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1he RFM>-ONLY option (when set to ON) allows for skipping over 

the full-memory write protion of the test, thereby reading the full 

memory and canparing the read data with the expected data listed in 

the upper half of the Ct.lRRENl' TEST STAlUS table. Care rrust be 

exercised to ensure that the upper half of the Ct.lRRENl' TEST STATUS 

table corresponds exactly to that written previously in the bubble 

memory. 

1his option is frequently used in tests conducted for non-volatile 

storage. For this test a specific. set of patterns are entered into 

the upper half of the table with the Al1ItHJWlGE PATI'ERN option OFF. 

1he system test is with READ-ONLY OFF. Upon success­

ful canpletion of the system test, the bubble memory is subjected to 

a non-wlatile storage test (e.g., extreme tenperature). Upon canple­

tion and stabilization of the tffl, the bubble memory is then again 

system tested with the READ-c.t«.Y t-a>E: ON. 

'll1e Al1I'O PATI'ERN OIANGE option provides for automatically changing 

data patterns and ranciOm data following the completion of every test 

sequence. This is particularly useful in long-term tests to ensure 

that new data is written to/read fl:'01J the storage loops every execution 

of the test. 

'll1e CONI'INUOUS EXECUI'ION option provides for long-term unattended 

testing of bubble memory subsystems. Used in conj1JI1Ction with a line 

printer (LINE PRINTER STA'IUS: OFF), the AIJID OIANGE PATI'ERN: ON and 
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HALT ON ERROR: OFF, error rate and longevity testing can be con­

ducted. /my errors will cause the printer to record the event, but 

system execution will continue. Also, wery 10,000 canpletions of 

the test will cause a "10,000 passes canplete" 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 infotmation can be manually docunented. 

1he user can then continue execution or return control to the main 

program menu. 

Cl!ANGING OPrIONS: 

23 

Entering a 'Y' in resp:mse to ·~ (YIN)' causes the cursor 

to lllCM! to the top of the data pattern table_. 1he pro~ ~11,now .. 

accept entries of valid hexadecimal characters for data pattems 

and . !'l1lllber of pages. A carriage return- always moves the .cursor to 

the next entry. A line feed will move the cursor fran 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 PATI'ERN • $00 I PAGF.5 • $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 '@' when the cursor is aligned. After 

entering all options, return the cursor to the ClJANGE? (Y/N) message 

23'.i. 



by entering carriage returns or line feeds. Entering a 'N' in 

response. to <llANGE? (Y/N) will return control to the main program 

menu. 

3.4 -- Option C: Change/Write Maploop Contents 

Selecting the C option fran the main program menu clears the 

arr screen and causes the O!ANGF/W'RITE MAPI.OOP CCNl'ENI'S menu to be 

displayed. 1\.io options are currently available (also an option to 

return control to the main program memi). See Figure 3.5. 

OPrICN A:' ALTER EXISTING MAP DATA 

24 

If the maploop contents are to be appended with bad loops not 

currently masked, the A option: ALTER EXISTING MAPI.OOP DATA is 

selected. 1hi.s 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 nunber 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 acc.onmxlate the 

appended loop. 

If more loops are to be appended, enter 'N' in response to 

'WRITE MAP? (Y/N)' and 'Y' in response to 'ANOmER LOOP? (Y/N). 
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.1<JCllC:K:a<lKllC:t:l<lKllClll:::KllCllC:C:KllCllClKY.:IC lll:lKl<lK :i::u:Jt: :x:r.:t::K lit llCY. :I( :ic:tcl< lK )I( :t::V. 

llC llC 

E:UE:BLE Hl::MCIF~Y t::OOTLOCIP 
ALTER / ~·lR:tTE~ 1:•H()(~r~'~H 

A. Al. TEI': EXISTING MAPLOOP l)AT~~ 
El. WRITE NEW i1APl_OQP DA"f1~ 
C. RETURN TO Pl<:OGR1~M HENU 

Figure 3.5 - Write Maploop Menu 
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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 'oobble memory should be cleared and the 

mechanical interlock changed for map write operations. Entering 

the appropdate maploop nunber causes the map to be written with 

the new maploop data. 

The mechani.cal interlock !ll.ISt now be returned to the nonnal 

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

displayed. See Figure 3.6. 

ornoo B: WRITE NElJ MAPI..OOP DATA 

~ maploop data is entered from the Wbble me!OOry label, 

option B of the <liANGE/WRITE MAPUXJP a::mmrs menu is used. 

26 

A 'ooffer is formatted with the proper synchronization pattern 

in response to the device type (i.e., MEGABIT versus 256K). The 

CRl' screen is first cleared, then a 'rubble memory label is dis­

played. See Figure 3. 7. Data is now entered exactly as on the 

device label. ~e returns are automatically inserted, so that 

the user simply enters the coded information character-by-character. 

\\hen all information is entered, the proposed maploop contents 

are displayed. The 'rubble memory must now be cleared and the 
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'KlC•X:C:lll:C.IC1t:S:C::X:te•::ic;.c:asxr,•J1~t:Jl;l:l':t:.JC~~:tc:JC:llC:&JC:t:Z%:K.C:&*lC 

:c :1 
:11 ElUG:t;LE J;F.:MORY BDOTLlJOP .• 
,. •IL rER / HRJ:"rn Pf<lJGli:AM "' 
~ ~ 

ilXJc:•:&>a:JC•:C. .. JCllt>DC•mc:c••*lC*X::clKa•:C:O.:S*XACJCX:ll'.X&•>CitJC)C 

''· i~l.Tr::R e:xi:sn:N<f MAl'l.OOP DATA 
a WR:tTE MEW- MAPl..CIOP OATA 
C. RETIJRH TO P!\.'OCRAM MENU 

SELECT CJPT.I:OH: A 
E:<ECUTtHG :SO IHJ:T.I:ALIZAT:IONS 

SUIXESSFU\.. ! I ! I 

EXECIJT.DIG MAP COl1F'ARE rEBT 
SUCCES!>FUL ! ! ! ! 

BIJE:CLE 11El'10RY OF.V:CC:E TYPE: 1181'1 
REDUNDANT LOOP MJHBll:RS: 

1J(IUO 11001 OOU2 11003 0001 
11010 0013 001'+ 0016 0017 
0021 U02:J 0026 0027 002? 
00~ 00'13 XllU:'.i1 00!53 OO:'.i1 

2011 111-B:CT MEMORY 

OOU:'.i OOU6 11007 0001~ 

QOtB OC19 oo:?O 11021 
0030 0031 11032 oo::i::i 
0056 UOoO 0065 007'1 

0009 
0022 
11031 
007:'.i 

0076 oua:s 0091 0101 01'11 11192 0197 :•11211 0212 ><023'.l 
·•02133 :<0292 J<0370 :C0:171 >c03:r.i •0376 XIJ372 

,. ~> NUHe&:R OF HASl<ED eno LOOPS • 0013 
MU111::ER OF 11ASl:ED WEAK LOOI'$ • 0017 

TDTAt. NUHE:ER OF REDUNDANT LOOPS • 0060 

.:0~09 -..05130 

ENTER :l-OXC:tT 1..00P NUME:ER TO BE ~ASl<ED AS EJAD: :l10 

ilEPUNC'AtlT 1..00P tlUl'eER'3: 
0001 0002 1)003 11001 1)003 01106 !)007 
0013 0011 llU1o 0017 UOUI 001'>' uu;.;;o 
11023 0026 002;' 11029 00:10 01131 Otl:J:? 
UO't3 :C0051 oo:sa 0051 00:50 0063 00~ 
•)093 fJR?1. 0101 0111 U192 01?7 :ctl210 

x0:.?133 :icu29'Z xu:VO •U37-1 XQ~ >10:176 •03-12 

..r •:• NlJt1~ tlF ;1AS1<F.O E:AO l..OOPS • OOl't 
r<U111:€R IJF 11ASY.EO WEAK 1.IXJPS • 00'16 

TOTl\L j•IUMJ!;Efl ui:· l<i::DU~io.~tlT t..OOl"S • 0 060 

!IUIJS l.:CO? 
uO:?.L r,uzz 
OO:);J Ou.J1 
007-1 00/"j 

:U0:.?11 o:.1z 
:cOS611 :octJ:iGO 

lll)\581 

11010 
oo::~ 
003:s 
0016 

•0232 
111l:5Bl 

li."XC:!:IJTF: MAP "R1.T!!' ? ( Y /II> ti .~tUHHER l_Qtjp '' ( Y /1-1) 
1:::•1r1;1;· '.l-1n:crr U.it)f' riui1!:lEI': ro e:r. ,-.. ~t.l:.l) .1:.; i;,,,~ · :: •n 

F:t-.~·11rm •• ,,T LOOP !·tt.;~r~r:r.:'J 

1J1lO:? l)l)tj,:} 1J•JIM :1 u n·~j ouu.:.- QlltJ/ J Ii 1113 
uu 1 ., r1r1L6 Ill! 1·~ r. CJ Ll3 11111 •1 •IU~~d llU".:'l 
1) 0 ~!.:, IPl71 !J:J:'!?. ;1u.~o 1Jfl'Jt 1111:.;;: IJIJJ:J 

.Y..lHl~:Jl tjlJ~:3 l''t:!i'..i .t L•:.·;,~ !lilt..~; IJ (J l.1:; 1Jll7'l 
•JU'l1 \UQI. (JJ.•tl l)ll/'.!. 1) L?"' •~U~wl :rlJ::.! II 

..c:u;.~J .:-:)~~·~?. .rU;J.""0 AIJJ.i1•f 1tll:J7~ :1.11..::',~ u:u3•i'z 

.c ·=> N' Jlil::i;:r-: iJF 1ir. >!(Im r,:r,o LOOP'<; ~ o u 1:-.; 
'"P.1r1:::r.:r·. 1J1=- :""!\:;;;~:1 .. • \:C1=1K 1 ... UOPS ~ oolt:;; 

rorm. 1•11J111;:i::H 1;r: "::.i::ln~r..1;t1r 1..01.:1·,; .. unnlJ 

1~,-1;curr:: 1"111P 1o1RI1i:: '! (Y/UI Y 
"u.o·r r1.1 c::.;r.1:11 rn 1·1•..-· 1,1<rrr:: 

;jl,11'•1 

iJ 11.~:. 

!I U.~·I 
uo:·:·s 

.• u~:.1 J. 
:1.1J~5 •. 1 1J 

CH1r.t·u;1~1·.rt("t. ~!;tlti[!t- 1 : 1 'Jf'1[;t'jf1r:· 'llP.).TE .llH·:Pf:t(·,;. ,·,r-tf) 1: IF.rl 
11 ... 1-f,;l·TF: r:Ul'lfo'l.L n::. "I 1'il u1; .. CJ l 

~-1.::1·!~=1·• ... Jt1f·1PEP'·; rn 111:11".!th'·'· Ptl'J:Ir.!C'tl 
I .I·~ "1 lt 1,•.IN 1".l:iltll£ 

1!Ut1J 
1:0:.·1 
'J ,,~.:; 

11r?"7f, 
·1 ... :.: 

,·u~:-·~;CJ 

~111:: 

oo::~ 

ll•i'l~l 
l) 0(!!'~ 

1·0~:-y:: 

)(l)~f.U 

Figure 3.6 - Sample Maploop Alteration 
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*OPTION C 

SELECTED FROM 
MAIN MENU. 

*OPTION· A -
CHANGE EXISTING 
MAPLOOP INFO. 

1lr PROGRAM READS , 
VERIFIES, AND 
DISPLAYS CURRENT 
MAPLOOP INFO. 

* BAD LOOP NllMBER 
TO BE APPENDED 
IS ENTER.ED. 
(DECIMAL VALUE) 

* UPDATED MAPLOOP 
C05TEN'J:S DISPLAYE 

* PROGRAM REQUESTS 
WHETHER MAP IS ro 
BE WRITTEN OR 
ADDITIONAL LOOPS 
ARE ro 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 



mechanical interlock set for the write map operation. Entering the 

appropriate maploop mJDber causes the map to be written with the 

entered maploop data. 

1he inechanical interlock 111JSt now be returned to the normal 

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

displayed. 

3.5 - Option D:. Display/Verify Maploop Contents 

Selectillg option D: DISPLAY/VElmY MAPLOOP <DNI'ENl'S from the 

main program menu executes only the system initialization, map read 

and map display sequences of the system test". 1his option is used 

primarily to read aaploop contents only •. A 'TRY AGAIN? (Y/N)' 

message at the end of each map read and display allows for repeti-

. tiw map read operations. A 'N' in response to 'TRY N.;Anl? (Y/N) 

returns control the main program menu. See Figure 3.8. 

3.6 -- Option E: Enter Test Data 

29 

Selecting option E: ENI'ER TEST DATA fran the main program 

allows test conditions to be entered in a buffer memry accessible 

by the system test. Such data includes the DATE, DEVICE UNDER TEST, 

IDr #, and T.EMPERA'1URE and is useful in production testing. A 

carriage return allows termination of entered data and access to 
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y 
EXECUTING 50 ~NITIALJ:zATIONS 

SUCCESSFUL! ! I ! 

EXECUTING MAP COMPARE TEST 
~"UC:CESSFUL ! ! ! ! 

, 

Bt.Je:BLE MEMORY DEVICE TYPE: HBM· 2011 lM-Brf MEMORY 
REDUNDANT LOOP NllHBERS: 

0000 0001 oooz 0003 0004 0005 0006 0007 
0010 0013 OOH 0016 0017 0018 0019 oozo 
0024 OOZ!i 0026 0027 0029 0030 0031 0032 
0035 OO"'t3 •0051 0053 005..IJ 0056 0063 0065 
0076 0085 0091 0101 01'\1 0192 0197 :ICIJ211. 

•0283 lC0292 •0370 lC0374 •0373 lC0376 •0392 lC0369 

• •> NUMBER OF HASl<EO BAO LOOPS • 0013 
NUHEIER OF HASt(EO WEAK LOOPS • OO"'t7 

· :OTAL. NUHE:ER OF REDUNDANT LOOPS •. 0060 

TRY AGAJ:N'? <YIN> 

OOOB 
OtlZl 
0033 
007.it 
0212 

•0590 

Figure 3.8 - Sample DISPLAY/VERIFY MAPLOOP CDNI'ENl'S 
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0009 
oozz 
003.lt 
0075 

l<023Z 
lKOSBl 



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 menu. 

!m=ing the execution of the system test (option A), this data 

is retrieved from the l:uffer memory and docunented onto every test 

sheet as shown in Figure 3.10. 

All test conditions change, the l:uffer mem:iry 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 XDRBUG 

Selecting option F from the main program menu allows control 

31 

to be transferred to the XDRBUG monitor resident in the system firm­

ware. Re-entry into BUBLTEST 111JSt then be a.cccxnplished through 

XDOS. 
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E 

DA'fE: FEE:f:.:Ui1RY 8, 1.913"t 
DEV:rcE UNCJEI:.: TEST: MBMZ01:LA - 1'tf(llJ 
Lo·r JI< ,:,t165·'!3Zl-EI 
TEHt=·ERATURE: 65 DEGREES CELSIUS 

Figure 3.9 - Saq)le Test Data Fntry 



I I"\ a r1\.H ... ' .... .- • • 

m~IJ:rcE UNOEI::: TEST: 11CJT()J::;m.A ~lX:3 l MEGAB:rr f.301eifm~:; 
1_QT l~ 1~Cl1Z'.:M56-8 
DATI::: FEE:HU~1RY 7, l'i't3't 
TEMPEl:;:i-lTUi:•:E: ZS "[)J!:CF~EES c1::umJs 

E:lJBF.:J_E MEMORY !>YSTEM Pf{Ql)UCT.I:ON TEST: 
r~E'J:CSJ:ON Z. 0 0 
i'10TOROLA ENG:tNEERING f~ELEASI:: l '.?8:Z. 

EXECUTING 50 J:NITIALJ:ZATJ:ONS 
SUCCESSFUL.! ! ! ! 

E:<ECIJT:tNG MAP COHJ=·,~RE TEST 
~lUCCESSFUL ! ! ! I 

21~1 

**DEVICE NUMBER 
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**TEST DATA 

"'*START OF" TEST 

** SYSTEM INITIALIZA­
TION 

BUJ::BLE MEMORY OEVT.CE 'rYPE: MBM 2011 1M-err Ml!:MORY 
1:::EmUNOANT LOOP NIJMBl::Rs: 

0000 ()1101 OOIJZ ()003 OOIM 0005 00()6 
()010 0013 OOH 0016 ()()17 0018 0019 
1)021 002!5 0026 0027 0029 0030 0031 
1103:5 00'i3 :1<0051 . 0053 ()()ei"f 0056 0063 
1)076 008:5 0091 O:L01 l)J.•ll Ol'i'Z 0197 

*ll283 llCOZ92 :C0370 ;.x037'l :1(1J_:37~ :l0376 XIJ3'i'Z 

lit :=> NlJMBEF: OF MASKED E:AO LOl)F'S ,.,_ - 01113 
NUME:ER OF HAsgEo WEAK LOOPB = 0 O't7 

TIJTAL NIJME1E.~ OF P.EDUNDl!!NT l_Q()F•S ,. 0060 

EXECUTING WR:t'TE/F:EAI:> TEST 
TEST F•A!>S NUMBER :• 0006 

DATA PATTERN,. ·~00 '" PACES ::: 0128 
DATA F'ATTl::RN= 1UM I) 1=·AGE:3 •• 01.28 
DATA PATTERN= !SOC :ft P~\GES := O:LZ8 
or; TA 1=0ATTERN• ill.I: lt 1=·AC:ES ,. 0 l.~!8 
OAT1~ PATTERN• !S3C ·I• PAC:E:S ~=t O:L21:3 
C(-l'ff1 1:·,~ TTl:.RN= ·~>7C 1t PAGL~'.5 01.28 
Di~T1:-, PATTERN= ·~1=·c :1: Pl\Gl::S ... ll .LZCJ 
•)t!iTA l"r-1 r-ri::r..:N= l>FD lt F·1~1G:~~~ :: 0 J.;!!3 
1.:i;nr-. PATTEf~N= !~FF :t. P~'CE~ -- ll :L2tl 
?~~E::LJDO·-RANDOH l)AT1!i It i:·r-iGES :: 1J~l96 

:l<:l'!lt:l<'.:l:llCllC:S::i<llC>IC:i:::V.llC:lt:S::l<iKltl'. 

f-'t='t:' 1!1A SS !;S 
P P A A S S B S 
?P1~1AS S 
1=·pp AAAA SS SS 
P ,; A 
P A A S S S S 
P A A SS SS 
:~rn;x:t:XllCS:llC:l<llCllC'll::l(ll()l(lUC:«llt 

1)007 -
0020 
003Z 
0065 

:1<()211 
llt0!56'i' 

00013 ()009 
0021 OOZ2 
0033 00:3.lf 
1107-'t 0075 
0212 :1<023Z 

:t<ll580 :t:0581 

** MASKED LOOP SET 

**WRITE/READ TEST 

**SUCCESSFUL COMPLETIC 

OF TEST 

Figure 3.10 - Sample Test Sheet Depicting Test Data 
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rnAPl'ER 4- -- USING BUBLTESI' 

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

test sequences. 

4.1 - Program Loading 

BUBLTEST (Rev 2.00) is loaded into system meroory using xoos. 

First XOOS !llJSt be initialized using the 'XOOS' ccmnand in response 

to the XORBUG pranpt. Ctlce the '•' appears, simply enter 'BUBLTEST' 

followed by a carriage return. The program will autanatically load 

itself into system !IJl!IOOr}' and begin program execution by displaying 

the main progcam meru. BUBLTEST is now ready 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. 



) 

4.3 - Test Execution 

With all test parameters entered and all test data recorded, 

test execution can begin by selecting option A. 'lhe system will 

respond with RFADY • A carriage return results in a request for the 

device aunber.. An entry followed by another carriage return begins 

program execution. 
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C'HAPTER 5 

BUBLTEST EXECUTION EXAMPLES 



I I' I r1'.;tl,.t,1..l"i ': \ I -' ou • i 

Ern1:.1' DE'JICE: NIJMt::ER: St.MF't:.E7 

OE1JICE Ui'·lDER TEST: MCITGF~OLt''I :ix:3 1 ;·lEGAB:rr 8(JAHD!i 
LOT I~ 1~0:tZ3'+56-8 
OATlr.: F1::1::fWAl'=Y 7, 1 'i'l34 
TEMPERATIJJ;:E: ZS OECREE~i t:ELSIUS 

1::UBE:LE!: MEHtJRY !iYSTEM F'F'<ODUCT:tON TEST: 
Rl::1JISJ:ON 2. 0 0 
MOTOROLA ENG:I:NEERING F'<ELEASI! 1 '1'02 

EXl!CUT:tNG 50 :tNITIALJ:ZA T:IONS 
~~UCCESSFLJL ! ! ! ! 

E:<ECUTING Mf~P COHt='ARE TE!iT 
SUCCESSFUL ! ! ! ! 

