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f PURPOSE
This spacification defines the Memory Data Card (MDC) from

which the memory storage structure of the U500 System is
constructed.

rJ

APPLICABLE DOCUMENTS

1257 5005 Corporate Envirommental Standards
A1, Atd4, AlB Corporate Technical Standards
KRR HRAR Design Guidelines :

19935 5279 V508 Architecture

1993 5162 US00 System

1983 5170 V500 System Index

1337 5390 V Series Instruction Set

1993 5204 U500 Execute Module (XM)

1993 5212 V500 Fetch Module

1993 5220 V500 Memory Control and Cache Module
KXRKK HAAK Inter-Cabinet Buffer Module

1993 5253 I/0 Memory Concentrator

1393 %246 I/0 Translator

1993 5329 Data Transfer Module

1393 5337 ‘Fault Detection

1993 5235 System Maintenance Controller
1992 5303 . U500 Maintenance Subsystem
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3 OVERVIEW

The USQ0 Processor memory storage structure consists of 1 to

I16 Memory Data Cards (MDC). Using 256K DRAM techrology,
each MDC will contain eirther 524288 20 byte words (half
populated), or 1048576 28 byte words (fully populated), plus
error correct bits. The words are partitioned such that in

certain cases, up to 4 bits in error can be corrected. Data
from the output of the card may be corrected in a similar
fashion by the requestors. In addition, | bit in error.on

the address and control may be corrected.

The total capacity ~of the memory subsystiem, using 256K
DRAMs , is 339,544 ,32 usable bytes. It is expandable to
this quantity in increments of 10,485,760 or 20,371,520
bytes. If 1M DRAMS are used, the capacity may be increased
to 1,342,177 ,28@ bytes, with a corresponding increase in
expansion increments.

Each memory data card will have 'a physical location and a
logical address. After power-up-clear, each memory data card
must be configured to the proper logical address by the’

maintenance . processor. It is 1important to make  the
distinction between +the physical slot location and -the
logical address. Each memory data card responds to its

logical address. The physical slot location is only used
for reporting errors so that the field engineer will be able
to replace a failing board.
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4 FUNCTIONS

The MDC is organized as four 4@ data bit wide sub-modules,
each with its own error correction (SEC-DED-S4EC), giving a
48 b1t physical sub-module. Each sub-module spans 48 memory
SIPs, so that any total failure of one SIP can be corrected.

4.1 COMMANDS

The MDC supports 4 different operations: read-public,
read-private, read-modify-write, and write. These commands
are described below.

READ-PUBLIC _
Read a 40 digit block of memory from the location
specified on the address bus. The “public” distinction
is only recognized by the MCACM. This command allows
MCACM’s to keep cached copies of unmodified data.  Fhe
read-public command is used by cache, in response +to. a
read miss, and by the IOMC.

READ-PRIVATE .
Read a 40 digit block of memory from the location
specified on the address bus. The “private" distinction
is only recognized by the MCACM. This command forces
all other MCACM's to release cached copies of this data.
The read-private command is only used by cache, and only
in response to a write miss.

READ-MODIFY-WRITE

The read-modify-write command 1is similar to the
read-private command. It reads a 40 digit block of
memory at the address specified on the address bus. The
difference is, this command will force the MDC to turn

on MODULE BUSY, and hold it on until the next command.
The read-modify-write command is only used by the IOMC,
which can read a 4@ digit block of data from memory (if
cached, from MCACM), modify 1t, and then write 1t back
to memory.

[f the read-modify-write command cycle exceeds 32 ECL
system clocks, the MDC will reset the busy condit:ion.
This prevents memory requestors from being locked-out by
a broken IOMC.

WRITE
Write the 49 digit block of memory from the data ©bus

into the location specified on the address bus.
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4.2 INTERNAL REFRESH

Refresh 1s generated internally on the MDC. There is a MDC
busy line from each MDC +{o all requestors that must be
assertaed two bus clocks (four system clocks) before a MDC
can start a refresh cycle, In the event that a module
request is in transit on the bus at the same cycle as the
busy signal, this request must be serviced, the MOC will
remain busy and do the refresh later.

The MDC will contaln‘sufficient power supply filtering +to
allow refresh without causing the voltage to drop below the
necessary levels for proper operation.

{
{
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g INTERFACES

MCACM---CONFIG BUS(8)--»>MDC

MCACM<--INHIBITS(Z)--—--»MDC i
[}
ICBM<-~~MEM CABSRC(1)==>MDC i

|

«--— DATA + ECC BUS (192) -=--->

----ADDRESS + ECC BUS (39) -—->X|

{mm—m— ERROR BUS (4)  ~-----
MCACM !
Caininit CARD ID (B8) ——=—=~ ! MEMORY
or . i DATA
(mmmm—— BUSY (16 = mmmm—- ' CARD
I0MC : i
SMC ,BKPLM<~~ MAINT+CLOCK( 1.9}~
BKPLN<-PHYS ADR(4)--—-—-- -~ >
-~ 29! signal wires —-
FIGURE §.t MEMORY DATA CARD BACKPLANE INTERFACE
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5.1 ADORESS BUS

The address bus contains 4 fields: command, requestor I1.D.,
module select, and block address. This 32 bit bus 13
protected by 7 bits of ECC.

5.1.1 MEMORY COMMAND FIELD - KMEMCMD®$P(1:0)
The memory data card commands are: f

- READ MODIFY WRITE
- WRITE

READ PUBLIC

- READ PRIVATE

W — o
t

The MOC makes no distinction between read private and read
public. These different kinds of reads are used by the
MCACM and IOMC to maintain cache consistency.

5.1.2 REQUESTOR ID FIELD - KMEMREQIDP(2:8)

This field is for distributed error detection of the memory
bus arbitration logic. The definiticns of the values of this
field are:

@ - MCACM @
| - MCACM 1
2 - MCACM 2
3 - MCACM 3
4 - I0MC @
5. - IOMC |
6 - I0MC 2
7 - IOMC 3

]
i)
a

Mot used functionally by the MOC. Used.in ECC checking
correction of Address Bus. ’
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5.1.3 MODULE SELECT FIELD - KMODSEL$$P(4:2)
(Ranges from 1@ to 1F)

This field selects the memory data cards. The processor can
accommodate 16 memory cards. The other 16 values are used to
select the I/0 memory concentrators for memory mapped [/0
operations. '

When the module secect is "00" hex through "OF"' hex, 1I/0
memory concentrators are selected. When the module select is
“12" hex through “IF" heax, memory data cards are selectec

5.1.4 ADDRESS FIELD - KRAMADRS$P(Z21:@)

The absolute binary module address. This allouws addressfhg
4M blocks per memory data card. This is the size of a memgry
card which is fully populated with IM bit DRAM chips. )

Each MDC requires 19 to 22 bits of address depending on “the
type and number of RAM chips it contains. A board that is
half-populated with 2568k-bit chips requires 18 bits, while a~
board that s fully-populated with imeg-bit chips requires

il

o2 bits.
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5.1.4 ADDRESS FIELD - KRAMADR$P(Z1:0) (Continued)

Gl NN PN TIN RN ISR

— 8w W 030U -
]
>

HAMMING CODE FIELD

w

FIGURE 5.2 ADDRESZ BU
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4 ADDRESS FIELD - KRAMADR$P(21:0) <(Continued)

[#3]

. e t+ 2 1t o t @ v+ @ 1 @2 t @2 1 @ 1
e 2 ¢t 1t 0 e t+ t @ @ t t © © 1 |
2@ @ 2 0 1 ¢+ 1t @ @ @ o t 1 1
6543/ 6 @ © 9 © © @ o 1t 1t 1 1 1 ot 1 1
ge@! » X X D X D D 28X D D 13D 2712 0D
@@ty X 0O D 21D 2026D DO 14M DO M D D 10
@@t x D D 290 24220 O ISM D M D D M
911! D @803 D ©5D D M 139D D M D M M D
1¢0f X D D 300 25230 0O M 16D 170 D M
191r D 6070 1tD O M Q4D D M O M M D
11éet D @120 D DO M 18D D M O M M D
1M1y e300 oM DM M DD MM D 21D D M
* = NO BITS IN ERROR : X = CHECK BIT IN ERROR
D = OQUBLE BIT ERROR M=

MULTIPLE BIT ERROR

FIGURE 5.3 ADORESS BUS SYNDROME TC BIT IN ERROR DECODE TABLE ﬁ
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5.2 DATA BUS

" The 132 data lines are bi-directional, and composed of {50

bits of actual data plus 37 bits of SEC-DED-S4EC code.

5.2.1 DATA FIELD - XRAMDT(Z:0)3P(339:0)

The data bus is divided into four 48 bit groups of 40 bits
of data and 8 bits of check bits. ' There are two reasons for
this division: it fits into an array-pair, and it allouws .
full coverage of any single (and total) memory SIP failure.
The error code bits- @ and 7 are inverted such that a data
word of all zeroces or all ones is detected as invalid.
For example, 'proper’ words of @'s or 1's are:

8100000000008 100000000008 | 0000200008 | 002000000
TEFFFFFFFFFF7EFFFFFFFFFF7EFFFFFFFFFF7EFFFEFFFFFF

All zero's
All one's

[l
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5.2.2 DATA BUS HAMMING CODE FIELD - XRAMEC(3:@)$3P(7:0)

0 := X X X
21 := X X X
2 = X X X
93 1= X X X
04 : X XX
05 : X X X
06 := X X X
97 = X X X
08 := X X X
29 := X X X
10 := X X X
11 1= X X X
12 1= X X X
13 1= X X X
14 1= X X X
15 X X X
16 := X X X
17 1= X X X
18 := X X X
19 1= X X X
20 X k X
21 = X X X
22 = XX X
23 = XX X
24 1= X X X
26 1= X % X
26 := X X X
27 = X X X
28 = X X X
, 29 := X X X
‘ 30 := X X X
31 1= X X X
32 1= X X X
3% 1= X X X
34 = X X X
35 = XX X
36 1= X X X
37 1= X X X
38 1= X X X
39 1= X X X

FIGURE 5.4 DATA BUS ERROR CORRECTION CODE

--Burroughs Prior Written Consent Required For Disclosure Of This Data--




12/27/86 . | 1893 S228

BURROUGHS CORFORATION b e +
SYSTEMS DEVELOPMENT GROUP ! ,

PASADENA PLANT | USO0 MEMORY DATA CARD

COMPANY o et
CONFIDENTIAL SYSTEMS DESIGN SPECIFICATION Rev. B Page 15

5.2.2 DATA BUS HAMMING COCE FIELD (Continued)

gt o v B 1 @ 1+ @ 1. 1t @ 1 @ 1 ? 1

e @ 1 v e 2t 1t @ @ 1t @ 08 1 1

2000 0 2 + 1t 1 B @ 0 @ 1 1 |
76543 @ @ @ © @ o @ e t t t t 1t 1 |
_____ +—_———-————--—-—-———-———-——-———--—-—-—————-—.——-———————-—————.—.—-—
Qo0 ! + 40 41 0 42 O D M43 D O M D M M D
@got | 44 D D@ D408 D D MI6 D12 D DO M
@o1@ { 45 D DOt D@5 @3 D D M17 D13 D D M
@ev1 + D28 29 D26 D 0O M2y b D M D M M D
@1¢e « 46 O D@2 De M D D1418 D106 D D M
Qiot ¢+ D 202! DZ2 D D M2 D DM D M MD
@1tet oM M D30 D O M3 D DM DM MO
gttt »m D DM DMMDODDMMDMDD M
19g0@ + 47 D O @3 07 M O DS 19 DI D D M
g0t ! D 2425 D M O DM M DOMDMMMD
1g1e-+ D 3233 D34 O D M3 O D M D M M D
tert + M D DM DM MDDMMDMDBD M
f1e¢ ¢+ D36 37 D38 O D M3 D O M D M M D
1ttt M 0 0OM O MM DD MM DO MDD M
i1ttet m D DM O MM DOM M D MDD D M
t;irv MM DM DOM MDD DM DM MD

* = NO BITS IN ERROR (Note: ECC bits @ and 7 are inverted
on the backplane)
nn = SINGLE BIT IN ERROR, where 'mn’' 13 the bad bit
D MULTIRPLE ERRORS (even number)
M MULTIPLE ERRORS (odd number)
Note that bits 40 thru 47 are ‘the check bits.

FIGURE 5.5 DATA BUS SYNDROME TO BIT-IN-ERROR DECODE TABLE
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5.3 STATUS INTERFACE
5.3.1 CABINET SOURCE - XMCABSRC$%%P

Memory cabinet source 1s asserted true the bus cycle

immediately prior to any bus cycle in which the MDC will be
driving the backplane.

5.3.2 SOURCE ID (5 bits) - XKMSRCID$P(4:8)

This field contains the physical ID number of +{the module
which is driving the backplane. This ID field shall be
driven by the memory data cards on the 5th and 6th clock" of
a memory read cycle. All modules which source read data must
also source the ID field at the same time as the read data.

5.3.3 SQURCE PARITY - XMEMSRCPARSP

The source parity is calculated such that the parity over
AKMSRCIDSP(3:2), XNMBRMDC$P(3:@), and XMEMSRCPARS$P is even,
The source parity is enabled onto the backplane during  fhe
5th and Bth clocks of all non-inhibited memory cycles.
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5.3.4 ERROR FIELD - XMEMERR$P(3:0)

The four error lines are always sourced on the fIfth and
sixth clock of every memory cycle. It is up to the
requestor to look at them and take some appropriate acticn.

000 See Below

2091 NO ERROR

0210 SINGLE BIT DATA ERROR

0109 SINGLE BIT ADDRESS ERROR
@111 MULTIPLE SINGLE DATA ERRORS
1002 undefined

191t MULTI-BIT DATA ERROR

1181 MULTI-BIT ADDRESS ERROR
1118 INTERNAL MALFUNCTION

FIGURE 5.6 ENCODING OF ERROR FIELD

The error 'Q@00' is a special case and can happen for many
reasons:

- It is not the fifth or sixth clock of any cycle. This
is a normal condition. Error checking must be qualified
to ignore this case.

- The addressed MDC is not present.
- The addressed MOC is present but OFFLINE.

- The addressed MDC is broken. The operation should be
retried. If the retry is unsuccessful, then the MP will
have to take this MDC offline and reconfigure the memory
subsystem before halt-loading the processor.

‘Errors have precedence according to their binary weight.
For example, if a single bit adddess error is detected on a

~read cycle (and corrected) and then a multi-bit DATA error
is found, the DATA error will be reported.
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5.4 SPY INTERFACE - XINHDATXFRnP (n=A,B)

The inhibit signal 1s a pair of duplicate-and-compare wires

" that signal the MDC's to disable their data bus and status
bus drivers on the S5th and Bth clocks of a memory cycle,
The inhibit signal is presented on clock T4 (see timing chart
in section 6.2).

5.5 CONFIGURATION BUS
The configuration bus consists of 2 fields: the number of:
memory data cards, and the type of memory data cards. These
fields are always driven onto the backplane by all of .the
online MDC’s in the system.

5.5.1 MUMBER OF MEMORY DATA CARDS - XNMBRMDC$P(3:0)

The boards field specifies how many memory data cards dre
currently plugged into the US0@ backplane. This value only
includes those cards that are online and not any cards that
have been put into an offline condition by the maintendnce
subsystem. '

# Online Kind of interleaving
cards 4-way 2-way 1~way

1

2 i

3 2 |
4 4

5 4 |
6 4 ?

7 4 2 !
8 Dy4

9 94 |
10 2 ¥4 2

1 DXH 2 i
12 x4

13 24 !
14 Frd 2

15 X 2 1
16 4x%4

FIGURE 5.7 TYPES OF INTERLEAVING
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5.5.2  TYPE OF MEMORY DATA CARD - XCROTYPESP(3:0)

The memory subsystem

is designed to allow great flewxibility

in the number and type of memory data cards which may be
utilized i1n any UB00 system. This allows different storage
capacities and the ability to take advantage of faster and

denser DRAM chips as

This bus is a one cut of four code for the type

the system.
1 - Half
2 - Full
4 - Half
8 - Full

they become available.

of MDC on

populated 256K DRAM
populated 256K DRAM
populated IM DRAM
populated IM DRAM
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5 DESCRIPTION OF OPERATION
6.1 POWER-ON~-CLEAR CONFIGURATION

There are 5 things that must be done by the maintenance
processar at power-cn-clear.

1- Clear all 16 YS chains (8 in each cabinet). This will
set the ONLINE flip-flop in all the MDC's.

2—’ Read all 16 YS chains (8 in each cabinet) to deterniine
the number of MOC's that are present.

3- Set the NMBR register in each of the - present MDC's" to
the total number of MDC's in the system. Each MDC drives
this field to the MCACM's and IOMC's. The number: of
MDC's determines the memory mapping. .

4- Set the LOGADR registers in each of t{he present MDC's.
These registers determine the logical I.D. of each MDC;
each must be unique, with no missing <codes. Each MDC
compares the XMODSEL$$P(3:0) lines to the LOGADR
registers to detect its requests,

5- Set the BUSYSELECT register in each of' the present MDC's
with the t-out-of-16 encoded value of the LOGADR
registers. This register is used to drive the
proper backplane BUSY linme. These BUSYSELECT flip-
flops reside in the data arrays (MDECCZ) - 2
registers in each array for a total of sixteen.
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6.2 MEMORY TIMING

V520 MDC Timing - All Cycles Combined
Terms and Definitions
{Reference diagram pages 24-25)

CLOCK - System clock.

MEMBUS - Maintenance controller bus time <clock. Can be
considered as final qualifier for a MDC request.

REQUEST - The Requestor Command Field. True when MEMBUS .
is true and MODSEL equals the logical address. .

REQSTH - Signél is internal to control array. Denotes “the
beginning of a request.

REQS@H - Signal is internal to control array. State
generator BITQ which is clocked REQSTH. .

REQSIH - Signal 1is internal to control ‘array. State
' generator BIT!, which is clocked BIT@. :

REQS2H = - Signal 1is internal to control array. State
generator BITZ, which is clocked BIT!.

REQSZH - Signal is internal +to control array. State
generator BIT3, which is clocked BIT2. The state
generator is cleared by this bit active on the
following clock edge.

REQOFFH - Signals the end of a request cycle, True for
REQS3H plus one system clock. Used to de-glitch
state decoding at the end of memory cycles.

RASL - Row address strobe out of the control array to
the Dynamic RAM matrix.

ROWADREN - From control array to addresé array. A high to
low transition on this signal will switch the PAM
address out of the address array from row to
column. The address array uses this signal to
generate CASL {(coclumn address strobe).

