TEST
TEST FASS MUMEER = (0003

DATA PATTERN= 400 & PAGCES = (128
OATA PATTERN= #02 # FAGES = 0128
LATA ¢NITERN= 3046 + PAGES = 0128
VATA PATTERM= G0E @& PAGES = 01203
vaTa PATTERNS $1E  # PAGES = 1128
JATA FATTERN= $JE ® PAGES « 0128
DATA FATTERN= 37 & PAGES = (123
QATA FATTERN= +FE & PAGES = 0128 .
DATA FATTERN= 3FF + PAGES = 0120
PEEUOU-RANDOM DATA © FAGES = 0896

SOFT!
COFT!
SOFTY
SOFT!
‘ESGifT!
HeRO!  NOTE: WHEN SOFT
sorTt  ERRORS ARE VERY
5CFTt  FREQUENT, THEY
GOFTY MAY REGISTER AS

axx ERFOR: xmx SAR= U1E3 STR= 09 LOOPe 0359 LE /0E 0003 ERROR
*xx CRRUR: «x® SARm 0232 STR= 09 LOOKFE 0151 2E /1E U003 GRROR
e CRIKOR: «xx SAR~ (02389 STR= 09 LOOFs 0244 JE /1E 0003 ERROR
XA SARs 029F  STR= 09 LUOOPE 0442 YE /2E 0003 ERFOR
anxX GAR= 02A0  STR= 09 LOGRY 9402 78 /3K 1003 ERROR
xxx Saks: 0310 STR= u?  LUUPE 011y FE /7T 00ul FUOR
X Gadkes 0310 <TR= 67 LOGHR L3 FE /7E 0003
ame CAaRs 434% SiTRa 09 LyUrt gesg FEOS7E ouul
wra Salva 0244 A4TR= 092 LG 1031 FE /78 Jou3

wxw Gokm QO6F SHli= 9 Lu0kE 0124 Fi /76 0093

X UZAF  sifte 09 DUt WL32 FE /7 uon3 HARD!
xxx 036F  Glim wv  LOLCE UL74 FE /7E 0002 ¢ HARD ERRORS.
XX N A7 BT 0% LDt 0TD1 B0 o ED 0002 HARSY
R3.¥ 046G, LOUPE (0243 unns ST
E 3 4 1420 Lo s 05072 003 GOUFTH
HEK 04e LUUP e udle ¢ uaed LT

WX GAdv=s 04D" GTR= 02 LOGEe 97306 nous
awm SAaRs B4E)lr SThis g9 uuksE uu2ng = 00yl
XX Gdem NFEB S1R= 07 LUOFS 0217 FE /4F 4003
X SaKs 04501 uw o LIOTE 0247 FD /FC 0003 EFRCR
©nX Sak= QB0L STR= N0 (OO 03LS FF /FE 0003 Efaai
AR CAR® 547 STRer g LUNEE 0122 77 /7S 400y
ak LIVROK: ARSI SAlE 09547 STh= 09 LOOIEE 030D CF P8 U0l
KR RO X SaRs 0534 STR= 092 LOURE 0093 DF /0E 0anly

ek CRINURK. X2& Salv= 0584 ATR= 09 LOOFE 9121 FF /FE JU03 ERROR

SOFTY
Her Ot
SOF T

R LM ERROR COUNT EXCEFDED Maximm Error Count = 25
EXECUTION TERMINATED

EES A SNRR LV EES T I
Five  ndy TIL O
4 L

oo Lok #% DEVICE FAILS FOR SOFT ERRORS.

[ ean £ L (EXCESS-1 IMPLIES THRESHOLD TOO LOW)
B [ER - T

+ o T L

[ oo TUD LR L

ISR RN A ARER AR A L &4



CHAPTER 6
BUBLTEST SOFTWARE FLOWCEARTS

25
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BUBLTEST MAIN PROGRAM MENU

DISPLAY
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INFO & DISPLAY

45
OPTION A - EXECUTE SYSTEM TEST
TEST SET-UP
r
SYSTEM
INITIALIZATIONS Q
Y
ERRORS?
N OUTPUT
_ STATUS INFO.
READ MAPLOOP |-
INFORMATION %
READ MAPLOOP .

SET PARAMETERS

OUTPUT MAP
COMPARE ERROR

SET PARAMETERS

FOR
__256K TEST |




DISPLAY BAD &

WEAK LOOP #'s

IN TABLE

WRITE PAGE OF |
DATA SPECIFLEN

r

QUTPUT
STATUS INFO

)

-~ TRANSFER
CONTROL TO
XORBUG

STOP

DECREMENT SET-UP
PAGE COUNT FOR_READ TEST
PAGE
READ PAGE OF
COUNT=0 DATA, COMPARE
? WITH TABLE
INCREMENT

TABLE POINTER

1

DECREMENT
PAGE COUNT

254



OUTPUT
‘ n? mﬂ'

QUTPUT
"PAssn

OUTPUT
"TRY AGAIN?"

PROGRAM MENU

EXECUTE
| SYSTEM TEST
AGAIN

47

255



OPTION B - DISPLAY CURRENT TEST STATUS

DISPLAY CURREN)
DATA. PATTERNS

L
DISPLAY #
READS /WRITE

‘&

DISPLAY
PRINTER STATUS

Y

DISPLAY READ-
ONLY STATUS

DISPLAY DATA-~
CHANGR STATUS

4

TION STATUS

!

DISPLAY STOP
ON ERROR STAT.

POSITIQN CURSOR
TO PARAMETER

(]

RECORD CHANGES
(IF ANY)

HANGES
DONE?

DISPLAY EXECU-|

RETURN TO
MAIN MENU

48
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OPTION C - CHANGE EXISTING MAP INFORMATION/
WRITE MAP INFORMATION FROM LABEL

DISPLAY
OPTIONS

CHANGE EXISTING MAP WRITE FROM LABEL

y

INITIALIZE, RD
MAP & DISPLAY

FORMAT BUFFER
FOR 1MEG

DISPLAY
MASKED LOOPS
- :..._. -——-
|
BUBBLE MEMORY
DISPLAY L---T-----J
NEW MAP INFO. ;
WRITE
MAP & OUTPUT
Y i NN STATUS
'.
RETURN

TO MAIN MENU




SYSTEM
INITIALIZATION|{ (50)

INDICATE
IMEG DEVICE

DISPLAY BAD &
WEAK LOOP #'s

RETURN TO
MAIN MENU

¥ “TRY
AGAIN?

50

OPTION D - READ/VERIFY/DISPLAY MAPLOOP CONTENTS

258
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31

OPTION E: ENTER TEST DATA

ISPLAY CURRENT]
'DATE"* ENTRY

DISPLAY CURRENT
"DUT"' ENTRY

DISPLAY
""LOT#" ENTRY
RECORD Y
NEW ENTRY
DISPLAY CURRENT]|
"*TEMP"' ENTRY

RECORD ¥ N RETURN TO
NEW ENTRY MAIN PROGRAM




@
READ DATA ERROR IDENTIFY

DISPTAY PAGE

&Eﬁ%) '

ISPLAY STATUS
OF READ

!

DISPLAY LOOP
OF ERRCR

DISPLAY READ/ |.
EXPECTED DATA

PAGE IN ERROR

ERROR IS SOFT ERROR IS HARD
(PRINTER OFF) (PRINTER OFF)
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CHAPTER 7
BUBLTEST SOURCE CODE LISTING




IBLTEST. SA: 1

EUBBLE MEMORY SYSTEM TEST PROGRAM:

oPT LLE=?S
A AR AR IR AR KA AR KA KA K KA I KK KKK KKK
ORI I I K I KKK KKK KKK KK

xK XX
xX 23 46K- AND 1M-BIT *X
xX BEUEBBLE MEMORY SYSTEM *XK
xX TEST PROGRAM xX
xX XX
X% REVISTION 2. 00 X
XX XX
x% DATE: 11/718/782 xX
xX KX
XX WRITTEN BY: RICK ERZOZOWY x%K
xX MICARL SYSTEMS DESIGN AND XX
x% DEVELOFMENT xX
xX XX
xx BUBLTEST XX

200 20K 30K 300 20K 0K 200 200 30 20 20€ 30K 30 20€ 206 20K 20K 8K K 3K 200 30 20€ 3K 26K 25 30K 2K K9 200 200 30K 20 20K 200 20K 20K 2K 200 20000 0K K KKK K
200 200 200 0K 20 280 200 2K 20K 00 20 20C 3 2 6K 20K 200 200 20K 2 20C 30 0 00 20 3K 3 0K 20 200 2000 3K 0 0 0K K 0 KK KK K KKK KK
x

TTL xx FROGRAM REVISION TAELE xx

NOTE: The BUBLTEST source code listing is not
included as part of this manuscript.

262



APPENDIX B

DATA SHEETS



164

@ MOTOROLA: .

' BUBBLE MEMORY PRODUCTS: MBM2256

7402 SOUTH PRICE ROAD o TEMPE, ARIZONA 85283

[ Advance Information ]
GENERAL DESCRIPTION 256 K x 1-BIT
The MBM2256 is a 262,144 (218) bit magnetic bubble memory MAGNETIC BUBBLE
device. All required magnetic components including the perma- MEMORY DEVICE

nent magnets, the drive fieid coiis and protective magnetic shieid
are integral parts of the device. The package isa 1.15 x 1.1 x 0.36
inch 16-pin DIP.

The MBM2256 features a dual block-replicate organization with
swap gates on the input track. Data storage is organized as 256
storage loops of 1024-bits each. Additional loops are provided to
store the error correction code and as redundant loops. In one of
two dedicated map loops on-chip the redundant map loop data
is stored.

The MBM2256 can be operated synchronously or asynchro-
nously. Average access time to a page of data is less than 7.0 ms
at 100 kHz. Data transfer rate is 125 kilobits per second at 125 kHz.
Average power dissipation at 125 kHz is 0.8 Watts. The device will
operate over a case temperature range of 0°C to 70°C, and data
is retained without power from -40°C to 100°C.

The device is fabricated using a pseudo-planar process to im-
prove operating margins as well as to enhancs reliability. The use
of CrCuCr in the conductor elements ensures excellent conduc-
tivity while greatly increasing resistance to problems associated
with electromigration.

FEATURES

o Non-voiatile @ On-Chip Redundant Loop Map

o High Density .® Swap Gates i
® Solid State e Block Replicate

® Low Power ® Error Correction Code Storage

® Start/Stop Capability ® 16-Pin Dual-in-Line Package

® Page-Oriented Access

Pin Assignment

X Coil - E [ ] E Replicate -
X Cail + [Z] [15] swae -

Y Coil - E E Generate —
Y Coil + E E Generate +

Case
{AC Gna) LS [12] swae -
Active Map
Datector L& E] Replicate -
Reference Map
Detector L 19] Replicate +
Corngeo‘:':(t ?-') E E Replicate +
This document contains information on a new product. Specifications and information heren € MOTOROLA INC . 1983 ADI-6¢

are subject to change without notce.



FIGURE 1 — BLOCK DIAGRAM

Rep. 9

Map
Rep. 11
(=)

(+) i
Map

Rep. 10
(+)

I:
Det.

Map Loops (2) (%’p Common
(+)
Y

Loop 0

Loop 2

e d |
iftt,H\tho 15

Loop 4

i [ ) i V
Even Bit ® Even Bit :

Write Track Read Track
[ ] |

Even

SWAP|2I
(=)

(2]
@
3

A

(,_L_

}

Gen. 13'
(+)

DI DT

Gen. 14 I
(=)

i Bit
QOdd Bit ® Qdd

Writs Track ° Read Track

-2

SWAP 15 .
(+)

Odd [

T

pimiTit

4

Rep. 16
(=)

! \
\
Loap 276
Loop 278 f ‘ 5 Shield
(A.C.
Loop 280 Active & Gnd.)
A Reference
Detectors
Y
Loop 1 4 Coil
{+)
Loop 3 Y '
Coit
5
Loop v
° : Hy 3 Caoil
|

>
Ref.
A

(=)

Acti
KL‘ —ls DZ:.W

(=)

(=)

i Drive
: @ Field

(=)

\_..V_-J\_V_J\

1
Hz Hx

Loop 277 StaruStop x
y 2 Cail
Loop 279 (+)

X
Loop 281 Coil

X

1 Coil
AA v

Input SWAP
Port Gates

% 4
Storage Loops Rep. Qutput
Gates Port
Lz
*NOTE: .
The ( +) jack for.the Z coil is the one closest to Pin 8. * -

@ MOTOROLA INC.
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ABSOLUTE MAXIMUM RATINGS

Rating Min Max | Unit
QOperating Temperature (Case) (T¢c) Q0 70 C
Non-Volatile Storage Temperature -40 100 ’C
Storage Temperature . -40 120 ’C
External Magnetic Field . - 20 Qe
Peak Current In X Coil® - 900 mA
Peak Current In Y Coil* - 1,100 mA
Peak Current In Z Coil*® - 3.000 mAdc
Peak Replicate Current - 40 mAdc .
Peak Generate Current — 40 mAdc
Peak Swap Current } —_ 30 mAdc
Peak Detector Current - 6.0 mAdc
Maximum Coil Disturd Current With Data Retention - 10 mA
Maximum Pin To Pin Voitage - 55 Volts

*These peak currents are allowsed subject to the device tampaerature not exceeding tha temperature limits.