E:UE:BLE MEMORY OEV'.I:CE TYPE: HBM 2011 lM-BJ:T Ml::MORY 
F:EmUNDANT LOCJP NUHE:l::RS: 

ODDO 0001 0002 0003 OOO"l 0005 00116 
()(110 0013 ()014 0016 ()(117 00113 ()019 
0024 ooz:s 00:?6 0027 0029 ()030 0031 
D03:S 0043 l<OO:S1 0053 00~;4 0056 0063 
1)076 0085 0091 0101 o i. 111 ()192 l)l.97 

:«OZ83 llCOZ9Z :IC()370 lC037't *0:37S >X0376 :.C()3'1Z 

* :a;> NUMBER OF HA!::l-<ED ElAO LOIJF'S a 0013 
NUHElER OF'. MASf(EO WEAK LOOPli ::o 0 0"17· 

TOTAL Nur1f.:EK lJi=' RE.UUNDAN"r LOOPS .. 01160 

::::XECUTJ:NG WRITE/READ TEST 
·TEST· F'AS3 MUME:ER ,. 0009 

DATA PATTEF'(Nia !J.00 ... PAGES "' 01ZS 
DATA 1=·ATTERi'4n $013 1t F'AGES = 01:?8 
l)ATA r>ATTERN= !U8 ... PAGES "" n1za 
c:oriT1) !='~1 TTl::F:N= 1i313 u 1=•f.ICES .. I) J.:?8 
DIHr.li P1°'.ITTFRN= \~78 '" Pf1Cl::'3 ::: n:LZ8 
::•1.'.1TI) 1=·r-, TTl:'.F:i'!,. 1•Fi3 1~ i:·r-·,c;c::: :: 0 1.:!13 
i.J:4T::1 r:·:1rn::·\N== ·~F? ·!: PnCES ·- () :l~~(J 
:.:·;',TA 1=·A i"TEFN== l•FE: I~ 1:·r:,r.;cs :: I) i.;!13 
l);<)Tr·'t r:· ~ · rr D~i'I"' :~FF 2• PACl::s O:L~:!.8 

: ''.3E:LJDO···F:1-~i·•Dot1 DA r,~, j~ F·r-iGC!:S ·- Oa96 

:t;xc:w:;.i::.::;i:x:~::1:l!l:1m;:t<:ll::im:'.l<1C>t 

~:·pt=- r-111 ~HS !)!3 
p· P A A S S S B 
p p (.1 (.' ~; c• .1 

PPP A~°'.11~1A 
, ........ 
~:;,..:) SS 

F· 1!1 ~~ :;; '.:i 
c• , .. 

0007 0 01113 
00~!0 () 02:1. 
D03Z 003:3 
0065 ()07"1 

:ico;?11 0212 
~05(19 )1(()580 
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0009 
1)022 
0034 
0075 

:.:0232 
:1:1)5131 

p ~l ,:\ ~3 .1 ~3 .::. 
,.:l (\ ~H3 C~<:· .,,,.J 

. t'. ~~K,r.:1: X( ;K:Y-:=t'.X-: :~:r.AC:« :·x;.::t:lK lt. 

* Successful,ompletion of 
test sequence • 



TRY AGAIN? <YIN> Y 
Eil Tl::R OE:'Jit:l:: ~IUi"iE:EF~: ~iAriF'LE::i 

DE1J:rCE UNDER TEST: MClTDr..:CJLA :ix:3 l. Ml::G.':IB:rr E:OAHDS 
LOT 1J: 1!\012::l'l56-8 
DATE: FEE:HU~1F.:Y 7, J. '.;'B"i 
TErlPEl'\:1~TURE: 25 Dl::CmEJ::~l CELSIUS 

E:UBE:LE MEMORY !3YSTEl1 Pf\ODUCTION TEST: 
REVIS:I:ON Z. 0 0 
MOTOROLA ENGINEERING RELEASI:: 1 '182 

EXECUTING 50 INITIALIZATIONS 
SUCCESSFUL ! ! ! ! 

EXECUTING MAP COM!='AHE TEST 
SUCCESSFUL ! ! ! ! 

38 

BUE:BLE MEMORY oEv:rcE TYPE: HBM 2011. 1M-BIT MEMORY 
REDUNDANT LOOP i-.!UMBr::RS: 

1)000 0001 0002 0003 OOO'l 0005 0006 0007 0 0013 0009 
0010 0013 ll01"i 0016 0017 oorn ()019 0020 OOZl. oozz 
OOZ'l OOZ3 1)026 0027 002'7 ()030 0031 0032 1)033 ()034 
0035 00'+3 X0051 0053 005..:+ 0056 0063 0065 ()074 1)075 
0076 008~ 0091 0101 Ot'li 01 'i'Z Ol.97 :i<OZ11 02l.~? ::icOZ3Z 

:1<0283 *OZ9Z :ic()370 llt037'l X()37::i :1CQ376 :1<0392 l1C0569 ::IC0580 lK05l;l:L. 

;x => NUMBER OF MASl<ED E:AD LOIJF'S = 0013 
MUME:ER OF HASt(ED ~Et!\K LOOPS"' 00"17 

TOTAL l'lUMt::ER UF f\EDLJNDANT· LCJU1=·s .. 0060 

EXECUT:I:NG WRITE/REAO TEST 
TEST F·ASS NUME;Ef< ,., 0005 

DA"fA PATTERN= !JOO '" PAGES "" ll1Z8 
DATA F'ATTERN= IHIZ I> !='AGES .. 01213 
l)ATA PATTEf<N= !JO-£> '" PAGES ::a ll:LZO 
DATA F•f.i TTERN= 1>0E I~ F•AGES :: Ol.28 
Df~TA PfYfTEF"<N= ·t 11:: :j: PAGES . - 0128 
Dr:;TA 1=·A TTl:.RN:: 1>3F.: ,~ i=·t-,GES :: I) i.:!8 
C>IHA PATTEF"<N= •t7E :j· PACE:S ... 01:.:0 
D1;TA 1:'i~1TTEF:N== HFE I~ 1:·,:;GES 1) 1.213 
C<?~ r,:, F'ATTEF\N= :~Fl=-

,,, P?;cr::s ::: ll:L2G 
f: '.:>ElJOO-f<ANDCJM D1•T1!1 j~ 1:·AGE~3 l)~l96 

READ DATA I EXPECTED DATA 

:x;,:~ EF:1::0R: mx:i: ~;,.~1;::= () I) CC sn;:"' il'J L DDi='1~ o:io o a~! / 0 ~-~ 1j (I fJ ~) .::;:-r::c1=: 
~~:x i::m::o1::: ;i)(~~ ~::1~,f~:: o;!O'.:i !3Tl=:== O? · l..ClOP:t: ()~~?"'1 '.JE /:LE 1J I J lj ~=j E:-.:1;:cm 
-i::u: EJ:.:F:OR: ;:()~:!( St~F:= O'.<.F I. ::iTF:;::: 0'7 LDOF'1~ 0"'1513 7E /'.:lE lj 0 () ~5 :::J:.:no1:.: 
·.m1cx 1::rmoR: :s::4'x: '3AF~== u•t'Ji-1 !;T1:::: O? l_OOF><I: 003? n: 17\::" () (} fl~:; Ei:.·1::CJF~ 

,x;t::K El':l::clf<: xox:i:: ~~fo~i;'.:= 0627 ::JTR:: (J'J l.(J()j:·j~ 01.?:5 FC /DC I) 0 0 ~5 1::F:FOI'\ 
A::!<lX ERROR: :t::tC•< ~31~lf~:: ot.:~7 !HI:.::. 09 LOOP'i: 0~'!(?~5 Ft=· /EF () () (J::; [1~:1:;1JH 

.c:c::Kl< :c:t::r.xc llC!IC:t:JK ;11::1::K :ll :x:.::1< 
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TYPE: :;>UFT I 
TYF'I::: !SOFT I 

TYF'E: ~;CJFT I 

TYPE: !30FT i 

T'ff·E: ::>CJFT I 
TYPE:: '.~i:JFT I 

1:·FFF AA 

"J 1:-i A 
I:r.I 

I 
L 
L 

** DEV!CE FAILS DUE TO so:rr ERRORS 
(EXCESS-1 IMPLIES THRESHOLD TOO LOW) 

{\ A :r L 
FFF ,:,;:;AA I ,_ 
F A A :r. L_ 
F ,:i A I L 
F {\ A UI LL.LL 
:~·"1:":1: :~c~:~:KlClC:ICl:l(:x;~:1:::0X:K1< 



1::r1TEI~: 01::'.JICI:: rHJl·il::EF<: ~lfWlF'l.£2 

DE\.':tCE:'. Ui'IDE!;: TEST: MCJT()l;:()l.;i :3X:3 l. M1::GA8:IT 
LOT :i: .~10:L2~Ji+5,S-·EI 

DATI:'.: r-r::i::F~u,o,1;:y 7, 1'?1:!4 
fEMPEJ;:f-1TU!;:1::: . .., ... 

.:... ... J DEGHEJ::S Cl:'.LSIUS 

E:LJBE:U:'. MEM()l;:y !3YSTEM PF\t::JDUCT:I:ON. TEST: 
RE'JISION z. 00 
MOTOROLA ENGDIEEF:ING RELEA!:il:: 1982 

EXECUTING ~rn :rnITIAL.IZATION!3 
~ INITIALIZ1~1TION Er.;:1;:m~ )t: 

STR• Zl @ ATTEMt=•T 00 
I 

~llCllC MAF!' 1;:EAI) EF.:ROH :KllClX 

MA!=' Rl::AD l)1~TA: 

() 0 ()0 Go 00 00 00 00 00 00 00 00 00 00 00 
0 () 00 00 0 () 0() 00 00 00 0 (} 00 00 () 0 00 00 
00 00 0 () I) 0 00 00 0() 00 00 00 00 00 () 0 ()() 

0 0 00 00 00 0 () 00 00 00 00 00 00 00 00 00 
00 (){) 00 00 00 00 00 00 00 00 00 00 00 0 0 
0 I) 00 00 

MAP REr:'iO l:JATA: 
()I) 00 Oil' 00 00 00 00 00 f)I) no on 00 00 00 
0 0 00 oa 00 00 ao 00 00 0 tl 00 00 () 0 00 ao 
o a () 0 00 ao 00 no 0() rJO 00 no 00 I) 0 oa 00 
00 00 Ou 00 Oii 00 00 tlO 0 () 00 00 ()Ct 00 00 

:>a~ () () 00 ao 00 llO. ao 00 no 00 0() 00 00 00 
oa 00 

MlClC:IC ll:t:J:l4< JlC:K".IC::C :x:i::1< JCllC:cac 
1=-FFF f'\A Ill L 
F A A I L 
1:- AA:tL 
FFF ,~.,;1,~A I I.. 
1=- A A ·.t L 
,.: 1!1 A I L 
1=- A A IJ:I Ll •. LL 
:x:a::r.~c:x:.a::t:~cx:K:r.:.c:~;K:t;x1:x:i:::1< 
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39 
E:D<~f<D\3 

00 1)0 00 00 0() I) 0 00 llO 00 00 00 
00 00 00 00 00 ()() 00 00 (JI) 00 0 () 
0 () 1)0 00 00 00 00 00 IJO 0 () 00 00 
00 () () 00 00 00 DO Otl 1)0 00 00 OU 
0 0 00 00 0 () 0 () 00 00 00 00 00 00 

00 IJO 00 n () on 00 00 00 0 () 00 00 
00 ()() 00 1)0 ao no an 00 00 00 0 tl 
00 00 00 00 0 () oa 00 ()0 00 00 ()I) 

00 l)() 00 IJO 00 00 Ull 00 00 ()() on 
0 I) 00 uo 011. au oa (J 1) 00 oo. 1J a oa 

** DEVICE FAILS FOR LACK OF MAPLOOP 
INFORMATION. TRIS IS SOMETI~S THE 
RESULT OF IMPROPERLY INSERTED DEVICES. 



DF.•Jl"C:E UNm:r~ TC::ST. ;;c1rn1;:01.n :JX3 t no:;neIT BtJAt<OS 
l.Or J roUlz.J•t:>6-EI 
011 fE:: Ft::E:F<Ut,,RY ·7, 1. 'fj34 
TE:i'IPEl•A i"URI;:. 2:5 oi::c:m:i::s 1;1::i.s:tUS> 

E:UBE:L.E t'IF.HORY S'fSTEM Pl<OOUCTION TEST: 
tlE\IXSJ:ON Z. 00 
MOTOROL.A ENG"WEE:RINC REL~SF.: 199Z 

EXECUTING 50 XNITrALJ:ZATICNS 
SUCCESSFUL. I ! ! ! 

E;<E:CUTJ:l'IG MAP COMF'ARE TEST 
SUCCESSFUL.! ! ! ! 
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Bt.eBl.E MEMORY OEV:tcE TYPE: MBM :?011 lM-B:rr HF.:110RY 
REOIJNOANT l.OOP NUHBE:RS: 

uouo ll001 00112 ooo:i 1)004 llOO::l 1)006 01107 0000 0009 
0010 0013 ll014 0016 IHl17 0010 ll019 oo::o 11021 002Z 
0 02-t ooz:; 1)026 0027 00:?9 ll030 0031 OU3Z 0033 111134 
uua:i 00'13 :a110~1 0053 llO::i'I 00:36 00<!>3 0065 11074 0075 
0076 00~ 0091 11101 01'11 iJ1Cf'2 0197 :tell:.?11 IJ212 ;t<IJ232 

·"02133 ic029Z ... 0370 :X0374 ><1137:5 •u376 •0392 ll0::l69 :au:sao ll0:581 

ll ~> NUMBER OF MASKED BAD LOOPS 0013 
NUHc:ER OF 11ASl:EO WEAK l.OOPS ... 00'17 

TOTAL. NU11&1ER OF REDUNDANT L.COF•S ,. 0060 

EXECUTXNC WR:CTE/REAO TEST 
TEST PASS NUMBER .. 11008 

DATA PATTERN- '500 • PACES .. 0128 
DATA PATTERN• 11tlB • F'AGES .. 012B 
DATA Pl\"rTERH- $10 • P•\GES .• 0128 
OATA PATTll:RH• 11:m • l~AC:ES .. OLZB 
DATA PA"rTERNm '170 ·• f'r.GES 0120 
DATA F'ATTERH• 11f'B. • PAGES . IHZB 
ORTA PAfTERN- !SF9 • PACES .. 0128 
o;~TA l"ATTERH• 11f'O • PAGES " 01::a 
OATA pjfffE~ tf'F • PAGf::S 0120 
F'S::UDO-RAHOOM ORTA • F•AC:ES .. 0091\ 
:uai EFtROR: •:ice St\11:• ooao :5TR• o•J l.OOP• OZOl 00 /08 nont! Er.ROR rfPF. SOFT! ... ERROR: :as SAA• 1)0130 !i"ff<u Q9 l.OOP!t 11:53:1 00 /03 UllUEl ERRUR TYPE t;OFT! 
•:UC El''ROR: ·- :lAk.._ UU82 STR• 0'1 I.COP• 0270 00 /OS ooua !UiRIJR TYF·F. SOFT! ,..,.. ERllOR: .... SAR• OllBZ !;TR• 1)9 L.(IOP-t 0'137 00 /08 ooua 8;:ROR TYPE ::.OFT I 
ll%IC l:.1<ROR: ,.,.. SAR- OOS'l ~Tii'r• 0'1 L..UOPt 01'1:5 00 /OS ooua l!H\t)R T"rF·t:: SOFT! 
'.ICJt:C F.:RRCR: .... SAR• OOH"! !3'1R• IJ9 UJOP1t 0360 00 /110 UOOEl ERl':IJR TYF"t:: SOFT! 

·'~* Ei':ROR: S:Cll S1'R-a llU~16 ~iTR:ai 0•1 l.UOf't IJ38U 1)0 /09 1)01113 EHl<•JI~ r·rF·E ~iUF.T ! 
'.1C•:.C E:llRUf<: ,.,.. 'iAF<• 011:31.. !;·1~11 1)? LOOl'"I· ll'll:I OU /08 UU•JS F:i~1::cm IYPll: :;OFr ! 
.l(.;I''~ t:Rr-:OR: 'r.Jl';I: ~''"- i)1ht7 ·:,ff(:• 11'/ l.UOl-'t oo:!ll ~o /Q:t 0 fJ ~J1~ lofS<Ok T'r'f"E ~iOFT! ....... E'.f;;f<t)I~: :1:.:11'1' ·.:ie!tk= l)lllJ/ ~:;n.::• •19 l_UOP·to IMP.5 110 /1Ul u1!:JS ~~r~·1~·r 1:' 1 .. 11-"I::: ·.<:lFT! 
1111::1:.IC E:.Ji:l~OR: :1.:,·c ~)i;fi,:~ tilJ'''.J ';)If<·.:= "'" LIJC:O:'• •l15't'1 uo /Qll IJllllB !;_;::Pf JI•: ;·11:•fi: ·::Clf'T! 
:te•>e •':f<f«jR; :t.M& s,:.,n:::i IJt1 1f·i ~;; rR~ •iC:J l_UtWI' 11'1\i:'!i llf) /UB l)(l'i::f Ei··1.:1:I\ 1"'.Tf::: :;OFT! 
·1:00: t:1:.l':Lm: X:I~ ~1\1.\'."':I l)l)'·'7 • > T~~·= I)'/ l.lj0P11 l)t6l 00 /flO ~11111) 1.;: f ~ r~· f I~;: ·r·11=·c; ·:iOF'f! 

·••:s ElmUF:: "'"'"' ~U'\R:s Ull'l"/ :n1..:~a 0"':' 1-llUr' t 1)~~1 no 1un lJlJ1.1:.J :::1-;r.:1Jr.; 1·":~· 1I:: GOFf ! 
.z:a:ac Cf-·F:UR: ••:at ':'itU~.a: I) 1.l<.:lt~ ·;;1f.:·n u1.i l.IJC1· t l}!:j7.~ 011 I ftH lj II l)f~ 1::«1•1)(:: rr1:·E. ,;(!Ff! .,.,. r::J~r.;o:;:. .r.:s.• ·~r1h:a [JIJ'll) 1;·1.-:~ 11"'} U'l(Jr'·t- 11 l.;~. Ill) /:j!1 111111::.1 [!··t··r1f( rn·1;:: !>Ot=T! 
ic::c:a ERl<UI<: W!l.l. ·~.-.1•·=i lllfAL ·.i rf;::r. !J'J" l.U•)Pt •lJ~ll lllJ /O;J IJOIJB i:::hh(il~ rwF.: :ilJFT! .... ~, t::f\F~ur-:: .... ,. 1 3Mhv Ullf\~3 :;Tr.;n: •J9 1..ClllP t ll'l'.<.V 1111 /!Ill lf•llleJ r:1..:1·:rn< fYf'!~; ~.,OFT~ 

""'" El'"F:OR: ••:x s .. ,1;:= •10A6 '.:)Tf~-u 11'7 l.ul)Pt l):'jJ.~ OU /OH fJU!lll 1£~·.hfjl~ I yr-•E: ,;OFT! .... ,. E"llllC•R: ·.c.:a• :;.:..n=z 001\7 ffrt:::a IJ<°,> l_l.JC!l'1' 11"1/"7 00 /OIJ lltlfl:t U··l·:Clli fYPf::: son! 
.::a.:.ec e:r.1;.0R: .. ,.,. St":.J~ • .-':"I •.lllAll ~;Tf~~ ll'J Ultii' .. l)"lrJll Oil / vtl IJIJIJO 1::1.-r.·t)R rr1:.~~: Hi,.r(ij! 

.r.•:& i::nm."lR: "'"'* ~~f..t~<:s UllAI:• ~; 1 r.::: ll'I Luor• 02~i'.~ U•J /l!C 11111•r.1 n:·1-:mi TYP1;·: ~1.Jl:"T I 

:c:&:• F.r.:t·:OR: a:s:c SAk'~ !ll)fotl -:;rr1;.a 11'1 l.llflPt ll'•~~ on /OEI IJOllU r:.1<r;·u1:: i'WE: <i(JFT ! .... Elll<CJk: ,.,. . ~:;..=tt<=- 011n1:: ~~lRn uc;> Lf.J(IP• 11:..41 UI) /Of~ IH)IJ::i U:l':Uf< fYl··t~: !ZOFT! ..... ERRtlR: .... :;;; .. "~ OOAF ·;~Tf<:.n U'J l.IJOF't 0112 00 /Oe OOlllJ F.:f\t<OR r·wE: 3UFT! 

MAX:IMl.lli E:F:l<Or< c:m.1Mr r::xr.t:E:l)EO Maximum Error Count -25 
:l'.'C'.IC•W:&•W:c:.r:·c•x:.:::ec•:s:r.A EXECUTION TEBMINATED 
Fl'l'F A~t x:o: L. 
fo" ,:, •\ I ,_ 
F II A [ L 
,..rt=" ,: .. ,,.A t l. ** DEVICE FAII.S FOR SOFT ERRORS ,, n A r l. 
... .~ ,, r ,_ (EXCESS-0 IMPLIES TBREHOLD 
F it ... rn: l.LJ •. L TOO HIGH) 
•:&•a•...:.,.11:1:-r. .... 91C:t' .. rJC t:r..ti: 
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._,.Tl~Y ,:,GtUN'i' <'UN> Y 
ENTER l:>E~V:ICE NLJHBE:R: !3AHF'U::S . 