WRTENL - Write enable out of the control array. The

Oynamic RAMs require a low active write signal. =
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6.2 MEMORY TIMING (Continued)
HOLDADR - From control array to address array. Holds the

address, command, and command parity
registers,

From control array to all data arrays. Holds data
and error registers,

HOLD

MCABSRC

From control array f{o backplane. Memory cabinet
source is asserted true the bus cycle immedia{ely
prior to any bus cycle in which the MOC will. be
driving the backplane. "

INHIBIT

From backplane to control array. Signals the MOC
to .abort driving the backplane, which normally
would have occurred during the next bus cycle.-

From control array to all data arrays. Selects
gither backplane data {(low) or RAM-data (high) as
the 1input bus to the ECC logic and data
registers. ‘

RAMSEL

READ

I

From control array to all data arrays. Contraols
the direction of the XRAMDATA 1/0 bus. On a Read,
the bus receives read data fraom the RAMs. On a
Write, the bus is driven with the write data.

|

Froam control array to all data arrays. Controls
the gating of read data onto the backplane. On
normal reads, the signal goes low as shown on the
timing diagram. It 1is then latched in the data
arrays and extended an extra clock pericd 1in
order to present the data to the backplane far
two clock periods.

SORCEBPL

The 192 bit bi-direction backplane memory data
bus (16@ bits data - 32 bits ECC).

BPDATA
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NG (Continued)
Two fields driven onto the bus by the control
array.
a) KMSRCID(5:9) - The MDC physical address
KMSRCID(2:@) The physical backplane

1 of 8
slot. E
The cabinet number @ or
Always high for MDC's, .
Physical address parity. The
exclusive Or of KMSRCID(4:0)
and the internally latched,

NMBR(3:0) bus. 3

KMSRCID(3)
KMSRCID(4)
KMSRCID(5)

.

b) RAMEMERR(3:@) -~ The MDC error code: .
0000 - Special case, no MDC presently driveﬁ

these lines.

@021 - Mo error

@210 - Single bit data error

@100 - Single bit address error

@111 - Multiple single bit data errors

1009 - Undefined o
1211 - Multi-bit data errors, uncorrectable.
1181 - Multi-bit address errors, uncorrectable
1110 ~ Internal malfunction

to all data arrays.
Each data array will have two busy flip-flops for

a total of 16. The SMC will shift a ' into the
flip—-flop <corresponding to the MDC's logical
address. BUSY will +then gate | of I8
MODBUSY's onto the backplane indicating a Double
cycle is in progress. The signal will stay high
until the write portion of the double 1is
gxecuted or it times out - 32 Mclocks. BUSY

will also go high for six gycles on

receipt of an on-card refresh request.

From control array to address array. Normally

high:
period if the MDC's clock
executiaon of a read cycle. This pulse is used to
clock the read data into the data arrays sc that
the RAM matrix is free for refresh and the data
is not lost.

This is only pulsed low for one-half clock
is stopped during the
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REQOFFH
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*ROWADREN
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HOLDHDR
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6.2 MEMORY TIMING (Continued)
TE T T2 T3 T4 ig= TE
CLOCK / N_/ N_/ N_J N/ N/ N_J
' ' ! | ' ' ' '
) o ' ! | ! ! Vo
MEMBUS b/ Ny Ny N
H | g | ' ! ! ]
! ! ] i ! | ' !
MCABSRC | ! ' V7 ' AN ! Vo
1] f ] 1 t ! [l [
i i \ i i i | i
H ] ! I _inhibit read | v
INHIBIT ' i ! 1 /_normal AN ! .
{ ! ; i read writel ! ]
' ! iread_! ! ' e b
RAMSEL i i/ twrite! | i Y 1/
i | i ' ' i | Ve
i | tread_! ! ! i P
READ | i/ fwrite! ] ' 1\ W
' ' | ' ) inhibit b
SORCEBPL ' | | { ! N\ A
! | | ! | normal read |
! ! | ! | i ! '
jwritel ! ! normali _read
BP DATA i _readi\ ) i ! L/ ! P\
| i i ' inhibitiread write |
1 [l b i i i ] b
! ) i ; normali _read '
ID & ERR ' | ] ' ' s ; A
| i i { inhibitiread write !
] 1 1 ] ] i ] 1
i ! __double_cycle‘reduesti i -
MODBUSY ! V/__single_cycle_request| j b
| : 1 i i all_other_cycles
CLKREAD ' ' ' ' N | '
! { : ! ; mntmod read only

: i
'
1

'
i

+ ROWADREN and WRTENL will stay inactive (high) when there
are multi-bit errors on the input address and/or data buses.
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7 ERROR DETECTION AND HANDLING

7.1 REPORTING OF PHYSICAL CARD SLOT ON ERRORS

During the fifth and si«xth clocks of a memory cycle (szee
timing diagrams), each MDC will source its physical
backplane location (10 thru !F) onto the memory bus. This
can allow the maintenance processor (or SMC) to identify the
cause of an error for fault recovery purposes. Note that
the physical address is not always the same as a MDC logical
address; a MDC may respond to module select (n), but befeﬁﬂ
card slot (x). ‘

Any erraor detected by a MDC during a cache sourced read will
be lost.
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7.2 ERROR CORRECTION

The MDC will correct single-bit-errors whenever possible
subject to certain constraints,

7,201 ADDRESS BUS

Any single-bit error on the address bus (including module
select, requestor I1.0., and command) will be corrected uhen
KADRCORRENSP is active (high). This is a backplane pin an
the MDC; it will normally be strapped to an always-true
signal provided by the MDC. When this strap is not present,
(i.e., in manufacturing, during initial board level debug),
no error correction-of the address bus will be done to allow
detecting "stuck-at" faults. -

7.2.2 DATA BUS

The U502 system level of protection of the data bus is very
high. Consider that 4 single-bit-errors could be correctied
at both ends of the data bus during both reads and writes.
This protection can also be disabled under certdin
conditions.

7.2.2.1 WRITE

Any single-bit-error on the data bus will be corrected
during a write cycle.

7.2.2.2 READ

Single—bii—errors occuring in RAM are normally not
corrected. This allows the MCACM or IOQMC +to calculate
the syndrome and correct the dataj reporting the bit 1n
error to maintenance.

A bit on the MDC maintenace chain has been provided fo force
the <correction of single-bit-errors in RAM. This bt
CORRECT, will enable continucus processing 1n the presencs
of a bad bus line. Single-bit-errors which occur 1n the MDC
while CORRECT is active .{high’ will not be reported to
malntenance.
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8 SYSTEM MAINTENANCE INTERFACE

"The interface to the system maintenance will allow the
internal state of the MDC to be set and examined through the
use of a shift chain which contains all of the flip-flops.

g.1 CLOCK-MAINTENANCE ARRAY

The MOC shall use the CLKMNTZ array that is being wused . by
all the other system modules. The MDC will use a subset of
the available control signals (CLOCK, CLEAR, GSHIFT, .and
BROKEN ). The MEMJMPRH signal will be tied active (high) on
the MDC which forces the data chain cloecks to be always
enabled.

8.2 MAINTENANCE AND DATA SHIFT CHAINS

The "maintenance" chain will provide the primary access: to
the MDC. The timing and refresh logic shall be contained on
the data chain. This is necessary so that the refresh logic
will continue to operate even when the internal state of the
MDC is being read by the maintenance systenm, o

8.3 SINGLE CLOCK OPERATION

The MDC shall be single-clockable, that 1s, any command may
be started from a MCACM or IOMC, single clocked through to
completion, with no difference caused by delays between
clocks. No refresh or RAM timing requirements require the
clocks to. the maintenance <chain to be continuous. When
clocks are stopped to the maintenance chain, it is required
that at least 12 data chain clocks occur before the next

maintenance chain clock, This 1s reqguired because the
dynamic RAM chips used 1in the MDC cannot really do
single-clock operations, they must be refreshed on a
continuous basis, so the MOC single-clock operation 1s
faked. This “"magic" is done with mirrors that take some

time to setup.
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8.4 SUSPENDED OFERATIONS

The MDC operation shall be suspendable and restartable.
That 1s, at any time the maintenance clocks to the MOC may
be stopped, the contents of the maintenance chain saved in
the maintenance system, another operation shifted in and
performed, the original contents of the maintenance chain
restored from the maintenance system, and the original
operation be completed. When this 1s done, the maintenance
system is required to follow 7 sieps.

1- Stop the clocks to the maintenance chain of the MDC.
2~ Save the maintenance chain for Futuré restoration.

3- Shift in the new operation, or allow another operation
to be started from a MCACM or IOMC. i

4~ Complete this new operation. Some operations, like
direct reading of the DRAM's on the MDC, may be
completed with a single maintenance clock. This: is
listed as a separate step since there is no MDC design
reason that this, interrupting of operations ‘1in
progress, could not be done repeatedly.

5- S5Shift in a "phantom" read command and 1ssue a single
maintenance chain clock. This read is called "phantom”
becausé 1t gets executed but never used; 1t 1s

obliterated in step 6.

- Restore the saved contents of the maintenance chain from
step 2.
7- Continue the maintenance clocks as pricr to step |.
8.5 FORCE REFRESH

Because of the asynchronous nature of refresh, there 1is5 a
backplare sigral between the system maintenance controller
and the MDC's that farces refresh,. This signal must be
asserted at least 12 clocks befcre starting clocks to MDC's.
This holds true aven if only ! clock 1s to be issued.
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8.6 BUS DRIVERS
The MDC shall not disable backplane drivers except when
shifting the maintenance chain, Naturally, only those
drivers that are reqguired by the current operation will be
enabled.
9 BACKPLANE DEFINITION

XRAMDATm—nnP

XRAMECCm-nnP
XRAMEMER$-nP
XKMSRCID$-nP

XMEMSRCPARSP

KMEMCMD$$-nP

KMODSEL$%-nP
KADDRECC$~nP
KRAMADRS-nnP
XISHIFTOUTSR

ASHIFTINFO3P

Memory data buffered, from/to central buffer
cards. One of four banks, m = 3:0 :
each»40 bits wide, nn =39:0.

ECC for bank m from/to central buffer cards.
8 bits, nn = 710, m = 3:0.

Error field, from Memory data cards, reporis

errors detected by the card; encoded, n = 3

Memory bus source: indicates the origin ofA
data on the bus;i encoded. n = 4:0 :

Memory bus source parity. Even parity
over KMSRCID®P(4:0) and XNMBRC$P(3:9).
Source on the Sth and 6th clocks of
non-inhibited memory cycles.

Memory bus command from central buffer. n =

Memory module select from central buffar.
n=4:9

ECC for Memory address and memory command
fields, from central buffer. n = B5:0

Memory address bus from central buffer.
nn = 21:0

Maintenance serial data'out, third subgroup
of ORed signals. It goes to SMC.
Maintenance:-seri1al data third fanout.
It comes from the 5MC.

in,

‘0.

1:0

XxMODBRRAM$P - Module broken signal from the memory cards as

a group to the SMC.
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3 BACKPLANE DEFINITION (Continued)

AZCARDENS-—nP

ARAMEMODENSP
ASHIFTENFOSP

ADANGERS$FOSFP

ACLEAR$SFO3P

AnCENRAMCROP

ASOCKECLS NP

#Ut*
*SPARE #

GND(HARD)
GND(SOFT)

RMNTCARDJ-nP

RCABNETJMPRP

i

i

{

Module card enable bus from the SMC,
third fanout, n = 3:0

Mehory module enable from the SMC.

Maintenance shift enable from SMC,

third fanout.

Maintenance danger signal from SMC which
indicates non-standard run conditiaon,
third fanout.

Maintenance clear from the SMC, third Fanogt.

Zero level clock enable to the memory datal
card in location A {AxOENRAMCROP = = A to H)
from the SMC.

lero level clock differential pair N = inverse
of the pair, P = positive of the pair. From
the SMC, to the memory data card in locatian

A (AxOCKRAMCRDP x = A to H)

Backplane and card pin connection to VUtt
{terminator voltage, -2V).

Pin reserved for board repairs because of its
limited accessibility.

Pin tied to ground, directly through buried
ground plane,

Pin tied to ground via a surface level etch
to an adjacent buried level ground.

Maintenance card location jumpers: indicate
to the MDC which card location it is in.

n=2:0Q

A backplane jumper indicating which cabinet
the MDC resides in.
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g BACKPLANE DEFINITION (Continued)

KMODBUSY-nnP

XNMBRMDC$-nP

RnJMPRTRUEQP

KADRCORRENSP

XINHDATXFRnP

KMEMREQID-nP

XRCRDTYPE-nP

XFORCERFRSHP

APOWERUPOK 3N

RMEMCABSRCSP

i

MOC busy lines. n = 15:0

The number of MDCs available in the system
sourced by all MOCs. n = 3:0

An ECL logical True sent to the backplane to
allow backplane jumpers to be tied True,
Enable address bus error correction in MDQ§.~

inhibit data transfer from MDCs, two concurrent
signals (i.e. should be equal), n=A,B.

Memory requester ID, n = 2:0.

Memory card type indicator lines, n = 3:0
Each card will drive one and only one.
XRCRDTYP(Q)P if 256k half populated card
XRCRDTYP(1)P if 256k full populated card
XRCRDTYP(Z)P if IMeg half populated card
XRCRDTYP(3)P if IMeg full populated card

Forces the MDC io refresh the DRAMS.
Used before coming out of maintenance
in order to prevent command and refresh
overlap.

Power supply levels O.K. indicator.

Asserted true the clock cycle
immediately prior to any bus cycle
in which the MDC will be driving the

backplane.
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3 BACKPLANE DEFINITION (Continued)

!

BACKPLANE
P4
A3 *Uttls
A4 *Uttls
AS  #Uttls
AE  *SPARE*.
A7  GND(SOFT)
A8 KMODBUSY-13P
A9 GND(SOFT)
BO KMODBUSY-11P
Bl  GND(SOFT)
2 KMODBUSY-03P
B3  GND(SOFT)
B4  *SPARE*
BS  GND(SOFT)
BE  *SPARE*
B7  GND(SOFT)
BS  *SPARE*
BY  GND(SOFT)
CO KMODBUSY-@2P
Ct  GND(SOFT)
C2 KMODBUSY-00P
€3 GND(SOFT)
C4 XNMBRMDCS-0P
C5  GND(SOFT)
C6 XRAMDAT3-37P
C7  GND(SOFT)
C8 XRAMDAT3-33P
C9  GND(SOFT)
D@ XRAMDAT3-23P
DI GND(SOFT)
D2 XRAMDAT3-26P
D3 GND(SOFT)
D4 XRAMDATI-22
05  GND(SOFT)
D6 XRAMECC3-06P.
07  GND(SOFT)
D8 XRAMECC3-03P
09  GND(SOFT)

]
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LAAR SR
*Utt ]+
*Uttl«
GND(HARD)
KMODBUSY-14P
EIVA R
*SPARE *
*t#
*SPARE*
*Ut s
*SPARE+
*Jt*
KMODBUSY-27P
*U{#
KMODBUSY-0Q5SP
BR VAR
KMODBUSY-@3F
*t*
*SPARE+
#Jt e
XNMBRMDCS$-3P
LAVAR
XRAMDAT3-39P
LAVARS
XRAMDATS-36P
*Ut»
XRAMDAT3-32P
*(Jt*
XRAMDAT3-28P
*Jt*
XRAMDAT3-25F
#Ut»
XRAMDAT3-21F
*/t*
XRAMECC3-Q5F
EAVER
XRAMECC3-02F

*Uttlx
KMODBUSY~-15P
GND(SOFT)
*SPARE +
GND(SOFT )
*SPARE *
GND(SOFT)
*SPARE *
GND( 50FT)
KMODBUSY-@8P
GND(SOFT)
KMODBUSY-0EP
GND(SOFT)
KMODBUSY-04P
GND(SOFT)
*SPARE *
GND(SOFT)
*SPARE
GND(SOFT)
XNMBRMOCS- I P
GND(SOFT)
XRAMDAT3-38P
GND(SOFT)
XRAMDAT3-34P
GND(SOFT)
XRAMDAT3-30P
GND(SOFT)
XRAMDAT3-27P
GND(SOFT)
XRAMDAT3~23P
GND(SOFT)
XRAMECC3-Q7P
GND(SOFT)
XRAMECC3-04P
GND(SOFT)

*ULt 1
*Uttlx
*Uttls

*SPARE *
GND(SOFT)
*SPARE+
GND(SOFT)

KMODBUSY-12P

GND(HARD)
KMODBUSY -1 @P
GND(HARD)
*SPARE *
GND (HAHD)
*SPARE +
GND(HARD)
*SPARE *
GND(HARD)
*GPARE *
GND(HARD)
KMODBUSY-01P
GND(HARD )
XNMBRMOC$- 2P
GND(HARD)
*SPARE *
GND(HARD )
XRAMDAT3-35P
GND(HARD )
XRAMDAT3-21P
GND(HARD )
*SPARE *
GND(HARD)
XRAMDAT3-2 4P
GND(HARD
XRAMDAT3-20P
GND(HARD )
*SPARE *
GND (HARD )
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EQ XRAMDATZ-19P Ut
Ef  GND(SOFT) XRAMDAT3-18P
2 XRAMDAT3-15P *Ut*
E3  GND(SOFT) XRAMDAT3-14P
E4 XRAMDAT3-12P AV
ES  GND(SQFT) XRAMDAT3-11P
EG XRAMDAT3-08P *Ut*
E7 #*NO.pin## *eNO. PIN#*#
E8 #*NO.PIN*+  ««NO.PIN#+
EQ  **NO.PINx*  **NO,PIN#»
F@ XRAMDAT3-05P *Ut
FI  GND(SOFT) XRAMDAT3-04P
F2 XRAMDAT3-02P *Ut*
F3  GND(SOFT) XRAMDAT3-01P
F4 XRAMDAT2-38P *#Ut*
FS  GND(SOFT) XRAMDAT2-37P
FE XRAMDAT2-34P *Ut*
F7  GND(SOFT) XRAMDAT2-33P
F8 XRAMDAT2-31P *U
F9  GND(SOFT) XRAMDATZ-30P
6@ XRAMDATZ2-27P #Utx
61  GND(SOFT) XRAMDATZ-2BP
2 XRAMDAT2-23P *Ute
G3  GND(SOFT) XRAMDAT2-22P
64 XRAMDATZ-20P #UL*
65 GND(SOFT) XRAMECCZ2-07P
G5 XRAMECC2-04P *Ut
67 GND(SOFT) XRAMECC2-@3P
G8 XRAMECC2-00P *Ut
69 GND(SOFT) XRAMDAT2-19P
H® XRAMDAT2-17P *Ut*
Hl  GND(SOFT) XRAMDATZ-I6P
H2 XRAMDATZ2-13P *Ut
H3  GND(SOFT) XRAMDAT2-12P
H4 XRAMDAT2-09P £t
S  GND(SOFT) XRAMDAT2-08P
HE XRAMDAT2-0@6P *Ut
H7?  GND(SOFT) XRAMDAT2-0SP
H3 XRAMDAT2-22P *Ut*
H3  GND(SOFT) XRAMDATZ2-01P