ELECTRICAL CHARACTERISTICS (Tc = 0°C to 70°C, rotating field frequency (fo) = 125 kHz uniess otherwise noted).

FUNCTION CURRENTS
Parameter Symbol Min Typ Max Unit
Generate Current G 180 - 220 mA
Swap Current Is 25 - 31 mA
Replicate Cut Current N IRC 75 - 35 mA
Replicate Transfer Current IRT 28 - 42 mA
Map Replicate Cut Current IRCM 75 - 95 mA
Map Replicate Transfer Current IRTM 28 - 42 mA
Map Transfer In Current ™ -24 - -30 mA
Detector Current 'DA. DR - 5.0 5.8 mA
X,Y COIL DRIVE (See Figure 2.)
Paramaeter Symbol Min Typ Max Unit

Coil Driver Supply Voitage Vi, Vy 1.4 12 12.6 Y
Coil Driver Switch On Resistance Ron 0.7 - 1.8 Ohms

(2 Switches In Sernes)
Coil Driver Clamp Diode Orop Velamp - - 16 v

(2 Diodes In Series)
X Coil Peak Current Ixp - 630 - mA

(Lx = nom, Vyx = nom. Rgn, Velamp = nom)
Y Coil Peak Current lyp - 770 — mA

(Ly = nom, Vy = nom)
(Ron. Velamp = nom)

Cail Current Offset. Ixo: lyo -10 — +10 mA
Stop Current Overshoot o lso - - ~10 mA
-0
Total Coil Power Pe - - 1.0 w
Z COIL DRIVE
Z Coil Sensitivity - 26.5 - Oe/A
Z Coit Current Simuitaneousiy Erase All Data Stored l7ap A
(Rotating Field On) 2.0 - -
(Rotating Field Off) 3.0 - —
Duration of Erase Current tZAP 0.5 - 10 ms

@ MOTOROLA INC.



SCOPE

This specification describes the magnetic, electrical,
mechanicai and environmental parameters of the 256K
bit magnetic bubble device, MBM2256, as manufac-
tured by Motorola inc.

DEVICE ORGANIZATION

The 256K bit bubble memory chip uses a block-rep-
licate organization with true swap gates on the input
track. The storage area is arranged as 256 storage loops
each with 1,024 bit locations. Additional loops are pro-
vided for error correction (6) and defect tolerance (20)
giving a total of 282 loops. Data is written and read at
the clock frequency which is the rotating field frequency.
Figure 1 is a schematic diagram of the 256K bit chip.

FIGURE 2 — X, Y COIL DRIVE

Vx. Vy

FET
Switch

XY Ton

V0000

1 1

| S |

M8M
+ Ground

(a.) TYPICAL DRIVE CIRCUIT

Data Input

The device is organized into two haives — odd and
even. To write into the device the same data pattern is
written simuitaneously into both the odd and even input
tracks. Due to the spacing between minor !oops only
alternate bits can be aligned with adjacent minor loops.
An extra bit propagation delay on the odd input track
causes odd bits to align with odd loops and even bits

T Ixp- lyp

with even loops such that the correct bit is written into
each loop. The swap gate automatically clears the old
data as new data is written into the loops.

Data Output

To read the data, one bit is replicated from each minor
loop into the output track, again arranged as an odd
and even half. The aiternate bit data streams are then
interleaved prior to entering the detector. The data is
therefore written in and read out of the bubble device
at the clock frequency aithough the data does divide
and recombine within the chip.

Redundancy

Of the 282 storage loops 256 are allocated for data,
6 for error correction and 20 for redundancy. These 20
loops are used to mask inoperable minor loops and
improve performance. Twenty loops are always de-
clared redundant. Data should not be written into the
redundant loops.

Redundancy Map

In addition to the 282 storage loops the chip contains
two map loops. These loops have their own transfer-in
and replicate gates but share the generator and detector
with the storage loops. Only one loop is required and
is chosen at final test. The chosen loop is used to store
the data which identifies the redundant loop map. A
"one'’ designates a usable loop; a ““‘zero’’ a non-usable
loop. Preceding this map code is a stream of 64 “"zeros”
foliowed by a “one”” and a “zero’’ which may be used
to synchronize the external control circuitry with the
memory. The map loop used for storage of the redun-
dancy information is also identified in the code (see
Coding of Redundancy Map). Since only alternate bit
positions are written into the map loop to enhance
reliability, intervening bits are always zero and are
ignored during read (see Map Read Operation paragraph).

The redundancy map is also printed on the label of
each device using hexadecimal format. Two digits are
used per loop. Instead of providing the absolute loop
number, the incremental difference between non-
usable loops is printed. For example, if the first bad loop
is #7, and the next two are 19 and 23, the sequence

267

N

Coil L
Currant |
xp- lyp
A
T=0 2.0 us 4.0 us 6.0 us 8.0 us
(b.) TYPICAL RISE/FALL IMBALANCE DUE TO DRIVE CIRCUIT P
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070C04 will be printed on the label. This format allows
for an incremental difference between two non-usable
loops of up to 255 (FF).

Coding of Redundancy Map (The map loop contains 512
bits of information in five fieids.)

Number |
of
Pattern Field Bits Note
MM---MM Map Data 282 (1)
EE---EE Error 12 (2)
Correction
LL Loop 2 (3)
UU---Uu User 150 (4)
00--0010 Sync 66 | (5)
NOTE:

(1) Each bit corresponds to a data ioop in sequence
M = 1.dentfies a usable ioop (262).
M = 0 idenufies a redundant loop (20).
(2) Error correction code used i1s a fire code appited only 10 the map
data.
Identufies wnich map ioap contains the redundancy information
01 — icop #1, 10 — loop #2.
(4) This tieid may contain factory-pertinent informauon. it will not
contain a duplicate of the sync pattern.
(5) The sync pattern 1s used to iocate the beqinning of the map data
fieid and 1dentifies data page zero.

[&]

Organizational Specifications

Bits/Loop 1.024
Total Data Loops 282
Usable Data Loops 262
Error Correction Loops 6
User Data Loops 256
Total User Storage 262,144 Bits
Map Loops 2

INTERFACE IMPEDANCES

FUNCTIONAL DESCRIPTION

Write Data Operation

Writing data is accomplished by generating the new
data with a series of puises applied to pins 13 and 14,
starting tpGSF before the swap operation. As the device
continues to cycle after all data is generated, the new
data and the old will be aligned at the swap gates after
tPGSL- A swap pulse is applied to pins 12 and 15 at this
time, swapping the new data in and the old data out.
Unused bits from the even and odd sides along with
the old data are propagated out and discarded beyond
the active area.

Read Data Operation

To read data, the device must be cycled until the de-
sired page is aligned with the replicate gates on the
output side of the storage loops. A replicate cut pulse
is applied to pins 9 and 16 to duplicate the page. This
is immediately followed by a replicate transfer puise
which causes the duplicate bubbles to propagate into
alternate positions on the two output tracks.

Propagation along the output tracks occurs during
tprp- During this time, the odd and even output bits
are merged.

Detection occurs when a bubble passes under the
magnetoresistive detector element. The bubble’s mag-
netic field causes the detector element to change resis-
tance. By passing a constant current through the de-
tector, this is converted to a voitage signal. A dummy
detector which is not influenced by magnetic bubbles
is used to cancel the background magnetoresistive
signal.

Qutput bubbles are discarded beyond the active area
after detection. A complete page is read in tprp(.

Parameter Symbol Min ’ Typ Max Unit
Generate (1) G 45 | = 18 i
Swap (1) g 180 | - | 540 [¢]
Replicate (1) R 10 L — | 320 Q0
Map Replicate (1) ™ 8 0 = 56 0
(Inciudes Map Transfer-in) ! 1
Detector (Active and Reference) (1) 'DS. DR 950 | — 2000 { |
Detector Active/Reference Ratio — 0985 | - 1.015 -
X Coil Inductance Lx 34 - 37 uH
Y Coil Inductance Ly 27 — 30 uH
Z Coil Inductance Ly 25 - 35 uH
X Coil dc Resistance Non-operating, 25°C ry dc — 1 27 - Q
Y Coil dc Resistance Non-operating, 25°C ry dc - 11 _— 1
Z Coil dc Resistance Non-operating, 25°C r; dc - 0.75 - 1]
X Coil ac Resistance (1) ry ac 25 - 4.0 {2
Y Coil ac Resistance (1) ry ac 1.5 — 2.5 4]

NOTE:

(1) Minimum value 1s at TC = 0°C, device non-operating, maximum value is at TC = 70°C, device operating.

@ MOTOROLA INC.
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OUTPUT SIGNALS (Tc = 0°Cto 70°C, fg = 125 kHz)

Parameter Symbol Min Typ Max Unit

Common-Mode Qutput Signai Vem - -— S0 mv
{Ipa = IpR = 5.0 mA)

Differential Peak-to-Peak Output Voltage (1)
(Il = 5.0 mA, See Figure 1 for measurement details.)

Logic 1 VOH TBD - - mv
(Bubble Present)

Logic 0 ' VoL - - TBD my
(No Bubble)

Signai Strobe Leading Edge Phase tso - 191 - Degrees

Signai Strobe Trailing Edge Phase tsc - 258 - Degrees

Logic 1 Valid Window tiyv 50 - —_ ns

NOTE: .

(1) VOM is defi as the diff. b the most neg. and the most positive signal excursions which occur within the phase window teg

10 tgc when a bubble is being datectad. VO is similarly defined for the case of no bubble baing detected. See Figure 3.

FIGURE 3 —
0 30° 180° 270° [ 90° 180° 270° 0°
tso tsc
»1
-oi H—F
'so tsc vl |y
| : '
l i\ | ' !
| 1
T~ o\ NN
0 L S—— \wa \/

VoH

\Tr.~
|
|\
1
1
!
[
|
|
I
!

|
|
|
|
|
|
|
i
1
|
;
|
|
|
|
|
1
|

, Y

!4—————— No Bubble = "0 *%—‘ Bubble Present = 1" ——-———-’1
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Map Read Operation Map Write Operation

To read the contents of the map, a series of alternate Writing the map loop is accomplished by generatii
cycle replicate puises, identical to data replicate puises, map information as normal data on alternate cycle
is applied to pins 10 and 11. Data wiil be available after After tpGT1 Of tpGT2. PINs 10 and 11 are puised wi
tPMRD- Since map data is only loaded into alternate a series of negative map transfer pulses on aiterna
positions in the loop, one pass may result in no data. cycles. Selecting tpT1 writes into map loop 1, selectir
This procedure is then repeated after delaying one tpGT?2 writes into map loop 2.

cycle. The outputs from the two map loops are merged,
but oniy one loop contains data. See “‘Coding of Re-
dundancy Map Loops’ for decoding information.

TIMING CHARACTERISTICS (Tc = 0°C. fq = 125 kHz uniess otherwise noted. See Figure 4 for test conditions).*

WRITE CYCLE TIMING

Parameter Symbol Min Typ Max Unit
Generate First Bit to Swap in (1) tPGS(F) - 294 - Cycles
Generate Last Bit to Swap In (1) PGSIL) - 13 - Cycles
Swap In to Replicate Qut (1) PSR — 514 - Cycles
Swap In to Non-Volatile Storage (2) tpg - 2 - Cycles
Generate Delay Time (3) t0G 70 - 120 Degrees
Generate Pulse Width (4) WG R 210 280 ns
Generate Fall Time tFG 200 —_ 400 ns

(10%~30% of pk Amplitude)
Swap Delay Time (3) : DS 270 - 330 Degrees
Swap Puise Width tws 340 370 400 Degree:
-~ READ CYCLE TIMING
L Replicate Out to Detect First 8it (1) tPRO(F) — | 180 — Cycles

Replicate Out to Detect Last 8it (1) tPRDIL) - 461 - Cycles
Replicate Out to Swap In (1) . IPRS — 510 - Cycles
Replicate Delay Time (3} DR -10 - 20 | Degree
Replicate Cut Puise Width . . 'WRC 210 280 350 ‘l ns
Replicate Transfer Puise Width 'WRT 80 100 120 f Degree
MAP READ AND WRITE CYCLE TIMING

Parameter Symbol | Min Typ 1 Max Unit
Map Replicate to Detect 'PMRD —_ 188 — Cycle:
Generate to Map Loop #1 Transfer TPGT1 - 308 — Cycle:
Generate to Map Loop #2 Transfer PGT2 - ! 308 | = Cycies
Map Loop Transter-in to Replicate tpTR . — i 516 1 — | Cycles
Map Replicate Delay Time (3) i 'DRM i -10 —_ ' 20 | Degree
Map Replicate Cut Pulse Width ' WRCM 210 280 ‘ 350 | ns
Map Replicate Transfer Puise Width i WRTM 80 100 120 Degree
Map Transfer-in Delay Time 10OT™M 270 | - 330 Degree:
Map Transfer-in Pulse Width tWTM 200 f 220 | 240 Degree:

NOTES:

* All puises to have rise and fall imes < 80 ns (10%~90% of peak amplitude) uniess otherwise noted.