41 
DEVICE UNDER TEST: MIYrOFml •. A 3X3 1 ME~[;;~.1:::IT l<!OAl;:os 
l_OT :ti ~'Ol.2:3"'tS6-8 
1DATE: FE~E:l;:llf~RY 7, :L 98't 
TEMPERATURE: 25 DEGr..:EES CELSJ:US 

BUE1BLE MEMORY SY!>TEH 1=0ROOUCT:CON TEST: 
REV:tSJ:DN Z.. 0 ll 
MOTOROLA r::i'IG:CNEERJ'.NG 1;:ELEASE 19€lZ 

EXECUTING 50 J:NJ:TIAU:ZATIONS" 
ll :tN::CT.!t~U:ZATJ:QN ERROi:;: JC 

STh'= 09 11 ATTEMPT 00 

MAP REi!iO l)ATA: 
00 19 01 oa or- EF E9 
FF E7 FF FF 7F FF FF 
FF FF l='F FF FF FF FF 
12 86 O"'t 9E 01 CS FF 
00 00 Oil 00 00 00 OU 
OU 00 oz 
MAP READ DATA: 
00 19 01 oa or- EF E9 
FF 1:7 FF FF 7F 1:-r- FF 
FF FF 1=-F 1=-F FF FF 1=-F 
1Z 80. 04 9E 01 cs~ 

l~ 00 OU 00 ilO 00 OU 
00 oz 

:Dae•WX••~:clC**:OC**X* 
FFFF AA I:IJ: L 
F A A J: L 
F A A :t L 
FFF r!n!;AA I L 
F A r=t :t L 
F r.li A I L 
F A 1=t :c:r:t LLLL 
;x;x:t::ic:x:s:~:::ccic;tc:.:l<>tc:i:d:::cc:x:t:• 

7E BF C7 FB EF FE: 
FF FF 1:·F EF F7 l='F 
1=-F FF FF FF FF FF 
FF FF FD FF FA Oil 
00 00 00 00 00 00 

7E: 81:' C7 FB EF f El 
FF FF FF EF F7 FF 
1=-F FF FF FF FF FF 
FF FF FD FF FA 00 
00 00 00 oo· oo 00 

FF FF 1=-F FF FB 1=-F 1=-F FF FF FF FF 78 
1=-F FF FF 1=-F 1=-F FF FF FF l)C 7F FF 7F 
FF FF l='F FF FF FF FF FF BF F3 sz 29 
00 00 ()l) 00 00 00 00 00 00 00 00 00 
()0 0() 00 00 ()0 on 00 00 OU 00 00 00 

FF 1=-F 1=-F FF FB FF 1=-F FF FF l='F FF 7B 
1=-F FF FF l='F Fl=- FF FF FF DC 7F FF 7F 
F:F FF 1=-r- FF FF FF 1=-F FF BF F3 5Z 
00 00 00 OU 00 00 llO 00 00 00 00 
00 00 00 00 00 00 00 00 00 00 00 

** DEVICE FAILS FOi. ERROR IN MAPLOOP 
INFORMATION. 

MAPLOOP CONTENTS ARE DISPLAYED. 

29 
0() 

00 



·-·v • ..-~llIN'~ < Y /~() y 
ENTER OE~1:rc1: ollltlLCR: SAliPt-El 

m;:v.cr.1£ 1.JNOl!F! TEST: MllTOllllLA :3:<~l t 1'1Elao!1Gl.X:T G:01\l~OS 
1_0 r • ,;() L :!3'1:i6-t3 
L:ATE: FEBRUARY 7.t9S'I 
Tl:HPf.:HI'. rLIRE: :!S D1:1;1'.'E:ES CEL.SJ:\JS 

Bl.IF.ISU:: MEMORY SY!3TEH F•RODUCTION TEST: 
l~EVISION 2. 0 0 
i10TORIJLA ErlCINEERJ:NG 1"EL.EASE 1982 

EXECUT"!NG ~O INI:TIAL.IZATJ:ONS 
SUCCESSFUL!!! I 

EXECUT'ING HAP 1:0MPAR£ TI::ST' 
:ZUCCESSFUL. I I ! I 

42 

BWCl.C: MEMORY OEV'ICE TYPE: HOH :?011 111-BJ:T MEMORY 
r<tmU.-IOANT L.OOP M.IHBF.:RS: 
~OllU 111101 1)00:.? 01103 0004 ooo:; 0006 
11010 0013 11011 0016 11017 •10113 11019 
1)0;!'1 llU~ . U0:?6 11027 00:.?9 11030 oo:Jl 
OQ:le; llO'I~ •UIO:Sl 0053 OO:S'I 0056 0063 
1)076 00~ 0091 11101 01'11 111'?"..! 0197 

:11t1:.?a:J :cQ:Z?:.? •0370 ll037'1 JC037:5 JCll076 •113?2 

c •> NUHSER OF HASl<EO BAO L.OOPS • 0013 
NUHE:ER OF MASKED WEAi< L.OOPS • 00'17 

TOTAL NUHEE:n OF REDUNDANT L.OOPS m 0060 

EY.CCIJT'INC WR:cT~AO TEST 
!'EST F'A$!3 NIJl"IEIER a 0 0 03 

DATA PA'rTERN<-1 \JOO ... PACES 0128 
OATA r~ATTERN• '10% • PAGES .. oiza 
0'4TA '""fTEhN- $06 • PAGES 01:.:0 
Jt.llTA l''ATT!l:RH• noe: • PAGCS . 01~3 
l1AT4 PATTEI?- $1E .. PAGES 0128 
•liJITA F•A7TE:RN• t::lE • PillCES .. 01:?13 
OATA f'A'rTI::RN• $7F. • PAl"'.ES 0120 
OATA F·~TTEF:N• 'l'FE • PAGES . 01:?8 
OATI\ f'•HTtm,.,_ $FF' 1' PAGES .. 01::0 
f".3EU01)-RflN0011 OATA • PACES .. 0896 ;z- ERP.OR: JIX2 SAR- 01£:1 STf::a II? LOOP• ..... t;;RRUR: ..... S~R• 0:.?32 STRn Q9 1..00f't 
:l:&:IC ::r:l<CJR: "'"* SAR• 02:18 STR• 119 L.IJOf'• ..... F.:l<Rtlf<: :x:.aw ..:..:.R• 0:?9F !3TF~u 1)9 l.LIUf'•t. 
:.. .... !·.!":!~CIR: :=IJIX s~·-:1 1lZAtl 5TH=- .,., l.llfJl~lt 

tc.:A.". t~]~?tlR: :a:•• !:;ARu O:JlD !iTR• U'} l_LluP·~ 

t.~.IC 'J•·,·:(lk: '!C-:1:1: sr.R·= 0~10 '·iTRn 1)'1 l.IJOi-·:1 
. .-.,:. ~:-:.r.:r:1-..:; •:CW. :;AR" IJJ•t:-.i 5rt:•:a 0'! Lull~"t 

:crte _j:;j:.fJf<: ':'{~.I: St\r-:·.:r 03"+5 -:;rr<~ 11'} LOfji!·it 

.. ".::' ~· r·!:.f.:tJh:· :c.x• ~=·•~1hn O:lf,F ~;IT:~ 11·~ l._o.JOf-'t 
r·a-:;,c u=·HJli:; .w-.:;c ~;r.1;,:2 ll~~,F ·;;·1r.·s; 119 L .. lh)I"'".!' 
V.•~ ~:.i':ttt)r::: .... s;.f(n 036F ~i 1 l"o:n •J'/ UJ:.:l"t 
.'Cl:tC 1-_i,l·,(]t\": J(.;.&:1 ., •• 1~::: •l""fH7 ':iTh:-: 11'; u 1nr·"tt 
I I:~*' L£.;~•OR: :t:JC;a ;:-.:,f<n 01,B./ ~;tr,-! 11'") 1..UUf't 
.;.:r"'IC ':l~l''OR: :c:nr ~ir-R~ it~·:!O ·:jTR~: ,,,,,, l.1'•1)1-'$ ..... EJ\f.,;OR. :w:z• .~.~·(:t O'tUO ~; rF:~1 WI 1_(JUP·r 
-l:UC '..l'-l':Ofe: •OllC ~i,.,, .. ~ 11'108 ·~jff\:• (JI) Ulf.iF''4t 

.tC:IC:il Fhf~lJI.;:": ;f:K• S.Af<• 11'1!-'.1:• !3Tf·::s UY 1_uuP~ 
~ .... 1.1;·1~rJR: ••:c CJt~R'l'U •MF:B ·,;if;,= IJ'i l.IJl"'lf'll ... ~ C.f':f~OR· .r.I'!• ~;A•<u 11'50 l !;TF!= U'• l_•JCJI"• 
.l:l'.11 l.h'l'.(IR: Ul!'I ~'"<:m tl~Ol ~;TR"' 1111 t.1Jo1=·t 
.,,.a: umoR: .. ~ . ~;.~1H .. IJ5'17 !;Ti''::r IJ";' l_llrJP"f. 
'C'.IM t i;·1~0k: ••:&: SN~"' o::i-'+7 :;1t\:. 11'1 l.llfil-'3 
¥•!'! l~] .. h"(JI;.:' :«»<• '-~Af<n 0513'1 !)TR'ti 11«;> l_oJllP • 
'I CJI U'l~UR, JC:l:.I 5tU:\:= ll:iU"I ~iTf,.t 11'1 l.lJfll''1t 

;1:C"KWlf-t. •·Kz:x::c:.a:«:s'.J:tuc:r:uii. 
i:n. nA I:l:l. I.. 
F ,,_ fl t ,_ 
F .. A ·1: L. 
l'l'F 1·,,· .• ,\ •• I. L 
I- .. .~ 't I.. 
F ,; •\ r. L. .. c !"'( I.LI L 

• 1,,,..J I, »l!l!fl:W'l"C',tc 

llCI07 
. 00:?0 

11032 
0065 

:1111211 
:&Q:S6'1 

O:J:S9 1E 
111~1 ::ie: 
QZ'l4 :JF. 
0'1"1:? ;re: 
1)4+02 i~ 
llU.!> rr:: 
IJ L:J~? FF. 
IJtJ•~ ~J n;: 
•JO:Jl ~-F. 

111~.'I F'i:: 
IJ l, :J~? H:: 
ll~:7't FE 
1):.;:.i i::o 
112.--!'.J f'<'> 
11::;u·3 r;:r. 
11~1(., f:"i'!: 
:J::Jfl(; 9i' 
lf~!flO FF. 
WZ17 F'I' 
0:347 FD 
l)J!i5 FF 
11122 17 
•J:.l~!:~ '/F 

110'?~1 [)f.' 

1J L;!l FF 

1)000 0009 
llO:Z.1 0022 
0033 003'1 
007'1 00/:'5 
021Z •11232 

•0500 

/OE 
/lC: 
/tE 
1::r:: 
/:JI: 
nr:: 
17£ 
/_7E 
17F. 
17~: 
17!; 
1:-1:: 
,• t:;~j 

/[:.<, 
/G:9 
;~:c 
/•)!i 
/~:·1:: 

,·~.F 

/FC 
I F'f:: ,-,r=-. ,, 
I ~Jf: 

1r11-: 
/FC 

ll0:51i11 

0003 EnROR TYPE SOFT! 
U003 EF:F:OR TYf'I£ ~OFTl 
QOU:l EilRIJR TYPE SOFT! 
llOQ3 E!i.'F:OR rYPr:: SCIFTI 
Q 0 tl:l Ei<r<~ TYl~F. SOFT! 
011u:J 1:r::r::OR ryr-r,: Hf.~<O ! NOTE: WHEN SOFI' 
Olltl:J i:Rt(UJ.: f'fF'E ~:UFT! 

llUU::l •:i-:r:oR rYPIE: :;oFT ! ERRORS ARE VERY 
•JOUa Fnr\ni:: T'(J''!' ·::iCFT' FREQUENT, THEY 
001J:! ci::r-.n1< nr:::: ~.,~FT I MAY REGISTER AS 
I) 011:3 1~:hf\GI~ T'll"!'.: Hflf~O' 
IJlllJ:'J Er-:1':llr< IYP1,:: '.-,oF r' HARD ERRORS. 
OOU:.l Eh!i!Ji-: ... , 1;·f~ ' HABf .. "! 
{Jl)(I."! n.·r-:ca.: l"it"I~: ~;.~11':' T I 
•l ou:1 Eflf<lll< f'ff'f'. ~iCif'T ! 
1HJ1J:I t,;r,'f:u1i rn·•::: '..;.l.1Fr ! 
QOU:; 1-;.::1.'.("n~ T'fl-'E£: ':il!FT! 
Ufl•J] ~:10'.1::1.m f't'r·1::: :;1.1FT ! 
IJ 011:3 G.H<OR T'fF'I:: ·;,oFT! 
11003 Ef.'l':GR l'YPI!:: !~(Jt:r I 
qoo:i EfouJt< ·, ·rF'£: ·:iUFT! 
IJllO~l !:l",F:f.ll< r lf"·F.:: :;01:r 1 
IJUIJ:J H·:f,i;r:- nr-·1;: !iCIF'TI 
1111118 !'F:~:l>Fl r'll"I!.: llt-'11'.0' 
uuu:3 C:f<RljF; T'!F'E: ·:iOl·T! 

Maximum Error Count 25 
EXEctrrION TEBMINATED 

** DEVICE FAII.S FOR SOFI' ERRORS. 
(EXCESS-1 IMPLIES THRESHOLD TOO LOW) 
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CHAPTER 6 

BUBLTEST SOFTWARE FLOWCHARTS 



BUBLTEST MAIN PROGRAM MENU 44 

N 

DISPLAY 
PRCGRAM MENU 

y 

y OPl'ICN B: >-...___.._. DISPLAY/at; i---.. 
TFSl' PARAMS 

y OPTION E: 
ENI'ER TEST 

DATA 

y OPTION F: 
EXIT TO 

XORBUG 

252 



OPTION A - EXECU'!E SYSTEM TES? ~ _ _.. __ _ 
TES? SET-UP" 

READ MAPLOOP 
INFOBMAXION 

y 

Otrrl'trr 
S?AXUS INFO. 

>---.o.....i OtrrPtrr MAP 
COMPARE ERROR 

253 
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DECllEMEN't 
PAGE comrr 

INCREMENT 
TABLE POINTER 

DISPI.AY BAD .S. 

WEAK LOOP Ii I s 

OUTPtrr 
STATUS INPO 

--TIWISFEB. 
COHTBOL TO 

XDRBUG 

STOP 

DECREMENT 
PAGE COUNT 

INCREMENT 
TABLE POINTER 

254 
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RETURN 

Ootl'UT 
"?AIL" 

TO MAIN 
PROGRAM MENU 

y 

N 

SYSTEM 
INITIALIZAXIO 

OUTPUT 
"TRY AGAIN?" 

Ootl'UT 
"PASS~ 

EXECUTE 
>.;;.Y_-..1 SYSTEM TEST 

AGAIN 

255 
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OPTION B - DISPLAY CURRENT TEST STATUS 

l!SPLA.Y CUllllmrj 
DAL\. PArl'ERNS 

DISPLAY II 
READS /WRITE 

DISPLAY READ­
ONLY STATUS 

DISPLAY DAIA­
CBANGB STATUS 

DISPLAY EXECU­
TION STATUS 

DISPLAY STOP 
ON DB.OR ST.AX. 

RECOBD CHANGES 
(Il!' ANY) 

N RETURN TO 
MAIN MENU 
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CHANGE EXISTING MAP 

y 

MASK WEAK 
LOOP AS GOOD 

DISPLAY 
NEW MAP INFO. 

N 

257 
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OPTION C - CHANGE EXISTING MAP INFOBMAl:ION/ 
'WRITE MAP INFORMA'!ION FROM LABEL 

DISPLAY 
OPUONS 

WRITE FROM LABEL 

FORMAT BUFFER 
FOi. 2S61t 

FORMAT BUFFER 
FOi. lMEG 

· ACCEPT 
LABEL INFO. 

DISPLAY 
MASKED LOOPS 

r- --, 
IBUB~ MEMORY I t:::--,----' 

WIUTE 
MAP & OUTPUT 

RETtJl!N 
TO MAIN MENU 



so 

.-----------.oOPTION D - READ /VD.l.FY /DISPLAY MAPLOOP CON'l:ENTS 

SYSTEM 

Z56lt 

INDICATE 
256lt DEVICE 

y 

INITIALIZATION (50) 

READ MAPLOOP 
INFORMATION 

DISPLAY BAD & 
WEAit LOOP II' s 

y 

INDICATE 
LMEG DEVICE 

258 



RF.CORD 
NEW ENIRY 

RF.CORD 
NEW ENI'RY 

ISPI.AY CURRml' 
"DU!'" ENIRY 

N 

259 
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ENTER TEST DATA 



ERROR IS SOFr 
(PRINI'ER OFF) 

READ DATA ERROR IDENTIFY 

DISPLAY LOOP 
OF ERROR 

DISPLAY RF.AD/ 
EXPEC!l:D DATA 

RE-RF.AD 
PAGE IN ERROR 

y 
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BOBLTEST SOURCE CODE LISTING 



IEIL TEST. SA: 1 BUBBLE MEMORY SYSTEM TEST PROGRAM: 

OPT LLE=95 
****************************lOC******************** 
************************************************** 
** ** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

2 5 6 K- A N D 1 M-B I T 
8 U 8 B L E M E M 0 R Y S Y S T E M 

T E S T P R 0 G R A M 

R E V I S I 0 N 2 0 0 

D A T E 1 1 I 1 8 I 8 2 

WRITTEN BY: RICt( BRZOZOWY 
MICARL SYSTEMS DESIGN AND 
DEVELOPMENT 

B U B L T E S T 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

************************************************** 
************************************************** 
* TTL ** PROGRAM REVISION TABLE ** 

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

GENERAL DESCRIPTION 
The MBM2256 is a 262.144 (218) bit magnetic bubble memory 

device. All required magnetic components including the perma­
nent magnets. the drive field coils and protective magnetic shield 
are integral parts of the device. The package is a 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 O"C to 70-C. and data 
is retained without power from -40"C 10 1oo•c. 

The device is fabricated using a pseudo-planar process to im­
prove operating margins as well as to enhance reliability. The use 
of CrCuCr in the conductor elements ensures excellent conduc­
tivity while greatly increasing resistance 10 problems associated 
with electromigration. 

FEAnJRES 

MBM2256 

256 K x 1-BIT 
MAGNETIC BUBBLE 

MEMORY DEVICE 

• Non-volatile 

• High Density 

• On-Chip Redundant Loop Map 

.•Swap Gates 

• Solid State 

•Low Power 

• Start/Stop Capability 

• Page-Oriented Access 

X Coil + 

Y Coil -

Y Coil+ 

Case 
IAC Gndl 

Active 
Detector 

Reference 
Detector 
Detector 

Common l+I 

• 

• Block Replicate 

• Error Correction Code Storage 

• 18-Pin Dual-in-Line Package 

Pin Aui9nment 

SWAP+ 

Generate -

Generate + 

Map 
Replicate -

Map 
Replicate + 

Replicate + 

nus document contains 1nforma11on on a new or0duc1. Specd1cat1ons and 1nformat1on herein 
are subrect 10 change Wtltiout notice. 

C, MOTOfllOl..4 1HC 1993 
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· MBM2251D · . . . · · . 

FIGURE 1 - BLOCK DIAGRAM 

Rep. 9 
l+I 

Map Loops 121 

Map 
Loop 0 Rep. 10 

I+) 
Loop 2 

Loop 4 

Map 
Rap. 11 • 1-) Even Bit • Even Bit 

Write Track • Read Track 

Loop.276 

SWAP12 Loop 278 
1-) 

Loop 280 

Gen. 13 Loop 1 
I+) 

Loop 3 

Loop 5 

Gen. 14 • (-1 Odd Bit Odd Bit • Write Track Read Track • 
Loop 2n 

SWAP15 
l+I Loop 279 

Loop 281 

Rep. 16 
1-1 

Input SWAP Storage Loops Rep. 
Port Gates Gates 

'NOTE: 
The I + I jack for.the Z coil is the one closest to Pin 8. 

® MOTOROLA INC. 

------8 

Active & 
Reference 
Detectors 

Output 
Port 

Lz 

·~ 
Z Coil z 

Oet. 
Common 
l+I 

Ref. 
7 Oet. 

1-1 

Active 
6 Oat. 

1-l 

5 Shield 
IA.C. 
Gnd.I 

y 

4 Coil 
{1-) 

y 
3 Coil 

1-1. 

x 
2 Coil 

(+I 

x 
Coil 
1-1 

Coil 

265 

~ 

·~ 



I 

ABSOLUTE MAXIMUM RATINGS 
Ra1ing Min M•x ~ Unit 

Operaling Temperature iCasel !Tel 0 I 70 ! 'C 

Non-Volarile Storage Temperarure I -40 100 'C 

Storage Temperature l -40 120 I 'C 

External Magne11c Field - 20 Oe 

Peak Curren1 In X Coil" - 900 mA 

Peak Curren! In Y Cod• - I 1,100 mA 

Peak Current In Z Coil• - 3.000 mAdc 

Peak Replicare Current - 40 mAdc 

Peak Generate Curren! - 40 mAdc 

Peak Swap Current - 30 mAdc 

Peak Derector Current - 6.0 mAdc 

Maximum Coil Disturb Current Wilh Data Retention - 10 mA 

Maximum Pir\ To Pin Voltage - 55 Volls 

•Th ... puk currents are allowed su018C1 to the device temperature not exceeding the cemoeraiure hm111. 