--Burroughs Prior Written

{(Continued)

XRAMECC3-00P
GND(SOFT)
XRAMDAT3~16P
_ GND(SOFT)
XRAMDAT3-13P
GND(SOFT)
XRAMDAT3-09P
*+NO,PIN*#*
#xNO . PIN**
*#NO,PIN*#*.
XRAMDAT3-06P
GND(SOFT)
XRAMDAT3~@3P
GND(SOFT)
XRAMDAT2-39P
GND(SOFT)
XRAMDAT2-35P
GND(SOFT)
XRAMDATZ-32
GND(SOFT)
XRAMDAT2-23P
GND(SOFT)
XRAMDAT2-24P
GND(SOFT)
XRAMDAT2-21P
GND(SOFT)
XRAMECC2-05P
GND(SOFT)
XRAMECC2-01P
GND(SOFT)
XRAMDAT2-18P
GND(SOFT)
XRAMDAT2~-14P
GND(SOFT.
XRAMDAT2-10P
GND( SOFT)
XRAMDAT2-07P
GND(SOFT)
XRAMDAT2-03P
GND(SOFT)

XRAMECCI3-01P
GND{HARD)
XRAMDATZ~17P
GND(HARD)
*SPARE*
GNB(HARD)
XRAMDAT3-10P
**NO . PIN#**
**NO . PIN#»
*#NO PIN*+
XRAMDAT3-@7P
GND(HARD)
*SPARE+
GND(HARD)
XRAMDAT3-@2P
GND(HARD)
XRAMDAT2-36P
GND(HARD)
*SPARE*
GND(HARD)
XRAMDAT2-23P
GNB(HARD)
XRAMDATZ-25P
GND(HARD)
*SPARE*
GNO(HARD)
XRAMECC2-06F
GND(HARD)
XRAMECC2-02P
GND(HARD)
*SPARE*
GND(HARD)
XRAMDATZ2-15P
GND(HARD?
XRAMDATZ2-11P
BGND{HARD)
KADRCORRENSP
GND(HARD )
KRAMDAT2-04P
GND(HARD)

Consent Required For Disclosure Of This Data--
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3 BACKPLANE DEFINITION (Continued?
10 XINHDATXFRAP *Ut# XINHDATXFRBF XRAMDATZ-00FP
It GND(SOFT) XRCRDTYPE-3P GND(SOFT) GND(HARD)
I2 XRCRDTYPE-1P ¥t XRCRDTYPE-2P *SPARE*
13 GND(SQFT) XRCRDTYPE-OP GND{SOFT) GND(HARD)
14 XRAMEMERS$-1P LAVAS XRAMEMER$-2P XRAMEMER$~3P
15 GND(SOFT) XRAMEMER$-QP GND(SQOFT) GND(HARD)
I6 XKMSRCID$-3P * 1t * XKMSRCID$~4P XMEMSRCPARSP
17 GND(SOFT) XKMSRCID®$-2P GND(SOFT) GND{HARD)
I8 XKMSRCID$-0@P *U1L XKMSRCID$-1P *SPARE*
I3 GND(SOFT) KMODSEL$%-4P GND(SOFT) GND(HARD)
JO KMODSEL$%-1P GND(HARD ) KMODSEL$%~2FP KMODSEL$$-3P
J1 *Yecl* *Vacl+ *Uecl+ *Uecl*
2 *Yacls *Uacl* *Ueclx *Uecl»
J3  #Veclx *Uecl+ *Uecl+ *Uecl* N
Jd  ##NO.PIN#+ *#NQ  PIN*» *xNO  PIN*« **NO PIN#+ :
J5  #xNO.PIN#* *#NO.PIN#+  #*NO . PIN*» *#NO,PIN*+
JE  #*NO,PIN#+ x*NO , PIN** *#NO  PIN»*» **NO . PIN**
J7  #*NO.PIN#*+ *#*NO ,PIN*# **NO . PIN#*+ **NO PIN**
JB8 **NO.PINx+ *¥NO  PIN*+ *#NO . PIN*+ **NO ,PIN*+*
J9  *#xNO.PIN*# *#«NO ., PIN*+ **NO , PIN*=* ¥ «NO,PIN**
K@ ##NQ.PIN#*#x **NO,PIN#+ *¥NO  PIN*+* **NO PIN**
K1 **NO.PIN#« «*#NO . PIN*+ *#NO PIN*«* - x#NO,PIN»*
K2  *#NO.PIN#*+ **NO . PIN*» *«NO . PIN+« «*NO PIN**
K3  **NO.PIN#*=* **NO ,PIN*+ **NO,PIN*= **NO.PIN*+
K4 **NO.PIN#*» *#NO , PIN®# **NO . PIN#*+ **NO.PINx*
KS *Uecl+ *Jecl+ +Ueclx *Jecl+
KB *Uacl+ *Uecl+* *Uecl+. sUac]«
K7 *Ugcl+ *Uegcl# *Uecl+ *Uecl+
K8 KMEMCMD$$-0P GND(HARD) KMEMCMD$%-1P KMODSEL$$-0FP
K9 GND(SOFT) KADDRECC-GP GNDC(SOFT GND(HARD)
L® KADDRECC-4P Ut KADDRECC-5P *SPARE+
L GND(SOFT) KADDRECC-3P GND{SOFT) GND{HARD)
L2 KADDRECC-@P *Ut KADDRECC-1P KADDRECC-ZP
L3 GND(SOFT) KRAMADR$-21P  GND(SOFT) GND(HARD)
L4 KRAMADR®-18P ¥t KRAMADR$-13P KRAMADRS-Z0P
LS GMD(SOFT) KRAMADR$-17P  'GND(30FT) GND(HARD)
L6 KRAMADRS-1GP LAVAR) KRAMADRS$-16GP *SPARE*
L7 GND(SOFT) KRAMADR$-14P - GND(SOFT) GND(HARD)
L3 KRAMADRS-11P LAVAR KRAMADRS$-12F KRAMADR$-13P
L9 GND(SOFT) KRAMADRS-10P GND(SOFT) GND(HARD)

-—-Burroughs Prior Written
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9 BACKPLANE DEFINITION (Continued)
M@ KRAMADR$-@7P *Ut KRAMADRE-@8P KRAMADR$-Q9P
M1 GND(SOFT) KRAMADR$-QG6P GND(SOFT) GND(HARD)
2 KRAMADR$-04P Ut # KRAMADRE-05P KMEMBUSS®TI1$P
M3 GND(SOFT) KRAMADR$-03FP GND(SOFT) GND(HARD)
M4 KRAMADR$-00P Ut KRAMADR$-@1P KRAMADR$-Q2P
M5 GND(SOFT) KMEMREQID-2P GND(SOFT) GND(HARD)
ME XRAMDAT!-39P ¥t x KMEMREQID-QP KMEMREQID-1P
M7 GND(SOFT) XRAMDATI!-38P GND(SOFT) GND(HARD)
M8 XRAMDAT!-36P Ut x XRAMDAT1-37P *SPARE+
M3 GND(SOFT) . XRAMDAT!1-35P GND(SOFT) GND(HARD )
N@ XRAMDATI-3ZP *Utx XRAMDAT1-33P XRAMDAT{-34P
N1 GND(SQOFT) XRAMDAT1-31P GND(SQFT) GND(HARD) .
2 XRAMDATI-28P AR R XRAMDATt~29P XRAMDAT1-~-30P ’
N3 GND{SOFT) XRAMDAT!-27P GND(SOFT) GND(HARD)
N4 XRAMOAT1-25P AR XRAMOAT1-26P *SPARE +
NS GND(SOFT) XRAMDATI1-24P GND(SOFT) GNR(HARD)
NB6 XRAMDAT1=21P *Ut+ XRAMDAT1-22P XRAMDAT!-23P
N7 GND(SOFT) XRAMDATI-20P GND(SOFT) GND(HARD)
N8 XRAMECC!-@GP *Utx XRAMECC1-@6P XRAMECC!1-@7P
NS GND(SOFT) XRAMECC!1-04P GNB(SOFT)? GNDCHARD)
00 XRAMECC1-@2P *Utx XRAMECC1-83P *SPARE*
o1 GND(SOFT) XRAMECCI1-01P GND(SOFT) GND(HARD )
02 XRAMDAT!-18P *#Ut XRAMDAT1-19P XRAMECC!-00P
03 GND(SOFT) XRAMDATI-17P GND(SOFT) GND(HARD)
04 XRAMDATI1-14P *Utx XRAMDAT1-15P XRAMDAT1-1B6P
0S GND(SQFT) XRAMDATI~-13P GND(SOFT) GND(HARD)
06 XRAMDATI-11P ¥t XRAMDATI-12P *SPARE#*
G7 GND(SOFT) XRAMDATI-1@P GND(SOFT) GND(HARD)
08 XRAMDAT!-0B7P LAVEA XRAMDAT!1-@8P XRAMDATI-03P
09 *+NO.RIN¥= #*NO . PIN*+ *#4NO PIN*+ **NO.PIN*»
FO #*NO.PIN#*» *#NO . PIN#*+ *#NO . PIN#» **#NO . PIN#+
Pt #*NO.PIN*# *#NO . PIN*+ **¥NO . PIN*# *#NQ,PIN*+
P2 XRAMDAT1-04P ¥t # XRAMDAT 1 -B5P XRAMDATI!-0B6P
P3 GND(SOFT) XRAMDATI-0ZP GND(SOFT ¥ GND(HARD)
P4 XRAMDATI-Q1P AT XRAMDAT 1 -02P *SPARE*
RS GND(SOFT) XRAMDAT!-Q@P GND(SOFT) GND(HARD)
T PB XRAMDATOQ-37P *Ut« XRAMDAT@-38P XRAMDATR-39P
P7  GND(SOFT) XRAMDATQ-326P GND(SOFT) GND(HARD)
" P8 XRAMDATOQ-33P *Ut# XRAMDATO-34P XRAMDATO-35P
Pg GMD(SOFT) XRAMDATQ-32ZP GND(SOFT) GND(HARD)

-—Burroughs Prior Written
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Qo
Qf
Q2
Q3
Q4
Qs
Qs
Q7
Q8
Q9
RO
R1
R2
R3
R4
RS
RE
R7
RS
RS
50
S
52
53
54
55
56
57
58
59
Te
T
T2
T3
T4
TS

XRAMDATO-30P
GND(SOFT)
XRAMDATOQ-26P
GND(SOFT)
XRAMDATE-22
GND(SOFT)
XRAMECCQ-Q7P
GND(SOFT)
XRAMECC@-03P
GND(SOFT)
XRAMDATE@-1 9P
GND(SOFT)
XRAMDATO-16P
GND(SOFT)
XRAMDAT@-12P
GND(SOFT)
XRAMDAT@-08P
GND(SOFT)
XRAMDAT@-@SP
GND(SOFT)
XRAMDATO-0 1P
GND(SOFT)
RMNTCARDJ- 1P
GND(SOFT)

GND(SOFT)
ASHIFTINFO3P
GND(SOFT)
A3CARDEN$-0P
GND{SOFT)
ASHIFTENFQ3P
GND(SCFT)
AAOCKRAMCRDN
¥t
*Uttx
Uttt

EXVE R
XRAMDATO-Z9P
*Ut*
XRAMDAT@-25P
*Ut*
XRAMDATO-21P
*Jt»
XRAMECC?-06P
*#t*
XRAMECCO-02P
*Ut*
XRAMDAT@-18P
*t*
XRAMDATQ-15P
#Ut*
XRAMDAT@-11P
*Ut*
XRAMDATO-07P
Ut *
XRAMDATO-04P
*Ut*
XRAMDATQ-00P
*Jt e
R@JIJMPRTRUEQP
*#Jt*
*SPARE *
*Ut+
A3CARDENS-3P
*Jt =
ARAMEMODENSP
*Ut»
ACLEARS$$FO3P
GND(HARD)
Ut i+
LAVAR A
AR

{(Continued)

XRAMDATO-31P
GND(SOFT)
XRAMDATO-27P
GNO(SOFT)
XRAMDATO-23P
GND(SOFT)
XRAMDATO-20P
GND(SOFT)
XRAMECCO-@4P
GND(SOFT)
XRAMECCO-00P
GND(SOFT)
XRAMDATO-17P
GND(SOFT)
XRAMDATO-13P
GND(SOFT)
XRAMDATO-@39P
GNB(SOFT)
XRAMDATO-06P
GND(SOFT)
XRAMDATO-02P
GND(SOFT)
RMNTCARCJ-2P
GND(SOFT)
RMNTCARDJ-0P
GNDB(SOFT)
X3SHIFTOUTSP
GND(SOFT)
AZCARDENS$-1P
GND(SOFT?
ARANGERSFOZP
GND(S0FT)
AAOCKRAMCROP
*Ut i
LAVA R
*Ut

*SPARE #
GND(HARD )
XRAMDATO-28P
GND(HARD)
XRAMDAT-24P
GND( HARD)
*SPARE *
GND(HARD)
XRAMECC@-@5P
GND(HARD )
XRAMECCO-01P
GND(HARD )
*SPARE #
GND(HARD)
XRAMDATO-14P
GND{HARD )
XRAMDATO-10P
GND(HARD)
*SPARE »
GND(HARD)
XRAMDATR-02P
GND(HARD)
RCABNETJIMPRP
GND{ SOFT)
*SPARE *
GND(HARD)
XMODBRKRAMEP
GND(HARD)
AZCARDENS-2P
GND(HARD )
*SPARE *
GND(HARD )
AROENRAMCROP
Ut
*Uttx
*Utte
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10 GATE ARRAY DEFINITIONS

The MOC uses 4 different MCALI options. These options are:
CLKMNTZ, MCTRL, MDADD, and eight MDECCZ.

CLOCK-MAINTENANCE - CLKMNT2
This is the same clock-maintenance array as used by all
of the system modules in the U500. '

CONTROL LOGIC - MCTRL .
The control logic array provides the timing and contrial
signals for the other arrays on the MOC. The functions
of this array include: RAM timing, internal refresh,
error and I.D. reporting, and "board level fault
detection.

BACKPLANE ADDRESS AND COMMAND RECEIVER - MDADD 3
The address, module select, requestor I.D., and command
are received and corrected in this array. This array
contains the row/column address multiplexor. ‘

BACKPLANE DATA TRANSCEIVER - MDECC2
Two MOECCZ arrays, in a mirror-image pair, are used for
each 40 digits of data. They provide the 25 ohm bus
drivers, bus receivers, single-bhit error correction
logic, and RAM data registers for the MDC,

--Burroughs Prior Written Consent Required For Disclosure Of This Data--
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10.1 CONTROL ARRAY - MCTRL
| MCTRL !
! 2835-@882 :
: MCAZECL !
IN »===] LMEMCMD(1:0) ADRAMEN L-—=3 OUT
IN »===! LMODSEL(4:0) HOLD [-—=% OUT
IN »-——! MEMBUS HOLDADR t-==3 QUT
IN »---! CMDPAR READ l=—=> QUT
IN »=-—-—! FORCE RAMSEL f-—=> QUT
IN »=--=! INHIBITA ROWADREN f-—=> OUT
IN »~-=--=! INHIBITB WRTEN L—-=> QUT
! READDLS f—==» 0OUT
IN »---! ADRERR CORRECT f-—=> QUT
IN »---!{ ADRSBE RASL(4:1) f===» QUT
IN »==={ ERROR(8:1) SORCEBPL l-—=> QUT
IN »===! SBE(8:1) CLKREADL t-—=> 0UT
IN »---1 RCCHECK KMSCRID(5:0) |===3 OUT
IN »=--—! RCCHKEN NMBRMDC(3:@) |===> QUT
IN »=-~=! RAMPOP RAMEMER(3:0) (=== QUT
IN »=--—! RAMSIZE RCROTYP(3:0) i===» QUT
IN »===| RASADR(1:@) BUSY f—-=% OUT
IN »---! TCOUNTL MODBRK f--=% 0UT
: MEMCABSRC {——=» 0QUT
IN ===} MNTCRDJ(2:02) !
IN »>---] CABNET/J RCNTRC(2:0) === QUT
IN >~--! CLEARM REFADR(9:0) !===: OUT
IN »>---} CLEARD |
IN »--—! SHIETM SHOUTD I——~» OUT
IN »---] SHIFTD SHOUTM | ~==+ QUT
IN »=—=! SHIFTINM :
IN »==--1! SHIFTIND !
] 1
IN  »=--{ CLKDATA |
IN  »-—-! CLKMNT2 !
IN »---! CLKEN !
IN »---! READCLEK !

-~Burroughs Prior Written Consent Required For Disclosure Of This Data--
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1@.1.1  MCTRL FUNCTIONAL OVERVIEW

The MCTRL has 4 main functions:

1) Control the memory data card(MDC) - memory backplane
interface.

2) Decode and execute the four basic memory commands.

3) Provide for on-card refresh control.
4) Detect and report memory errors and backplane errors:oé;
well as MDC hardware errors,

The MCTRL is the heart of the MDC as it controls all signals
that drive that backplane as well as all RAM control
signals. .

The MCTRL first compares the logical address of the MDC to
the MODSEL lines for a match. If it is the requested board,
the array contains all logic necessary to decode and execute
the given command. B

In conjunction with a discrete refresh interval counter, the
MCTRL array furnishes +the refresh address and refresh
control signals to the RAM matrix. A FORCED refresh can be
requested from the backplane, while +the MDC is in
maintenance mode, in order to accommodate uninterupted
maintenance endeavors.

The control array also has the necessary logic to detect and
report errors which happen anywhere on the board. Fault
detection approaches 100% through the wuse of parity, ECC
logic on the backplane buses, and variocus other schemes. The
errors are reported in a prioritized manner to the system
maintenance procassor.
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10.1.2 MCTRL INTERFACES
Inputs:
LMEMCMD(1:@)

The latched command bits from the address array.
Encoding of the command field is as follows:

00 - READ-MODIFY-WRITE (DOUBLE)
@1 - WRITE
1@ - READ PUBLIC

1l READ PRIVATE

The MDC makes no distinction between a read priVatef
and read public. 1I{ sources read data on the
backplane in both cases.