(1) Propagation times are defined from the beginning of the cycle :n which the first signal occurs to the beginning of the cycie in which the secor
signal occurs.

(2) Data is non-volatile at the end of the cycie in which the swap current s turned off.

(3) These paramaeter limits are guaranteed when the device is driven with the X and Y current shown in Figure 4. Deviations from these drive

oo conditions may cause these limits to change in absolute angle, but the phase range {(max~min) will remain as specified.

(4) Generats puise width is defined from 50% amplitude on the rising edge to 30% amplitude on the falling edge.
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FIGURE 4 — TEST CONDITIONS — X AND Y CURRENT WAVEFORMS
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X Coil
Current
85.5°
Y
Coil
Current
/A - - - —
175.5°
FIGURE 5
L Data Loops .
WRITE Control Timing . - -

READ
Same Location

Gen 282 Puises, 1 Per Cycle

N | J'L_ :
SWAP 1 Pulse
—-——J — 1P
ulse
1 ___JU'L._...JL_ 282 Bits, 1 Per Cycle

180 I‘ 281—’1

Cycles

K

Map Loop
Gen Each function
XFER | | | | l ] ?1: Pulses,
ﬂ n ﬂ er

RMAP === 2 Cycles
Detect —n_n_n___

Map 1: 308 I
Cycles Map 2 : 305 516 + 1024n T 188 |

where n is an integer =1

@ MOTOROLA INC.



272

Map Read Operation

To read the contents of the map, a series of alternate
cycle replicate pulses, identical to data replicate puises,
is applied to pins 10 and 11. Data will be available after
tPMRD- Since map data is only loaded into alternate
positions in the loop, one pass may resuit in no data.
This procedure is then repeated after delaying one
cycle. The outputs from the two map loops are merged,
but oniy one loop contains data. See "‘Coding of Re-
dundancy Map Loops” for decoding information.

Map Write Operation

Writing the map loop is accomplished by generating
map information as normal data on aiternate cycies.
After tpGT1 Or tpGT2, Pins 10 and 11 are puised with
a series of negative map transfer pulses on alternate
cyctes. Selecting tpT1 writes into map loop 1, selecting
lpGT2 writes into map loop 2.

TIMING CHARACTERISTICS (T¢ = 0°C, fq = 125 kHz uniess otherwise noted. See Figure 4 for test conditions).®

WRITE CYCLE TIMING

Parameter Symbol Min Typ Max Unit
Generate First Bit to Swap In (1) tPGS(F) -_ 294 - - Cycles
Generate Last 8it to Swap in (1) PGS(L) — 13 - Cycies
Swap In to Replicate Qut (1) PSR - 514 - Cycles
Swap in to Non-Voiatila Storage (2) tpg _ 2 - Cycles
Generate Delay Time (3) DG 70 - 120 Degrees
Generate Puise Width (4) WG 140 210 280 ns
Generate Fail Time tFG 200 - 400 ns

(10%~90% of pk Amplitude)

Swap Delay Time (3) DS 270 - 330. Degrees
Swap Puise Width tws . 340 370 400 Degrees
READ CYCLE TIMING
Replicate Out to Detect First 8it (1) tPRO(F) — 180 —_ Cycles
Replicate Out to Detect Last Bit (1) 1PROIL) - 461 ot Cycles
Repiicate Qut to Swap.in (1) tPRS - 510 - Cycles
Replicate Delay Time (3) DR -10 - 20 Degrees
Replicate Cut Puise Width - 'WRC 210 280 350 ns
Replicate Transfer Pulse Width WRT 80 100 120 Degrees
MAP READ AND WRITE CYCLE TIMING

Parameter Symbol Min Typ Max Unit
Map Repiicate to Detect tPMRD - 188 - Cycles
Generate to Map Loop #1 Transter TPGT1 - 308 - Cycles
Generate to Map Loop #2 Transfer tPGT2 - 305 - Cyclas
Map Loop Transfer-in to Replicate tPTR _ 516 _— Cycles
Map Replicate Deiay Time (3) IDAM -10 _ 20 Degrees
Map Replicate Cut Pulse Width 'WRCM 210 280 350 ns
Map Replicate Transfer Pulse Width TWRTM 80 100 120 Degrees
Map Transfer-in Delay Time tOTM 270 _ 330 Degrees
Map Transfer-in Pulse Width TWTM 200 220 240 Degrees

NQTES:

* All puises to have rise and fall times = 80 ns {10%~90% of peak ampiitude) uniess otherwise noted.
{1) Propagation times are defined from the beginning of the cycie in which the first signai occurs to the beginning of the cycle in which the second

signal occurs.

(2) Data is non-volatile at the end of the cycle in which the swap current is turned off.

{3) Thess parameter limits are guaranteed when the device is driven with the X and Y current shown in Figure 4. Deviations from these drive
conditions may cause these limits to change in absolute angle, but the phasa range (max-min) will remain as specified.

(4) Generate pulse width is defined from 50% amplitude on the rising edge to 30% amplitude on tha failing edge.
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FIGURE 8 — X, Y COIL TIMING
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MECHANICAL SPECIFICATION

Package

The MBM2256 device is a 16-pin dual-in-line package.
The die is mounted on a printed circuit board carrier
attached to a beryllium copper leadframe and encap-
sulated in plastic compound. Two orthogonal coils and
a pair of permanent magnets enciose the die and the
whole device is maolded into a Mumetal shield. A Z coil
is included in the device to facilitate testing and ex-
tended temperature range operation.

Mechanical Data
Package Size

Package Weight
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1.15x 1.10 x 0.36 in
(29.2 x 27.9 x 9.14) mm

28 gm.
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ENVIRONMENTAL SPECIFICATION
Temperature Ranges Qualification Testing
Continuous operation at 125 kHz. Case temperature Bond Strength MIL-8838, Method 2011.3, Condi-
0° to 70°C. Non-operating, non-volatile storage —40° to tion O
100°C. Mechanical MIL-8838, Method 2002. Condition
External Magnetic Fisids Shock B: 1,500G for 0.5 ms
When subjected to an external magnetic field of 20 Variable MIL-883, Method 2007, Condition
Oe maximum in any direction, the device will continue Frequency A: 20-2,000 Hz for 4 mins.; peak at
to operate satisfactorily as long as the parameters are 20 G's.
kept within the range specified in this document. Thermai Shock MIL-883, Method 1011.3, Condition
Screen Tests All Parts 100% B: -55°C to 125°C, 15 cycles
Die Visual 100X Inspection consistent with Moisture MIL-883B, Method D 1004.3
MIL-8838, Method 2010, Cond. B Resistance
Stabilization As per MIL-STD-8838, Method 1008, Resistance to MIL-8838, Method 2015.1
Bake Condition C, 150°C for 24 hours Solvent
Temperature As per MIL-STD-8838, Method 1010, Solderability MIL-8838, Method 2003.2
Cycling Condition B8, 10 cycles -55°C — Lead Integrity MIL-8838B, Method 2004.3
125°C Flammability Needle Flame, IEC 695-2-2
External Visual MIL-8838, Method 2009
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 BUBBLE MEMORY PRODUCTS MBM2011A

7402 SOUTH PRICE ROAD o TEMPE, AZ 85283

f Advance Information

GENERAL DESCRIPTION MM X 1BIT
The MBM2011A is a 1,048,576 (220) bit magnetic bubble mem- MAGNETIC BUBBLE
ory device. All required magnetic compaonents, including per- MEMORY DEVICE

manent magnets, the drive field coils and protective magnetic
shield are integral parts of the device. The packageisa 1.15x 1.10
x 0.36 inch 168-pin DIP,

The architecture of the MBM2011A features a doubie-period
block-replicate organization with swap gates on the input track.
Data storage is organized as 512 storage loops of 2,048 bits each.
Additional loops are provided to store the error correction code
and as redundant loops. In one of two dedicated map loops on-
chip the redundant map loop data is stored.

The MBM2011A magnetic bubble memory can be operated syn-
chronously or asynchronously. Average access time to a page of
data is less than 11.5 ms at 100 kHz. Data transfer rate is 100
kilobits per second at 100 kHz. Average power dissipation at 100
kHz is 1.0 W. The device will operate over a case temperature
range of 0°C to 70°C, and data is retained without power from
-40°C to 100°C.

The device is fabricated using a pseudo-pianar process to im-
prove operating margins as well as to enhance reliability. The use
of CrCuCr in the conductor elements insures excellent conductiv-
ity while greatly increasing resistance to problems assocnated with
electromigration. T

FEATURES

On-Chip Redundant Loop Map
Swap Gates

Block Replicate

Error Correction Code Storage
16-pin Dual-in-Line Package

e Non-volatile
e High Density
® Solid State
o Low Power
.
.

e @ o o o

StarvStop Capability
Page-Oriented Access

PIN ASSIGNMENTS

X Coil - E [ J E Repiicate
X Cail ~ [Z] [15] swap
Y Coil - E E Generate
Y Coil + E E Generate

+

Case
(ac Gagy (5] [12] swar -
Active 77 Mo
Detector L& Replicate -
Reference 7 Map
Detector Replicate +
commen’i o [&] (3] Repiicate +
This documant contains information on 8 new product. Specitications and information herein © MOTOROLA INC 1983 ADI-697

are subject 10 change without natice.
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FIGURE 1 — BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Characteristics Min Max Units
Operating Temperature (Case) (T) 0 70 °’C
Non-Voiatile Storage Temperature -40 100 °C
Storage Temperature -40 120 C
External Magnetic Field - 20 Qe
Peak Current in X Coil* -_ 900 mA
Peak Current in Y Coil*® - 1,100 mA
Peak Current in Z Coil* —_ 3.000 mAdc
Peak Replicate Current — 25 mAdc
Peak Generate Current - 35 mAdc
Peak Swap Current - 15 mAdc
Peak Detector Current - 5.0 mAdc
Coil Disturb Current with Data Retention - 10 mAdc
interelement Voitage - 55 v
*These peak currents are .liomd subject to the device not g the limits.
ELECTRICAL CHARACTERISTICS (T¢ = 0°C, rotating field frequency (fg) = 100 kHz)
FUNCTION CURRENTS
Characteristics Symboi Min Typ Max I Units
Generate Current G 190 - 230 mA
Swap Current I 16 - 20 mA
Data Replicate Cut Current at Tc = 25°C (Note 1) IRC(25) 134 144 154 mA
Data Replicate Transfer Current IRT 30 — 40 mA
Map Replicate Cut Current at Tc = 25°C (Note 1) IRCM(25) 67 72 77 mA
Map Replicate Transfer Current IRTM 16 —_ 20 mA
Map Transfer in Current ™M -16 _ -20 -
Detector Current IDA. DR 3.8 4.0 4.2 mA
Temperature Coetficient of Cut Current (Map and Data) Referenced to aRC -0.32 -0.34 -0.36 %i"C
Value at Tc = 25°C (Note 1)
Note 1: Map and Data replicate cut currents require temperature compensation. The current at mv' case tamperature, TC, 1S given by:
'ACIM = 'ACI28 [V + %:(T-zsn 0« Tew70C IRCMIT) ~ IRCMI2S) 1+ %? (T-25) 0~ T - 70C
COIL DRIVES (See Figure 2)
Charascteristics Symbol Min Typ Max Units
Coil Driver Suppty Voitage Vx, Vy 14 12 12.6 \'
Coil Driver Switch on Resistance Ron 0.7 — 18 4]
(2 switches in senes)
Coil Oriver Clamp Diode Drop Velamp — - 1.6 \
(2 diodes in series)
X Coil Peak Current Ixp - 650 - mA
(Lx = nom, Vx = nom)
(Ron. Vetamp = nom)
Y Coil Peak Current lyp — 740 mA
(Ly = nom, Vy = nom)
{Ron. Vclamp = nom)
Coil Current Offset Ixor lyo -10 - 10 mA
Stop Current Overshoot lso - - ~10 mA
-0
Total Coil Power Pe — - 1.4 w
Z-Coil Sensitivity - 26.5 - Qe/A
2-Coil Current to Simuitaneously Erase All Data Stored lzap 2.0 - - A
Rotating Field On 3.0 —_ -
Rotating Field Off
Duration of Erase Current tZAP 0.5 - 10 ms
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SCOPE

This specification describes the magnetic, electrical,
mechanical and environmental parameters of the 1Mbit
magnetic bubbie device, MBM2011A as manufactured
by Motorola Inc.