ELECTRICAL CHARACTERISTICS !Tc = o•c to 70-C, rorating field frequency !fol = 125 kHz unless 01herw1Se noredl. 

FUNCTION CURRENTS 
Par•meter Symbol Min Typ Max Unit 

Generare Current IG 180 - 220 mA 

Swap Curren! 15 25 - 31 mA 

Replicate Cur Curren! IRC 75 - 95 I mA 

Replicate Transfer Curren! IRT l 28 - 42 mA 

Map Replicate Cur Current IRCM I 75 - 95 l mA 

Mao Replicale Transfer Curren! I IRTM 28 - 42 mA 

Map Transfer In Curren! '™ • 24 - -30 mA 

Detector Current 1DA· 'DR i - 5.0 5.8 I mA 

X.Y COIL DRIVE !See Figure 2.l 

Pa,. meter Symbol Min Typ Max Unit 

Coil Driver Supply Voltage Vx.~ 11.4 12 12.6 v 
Coil Driver Switch On Rea111ance Ron 0.7 - 1.8 Ohms 

(2 Swt1chea In Sertesl 

Coil Driver Clamp Diode Droo II clamp - - 1.6 v 
12 Diodes In Series) I 

X Coil Peak Current ixp T - 630 - mA 
llx ~ nom. Vx ' nom. R0 n. Vclar'1'1J1_" noml l 

Y Coil Peak Current lyp I - I 770 

I 
- mA 

(Ly = nom. Vy = noml 
I l !R.,n. Vc1am....11... = nom) 

Coil Current Offset. 1xo• !.Y_o I -10 I - +10 ! mA 

Stop Curren! Overshoot '•o - - •10 mA 
-0 

Total Coil Power Pc - - 1.0 w 
Z COIL DRIVE 

Z Coil Sensitivity - 26.5 - OeiA 

Z Coil Current Simultaneously Erase All Data Stored I zap A 
(Rotaling Field Onl 2.0 - -
(Rotating Field Off) 3.0 - -

Duration of Erase Current !ZAP 0.5 - 10 ms 

! 

I 
I 

® MOTOROLA INC. -----------' 
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SCOPE 

This specification describes the magnetic, electrical. 
mechanical 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 organizarion 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 !61 and defect tolerance (201 
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 schemaric diagram of the 256K bir chip. 

FIGURE 2 - X. Y COIL DRIVE 

~ Ground 

(a.I TYPICAL DRIVE CIRCUIT 

0.U Input 
The device is organized into two halves - odd and 

even. To write into the device the same data pattern is 
written simultaneously into both the odd and even input 
tracks. Due to the spacing between minor loops 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 

Coil 
Current 

Ta O 2.0 ,,. 4.0 µ.s 6.0 µ.s 

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

Date Output 
To read rhe data. one bit is replicated from each minor 

loop into the ou1pu1 lrack. again arranged as an odd 
and even half. The alternare bit dara 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 although the dara 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 addilion to the 282 storage loops the chip contains 

two map loops. These loops have their own transfer-in 
and replicate gates but share the generaror 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" 
followed 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 Mapl. 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 

8.0 µ.s 

(b.I TYPICAL RISE/FALL IMBALANCE DUE TO DRIVE CIRCUIT 

® MOTOROLA INC. 
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070C04 will be pnnted 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 1n five fields.} 

l I 

lllumber 

I 
of l Patt em Field Bits 

1 MM···MM 1 Map Data l 282 1 EE···EE ! Error I 12 
_ l Correction i I 

LL l Loop 1 2 ] 
UU···UU ] User I 150 l 
00·-0010 ] Sync 

I 
66 i i 

NOTE: 
(11 Each bit correspond• to 1 data looo 1n sequence 

M ...,. l 1dent1fie1 a usacJe loop 1262!. 
M .., 0 ident1fiet a redundant toop I 201. 

~ lllote 

111 

12) l 
131 I 

14~ J 
15) J 

!21 Error correct1on code used is a fire code app11ed only to the map 
data. 

(J) ldent1fiee wn1ch map loop conta1n1 the redundancy 1nformat1on 
01 - 1000 #1, 10 - foop •n. 

(4) This field may contatn factory-peninent 1nformauon. It will not 
contain a duphc111 of the sync panern. 

!SI The svnc panern is used to locate the oeq1nr11ng of 1he map data 
field and •denoties da1a cage zero. 

Organizational Specifications 

I 
' 
i 
I 

Bit SJ Loop 
Total Data Loops 
Usable Data Loops 
Error Correction Loops 
User Data Loops 
Total User Storage 
Map Loops 

INTERFACE IMPEOANCES 

P•t•meter 

Generate I 11 

Swap 111 

Replicate 11 l 

Map Replicate ( 11 
(Includes Map Transfer-In! 

Detector (Active and Reference I 11 I 

Detector Act1ve1Aeterence Aat10 

X Coil Inductance 

Y Coil Inductance 

Z Coil Inductance 

1.024 
282 
262 

6 
256 

262.144 Bits 
2 

X Coil de Resistance Non-operaung, 25'C 

Y Coil de Resistance Non-operating. 25'C 

Z Coil de Resistance Non-operating, 25'C 

X Coil ac Resistance ( 11 

Y Coil ac Resistance (11 

NOTE: 

I 

J 
I 

! 

1 

' 
! 

l 
l 
l 
T 
I 

1 

FUNCTIONAL DESCRIPTION 

Write Data Operation 
Writing data is accomplished by generating the new 

data with a series of pulses 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, swapp•ng 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. 

Raad 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 pulse 
which causes the duplicate bubbles to propagate into 
alternate positions on the two output tracks. 

Propagation along the output tracks occurs during 
!PRO· During this time. the odd and even output bits 
are merged. 

Detection occurs when a bubble passes under the 
magnetores1st1ve 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 c.onverted to a voltage signal. A dummy 
detector which is not influenced by magnetic bubbles 
is used to cancel the background magnetoresistive 
signal. 

Output bubbles are discarded beyond the active area 
after detection. A complete page is read in 1PROL· 

-
Symbol I Min ! Typ J MH l Unit I 

rG J 4.5 I - J 18 l !l ~ 
rs I 180 I - I 540 ! !l ~. 

rR 130 320 

'M 18 56 !l 

'DS· 'DR ! 950 I - ! 2000 1 !l 

- 0.985 - ! 1.015 I -
Lx I 34 l - 37 I µH 

':x.. 27 l - 30 I µH 

L, 25 i - 35 µH 

r)( de - I 2.7 - !l 

.'.:L de - 1 1.1 - !l 

rz de - 0.75 - I fl 

rx ac 2.5 1 - 4.0 !l 

.'.:Lac 1.5 I - 2.5 !l 

111 Minimum value 1s at Tc .,.. 0-C, device non·operat1ng, maximum value 11 at Tc "' 7Q9C, de\t1ce operaung. 

@ MOTOROLA INC. 
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! 
OUTPUT SIGNALS !Tc = o·c to 1o·c. fo 125 kHzl 

Parameter Symbol I Min Typ Max Unit 

Common-Mode Output Signal 

1 
Vcm 

i - I - 50 mV 
llDA = IDR = 5.0 mAI 

Differential Peak-to-Peak Output Voltage I 1 l 
lid • 5.0 mA. See Figure 1 for measurement details.I 

Logic 1 

I 
VOH TBO - - mV 

!Bubble Presentl 

Logic O VOL - - I TBD mV 
!No Bubble) 

Signal Strobe Leading Edge Phase 191 
I 

Degrees tso - -
Signal Strobe Trailing Edge Phase tsc - 258 - Degrees 

Logic 1 Valid Window 11v 50 - - ns 

NOTE: 
l 11 VQH 1• defined 11 the difference between 1he most negauve and the most pa11tive signal excur11on1 which occur w1th1n the phase window 190 

to tsc when 1 bubble 11 being detected. VOL is 11mllarly defined for the c.He ol no bubble beinQ detected. See Figure 3. 

RGURE3-

o· 90• 180" 270" O" 90" 180" 270" o· 
!so 
I 
I 

fsc I 
I I 
I I 
I I 
I I 

I 
I 

~-------No Bubble ~ "O" _______ ...,. ______ Bubble Present "1" ------•~1 

-12 v 

Detector 

5.0 mA i ~ 5.0 mA 

(al DETECTOR BRIDGE OUTPUT 

Dilferen­
ttal Probe 

JO MHz 
Oscil­
loscope 

(bl MEASUREMENT SETUP 

Scope Input Impedance: 
,2M 
-- 5.0 pf 

Common-Mode Rejection: 
,, 60 dB 

Frequencv Response: 
"'5.0 MHz 

VQH 
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Map Reed Operation 
To read the contents of the map, a series of alternate 

cycle replicate pulses. identical to data replicate pulses. 
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 result in no data. 
This procedure is then repeated after delaying one 
cycle. The outputs from the two map loops are merged, 
but only one loop contains data. See "Coding of Re­
dundancy Map Loops" for decoding information. 

270 

Map Write Operation 
Writing the map loop is accomplished by generat11 

map information as normal data on alternate cyclE 
After tPGT1 or tPGT2· pins 10 and 11 are pulsed w1 
a series of negative map transfer pulses on alterna 
cycles. Selecting tPGTl writes into map loop 1, selecti1 
IPGT2 writes into map loop 2. 

TIMING CHARACTERISTICS ITc o·c. lo 125 kHz unless otherwise noted. See Figure 4 for test conditions).• 

WRITE CYCLE TIMING 
Parameter Symbol l Min Typ ! Max Unit 

Generate First Bit to Swap In 111 IPGSIFl I - 294 - Cycles 

Generate Last Bit to Swap In 11 I tPGSILI I - 13 - Cycles 

Swap In to Replicate Out 111 IPSR l - 514 i - Cycles 

Swap In to Non-Volatile Storage 121 tp5 - 2 l - Cycles 

Generate Delay Time 131 IDG I 70 - I 120 Degrees I 

Generate Pulse Width 141 twG l 140 210 280 l ns 

Generate Fall Time tFG I 200 - 400 
I 

ns 
IHW.-90% of pk Ampfltudel 

Swap Delay Time 131 I tDs I 270 - 330 Oegree!i 

Swap Pulse Width tws ! 340 370 ! 400 1 Degree' 

READ CYCLE TIMING 
Replicate Out to Det8C1 First Bit 111 I IPROIFI 1 - 180 I - Cycles 

Replicate Out to Detect Last Bir 111 I IPROILI - l 461 I - Cycles 

Replicate Out to Swap In 111 I IPRS 1 - i 510 I - Cycles 

Replicate Delay Time 131 f IDR I - 10 - I 20 i Degree 

Replicate Cut Pulse Width !WAC 1 210 280 t 350 l ns 

Replicate Transfer Pulse Width I IWRT I 80 100 120 Degree 

MAP READ ANO WRITE CYCLE TIMING 

Parameter I Symbol I Min I Typ I Max I Unit 

Map Replicate to Detect I IPMRO i - I 188 l - I Cycle• 

Generate to Map Loop "1 Transfer i TPGT1 I - T 308 ! - t Cycle: 

1 Generate to Map Loop "2 Transfer T IPGT2 - I 305 : - I Cycle. 

i 

Map Loop Transfer-In to Replicate IPTR 516 Cycle~ 

Map Replicate Delay Time 131 IDRM - 10 20 Degree 

Map Replicate Cut Pulse Width IWRCM 210 280 350 ns 

Map Replicate Transfer Pulse Width IWRTM 80 100 120 Deqree 

Map Transfer-In Delay Time IDTM 270 330 ! Degree· 

Map Transfer-In Pulse Width IWTM 200 220 240 Degree' 

NOTES: 
All pulset 10 have rtH and fall t1met '" 80 nt 11 °"-90~. of peek ampiltuctel unless otnerw1se noted. 

(1) Propagation times are defined from the beginning of the cycle 1n which the first signal occurs to the begtnning of the cycle in which the seco1 
signal occurt. 

(2) Data 11 non 4 volatile at the end of the cycle in which the swag current 11 turned ott. 
(31 These parameter limits are guaranteed when the devu:e 11 dri ... en with the X and Y current shown in Figure 4. Oev1auons from these drive 

cond1tton1 may cause these limits to change'" absolute angle. but the phase range \mu-mint will remain as specified. 
(41 Generate pulse width is defined from 50% amplitude on the rising edge to SO"'o amplitude on the falling edge. 
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AGURE 4 - T!ST CONDmONS - X ANO Y CURRENT WAVEFORMS 

o• 90° 11!0" 

D•t• Loope:.;.. _ _._ 
----WRITE·· 

Map Loop 

360" 
270° =O" 

FIGURES 

Control Timing 
-READ-

Same Loca11on 
282 Pulses. 1 Per Cycle 

1 Pulse 

1 Pulse 

282 Bits. 1 Per Cycle 

271 

Gen _fl_fl __ JL Each function 

XFER L ._.f1_Il__f1_ 512 Pulses. j_ __Jl__JLfl_ 1 Per 
RMAP --- 2 Cycles 

Delee! -+- _n__n__n_ __ _ 
Map 1 : 308 I 

Cycles Map 2 : 305 516 ~ 1024n 188__, 

where n is an integer ,. , 

®MOTOROLA INC.-------



M•p Re8d Operation 
To read the contents of the map, a series of alternate 

cycle replicate pulses. identical to data replicate pulses, 
is applied to pins 10 and 11. Data will be available after 
tPMRO· Since map data is only loaded into alternate 
positions in the loop, one pass may result in no data. 
This procedure is then repeated after delaying one 
cycle. The outputs from the two map loops are merged, 
but only one loop contains data. See "Coding of Re· 
dundancy Map Loops" for decoding information. 

M•p Write Opetation 
Writing the map loop is accomplished by generating 

map information as normal data on alternate cycles. 
After tPGT1 or tPGT2· pins 10 and 11 are pulsed with 
a series of negative map transfer pulses on alternate 
cycles. Selecting tPGT1 writes into map loop 1, selecting 
lPGT2 writes into map loop 2. 

TIMING CHARACTERISTICS ITc = O'C, 10 = 125 kHz unle11 otherwise noted. See Figure 4 for test condit1ons1.• 

WRITE CYCLE TIMING 

P•,.m- Symbol Min Typ M•x Unit 

Generate First Bit to Swap In (11 IPGm - 294 - Cycles 

Generate Last Bit to Swap In ( 11 1PGW - 13 - Cycles 

Swap In to Replicate Out 111 IPSR - 514 - Cycles 

Swap In to Non°Volat1le Storage 121 tps - 2 - Cycles 

Generate Delay Time 131 toG 70 - 120 Degrees 

Generate Pulse Width (41 twG 140 210 280 n1 

Generate Fall Time IFG 200 - 400 n1 
110%-90% of pk Amplitude) 

Swap Delay Time 131 ros 270 - 330. Degrees 

Swap Pulse Width tws 340 370 400 Degrees 

READ CYCLE TIMING 
Replicate Out to Oetec:t First Bit ( 11 tPAQ!f! - 180 - Cycles 

Replicate Out to Oetec:t Lall Bil I 11 IPROll.l_ - 461 - Cycln 

Replicate Out to Swap.In 01 tPAS - 510 - Cycles 

Replicate Delay Time 131 'OR -10 - 20 Degrees 

Replicate Cut Pulse Width .. 
twRC 210 280 350 ns 

Replicate Transfer Pulse Width twRT 80 too 120 Degrees 

MAP READ AND WRITE CYCLE TIMING 

P•r•m.C• Symbol Mln Typ MH Unit 

Map Replicate to Oetec:t tPMRO - 188 - Cycles 

Generate to Map Loop ill1 Transfer TpGfl - 308 - Cycles 

Generate to Map Loop ill2 Transfer IPGT2 - 305 - Cycles 

Map Loop Transfer-In to Replicate tPTR - 516 - Cycles 

Map Replicate Delay Time 131 l !ORM 
I -10 - 20 Degrees I 

Map Replicate Cul Pulse Width twRCM i 210 280 350 ns 

Map Replicate Transfer Pulse Width 'WRTM 80 100 120 Oegren 

Map Transfer-In Delay Time IOTM 270 - 330 Deg ran 

Map Transfer-In Pulse Width 'WTM 200 220 240 Degrees 

NOTES: 
• All pulses to have rise and fall time• .;; 80 n1 110%-90% of pe1k 1mglltude> unleH otherwise noted. 
11) Propagation t1mn are defined from the beq1nmnq of the cvcte 1n which the first signal occurs to the beginning of the cycle tn which the second 

s19n•• occurs. 
f2, Oita is non-volatile at the end of the cycle in which the swap current i1 turned off. 
(JJ These paremeter limns are guaranteed when the d8YiC. 11 driven with the X and Y current shown 1n Figure 4. Oevi1tion1 from these drive 

condition• may cauM th ... limrtl to change 1n 10tolute angle. but the pha1e range (max-mini wiH remain 11 soec1fied. 
{41 Generate pulse width is defined from 50% amplitude on the risinQ edge to 90% amplitude on the falling edge. 
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- MBM225Q . . 

RGURE 8 - X, Y COIL TIMING 

-180' -90' 180' 270' 360'(0°1 90" 180' 270' 360' 
I I I 

CURRENT PHASE REQUIREMENTS 

X Coil 
~----r----~ t---__._ _ _J_ __ ..,.._~--r-- ~ 

~-..... --
Y Coil -~- ~G-HH----...----~ 

f--toG-+-1 

Generate -----------1__.J, 
I J. 

~~~~~-l~S~~-i'...-..IJ'-ir-~~r-:S~W~AP::-r--~-ir-.1_"\I'"""-; 
SWAP 1----+----+-----+----+----+--''14------'----"'-IWS-...;..__..1'--

Transfer 
M1p I IWTMbl I 1 

...... ----'DTM-------l~ 
IWRc-;. r--1 l~'---+-~~-+-~......,-;-~~-1-~~--1 1™ 

Replicate 
Map 

Replicate 

IWRCM ,...... IWRT IRC· IRCI 
11'.:,_IW_R_T,..M-------1-----+-----------+-----t IRT· IRTI 

l/ l 
t--~-+-~10-R__,~~ll--- l'--~+-~l_i~-+-~~-+-~~-+-~~-+~~--+~~--t 

'so--.:....-r.i,-~lll"--t----"1"""---~---t----i-----; 
Detector _____ ,_o_R_M__, ________ 1.....,Jj, ll'--+----------------+------4 
Strobe T 1 

Typical 
Coit 
Driver -F 50% -~ 50% 
Input / ! f\._ 

Voltage f- 10 

Timing MeHuremen11 

~~~:nt---------50%--·~ rw ~,'50%---------------------Signat JI-- '---i " 
Being 
Measured f4----- Magnetic Cycle -----..i 

TIMING OF PULSES WITHIN A CYCLE 

MECHANICAL SPECIFICATION 

Pmckege 
The MBM2256 device is a 16-pin dual-in-line package. 

Mechanical Data 
Package Size 1. 15 x 1.10 x 0.36 in 

(29.2 x 27.9 x 9.141 mm 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 enclose the die and the 
whole device is molded into a Mumetal shield. A Z coil 
is included in the device to facilitate testing and ex· 
tended temperature range operation. 

Package Weight 28 gm. 

VQN 

VQfF 

ION 

IQ ff 
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ENVIRONMENTAL SPECIFICATION 
Temperature Ranges Qualificetion Testin11 

Continuous operation at 125 kHz. Case temperature 
o• to 70°C. Non-operating, non-volatile storage - 40° to 
100°c. 

Bond Strength MIL-8838. Method 2011.3. Condi­
tion D 

Mechanical 
Shock 

MIL-8838, Method 2002, Condition 
B: 1.500G for 0.5 ms External Megnetic Fields 

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. 

Variable 
Frequency 

Thermal Shock 

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-8838, Method D 1004.3 
Screen Tests 

Die Visual 

Stabilization 
Bake 

Temperature 
Cycling 

External Visual 

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

As per MIL-ST0-8838. Method 1008, 
Condition C, 150"C for 24 hours 

As per MIL·ST0-8838, Method 1010. 
Condition 8, 10 cycles - 55'C -
125°C 

MIL-8838, Method 2009 

Moisture 
Resistance 

Resistance to 
Solvent 

Solderability 

Lead Integrity 

Flammability 

. - """ • lco1I 

MIL·883B. Method 2015.1 

MIL-8838, Method 2003.2 

MIL-8838. Method 2004.3 

Needle Flame, IEC 695-2-2 

r-11 n ,~ 
01 . lib rr~~ 
~i ·:,~~ I i ~Rt= 

: ~% .r11 :1 .• ;. I + '"" 

c' ::.· I I . ,~~:~. qi :1P 111 I . ' q1 ''R •!.J_· .,60 
" • ilj t "'i-1@- I ,,,. ~ I .,,,. 

t__l!'-------------:. \ ·Kiit ;'~·VOJ 
I . '"" . '"' --~ ~ ·~:-:00~ ~LO•I 

;· 11i ·~ -···· . 
.'ka U J \ 
r-1 _,,,_.014 . '>02 
;.._ _____ , J!i4 • ozs-------• 

Motorola reserves 1he flQhl 10 make changes to anv products h@rein 10 unorove rahabihlv. lunct.on or des1qn Motorola does not a~sumt! anv hab1l1tv arisinq 
out of the apphca11on or use of any prOduct or circuit ae~r1bed he,ein. ne11ne, does 11 convev anv license under 11s paten1 rrqhts nor tt"le riqhts ot others 
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M. M AOL/& 

: BUBBLE MEMORY PRODUCTS 
' 

7402 SOUTff PRICE ROAD •TEMPI:. AZ 852ln: 

Advance Information 

GENERAL DESCRIPTION 

The MBM2011A is a 1,048.576 (220) bit magnetic bubble mem· 
orv device. All required magnetic components, including per· 
manent magnets, the drive field coils and protective magnetic 
shield are integral parts of the device. The package is a 1. 15 x 1.1 O 
x 0.36 inch 16-pin DIP. 

