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Memory Write Timing

(

BusCik

Mo’ reeJorJrrrieri It irr
BT | | Lo | + | 2 | @ Jw@ Ve) 1w L) 1w 1 |0 o | 1
MemBusy | | |
BusSyncQ ___I——ﬁ 1
BusSync f_l [_I
MemCompQ r—]
MemComp [—I
GoMem R R | 1_
BusReq I 1 |
Row Address I———] r__[
Column Address | —
PageMode
MWrite | 1
TG Address | | 100 | 100 | ooo | o011 | 012 | 013 1| 014 | 015 | 016 | 017 | 018 | 100 | 100 | ooo 1
RASa H |
CAS I ] 1
Writo f—_—l
WriteEn | 1
R Bk ——
¥1amming Code Gensration { i
Data from Bus
CAEn L 1
RdComp [—j
WrComp 1
MRdLatch [ 1
HRdEn | ]
HSLatch 1
HSClear 1 | I
HWrEn { 1
CtrResD 1
(
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Memory Read Timing (With Error)
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TG Address (No Error} | 100 | 100 | ico | coc | oo

TG Address (Error) | 100 | 100 | 100 | ooo | oo1
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Data to Bus

DataReady
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do not allow RASn to reset if PErr
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(

Memory Page Read Timing

BusClk N VS R U Y U Y U N Y Y s Y [ U SO [ S I A oy OO B
BT Lo | 1+ 1 2 13 1l 159 {6) () 1@ 1 o)) | o | 1 2 |
MemBusy | | |
BusSynQ 1
BusSync ﬁ
MemCompQ 1
MemComp J_"]
GoMem r——__—l r—————_-j_____
BusAeq - 1 J | I
Row Address | | |
Column Address | | |
PageMode | |
MPage | |
MWrite
TG Address | o6 | oco | 021 | c22 | 23 | o losc V1 os1 ' os2 | 063 | 100 | 100 | 100 | 000 1 1 2
RASN I 1 —
cAS | | [ ] [
Read Check [/ I |
S Bus

“DataReady .f"—""'_"'—'_‘. e .___.r———-—_1
CAEn - Y 1
RdComp ]-_—1 r_——1
MRdLatch 1 1
HRdEn f l ] 1
HSLatch 1 [ 1
HSClear 1 [ 1
HWrEn
CtrResD 1 1

Note: If PageMode is dropped one clock time after Column Address for 1 doubleword, or

afterthe previous DataReady for 2 or more doublewords, the next user can get the bus

before the timing generator starts anew Page Jump cycle.
PageMode ] | __PageMode must drop by this time to get 1 doubleword and not waste a Page Jump cycle
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Memory Page Write Timing

(

BusClk

rMeJso oo rerrr
BT i Il o i 1 1 2 {3 ) 1) 1.6 |(z) 18 9 | (o) fwuy |2 3 | o
MemBusy I |______.l
BusSyncQ 1 1
BusSync I——] I__]
MemCompQ r_l_
MemComp [_]
GoMem I [
BusReq J ] |
Row Address 1
Column Address 1
PageMode | 1
MPage |
Mwrite | ]
TG Address | 100 | too | ooo | 03t | 032 | 033 | o070 | o071 | 072 |} 073 | o070 | o071 | 072 | o73 | 100 | 100
RASn | L
cas Y WS N I
Write | 1
e ] 1
(.ula gom Bus
l—%aﬁn‘:ning Code Generation I:] [—_—_—_—]
CAEn 1 N I
WiComp Not required, but comes from loc 000 ] n
MRdLatch
HRdEn
HSLatch
HSClear 1
HWrEn | l
CtrResD 1 1 | R
(
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Memory Refresh Timing Following Read

(

BusClk

BT | ] l o | 1+ |

| _(3)

| (4) | (5)

| (6) | (7)

| 8) 1 (9) | t10) | (11)

r~—ri+r 0 r-JorrJ oo r e rereJrrrrr

| o | 1

Reset

MemBusy

BusSyncQ

—

BusSync

MemCompQ

MemComp

GoMem

BusReq

Row Address

Column Address

PageMode

MWrita

TG Address | 100 | 100 | 100 | 000 |

| o81

| o2 | o83 | osa | 100

| 100 |

RASn |

CAS

]