DEVICE ORGANIZATION

The 1Mbit bubble memory chip uses a block-replicate
organization with swap gates on the input track. The
storage area is arranged as 512 storage loops each, with
2,048 bit locations. Additional loops are provided for
error correction (12), and defect tolerance (60), giving
a total of 584 loops. Data is written and read at the clock
frequency which is the rotating field frequency. Figure
1 is @ schematic diagram of the 1Mbit chip.

FIGURE 2 — X, Y COIL DRIVE

Vy, Vy

. -l.Ground
(a.) TYPICAL DRIVE CIRCUIT

Data Input

To write into the device, the single generator is pulsed
and the data pattern is propagated along the doubie
period input track until it aligns with the storage loops.
Operating the swap gates transfers the new data into
the storage loops such that consecutive bits go into
adjacent loops and simuitaneously transfer out the old
data.

T Ixp: lyp

Data Output

To read data, the replicate gate is puised and one bit
is replicated from each loop into the double period out-
put track. The data then propagates along the output
track and through the detector such that data is read
out at the clock frequency.

Redundancy

Of the 584 storage loops, S12 are allocated for data,
12 for error correction and 60 for redundancy. These 60
loops are used to mask inoperable minor loops and
improve performance. Sixty loops are always deciared
redundant. Data should not be written into the redun-
dant loops.

Redundancy Map

In addition to the 584 storage loops, the chip contains
two map loops. These loops have their own transfer-in
and replicate.gates but share the generator and detector
with the storage loops. Only one loop is required and
is chosen at final test. The chosen loop is used to store
the data which identifies the redundant loop map. A
‘one’ designates a usable loop; a ‘zero,’ 3 non-usable
loop. Preceding this map code is a stream of 64 ‘zeros’
followed by a ‘one’ and a ‘zero’ which may be used to
synchronize the external controli circuitry with the mem-
ory. The map loop used for storage of the redundancy
information is aiso identified in the code (see “Coding

of Redundancy Map'’). Since only alternate bit positions -

are written into the map loop to enhance reliability, in-
tervening bits are aiways zero and are ignored during
read (see "Map Read Operation”).

The redundancy map is also printed on the label of
each device using hexadecimal format. Two digits are
used per loop. Instead of providing the absoiute loop
number, the incremental difference between non-
usable loops is printed. For example, if the first bad loop
is #7, and the next two are 19 and 23, the seguence
070C04 wiil be printed on the label. This format allows
for an incremental difference between two non-usable
loops of up to 255 (FF). Loop #292 is not connected in
the 1Mbit device and is always declared bad.

Coit A
Current
Ixp: lyp

t=20 2.5 us 5.0 us 75 us 10 us

(b.) TYPICAL RISE/FALL IMBALANCE DUE TO DRIVE CIRCUIT
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Coding of Redundancy Map. The map loop contains 1024
bits of information in five fields.

Number
of
Pattern Field Bits Notes
MM___MM Map Data 584 (1)
EE_.EE Error Correction 12 (2)
L Loop 2 (3)
Uu...uu User 360 (4)
00....0010 Sync 66 ()

(1) Each bit corresponds to a data loop in sequence
M = 1identifies a usable loop (524).
M = 0 idenuties a redundant loop (60).

(2) Error correction code used is a fire code appited only to the map
data.

(3) Identifies which map loop the red cy inf atio
01 — icop #1, 10 — ioop #2.

(4) This field may contain factory-pertinent information. it wiil not
contain a duplicateof the sync pattern.

(5) The sync pattern is used to locate the beginning of the map data
fisld and identifies data page zero.

FUNCTIONAL DESCRIPTION

Write Data Operation

Writing data is accomplished by generating a pattern
with a series of pulses applied to pins 13 and 14, starting
tpGSF before the swap operation. As the device contin-
ues to cycle after all data is generated, the new data
and the old will be aligned at the swap gates aftertpgg.
A swap puise is applied to pins 12 and 15 at this time,
swapping the new data in and the old data out. The old
data are propagated out and discarded beyond the ac-
tive area.

. Note: In order to ensure correct device operation, it is

essential that at least one empty bit position follows the
last bit of a data block.

Read Data Operation

To read data, the device must be cycled until the de-
sired page is aligned with the replicate gates on the
output side of the storage loops. A replicate cut puise
is applied'to pins 9 and 16 to duplicate the page. This
is immediately followed by a replicate transfer pulse

Or izational Specifications which causes the duplicate bubbles to propagate into
e the output track.
Bits/Loop 2,048 Detection occurs when a bubble passes under the
Total Data Loops 584 magnetoresistive detector element. The bubble’s mag-
Usable Data Loops 524 netic field causes the detector element to change resis-
Error Correction Loops 12 tance. By passing a constant current through the de-
User Data Loops 512 tector, this is converted to a voltage signal. A dummy
Total User Storage 1,048,576 bits detector which is not influenced by magnetic bubbles
Map Loops 2 is used to cancei the background magnetoresistive
signal.
Qutput bubbles are discarded beyond the active area
after detection. A complete page is read in tprpL.
INTERFACE IMPEDANCES
Characteristics Symbol Min | Typ | Max Uniits
Generate (2) G 4.0 - ! 1" 4]
Swap (2) s 500 - 1150 {1
Replicate (2) R 90 - 160 ! {1
Map Replicate (Includes Map Transfer-in) (2) ™ 28 - 65 | Q
Detector (Active and Reference) (2) RDA. 'DR 900 — | 2000 | 8
Detector Active/Reference Ratio | i 0385 — 11015 |
X Coil Inductance i Lx . — | aa | uH
Y Coil Inductance Ly {3 | — | 39 | uH
Z Coil Inductance L | 25 | — | 38 | uH
X Coil dc Resistance x - i 33 [ Q
Non-Operating, 25°C |
Y Coil dc Resistance ry - 1.5 - 9]
Non-Operating, 25°C
Z Coil dc Resistance 2 - 0.75 - ¥
Non-Operating, 25°C
X Coil ac Resistance (2) 'y 3.3 - | 53 9]
Y Coil ac Resistance (2) ry 2.1 - 3 0

NOTE:
(2) TC(min) = 0°C. non-opaerating
TCimax) = 70° C, operating
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QUTPUT SIGNALS (Tc = 0°C to 70°C, fo = 100 kH2)

Characteristic Symbol Min Typ Max Units

Common-Mode Qutput Signai Vem - - 50 mV
(lpa = DR = 4.0 mA)

Differentiai Peak-to-Peak Output Volitage (See Note 1)

Ig = 4.0 mA, See Figure 1 for measurement details)

Logic 1 VOH TBD - - mv
Bubbie Present
Logic O Vo - - T8O my
No Bubble
Signai Strobe Leading Edge Phase tso 191 Degrees
Signal Strobe Trailing Edge Phase tse 258 Degrees
Logic 1 Valid Window ty 50 ns
Note 1: VOpM is defined as the difference between the most negative and the most positive signai excursions which occur within the phase window
tg0 (O tec When a bubble is being VoL s y defi for the case of no bubble being detected. See Figure 3.
FIGURE 3
0° 90° 180° 270° [od 90° 180° 270° 0
tso (fc
‘

'so tsc '!V* | (

| ! W

| | -

! ! )

N\ ! !

-

A . N - /) ﬁ/\

VoH
! Y
*‘—— No Bubble = ‘0" J‘ Bubble Present = ‘1’ —————{
(a) DETECTOR BRIDGE OUTPUT
“12V
S 1 i : .
cone ,n‘;:; !T pedance Map Read Operation
Reference ¢ Active . To read the contents of the map, a series of aiternate
p] > Detector 5.0 pF . . . X
etector cycle map replicate pulses is applied to pins 10 and 11.
s Differen- 30 MHz Data will be available after tppprp. Since map data is
| ualProbe | Osail- only loaded into alternate positions in the loop, one
loscope pass may result in no data. In this case, the procedure
. is repeated after delaying one cycle. The outputs from
‘ 4.0 mA ‘ 4.0 mA Comm:nxzd; Rejection: the two map loops are merged, but only one loop con-
tains data. See "'Coding of Redundancy Map Loops’ for
_L Frequency Response: decoding information.
= = 5.0 MHz

(b) MEASUREMENT SETUP
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Map Write Operation :

Writing the map loop is accomplished by generating a series of negative map transfer puises on aiternate
map information as normal data on aiternate cycles. cycles. Selecting tpGT1 writes into map loop 1, selecting |
After tpGT1 of tpGT2, pins 10 and 11 are puised with tpGT2 writes into map loop 2.

TIMING CHARACTERISTICS T¢ = 0°C to 70°C, fo = 100 kHz. See Figure 4 for test conditions. All control pulses to have rise and
fall times < 80 ns (10%~-90% of pk amplitude) uniess otherwise noted. All pulsewidths measured at 50% amplitude uniess
otherwise noted.

|
1
i
WRITE CYCLE TIMING 5
Charsctaristic Symbol Min | Typ | Max | Units |
Generate First Bit to Swap In (1) tPGS(F) - 597 - Cycles i
Generate Last Bit to Swap In (1) TpGSIL) _ 14 _- Cycles |
Swap In to Replicate Out (1) PSR —_ 1026 —_ Cycles |
Swap In to Non-Volatile Storage (2) tps - 2 - Cycles !
Generate Delay Time (3) 0G 70 120 Degrees
Generate Pulse Width (4) WG 100 150 200 ns
Generats Fall Time (e} 200 400 ns :
(80%~90% of pk Amplitude)
Swap Deiay Time (3) DS 270 330 Degrees '
Swap Puise Width WS 340 370 400 Degrees ;
|
READ CYCLE TIMING :
Replicate Out to Detect First Bit (1) B tPRDIF) - | = - Cycles ‘
Replicate Out to Detect Last Bit (1) tPRDI(L) —_ 674 — Cycles
Replicate Qut to Swap In (1) tPRS - 1022 - Cycles
Replicate Delay Time (3) DR 0 12 Degrees ‘
Replicate Cut Pulse Width tWRC 50 75 100 ns :
Replicate Transfer Puise Width 'WRT 80 100 120 Degrees
MAP READ AND WRITE CYCLE TIMING
Characteristic Symbol Min Typ Max Units
Map Raplicate to Detact tPMRD - 37 — Cycles
Generate to Map Loop # 1 Transfer 1PGT1 - 608 - Cycles
Generate to Map Loop #2 Transter PGT2 _— 605 —_ Cycles
Map Loop Transfer-in to Replicate tPTR - 1028 - Cycies
Map Replicate Delay Timae (3) {DRM 0 —_ 12 Degrees
Map Repiicate Cut Puise Width tWRCM 50 75 100 ns
Map Replicate Transfer Puise Width TWRTM 80 100 120 Oegrees
Map Transtfer-in Delay Time 1DT™M 270 —_ 330 Degrees
Map Transfer-in Puise Width TWTM © 200 220 240 Degrees
NOTES: (1) Pr times are defi from the baginning of the cycie in which the first signal occurs to the beginning of the cycle in which the

second signai occurs.

(2) Data 1s non-volatiie at the end of the cycle in which the swap current is turned off.

(3) These parameter iimits are guarantsed when the devica 18 driven with the X and Y current shown in Figure 4. Deviations from these drive
conditions may cause these limits 10 change in absoluts angie. but the phase range (max.-min.} wiil remain as specified.

(4) Generate puise width 18 defined from 50% ampiitude on the rising edgs to 30% amplitude on the falling edge.