The architecture of the MBM2011A features a double-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 O"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 enhance reliability. The use 
of CrCuCr in the conductor elements insures excellent conductiv· 
ity while greatly increasing resistance to problems associated with 
electromigration. - --·----·-·--- --

FEATUR.ES 

MBM2011A 

1M X 1 BIT 
MAGNETIC BUBBLE 
MEMORY DEVICE 

• Non-volatile • On.Chip Redundant Loop Map 

• High Density 

• Solid State 

•Low Power 

• Start/Stop Capability 

• Page-Oriented Access 

X Coil -

X Coil• 

Y Coil -

v Coil + 

Case 
IAC Gndl 

Active 
Detector 

Reference 
Detector 
Detector 

Common l+I 

• Swap Gates 

• Block Replicate 

• Error Correction Code Storage 

• 16-pin Dual-in-line Package 

PIN ASSIGNMENTS 

• 
SWAP+ 

Generate -

Generate + 

Map 
Replicate -
Map 
Replicate + 

Replicate + 

Thie dOcurnent con1a11111 1nformenon on a new prodYCt. SP4ClfM:ac10M and informe11on helem 
.,. atibftlCI 10 ch•nve wltftOut noca. 
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' MBM20ttA-

Rep. 
9 1 ... 1 

Map 
Rep. 10 
(+I 

Map 
Rep 11 
(-1 

SWAP 12 
(-1 

Gen. 13 
(•I 

Gen. 14 
1-1 

SWAP 15 
I• I 

Rep 16 
(-1 

Input SWAP 
Pon Gates 

Write 
Track 

•NOTE: 

RGURE 1 - BLOCK DIAGRAM 

Map Loops (2) 

Loop 0 

Loop 1 

Loop 2 

• 
• 
• 
• 

Loop 291 

Loop 292 

Loop 293 

• 
• Read 

• Track 

• 
Loop 581 

Loop 582 

Loop 583 

Storage loops Rep. 
Gates 

The ( +I jack for the Z coil is Ille one clo1nt to Pin 8. 
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Active & 
Reference 
Detectors 

0 
Bias 
Field 

Output 
Pon Lz 
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8 Oet. 
Common 

l+I 

Ref. 
7 Oet. 

1-1 

Active 
6 Det 

(-1 

5 

Shield 
lA.C. Gndl 

4 

3 

Y Coil 
(+I 

Y Coil 
(-1 

X Coil 
l;-1 

X Coil 
1-1 

·r-1 
Z Cod z 

Coil 



ABSOLUTE MAXIMUM RATINGS 
Ch•r•ct8fistlca T Min 

Operating Temperature !Casal ff cl 0 

Non-Volatile Storage Temperature -40 

Storage Temperature -40 

External Magnetic Field -
Peak Current in X Coil• -
Peak Current 1n Y Coil" -
Peak Current in Z Coil" -
Peak Replicate Current -
Peak Generate Current -
Peak Swap Current -
Peak Detector Current -
Coil Disturb Current with Data Retention -
lnterelement Voltage -
•Th ... peak curren11 are 1ilowecl 1ub111Ct to th• device temoera1ure not exceeding the 1empe:rature lim1t1. 

ELECTRICAL CHARACTERISTICS ffc = o·c. rotating lield frequency !fol = 100 kHzl 
FUNCTION CURRENTS 

Ch•racteristlca Symbol 

Generate Current IG 

Swap Current 15 

Cata Replicate Cut Current at Tc = 25'C !Note 1) i IRCl2~ 

Data Replicate Transfer Current IRT 

Map Replicate Cut Current at Tc = 2s·c !Note 1 I IRCMl2!li_ 

Map Replicate Transfer Current I IRTM 

Map Transfer In Current ITM 

Detector Current IOA· IOR 

Min 

190 

16 

134 

30 

67 

16 

- 16 

3.8 

Temperature Coefficient of Cut Current !Map and Dalal Referenced to "RC l -0.32 
Value at Tc = 2s·c 1No1e 11 

M•x 

I 70 

100 i 
120 

20 

900 

1,100 

3,000 ! 
25 

35 

15 

5.0 

10 

SS 

I Typ Max 

- 230 

- 20 

144 154 

- 40 

72 77 

- 20 

- -2() 

40 4.2 

-0.34 -0.36 

I 
Note 1: Map and Oat• rephate cut curntfHt reQu1te 1emP9fllure comoen11tton. The current 1t any caaa ramoereture, Tc, 1s given by: 

~sAC ••AC 
IRCITI • IRCl25 11 • 100 IT·251{ 0 .. T ~ 70'C IRCMITI • IRCMl251 { 1 • 100 IT-2511 0 •· T ~ 70'C 

COIL DRIVES !Sea Figura 21 
Charecteriltica Symbol Min Typ Max 

Coil Driver Supply Voltage "•· "::t... 11.4 12 12.6 

Coil Driver Sw1tcl1 on Res111anca Aon 0.7 - l 1.8 
12 switches 1n saroaal 

Coil Driver Clamp Diode Drop I 'I clamp - - I 1.6 
12 diodes 1n seriest l I 

X Coil Peak Current I ixp - 650 
I -

(Lx ~ nom. Vx "" nom) I 
!Ron• 'lclam11_ ~ noml I _l I I 

Y Coil Peak Current lyp - 740 l !Ly = nom, Vy = noml 
!Ron• Vc1am...11_ = noml 

Coil Current Offset '•o·_!Y_o -10 - 10 

Stop Current Overshoot '•o - -
I 

•10 
-0 

Total Coil Power Pc - - 1.4 

Z-Coil Sensitivity - 26.5 -
Z-Coil Current to Simultaneously Erase All Data Stored I zap 2.0 - -

Rotating Field On 3.0 - -
Rotating Field Ott 

Duration of Erase Current IZAP 0.5 - 10 

® MOTOROLA INC. 

277 

Units 

'C 

··c 

'C 

Oe 

mA 

mA 

mAdc 

mAdc 

mAdc 

mAdc 

mAdc 

mAdc 

v 

Units 
I mA I 

mA 

mA 

mA 

I mA 

mA 

IJ'IA 

mA 

0:10/'C 

Units 

I v 
!I 

i v 
! 

I 
mA 

! 
mA 

mA 

mA 

I w 
I OetA 

A 

ms 



, MBM2Cl1tM;" · ' . · 

SCOPE 

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

DEVICE ORGANIZATION 

The 1 Mbit 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 ( 121. 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 a schematic diagram of the 1 Mbit chip. 

FIGURE 2 - X, Y COIL DRIVE 

(a.I TYPICAL DRIVE CIRCUIT 

Dau Input 
To write into the device, the single generator is pulsed 

and the data pattern is propagated along the double 
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 simultaneously transfer out the old 
data. 

Coil 
Current 

t = 0 2.5 µ.a 5.0 µ.a 7.5 µ.a 

Data Output 
To read data. the replicate gate is pulsed 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. 

Redundanc:Y 
Of the 584 storage loops, 512 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 declared 
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: a 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 control circuitry with the mem· 
ory. The map loop used for storage of the redundancy 
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, in· 
tervening bits are always 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 absolute loop 
number, the incremental difference between non· 
usable loops is printed. For example. if the first bad loop 
is 117, and the next two are 19 and 23. the sequence 
070C04 will 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 1 Mbit device and is always declared bad. 

(b.I 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. 

I 

Number 
of 

P1tt1m Field Bhs 

MM .••• MM I Map Data 584 

EL.EE Error Correction 12 

LL Loop 2 
uu __ uu User 360 

00 •••• 0010 Sync 56 

( 1} Each bit correspond1 10 a data loop 1n sequence 
M : 1 identities a usable loop (5241. 
M "" a identifies a redundant 1000 !601. 

Notes I 
111 

I 
12) 

13) 

14) 

J 15) 

i2l Error correction code used is a fire code applled only to the map 
data. 

{3) Identifies wn1ch map loop conuuns the redundancy information 
01 - loop #1, 10 - loop •2. 

(4) Thi1 field mav con'8•n factorv~pert1nent 1nform11ion. It will not 
contain a duplicateof the svnc panern. 

(5) The svnc panern is used to locate the beq1nn1n41J of the map data 
field and idant11ies data page zero. 

Organizational Specifications 

I 

BitS/Loop 
Total Data Loops 
Usable Data Loops 
Error Correction Loops 
User Data Loops 
Total User Storage 
Map Loops 

INTERFACE IMPEDANCES 

2.048 
584 
524 

12 
512 

1,048.576 bits 
2 

Ch•racteristlc:a 

Generate 12) 

Swap 12) 

Replicate 12) 

Map Replicate !Includes Map Transfer-In! 12) 

Detector !Active and Reference! !2) 

Detector Active1Aeference Ratio 

X Coil Inductance 

Y Coil Inductance 

Z Coil Inductance 

X Coil de ReslSlance 
Non-Operating. 25·c 

Y Coil de Resistance 
Non-Operating. 25'C 

Z Coil de Re91stance 
Non-Operating, 25'C 

X Coil ac Resistance 12) 

Y Coil ac Resistance 12) 

NOTE: 
!2) TC(minl "" o•c. non-operaring 

Tc(meld .. 70" C. operating 

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 
IPGSF before the swap operation. As the device contin­
ues to cycle after all data 1s generated, the new data 
and the old will be aligned al the swap gates after tPGSL· 
A swap pulse is applied to pins 12 and 15 al this time, 
swapping the new data in and the old data out. The old 
data are propagated oul 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 pulse 
is applied.to pins 9 and 16 to duplicate the page. This 
is immediately followed by a replicate transfer pulse 
which causes the duplicate bubbles to propagate into 
the output track. 

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

Output bubbles are discarded beyond the active area 
after detection. A complete page is read in IPRDL· 

Symbol l Min Typ l MH I Units 

ra l 4.0 - l 11 !1 

rs I 500 - i 1150 !l 

'R I 90 I - I 160 !l 

l 28 - I 65 
I 

!l 'M I 

I ROA· 'DR ~ 900 ! - I 2000 i 11 i 

I 0.985 I - I 1.015 I i 
i Lx 41 ! - I 44 i ,,H 

! L i 35 - I 39 I ,,H I 

35 L, 25 
I I 

I 
I 

- l 3.3 - ! !1 I 'x 
I I 

'v T - 1.5 - I !! J I I 

" I - 0.75 - T 11 
I I 

i i 
3.3 I 5.3 I !! I 

'x I I - l 
I r_y_ l 2.1 I - I 3.1 I !1 J I 
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OUTPUT SIGNALS !Tc = o·c to 70°C. fo 

Characteristic 

Common-Mode Output Signal 
lloA = loR = 4.0 mAI 

100 kHz) 

Oifferen11al Peak-to-Peak Output Voltage ISee Note 11 
Id = 4.0 mA. See Figure 1 for measurement details) 

Logic 1 
Bubble Present 

Logic 0 
No Bubble 

Signal Strobe Leadmg Edge Phase 

Signal Strobe Trailing Edge Phase 

Logic 1 Valid Window 

Symbol 

tso 

Min Typ Max Units 

50 mV 

TSO mV 

TSO mV 

191 Degrees 

258 Degrees 

50 ns 

Note 1: VQH is defined H the difference t:J•twffn 11ie most negaove and the most pos1t1ve signal excurs1on1 which occur within the phase window 
150 10 1.c; when a bubble 1s being detected. VQL is !Um1lartv defined for the case of no bubble being detected. See Figure 3. 

o· 

VOL 

180" 

!50 

I 
I 
I 
I 

270" 

FIGURE 3 

o· 1ao· 

!so 
I 
I 
I 
I 
I 
I 
I 
I 
I 

270° o· 

I 

280 

VQH 

j 
1-4------- No Bubble ·o· --------<~-------Bubble Present '1' ______ _.,. 

+ 40 mA 

111 DETECTOR BRIDGE OUTPUT 

Scope Input Impedance: 

Differen­
tial Probe 

• 2M !I 
5.0 pf 

30 MHz 
Osei I· 

loscope 

Common-Mode Rejection: 

"' 60 dB 

Fre0 uency Response: 
"5.0 MHz 

Map Reed Operation 
To read the contents of the map. a series of alternate 

cycle map replicate pulses 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 result in no data. In this case, the procedure 
is repeated after delaying one cycle. The outputs from 
the two map loops are merged, but only one loop con­
tains data. See "Coding of Redundancy Map Loops" for 
decoding information. 

lbl MEASUREMENT SETUP 
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Map Write Operation 
Writing the map loop is accomplished by generating 

map information as normal data on alternate cycles. 
After tPGT1 or tPGT2· pins 10 and 11 are pulsed with 

a series of negative map transfer pulses on alternate 
cycles. Selecting tPGT1 writes into map loop 1, selecting 
IPGT2 writes into map loop 2. 

TIMING CHARACTERISTICS Tc = o•c to 70"C. f0 = 100 kHz. See Figure 4 for test conditions. All control pulses to have rise and 
fall times.;; 80 ns (10%-90% of pk amplitude) unless otherwise noted. All pulsewidths measured al 50% amplitude unleSI 
otherwise noted. 

WRITE CYCLE TIMING 

Cllu8Cleristlc Symbol Min I Typ Mu Units 

Generate First Bit to Swap In 111 tPGSJ£.L - 597 - Cycles 

Generate Last Bit to Swap In 11) TPGSILl - 14 - Cycles 
Swap In to Replicate Out 11) tPSR - 1026 - Cycles 

Swap In to Non-Volatile Storage 12) rps - 2 - Cycles 

Generate Oelay Time 13) toG 10 120 Degrees 

Generate Pulse Width 141 twG 100 150 200 ns 

Generate Fall Time tFG 200 400 na 
180%-90% of pk Amplitude) 

Swap Delay Time 13) tos 270 330 Degrees 

Swap Pulse Width tws 340 370 400 Degrees 

READ CYCLE TIMING 

Replicate Out to Detect First Bit 11 l tPRDlt:J.. - 91 - Cycles 

Replicate Out to Detect Last Bit 111 ! IPRQ!Y. I - 674 - Cycles I 
Replicate Out to Swap In 111 tPRS - 1022 - Cycles 

Replicate Delay Time 131 1DR a 12 Degrees 

Replicate Cut Pulse Width IWRC' 50 75 100 ns 

Replieate Transfer Pulse Width twRT 80 100 120 Degrees 

MAP READ AND WRITE CYCLE TIMING 

ChU8Clemtic Symbol Min Typ MH Units 

Map Replicate to Detect tPMRD - 97 - Cycles 

Generate to Map Loop II 1 Transfer IPGT1 - 608 - Cycles 

Generate 10 Map Loop 112 Transfer IPGT2 - 605 - Cycles 

Map Loop Transfer-In 10 Replicate IPTR - 1028 l - Cycles 

Map Replicate Delay Time 131 IQRM a - 12 Degrees 

Map Replicate Cut Pulse Width l IWRCM so i 75 100 ns 

Map Replicate Transfer Pulse Width ; twRTM l 80 I 100 i 120 Degrees 

Map Transfer·ln Delay Time IOTM 270 - 330 Degrees 

Map Transfer-In Pulse Width twTM J 200 220 240 Degrees 

NOTES: I 1) Propag111on umn ere defined from the beq1nn1ng of the cycle 1n wn1ch the first 11gn1I occurs ta the beg1nn1ng of the cycle in which the 
!lecond 11gnet occura. 

(2) 0111 11 non·vol•ttl• at the end of the cycle in which the swap current 11 turned off. 
13) Thne parameter lim11a are guaranteed when the dflVtee 1a driven wtth the J( and Y current shown 1n Fiqure 4. 01v1111ona from thlH drive 

condmont may cauH th ... limits to change 1n atJtOlute angle. but the phHI range (max.-m1n.1 will rem11n H 1oeclfied. 
(4} G•n•r•t• pul .. width 11 defined from S0% amphtude on the ri11ng edge to 90% amphtude on the falling edge. 

® MOTOROLA INC. 
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MBM2011# 

Y Coil 
Current 

Gen 

SWAP 

Rep 

Detect 

Cycles 

Gen 

XFEA 

AMAP 

Detect 

Cycles 

RGURE 4 - TEST CONDmONS - X AND Y CURRENT WAVEFORMS 

o· so· 180" 

Dlltll Loope 
- WRITE __ __,., 

Map Loop 

270° 
360° 
= o• 

----' --- - ---,... __ _ 

RGURE 5 

· Control nming 
-READ-

!Same Location) 
584 Pulses, 1 Per Cycle 

I Pulse 

1 Pulse 

584 Bits, 1 Per Cycle 

~--JL Each function L J__n__n__n_ __n___Jl__fL_ 1~2:9;ulses. 
--- 2 Cycles I -11-11-JL __ _ 

~:~ ~: ~: 1028 + 2048n --I--97~ 
where n is an integer '31 
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FIGURE 8 - X, Y COIL TIMING 

-180" -90" 180" 210· 360"101° 90" 180" 270" 360" 

I I I 
CURRENT PHASE REQUIREMENTS 

XCoil~ -,..__ __ ....__----1_ i---
YCoil~ 

.._.__"-" _ __._ i--IWG~ !=;:t--~-..J..T"""____ i--- --+----------
1----IOG~ll 1,.....rt--+----+----;---+----+----+--~IG 

Generate i-----+--------1-11 

..L IT 
i~s----vlf I SWAP J I 'I. 

Swap i-----+--------i-----+----+--J~ ..... --------.:......rws--'-~~~1 
Tran~f: i------------1----i-----+--..r--!--twrM-l __ _....1,_I ______ _ 

-----IOTM-------1- z 
TwRc~ 1-- I l"-'--1------""--+------__, ITM 

Replicate 
Map 

Replicate 

l,-,j-IWRT-+---+-----+----+----1-----+----+---__,IRCIRCM 
IWRCM 1

/ ~llNRTM 
'-...,.-.+---+-----+----+----1-----+----+---~IRTIRT 

Detector 
Strobe 

1DR- f-- .I. .l !ORM 1so--:..._.Jr-/"11l-+----+---+---+-----+----t VoH 
1 11 ----------- VQL T T I I 

Timtng MeHuremenll 

f--twx-
Typical 

~ ~ 
Oriverl ...,,._SO% + 50% 
Input VQFF 
Voltage i--10 

1,..----...i-------+--------------- ION 
C!'rrent 50". -j.. .. . 'f..50% 
Pulse -------+---.J.tf---rw~ ""------+--------------- IQFF 
Signal 
Being 
Measured ----- Magneuc Cycle----­

TIMING OF PULSES WITHIN A CYCLE 

MECHANICAL SPECIFICATION 

Package 
The MBM2011A device is a 16-pin dual-in-line pack· 

age. The die is mounted on a printed circuit board car· 
rier attached to a beryllium copper leadframe and en· 
capsulated in plastic compound. Two orthogonal coils 
and a pair of permanent magnets enclose the die and 
the whole device is molded into a Mumetal shield. A Z 
coil is included in the device to facilitate testing and 
extended temperature range operation. 

Mechanical Data 
Package Size 

Package Weight 

'--------® MOTOROLA INC. 

1.15 x 1.10 x 0.36 in 
129.2 x 27.9 x 9.141 mm 

28 gm. 



ENVIRONMENTAL SPECIFICATION 

Tempet"ature Ranges 
(See "Absolute Maximum Ratings"), 

Extemal Magnetic Fields 
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 Tesu 
Die Visual 

Stabilization 
Bake 

Temperature 
Cycling 

External Visual 

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

As per MIL-ST0-8838, Method 1008, 
Condition C, 150"C for 24 hours 

As per MIL-ST0-8838. Method 1010, 
Condition B. 10 cycles -55"C .... 
125'C 

MIL-8838. Method 2009 

Qualification Testing 
Bond Strength 

Mechanical 
Shock 

Variable 
Frequency 

Thermal Shock 

Moisture 
Resistance 

Resistance to 
Solvent 
Solderability 

Lead Integrity 

Flammability 

------! 10,0. Jl'!I-----"" 

r· 111 .~ 
'4Q ,.,... I \ 

\\ . 010 \.I r ... 1 ______ , J!IO. 02~-------_,,,...--0, ... IJ02 

_.,,~,,.,,I 

MIL-883B. Method 2011.3. Condi· 
tion 0 · 

MIL-883B. Method 2002, Condition 
B: 1,SOOG 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-8838, Method 0 1004.3 

MIL-8838. Method 2015.1 

MIL·883B, Method 2003.2 

MIL-883B, Method 2004.3 

Needle Flame, IEC 695·2·2 

MotOfola reserve1 the riqht to malr.e cnanqes !O anv proeluc1s herern to 1mor0Ye rehab1h1v. I unction or design Motorola does not assume any 1tab1htv arisinq 
out of the aootiaoon or use of anv product or c11cu11 oescr1bed herein; ne11her does 11 convey any hcense under 11s pa1ent rights nor the riqhts ot others. 
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Advance Information 

GENERAL DESCRIPTION 

The SC42584 and SC42585 Bubble Memory controllers are 
monolithic HMOS integrated circuits which control the operation 
of the Motorola M8M2256 (256 Kilobit> and MBM2011 (1 Megabit) 
Magnetic Bubble Memories. respectively. They provide the inter· 
face between a Magnetic Bubble Memory (MBMl subsystem and 

. the user system, including data and map loop read and write, 
redundant loop management, error correction, and all bubble 
memory timing. The SC42584 and SC42585 are functionally equiv­
alent and pin-compatible. They differ only in data record length 
and bubble memory control pulse timing. They are packaged in 
40-pin dual-in-line packages with 0.6-inch pin row spacing. 