LMODSEL(4:0)

The latched module select lines from the address
array. When the mod select is "10" hex through "IF":
hex, a memory data card has been selected. When the
module select is "0Q0" hex through "@F" hex, I/0
memory concenirators are selected. LMODSEL(3:0) is .
compared with the logical address to determine if it
is the requested MODC, The logical address 1isa
shifted into the MDC by the maintenance processor
during system initialization,

DLMEMBUS

Delayed latched MEMBUS from the address array. The
-final qualifier for a memory request. LMEMBUS
must be high 1n order to generate a request.

MEMBUS

MEMBUS clock from backplane. Used to deglitch
RAS lines and qualify reguests.

CMDPAR
Command parity bit over the ‘“command® field sent
across the board from the address array. CMOPAR is

the XOR of the following: LMEMBUS, MEMCMD(1:@), and
MODSEL(4:2).
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1e.1.2 MCTRL INTERFACES (Continued)

FORCE

Signal originates at the backplane and is used to
force a refresh of the memory matrix beginning on
the next rising edge of CLKDATA. FORCE may stay high
for more than one <clock period, however only one
refresh will take place. This is used prior to the
SMC releasing the MDC from maintenance mode ‘to
operating mode to assure that the MDC is 'not
executing amn on-board refresh at the time of release
A forced refresh will of course increment .the
refresh address counter and may only be invoked when
the MOC is in maintenance mode.

INHIBITA

Originates on the backplane. This signal is used. on
read commands to inform the MOC that the requested
data has been found in the cache. Upon receipt of an
INHIBITA, 'the MDC will prevent data from being
driven on the backplane. However, the read data will
still be latched 1nto the data registers. This
signal must be true prior to the 5th clock of the
cycle.

INHIBITB

Originates on the backplane. Even parity on.
INHIBITA. If there is a discrepency between
inhibits, MODBRK will go high indicating a hardware
fault.

ADRERR

Address error indicator from +the address array.
ADRERR going true in the absence of ADRSBE means a
multi-bit address error has occurred. Also prohibits
WEN/ from going low and feeds the error reporting
circuitry See Outputs: RAMEMER(3:0). ADRERR geing
true 1n the presence ADRSBE indicates a harduware
failure and MODBRK will be activated.
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190.1.2 MCTRL INTERFACES (Continued)

ADRSBE

Address single bit error flag driven by the address
array. Input to the error reporting circuitry. See

Cutputs: RAMEMER(3:2).
ERROR(B: 1)

Data error signals, one from each data array. Thése
lines work in canjunction with the SBE(B:1) field to
report on the status of the data-bus. Actually, .the
data arrays work in pairs. For example, the possible
combinations for data array pair 1 and 2 are ‘as
follows:

ERROR! = @ SBEI =
ERRORZ = @ SBEZ = 0

(]

Mo error.

ERRORt = @ SBE1 =

Single bit error

ERRORZ = | SBE2 = 0 in D.A. 1.
ERRORt = | SBEl = 0 Single bit error
ERRORZ = @ SBE2 = 1 in 0.A. 2.
ERRORT = | SBEl = O Multi-bit error.
ERRORZ = | SBE2 = 0

These errors will be reported by RAMEMER(Z:0). All
other possible combinations are invalid and will
cause the MODBRK hardware fault indicater to go
true. The other 3 data array pairs function in a
similar fashion.

SBE(8: 1)

The single bit error detection lines from the 8 data
arrays. See DBE above.
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1o.1.2 MCTRL INTERFACES (Continued)?

RCCHECK

This input comes from the discrete prom which 1s
addressed by the refresh 1interval counter. The
counter is incremented every other system clock, and
therefore the address of the prom change every other
system clock. The LSB of the prom, which is RCCHECK,
was programmed to toggle on every address change. It
is then compared to the output of a flip-flop inside
the control array which does nothing but toggle
also. If the two do not agree, MODBRK will go Hhigh.
as there must be an error in the hardware. This adds
a level of fault detection to the counter and prom
circuitry.

RCCHKEN

Refresh counter check enéble,'actlve high. A low on
this input will disable the above mentioned checking
scheme. The signal is normally tied high aon the MDC. -

RAMPOP

A low indicates a board that 1s half populated with
sips. A high implies a fully populated board. This
input is jumpered on the MDC accordingly. The status
of this line is reportied to the system maintenance
controller on the CRDTYP(3:@) bus. See Outputs:
CRDTYP(3:2).

RAMSIZE
A low indicates a RAMSIZE of 288k-bit. A high
implies wutilization of the [M~bit chips. This input
is also jumper configurable on the MDC. RAMSIZE 1s
also used to detsrmine the card type.

RASADR(1:0)

RAS address lines from the address array. Deccoded to
fire a RAS line to ! of 4 banks of memory.
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1eg.1.2 MCTRL INTERFACES (Continued)

TCOUNTL - active low

A low going opulse 11ndicates that the refresh
interval ‘counter has reached the terminal count set
by the prom programming and requests that a refresh
be done. BUSY will go high as the MDC waits for B
clocks before doing the refresh. If the card
receives a command within these six clocks, it %fLL
service the request before executing the refresh. If
TCOUNTL goes active during an operation, the command
will be serviced as usual with the refresh occurring-
afterwards. The refresh address counter will be
incremented. “

MNTCRDJ(2:0)

The maintenance card jumpers or physical address.
These lines originate at the backplane and go to .the
CLKMNT2 array for maintenance identification and ‘to
~the control array so that it may report the physical
i.d. to the requestor. See Outputs: KMSCRID(5:0).°

CABNETJ
The cabinet jumper. True signifies cabinet | and a
logic low corresponds to cabiret @ of a possible two
cabinet configuration, .

CLEARM

Maintenance chain reset signal. This 15 an
asynchronous clear provided CLKMNTZ is high.

CLEARD

Data chain reset sigral. This 1s an asynchronous
clear provided CLKDATA 1s high.

SHIFTM

Maintenance chain seri1al shift enable sign from the
clock and maintenance chip.
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18.1.2 MCTRL INTERFACES (Continued)

SHIFTD

Data chain serial shift enable signal from the clock
and maintenance chip.

SHIFTINM

The maintenance chain serial shift input,
SHIFTIND

The data chain serial shift input.
CLKDATA

The normal system data chain clock out of the clock
and maintenance chip. '

CLEMNTZ

The normal system maintenance chain clock out of the
clock and maintenance chip.

CLKEN

This input is driven by ENRAMCRDP on the backolane.
The signal is wused by the CLKMNTZ array to enable
the clocks to the data and maintenance chains for
both running and maintenance modes. A low will
notify the control array to place the card 1n
maintenance mode on the next rising edge of CLKDATA.

READBCLK
Data clock from the CLKMNTZ array. Signal i3 used ta
generate CLKREADL so that the rising edge will zccur
at the same time as a normal clock, i.e. when rot 1in

maintenance mode.

--Burroughs Prior Written Consent Required'For Disclosure Of This Data--




19/27.36 1997 5233
BURRGUGHS CORPORATION b oo +

SYSTEMS DEVELOPMENT GROUP »

PASADENA PLANT ! USDO MEMORY DATA CARD

COMPANY Fomm e —mem oo R
CONF IDENTIAL SYSTEMS DESIGN SPECIFICATION Rev. B Page 47

1e.1.2 MCTRL INTERFACES (Continued)

Outputs:
ADRAMEN

Goes low on a refresh to signal the address array. to
gate off the row address and allow the refresh
address from the control array to OR through the
address array. :

HOLD

When true, places all registers in the data arrays
into the hold state.

HOLDADR

Informs the address array that a request has bheen .

received and to therefore hold +the address
registers, :

READ

Controls the bi-directional interface between the
data _arrays and the ram matri<. A true allows ram
data to enter the data arrays on a read command.

RAMSEL
Controls +the input to the ECC circulitry and
registers in the data arrays. A high selects ram
data whereas a low selects the backplane data.

ROWADREN
To the address array. Is high at the start of a
cycle, which sends ocut the row address, then goes
low to ship out the c¢olumn address. Also fires
FPRECASN on a.high-to-low transition.

WRTEN - active low

The ram matrix write enable signal.
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19.1.2 MCTRL INTERFACES (Continued)

READDLS

Enables the TTL-ECL level shifters to drive the
ibl—directxonal ram data bus on read commands.

CORRECT

A true permits the data arrays to correct singleqﬁit
errors before the data word is latched. This signal
is controlled by a flip-flop on the maintenance
chain whose state is determined and shifted in by
the system maintenance controller.

RASL(4:0) - active low

The row address strobes to the ram matrix. On

refresh operations all 4 are active at once.

Normally the RASADR(1:0) lines are decoded to b of

4, )
SORCEBPL

To the data arrays. Controls the gating of read data
onto the backplane. Goes true on the fifth clock of
a read cycle. It is the latched in the data arrays
and extended another <clock period in order to
present the data to the backplane for two <clock
periods.

CLKREADL

Normally high. This signal 1s used to register the
read data i1f the MDC was placed in maintenance mode
(Mclks stopped) before the operation was allowed to
complete. This signal will provide a low-to-h:igh
transition on what would rormally be the fifth
system clock of the read cycle.
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1@.1.2 MCTRL INTERFACES (Continued)’
KMSCRID(S5:0)

During the fifth and sixth clocks of a memory cycle,
the MDC will source its physical backplane location
onto the memory bus. This can allow the system
maintenance processor to determine the cause of an
error. KMSCRID(2:0) are the card jumpers from the
backplare, KMSRCID(3) is the cabinet jumper.
KMSRCID(4) i1s always high for a MDC. KMSCRID(S) 1is
the XOR of KMSRCID(4:Q0) and NMBR(3:0). See below for
an explanation of NMBR(3:8). The physical address
should not be confused with the logical address. It
15 quite possible for an MDC to respond to module
select (n) but be in card slot (x). : )

NMBR(3:@)

All MDC's drive the backplane with the number 'of
memory cards in the system. Each memory card has a
flip—-flop (ONLINE) on its maintenance chain which,
upon clearing the chain, will be shifted out as a
one. At configuration time, the SMC will count the
number of ONLINE’'s it shifted out and determine the
number of cards in the system. It will then shift. in
this number to all MDC’'s, ,

RAMEMER(2:Q@)

On the fifth and sixth clock of a mamory cycle, the
MDC will report 1ts error status on the memory bus.
The error code is as follows:

@000 - special case, no MOC presantly
) drives thesa lines :

@081 - no error

0010 - single bhit data error

@100 - single bit address error

@211t - multiple single b1t data arrors
192@ - undefined ;
N 1211 = multi-bit data errors, uncorrectable
121 - multi-bit address zarrors,
N uncorreaectable
1112 - internal malfunction

Errors have precedence accerding to their binary
weight.
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10.1.2 MCTRL IWMTERFACES (Continued)
RCRODTYP(2:2)
One of four decode of RAMPOP and RAMSIZE:

RCRDTYP@ 256K RAMS AND HALF POPULATED
RCRDTYP! 256K RAMS AND FULLY POPULATED
RCROTYPZ “IM RAMS AND HALF POPULATED
RCRDTYPZ 1M AND FULLY POPULATED

These lines are held low while in maintenance mode.

BUSY

To the data arrays in order to gate ane of sixteen
BUSIES on to the backplane. BUSY will go true on
DOUBLE commands and on a refresh request. In .the
case of a DOUBLE, BUSY will go true at the startwof
the read and stay high unt:l the write back, or any
other instruction has been reguested. Meanwhile, It
is understood that the requestor of the DOUBLE will
ignore the BUSY on the write portion. It should
be noted that if the requestor of the Double

_ does not complete the write-back within 32
Mclocks, the operation will timeout and Busy
will be reset to a low. If an on-board
request for a refresh requires servicing, BUSY will
go true for six clocks to flag the requestors of an
impending refresh operation. If a command 13
received during this period, it must be executed and
the refresh will have to wait until after completion
of the operation.

MODERK
Module broken signal tells the CLKMNTZ array that
there exists a hardware error and if appropriate,
stop the clocks at once. MODB will go true on the
following occurrences:

a) Data ECC logic failure

b) Address ECC locgic failure

c) An inhibit parity error

d) A RAMCYCLE overlapping a REFCYCLE
&) A refresh counter error

f) A refresh address error

g) A refresh reguest error

h) A command parity (CPARERR) error
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190.1.2 MCTRL INTERFACES (Continued)

MEMCABSRC

Each MDC drives memory cabinet source on the
bactplane. The signal is asserted true the bus cycle
immediately prior to any bus cycle in which the MDC
will be driving the backplane.

RCNTRC(2:0) _

These lines ‘control the discrete refresh inteﬁval
counters as follows: :

P20 - Parallel load
211 - Count up

181 - Clear

119 - Shift right
111 - Hold

The counters load all zeros after a refresh has been
completed, i.e. start the interval over. The
counters only count every other clock., They ‘are
cleared on a CLEARD, and are shiftable,
REFADR(3:2)
The refresh address sent {o the address array. The
refresh address counter is incremented by TCOUNTL or
FORCE, immediately prior to gating out REFADR(9:9).
SHOUTD
The data chain serial shift output,

SHOUTM

The maintenance chain serial shift output.
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12.1.3 MCTRL FAULT DETECTION

"The "command" lines from the address array to the control
array are partity protected. The INHIBIT 1line from the
backplane 1s also parity protected.

Faults in the refresh address counter are detected by parity
prediction. The refresh interval counter has a fault
detection scheme as described under Inputs: RCCHECK. The
on-board refresh request signal, TCOUNTL, is checked for
proper operation by making sure it goes away two <clocks
later. )

The physical address and NMBR(3:0) are XOR-ed and repo%ted
as KMSCRCID(S),

O0f course the control array 1is responsible for reporting
data and address errors. Their fault detection techniqiies
are covered in their respective specifications and will not
be repeated here. ) ’

10.1.4 MCTRL BOARD TEST FACILITIES

Besides the serial shift chains, the contrecl array has a
CORRECT flip-flop which when loaded with a | will allow the
data arrays to correct single bit READ data errors from the
ram matrix.
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te.t.s MCTRL SHIFT CHAIN DEFINITION

THE TOTAL DATA CHAIN (through the MCTRL and the
discrete refresh interval counter) IS PRESENTED HERE:

FF# NAME DESCRIPTION

--— ASHIFTINFQZP SHIFT IN TO BOARD (BP PIN S4P4)
mmm memmmm——e—ee ENTER CONTROL ARRAY

221 DREQS@H DATA CHAIN REQUEST STATE @
202 DREQS'H DATA CHAIN REQUEST STATE | B
@23 DREQSZH DATA CHAIN REQUEST STATE 2
@04 DREQS3H DATA CHAIN REQUEST STATE 3
005 DREQS4H DATA CHAIN REQUEST STATE 4
@26 MNTMODH MAINTENANCE MODE
@07 MODBRKH MODULE FAIL
@08 ONLINEH ONLINE CONTROL FF
023 REFBUSYH REFRESH BUSY
@12 RWAITIH REFRESH WAIT STATE |
@11 RWAITZH REFRESH WAIT STATE 2
212 RWAIT3H REFRESH WAIT STATE 3
213 RWAIT4H REFRESH WAIT STATE 4
@14 RWAITSH REFRESH WAIT STATE &
@15 REFCYCIH REFRESH CYCLE STATE 1
D16 REFCYCZH REFRESH CYCLE STATE 2
@17 REFCYCZH REFRESH CYCLE STATE 3
@18 REFCYC4H REFRESH CYCLE STATE 4
@13 REFRASEH REFRESH RAS CYCLE END
220 RCNTRQH REFRESH ADDRESS COUNTER BIT @
@21 RCNTRIH REFRESH ADDRESS COUNTER BIT |
@22 RCNTRZ2H REFRESH ADDRESS CQUNTER BIT 2
@23 RCNTR3H REFRESH ADDRESS CQUNTER BIT 3
24 RCNTR4H REFRESH ADDRESS COUNTER BIT 4
@25 RCNTRGH REFRESH ADDRESS COUNTER BIT S
26 RCNTREH REFRESH ADDRESS COUNTER BIT 6
@27 RCNTR7H REFRESH ADDRESS COUNTER BIT 7
©28 RCNTR8H REFRESH ADDRESS COUNTER BIT 8
©23 RCNTRIH REFRESH ADDRESS COUNTER BIT 9
©3@ RCNTRPH REFRESH ADDRESS COUNTER PARITY BIT
@31 RICCHKBH REFRESH INTERVAL COUNTER CHECK BIT
932 RICHOLDL REFRESH INTERVAL COUNTER HOLD COUNT
@33 FRCSTRBH FORCE REFRESH STROBE
834 FRCREFH CLOCKED FQRCE REFRESH SIGNAL

i

———————————— EXIT CONTROL ARRAY
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12.1.5 MCTRL SHIFT CHAIN

DEFINITION (Contirued)

DATA CHAIN DEFINITION (CONTINUED)

@35 RICNTR@H
@36 RICNTRIH
@37 RICNTRZH
838 RICNTR3H
@39 RICNTR4H
840 RICNTRSH
@41 RICNTREH
@42 RICNTR7H

---  X3SHIFTOUTSP

ENTER DISCRETE REFRESH INTERVAL COUNTER
REFRESH INTERUAL COUNTER BIT
REFRESH INTERVAL COUNTER BIT
REFRESH INTERUAL COUNTER BIT
REFRESH INTERVAL COUNTER BIT
REFRESH INTERVAL COUNTER BIT
REFRESH INTERVAL COUNTER BIT
REFRESH .INTERVAL COUNTER BIT
REFRESH INTERVAL COUNTER BIT
EXIT DISCRETE REFRESH INTERNA
ENTER CLOCK/MAINT ARRAY

EXIT CLOCK/MAINT ARRAY

SHIFT OUT FROM BOARD (BP PIN SGBPS&)

[ IR T = 2 B ¢ I SO SN I S IS W)

COUNTER

THE MAINTENANCE CHAIN:

FF# NAME
--— ASHIFTINFO3P
@2t MREQSOH

002 MREQSIH
003 MREQSZ2H
004 MREQS3H
005 MREQSOFFH
@06 SOURCEH
807 REPORTH
008 ECORRENH '
003 LNMBROH
@19 LNMBRIH
211  LNMBR2H
012 LNMERZH
013 LLOGADEH -
214 LLOGADIH
015 LLOGADZH
216 LLOGADIH
017 DBLBSYH
@18 MONLINEH
@19 BUSYCTROH

- DESCRIPTION

SHIFT IN TO BOARD (BP PIN S4P4)
ENTER CONTROL ARRAY ‘
MAINTAINENCE CHAIN REQUEST STATE
MAINTAINENCE CHAIN REQUEST STATE
MAINTAINENCE CHAIN REQUEST STATE
MAINTAINENCE CHAIN REQUEST STATE
MAINTAINENCE CHAIN REQUEST OFF
SOURCE DATA BUS

REPORT NOT MDC ID AND ERROR CODE
ERRROR CORRECT ENABLE
LATCHED MDC COUMT NUMBER BIT
LATCHED MDC COUNT NUMBER BIT
LATCHED MDC COUNT NUMBER BIT
LATCHED MDC COUNT NUMBER BIT
LATCHED CARD LOGICAL ADDRESS BIT
LATCHED CARD LOGICAL ADDRESS BIT
LATCHED CARD LOGICAL ADDRESS BIT
LATCHED CARC LOGICAL ADODRESS BIT
DOUBLE CYCLE BuSY

MONITOR OF DATA CHAIN ONLINE FF
BUSY TIMEQUT COUNTER BIT 0@

[ G0 N % B o)

M-S

(&3]

Gl — S
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12.1.95 MCTRL SHIFT CHAIN DEFINITION (Continued)

MAINTENANCE CHAIN DEFINITION (CONTINUED)

T
n
=+
=
>
=
m

I
I
i

BUSYCTRIH
BUSYCTR2H
BUSYCTR3H
BUSYCTR4H
BUSYCTREH
BUSYCTRPH
LMEMBUSH

[SSEESSEE SRS RN G RS R o]
L% N S N 0 T o T o T o R |
[0 BN C R IS Y o6 IRl SN ]

DESCRIPTION

BUSY
BUSY
BUSY

TIMEOUT
TIMEOUT
TIMECQUT
TIMEOUT
TIMEOUT
-TIMEOUT

COUNTER
COUNTER
COUNTER
COUNTER
COUNTER
COUNTER

LATCHED MEMBUS
EXIT CONTROL ARRAY

PARITY BIT
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10.1.6 MCTRL PIN-OUT

CONTROL ARRAY PIN

PIN NAME t I/0 DESCPITION OF PIN SIGNAL

ADRAMEN Az 050 RAM ADDRESS ENABLE TO AA.