@ MOTOROLA INC.
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MBM2011A: - -
FIGURE 4 — TEST CONDITIONS — X AND Y CURRENT WAVEFORMS
360°
Q° 90° 180° 270° =0°
X Coil
Current
85.5°
Y Coit .
Current
A - - - e
175.5° e
FIGURE 5
Data Loops o T
- WRITE - - Control Timing
READ - )
(Same Location)
Gen _.IUL---.H._. 584 Puises, 1 Per Cycle
SwAP —_—T | Pulse
Rep —'———JL— 1 Pulse
Detect ———rLrL'---—rL— 584 Bits, 1 Per Cycle
Cycles 583 --14 1028 91 ! 583
Map Loop
Gen _n.__ﬂ--.ﬂ_. Each function
XFER —_— 1024 Puises,
n ﬂ n 1 Per
RMAP - 2 Cycles
Detect —nnn._._
Map 1: 608 §
Cycles Map 2: 605 1028 + 2048n I 97 !
where n is an integer =1
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MBM20T1A

FIGURE 8§ — X, Y COIL TIMING
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T
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Swap /| | ' WS — -]
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Transfepr N\ WM - 4 ’
op e /
TWRC —
Replicata tWRCM t?vv::M iRC ReM
Map IRT IRT
; \
Replicate \
DR — .
DAM | SO VoH
Detector A\
Strobe VoL
Timing Measurements
twx
Typical
Coil
Oriver oo L sove VoN
Input 7 ( V
OFF
Voltage —— )
!
Current 50% A 50% N
Puise tw. loFF
Signal :
Bein
Measgufed e M agN@UC CyCle iy

TIMING OF PULSES WITHIN A CYCLE

MECHANICAL SPECIFICATION

Package Mechanical Data -
The MBM2011A device is a 16-pin dual-in-line pack- Package Size 1.15 x 1.10 x 0.36 in
age. The die is mounted on a printed circuit board car- (29.2 x 27.9 x 3.14) mm

rier attached to a beryllium copper leadframe and en-
capsulated in plastic compound. Two orthogonal coils
and a pair of permanent magnets enciose the die and
the whole device is molded into a Mumaetai shieid. A Z
coil is included in the device to facilitate testing and
extended temperature range operation.

Package Weight 28 gm.

@ MOTOROLA INC.
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ENVIRONMENTAL SPECIFICATION

Temperature Ranges
(See “Absoiute Maximum Ratings’').

External Magnetic Fieids

When subjected to an external magnetic field of 20
Oe maximum in any direction the device will continue
to operate satisfactorily as long as the parameters are
kept within the range specified in this document.

Screen Tests
Die Visual

All Parts 100%
100X Inspection consistent with
MIL-8838, Method 2010, Cond. B

Stabilization As per MIL-STD-8838, Method 1008,

Bake Condition C, 150°C for 24 hours
Temperature As per MIL-STD-8838, Method 1010,
Cycling Condition 8, 10 cycles —-55°C —

125°C

External Visual  MIL-883B, Method 2009

Qualification Testing
Bond Strength

Mechanical
Shock

Variabie
Frequency

Thermal Shock

Moisture
Resistance

Resistance to
Solvent
Solderability

Lead Integrity
Flammability

MIL-8838, Method 2011.3, Condi-
tion D

MIL-8838, Method 2002, Condition
B: 1,500G for 0.5 ms

MiL-883, Method 2007, Condition
A: 20-2,000 Hz for 4 mins.; peak at
20 G's.

MIL-883, Method 1011.3, Condition
B: -55°C to 125°C, 15 cycles

MIL-883B, Method D 1004.3

MIL-8838, Method 2015.1

MIL-8838, Method 2003.2
MIL-8838, Method 2004.3
Needie Flame, IEC 695-2-2
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Motorola reserves the right to make changes '0 any products heren to Improve reliability. function or design Motoroia does not assume any hability ansing
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S$C42584
SC42585

[ Advance Information

GENERAL DESCRIPTION

The SC42584 and SCA42585 Bubble Memory controllers are
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 bubbie memory control pulse timing. They are packaged in
40-pin dual-in-line packages with 0.6-inch pin row spacing.

FEATURES

e Single-Chip Integrated Circuit

e Generation of All Bubble Memory Timing Signals
e QOperation of 1 to 8 Bubble Memories in Parailel
e Complete Error Correction/Detection

® Dynamic Data Buffering of 16 Bytes

e Complete Redundant Loop Management

® Direct 8-bit Microprocessor Bus Interface

e Programmed, Interrupt, or OMA Data Transfer

® Power-Failure Interiock

@ On-chip Crystai-Controlled Oscillator

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

BUBBLE MEMORY
CONTROLLERS

ABSOLUTE MAXIMUM RATINGS*®

Characteristics Value Unit
Ambient tamperature with power applied
Commercial device Oto + 70 'C
Extended-temperature device -55t0 + 125 'C
Storage Temperature - 65 to + 150 'C
Voltage — any pin with respect to GND -05t0 + 7.0 Voits
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 specitied under OC Electrical Characteristics.

FIGURE 1 — PIN ASSIGNMENTS

ora[J1 @ 7w Jvee
o7 |2 39 | XIN
D6 |3 38 — REBET- -
os( |4 37{ ] xouTt
04[5 36{ ] STROBE
o3[ |s 3s{__Jcut
o2[ |7 34 | REP
o1{_|s 33 | swap
oo[ 9 32[ ] GEN
DACR[ |10 N RMAP
WR n 30 Y8
RO |12 29( JYA
TS |3 28 |xB
a2 e 271 ] xA
a1 |18 26{ | SRCLK
Ao |16 25 | 3YNC
INT[ 117 24| | WRMAP
DIN[ |18 23" | CCRMAP
MAPDATA [ |19 22 % CLKMAP
GND[ |20 21 Joout

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

This document contains information on 8 new product. Specihications and information heren
are subject 10 change without notice.

C. MOTOROLA INC 1983 ADI-773
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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 — Bidirectionai transfer of data, com-

(D7-00) mands, and status between the user
system and the controller.

Address — Selects one of eight internal registers

(A2-A0) for bus transfer.

cs — Chip Seiect — enables the user data-bus
interface.

RD — Read Enable — enables reading from

the addressed register in conjunction
with CS or DACK.

WR — Write Enable — enables writing to the
addressed register in conjunction with
CS or DACK.

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

DRQ — Data Request — indicates that the

contriler s ready for a data byte transfer
to or from the user system.

DACK — Data Acknowledge — enables a transfer
between the bus and the data buffer in
conjunction with RD and WR but inde-
pendent of A2-AQ0. .

External Map Memory Interface
MAPDATA — Data from externai redundancy-map

memaory.
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 Miscall

XIN — Crystal connections for controiler clock

XouT oscillator. Alternatively, XIN may be dri-
ven with an externally-generated square
wave at standard TTL levels, in which
case, XOUT should be left unconnected.

Vee — Power supply voitage: 5V = 5 percent.
GND — System ground.

@ MOTOROLA INC.

Bubble Memory Interface

DIN — Data In — serial data from MBM sense
ampilifier (single-MBM bank) or parallei-
to-serial shift register (muitiple-MBM
bank).

DOouT — Data Qut — serial data to MBM opera-
tion driver (single-MBM. bank) or to
serial-to-parallel shift register (multiple-
MBM bank).

STROBE — Data timing signal — defines sampie
window for sense amplifier. Trailing
edge latches detected data in sense am-
plifier. Leading edge latches data into
operation driver in singie-MBM bank.

SYNC — Data timing for multipie-MBM bank.
Loads data from sense ampilifiers 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).

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

... ... .onDOUT. o
" GEN — Generate Timing signais to op-
“swap | — Swap eration driver which
REP — Replicate comrpl the corre-
sponding currents. Cut
RMAP — Replicate Map | current is produced by
cuT — Cut the conjunction of CUT
. and REP or.CUT and
RMAP. S
XA — X coil positive cur-
rent enable. When the - A and
X8 — X coil negative -8 signals are
current enable. both high, the cor-
YA — Y coil positive cur- | responding coil is
rent enable. off and both ends
Y8 — Y coil negative are grounded.

current enable.
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DC ELECTRICAL CHARACTERISTICS (Vce = 5.0 Volts =5% unless otherwise specified.)

Parameter Symbol Min Max Unit
Input Low Voitage ViL -0.5 0.8 )
Input High Voitage VIH 2.0 Vee+0.5 \
Output Low Voitage vou - 0.4
(lgL = 2.0 mA)
Qutput High Voitage VoH 2.4 _ v
(loW = =500 uA) : )
VQH for XA, XB,YA,Y8B (1) | Vcow 2.4 - v
XIN Input Low Voltage | VXINL -0.5 0.4 v
XIN Input High Voltage VXINH 2.4 Vee ~ 05 \
Input Current L - - 10 MA
(ViN = 0to Vce)
Qutput Off-state Current 10z -10 10 kA
(VouT = .45 to Vee)
Ve Supply Current Icc - 150 mA
(Veg = 525 V)
(Note 1) Ve =5V, loH = - 0.5mA
Vee = 28V, IoH = -0.1mA

AC ELECTRICAL CHARACTERISTICS

Parameter Symbol Min Max Unit

_Clock Period 1y 100 333 ns
Clock High Time tCH 0.4 0.6 tcy
Clock Rise Time CR - 25 s )
Clock Fall Time o3 — | 2 1 ns
RESET Pulse Width 'WRE 64 - ey
Reset Disabie Deiay {DRD - 192 t(cy
DRQ Turn Of Delay tODR = 3000 | as
INT Turn Off Delay ) R R T ] = 150 ns
C3 & Address Set Up tAS 25 - ns
TS & Address Hold tAH 0 - ns
Time Between Successive RD Pulses tROFF 2.0 _— tcy
Read Data Deiay 'DDR

(C, = 30 pF) - 250 ns

(C. = 100 pF) - 300 ns
Data Bus Turn Oft 02 20 100 ns

(CL = 20 - 100 pF)
WR Pulse Width WwW 200 - ns
Time Between Successive WR Pulses 'WOFF 2.0 —_ ey
Write Data Set Up tosw | 25 - ns
Write Data Hold IDHW 25 - ns !
DIN, MAPDATA Set Up oIS 50 — ns
DIN, MAPDATA Hold OIH 50 - ns
DOUT Delay tpoo | - 100 ns

@ MOTOROLA INC.
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BUBBLE MEMORY DEVICE OPERATION

The magnetic bubble memary (MBM) device stores
data as the presence or absence of locaily-poiarized
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 paosition on their respective
tracks. The field may be stopped at the end of any cycie,
and the bubbles wiil remain in place.

The data storage area is organized as a number of
closed storage ioops. Input and output tracks carry bub-
bles to and from the storage loops and are intercon-
nected with the iloops 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 3 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-
changes each bit in the input track with one bit in the

adjacent storage loap. 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 puise is applied. This puise causes a stretched bub-
bie at the replicate gate of each storage ioop 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 eiements. 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 controiler 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).

@ MOTOROLA INC.
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SYSTEM DESCRIPTION

The Magnetic Bubble Memory Controiler provides the
complete interface between a user system and a mag-
netic bubbie memory subsystem. The user communi-
cates with the controller via an eight-bit parailel 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 controtler contains eight internal registers
which can be mapped via three address lines directly
into memory locations or /O ports in the user system.

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

o 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.
e MC34046 and MC34047 Operation Drivers — provide
the generate, swap, replicate, and map replicate
current puises for the MBM2256 and MBM2011
respectively.
e MC34044 Sense Amplifier — provides the deteector
bias currents and bubble signal detection.

The controiler can operate 1, 2, 4, or 8 MBMs in par-

allel, each with its own support circuits. Parailel oper-

ation muitiplies.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 multipie MBM systems are shown in Figures 3a

" and 3b. .

The controlier can be interfaced to several banks of
MBMs, each containing muitiple 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 multiple-bank system is
shown in Figure 3c.

A muitiple-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 parailel to the operation
drivers by SYNC. Banks of two or four MBMs use
the positions corresponding to the first bits shifted
in.

2

a parallei-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 controlier'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 wrnitten 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 internai 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-
nais 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 bv(esofdvnam@r

buffering between the user and the bubble memory ™ =

subsystem. Bytes are transferred in parallel between
the buffer and the SHIFTER which performs the senal-
to-parailel conversion on data read from the MBM(s)
through DIN or the paraliei-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 in one of
the two separate map loops in the MBM. The controiler
reads this data during initialization, and stores it in the
MAP MEMORY from which it is retrieved during data
read and write operations. The controller has on-chip

@ MOTOROLA INC.
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map memory sufficient to store the map for one
MBM2011 or two MBM2256s. For muitiple-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 initiai-
ization. The map loop is normally loaded at the factory
and need only be read to initialize the controlier. 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 H{eop -selection is -not-required. The
'WRITE MAP command allows specification of the de-
..gired l00P. . .. s m e . :

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

Bubble Memory Data and Timing

All the necessary MBM coil drive and function-gate
timing signals are generated by the controller. The coil
drive timing signalis 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 are provided to
clock this data. Controil tming is given in Figure 10 and
Table 4.

Oscillator )

An on-chip oscillator provides the internal time base
to operate the controller 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 osciilator 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 MB8Ms.

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 puise 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
will 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 voit-
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
voitages to minimize the chance of data loss.

Error Detection and Correction

In order to ensure the integrity of the data storéd in’

the bubble memory system, the controller employs er-

ror detection and correction circuitry which operates

automatically, and is in general transparent to the user.

During a normai WRITE DATA operation, the con-
troller caicuiates 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 controlier recai-
culates the ECC field to verify the data. If an error is
detected, the controlier 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 correction) of
the erroneous block.