FEATURES 

• Single-Chip Integrated Circuit 

• Generation of All Bubble Memory Timing Signals 

• Operation of 1 to 8 Bubble Memories in Parallel 

• Complete Error Correction10etection 

• Dynamic Cata Buffering of 16 Bytes 

• Complete Redundant Loop Management 

• Direct 8-bit Microprocessor Bus Interface 

• Programmed, Interrupt, or OMA Cata Transfer 

• Power-Failure Interlock 

• On-chip Crystal-Controlled O~illator · 

• Simple Software Interface with Diagnostic Capability 

• Bootloop Write with Mechanical Interlock 

ABSOLUT! MAXIMUM RATINGS• 

CharHtllristlca Value Unit 

Ambient temperature with power applied 
Commercial device 0 10 + 70 .,c 
Extended-temperature device -S5to + 125 'C 

Storage Temperature l -65to+150 'C 

Voltage - any pin with respect to GNO -0.5 to+ 7.0 Volts 

Power dissipation 1.0 Watts 

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

Thie dOcument eomatnt 1nf0tm.c1on on • new proctua. Sp.eot1ation1 •net 1nformMron h•r .. n 1r• subj.cc to d'l•ftfl!t without notica. 

SC42584 
SC42585 

BUBBLE MEMORY 
CONTROLLERS 

FIGURE 1 - PIN ASSIGNMENTS 

ORO vcc 
07 XIN 

06 R'E'SET' ·-
05 XOUT 

04 STROSE 

03 CUT 
02 REP 
01 SWAP 

DO GEN 
5AC:R RMAP 

~ YS 

All YA 

~ XS 
A2 XA 

A1 SRCLK 

AO ~ 
INT WRtroJ 
DIN ~ 

MAPDATA CLKMAP 

GNO DOUT 

40·p1n dual in-line package; 
0.6-inch row spacing 
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SC4Z584•SC42585i . . 

PIN DESCRIPTIONS 

UsM Interlace 
RESET - If a command is executing, initiates an 

Data Bus 
(D7-D0) 

Address 
(A2-AO) 

cs 

INT 

DRQ 

orderly termination; resets and precon­
ditions internal registers and control 
logic. 

- Bidirectional transfer of data, com­
mands, and status between the user 
system and the controller. 

- Selects one of eight internal registers 
for bus transfer. 

- Chip Select-enables the user data-bus 
interface. 

- Read Enable - enables reading from 
the addressed register in conjunction 
with CS or DACK. 

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

- Interrupt - programmable to indicate 
data request or command completion. 

- Data Request - indicates that the 
contrtler JS ready for a data byte transfer 
to or from the user system. 

- Data Acknowledge - enables a transfer 
between the bus and the data butter in 
conjunction with RD and WR but inde­
pendent of A2-AO •. 

External Map Memory Interlace 
MAPOATA - Data from external redundancy-map 

memory. 

CLRMAP - Initializes (clears to zero) the redun· 

CLKMAP 

dancy·map memory address counter. 

- Rising edge increments the redun­
dancy-map memory address counter. 

- Enables writing data from the MBMls) 
to the redundancy-map memory. 

Supplies and Mlscetteneoua 
XIN - Crystal connections for controller 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 voltage: 5 V ;: 5 percent. 

GND - System ground. 

Bubble Memory Interlace 
DIN - Data In - serial data from MBM sense 

DOUT 

STROBE 

SRCLK 

. GEN 

. sw'AP 
REP 

RMAP 

cut 

XA 

XS 

YA 

YB 

amplifier lsingle-MBM bank) or parallel­
to-serial shift register (multiple-MBM 
bank). 

Data Out - serial data to MBM opera­
tion driver (single-MBM. bank) or to 
serial-to-parallel shift register lmultiple­
MBM bank). 

- Data timing signal - defines sample 
window for sense amplifier. Trailing 
edge latches detected data in sense am­
plifier. Leading edge latches data into 
operation driver in single·MBM bank. 

- Data 0timing for multiple-MBM bank. 
Loads data from sense amplifiers into 
a parallel-to-serial shift register. Trailing 
(rising) edge clocks data from a serial­
to-parallel shift register into the opera­
tion driver(s). 

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

9'.lPOUT. 
- Generate 

- Swap 

"'. Timing signals to op­
eratton driver· which 

R . control the corre-
- ephcate >- sponding currents. Cut 
- .Replicate Map current is produced by 
- Cut the conjunction of CUT 

and REP or CUT and 
.J RMAP. · · I 

- X coil positive cur·"" 
rent enable. 

- X coil negative 
current enab1e. 

- Y coil positive cur· 
rent enable. 

- Y coli negative 
currenl enable. ~ 

When the - A and 
- B signals are 

both high, the cor­
responding coil is 
ott and both ends 
are grounded. 

® MOTOROLA INC. 
2 



I 

DC ELECTRICAL CHARACTERISTICS !Vee = 5.0 Volts "'5% unless otherwise specified.I 

Parameter 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 
llOL = 2.0 mAI 

Output High Voltage 
llOH = - 500 I-IA) 

VoH for XA.XB.YA,YB {1) 

XIN Input Low Voltage 

XIN Input High Voltage 

Input Current 
!V1N = o to vce> 

Output Off-state Current 
{VOUT = .45 to Vee> 

Vee Supply Current 
{Vee = 5.25 VI 

INote 1) vce = 5 v. 
Vee= 2.s v. 

IOH = - 0.5mA 
IOH = -0.1mA 

AC ELECTRICAL CHARACTERISTICS 

P .. •meter 

Clocx Period 

Clocx High Time 

Clocx Rise nme 

Clocx Fall Time 

mE'f Pulse Width 

Reset Disable Delay 

ORO Turn Of Oelay 
. - ... 

INT Turn Off Delay 

13· & Addrff8 Set Up 

B & Address Hold 

nme Between Successive Im Pulses 

Read Data Delay 
iCL = 30 pF) 
ICL = 100 pF) 

Data Bus Turn Off 
ICL = 20 - 100 pFI 

WJi Pulse Width 

nme Between Successive WR Pulses 

Write Cata Set Up 

Write Cata Hold 

DIN, MAPOATA Set Up 

DIN, MAPOATA Hold 

DOUT Delay 

I 
I 
I 

1 
l 
I 

I 

Symbol Min 

V1L -0.5 

V1H 2.0 

VOL -
VoH 2.4 

VCOH 2.4 

Vx1NL -0.5 

VXINH 2.4 

l1L -
ioz -10 

ice -

Symbol Min 

ICY 100 

I ICH 0.4 

ICR -
ICF -

twRE 64 

IORO -... ... 
IDOR -

.. 
to1N'' - - -

lAS 25 

IAH 0 

IROFF 2.0 

IOOR --
I ioz 20 

1ww 200 

IWQFF l 2.0 

iosw 25 

IOHW 25 

101s 50 

tOIH 50 

1000 -

287 

Max Unit 

0.8 v 

vce+o.5 v I 
0.4 v 

- v 

- v 

0.4 v 

vce • o.5 v 

10 I-IA 

10 I-IA 

150 mA 

I Ma• Unit 

333 I ns 

0.6 ICY - .. - - "' 

25 ns 
.. . . -·· 

25 ns 

- ICY 

192 rev 

'joo 
.... . .... ..... 

ns 

150 ns 

- ns 

- ns 

- ICY 

:i5o ns 
300 ns 

100 I ns 

- ns I 
- 1 ICY 

I - ns 

1 - ns 

- ns 

- ns I 

100 ns 

-----® MOTOROLA INC.----------' 
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BUBBLE MEMORY DEVICE OPERATION 

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

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

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

To read data non-destructively, a replicate-cut-trans­
fer pulse is applied. This pulse causes a stretched bub· 
ble at the replicate gate of each storage loop to be cut 
into two full-sized bubbles with the trailing bubble trans· 
ferred to the output track while the leading bubble re­
mains in the storage loop. Bubbles in the output track· 
are then shifted to the detector which consists of a · 
matched pair of magneto-resistive elemenlS. Bubbles 
pass beneath the active detector element causing a 
change in its resistance, and are then destroyed. A con· 
stant current passed through the detector converts the 
resistance change into a voltage change. The reference 
detector element provides cancellation of noise induced 
by the rotating field, through the use of differential 
detection. 

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

SYSTEM DESCRIPTION 

The Magnetic Bubble Memory Controller provides the 
complete interface between a user system and a mag­
netic bubble memory subsystem. The user communi· 
cates with the controller via an eight-bit parallel bi· 
directional data bus which carries commands, data, 
status, and associated control information. This data 
bus is designed to connect directly to a microprocessor 
system. The controller contains eight internal registers 
which can be mapped via three address lines directly 
into memory locations or 110 ports in the user system. 

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

• MBM2256 and MBM2011 Magnetic Bubble Memories 
- 256 kilobit and one megabit devices respectively. 

• SC42468 Coil Pre-driver - provides the necessary 
drive for the X and Y coil drivers !MOS power FETsl 
and also provides power supply low-voltage detection. 

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

• MC34044 Sense Amplifier - provides the detector 
bias currents and bubble signal detection. 

The controller can operate 1, 2, 4, or 8 MBMs in par­
allel. each with its own support circuits. Parallel oper· 
ation multiplies. tne. single·MBM. physical page size and 
data transfer rate by the number of MBMs operated (1, 
2, 4, or Bl. Consecutive data bits are written to and read 
from adjacent MBM devices cyclically; therefore each 
data record is distFibuted acrgss .all the.MBMs. Sing!e. 
and multiple MBM systems are shown in Figures la 

·ana Jb ... 
The controller can be interfaced to several banks of 

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

A multiple·MBM bank requires additional compo­
nents as follows: 

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

2) a parallel-to-serial shift register which receives data 
from the sense amplifiers enabled by SYNC and 
shifts the data to OIN clocked by SRCLK. The bit 
length need be only as great as the number of MBMs. 

MOTOROL.A INC. 
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The controller accepts only the first two or four bits 
shifted in for corresponding bank sizes. 

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

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

CONTROLLER OPERATION 

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

User Interface 
The user interface is directly compatible with many 

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

Data Path 
The DATA BUFFER provides sixteen bytes·ofdynamic­

buffering between the 'user and the 'fJubole memory ·­
subsystem. Bytes are transferred in parallel between 
the buffer and the SHIFTER which performs the ser1al­
to-parallel conversion on data read from the MBM(s) 
through DIN or the parallel-to-serial conversion on data 
to be written to the MBM(s) over DOUT. 

When writing, the OUTPUT MAPPER inserts zeros 
into the data stream at positions corresponding to !he 
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 controller 
reads this data during initialization, and stores it in the 
MAP MEMORY from which it is retrieved during data 
read and write operations. The controller has on-chip 

map memory sufficient to store the map for one 
MBM2011 or two MBM2256s. For multiple-MBM banks. 
additional external memory is required; the controller 
provides all the control signals necessary to operate 
this external memory. 

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

The map loop also contains a synchronization pattern 
which is used to locate sector/page zero during initial­
ization. The map loop is normally loaded at the factory 
and need only be read to initialize the controller. 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 ma·p· 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 ~oop selection is ·not- required. The 
.WRITE MAP command allows specification of the de-

..... ~sired loop. . ...... - • • • · 
The format of the map loop data is shown in Table 3. 

Bubble Memory Data and Timing 
All the necessary MBM coil drive and function-gate 

timing signals are generated by the controller. The coil 
drive timing signals are sequenced on and off so as to 
start and stop the drive field in the proper phase. Data 
to and from the MBM(s) are transferred bit-serial. The 
signals STROBE, SYNC, and SRCLK are provided to 
clock this data. Control timing 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 riot used. 
The crystal or external oscillator frequency is 64 times 
the coil drive frequency. 

Reset and Power-Down 
The RESET pin provides internal preconditioning of 

® MOTOROLA INC. 
5 

289 



the controller logic on power-up or other system reset 
conditions and also acts as a power-down interrupt 
which provides an orderly terminationd any operation 
in progress with no loss of data in the MBMs. 

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

LPC: 
CMDR: 
MSR: 
SAA: 
RCA: 
SFR: 
STR: 

0000 
FF 
01 

0000 
00 
00 
C1 
01 

!TERMINATE) 

(while RESE'i' is active) 
(after RESET is removed) 

The system must be initialized after a reset to syn­
chronize the MBMls) with the controller. The user 
should load the SFA according to the system configu­
ration, and than execute an INITIALIZE command. 

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

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

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

Two types of errors can occur: 

1) Soft errors - due to t~ansient 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 MBMls}. 
The READ CORRECTED command rereads the er-

roneous block and sends corrected data to the user 
in most cases. The data should then be re-written to 
the MBMls) 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. !he other recal· 
culates the syndrome on the raw data received from the 
MBMls). This recalculated syndrome is compared to the 
saved syndrome from the READ DATA. If they are not 
eQual, the Soft Error bit is set indicating that the data 
reread was not the same as the originally-read data. If 
the error-correction circuit does not find a correctable 
error, the Uncorrectable Error bit is set. 

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

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

The controller also calculates and inserts an ECC field 
during a WRITE MAP operation. Th_is fielg is checked. 
during the INITIALIZE IL= 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. 

Regilters 
Eight registers are directly accessible by the user via 

the data bus. The desired register is selected by the 
three-bit address on A2-AO when CS is true llow). 
!DATA can also 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 ICMDR bits 7-2 will not be altered). The 
registers are summarized in Table 6. 

Symbol 
IAddresal 

CMDR 
1000) 

Name and Use 

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

SAAL 
(010) 
SARH 
(011) 

RCR 
(100) 

cuted by the controller (see 
Commands). 

- Multiple Sector Register - loaded by 
the user with the number (0 indicates 
2561 of sectors1pages 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) sector1page 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: 

Bit FunClion 

7 Not used. always zero. 

6 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 O before initiating a subsequent 
command. 

· O: Buff&r is -write·oAl-y· between 
commands. 
1.:. Bufter,_is .r.ead.·only betwe.en. 
commands. 

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

4 Half Buffer - causes DRQ to be set 
only when the buffer is at least half 
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 ORO 
according to Half Buffer and the num­
ber of bytes in the buffer is as follows: 

HB READ WRITE 
O: ;,, 1 byte .,. 15 bytes 
1: ;,, 8 bytes• < 8 bytes 

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

3 Enable READY Interrupt - causes INT 

SFR 
(101) 

STR 
.11.10) 

to be activated at the termination of 
any command. INT is cleared by read· 
ing STR or writing CMOR. May be set 
concurrently with bit 2. 

2 Enable ORO Interrupt - causes INT to 
be activated whenever ORO is true. 
May be set concurrently with bit 3. 

Page Addressing Mode - (see Sector/ 
Page Addressing)· 

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

0 Write Protect - prevents any WRITE 
command from being executed. A write 
protect error will be indicated if any 
WRITE (Map or Data I is attempted with 
Write Protect = 1. 

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

Bit FunClion 

7-3 Not used, always zero. 

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

1, O 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 CMDR 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 Meaning 

7 AOC 

6 WRO,WRM 

7&6 

5 ROO,WRO 

ROM (C=1l 

Soft Error - the recom· 
puted ECC syndrome did 
not match the previous 
syndrome (see Error 
Correction10etect1on). 

Write Protect bit is set 
command not 

executed. 

RESET pin is active (low). 

Sector/page Address Out 
of Range for the number 
of MSMs specified. 

Map compare error -
the data read from the 

MOTOROLA INC. 
7 

291 



MBM(s) did not match 
that in the map memory. 

/NIT Initialization error -
synchronization pattern 
could not be found. 

4 ADC Non-correctable error. 

3 all READS Data Error detected 
!ECCl. For ADC com· 
mand, indicates that er-
ror is in a different block 
than previous error. 

2 all READS Data Buffer overrun -
and WRITES the user did not read/ 

write the data buffer fast 
enough to keep up with 
the MBM data transfer 
rate, or the user at· 
tempted to read/write the 
buffer when GRQ = 0. 

all RO & WR Data transfer request 
!DRQ). 

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

DATA Data buffer - a 16-byte first-in-first· 
( 111) out /FIFO) buffer used for all data 

transfers. 

Sec:tcwlPage Addreuing 
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.in.dependent of the number of MBMs, 
and is determined only by the MBM type. 
Nore: A minimum block size of 64 bytes is required for 

the ECC. Therefore. a single 256K ·bit bank utilizes 
rwo physical pages per log1cal page. 

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

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

Regardless of the mode or number of MBMs, error 
detection1correction is performed on blocks of 512 bits 
(64 bytes). In general, there are multiple ECC blocks 
within a sector1page. 

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

292 

Logical Addressing 
Propagation of the bubbles along the input or output 

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

The controller maintains the current logical page/ 
sector address in the Logical Page Counter (LPC), a non· 
accessible register which is incremented by the appro· 
priate value during each active MBM cycle. The LPC is 
compared to the SAR to locate the desired page1sector 
for READ & WRITE command~. 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 multiple-page/ 
sector READ DATA command, replicates are performed 
"on the fly" as each logical page reaches the replicate 
position; however the extra propagation distance be· 
tween the replicate gates and the detector means that 
at the termination of a READ DATA command. the next 
logical address has passed the replicate position. The 
POSITION READ command will give minimum access 
time when consecutive logical pageSJsectors are to be 
read with single-page1sector commands. 

Comm•nds 
The user initiates operation of the controller by writ· 

ing a command byte into the command register (CMDR). 
The various commands are described below and sum· 
marized in Table 6. For each command, the value to be 
loaded into the CMOR rs given in binary with certain 
option bits which affect its operation. Use of the SAR 
and MSR is described where applicable. These reg1s· 
ters, when used, as well as the SFR and RCR, must be 
loaded prior to loading the CMOR. 

D•t• 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) 1s 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 indicaling that data 
transfer is required. The user then transfers one or more 
bytes to or from the buffer using WR or RO and either 
of the following: 

1) addressing Register 7 (CS=O, A2,A1,AO = 111). 

21 activating DACK (CS= 1, DACK= 0, A2-AO 
ignored I. 

The ORQ and DACK signals may be used with a sep­
arate direct memory access (OMA) controller. ORQ and 
INT (if used) remain active as long as data transfer i.s 
required. 

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

Notes: 

The WRITE DATA IS= Ol 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 ORQ since the buffer is 
known to be empty at the start of the command.) 

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

T8fminatlon end Status 
When the comma.nd. execution is finished, the 

controller: 

1 l sets the Ready bit and any other bits which are 
appropriate in the status register. 

21 if RCA bit 3 (Enable Ready lnterruptl is set. raises 
the INT pin to the active lhighl 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 ILPCI to zero. Then if L = 1, load 
the redundancy map memory with the map data. 

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

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

INITIALIZE should be executed after any of the 
following: 

1) Power off-on. 
21 Reset. 
31 Bank switching or MBM change. 

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

Register usage: None. 

Errors detected: 
Initialization error - the synchronization pattern 

could not be found on either pass. 
Data error - an ECC error was detected when read· 

ing the map data. 

CLEAR LPC (CLPCl CMOR = 0010 0000 

Clear the Logical Page Counter (LPCl to zero without 
accessing the MBM(s) or loading the map memory. Per· 
mits the user to synchronize the controller to sectort 
page zero without using the map loop(sl. 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 sy.n­
chronization pattern along wuh the data. 

POSITION IPOSl CMDR = OW10 1000 

Position the MBM data for minimum access time for 
a subsequent READ DATA IW=Ol or WRITE DATA 
(W = 1 l command. ROD and WAD will automatically po· 
sition the MBMlsi if required;. POS minimizes" ihe la· 
tency at the time the ROD or WAD is executed. 

Register Usage: 
Sta": SAR: Address of sector1page 10 be 

End: 

read or written by a subseQuent 
command. 

SAR: Unchanged. The SAR should 
not be reloaded prior to issuing 
the ROD or WRD command, 
even with the same address. or 
the effect of POS will be lost 
and the ROD or WRD ac:cess 
time will be excessive. 

WRITE DATA iWROl CMDR = 010M USOO 

Write one or more sectors1pages of data. Positioning 
is performed if the MBMls) have not been pre-positioned. 

M=O: 
M=1: 

Write one sector1page. 
Number of sectorstpages is specified 
in MSR. 
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U = S = O: Normal Write - user sends only data 
bits; zeros are inserted for redundant 
loops, and ECC bits are generated and 
appended. 