ADRERR N12 I-R ADDRESS ERROR FROM AA.

ADRSBE N1 I-R ADDRESS SINGLE BIT ERROR FRGOM AA.

BUSY E3 025 BUSY TGO ALL DA.

CABNETJ N1 I CABINET LOCATION JUMPER BIT (BP-S2 P7)

CLEARD B1 I DATA CLEAR FROM CLKA. B}

CLEARM A3 I-R MAINT CLEAR FROM CLKA.

CLKDATA B3 : I-R D-CLOCK FOR CTRLA D-CHAIN FROM CLKA

CLKEN P1 I CLOCK ENABLE FROM BP - AAGENRAMCROP.-

CLEMNT A4 I-R M-CLOCK FOR CTRLA M-CHAIN FROM CLVA

CLKREADL J14 050 M-MODE CLK PULSE TO AA

. (CLK READ DATA).

CMDPAR 2 I-R COMMAND PARITY BIT FROM AA.

CORRECT D13 025 CORRECT TC ALL DA.

ERRORI B13 I-R ERROR SIGNAL FROM DA1.

ERRORZ BE I-R ! " " DAZ.

ERROR3 B12 I-R ! ! " DA3.

ERROR4 B7 I-R ! " " DA4.

ERRORS B11 I-R ! ! *  DAS.

ERRORG B8 I-R ! ! " DAB.

ERROR7Y B10 I-R ! " *© DA7.

ERRORS BS I-R ! ! " DA8.

FORCE R4 I-A FORCE REFRESH FROM BP.

HOLD 014 025 HOLD SIGNAL TO ALL DA,

HCOLDADR 2 059 HOLD SIGNAL TO AA.

INHBATXA D2 I-A INHIBIT DRIVING D-BUS SIGNAL BIT

‘ (BP-I0F4),
INHDATXB . E2 I-A INHIBIT DRIVING D-BUS EVEN PARITY
. ) BIT (BP-IQFG).

KMSRCID® El 025 CARD IDtNTIFI ATION BUS BIT O TQ 5F.

KMSRCIDI L3 025 " " "1 TD OEP.

KMSRCID2 F2 025 " ' ! v T0 EF.
" KMSRCID3 L2 025 ! ‘ ! " *3 TO BR.

KMSRCID4 . F1 025 ! ‘ " o TUMEM) TO EBP,

KMSRCIOS M3 025 ! ! " PARITY T2 BF.

LMEMCMDO L14 I-R LATCHED MEM COMMAND BIT @ FROM AA.

LMEMCMD MtS I-R LATCHED MEM COMMAND BIT ! FROM Af.

LMODSEL® M14 I-R MDC SELECT (LOG ADR) BIT @ FROM AA.

LMODSEL R3 I-R N " ¢ oyt ! )

LMODSELZ P13 I-R ! ! ¢ eyt 2 !

LMODSEL?Z P15 I-R ! " ¢ "y 3 "
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19.1.6 MCTRL PIN-QUT (Cantinued)

CONTROL ARRAY PIN

PIN NAME # I/0 DESCPITION OF PIN SIGNAL
LMODSEL4 R13 I-R  MDC SELECT (LOG ADR) BIT @ FROM AA.
DLMEMBUS Ni3 I-R  DELAYED LATCHED MEMBUS FROM AA.
MCABSRC C2 025  MEMORY CABINET SQURCE TQ BP PIN RZP7.
MEMBUS B12 I MEMBUS CLOCK OFF BACKPLANE.

MODBRK N3 050 MODULE BROKEN SIGNAL TO CLKA. L
MNTCRDJ® P4 I MAINT CARD LOC JMPR BIT @ FROM BP.
MNTCROJ 1 N4 I. " " " " L B "o
MNTCRDJ2 NS I " " oo o2 "
NMBRMDCQ K2 025  COUNT OF ON MDCS, BIT © TO BP.
NMBRMDC 2 025 " woo L
NMBRMDC?2 K1 025 COUNT OF OM MDCS, BIT 2 TO BP.
NMBRMDC 3 N2 025 " noo .
RAMEMER® FIS 025 RAM MEMORY ERROR BUS BIT @ TO BP
RAMEMER 1 Fi4a 025 " e " oo
RAMEMER?Z KiS 025 " " " " mepoomoo
RAMEMER3Z Ki4 025 " " oo L
RAMPOP s I FULL/HALF POP BOARD FROM BD JUMPER.
RAMSEL EI3 025 RAM SELECT TO ALL DA. e
RAMSIZE 2 I iM/256K RAM DIE FROM BD JUMPER.
RASL1 Bi4 050 RAS THRU LS&B TO FIRST BLOCK OF RAM.
RASLZ ~ DIS 050 RAS THRU LS&B TO SECOND BLOCK OF RAM.
RASL3 " 615 050 RAS THRU LS&B TO THIRD BLOCK OF RAM.
RASL4 Hi4 050 © RAS THRU LS&B TO FOURTH BLOCK OF RAM.
RASADRO €12 I-R  RAS ADDRESS BIT @ FROM AA.

RASADRI Ci1 I-R  RAS ADDRESS BIT | FROM AA.

RCCHECK €15 I-R  COUNTING CHECK BIT FROM RC.

RCCHKEN Gi4 I RC CHECK ENABLE FROM AA - JMPRTRUZ.
RCNTRC® * EI5  05@ REFRESH CNTR CTRL BIT @ TO RC.
RCNTRC Ri4 050 " " " L
RCNTRC2 Pi4 050 " " " o,
RCRDTYPOQ L1S 025 256K RAMS & HALF POP BOARD TO BP.
RCRDTYPI L13 025 258K RAMS & FULL POP BQARD TO 8P.
RCRDTYP2 MI3Z 025 1M RAMS & HALF POP BOARD TO BP.
RCROTYP3 Ni4 025 IM RAMS & FULL POP BOARD TO BP.

READ Ci4 . 025 READ RAM DATA TO ALL DA.

READCLK 03 025  DATA CLOCK FROM CLKMNTZ2.

READDLS Ci3 05@ READ TO RDATA-TE.

REFADRO M1 058 REFRESH ROW ADR BIT 0 TO AA.

REFADR1 Lt 050 " " " S

REFADR? J1 050 " " " o,
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190.1.6 MCTRL FIN-QUT

CONTROL ARRAY
PIN NAME
REFADR3
REFADR4
REFADRS
REFADRG
REFADR7
REFADRS
REFADRY
ROWADEN
SBE'
SBE2
SBE3
SBE4
SBES
SBEG
SBE7
SBES
SHIFTD
SHIFTM
SHIFTIND

SHIFTINM
SHOUTD
SHOUTM
SORCEBPL

TCOUNTL
WRTENL

IS
Al3
AB
Al2
A7
All
A8
AlD
Ag
B4
C4
AS

H15

A4
E14

B1S
NIS

170

059
05@
050
050
050
05@

— O O
1 t 1 U e
DDV DDNDDEO

e T e T T S S G e R U R
1 i
el

—t
|
>

050
050
025

{Continued)

DESCPITION OF PIN SIGNAL

REFRESH ROW ADR BIT 3 TO AA

H " n i 4 i "

n " it i 5 " "

t il " " 8 u i)

" " " " 7 t i) _

i n u ] 8 n 0

" 0 u " 9 " i)

ROW ADDRESS ENABLE TO AA.
SINGLE BIT ERROR FROM DAL.
" n " ) " DA 2 .

DATA SHIFT FROM CLKA.

MAINT SHIFT FROM CLKA.

DATA SHIFT CHAIN INPUT FROM BP
SHIFTIN.

MAINT SHIFT CHAIN INPUT FROM BP
SHIFTIN.

DATA SHIFTOUT TO AA SHIFTIN.
MAINT SHIFTOUT TO RC.

DRIVE BACKPLANE DATA BUS TO ALL
DATA ARRAYS

TERMINAL COUNT LOW FROM RC.
WRITE SIGNAL THRU LS&B TO ALL RAM
SIPS.
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10.1.8 MCTRL FIN-0OUT (Continued)

DEFINITION OF ABBREVIATIONS:

AA = ADDRESS ARRAY.
CLKA = CLOCK ARRAY.

CTRLA = CONTROL ARRAY. :
BD = CIRCUIT BOARD. , : 4
BP = BACKPLANE. o
DAt = DATA ARRAY, WHERE # IS THE USAGE NUMBER (1 TO 8).

I = INPUT, NO TERMINATION. e

I-A = INPUT, WITH ACTIVE TERMINATOR LOCATED NEAR CTRLA.

I-B = INPUT, WITH ACTIVE TERMINATOR LOCATED NEAR BP. :
I-R = INPUT, WITH 5@ OHM RESISTIVE TERMINATORS. S a
LS&B = ECL-TTL LEVEL SHIFTERS & TTL BUFFERS. ‘
RC = DISCRETE REFRESH COUNTER.

BIDIRECTIONAL DATA BUS BETWEEN THE DATA ARRAYS |

ROATA#L® =
AND THE ECL/TTL LEVEL SHIFTERS. ### IS THE
BIT NUMBER. '
RDOATA-TE = TTL-ECL LEVEL SHIFTERS ON THE RDATA### BUS. :
XDATA##4 = BIDIRECTIONAL DATA BUS BETWEEN THE DATA ARRAYS : T

AND THE MDC'S BACKPLANE CONNECTOR. ### IS THE
BIT NUMBER.
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IN
IN 2
IN >
IN >
IN >
IN =

IN :
IN »
IN >
IN =
IN >
IN »

IN >
IN =
IN >

IN >
IN

ADDRESS ARRAY - MD

12727/86 ! 1933 c°3

R

ADD

REFADR(9:0
RAMADR(21:2)
MODSEL(4:0)
MEMREQID(2:@)
MEMCMD(1:@)
ADDRECC(B:@)
CLKDAI(8:1)

CLKREADL
RAMSIZE
ROWADREN
HOLDADR
CORRECT
ADRAMEN

SHIFT
SHIFTIN
CLEAR

MEMBUS
CLKAA

MDADD !

2835~0874 !

" MCAZECL !
LMEMCMD(1:2 l===> QUT
LMODSEL(4:2) f===3 QUT )
RASADR(1:0) f===3 QUT S
ADRAM(5:0@) f===3 0UT :
CLKDAQ(8: 1) f===> QUT
PRECASN f=——% QUT
LSMCTIME {==->» QUT o
ADRPAR! f-—=3 QUT .
ADRPARZ l-=-% QUT
CMDPAR ——=3 QUT
ADRERR f——=% QUT
ADRSBE f=—=>» QUT
SHIFTOUT fme= QUT
JMPRTRUCZ2: 1) t===3 QUT
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10.2.1  MOADD FUNCTIONAL OVERVIEW

The MDADCD array has 4 primary functions:

1) Register the address and command field off +the memory
backplane.

2) Provide row, column, and refresh address muxing ‘o
dynamic ram main memory.

7) Distribute clocks to the data arrays. o
4) Detect and report errors that occur on the backplane:

The MDADD captures the address and command field off the
memory backplane. The command and modsel lines are
transmitted, along with a command parity bit, to the control
array for decoding and comparison. v

On receipt of a valid command, the MDADD i1s responsible .for
muxing the row and column address to the dynamic rams. The
array will function for both 256k and 1M drams. '

The refresh address is sent from the control array and must
be gated out to the rams when a refresh is requested by~the
control array.

Eight maintenance clocks are received from the CLKMNTZ array
and are distributed {o the data arrays. This is done 1in
order to capture the read data if the MDC has been put 1n
maintenance mode (Mclks stopped) while in the middle of a
read instruction. The Mclks are "anded" with a signal called
CLKREAD to accomplish +this. CLKREADL is generated at the
proper time in the control array from the free runntng data

clock. Due to various reasons including number of outputs
and board location, it was convenient to due this gating :in
the MDADD.

The MDADD array reports single (correctable) and mult:i-bit
(uncorrectable) errors to the control array. An i1nput has
been provided which allows the MDADD to correct the addrass
and command field before registering, or to latch the data

as received off the backplane.
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190.2.2 MDADD INTERFACES

CAaRD

Rev. B Fage 52

refresh address

refresh interval

“Inputs:

REFADR(9:8)
Refresh address inputs from the
counter in the control array. The counter will be
incremented by either an on card
counter overflow or a backplane forced refresh
command. These lines are low except when a refresh
is taking place, ‘

RAMADR(Z21:@)

This is the memory backplane block

address. The MDC

requires 19 +to 22 bits of address depending on ‘the
type and number of RAM chips it contains A board
that - is half-populated with 256k-bit chips requires
19 bits, while a fully populated board with Imeg-bit

chips requires 22 bits.
MODSEL(4:2)

When the module select is "10" hex

through "1F" hex

2

memory data cards are selected. This field 1s
latched in the MDADD and sent to the control array.

MEMREQID(Z2:0)

This is the memory requestor 1dentification field..
These bits are used in the address error
correction-detection logic and serve no ather

fanction on MDC.

MEMCMD(1:@)

The command bits are latched " in the MDACD and
transmitted to the contrel array. Valid commands

are:

@9 - READ-MODIFY-WRITE (DOUBLE)
@1 - WRITE

19 - READ PUBLIC

11

READ PRIVATE
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10.2.2 MOADD INTERFACES (Continued)

The MOC makes no distinction between a read private
and read public. The different read types are used
by MCACM and IOMC to maintain cache consistency.

ADDRECC(B:2)

The 32 bit address bus is protected by 7 bits of
ECC. The ECC encoding encompasses the following 4
fields: command, requestor i.d., module select, and
block address. -

CLKDAI(B:1)

Eight Mclks from the CLKMNTZ array. These clocks dre
gated with CLOCKREADL and distributed to the data
arrays. N

CLKREADL

Normally high. This signal is used to register the
read data if the MDC was placed into maintenance
mode (Mclks stopped) before the read operation ‘was
allowed to complete. This signal will provide a
low—-to-high transistion on the fifth system clock of
a read command.

RAMSIZE

A low indicates 256k-bit RAMS are on the board. A
high indicates that IM-bit RAMS are utilized.

ROWADREN
A high-to-low transition on this input will switch
the DRAM address outputs, (ADRAM), from row to
column. It will also fire PRECASN.

HOLDADR
From the control array. A high on this input i1mplies
a reguest and therefore all registers in the MOADD

are to be held. The only exception is the
MEMBUS flip-flop. e
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10.2.2 MDADD INTERFACES (Continued)

CORRECT

A high on this signal will allow the MDADD to
correct all single bit address errors received off
the backplane before they are registered. This pin
is controlled by a backplane jumper.

ADRAMEN

On a refresh, this signal should go low to allow;the
refresh address to pass out on ADRAM(S:0). )

SHIFT

Serial shift chain enable si1gnal from the clock End
maintenance chip.

SHIFTIN
The serial shift chain input.

CLEAR

Maintenance reset signal. This s an asynchronous
clear provided CLKAA is high.

MEMBUS

Half the frequency of +the system clock. Can be
considered as the final qualifier for a request.
This signal is latched i1n the MDADD and sent to the
control array.

CLKAA

The normal system Mclk out’ of +the clock and
maintenance chip.

-—Burroughs Prior Written Consent Required For Disclosure Of This DRata--




10/27/88 1933 5228
BURROUGHS CORPORATION A e +

SYSTEMS DEVELOPMENT GROUP !

PASADENA PLANT | SO0 MEMORY CATA CARD

COMPANY e el wem
CONFIDENTIAL SYSTEMS DESIGN SPECIFICATION Rev. B Page 65 |

10.2.2 MDADD INTERFACES (Continued)

Qutputs:
LMEMCMD(1:@)

The latched command hits. Sent to control array.:
LLMODSEL(4:0)

The latched module select field. Sent to con}?di
array.

RASADR(1:@)

These are the RAM address lines which are senti{to
the control array. There they are decoded to send a
RAS to only 1 of 4 banks of memory.

ADRAM(9:0)

- The multiplexed row, column, and refresh address .to
the RAMs. e

CLKDAO(B: 1)

The eight clecks for the data arrays. The logical
"and" of CLKREADL and a narmal Mclk.