Two types of errors can occur:

1) Soft errors — due to transient phenomena 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 incorrect data in the MBM(s).
The READ CORRECTED command rereads the er-
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roneous block and sends corrected data to the user
in most cases. The data should 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 calculated
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 correctabie
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. 3 hard
failure in a single minor loop affects only one bit in any
ECC block (except for a single MBM2256 system).

- The controllier aiso 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 aiso be selected by DACK.) All are read-write
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 summarized in Table 6.

Symbol

(Address) Name and Use

CMOR — Command Register — loaded by the
(000) user with the command to be exe-
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MSR
(001)

SARL
(010}
SARH
011)

RCR
(100}

Bit

[ 3]

5

4

3

cuted by the controller (see

Commands).

— Muitiple Sector Register — loaded by
the user with the number (0 indicates
256) of sectors/pages to be read or
written by the subsequent multiple
sector READ DATA or WRITE DATA
command (not used for single sector
commands).

— Sector Address Register, two bytes,
L=Low-order 8 bits, H=high-order
bits — loaded by the user with the
address of the (first) sector/page to be
read or written by the subsequent
(multiple sector) command.

— Residual Control Register — selects
various options which apply to sub-
sequent commands. Individual bits
provide specific options as follows:
Function
Not used, always zero.

Read Buffer Enable — used primarily
for diagnostic functions. This bit must
be set to 1 if it is desired to read from
the data buffer when no command is
in progress. Otherwise, the buffer may.
be written into, but not read from. For
proper operation, it must be reloaded
with a 0 before initiating a subsequent
command.

- 0: Buffer is -write-only between
commands.

1:. Buffer..is read-only between. .

commands.

Stop on Error — causes the controlier
to terminate any READ DATA com-
mand at the end of any ECC block in
which a data error was detected. The
ECClogic, SAR, and MSR are leftin the
proper state for execution of a READ
CORRECTED command.

Half Buffer — causes DRQ to be set
only when the buffer is at least haif
full®* (READ) or half empty (WRITE).
When Half Buffer is set to 1, data may
be transferred in 8-byte bursts in re-
sponse to DRQ. The setting of DRQ
according to Half Buffer and the num-
ber of bytes in the buffer is as follows:

HB READ WRITE
0: =1 byte = 15 bytes
1: > 8 bytes* < 8 bytes

*or at end of command if buffer
is not empty.

Enable READY Interrupt — causes INT
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to be activated at the termination of
any command. INT is cleared by read-
ing STR or writing CMDR. May be set
concurrently with bit 2.

2 Enable ORQ Interrupt — causes INT to
be activated whenever DRQ is true.
May be set concurrently with bit 3.

1 Page Addressing Mode — (see Sector/
Page Addressing)-

0: Sector Addressing Mode (default).
1: Page Addressing Mode.

Q 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
Write Protect = 1.

— System Features Register — defines
the system configuration. Functions
of the individual bits are as follows:

Eiz Function

7-3 Not used, always zero.

2 External Map — indicates that all map
data is to be stored or is pre-stored in
the external map memory (RAM or
PROM). The controller does not use its
internal map storage. )

1,0 Bank Size — specifies'the number of
MBMs in the active bank as follows:
00: 1 MBM, 01: 2 MBMs,

10: 4 MBMs, 11: 8 MBMs

— Status Register (Read Only) — indi-
cates the status of the command in
progress or last ended — cleared
when CMOR is loaded (except TER-
MINATE when busy) or by RESET.
Certain bits pertain only to specific
commands or are defined differently
for different commands. The mean-
ings of the bits are as follows:

Bit Command
7 RDC

SFR
(101)

STR
1110)

Meaning

Soft Error — the recom-
puted ECC syndrome did
not match the previous
syndrome (see Error
Correction/Detection).

6 WRD,WRM  Write Protect bit is set

-— command not
executed.
786 — RESET pin is active (low).
5 RDD,WRD Sector/page Address Out

of Range for the number
of MBMs specified.

Map compare error —
the data read from the

ROM (C=1)

7
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MBM(s) did not match
thatin the map memory.

Initialization error —
synchronization pattern
could not be found.
Non-correctable error.

Data Error detected
(ECC). For RDC com-
mand, indicates that er-
ror is in a different biock
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.

Data transfer request
(ORQ).

Ready — previous com-
mand has terminated
and controller is ready
to receive a new
command.

Data buffer — a 16-byte first-in-first-
out (FIFO) buffer used for ail data
transfers.

INIT

4 ROC
3 all READS

1 all RD & WR

0 all

DATA
(111

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 sactor is a fixed-length record independent of the
number of MBMs specified in the SFR and is equal to
the maximum-iength 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 defauit. Page ad-
dressing may be selected by setting the Page Mode
bit=1in 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 muitiple 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 bubbies 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
schemae such that consecutive logical pages are spaced
severai 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 cycte. The LPC is
compared to the SAR to locate the desired pagessector
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 latency. During a muitiple-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 repiicate position. The
POSITION READ command wiil give minimum access
time when consecutive logical pages/sectors are to be
read with single-pagessector commands.

Commands )

The user initiates operation of the controller by writ-
ing 3 command byte into the command register (CMOR).
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 foilowing:

1) addressing Register 7 (CS=0, A2,A1,A0 = 111).
(CS=1, DACK =0, A2-A0
ignored).

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

If the RCR Haif 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.)
Oue 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
additionai bytes at the end of a write depending on
the user system response time. Response to these
extra DRQs is optional: extra bytes transferred wiil
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 finished, the
controlier: .

1) sets the Ready bit and any other bits which are

appropriate in the status register.

2) if RCR bit 3 (Enable Ready 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 register
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
compiete cycle of the map loop, the map loop is shifted
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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 uniess 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
couid 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 sectorpage to be
read or written by a subsequent
command.

End: SAR: Unchanged. The SAR should

not be reloaded prior to issuing
the RDD or WRD command,
aven 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 USO00
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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Normal Write — user sends only data
bits; zeros are inserted for redundant
loops, and ECC bits are generated and
appended.

Unmasked Write — user sends data
for all loops including redundant and
ECC bits.

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.

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 writtén 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=S=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,S=0: Unmasked Read — ail 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).

@ MOTOROLA INC.

10

Register Usage:

Start: SAR: Address of (first) sector/page
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 in 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 compieted 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 recaiculated ECC syndrome did not
match the saved syndrome.

Uncorrectable error — the error was not correctable.

Data error — an error was detected in another ECC
biock.

Overrun — the command is terminated immediately.

TERMINATE (TERM) CMDR= XXXX XX1!

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
3 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 C000

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 a3 muitipie-MBM system, bits
from the MBMs are interieaved.

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-fieid) 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).

Qverrun — the command is terminated immediately.

WRITE MAP (WRM) CMDR = 1100 NOOO

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-fieid 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 wiil execute in a muitipie-MBM system

but will not generate correct ECC bits for muitiple

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 externai magnetic field. The MBM

map pins must be connected as shown in Figure 6.

TABLE 1. BUBBLE MEMORY CAPACITIES

MBM2258 MBM2011
Number of data ioops: 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 lcops: 512 1024

¢ Actually 12 bits in every other physical page.

TABLE 2. EXTERNAL MEMORY REQUIREMENTS

Mem Numb E | Memory Required (bits)
Type of M8! SFRbit2 = 0 1
2256 1 0 282
2 0 564
4 534 1128
8 1662 2256 Minimum requirement; additionai bits are not used.
Memory must be configured one bit wide.
20Mm 1 0 584 Internal Map Memory capacity: 534 bits.
2 574 1168 :
4 1742 2336
8 4078 4672
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TABLE 3. MAP LOOP FORMAT

Number of bits
Pattern: Field 256K M Note
MM --- MM Map Data 282 584 (1)
€E --- EE ECC 12 12 (2)
Uy --- UU User 152 362 (3)
00 --- 001 Sync 65 65 (4)
X X 1 1 (5)
{1) Each bit marks the corresponding data i0op:
M=1: good loop.
M =0: redqunaant loop.
For correct operation, there should be exactly 262 (256K) or 524 (1M) 1s in this field.
(2) Error Correction (Fire) Code — appiies only over the Map Data fieid.
(3) May be used for any purp such as an fi numbaer, H . it Must not contain any sequence of 64 zaros foilowed by a one. Such a
pattern will be recogmized as a sync pattern and cause incorrect initiahization.
(4) Synchronization pattern — 64 ZEROs followed by a ONE.
(S) This bit 13 ski after sy s i before reading the first Map Data bit.
TABLE 4. NOMINAL CONTROL PULSE TIMING
256 K MEGABIT
Puise Start Width Start Width
XA 33 "3 33 K}
shut down 12 - 12 -
X8 1 3 1 3N
start up (XB off) 46 - 46 -
YA 49 K} 43 31
Y8 17 31 17 31
start up (YB off) 62 - 62 -
shut down 60 - 60 -
GEN : 17 2 17 2
SWAP 53 63 S3 63
MAP TR-IN (SWAP pin) 83 39 53 39
cuT 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
CTRMAP 0 46 0 46
CLKMAP 08, ... 4 08, ... 4
WRMAP 311, ... 4 3.11,. .. 4
1 umt = 1 oscillator cycle. REFERENCE: SRCLK zero (0) transition.
= 1'64th magnetic cycle. All times ) = 50 ns except:
= 5.625 degrees of rotation. SYNC +100
= 125  ns at 125,000 bits per second. CTRAMAP ; _ g s
= 156.25 ns at 100,000 bits per second. CLKMAP
TABLE 5. ERROR CORRECTION CODE SUMMARY
Type of code: Fire Code.
Generator polynomial: (x5 +1)(x7 +xB+ xS+ x3+x24x+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 fisld are not included in the ECC opaeration.
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TABLE 6. REGISTER AND COMMAND SUMMARY
Addr | Reg. | Reset W E Cmd. Byte | Option bits i
0 | CMOR fFF | | ROD 000M US00 | M= Multiple l
1 MSR oo | | Roc 0000 1100 U= Unmasked |
2 SARL 00 WRD 010M US00 | - Suppress transfer }
3 SARH 00 POS OW10 1000 , W = Write position ;
4 RCR 00 ROM 1000 C000 | C= Check data
5 SFR 00 l WRM 1100 NOOO N = Loop #2
6 | STR 01 | INIT 1111 L1100 L= Load map memory
CLPC 0010 0000 |
7 DATA — {__TERM .- - - -1 i |= immediate
= C1 while RESET is active.
Bit SFR RCR STR (applicable command)
7: 0 0 [ Soft Error (RDC)
6: 0 Read Buffer Enable | Wnite Protect (WRD.WRM)
5: 0 Stop on Error i Qut of Range (ROD, RDC, WRD)
| Map Compare Error (RDM)
i Initialization Error (INIT)
4: 0 Haif Buffer Non-Carrectable Error (RDC)
3 0 Enable READY Interrupt | Data Error {all RD, INIT)
2: External Map Enable DRQ Interrupt E Qverrun (ail RD/'WR)
1: ; Log? Page Mode { ORQ (data request) (all RD/WR) |
0: # MBMs Write Protect | Ready (al)_|
TABLE 7. SECTOR AND PAGE SIZES
Numb. Sector ! Page 1
of Length Number of i Length ; Number of
MBM MBMs ! (Bytes) Sectors | (Bytes) ; Pages
2256 1 1 - 256 128 } 64° i 512
2 256 256 i 64 ! 1024
4 256 512 ! 128 ; 1024
3 256 1024 | 256 | 1024
201 1 512 256 i 64 § 2048
2 512 512 ! 128 | 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 (inci. gap): 297 (1) 601 cycles !
. Read and write latency (2) !
!\ READ DATA (RDD) ,
| atter POSITION READ (3) 181 92 cycles i
after ROD, 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 logicai address (3) 0 0 i
random address { min: 1 1 - cycle |
{ max: 1024 2048 cycles |
User peak data transfer rate (4) :

125 kHz: N*15,625 bytesisec
fa_100 kHz: N*®12,500 bvtes/sec ]

(1) 594 cycies for singie MBM2256 (2 physical pages).

(2) Number of MBM magnetic cycles before MBM data transfer begins —
there is an additional overnhead delay in the controlier of between three and
four cycies from the loading of the CMDR (RDD) or first data byte (WRD).