U = 1,S = O: Unmasked Write - user sends data 
for all loops including redundant and 
ECC bits. 

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

U = S = 1: NOT ALLOWED. 

Register Usage: 

Start: SAA: Address of (first, sector/page 
to be written. 

MSR: M=O: Not used. 
M = 1: Number of sectors1 
pages to be written. 

End: Norm: SAR: Address of last sector/page 
written + 1. 

MSR: M = 0: Unchanged. 
M= 1: MSA= 1. 

Erro.r: SAR: Address of the sector1page 
having the error. 

MSR: M = O: Unchanged. 

Errors detected: 

M = 1: Number of sectors/ 
pages still to be written in· 
eluding the one with the error. 

Write protect - write protect bit is set; WAD 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 (ROD, CMDR = OOOM USOO 

. Read one or more sectorSJpages of data. Positioning 
is performed 1f the MBM(sl have not been pre-positioned. 

M = 0: Read one sector1page. 
M = 1: Number of sectors/pages is specified 

in MSA. 

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 - all bits are sent 10 
the user; ECC is not checked. 

U = O,S = 1: Suppress Transfer-data are not sent 
to the user; ECC is checked and errors 
reported. 

U = S = 1: NOT ALLOWED ( = ADC command,. 

Register Usage: 

Start: SAA: 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 sector1page 
read ... 1. 

MSR: M = O: Unchanged. 
M= 1: MSA= 1. 

Error: SAR: Address of sector/page having 
the error. 

MSR: M = 0: Unchanged. 
M = 1: Number of sectors/ 
pages still 10 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 tECCl - 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 termin.ated immediately. 

READ CORRECTED tADCI CMOA = 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 RCA. 

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 ADD 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 sector1page will be completed re· 
gardless of errors or the Stop On Error bit. See Error 
Detection and Correction. 

Register Usage: 

Start: 

End: Norm: 

Error: 

No registers may be loaded be· 
tween the end of READ DATA 
and the issuing al READ 
CORRECTED. 

SAA: Address of next sector/ 
page. 

MSA: Remaining sector1page 
count. 

SAR & MSA: Unchanged. 
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Errors detected: 

Soft error - the recalculated ECC syndrome did not 
match the saved syndrome. 

Uncorrectable error - the error was not correctable. 
Data error - an error was detected in another ECC 

block. 
Overrun - the command is terminated immediately. 

TERMINATE (TEAMI CMDA= XXXX XX11 

Terminate the current operation at the end of the cur· 
rent page (I= 01 or terminate immediately (I= 1 I. TER· 
MINATE permits aboning of any command in progress 
at any time. 

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

Register Usage: Buffer (FIFOI pointers are reset. 

Errors detected: Depends upon the command being 
executed. 

READ MAP IRDMI CMDRz 1000 COOO 

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-sign1f· 
icant bit in the byte. In a multiple·MBM system, bits 
from the MBMs are interleaved. 

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

C = 1: Check Dara - only the M-field and ECC-field 
are sent to the user; ECC checking is per· 
formed. and the map data IM·fieldl are com· 

pared to the contents of the map memory. 
Errors are reponed. 

Register usage: none. 

Errors detected: 

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

Data error IC= 1 only) - an ECC error was detected 
I map error correction is not performed by the 
controllerl. 

Overrun - the command is terminated immediately. 

WRITE MAP IWRMI CMDA= 1100 NOOO 

Write map loop 1 IN= 01 or 2 IN= 1) with user-sup· 
plied data. The user must supply the entire map loop 
contents (64 or 128 bytes per MBMI including the sync 
pattern as described under READ MAP. However, the 
ECC-field bits are ignored and replaced by ECC bits 
generated by the controller. 

Register usage: None. 

Errors detected: 
Write protect - the write protect bit is set; WRM 

is not executed. 
Overrun - the command is terminated immediately. 

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

TABLE 1. BUBBLE MEMORY CAPAcmES 

MBM2251 MBM2011 

Number of data loopa: 282 584 

Number of redundant loopa: 20 60 
Number of loops used for ECC: 5• 12 

Number of usable data loops: 258 512 

Number of bits per loop: 1024 2048 

I Number of bits of data storage: 262,144 1,048.576 

Number of map loops: 2 
i 2 

l Number of bits used in map loops: 512 l 1024 

• ACtually 12 bill in every other phy11cal page. 

MBM Number 
Type of M8Ma 

2256 1 
2 
4 
8 

2011 1 
2 
4 
8 

TABLE 2. EXTERNAL MEMORY REQUIREMENTS 

Exl.,,.•I Memory Required lbltal 
SFR bit 2 " 0 , 

0 282 
0 564 

534 1128 
1682 2256 

0 584 
574 1168 

1742 2338 
4078 4672 

Minimum reQuirement; additionat bits are not used. 
Memory must be configured one bit wide. 
Internal Map Memory capacity: 594 bits. 
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TABLE 3. MAP LOOP FORMAT 

Pattern: Field 

MM·--MM Map Data 

EE-·· EE ECC I 
UU ·-UU User 

00 ·-001 Svnc 

x x 
111 Each bit martca the corrnoonding dltl loop: 

M • 1 : good loop. 
M • O: redund1n1 IOQC:t. 
For correci oper1t1on. there should be e11eacily 262 f256KJ or 524 {1 Ml ls 1n th11 field. 

121 Error Correction (Fire) Code - appiie1 only over the Map Cata fieid. 

Number of bits 

256K I 1M Note 

282 584 (11 

12 ' 12 (21 I 
152 362 (31 

65 65 (41 

1 1 (5} 

131 Mav be used for any purpa1e such H an 1dent1ficat1on number. However, 1t must not conr11n any seQuance of 84 zeros followed by a one. Such a 
p1n:ern wdl be r9C09n•Hd H a 1vnc p1ttern and cause incorrect 1nni1hzat1on. 

141 Synchron1.i:.t1on p1nern - 64 ZERO• followed by a ONE. 

151 Thi1 bit 11 1lr.ipped after 1ync1•uon111uon 11 ntabliahed before reading the first Map Oata bn. 

Pulu 

XA 
shut down 

XS 
sta" up !XS offl 

YA 
YB 

sll" up (YB off} 
shul down 

GEN 
SWAP 
MAP TR-IN !SWAP pin} 
CUT 
REP 
RMAP 
STROSE 
!rYm! 
SRCLK 
mFml 
CLKMAP 
WlffMJ5 

1 unit 1 oscillator cycle. 
= 1 '64tll magneuc cycle. 

5.625 degrees of rotalion. 

TABLE 4. NOMINAL CONTROL PULSE TIMING 

256 K 

Start Width Steri 

33 • 31 33 
12 - 12 , 31 1 
46 

I 

- 46 
49 31 49 
17 31 17 
62 - 62 
60 - 60 

17 2 17 
53 63 53 
53 39 53 
0 3 63.5 
1 20 1 
1 20 , 

34 12. 34. 
0 4 0 

0.8 •. " 4 0,8, ... 
0 46 0 

0.8 •.. 4 0.8 •... 
3,11,. 4 3. 11 .... 

REFERENCE: SRCLK zero (0} transouon. 

Al~s l " SO ns except: 

125 ns at 125.000 bots per second. ~f 
...100 

0 ns 
= 156.25 ns at 100,000 bits per second. 

Type of code: 

Generator polynomial: 

No. of data bits per ECC block: 

No. of check bits per ECC block: 

Total bits per block: 

Correctable errors: 

TABLE 5. ERROR CORRECTION CODE SUMMARY 

Fire Code. 

(x5 + 1Hx7 + x6+ xS ... x4 ... x2 +x ... 11 

512 (282 or 584 for Map loop} 

12 

524 !294 or 596 for Map loop) 

any burst of 1 to 3 bits. 

Aecfund•nt loop blt9 Ind interieaved Zllf'OI •n the maQ fi.eld are not included in the ECC operation. 

MOTOROLA INC. 
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Width 

31 
-
31 -
31 
31 
--

2 
63 
39 
2 

18 
18 
12. 
4 

4 
46 
4 
4 

296 



I 
I 

TABLE 6. REGISTER AND COMMAND SUMMARY 

Addr Reg. i Reset 

0 CMDR i FF 
1 MSR 01 
2 SAAL 00 
3 SAAH 00 
4 RCA 00 
5 SFR 00 
6 STA 01 • 

7 DATA -
C1 while REID is active. 

Bit 

7: 
6: 
5: 

4: 
3: 
2: 
1: 
O: 

MBM 

2256 

2011 

0 
a 
o 

0 
0 

SFR 

E•ternal Map 

l LOQ2 
# MBMs 

Number 
of 

MBMo 

4 

8 

I Cmd. Byte Option bits 
i ROD OOOM 

ADC a a a a 
WAD 010M 
POS OW1 0 
ROM 1 a a a 
WRM 1 1 a a 
!NIT 1 1 1 1 
CLPC a o 1 o 
TERM 

RCA 

Read Butter Enable 
Stop on Error 

Half Butter 
Enable READY Interrupt 
Enable DRQ Interrupt 
Page Mode 
Write Protect 

TABLE 7. SECTOR AND PAGE SIZES 

Sector 

Length Number of 
!Bytes) Sectors 

. 256 128 
256 256 
256 512 
256 1024 

512 256 
512 512 
512 1024 
512 2048 

usoo M: Multiple 
I 1 00 U: Unmasked 
usoo S: Suppress transfer 
1 a oo W = Wf1te position 
cooo C: Check data 
NO 00 N= Loop #2 
L100 L = Load map memory 
0000 
. -11 !: Immediate 

STA {applicable command) 

Soft Error 
Write Protect 
Out of Range 
Map Compare Error 
Initialization Error 
Non-Correctable Error 
Data Error 
Overrun 
ORO (data request) 
Ready 

Length 
!Bytes) 

54• 
64 

128 
256 

64 
128 
256 
512 

IRDCI 
iWRD.WAMI 

!ROD. ADC. WADI 
IRDMI 
llNITI 
IADCI 

Page 

I all RD. INIT) 
!all RO.WAI 
(all RD;WRI 

lalll 

Number of 
Pages 

512 
1024 
1024 
1024 

2048 
2048 
2048 
2048 

• A m1n1mum block size of 64 t>ytn 11 reQuued for the ECC. Therefore. a single 256K·b1t tlatil: u111tzes two phy11ca1 paqH per tog1cal paqe. 

Physical page length: 

Inter-page gap: 

Logical page separation: 

TABLE 8. PAGE SEPARATION AND LATENCY 

258 K 

282 

15 

297 

MEGABIT UNITS 

bits 

bits 

bits 

i Paqe transfer time fincL qapl: 297 11) 

584 

17 

601 

601 o:ycles 

Read and write latency 121 
READ DATA !ADDI 
after POSITION REAO 131 
after ADD. next logical address 
random address \ min: 

i max: 
WRITE DATA !WADI 
after POSITION WRITE 131 
after WAD. ne•t logical address 131 
random address l min: 

I max: 

User peak data transfer rate {41 
r,, 125 kHz: 

ra 100 kHz: 

11 l 594 cyclu for single M8M2256 12 physical pageal 

181 
1024 
463 

1486 

0 
1 

1024 

N·1s.s25 

92 
2048 
676 

2723 

1 
2048 

N•12.soo 

cycles 
cycles 
cycles 
cycles 

cycle 
cycles 

bytes.sec 

bvtes:sec 

131 Provided thal the SAA is not reloaded between commands. 

i 

I 
I 
I 

I 
i 

!21 Number of MBM magnetic eyelet before MBM data transfer oeg1n1 -
there i1 an addiuonal overhead delay in tne con1ro11ar ot between 1hree 11nd 
four cyclff from the loading of the CMOR lAOOl or first data byte fWAO). 

14) 1,, Field frequency. N ..., number of MBMs operatinq in parallel. 

This is the peak burst rate; average rate 1s reduced bv the ratio 

of the number of bits transferred to the total paqe transfer time. 

MOTOROLA INC. 
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User 
Bus 

Svatem 
Reset 

FIGURE 2 - MAGNETIC BUBBLE MEMORY FUNCTIONAL DIAGRAM 

Map 1 

Map 2 

Data a 

SWAP 

Data N 

Cool• 

FIGURE 3a - SINGLE·MBM SYSTEM 

GEN 
SWAP 

CUT 
REP 

RMAP 

Controller 

XA.XB 1---+--+---~ 
YA.YB 

Aun 

~ 

Cool 
Pre· 

Driver 

~ 

Coil 
Or. 

Coil 
Or. 

Common 

Detector 

Reference 

'----Active 

Replicate 

GND 

OtN1 01N2 

~ Operation 
Driver 

IM 

SWAP REP GEN MAP 

x 
Magnetic 
Bubble 

Memory 

y 

A 

In~ In-
Clamp 
Strobe Sense 

Amp 

ce 
Out 

RESET OtN 14----+-------------------' 
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AGURE 3b - MULTIPLE-MBM SYSTEM 

SRCLK Clock 
DOUT Data Serial - Parallel 

Controller J 1 
OD --- OD ~ ---

--,. CPD! MBM --- CPD1 MBM 

STROBE SA ---1 SA 

l ---- J 
c==::j Clock 

Datti Par.Load 
Parallel - Serial 

DIN 

FIGURE Jc - MULTIPLE-BANK SYSTEM 

To~ Tote 
On CPD On CPD 

Controller And SA And SA -----
-

Bank.,, Bank #N 
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07-00 

RGURE 4 - EXTERNAL MAP MEMORY CONNECTION 

~ _____ ,__ ___ --+----._ 

A CP A GP 

4 4 
Controller 

Address 

~1-------<l ~ 

MAPOATA --------tOO 01 

R GP Address 
Counters 

'-----' eg.(3)74LS161 

4 

MAP MEMORY 
IRAM OR PROM) 

DIN-------------------- Data From 
Sense Amp 

RGURE 5 - CONTROLLER BLOCK DIAGRAM 

Data 

Butter 

GMOR 
MSR 
SAR 
RCA 
SFR 
STA 

Error 

Correc· 
t1on 

Input 
Mapper 

Map 

Memory 

Output 
Mapper 

osc 

& 

Or Parallel to Serial 
Shift Register 

DIN 

CiJfMAl5 
GLKMAP 

MAPWR 

MAPOATA 

OOUT 

A2-AO _ _,,..__-i 

~.~----.... 
~.~----.... 

User 
Interlace 
Control 

riming 
Generator 

XA.XB,VA.YB 

GEN.SWAP 

GUT.REP.RMAP 

SRCLK.SY'NC: 
STROBE 

'-....---..---' 
INT.ORO _ _,,.__ __ _. 

Vee GNO XIN XOUT 
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AGURE 6 - MAP WRITE SWITCH AGURE 7 - CRYSTAL OSCILLATOR CIRCUIT 

XIN 

Vee 

Voo Vsoost 
Controller 

- SWAP lal 

XIN XOUT 

270 

DPOT Switch 
(shown in normal pos1tiont 

* 20pF 

AGURE 8 - USER INTERFACE TIMING 

rcv---J 
l=-icH-l I 

-1 !--tcR -t 1-- !CF 

twAe \ • •I f- twRe-1 

~or 
At5 or WA" 