PRECASN - Low active

This output goes low when the ROWADREN inpui goes
low, i.e. it is time to send the column address out
to the RAMS., The signal 1s then run into a delay
line before it becomes the column address strobe
(CAS) to the RAMS. The delay line allows time for
the address to get -to the sips. -

LMEMBUS
Latched MEMBUS. This signal 135 sent to a delay line

and then to the control array. This is the-only
register in MDACD which 1s not held by HOLDADR.
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10.2.2 MDADD INTERFACES (Continued)

ADRPAR!

Address parity bit | is the exclusive or of the
MODSEL field and RAMADR bits @@, @1, 02, 03, @4, 05,
06, 07, @8, 19, and 2@. When CORRECT is high this
parity bit is derived from the corrected address
field. If not, ADPAR! will be calculated with the
above listed bits as they are received off .the
backplane. This bit is sent to all data arrays 'and
is XOR’d with data bits @0 and 39 when both writing
and reading to RAM memory. This was done to detect”
an address short in the RAM array. For instance,
suppose data was not written to its target address
because of .a stuck-at-zero address line. Then when
reading the stuck-at address, the ADRPAR bits (there
are two) will be. different (one or both) and the
corresponding data bits will not be flipped to their
true states. Thus, a double bit error .is reported.

ADRPARZ

The XOR of RAMADR bits @9, 1@, 11, 12, 13, 14, 15,
{6, 17, 18 and 21. This bit 1s also sent to all data
arrays and is XOR’d with data bhits @1 and 38. See

ADRPAR1! above.
CMDPAR

This is the exclusive-or of the ‘“command" fi=ld
which is sent across the board to the control array.
It is the XOR of SMCTIME, MEMCMD!, MEMCMDO, and the
MODSEL bits at the time ADRHOLD goes true. The

control array can use this parity bit to check for
single bit errors on these inputs from the address
array. :

ADRERR

Signals the control array that an address errcor has
occurred.
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10.2.2 MDADD INTERFACES (Continued)

ADRSBE

Signals the control array that a single bit address
error was received.

SHIFTOUT
The serial shift chain output.
JMPRTRU(2: 1)

Provides ECL true levels to backplane (BP-S3P5) and
to board jumpers, °

10.2.3 MDADD FAULT DETECTION

The MDADD can correct all single bit address errors on . the
backplane. It can detect multi-bit errors. Both errors are
reported to the control array and subsequently to the system
maintenance controller. n

The bits of the command field which cross the pc board to
the control array are protected by parity. An error detected
here would be reported by the control array as a hardware
error - MODBRK.

The MDADD also provides a mechanism for detecting address.

faults in the RAM matrix. The scheme is described in Section
10.1.2 under ADRPAR! and will not be repeated here.

10.2.4 MDADD BOARD TEST FACILITIES
The CORRECT input, which in normal operation should be tied

true, 1s provided to latch 1the address directly off the
backplane by bypassing the ECC logic.
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19.2.5 MDADD SHIFT CHAIN DEFINITION

FFiE NAME DESCRIPTION

201 LRAMADROOH - LATCHED RAM ADDRESS BIT 00

@22 LRAMADROIH - LATCHED RAM ADDRESS BIT @l

003 LRAMADROZ2H - LATCHED RAM ADDRESS BIT 02

004 LRAMADRO3H - LATCHED RAM ADDRESS BIT 03

@05 LRAMADRO4H - LATCHED RAM ADDRESS BIT 04

Q06 LRAMADROSH - LATCHED RAM ADDRESS BIT 05 .

@27 LRAMADROBH - LATCHED RAM ADDRESS BIT 06 S

008 LRAMADRQ7H - LATCHED RAM ADDRESS BIT 07 :

@29 LRAMADRGBH - LATCHED RAM ADDRESS BIT @8
@10 LRAMADR@®SH - LATCHED RAM ADDRESS BIT @9

@11 LRAMADRI@H - LATCHED RAM ADDRESS BIT 10
@12 LRAMADR!IH - LATCHED RAM ADDRESS BIT 11

213 LRAMADRI2H - LATCHED RAM ADORESS BIT 12
@14 LRAMADRI3H - LATCHED RAM ADDRESS BIT 13

215 LRAMADRt4H - LATCHED RAM ADDRESS BIT 14
@16 LRAMADRISH - LATCHED RAM ADDRESS BIT 15

217 LRAMADR{BH - LATCHED RAM ADDRESS BIT 16

918 LRAMADRI7H - LATCHED RAM ADDRESS BIT 17

@19 LRAMADRI8H -~ LATCHED RAM ADDRESS BIT 18

®2@ LRAMADR19H - LATCHED RAM ADDRESS BIT 19

221 LRAMADR2@H - LATCHED RAM ADDRESS BIT 20
22 LRAMADRZ1H - LATCHED RAM ADDRESS BIT 21

023 LMODSELOH LATCHED MODULE SELECT BIT

@24 LMODSELIH LATCHED MODULE SELECT BIT

@25 LMODSELZH LATCHED MODULE SELECT BIT

@26 LMODSEL3H LATCHED MODULE SELECT BIT

@27 LMODSEL4H LATCHED MQDULE SELECT BIT

@28 LMEMCMD@H LATCHED MEMORY COMMAND BIT @

023 LMEMCMDIH LATCHED MEMORY COMMAND BIT 1

030 LMEMBUSH LATCHED BUS CYCLE TIMING SIGNAL (MEMBUS)

@31 AERRORH ADDRESS BUS ERROR

@32 ASBEH ADDRESS BUS SIGNAL BIT ERROR

033 HLDERRH HOLD ERROR )

@34 ADRPARIH ADDRESS BUS PARITY BIT | TO DATA ARRAYS

@35 ADRPARZH - ADDRESS BUS PARITY BIT 2 TO DATA ARRAYS

®35 CMOPARH COMMAND PARITY BIT TO CONTROL ARRAY

| I N R | | I I N R D D |
N -8

|
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10.2.6 MDADD PIN-OUT

ADDRESS ARRAY
PIN NAME
ADDRECCO
ADDRECC 1
ADDRECC?
ADDRECC3
ADDRECC4
ADDRECCS
ADDRECCSE
ADRAMO
ADRAM!
ADRAM?Z
ADRAM3
ADRAM4
ADRAMS
ADRAMB
ADRAM7
ADRAMS
ADRAMS
ADRAMEN
ADRERR
ADRPAR
ADRPAR?Z
ADRSBE
CLEAR
CLKAA
CLKDAII
CLKDAIZ
CLKDAI3
CLKDAI4 ‘
CLKDAIS ¢
CLKDAIG
CLKDAIL7
CLKDAIS
CLKDAQ!
CLKDAOZ
~ CLKDAO3
CLKDAO4
CLKDAOS
CLKDAOB
CLKDAO7
CLKDAOB

El4
F14
C3

2
&

ct2
G1
H1
J1
K1
H14
J14
L13
Mi3
B2
F2
G2
H2
Fi5
D1s
D14
615

(o el el
[ ]
S 000UV DTV DO

DESCPITION OF PIN SIGNAL

ADDRESS ECC BIT @ FROM BP.

" " " ] " il

[wp B U0 IS~ G5 [ N

“ i

ADDRESS BIT @ THUR LS&B TO RAM SIPS.

" " & " » " il -

W ~N;muUl A~ NN

" “ 9 " ! ©o "o
RAM ADDRESS ENABLE FROM CTRLA.
ADDRESS ERROR SIGNAL TO CTRLA.
ADDRESS PARITY BIT 1 TO ALL DA,
ADDRESS PARITY BIT 2 TO ALL DA.
ADDRESS SINGLE BIT ERROR TO CTRLA.
CLEARD FROM CLKA.

D-CLOCK FOR AA D-CHAIN FROM CLKA.
D-CLOCK FOR RQUTING TO DA FROM CLKA.

" " " 1t " o [

O
]
]
= =
(@]
9]
=2
* & *
(9]
i
=
= =
P,
[
[
= =z —
Q
WS S ws B ws )
> D> T
Gl DY o
]
i
= = Q
(]
x

* kK ok Kk
-
>
jay!
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10.2.6 MDADD PIN-OUT (Continued)

ADDRESS ARRAY
PIN NAME

CLKREADL

CORRECT

HOLOADR
CMDPAR

JMPRTRUI
JMPRTRUZ
LMEMCMD®
LMEMCMD !
LMODSEL®
LMODSEL!
LMODSELZ
LMODSEL3
LMODSEL 4
LMEMBUS

MEMCMDO
MEMCMD |
MEMRQIDO
MEMRQIDH
MEMRQIOZ
MODSEL®
MODSEL |
MODSELZ
MODSEL3
MODSEL4
PRECASN

RAMADROO
RAMADRO !
RAMADRO?
RAMADRO3
RAMADRQ4
RAMADRAS
RAMADROB
RAMADRO7
RAMADR2S
RAMADROY
RAMADR 10
RAMADR 1 1
RAMADR 12

PIN
#

A7

B7
A8
N3
K14
K15
Cl
01

3
&

b2
D3
El
F1

N13

PIS

N14

L1

Lz

M1

N1S
MI4
M15
Li4
L15
Cl14

M2
Nt
N2
P
P2
R2
R3
P4
R4
Pg
PS
PG
RE

1/0

I-R

I-R
05@
050
050
050
050
050
050
050
050
052

oot

t

[ e e B s N e N e N
ut |
S>> P

b b b b b b b b e b et
[} | S |
>3 D> D

| S Y S |

DESCPITION OF PIN SIGNAL
PULSE FROM CTRLA (M-MODE CLK READ
DATA).
ACTIVELY TERMINATED ON MDC.
HOLD SIGNAL FROM CTRLA.
COMMAND PARITY BIT TOQ CTRLA.
ECL TRUE TO BP JMPRTRUE (BP-S53PS).
ECL TRUE TO ON BOARD JUMPERS. )
LATCHED COMMAND BIT @ 70 CTRLA.
"LATCHED COMMAND BIT t TQ CTRLA, .
LATCHED MODSEL ADDRESS BIT @ TO CTRLA.

n " " 5 ] " it
°

LATCHED MODSEL ADDRESS BIT 2 TO CTRLA..

0 " 1 " 3 " . ‘H
u " " " 4 " "
_ LATCHED MEMBUS THRU DELAY LINE TQ
CTRLA.
COMMAND BIT @ FRQOM 8P.
COMMAND BIT 1| FROM BP.
REQUESTOR ID BIT @ FROM BP.
" " 1" 1 " i
" i n 2 " 13 .
MODULE SELECT BIT @ FROM BP.

" ] " "
1" "
"

" “

NE TQ GENERATE

— o

PRECASN TO DELAY L
CASN.
ADRRESS BIT 2@ FROM BP.
! "0t " e
" "2 ! ‘.
ADDRESS BIT @2 FROM BP.
" "oQ4 oo
! ot s ! "
" " QB ! "t
“ toer. " ‘.
" 08 " ‘.
" " 09 ! ‘.
! 10 ! ‘.
" R " "

" " i 2 " 0
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10.2.6 MDADD PIN-OUT (Continued)

ADDRESS ARRAY PIN

PIN NAME b I/0 DESCPITION OF PIN SIGNAL
RAMADR13 P7 I-A ADDRESS BIT 12 FROM BP.
RAMADR14 R7 I-A " "4 " ‘.
RAMADR1S P8 I-A * " 15 ! ‘.
RAMADRI1 G R8 I-A " " 16 " ‘.
RAMADR17 P9 I-A " R ! " -
RAMADR 1 8 R9 I-A ! “ 18 ! "
RAMADR 19 P1Q- I-=A ! *18 ! ‘.
RAMADRZO R1Q I-A " 20 " "
RAMADR2 ! P11 I-A ! 21 ! ‘. '
RAMSIZE A13 I RAM SIZE (25BK/1M) FROM BD JMPR. °
RASADRD E13 050 RAS ADDRESS BIT @ TO CTRLA. i
RASADRI Gi14 050 RAS ADDRESS BIT 1 TO CYRLA. v
REFADR® A5 I-R REFRESH ADDRESS BIT @ FROM CTRLA.
REFADR BS I-R REFRESH ADDRESS BIT 1 FROM CTRLA.-
REFADRZ2 AB I-R REFRESH ADDRESS BIT 2 FROM CTRLA.
REFADR3 BE I-R REFRESH ADDRESS BIT 3 FROM CTRLA. -
REFADR4 Ag I-R REFRESH ADDRESS BIT 4 FROM CTRLA. .
REFADRS BS I-R REFRESH ADDRESS BIT 5 FROM CTRLA.
REFADRB A10 I-R REFRESH ADDRESS BIT & FROM CTRLA.
REFADRY B10@ I-R REFRESH ADDRESS BIT 7 FROM CTRLA.
REFADRS8 A2 I-R REFRESH ADDRESS BIT 8 FROM CTRLA.
REFADRY Bi12 I-R REFRESH ADDRESS BIT 38 FROM CTRLA.
ROWADREN N4 I-R  RAM ROW ADDRESS ENABLE FROM CTRLA.
SHIFT NS I-R SHIFTD FROM CLKA.
SHIFTIN A3 [-R SHIFTIN FROM DA8 SHIFTOUT.
SHIFTOUT A2 050 SHIFTOUT TO CLKA SHIFTIN.

I-A  MEMBUS FRCM BP.

MEMBUS ~P3
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DEFINITION OF

]

AA
CLKA
CTRLA
BD =
8P
DAy
I =
I-A

I-R

LS&B
ROATA#LHE

1]

H

[}

XDATAkEH

it

= BACKPLANE.

GROUP : A
| US02 MEMORY DATA CARD

9!
0
m
e}
L |
n
L]
2
o
—1
—
O
=

QUT (Continued)

ABBREVIATIONS:

ADDRESS ARRAY.
CLOCK ARRAY.

CONTROL ARRAY.
CIRCUIT BOARD.

OATA ARRAY, WHERE # IS THE USAGE NUMBER (1

TO 8).-
INPUT, WITHOUT TERMINATION, :

= INPUT, WITH ACTIVE TERMINATION.
= INPUT, WITH S0 OHM RESISTIVE TERMINATION.
= ECL-TTL LEVEL SHIFTERS & TTL BUFFERS.

BIDIRECTIONAL DATA BUS BETWEEN THE DATA ARRAYS -°
AND THE ECL/TTL LEVEL SHIFTERS. ### IS THE ;
BIT NUMBER (@02 TO 191).

BIDIRECTIONAL DATA BUS BETWEEN THE DATA ARRAYS
AND THE MDC'S BACKPLANE CONNECTOR. ### IS THE"

BIT NUMBER (@@ TO 191). ?
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18.3 DATA ARRAY - MDECCZ
: MDECC2 :
| 2835-1120 !
! MCAZECL !
IN ===>! BPDATA(39:20) XBPDATA(19:00) {<==> I0 .
IN ===>! BPDATA(47:44) XBPDATA(43:40) [<==> 10 o
IN ===>! RAMDATA(39:20) XRAMDATA(13:00 )| <==> I0 v
IN ===>! RAMDATA(47:44) XRAMDATA(43:40) ! <==> ID
IN ---3! RAMSEL BUSY10QUT I—==> QUT
IN ---»! READ BUSYZ0UT f===> OUT :
IN -~->! HOLD !
IN --->! SORCEBPL . ERROR l——=3 QUT
IN -—-%! BUSYIN SBE f-==> QUT
IN ---»! GENECC !
IN ---»! CORRECT - SHIFTOUT f--=» 0UT
IN --->! NEEDBUFFER :
IN ---3»! ADRPAR! !
IN --=»! ADRPARZ !
IN ===>! HOLDDIG(5:1) :
b !
IN --->! CLEAR :
IN -==>! SHIFT !
IN --=>{ SHIFTIN :
{ !
IN ---=>! (LOCK !
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19.3.1  MDECC2 FUNCTIONAL OVERVIEW

The MDECCZ option 13 an ECC generator and SEC-DED-4ED
bidirectional 48 bit bus transceiver. Two MDECCZ PGA's in a
mirror image configuration are required to implement the
function because of the limited number of 25 ohm drivers on
the MCAZECL chip. Each PGA must see all data and check bits
in order for the ECC circuitry to function properly,
however, each PGA is only responsible for driving 20 data
bits and 4 check bits. See Section 18.3.6 for pin-out and
data array pair interconnect. -

19.3.2 MDECCZ INTERFACES

Inputs:

BPDATA(39:2@)

Tweﬁty bits of backplane data.
BPDATA(47:44)

Four check bits off the backplane.
RAMDATA(33:20)

Twenty bits of ram data.
RAMODATA(47:44)

Four check bits from ram.
.RHMSEL

Selects the input to +the ECC .circuitry and data
registers. - A high chocses the RAMDATA whereas a low
will select BPDATA. Remember that due to the number
of output drivers half the ram data will anter con
inputs RAMDATA(39:20) and RAMDATA(47:44), while +the
other 24 bits will invade I/0 lines XRAMDATA(138:@)
and XRAMDATA(43:2). Therefore, his [/0 bus should be
in receive mode (READ HIGH) while RAMSEL is high.
See READ below. -7
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10.2.2 MDECC2 INTERFACES (Continued)
READ
A true will allow the read data from ram memory to
be received on I/0 pins XRAMDATA (18:0) -and
XRAMDATA(47:40 ). '
HOLD
A high on  HOLD will place all data and error

registers into the hold mode.

F}

SORCEBPL - active low

A low

goes

on
XBPDATA(19:0)
the backplane. This. signal from
low
then latched and extended another

backplane allous 1/0 gins
and XBPDATA(43:4@) to drive data ofto
the control array
on the fifth clock of a read cycle. It is
clock period  in

Jource

order to present data to the backplane for two clock

periods.

BUSYIN

From

the

will

BUSYIN.

GENECC

ignored

for the check

the
flip-flops
board.
maintenance
flip~flop which corresponds
address.

gate
backplane.
BUSYZ0UT will be the noninverted buffered ocutput

A true on GENECE
generate
The data present on the

o

control array.

in the MDECCZ,
- Ugon

processor

There are two “busy"”
for a total of si«teen on
system inittialization, the

will shift a one into the
to the MDC's logical
is received by all data arrays and
of sixteen  "busies" onto the
NEEDBUFFER high, BUSYIQUT and

~F
ol

BUSYIN
one

If 15

to

forces
hits

the data array pair
from the 4@ bit data word.
syndrome i1nput lines are
GENECC is active., See Section 12.!'.3
bit encode table.