(3) Provided that the SAR is not reloaded between commands.
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(4) 1 Fieid frequency. N = number of MBMs operating in parailel.
This i1s the peak burst rate; average rate is reduced by the ratio
of the number of bits transferred to the total page transfer ime.
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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 5 — CONTROLLER BLOCK DIAGRAM
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FIGURE 6 — MAP WRITE SWITCH
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FIGURE 7 — CRYSTAL OSCILLATOR CIRCUIT
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FAGURE 9 — DIN, DOUT, AND MAP MEMORY TIMING
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FIGURE 10 — CONTROL SIGNAL TIMING
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Motorola reserves the right to make changes 10 any products harein (o improve reliabiiity, function or design Motorola does not assume any habiity ansing
out of the application or use of any product or Circuit described herein: nesther does it convey any ICense undar its patent rights nor the rights of others
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BUBBLEMEMQR\? PRODUCTS SC42468

7402 SOUTH PRICE ROAD ®TEMPE, AZ 85283  *

] Advance Information |

GENERAL DESCRIPTION BUBBLE MEMORY

THE SC42468 Bubble Memory Coil Pre-driver is a monolithic COIL PREDRIVER
CMOS 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 controller.

The Coil Pre-driver also contains under-voltage sensing circuits
for the two bubble memory system power supply voitages. These
circuits provide an interiock 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.

20

FEATURES

o Level Shift from TTL to Coil Drive Voitage

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

e Coils Grounded When not Operating
@ Interlock Disables Operation Driver When Coils are not Bamg : PIN ASSIGNMENTS

- Driven
e Under-Voitage Detection and Interiock E XAGC
[19] x40

e Chip Select Input for Muitiple-Bubble Systems
18] x80

[17] xsoc

ABSOLUTE MAXIMUM RATINGS*

Characteristic Value Unit 1__6j x8

Storage Temperature -65t0 ~150 °C E XA
Ambient temperature with power applied —1-:

Commercial Device Oto +70 'C v8 .-J &

Extended-temperature Device -55t0 +125 °C YA n E VSENSE
Volitage — Vpp and Coil Orive Outputs -05t0 ~15 Voits

2 00 .' 2 Run B E VREF

Voitage — any other pin to GND -05t0 +7.0 Voits
Output Driver Current 180 mA PONG E vce
Power dissipation 1.2 Watts ‘

*Absol M Ratings lirmits bey which per di ge may occur 10

20-pin Dual In-line

the devics. Propor operation of the device requires that it be limited to the conditions .
Package: 0.3-inch row spacing

specified under OC Electrical Characteristics.

This document contains information on 8 new product. Specifications and information herein ©, MOTOROLA INC 1983 ADI-776
are subject 10 change without notice.
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* SC42468¢
PIN DESCRIPTIONS
I_r_\guu Outputs
Ccs — 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-channei driver
. . enable.
Y8 — Y coil negative current enable. ) . .
XBOC — X-coil negative-current P-channei driver
enable.
YAO — Y-coil positive-current N-channel driver
enable.
Supplies and Misceil YAOC — Y-coil positive-current P-channel driver
Voo — Coil driver supply voitage. enable.
Vee — Logic supply voltage. Y80 — Y-coil negative-current N-channel driver
VReg — Reference voltage for sensing circuits. enable.
VSENSE — VDD sensing input. YBOC — Y-coil negative-current P-channe! driver
GND  — System Ground. enable.
RUN — Indicates that the X and Y coils are being
driven — enables the operation driver.
PONO — Power Down Qutput — indicates that at
least one of the power supply voltages is
below its minimum operating value.
FIGURE 1 — FUNCTIONAL DIAGRAM
r ''''''' eI ST T T I == A
XA —1 i
! }
l — : XAOC
| 1
x8 4 !
! |
! |
] 1

Identicai
Circuit

VSENSE O——-——ri
VREF O——i

Low-Voltage
Sensing

2
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DC ELECTRICAL CHARACTERISTICS (VRgp = 2.50 V = 1%, Ta = 25°C)

Parameter Symbol Min Max Unit

Coil Supply Volitage VoD 9.0 145 Voits

Logic Supply Voitage vVee 4.75 5.25 Voits

Current from Vpp__ DDy - T8D mA
(Vpp = 120V.CS = 0)

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

Current from Vcc Ice - 78D mA
(Vee = 5.25 V) .

Current from VRgf IREF - 78D HA
(VRgf = 2.525 V)

Logic High In Voitage (TTL) ViH 2.0 — Volts

Logic Low in Voitage (TTL) ViL - 0.8 Voits

Logic High Out Voitage (TTL) VOH 2.7 - Voits
(lg = -0.4 mA)

Logic Low Qut Voitage (TTL) VoL ’ - 0.4 Voits
(lg = 1.8 mA)

Logic High In Current Y] - 20 HA
(Vi = 27V, Ve = 5.0V)

Logic Low in Current L - -40 A
(Vj = 04V, Veg = 5.0V)

Driver High Out Voitage (CMOS) VOOH vpp-0.3 - Voits
(lpoH = -10 mA)

Driver Low Out Voitage (CMOS) Voot - 0.2 Volits
(lpoL = 10 mA)

Oriver High Out Current IDOH -250 - mA

Oriver Low Out Current looL 250 - mA

Input Capacitance . L. T ! Cin ) — 15 pF

Ve Detection Threshoid vree TBD T80 Voits

VSeNSE Detect Threshold - -« - o o VTS T8D T80 Voits

Vee Power Up Enable Vece 78D T8D Volts

Vpp Power Up Enable VEDO T80 T80 Volts

AC ELECTRICAL CHARACTERISTICS (Vpp = 10810 13.2V, Ta = 25°C)

Paramaeter Symbol Min Max Unit

Output Rise Time te - 35 ns
(CL = 450 pF)

Qutput Fail Time ) tf - 35 ns
(C_ = 450 pF)

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

CS* to RUN Delay tDCR - 300 ns

Other in to Driver Qut tDID - 150 ns
(CL = 450 pF)

Other In to RUN Out t1DIR - 18D ns

@ MOTOROLA INC.
3
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2.0
= e )

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 sinusoidai currents dispiaced
by 90° in time. In actual practice, an approximately tri-
angular current waveform is produced by applying a
voitage pulse to each coil through transistor switches
and allowing the inductance of the coil to integrate the
voltage into a current ramp. The puise 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; X8
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-channei). These correspond to the four inputs and
their logical complements except that if bath 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

MOTOROLA INC.
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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 heid low to disable the Operation Driver.

Note that the “X"” and ““Y” haives of the circuit are
identical as are the ““A” and "B’ portions within each
haif. This symmetry may be taken advantage of to sim-
plify printed-circuit board iayout in some cases by in-
terchanging ““X* and Y’ or “A” and 8.”

The Chip Select {CS) input is active-low, and when
faise (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 seiectively enable one of
a paraliel-wired group of bubble memories, each with
its own set of suppart circuits.

The Power Down (PDNO) signai is active-low and
goes low whenever either Vo 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 VggNSE pin using a
voitage divider (R4 and R7) from Vpp. At nominal Vpp,
VSENSE should be 2.90 voits.When power is applied,
PONO is heid low until both Vo and Vpp have reached
their operating values. PDNO has an open-drain output
and may be externaily wired-ored.
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FIGURE 3 — TYPICAL COIL WAVEFORMS
(X-COIL IDENTICAL, PHASE SHIFTED)
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FIGURE 4 — TYPICAL APPLICATION
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Motorola reserves the right 1o make changes 10 any products herein 10 improve reliability, function or design Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; naither does it convey any hcense under its patent rights nor the rights of others.
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MC34046S
BUBBLE MEMORY PRODUCTS: MC34047S

7402 SQUTH PRICE ROAD &TEMPE, AZ 85283

| Advance Information |

SINGLE
GENERAL DESCRIPTION BUBBLE MEMORY
The MC34046S and MC34047S Single Bubble Memory Opera- OPERATION DRIVERS

tion Drivers are monolithic bipolar linear integrated circuits which
generate controiled-current puises for the generate, swap, repli-
cate and map-loop operations in a magnetic bubble memory de-
vice. The MC34046S and MC34047S are pin-compatible and spe-
cifically designed to drive the Motorola MBM2256 (256-kilobit)
and MBM2011 (one-megabit) bubble memaories respectively. They
differ only in the amplitudes of the current puises generated. Each
Operation Driver can drive one bubble memory. Basic control/
timing signals are input to the Operation Driver from the bubble
memory controlier. Each circuit contains 3 voitage booster to pro-
vide the high-voitage required by the swap and replicate circuits.
Under-voltage detection prevents operation until this supply has
reached its proper level. The circuits are packaged in 28-pin, 0.6-
inch wide dual in-line packages.

FEATURES
o Singie Bubble Memory Drive Capability

e Controlled-current Sinks Assure Proper Currents independent
of Variations in Bubbie Gate Resistances

o Currents independently Set by External Precision Resistors PIN ASSIGNMENTS
o Temperature Compensation of Currents Via External Therm-s‘ \_ -

tor if Desired Gen E P 28] SYNC
o GENERATE Puise Specially Shaped to Prevent Multipie Bubble

Generation OiN2 C 27iCs
e Puise Time-out Circuit Protects Against Physical Damage in the DINt E E SWAP

Event of a Stuck Input Timing Signal

- GSET 4 25] RmaAP

® On-chip High-voitage Source — System Interiocked until Proper .

Voitage is Present IGEN2 E 3_5] Rep
e Chip Select Input for Muitiple-bubble Systems IGENVE E cut

e Fuil Map Loop Read and Write Operation

Gna (7] [22] PONG
IND E Zj VREF

ABSOLUTE MAXIMUM RATINGS* vee E E vee
Characteristic Value Unit vaoosT 19 [19] SWSET |

Storage Temperature -65to + 150 °C

Ambient Temperature with power applied 'SWAPE E TOSET
‘E::t,::;::;:a?:::::ure Device Tgl;oto* Z%S "g IREP Ez E Gnd

Voltage — VgoQsT. IND. IREP, ISWAP -0210 +35 Voits Gna [13] [16] MAP

Voltage — IGEN1, IGEN2, IMAP -0.2to0 +20 Volts RCSET E E Gnd

Voitage — Ve - -02t0 +7.0 Volits

Voitage — any other pin to GND ~0.21t0 +6.0 Volts 28-pin Dual In-line

Power dissipation T80 Watts Package: 0.6-inch row spacing

*Absolute Maxi Ratings indi limits b d which per ge may occur to
the devics. Proper operation of the device requires that it be limited to the conditions
specified under OC Electrical Characteristics.

This document contains information on a new product Specifications and information heren C MOTOROLA INC 1983 ADI-775%
are subject to change without notice.
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MC34046S: & MC34047S" - ‘ : i . :

PIN DESCRIPTIONS

Chip Select — enables the Operation
Driver.

Data inputs (two channeis).

Data input clock {rising edge).

Trigger for GENERATE current pulses.
Enabie SWAP current pulse.

Enable REPLICATE current puise.

Enable MAP-REPLICATE current puise.
Timing for CUT portion of REPLICATE and

MAP-REPLICATE current puises.

— GENERATE current pulses (two channels).

SWAP current pulse.
REPLICATE current pulse,
MAP-REPLICATE current pulse.

Power Down Output — indicates that
VBOOST is below its minimum operating
value.

FIGURE 1 — FUNCTIONAL DIAGRAM
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circuit (see application diagram).
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DC ELECTRICAL CHARACTERISTICS (T = 0to 70°C, VRgf = 2.50 V = 1%)

Parameter Symbol Min Max Unit
Power Supply Voitage vee 4.75 5.25 Voits
Power Supply Current Ice - 100 mA
Current from VRef IREF - 2.0 mA
(VREg = 2.475 V)
Boost Supply Voltage VBOOST 28 35 Voits
Logic High In Voitage ViK 2.0 - Voits
Logic Low In Voitage ViL - 0.8 Volits
Logic Low Qut Voitage VoL - 0.4 Voits
(19 = 4.0 mA)
Logic High in Current H - 10 HA
(V) = 2.7 V)
Logic Low In Current i - -1.6 mA
(V) = 04V)
Output Leakage Current oL - 100 HA
(Output Off)
IREP, ISWAP Saturation VSATH — 6.0 Volts
Saturation Voltage — Other Quts VSATL - 3.0 Volts

power

MC34048S ONLY (Vpgg = 2.50 V = 1%, Current Set Resistors = 6.04 ki) = 1% each)

Note: The Bubbie Memory Controller WRITE MAP command should not be executed more oftan than oncs per second, or the Operation Oriver
i hmit will be exceeded.