OAQ 

lbl 
Controller 

XIN XOUT 

Square NIC 
Wave 

Source 

f.---.jiooA 

~~~ 
-.J j-tORO 

At5 ISTRI 
WA ICMDAI \~----

Control } 
Outputs 

A2-AO 

READ 

WAITE 

Act~1nact1ve 
INT 

~'------/ 
I I 

:::::X X.___ 

OB-------< ,__ ___ ,, 
iooA --j f--~ I- toz 

I I I I 
WR~~ 

f- tww -+ 'WOFF -1 
OB ::::x ______ x:----

-1 f-iosw-j f.-toHW 
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1 
MBM 

2 
MBMs 

4 
MBMa 

FIGURE 9 - DIN, DOUT. ANO MAP MEMORY TIMING 

SRCLK 

J~:PDATA~ 
lDour 1 2 

'-~~~~~~~~~~~~~~--' 

8 MAPDATA l DIN 

MBMs 

DOUT 

CLKMAP-1J 

_J 1-- 0 to 100 na (see Table 41 

SRCLK 

IDIS--f -1 
I IOIH -

~-L~IOIH 
MAPDATA 

DIN ~ 
'DOD-j /-

OOUT ==<== 
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FIGURE 10 - CONTIIOL SIGNAL TIMING 
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Mo101ola reserv.rs tne right to make changes 10 any products herein 10 improve rehabthty, function or dM1gn Motorola does not assume any hab1llty ans1nq 
out of the apphcat1on Of use of anv prOduct or crrcu1t descnbed herein: neuher does H convey anv 11cense under 11s pa1en1 119hrs nor the righlS ol others 
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Advance Information 

GENERAL DESCRIPTION 

THE SC42468 Bubble Memory Coil Pre-driver is a monolithic 
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 voltages. These 
circuits provide an interlock signal which can be used to provide 
an orderly shut-down so as to prevent loss of data in the event 
of a loss of D.C. power. The SC42468 is packaged in a 20-pin dual 
in-line package. 

FEATURES 

• Level Shift from TTL to Coil Drive Voltage 

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

• Coils Grounded When not Operating 

• Interlock Disables Operation Driver When Coils are not Being 
· Driven 

• Under .. vottage Detection and lnteflOCic- - ··-- --- -·-- -· -· - - -·-

• Chip Select Input for Multiple-Bubble Systems 

ABSOLUT! MAXIMUM RATINGS• 

Ch•rectllristlc Value l Unit 

Storage Temperature I -65 to • 150 'C 

Ambient temperature with power applied 
Commercial Device 0 to .. 70 'C 
Extended·temperature Device -55 to .. 125 'C 

Voltage - Yoo and Coil Drive OutputS -0.5 to + 15 Volts 

Voltage - any other pin to GND -0.5to +7.0 Volts 

Output Driver Current 180 mA 

Power dis11oation 1.2 Watts 

• Absotute Ma•1mum Rat1ng1 ind1c•1• lim1t1 t>evond which permanent damaqe may occur to 
the device. Proper ooer11ron of the d1N1ce reQuirn that 11 be limited 10 the cond1t1on1 
specafied under OC Elmricat Characteri111ca. 

Thie document contatns 1nformat1an on I nllW product. Spc1tic..lion• and 1n ormat1on herein 

I 

20 

voo 

YAOC 

Gnd 

YAO 

YBO 

YBOC 

YB 

YA 

Run 

SC42468 

BUBBLE MEMORY 
COIL PREDRIVER 

PIN ASSIGNMENTS 

• 

20-pin Dual ln·line 
Package: 0.3·inch row spacing 

I;, lo<IQTOAOlA 1Ji1C I ~3 
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XAO 

XBO 

XBOC 

XB 

XA 

~ 

VSENSE 

VREF 

vcc 
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PIN DESCRIPTIONS 

Inputs 
cs 

XA 

XB 

YA 

YB 

Chip Select - enables operation of the coil 
pre-driver. 

X coil positive current enable. 

X coil negarive current enable. 

Y coil positive current enable. 

Y coil negative current enable. 

Supplin and Miscellaneous 
Voo Coil driver supply voltage. 

Vee Logic supply voltage. 

VREF Reference voltage for sensing circuits. 

VseNSE - Voo sensing input. 

GND System Ground. 

Outputs 
XAO 

XAOC 

XBO 

XBOC 

YAO 

YAOC 

YBO 

YBOC 

X-coil positive-current N-channel driver 
enable. 

X-coil positive-current P-channel driver 
enable. 

X-coil negative-current N-channel driver 
enable. 

X-coil negative-current P-channel driver 
enable. 

Y -coil positive-current N-channel driver 
enable. 

Y-coil positive-current P-channel driver 
enable. 

Y-coil negative-current N-channel driver 
enable. 

Y-coil negative-current P-channel driver 
enable. 

RUN Indicates that the X and Y coils are being 
driven - enables the operation driver. 

PONO Power Down Ourput - indicates that at 
least one of the power supply voltages is 
below its minimum operating value. 

AGURE 1 - FUNCTIONAL DIAGRAM 

r-----~~-~---~-~--~--------~ 
XA-·-r..., ________ --1 

I 
I 
I 
I 1------

~------.. 

I 

------------- _____ ..J 

XAO 

XAOC 

XBO 

XBOC 

Run 

r----
YA --1 

I 

-----, r-- YAO 

I Identical i-YAOC 

I Circuit L_ YBO 
---1 I 

1 '--YBOC 

~-------r-----------------~ 

vs~:esFe~,....--..... 1 '~:;''I~ ------------0 Pl5"1W 
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. SC42468". 

DC ELECTRICAL CHARACTERISTICS !VREF • 2.50 V :: 1 %, TA = 25'C) 

P•ram- Symbol 

Coil Supply Voltage voo 

Logic Supply Voltage vcc 

Current from Voo_ 100, 
1v00 = 12.0 v. cs = 01 

Current from Voo_ 1002 
!Voo = 12.0 v. cs = 11 

Currant from Vee ice 
1vcc • 5.25 vi 

Current from VREF IREF 
!VREF • 2.525 VI 

Logic High In Voltage ITTl) V1H 

Logic Low In Voltage ITTll V1L 

Logic High Out Voltage ITTll VOH 
Ho· -o.4 mAl 

Logic Low Out Voltage ITTll VOL 
Ho - 1.SmAI 

Logic High In Current l1H 
(V1 = 2.7 v. Vee - 5.0 VI 

Logic Low In Current llL 
!V1 = 0.4 v. Vee • 5.0 Vl 

Driver High Out Voltage ICMOSI vooH 
HooH • -10 mAJ 

Driver Low Out Voltage ICMOSl vooL 
!IDOL • 10 mAI 

Oriv•r High Out Current IDQH 

Driver Low Out Current 'DOL 
Input CapK1tarw:8. ....... .. C1N 

Vee Detection Threanold VTcc 

VseNSE Detect l'hl'ftftold .. .. ''' . .. ... VTS 

Vee Power Up Enable vecc 

Voo Power Up Enable Veoo 

AC ELECTRICAL CHARACTERISTICS IVoo = 10.8 to 13.2 v. TA = 25'Cl 

Para met• 

Output Rise Time 
ICL = 450 pf) 

Output Fall Time 
ICL = 450 pFl 

CS• to Driver Out 
ICL = 450 pFl 

cs• to RUN Delay 

Other In to Driver Out 
iCL = 450 pf) 

Other In to RUN Out 

Symbol 

Ir 

,, 
•oco 

'OCR 

1010 

IOIR 

MOTOROLA INC. 
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Min Mu Unit 

9.0 14.5 Volts 

4.75 5.25 Volts 

- TSO 
I 

mA 

- TSO mA 

- TSO mA 

- TSO µA 

2.0 - Volts 

- 0.8 Volts 

2.7 - Volts 

- 0.4 Volts 

- 20 µA 

- -40 µA 

vo0 -6.3 - Volts 

- 0.2 Volts 

-250 - mA 

250 - mA 

- 15 pF . . 

TSO TSO Volts 

TSO TSO Volts 

TSO TSO Volts 

TSO TSO Volts 

Min Max Unit 

- 35 ns 

- 35 ns 

- 300 ns 

- 300 ns 

- 150 ns 

- TBO ns 



FIGURE 2 - SIGNAL WAVEFORMS 

~ ~::n j 
0.4- --~ 

~:= ~= , 1 r-----
Voo - o.3 -----

x. :oo-2.0- I I I 
Outputs 2.0 _ 

0.2-----'l 

2.7-

Run 1.4-
0.4-----Jt 

OPERATION 

IOCR 
IOIR 

11 

The magnetic bubble memory device requires a ro· 
taring magnetic field which is produced by the inter· 
action of two orthogonal (X. YI coils mounted inside the 
package. A uniform rotating field would be produced 
by driving the coils with sinusoidal currents displaced 
by 90" in time. In actual practice, an approximately tri· 
angular current waveform is produced by applying a 
voltage pulse to each coil through transistor switches 
and allowing the inductance of the coil to integrate the 
voltage into a current ramp. The pulse dura11on is small 
relative to the time-constant of the coil and series tran· 
sistors so that the current ramp is approximately linear. 

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

tOCR 
to1R 

ioco 
1010 

~- ~.-, 

grounding both ends of both coils. When either coil is 
in the off 51ate (XA,.XB=high, or YA,.YB=high), the 
RUN output is held low to disable the Operation Driver. 

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

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

The Power Down tPONOI signal is active-low and 
goes low whenever either Vee or VoD drops below its 
normal operating range. Vee is sensed internally, but 
since Voo is variable (dependent on the operating fre­
quency) it is sensed through the VseNSE pin using a 
voltage divider IR1 and R2I from Voo· At nominal Voo. 
VsENSE should be 2.90 volts.When power is applied, 
PONO is held low until both Vee and Voo have reached 
their operating values. PONO has an open-drain output 
and may be externally wired-ored. 

MOTOROLA INC. 
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XA 

xB 

VA 

VB 

R'Hei 

Controller 

Sva 
Rff 

FIGURE 3 - TYPICAL COIL WAVEFORMS 
IX.COIL IDENTICAL. PHASE SHIFTI:DI 

(11 ASSUMING X..COIL ALREADY BEING DRIVEN 

FIGURE 4 - TYPICAL APPUCATION 

Vee 

VREF R1 

R2 
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XB XAOC 

YA XAO 

YB XBO 

VAOC 
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Motorol• reserww 1ne rignt 10 make Cha"989 10 •nv products herein 10 improve re1ta1>1111v. lunc:t1on or desHJn Motorola dOes noc assume anv haOthty arising 
out of the epphcat1on or UM of env prOduC1 or c1rcun deSCribed hltl'a1n; ne1thef' does 11 convey i1nv lt<:ense under its oatent ri9n1s nor the rtghts of others. 
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M "" ROIJ&. 

BUBBLE MEMORY PRODUCTS 
7402 SOUTI+ PRICE ROAD •TEMPE, AZ. 85283 

Advance Information 

GENERAL DESCRIPTION 

The MC340465 and MC340475 Single Bubble Memory Opera· 
tion Drivers are monolithic bipolar linear integrated circuits which 
generate controlled-current pulses for the generate. swap, repli· 
cate and map·loop operations in a magnetic bubble memory de· 
vice. The MC340465 and MC340475 are pin-compatible and spe· 
cifically designed to drive the Motorola MBM2256 1256·kilobitl 
and MBM2011 (one-megabit} bubble memories respectively. They 
differ only in the amplitudes of the current pulses generated. Each 
Operation Driver can drive one bubble memory. Basic control/ 
timing signals are input to the Operation Driver from the bubble 
memory controller. Each circuit contains a voltage booster to pro· 
vide the high-voltage 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 

• Single Bubble Memory Drive Capability 

• Controlled-current Sinks Assure Proper Currents Independent 
of Variations in Bubble Gate Resistances 

• Currents Independently Set by External Precision Resistors 

• Temperature Compensation of Currents Via External Thermis­
tor if Desired 

• GENERATE Pulse Specially Shaped to Prevent Multiple Bubble 
Generation 

• Pulse Time-out Circuit Protects Against Physical Damage in the 
Event of a Stuck Input Timing Signal 

• On-chip High-voltage Source- System Interlocked until Proper 
Voltage is Present 

• Chip Select Input for Multiple-bubble Systems 

• Full Map Loop Read and Write Operation 

ABSOLUTE MAXIMUM RATINGS• 
CharHtari.UC V•lue Unit 

Storage Temperature -65 IO + 150 ·c 
Ambient Temperature with power applied 

Commercial Device Oto +70 'C 
Extended-temperature Device TSO 10 +85 'C 

Voltage - VaoOST· IND. IREP. ISWAP -0.2 to +35 Volts 

Voltage - IGEN1. IGEN2, IMAP -0.2 to +20 Volts 

Voltage - Vee -0.210 +7.0 Volts 

Voltage - any other pin to GNO -0.2 to +6.0 Volts 

Power dissipation TSO Watts 

•Absolute M1ximum Aatlnga indtcate limira beyond whicf'I permanent damage m1y occur 10 

the devlCe. Proper operation of the device requirn th•t it be limrted to 1he condition• 
specified under OC Electrical Ch1r1cteti1tic1. 

Th11 document contains 1nfcrmauon en a new product Spec1hcauons and informa11on hi11re1n 
are su01ect to chanqe w1t'1ou1 no11ce. 

MC34046S 
MC34047S 

SINGLE 
BUBBLE MEMORY 

OPERATION DRIVERS 

PIN ASSIGNMENTS 

Gen • 
D1N2 

D1N1 

GSET 

IGEN2 

IGEN1 

Gnd 

IND 

vcc 

ISWAP 

Gnd 

RC SET 

28-pin Dual In-line 
Package: 0.6-inch row spacing 

C -.tOTOAOL.A INC !'JI] 
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MC34046S • MC34047S: 

Inputs 
cs 

D1N1 
D1N2 
SYNC 

GEN 

SWAP 

REP 

RMAP 

CUT 

Outputs 
.IGEN1 
IGEN2 

ISWAP 

IREP 

IMAP 

PONO 

PIN DESCRIPTIONS 

Chip Select - enables the Operation 
Driver. 

Data inputs (two channelsl. 

Data input clock (rising edgel. 

Trigger for GENERATE current pulses. 

Enable SWAP current pulse. 

Enable REPLICATE current pulse. 

Enable MAP-REPLICATE current pulse. 

Timing for CUT portion of REPLICATE and 
MAP-REPLICATE current pulses. 

GENERATE current pulses (two channelsl. 

SWAP current pulse. 

REPLICATE current pulse. 

MAP-REPLICATE. current pulse. 

Power Down Output - indicates that 
VeoosT is below its minimum operating 
value. 

Suppli• and Mlscellaneous 
GSET GENERATE current set. 

SW SET 

TOSET 

RCS ET 

vcct21 
VREF 

VeoosT -
IND 

GN0(41 

SWAP current set. 

REPLICATE·TRANSFER current set. 

REPLICATE-CUT current set (adds to 
TRANSFER current). 

Power supply voltage (2 pinsl. 

Reference voltage used to set currents. 

High-voltage power supply output. 

Inductor and diode used in voltage-boost 
circuit (see application diagraml. 
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FIGURE 1 - FUNCTIONAL DIAGRAM 
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DC ELECTRICAL CHARACTERISTICS (TA = 0 to 70"C. VReF = 2.50 v = 1%1 

P•r•meter Symbol Min MH Unit 

Power Supply Voltage vcc I 4.75 i 5.25 Volts 

Power Supply Current ice - 100 mA 

Current from VREF IREF - 2.0 mA 
(VREF = 2.475 VI 

Boost Supply Voltage vaoosT 28 35 Volts 

Logic High In Voltage VtH 2.0 - Volts 

Logic Low In Voltage V1L - 0.8 Volts 

Logic Low Out Voltage VOL - 0.4 Volts 
llO = 4.0 mAI 

Logic High In Current ltH - 10 µ.A 
!V1 • 2.7 VI 

Logic Low In Current llL 
I - -1.6 mA 

!V1 • 0.4 VI 

Output Leakage Current IOL - 100 µ.A 
!Output Offl 

IREP, !SWAP Saturation VSATH - 6.0 Volts 

Saturation Voltage - Other Outs VSATL - 3.0 Volts 

Not8: The Bubble Memory Controuer WRITE MAP command 1nould no1 be ••ecu1ed more often than once per second. 0t the Operation Driver 
maximum PoWef' diHI011t1an llmtt will be exceeded. 

MC34CMIS ONLY (VREF = 2 SO V • 1% Current Set Resistors = 6 04 kll • 1% each! - -
Ch•rHterinlc Symbol Min Max Unit 

Generate Current 113 !80 i!20 ... mA· 

SWAP Current isw 25 . 31 mA 

REPL· Tranafer Current IRT 28 42 mA 

REPl·Cut Current !Note 1) ... .... --IRC-· . .. -· .75 - • .g5.· -· mA 

MAP-REP-Transfer Current IMT 28 42 mA 

MAP·REP·CUT Current (Note 11 IMC 75 95 mA 

MC34047S ONLY (VREF • 2 SO V -1% Current Set Rni11ors = 6 19 kll • l°'o each! - -
Generate Current I IG ] 190 230 mA 

SWAP Current l isw 1 16 20 mA 

REPL· Transfer Current I IRT l 30 40 mA 

REPL·CUT Current (Note 1 I I 1RC ] 130 lSO mA 

MAP-REP-Transfer Current ] IMT l 16 20 mA 

MAP·REP·CUT Current (Note 11 I IMCI 
I 65 75 mA I 

Notll 1: CUT currenl 11 the sum of the currents determined by the r11111ort connected 10 TOSET and RCSET. 

AC ELECTRICAL CHARACTERISTICS IT A = O to 70"Cl 

P•r•meter 1 Symbol Min MH Unit 

DIN Setup nme tDsu 50 - ns 

DIN Hold nme fDH 50 - ns 

CUT Current Risetrme 'CR - so ns 
!MC34047S onlvl 

Other Out Current Rise tr - 100 ns 

IGEN Current Fall tGF 200 400 ns 

CUT Current Falltime ICF - 100 ns 
!MC34047S onlyJ 

Other Out Current Fall If - 200 ns 
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AC ELECTRICAL CHARACTERISTICS fCon11nuedl 

Parametllf' 

IGEN Pulse Width 

CS to any Output 

GEN to IGENx Delay 

SWAP to ISWAP Delay 

Other ln·Out Delays 

SWAP Time-out 

REPL·Transfer Time·out 

AEPL-CUT Time-out 

GEN to SYNC 

OPERATION 

The magnetic bubble memory device requires a se· 
ries of current pulses of proper timing, amplitude. and 
shape to generate and route the bubbles. These pulses 
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 pulse 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, IGENl and IGEN2, 
can drive separate bubble devices. They are independ· 
ently enabled by data signals received on DINl a·nd DIN2 
respectively. The DIN signals are latched internally on 
the rising edge of SYNC prior to the GEN input. A high 
level on DINx will enable IGENx. 

The Swap Pulse, 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 connected 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 
pulse is used. A high-current. narrow initial portion cuts 
the elongated bubble in two; a lower-current. wider 
trailing portion transfers the trailing bubble onto the 
output track. Separate outputs are provided for data 
replicate. !REP. and map replicate, IMAP. These outputs 
are controlled by three input signals: REP or AMAP 
when high enables IAEP or IMAP respectively; CUT 

Symbol Min Max Unit 

tow 50 200 ns 

1 tcso - i 250 J ns 

lGGO - 200 ns 

is so I - 160 I ns 

t10 - 100 l ns 

lSTO - 80 µS 

lTTQ I - 50 µS 

ICTO - 4.0 µS 

i !GS 1.1 I - µS 

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

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

• GSET controls IGENl and IGEN2. 

• SWSET controls ISWAP. 

• TOSET controls the lower (transferl level of IAEP and 
JMAP .. 

• ACSET. controls the initial (cutl portion of IAEP and 
IMAP. This current is added to that determined by 
TOSET. 

. .. Tum.aeratu.r.e. .c.pmpensation of tne currents fOJ: .. 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 · 
false (lowl all current outputs are disabled. Since some 
of the current pulse levels. if sustained would 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, VDD· This voltage. VeooST· is provided 
by an on-chip voltage booster in con1unction with an 
external inductor. capacitor, and diode. When VeoosT 
is below its specified range the Power Down Output 
signal PONO is held low. This is an open-collector out· 
put signal and may be externally wire-ored. 
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MCJ4046S • MCJ4047$. . 

FIGURE 2 - SIGNAL WAVEFORMS 
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L1 = 470 µH 
C1 = 1.0 µF. 60 WV 
C2 = 470 pF 

CR1 = lN 5615' 

•or equivalent 



Advance Information 

GENERAL DESCRIPTION 
The MC34044 Bubble Memory Sense Amplifier is a monolithic 

bipolar linear integrated circuit which amplifies and detects the 
differential output signal of a magnetic bubble memory device. 
Peak·to·peak sensing is performed within a selected time window, 
thus rejecting noise which occurs outside that window. The Sense 
Amplifier 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 Signal Noise 

• Constant Current Detector Operation - Currents Set by Exter· 
nal Precision Resistor 

• One of Three Preset Threshold Levels Selectable by User 

• Unear Threshold Control from External Source Optional 

• Noise Compensation Capacitor Reduces Susceptibility to Power 
Supply Noise 

• Chip Select Input and Three-State Output for Multiple-Bubble 
Systems · · 

In+ 0--------t 
In- o----.._ __ __. 

Clamp 

Strobe 

FIGURE 1 - BUBBLE MEMORY SENSE AMPUFIER 
FUNCTIONA1. DIAGRAM 

Comp 

I 

TsET 

MC34044 

BUBBLE MEMORY 
SENSE AMPLIFIER 

~ 
r~~ ~ ~ ij u 

1 

Voe. 

I 

Thitl document concatne inform9b0n on • new oroducl. SpeaflCltlO"' Ind inform.uon n., .. n 
are eub;ecl to d\lln09 Wftt\ouC not:M:e. 

c; MOTOROLA tNC . I 983 

314 

AOl-n4 



PIN ASSIGNMENT 
14-pin Dual ln·line Package: 0.3·inch row spacing 

also 14-lead Flat-Pack 

B • 
Out 

Gnc:t 

voo 

Comp 

VREF 

PIN DESCRIPTIONS 
Output (th.....Utel 

Gnd 

TseT 

OUT - Data Output - following the trailing edge 
of STROBE. indicates the state of the de· 
tected signal during the STROBE - high if 
the signal exceeded the threshold, low 
otherwise. Held in high-impedance state 
when CS is high. 

ABSOLUTE MAXIMUM RATINGS• 

Chenicteriatic 

Storage Temperature =· 
Ambient temperature with power applied 

Commercial Device 
Extended-temperature Device 

Voltage - Yoo. IN+' IN - 10 GNO 

Voltage - any other pin to GNO 

Power diaaigation 

Supplln and MlsceHaneou1 
VDo - Power supply voltage. 

VREF - Reference voltage for bias current and 
threshold. 

GN0(3) - System ground (three pins). 

CSET - Detector current set resistor. 

TSET - Threshold select. 

COMP - Noise compensation capacitor. 

lnpuU 
CS - Chip Select - enables the three-state data 

IN+ 
IN-

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· 
vates peak hold function. 

STROBE - Enables threshold comparator for positive 
peak detection. Trailing edge resets peak· 
hold function and enables OUT signal 
change. 

Value Unit 

-65 to + 150 ·c 
-

Oto + 70 ·c 
-5510 + 125 ·c 
-0.2 to +20 Volta 

-0.2 to ... s.o Volts 

TBO Wans 

•At>eolute M•xrmum AMin91 indieate tim1t1 beyond wntcn permanent dlm9Qe mav occur to tnt device. Proper OQerlUOn of the dev.ee requ1rH that 
1t be limited to the Conartion1 t0ee1fi«I unoer OC Electncal Ch1rKtert11tea. 

DC ELECTRICAL CHARACTERISTICS !TA = o to 70-C VREF = 2 SO v -1•1.1 -
P1r•meter Symbol Min Max Unit 

Power Supply Voltage voo 10.8 18 Volts 

Power Supply Current too - 25 mA 
!Excludes lol 

Current from VREF IREF - 0.11 0 +0.2 mA 
IVREF ~ 2.525 VI 

Logic High In Voltage V1H 2.0 - Volts 

Logic Low In Voltage V1L - 0.8 Volts 

Logic High Out Voltage VOH 2.7 - Volts 
!lo~ -4.0 mA) 

Logic Low Out Voltage VOL - 0.4 Volts 
!lo = 1.s mAI 

Logic High In Current ltH - 20 µA 
(V1 = 2.7 V) 
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DC ELECTRICAL CHARACTERISTICS !TA = O to 70'C. VREF = 2.50 V : 1 %1 

Pal'llmeter 

Logic Low In Current 
tV1 • 0.4 VI 

Output Off·State Current 
(VO = 0.4 - 2.7 V) 

Oetactor Current 

Detactor Current Mismatch 

IN+. IN - DC Voltage 

Differential DC IN Volts 

AC Common-Mode IN Volta 

Low Threlllold Volta9e 
(VTSET = VREFI 

Nominal Threshold VoltaQ• 
!TSET pin open) 

High Thrnhold Voltage 
IVTSET • 0.0 Vl 

-1: lnclu- 1'!1. 101er1nc1 on RSET· 

AC ELECTRICAL CHARACTERISTIC tT A • O to 70'Cl 

P•l'llmeter 

~toOUT 

~ to OUT Oiaable 

STROBE to OUT Change 

Delay Oifferentoel IN to Comparator Output 

OPERATION 
Detection of a magnetic bubble within the memory 

device utilizes the magnetoresistive effect whereby a 
bubble pauing beneath the detector element causes a 
change in its resistance. By passing a constant current 
through the detector. this res11t1nce change can be 
sensed as a voltage 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 field. 

The Sense Amplifier circuit contains matched con· 
stant-current sinks for the active and reference detector 
elements. These elements should be connected beween 
the supply voltage 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 amplifier· across the two detector ele· 
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 voltage 
comparator where it is compared to a threshold voltage. 
A signal which exceeds the threshold indicates the pas-

Symbol Min Max Unit 

l1L - -1.6 mA 

ioz -20 20 ~ 

io 10"VReF1RseT = 10% 

IQM - I 2% -
V1cR 3.0 V5-3.0 Volts 

V1NO - 200 mV 

VICM - 200 I mV 

VTL TSO TSO mV 

VTN TSO TSO mV 

VTH TSO TSO mV 

Symbol Min Max Unit 

ICO - 300 ns 

tcz - 300 ns 

rso - 300 ns 

Id - 300 ns 

sage of a bubble beneath the detector. One of three pre­
determined threshold voltages can be selected by con· 
necting the TSET pin to VREF or to GNO or leaving it 
open. For extended-temperature operation, linear con· 
.t.rol of the ~!:u:.eshpl<;l_c~i:i.be accomplished by applying 
a linear voltage 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 enabled while STROBE 
is high. if the signal exceeds the negative peak by the 
threshold amount at any time while STROBE is high, a 
ONE is detected and latched. The output pin changes 
stale al the trailing edge of STROBE. CLAMP and 
STROBE may be connected toge1her 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 Voo increased the supply 
re1ection performance of the internal regulator with 
respect to noise present on Voo- The best value will 
depend upon 1he individual system, and is typically 
0.1 µ.F. 

The Chip Select (CS) inpul 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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