8 check

when
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10.2.2 MDECCZ INTERFACES (Continued)

CCRRECT

From the control array. When CORRECT is high, single
bit errors will be detected and corrected before the
data is clocked i1nto the registers. QOn the MDC this
‘'signal is always high when write data is captured
off the backplane. In order to  correct read data
errors it 1s necessary -to shift a one into, jhe
CORRECT flip-flop in the control array. See Sectium
10.3.4 for the syndrome decode table. "

NEEDBUFFER

Tied to UTT on the MDC. The 25 ohm outputs BUSYOUT
and BUSYZ0UT will, when MEEDBUFFER is high, be-the
noninverted buffered output of BUSYIN delayed fby
roughly 2.5 ns. - .

ADRPAR!

Address parity bit ! 1s the exclusive or of " the
MODSEL field and RAMADR bits 00, 01, 02, @3, 04 , .05,
06, 07, 08, 13, and 29. When CORRECT on the address
array is high, this bit 1is derived from the
corrected address field. If address correction 1s
not utilized ADPAR! will be calculated with the
above listed bits as they are received off the
backplane. This bit is sent to all data arrays and
is XOR'd with data bits @0 and 39 when both writing
and reading to RAM memory. This was done to detect
an address short in the RAM array. For 1instance,
suppose data was not written to its target address
because of a stuck-at-zero address line. Then when
reading the stuck-at address, the ADRPAR bits (there
are two) will be different fone. or both) and the
corresponding data bits will not be flipped to their
true states. Thus, a double bit error is reported,

ADRPAR2
The XOR of RAMADR bits @9, 1@, 11, 12, 13, 14, 15,
16, 17, 18 and 21. This bit is alsc sent to all data
arrays and is X0R'd with data bits @1 and 328. Sge

ADRPAR! above.
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10.3.2 MDECC2 INTERFACES (Continued)
HOLCODIG(S: 1)
Each data array has 24 registers - 20 data ard 4

check bit. HOLDDIG(!) will place a digit, data
registers 00,01 ,02,83, into the hold state. ALl five
digits have their own individual HOLD line. The
check bits, of course, have no hold control. These
lines are tied to UTT on the MOC. ’

CLEAR

Maintenance chain reset signal originating at the
clock and maintenance chip. This signal 1is 'an
asynchronous clear provided the clock is high.

SHIFT

Maintenance chain serial shift enable signal from
the clock and maintenance chip.

SHIFTIN

The maintenance chain serial shift input.
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12.3.2 MDECCZ INTERFACES {(Cont:inued)

I/0 SIGNALS

XBPDATA(13:00)

Half of the 40 bit backplane data word. €Each array
handles 20 bits. Remember that each array "sees" all
48 bits but only drives half the data and half _%he
check bits. XBPDATA(19:@) is the half of the data

word that is driven oanto the backplane on Tread
commands. °

XBPDATA(43:40)

Half of the 8 check bits. Oriven onto the backpl%ne
on a read cycle.

XRAMDATA(39:20)

Half of the 4@ bit ram data word. Oriven to the ram’
matrix during a write cycle. C

XRAMDATA(43:40)

Half of the 8 check bits. Driven to the ram matrix
on write commands.
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190.3.2 MODECCZ INTERFACES (Continued)

OUTPUTS
ERROR and SBE
ERROR and SBE work in conjunction with one another

and in conjunction with the same signals of the
other data array comprising the pair. The possibile

combinations for data array pair | and 2 are as
follows: . ’
ERROR! = @ SBE! = @ No error.

ERROR2 = @ SBEZ2 = 0 .
ERROR! = @ SBE! = | Single bit error e
ERRORZ = | SBE2 = 0 in D.A. 1, N
ERROR! = 1 SBE! = @ Single bit error

ERRORZ = © SBE2 = | in D.A. 2.

ERROR! = 1 SBE! = 0 Multi-bit error. -
ERRORZ = | SBE2 = @ .

A single bit error in data array ! means that the
error in the 48 bit word is one of the 24 bits that
gets registered in data array 1, Basically, the

array pair look at the 48 bits, and i1f one array
sees an arror which is not a bit that is registered
on chip, he will raise his ERROR line saying an
error occurred but it is not in me. If 1t was a
single-bit-error the other array will make SBE true.
A'multi-bit error will cause both error lines to go
high. Theses error lines go to the contreol array
for decoding and reporting.

It should be noted for the sake of completeness

that the actual data in the error registers 1is
different from the above (the array QUTPUTS).

This is an important consideration when

evaluating this i1nformation via the shift

chain., The difference is, for a single bit

error, both ERROR and SBE will be high if the

bit in error has its flip-flop i1n that array. .
This discrepency is due to the use of an XOR on the
output side of the error FF's.
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19.3.2 MDECCZ INTERFACES (Continued)

BUSYI0OUT and BUSYZ0UT

There are 2 "busy" flip-flops in each data array for
a total of 16 on the MOC. On system configuration,
the system maintenance controller is responsible for
shifting a | into the flip~-flop, which corresponds
to the cards' logical address. If a ! was shifted
into the BUSY! flip-flop, BUSYIOUT will go trué on
receipt of . a BUSYIN going high. Similarly with
BUSY20UT. These 2S5 ohm outputs may also be used as
buffers. See Inputs: NEEDBUFFER. On the MDC, they
are always used as "busies" as NEEDBUFFER is tied, to
UTT. B,

SHIFTOUT

The maintenance chain sérxél shift output.
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16.3.3 MDECCZ CHECK
7685432 @
Q0 := ) <
Qt := ® “
02 := X
Q3 = «x X
@4 := < x m
@5 = < % P
Qe := % X x
@7 1= «x < X
28 := < x
039 := x X
1@ := x x X
11 = x X X
12 1= X KK
13 = X X X
14 := < ®
15 1= =« ®
16 := X X
17 1= X X
138 = X X
13 1= x X
20 = Py X x
2 = %
22 HE o, %
23 1= X X X
24 := < %
25 1= x X
26 XX ®
27 = A S 4
2 P m
2 ¢ = xR
30 := ® A
31 = <X %
32 = A4 x X x
) 33 =
. 34 1= P %
35 = 5 X
35 = OO “<
37 1= o o«
38 1= x ®
29 = x X
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10.3.4 MOECCZ SYNCROME DECODE TO BIT-IN-ERROR TABLE

: © 1t @ 1 @ t o 1 @O 1 @ 1 @ 1t @ i

i@ @ t 1 @2 2 + 1 2 e I I @ 0 I

2000 @ 2 @ 1 1t 1 1 @ @ @ 9 1 1
76543 @ @ © © 2 0 © @ U it 1\ 1 o 1 1
————— e e e e e S r————————
Q000 ¢ + 40 41 0D 42 D D M43 C D M D M M D
000! : 44 D D Q0 D408 D D MI16 DI2 D D M ,
Q010 : 45 D D@1 DOS @3 D D M17 D13 D D M e
0011 ! 028 2% D26 D 0O M27 D D M D M M O
Q100 | 46 D D©2 DO N D D1418 D10 D D M
QI1@1 ! D 2021 D22 D D M23 D D M D M M D
116 { O M M D30 D O M3 D D M O M M D
ittt M D D M D M M D DMMO©DMO©DODM .,
1000 | 47 O D@3 DO7 M D D519 D11 D D M
1@t | D 2425 D M D O M M D DMOMMOUD
1010 { D3233 D34 D D M3 O D M O M M D
111 M 4D 4D M 4D M M D4D M M D M. D O M
110} D36 37 D38 O D M3 0 DM DM M D
1161 ¢ M D D M D M M D DM M D M D D M
f1t11¢ + M O D M DM MODOMMODMDOD M
t1t1 ! D M M D M D DMMDUDMODMMD

« = NO BITS IN ERROR

@0 = SINGLE BIT IN ERROR, WHERE "nn" IS THE BAD BIT
D = MULTIPLE ERRORS (EVEN NUMBER)
M = MULTIPLE ERRORS (0ODD NUMBER)

NOTE THAT BITS 4@ THRU 47 ARE THE CHECK BITS.
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FF#

2021
Qaz
Q03
@24
205
@06
007
028
209
210
211
212
@13
214
218
216
@17
218
219
020
021
@22
023
024
225
026
@27
228
223

LRAMDATAQOQH
LRAMDATABQH
LRAMDATAROZH
LRAMDATAQOIH
LRAMDATAQQ4H
LRAMDATARQASH
LRAMDATAQQOEH
LRAMDATAGO7H
LRAMDATABQOSH
LRAMDATARASH
LRAMDATAQ 1 0QH
LRAMDATAQ! IH
LRAMDATAQ 1 2H
LRAMDATABI13H
LRAMOATAG14H
LRAMDATAQI15H
LRAMDATABIEH
LRAMDATAQ17H
LRAMDATAG ! 8H
LRAMDATAB1SH
LRAMECCQQOH
LRAMECCQQ1H
LRAMECCQQ@2H
LRAMECCOO3H
SBE1H
ERRORtH
SBPHOLD1H
BUSY(0®)
BUSY(Q@1)

MDECCZ2 SHIFT CHAIN DEFINITION

DESCRIFTION

LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED
LATCHED

000

021

BUS DATA @02
LATCHED RAM DATA ECC BUS DATA BIT 003
SINGLE BIT ERROR DETECTED BY DATA ARRAY |
ERROR CONDITION DETECTED BY DATA ARRAY |
SOURCE BACKPLANE HOLD, DATA ARRAY |

MDC BACKPLANE BUSY

MDC BACKPLANE BUSY
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10.3.6 MDECC2 DATA ARRAY PIN-QUT

DATA  ARRAY PIN DATA ARRAY 1 (DA1) DATA ARRAY 2 (DA2)
SIGNAL NAME # 1/0 PIN CONNECTS T0 - PIN CONNECTS TO -
ADRPAR 2 I AA - ADRPAR! AA - ADRPARI
ADRPAR2 E2 I AA - ADRPAR2 AA - ADRPAR2 .
BPDATA20 RS I  BD - XRAMOTm(20)P BD - XRAMDTm(19)P
BPDATAZI AS 1 BD - XRAMDTm(21)P BD - XRAMDTm(18)P
BPDATAZ2  R6 I BD - XRAMDTm(22)P BD - XRAMDTm( 17)P
BPOATA23  AE I BD - XRAMDTm(23)P BD - XRAMDTm(iB.P
BPDATA24  R7 I BD - XRAMDTm(24)P BD - XRAMDTmC1G)P
BPDATA2S A7 I . BO - XRAMDTm(25)P -BD - XRAMDTm(14)P
BPDATA26 R8 I  BD - XRAMDTm(26)P B8O - XRAMDTm(I13)P
BPDATA27 A8 I BD - XRAMDTm(27)P BD - XRAMDTm(12)P
BPOATAZB  RY I BD - XRAMDTm(28)P ~ BD - XRAMDTm(1)P
BPOATAZS A3 I BD - XRAMDTm(23)P BD - XRAMDTm({Q)P
BPDATAS@  RIQ I BD - XRAMDTm(I0)P BD - XRAMDTm(9)P
BPDATAS AI@ I  BD - XRAMDTm(31)P BD  ~ XRAMDTm(@8)P
BPDATA32  RIT. I BD - XRAMDTm(32)P BD - XRAMDTm(@7)P
BPDATAS3 A1l I BD - XRAMDTm(33)P BD =~ XRAMDTm(¢QG )P
BPDATA3 R12 B - XRAMDTm(34) B - XRAMDTm( @5 )P
BPDATA3S . A12 I  BD - XRAMDTm(35)P BD - XRAMDTm(@4)P
BPDATA3E  A13 I BD - XRAMDTm(36)P BD - XRAMDTm(@3)P
BPOATAS7  R13 I BD - XRAMDTm(37)P BD - XRAMDTm(QI)P
BFDATAZ8  PIS I  BOD - XRAMDTm(38)P BD - XRAMDTm(@1)P
BPDATAS BIS B - XRAMDTM(32) B - XRAMDTm( QP
BPDATA44  R3 I BD - XRAMECm(Q4)P BD - XRAMECm(@3)P
BPDATA4S A3 I  BD - XRAMECm(25)P BD - XRAMECm(@2)P
BPDATA46 R4 I  BD - XRAMECm(@6)P BD - XRAMECm(Q!)P
BPDATA47 A4 I BO - XRAMECM(@7)P BD - XRAMECm(QQ)P
BUSYIN Nt I  CTRLA - BUSYIH B0 - BUSYZH
BUSYIOUT L3 025 BD - BUSYQ(®) BD - BUSY@(2>
BUSY20UT-  MI3 025 8D - BUSY®(!) 8D - BUSYQ(3
CLEAR Gla 1 CLKA - CLEAR CLKA - CLEAR

CLOCK c12 1 CLKA - CLOCK CLKA - CLOCK
CORRECT Hi4 1 CTRLA - CORRECT . CTRLA - CORRECT
ERROR NI13 050 CTRLA - ERROR " CTRLA - ERRORZ
GENECC L14 I  BD - UTT (LOWS BO - UTT (LOW)
HOLD Mi4 I CTRLA - HOLD CTRLA - HOLD
HOLDDIG! NiT 1 B0 - UTT (LOW» BO - UTT (LOW:
HOLGPIGZ  NIZ2 I BD - UTT (LOW) BD - UTT (LOw)
HOLODIG3 NS I BD - UTT (LOW) BD - UTT {LOW)
HOLDDOIG4  CI1 I BD - UTT (LOW) BD - UTT (LOW!
HOLDDIGS €5 I BD - VUTT (LOW) BO - UTT (LOW) -
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10.3.6

DATA ARRAY PIN
SIGNAL NAME # 1/0
NEEDBUFFER C15 I
RAMDAT20 P11
RAMDATZ2 1 Bl I
RAMDATZ2 P3 I
RAMDAT23 83 I
RAMDAT24 P4 I
RAMCAT2S B4 I
RAMDAT2E P51
RAMDAT27 BS I
RAMDAT28 P& I
RAMDATZ29 B6 I
RAMDAT30 P71
RAMDAT3 1 B7 I
RAMDATS2 P8 I
RAMDAT33 B8 I
RAMDAT34 Pg . I
RAMDAT3S B3 I
RAMDAT36 PIO I
RAMDATI? Bl1O I
RAMDAT38 P11 1
RAMDAT39 Bt1 1
RAMDAT 44 P12 I
RAMDAT 45 Bi2 I
RAMDAT4E P13 I
RAMDAT47 B13 I
RAMSEL H2 I
READ 62 I
SBE ' J14 05
SHIFT N I
SHIFTIN c4 I
CSHIFTOUT C3 05
" SORCEBPL 201
_XBPOATOO o2 B2
XBROATO! D3 82
XBPDATO2 El 82
XBPDATAZ E3 82
XBPDATO4 FI B2
XBPDATOS F2 82
XBFOATOE Ki B2

189/27/38 _ I 1332 5233

MDECCZ2 DATA ARRAY PIN-QUT (Continued)

DATA ARRAY | (DA1)
PIN CONNECTS TO -

OATA ARRAY 2 (0AZ2:
PIN CONNECTS TO -

BO - UTT (LOW) BD - UTT (LOW)

BD - RDATAM(20Q) 8D - RDATAM(T3)
BD - RDATAm(21) BD - RDATAm( 18)
BO - RDATAM(22) BD - RDATAm(17)
BO - RDATAm(23) 8D - ROATAM(46)_
BD - RDATAm(24) BD - RDATAm(15)
BD - RDATAm(25) BD - RDATAm(14)
BO - RDATAm(28) BO - RDATAm(13) -
BOD - RDATAmM(27) BD - RDATAm(12)
BD - RDATAm(28) BD - RDATAm( L)
BO - RDATAm(2%) 8D - RDATAm( 19)
BD - RDATAM(Z2) BD - RDATAM(QY)
BO - RDATAm(31) BD - RDATAm(08)
BO - RDATAM(3Z) BD - RDATAmM(@7)
BD - RDATAm(33) BD . - ROATAm(@6)
BD - RDATAm(34) BD - RDATAM(Q2S)
8D - RDATAM(35) BD - RODATAm(Q4)
BD - RDATAmM(3B) BD - RDATAM(23)
BD - RDATAm(37) BO - RDATAM(@2)
BO - RDATAmM(38) BD - RDATAM(Q1)
BD - RDATAmM(33) BD - RDATAm(00)
BD - RDECCm(Q4) 8D - RDECCm(23)
BO - RDECCm(@5) BD - RDECCm(22)
80D - RDECCm(@B) BD - RDECCm(@1)
BO - RDECCm(@7) BD - RDECCm(20)
CTRLA - RAMSEL CTRLA - RAMSEL

CTRLA - READ CTRLA - READ

CTRLA - SBE! CTRLA - SBEZ

CLKA - SHIFT CLKA = SHIFT

CTRLA - SHOUTD DAl - SHIFTOUT

DA2 - SHIFTIN DA3 - SHIFTIM
CTRLA - SOURCEBPL CTRLA - SOURCEBFL

o) - XRAMDTmM(Q0)P  BD - XRAMDTm  Z3:P
BD - XRAMDTmt¢Q1)P  BD - XRAMDTm(Z3 P
BD - XRAMDTm(@2)P  BD - XRAMOTm/ 377
BO - XRAMDTm(23)P  BD - XRAMDTm( 35 1P
BD - XRAMDTm(Q4)P  BD - XRAMGTm’ 35:F
BD - XRAMDTm(Q5)P  BD - XRAMOTm( 34 3P
1) - XRAMDTm(@6)P  BD - XRAMOTm: 33F
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19.3.86 MOECCZ DATA

0ATA  ARRAY PIN
SIGNAL NAME %

ARRAY PIN-DOUT (Continued)

DATA ARRAY 1 (DA1)
I/0 PIN CONNECTS TO -

OATA ARRAY 2 (DAZ)
FIN CONNECTS TO -

XBPDATO? K2
XBPDATOS L2
XBPDATO9 M2
XBPDATI10Q M3
XBPDAT! 1 2
XBPDATI2 L13
XBPDATI3 N14
XBPDAT14 L1s
XBPDATIS K14
XBPDAT16 K15
XBPDATI17 Fld
XBPDATIS8 Fi5
XBPDATI19 E13
XBPDAT40 El4
XBPDAT41 013
XBPDAT42 D14
XBPDAT43 C14
XRAMDTOQ 61
XRAMDTO ! D1
XRAMDTO2 J
XRAMDTO3 Hi
XRAMDTO4 M1
XRAMDTOS Li
XRAMDTOB P2
XRAMDT@7 N3
XRAMDTO8 M1§
XRAMDTQS NiS
XRAMDT 1@ H1S
XRAMDT1 1 Ji5
XRAMDTI12 E1S
XRAMDT13 615
XRAMDT 14 Ct3
XRAMOT1S DIs
XRAMOT!6 Eia
XRAMDT 17 P4
XRAMOT 18 Al4
XPAMOTI9 Ri4
XRAMOT 49 A2
XRAMDT 4 1 R2
XRAMDT42 Ct
XRAMOT43 B2