Characteristic Symbol Min Max Unit
Generate Current -G 180 | 220 | mA-
SWAP Current Isw 25 - N mA
REPL-Transfer Current IRT 28 4?2 mA
REPL-Cut Current (Note 1) - ARG -l -75 ~4 -98- mA
MAP-REP-Transfer Current Mt 28 42 mA
MAP-REP-CUT Current (Note 1) MC 75 95 mA
MC340478 ONLY (Vaeg = 2.50 V = 1%, Current Set Resistors = 6.19 kil = 1% each)
Generate Current G 190 230 mA
SWAP Current Isw 16 20 mA
REPL-Transfer Current IRT 30 40 mA
REPL-CUT Current (Note 1) IRC 130 150 mA
MAP-REP-Transfer Current MT 16 20 mA
MAP-REP-CUT Current (Note 1) IMCI 65 75 mA
Note 1: CUT current 13 the sum of the currents determined by the resistors connected to TOSET and RCSET
AC ELECTRICAL CHARACTERISTICS (Ta = 0to 70°C)
Parameter Symbol Min Msx Unit
DIN Setup Time 'DSU 50 — ns
DIN Hold Time 1OH 50 — ns
CUT Current Risetime tCR - 50 ns
(MC34047S only)
Other Out Current Rise te - 100 ns
IGEN Current Fall tGF 200 400 ns
CUT Current Falitime tCF - 100 ns
(MC34047S only)
Other Out Current Fall te — 200 ns

@ MOTOROLA INC.
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AC ELECTRICAL CHARACTERISTICS (Continued)

Parameter Symbol Min Max Unit
IGEN Pulse Width tGW 50 200 ns
CS to any Qutput tCSO - 250 ns
GEN to IGENx Delay '{GGO - 200 ns
SWAP to ISWAP Delay tSSO —_ 160 ns
Other In-Out Delays 1o - 100 ns
SWAP Time-out 1STO — 80 uS
REPL-Transfer Time-out TTO - 50 usS
REPL-CUT Time-out 1CTO - 4.0 uS
GEN to SYNC 1GS 1.1 - uS

OPERATION

The magnetic bubble memory device requires a se-
ries of current puises of proper timing, amplitude, and
shape to generate and route the bubbies. These puises
are produced by the Operation Driver in response to
signals generated by the controller.

The generate pulse creates a bubble in the input track.
It is a fixed-width puise triggered by the rising edge of
the GEN input. A controlled fall time prevents multiple-
bubble generation which can occur if the trailing edge
is too sharp. Two generate outputs, IGEN1 and IGEN2,
can drive separate bubble devices. They are independ-
ently enabled by data signals received on DIN1 and DIN2
respectively. The DIN signals are latched internaily on
the rising edge of SYNC prior to the GEN input. A high
level on DINx will enable IGENx. e

The Swap Puise, ISWAP, causes an exchange of bub-
bles between the input track and the storage-loop
tracks. It is on when the SWAP input is high. ISWAP is
normally connected to the data swap gate on the bubble
device, but if map loop write capability is required, it
may be caonnected via a switch, jumpers, etc. to the map
gate.

The replicate function copies bubbles from the
storage-loop tracks onto the output track. A two-step
puise is used. A high-current, narrow initial portion cuts
the elongated bubble in two; 3 lower-current, wider
trailing portion transfers the trailing bubble onto the
output track. Separate outputs are provided for data
replicate, IREP, and map replicate, IMAP, These outputs
are controlled by three input signals: REP or RMAP
when high enables IREP or IMAP respectively; CUT

@ MOTOROLA INC.

when high enables the high-current portion of which-
ever pulse is simuitaneously enabled.

The current levels of the various puises are set by
means of precision resistors connected externaily be-
tween each of four pins and ground:

o GSET controls IGEN1 and IGEN2.
e SWSET controls ISWAP,

o TOSET controls the lower (transfer) level of IREP and
IMAP.. . . .

o RCSET controls the initial (cut) portion of IREP and

IMAP. This current is added to that determined by
TOSET.

. ...Temperature _compensation of the currents for ex-

tended-temperature operation, can be done by using
thermistor networks on the SET pins.

The Chip Select (CS) input is active high. When it is

faise (low) all current outputs are disabled. Since some
of the current pulse levels, if sustained wouid damage
the bubble device or the driver, a time-out circuit is
included which will shut off any pulse if the input signal
should remain active too long.

The higher resistance of the swap and data replicate
gates requires a higher drive voltage than the normal
power supply, Vpp. This voltage, VgOQST. is provided
by an on-chip voitage booster in conjunction with an
external inductor, capacitor, and diode. When VgoQsT
is below its specified range the Power Down Output
signal PONOQ is held low. This is an open-collector out-
put signai and may be externally wire-ored.
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MC34046S- e MC34047S -

FIGURE 2 — SIGNAL WAVEFORMS
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BUBBLE MEMORY PRODUCT S

7402 SOUTH PRICE ROAD @ TEMPE, AZ 85283

MC34044

] Advance Information ]

GENERAL DESCRIPTION

The MC34044 Bubble Memory Sense Ampiifier is a monolithic
bipolar linear integrated circuit which amplifies and detects the
differential output signal of a magnetic bubbie memory davice.
Peak-to-peak sensing is performed within a selected time window,
thus rejecting noise which occurs outside that window. The Sense

BUBBLE MEMORY
SENSE AMPLIFIER

Ampilifier circuit includes two matched, programmable current

sinks which provide constant-current detector operation. The
Sense threshold is externally selectable. The MC34044 is pack-
aged in a 14-pin dual in-line package.

FEATURES
® True Peak-to-Peak Sensing

® independent Time Windows for Negative and Positive Peak
Detection Permit Rejection of Unwanted Signail Noise

e Constant Current Detector Operation — Currents Set by Exter-
nal Precision Resistor

® One of Three Preset Threshold Leveis Selectabie by User

e Linear Threshoid Control from Extarnal Source Optional

e Noise Compensation Capacitor Reduces Susceptibility to Power
Supply Noise )

® Chip Select input and Throe-Sta:a Ou:put for Mumpte-aubble
Systems

FIGURE 1 — BUBBLE MEMORY SENSE AMPUIFIER
FUNCTIONAL DIAGRAM
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This document contains information on & new product. Specifications and information heren € MOTOROLA INC . 1983 ADI-774

are subject to change without notice.
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PIN ASSIGNMENT
14-pin Dual in-line Package: 0.3-inch row spacing

Voo
also 14-lead Flat-Pack

VREF

=[] e e 14] Clame CSET
Out E E Strobe TSET
Gnd E EG"" COMP
voo(4] mLE Inputs
CompE Eo] IN- 5
vRer (8] [3]Gna IN+
Cset[7] 8] Tser IN-

Supplies and Miscellaneous
— Power supply voitage.

— Reference voitage for bias current and

threshold. -

GND(3) — System ground (three pins).
— Detector current set resistor.
~— Threshold select.

— Noise compensation capacitor.

— Chip Select — enables the three-state data

output.

— Differential sense signal input — negative

peak detect and threshold are with respect
to the indicated polarities. Also provides the
detector bias currents.

CLAMP — Enables negative peak detection and acti-

PIN DESCRIPTIONS

Output (three-state)

ouT — Data Qutput — following the trailing edge
of STROBE, indicates the state of the de-
tected signal during the STROBE — high if
the signai exceeded the threshold, low
otherwise. Heid in high-impedance state
when CS is high.

ABSOLUTE MAXIMUM RATINGS*®

vates peak hold function.

STROBE — Enables threshold comparator for positive

peak detection. Trailing edge resets peak-
hoid function and enables OUT signal
change. -

Characteristic Value Unit
Storage Temperature T o -65to + 150 °C
Ambient temperature with power applied . -

Commercial Device Qto +70 °C
Extended-temperature Device -55t0 +125 °C
Voitage — Vpp, IN+, IN~ to GND -0.2t0 +20 Voits
Voitage — any other pin to GND ~0.2t0 +6.0 Volts
Power dissipation TBD Watts

*AD M Anti

N Q! timits by d which p
it be limited t0 the it fied under OC E C

DC ELECTRICAL CHARACTERISTICS (Ta = 010 70°C, VReg = 2.50 V =1%)

ge may occur to the device. Proper operation of the device requires that

Parameter Symboli Min Max Unit
Power Supply Voitage Voo 10.8 18 Voits
Power Supply Current [[s1s) - 25 mA
(Excludes Ip)
Current from VRef IREF - 0.1lp+0.2 mA
(VRgf = 2.525 V)
Logic High in Voitage VIH 2.0 - Volts
Logic Low In Voitage viL _— 0.8 Voits
Logic High Out Voltage VOH 2.7 - Voits
(Ig = ~4.0 mA)
Logic Low Qut Voitage VoL - 0.4 Volts
(lg = 1.6 mA)
Logic High in Current iH - 20 HA
(Vy = 27V)
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DC ELECTRICAL CHARACTERISTICS (TA = 0to 70°C, VRef = 2.50 V =1%)

Parameter Symbol | Min Max Unit
Logic Low In Current (It} - -1.6 mA
(Vi = 0.4 V) .
Output Off-State Current loz -20 20 HA
(Vo = 04 - 27V)
Detector Current [[») 10*°VRep/RSET = 10%
Detector Current Mismatch oM - 2% —
IN+, IN- DC Voitage VICR 3.0 Vs -3.0 Voits
Differential DC IN Voits VIND v - 200 mv
AC Common-Mode IN Voits vicm - 200 mV
Low Thresholid Voitage vTL T8D TBD mV
(VTSET = VREF!
Nominal Threshold Voitage VTN T80 T80 mV
(TSET pin open) )
High Threshoid Voitage VTH 78D T8O mv
(VYSgT = 0.0 V)
Nots 1: includes 1% tolerance on RSET.
AC ELECTRICAL CHARACTERISTIC (Tp = 0 to 70°C)
Parameter Symbol Min Max Unit
T8 1o OUT tco — 300 ns
CS to OUT Disable 1cz - 300 ns
STROBE to OUT Change e} — 300 ns
Delay Differential IN to Comparator Output tdq - 300 ns

OPERATION

Detection of a magnetic bubble within the memory
device utilizes the magnetoresistive effect whereby a
bubble passing beneath the detector element causes a
change in its resistance. By passing a constant current
through the detector, this resistance change can be
sensed as a3 voitage change. A matched reference ele-
ment which is not in the path of the bubble permits the
use of differential sensing to cancel noise introduced
by the rotating fieid.

The Sense Amplifier circuit contains matched con-
stant-current sinks for the active and reference detector
elements. These elements shouid be connected beween
the supply voitage and the IN + and IN - pins respec-
tively. These pins are connected internally to the current
sinks. The current levels are matched and are set by
meeans of a precision resistor connected externally be-
tween the CSET pin and ground. A thermistor may be
used to provide a temperature-compensated detector
current if required for extended-temperature operation
of the magnetic bubble memory.

A differential ampilifier- across the two detector eie-
ments amplifies the bubble signal. The difference signal
is fed to a negative peak detect-and-hold circuit, and to
another difference amplifier. The difference between
the signal and the negative peak is fed to a voitage
comparator where it is compared to a threshold voitage.
A signal which exceeds the threshold indicates the pas-
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sage of a bubble beneath the detector. One of three pre-
determined threshold voltages can be selected by con-
necting the TSET pin to Vggf or to GND or leaving it
open. For extended-temperature operation, linear con-

. _trol of the threshoid_can_be accomplished by applying

a linear voitage to TSET.

Timing is provided through the CLAMP and STROBE
inputs. CLAMP enables the negative-peak detector. The
most-negative voltage appearing while CLAMP is high
is stored until the trailing edge of STROBE. The output
of the threshold comparator is enabied while STROBE
is high. if the signal exceeds the negative peak by the
threshoid amount at any time while STROBE is high, a
ONE is detected and latched. The output pin changes
state at the trailing edge of STROBE. CLAMP and
STROBE may be connected together and driven with a
single signal.

The COMP pin may be used to reduce the effect of
power supply noise on the detector. A capacitor con-
nected between COMP and Vpp increased the supply
rejection performance of the internal regulator with
respect to noise present an Vpp. The best value will
depend upon the individuai system, and is typically
0.1 uF.

The Chip Select (C3) input is active-low. When CS is
false (high) the three-state data output (OUT) is placed
in the high-impedance state. Several Sense Amplifiers
may have their OUT pins connected together with only
one circuit enabled at a time via the CS pin.
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FIGURE 2 — SIGNAL WAVEFORMS
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FIGURE 3 — TYPICAL APPLICATION
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Motoraia resarves the right to make changes to any products herein to improve rahabihity, function or design. Motoroila does not assume any habihity ansing
out of the apphication or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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Richard John Brzozowy was born in Milwaukee, Wisconsin,
on December 8, 1957. He received his elementary education
in a Milwaukee parochial school and secondary education at
the Milwaukee Trade and Technical High School. In 1976, he
entered the Milwaukee School of Engineering, graduating in
1980 with a Bachelor of Science degree in Electrical Engineer-
ing. While still pursuing his undergraduate education, he
worked briefly with disk storage systems for IBM - General
Systems Division in Rochester, Minnesota. In May 1980, he
joined the Motorola Integrated Circuit Applications Research
Laboratory (MICARL) in Mesa, Arizona as a system design
engineer in the Bubble Memory Development area, where he has
remained since. At Motorola, he is responsible for the
design and development of the Motorola family of bubble
memory system products.
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