B2S - BD XRAMDTmM(Q7)P  BD XRAMDTm( 32)P
B25  BD XRAMDTm(@8)P  BOD XRAMOTm(31 )P
B?5  BD XRAMDTm(@S)P  BD XRAMDTm(30 )P
B2S  BO XRAMDTm(1@)P 8D XRAMDTm(29)P
B25 BD XRAMDTm(11)P  BD XRAMDTm(28)P
825 BD XRAMDTm(12)P B8O XRAMD Tm(27-1P
BZ5 8D XRAMDTm( 13)P  BD XRAMDTm(260)P
B2S B0 XRAMDTm( 14)P  BD XRAMDTm(25)P
B25 B8O XRAMDTm(15)P  'BD XRAMDTm (24 )P
B2 ]s) XRAMDTm( 16)P  BD XRAMDTm( 23 )P
B25 BD XRAMDTm(17)P 8D XRAMDTm(,22 )P
B25 BD XRAMDTm( 15)P  BD XRAMDTm (21 )P
B25 BD XRAMDTm( {3)P  BD XRAMDTm( 20 )P
B2S 8D XRAMECm(20)P  BD XRAMECm(@7)P
B25  BD XRAMECM(Q1)P  BD XRAMECm (@6 )P
B25 BD XRAMECmM(22)P  BD XRAMECmM( @5 )P
B25 BD XRAMECmM(0Q3)P © BD XRAMECM( @4 )P
BS® B0 RDATAM(0@) BD RDATAm(3%)
BS® BD RDATAmM(Q1) B0 RDATAm( 38)
BS® BD ROATAM(02) BD ROATAM(37)
BS®@ BD ROATAM(03) BD RDATAM(36)
BS@? BD RDATAM(04) BD RDATAM(3S)
.BS® BOD RDATAm(05) BD ROATAM( 34)
BS®@ BD ROATAM( 06 ) e0 RDATAM(33)
BS@ BD RDATAM(07) BD RDOATAM(32)
B5@ 8D ROATAM(28) 8D RDATAmM(31)
BS® BD RDATAM(Q9) BD RDATAM(30)
B850 BO ROATAM( 1) BD RDATAM(23)
BS@ BD RDATAmM(11) 8D RDOATAm(28)
BS@ 8D RDATAm( 12) BD RDATAM(27)
BS® 8D RDATAM( 13) 8D RDATAmM(26)
B5@ BD ROATAm( 14} " 8D RDATAM(23)
BS@ BD RDATAm( 15 "BD RDATAM: Z4)
BS@ BO ROATAmM( 16 BO ROATAmL I3
BS2 BD ROATAmM( 17 ) BO RDATAm 22
BS2 - BOD RDATAmM( 18) BD ROATAML 21 )
BS@ BD ROATAm(13) BD ROATAM(20)
BS2 BD RDECCm( Q@) BO ROECCML 27
BS® BO RDECCm(@1) B0 RDECCm{ 06 ),
BS® BD RDECCm(@2) BO - RODECCM(Q5)™
BS® BD RDECCm(@3) BD ROECCm( Q4 )

--Burroughs Frior Written Consent Required For Disclosure Of This Oata--
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19.3.6 MDECCZ DATA ARRAY PIN-OUT (Continued)

DEFINITION OF ABBREVIATIONS:

AA = ADDRESS ARRAY.
525 . BI-DIRECTIONAL SIGNAL WITH 25 OHM OUTPUT DRIVE.
B50 = BI-DIRECTIONAL SIGNAL WITH 5@ OHM OQUTPUT DRIVE.
CLKA = CLOCK ARRAY.

CTRLA = CONTROL ARRAY.

80 = CIRCUIT BOARD. :
DA% = DATA ARRAY, WHERE - )

DA! IS FOR DATA BITS @@ THRU 19 AND
DAZ IS FOR DATA BITS 20 THRU 38.

I = INPUT SIGNAL.

025 = QUTPUT SIGNAL WITH 25 OHM OQUTPUT DRIVE.

050 = QUTPUT SIGNAL WITH 5@ OHM OUTPUT DRIVE. ::

ROATAm( #4) = BIDIRECTIONAL DATA EUS BETWEEN THE DATA ARRAYS
AND THE ECL/TTL LEVEL SHIFTERS. ##=00:39,
m=0:3. o

RDECCm( ## BIDIRECTIONAL ECC DATA BETWEEN THE DATA ARRAYS
AND THE ECL/TTL LEVEL SHIFTERS. ##=00:39, -
m=0:3.

BIDIRECTIONAL DATA BUS BETWEEN THE DATA ARRAYS

AND THE MDC'S BACKPLANE CONNECTOR. ##=00: .

m=0:3. ’

XRAMECm( #t#) BIDIRECTIONAL ECC DATA BETWEEN THE DATA ARRAYS
- AND THE MDC"S BACKFLANE CONNECTOR. ##=00:

m=0:3.

XRAMDTm( 4% )P

il

~-Burroughs Prior Written Consent Required For DOiscleosure Of This Data--
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i TERMS AND DEFINITIONS

CAS Column Address Strobe. The CAS is one of +the «chip
select pins on Dynamic RAMS, It is used to latch the
column address from the multiplexed address pins,

DRAM Dynamic random access memory, commonly available  in
16k bit, 64k bit, 256k bit, and IM bit varieties. They
are generally inexpensive , medium speed (around F20
nS), volatile storage devices. L

.-

IOMC The I/0 memory concentrator. The IOMC buffers data
transfers from the Data Transfer Modules and the'I1/0°
Translator. It also maintains the time of day clock
for the US0@ System. Vo

10T The 1/0 Translator. The IOT manages the queuing &nd
dequeuing of 1/0 requests from the MCP. It schedules

.1/0 operations for the Data Transfer Modules.

MCACM Memory Conirol and Cache Module. The interface Ffom
the processor to the main memory storage structure. -

MCP The Master Control Program. This is the U500 operating
system,

MDC Memaory Data Card as defined in this specification.

RAS Row Address Strobe. The RAS is one of the chip select
pins on Dynamic RAMS. It is used to latch in the rou
address through the multiplexed address pins.

SMC The; System Maintenance Controller. The SMC 15

responsible for controlling clocks and shifting data
and maintenance chains i1n the V500 System.

—*Burroughs Prior Written Consent Required For Disclosure Of This Cata--
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APPENDIX A

CHAIN LIST

US@@ MDC MAINTENANCE CHAIN

DATE 1102786

CHAIN YS;

ERRORIG 13

QVERRUN 13
CNTRFF 1
CLKBAD 13
SKEWL U
SKEWH i
MODIFYSKEW . 1
SKEWREG 9i

CMDPARH s
ADRPARH 2

HLDERRH ty

ASBEH 1
AERRORH 1y
LMEMBUSH 1
LMEMCMDH 23
LMODSELH 5
LRAMADRH 22

BUSY1SH 1
BUSY 1 4H 13
SBPHOLDS8H 1
" "ERRORSH UK
SBESH . Iy
LRAMECC34 ]
LRAMECC3S 1
LRAMECCZ6 b
LRAMECC37 !

-~Burroughs Prior Written

Maintenance chain
exit board R

exit CLKMNTZ array
error ignore ff

enter CLKMNTZ array

exit MDADDR array

command parity bit

address bus parity bits

hold error

address bus single bit error
address bus error

latched bus cycle timing signal
latched memory command
latched module select
latched ram address

enter MDADDOR array

ex1t MDDATA array §
backplane busy ’
backplane busy ’
source backplane hold
erraor ff

single bit error
latched ram data ECC

Consent Required For Disclosure Of This Data--
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LRAMDATZ20
LRAMDATI2
LRAMDATS22
LRAMDAT323
LRAMDATZ24
LRAMDATZZ

LRAMDAT32

LRAMDAT327
LRAMDATS2

LRAMDAT329
LRAMDAT330
LRAMDATZ31
LRAMDATZ32
LRAMDAT333
LRAMDAT334
LRAMDAT335
LRAMDAT336
LRAMDAT337
LRAMDAT338
LRAMDAT339

BUSY13H.
BUSY 1 2H
SBPHOLD7H
ERROR7H
SBETH
LRAMECC3X
LRAMDAT3X

BUSY ! 1H
BUSY1QH
SEPHOLDEH
~-~. ERRORGH

SBEEH

- LRAMECC24
"LRAMECCES
LRAMECCZ
LRAMECCZ7

~~-Burroughs Prior Written Consent Required For Disclocsure Of This CZata--
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{Continued)

by % latched ram data bus
1y
]
b
b
by
1
1 e
1 N
Vs, ) s
13
]
]
]; LI
13 -
] )
13
s
13
RN
% enter MDDATA 8

% exit MDDATA 7

13 % backplane busy

1 % backplane busy

1 % source backplane hold

1 % error detected

1y % single bit error

43 % latched ram data ECC

20; % latched ram data

% enter MODATA 7

% exit MDDATA array &
1 % backplane busy.
13 % backplane busy-
1 % source backplane hold
13 % errcr ff
13 % single bit error
1 % latched ram data ECC
13
b
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LRAMDATZZ0O 13 % latched ram data bus
LRAMDATZLY 13
LRAMDATZ22 13
LRAMDATZZ3 13
LRAMDATZZ 13
LRAMDATZ2 1
LRAMDAT22Z 13
LRAMDATZ227 [ ' . L.
{ RAMDATZ228 13 ot
LRAMDAT229 14 o
LRAMDATZ230 i
LRAMDATZ23! s
LRAMDATZ32 13 .
LRAMDAT233 1 o
LRAMDATZ234 1y e
LRAMDATZ23S 1
LRAMDAT238 13
LRAMDATZ237 =~ 14
LRAMDATZ328 13
LRAMDATZ23 1]

' % enter MDDATA B

% exit MDDATA S
BUSY@SH 1s % backplane busy
BUSY@BH 13 % backplane busy
SBPHOLDSH 1 % scurce backplane hcld
ERRORSH 1 % error detected
SBE7S 13 % aingle bit error
LRAMECC2X 4y % latched ram data ECC
LRAMDATZX 2085 % latched ram data
' % enter MDDATA S
% exit MDDATA array 4

BUSYQ7H s % backplane busy
BUSYQGH s % backplane busy’
SEPHCLD4H 1y % scurce backplane held
ERROR4H 13 % errcr ff
SEE4H i % single bit error

 LRAMECC!4
LBAMECCIS
LRAMECC!E
LRAMECC 17

latched ram data ECC

-=Burroughs Prior Written Ccnsent Required For Discleosure OF

This

Data--
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APPENDIX A

LRAMDATIZ® 13
LRAMDATI 2 b
LRAMDATIZZ 1
LRAMDATIZ3 s
LRAMDAT 124 by
LRAMDATIZ2S 1
LRAMDAT 128 U
LRAMDAT127 1
LRAMDATIZ8 [
LRAMDAT 129 3
LRAMDAT 130 s
LRAMDAT!131 1
LRAMDAT 1 32 b
LRAMDAT 133 1
LRAMDAT 134 1
LRAMDAT 135 by
LRAMDAT1386 i
LRAMDAT 1 37 1
LRAMDAT 128 by
LRAMDAT139 1y

BUSY@SH
BUSYQ4H
SBPHOLD3H
ERROR3H
SBEZH
LRAMECCIX
LRAMDATIX .

S p - - e

FJ

BUSYOIH
. BUSY@2H '
SBPHOLDZH
ERROR2H s
_ SBEZH s
LRAMECC24 1
LRAMECC®S i
LRAMECCOS r
LRAMECCO7 s

--Burrcughs Pricr Written

(Continued)

% latched ram data bus

%4 enter MDDATA 4

% exit MDDATA 3

% backplane busy

% backplane busy

% source backplane
% errcr detected

4 single bit errcr
% latched ram data
% latched ram data
% enter MDDATA 32

hold

ECC

% exit MDDATA array 2

% backplane busy.

% backplane busy -

% scurce backgplane hcld
% errcr ff

% single bit error

% latched ram data EC

Consent Required For Disclosure Of This Data--
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LRAMDATOZ29 K] % latched ram data bus
{ RAMDATOZ! 13
LRAMDATOQZZ 1y
LRAMDATQZ3 ]
LRAMDATO24 14
LRAMDATQZS i
LRAMDATOZE ]
LRAMDATQZ7 13 L
LRAMDATO28 1 ool
LRAMDATO29 13 P
LRAMDATO3@ 13
LRAMDATQ3! 13
L RAMDATO32 ] .
L RAMDATO33 1 Vo
LRAMDATO34 1] e
LRAMDAT@3S 1
LRAMDATO36 s
LRAMDATO27 13
LRAMDAT228 - 1;
LRAMDATOZ9 13
% enter MDDATA 2
% exit MDDATA !
BUSYBIH L] % backplane busy
BUSYB@H 1y % backplane busy
SBPHOLDH 1 - % source backgplane hcld
ERRORIH ] % arror detected
SBE1H 13 % single bit error
LRAMECCOX 43 % latched ram data ECC
LRAMDATOX 20; % latched ram data
: % enter MDDATA |
% axit MDCNTL array
LMEMBUSH 1y % latched MEMBUS timing signal
BUSYCTRPH 1 % busy timer parity predict
BUSYCTR € % busy timeout counter ff's
_ MONLINEH Yy % mcnitor of online ff
- DBLBSYH 1. % double cycle busy
_ LEOGACH 43 % latched card logical address
LNMBRL 4; % latched MDC count number
ECORRENH 1] % errcor correct enable (data)
REPORTH 13 % repcrt MEC ID and error ccde -

--Burroughs Prior Written Consent Required For Disclosure Cf This Data--
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APPENDIX A (Continued)

SOQURCEH [ % source data bus

MREQSOFFH s % maint chain reguest cff

MREQSH _ 4; % maint chain reguest state

% enter MDCNTL array
% enter bcard

CHMNEND ; % End of chain

REGLIST YSi ' %4 MDC Maintenance chain

LRAMECCZ  5; ' % ECC for block 2

LRAMECC37;
LRAMECC38 4
LRAMECC3S;
LRAMECC34
LRAMECC3X#

LRAMDAT3 21y % data fcr block 3
LRAMDAT339;
LRAMDAT338
LRAMDAT337}
LRAMDAT336
LRAMDAT335;
LRAMDAT334,
LRAMDAT333;
LRAMDAT332;
LRAMDATS31
LRAMDAT330;
LRAMDAT329;
LRAMDAT328;
LRAMDAT327;
LRAMDAT326

ST LRAMDATZ25;
) . LRAMDAT324:

.- LRAMDAT323;

LRAMDAT322;

--Burrcughs Prior Written Consent Required For Disclosure Of This Data--
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APPEMDIX A (Continued)

LRAMDAT3Z21;
LRAMDATZ29;
LRAMDATIX#%

LRAMECCZ 5; % ECC for block 2

LRAMECC27;
LRAMECC26;
LRAMECCZS;
LRAMECCZ4;
LRAMECCZX#

LRAMDATZ 213 % data for block 2
LRAMDAT239;
L RAMDATZ238;
LRAMDATZ237
LRAMDATZ36;
LRAMDAT235;:
LRAMDAT234;
LRAMDATZ233;
LRAMDATZ32;
LRAMDATZ231!;
LRAMDAT230;
LRAMDAT229;
LRAMDATZ2281
LRAMDAT227;
LRAMDAT226;
LRAMDATZ225;
LRAMDATZ224;
LRAMDAT223;
LRAMDATZ222;
LRAMDAT221;
LRAMDAT220;
LRAMDATZX$

LRAMECCT . S : % ECC for block {

T LRAMECC!7;
. LRAMECCI18;
"+ LRAMECC!S;
LRAMECC 1 43
LRAMECCIX#

--Burroughs Pricr Written Consent Required For Disclosure Of This Data--
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APPENDIX A (Centinued)

LRAMDATY 213 % data for block |

LRAMDAT139;
LRAMDAT 138
LRAMDAT137;

" LRAMDAT1326;
LRAMDAT135;
LRAMDAT134; :
LRAMDAT133; - , .
LRAMDAT 132 e
LRAMDAT131; ; U E
LRAMDAT 130; ‘ Do
LRAMDAT129; : <
LRAMDAT 128} o
LRAMDATI127; oo
LRAMDAT126; b
LRAMDATI12S;
LRAMDAT124;
LRAMDAT 123}
LRAMDAT122:
LRAMDATI21 3
LRAMDAT12@;
LRAMDAT I X#

LRAMECCO S % ECC for block @

LRAMECCO73
LRAMECCOE
LRAMECC®S
LRAMECC®4 5
LRAMECCOX#

LRAMDAT® 213 % data for block @
LRAMDATQ39;
LRAMDATO38;
LRAMDATO37;
LRAMDAT@3E
LRAMDATO3S;
LLRAMDATO34;

- LRAMDATR33;

" LRAMDAT®@32:

LRAMDATO3!;

-4Burroughs Pricr Written Consent Requifed For Disclosure 0f This Data--
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APPENDIX A (Continued)

LRAMDAT@30;
LRAMDATO29;
LRAMDATO28;
LRAMDATO27;
LRAMDATOZ6
LRAMDATO2S;
LRAMDATOZ24;
LRAMDATO23,
LRAMDATO22;
LRAMDATO21
LRAMDATO20;
LRAMDATOX#

REGEND; | %End of register list
‘ %End of file ~

--Burroughs Prior Written Consent Regquired For Disclosure Of This Data--
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Y508 MDC DATA (TIMING) CHAIN

DATE 1102786
CHAIN S % Data (timing) chain
. % exit board
% exit CLKMNT2 array
% enter CLKMNTZ array
% exit discrete counter
RICNTRH 8 % refresh interval counter
% enter discrete counter
% exit centrol array
FRCREFH 1y % clocked force rafresh signal
FRCSTRBH 13 % force refresh.strobe
RICHOLDL 13 % refresh interval counter hold count.
RICCHKBH - 1 % refrash interval counter check bit
RCNTRPH 1y % refresh address counter parity bit
RCNTRH 103 - % refresh address counter
REFRASEH 13 X refresh RAS cycle end
REFCYCH 4; % refresh cycle state
RWAITH Si % refresh wait state
REFBUSYH 13 % refresh busy
ONL INEH 13 % online control ff
MODBRKH 13 % module fail
MNTMODH 1 % maintenance mcde
DREQSH S % data chain request state
) % anter control array
% enter becard
CHNEND %End of chain

——Burr@ughs Prior Written Consent Required For Disclosure Of This Data--