I RAS (ALL) |

Write

—

[ (Sets RAS] ]

wrike€Em
(

“iteEn
warity Info
Data to Bus

DataReady

CAEn

RdComp

WrComp

RefReady

Refresh

| Enable Refresh Row Address |

MRdLatch

1

HRJEn

HSLatch

L

HSClear l

HWrEn

CtrResD

Notes:

1. Refreshis like lowest priority BusReq.

2. Refresh requires 5 clocks if following Write, so basic cycle is 5 clocks.
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Memory Refresh Timing when MemBusy’

(

BusClk

BT |

Reset

MemBusy

BusSyncQ
BusSync

MemCompQ

MemComp

GoMem

BusReq

Row Address

Column Address

PageMode

MWrita

TG Address

og2 |

083

| o84 | 100

| 100 | oo00

RASn

i RAS (ALL) ]

CAS

Write

(‘ ~iteEn Wk
“warity Info
Data to Bus

DataReady

[ (Sets RAS) 1

CAEn

RdComp

WrComp

RefReady

N

Refresh

| Enable Refresh Row Address

MRdLatch

HRdJEn

HSLatch

HSClear

HWrEn

CtrResD

I

1

Note:

BusReq, Refresh occurs after BusReq’s are serviced.
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Memory Refresh Timing following Page Read
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( | 83 ns |

BT | 1 | 2 | 3 | 4 |
BusClk | | | I ] | I |
| 25 | l15 |
BusClkDly’
| 25

THIS IS PUSHING THE ROW ADDRESS HOLD SPEC TO THE LIMIT

I
RASn (at storage chip) [

20 |— — 30
CASn (atstorage chip) |
MData.nn | Row Address |  Column Address | DATA
151 I 35 ol
A.nn (atstoragechip) |X!| Row Address [XXXXXXXXX Column Address
CAEn | ]
— 30— — 30—
Write (WRT 2nd CAS)  (at storage chip) | 1
( (at st hip) ! °p ’
. at storage chi
Read Data 9z XXX XX]

NOTE: BT TIMING IS IDEALIZED. REFERENCE TIMING POINT IS RISING EDGE OF BUSCLK.
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Timing Generator Notes

1. The timing generator contains 2 512 x 8 PROMs which generate most of the memory
control signals required.
2. A fourbit {16 state) counter provides sequencing for each of the major timing cycles.
3. Since eachtiming cycle may contain up to 16 steps, there are nominally 32 sectors available for
timing cycle implementation. The sectors actually used are as follows:
Reset Refresh Jump MPage MWrite Sequence

0 0 (0] o) O Read Word or Byte or Status
0 0 0] 0 1 Write Word or Byte orinterrupt/Boot
(0] o] 0 1 0] Page Read (first cycle)
0] 0 0 1 1 Page Write (first cycle)
C 0 1 (0] 0 Rewrite Error Correctionif PErr
0 0] 1 0] 1 N/A
0 0 1 1 0 Page Read {repeat cycles)
o} 0 1 1 1 Page Write (repeat cycles)
0] 1 X X X Refresh
1 X X X X Reset
4. TG address consists ~f 9 bits; MS bit is Clear, 2nd LS byte are conditions as in 3 above,
and LS byteis acounter. The counter staris at zero for each sequence. TG address for Clear
is 100 (hex). All cycles depending on bus information start at 000. TG addresses in Hex are as
foiiows:
5 CTR =0
REFRESH RESET
080 100
081
082
083
084 READ WRITE PAGEREAD PAGE WRITE
I 000 000 000 000
001 011 021 031
002 012 022 032
003 013 023 033
004 014 024 034
015
016
017
018
CTR=0
y v y
READ PAGE READ PAGE WRITE
REWRITE CYCLE CYCLE
040 _ 060 070
041 061 071
042 062 072
043 063 073
\I/ CTR=0

5. TGJumps are used as a convenient way to repeat cycles or jump to another sector. In PageMode,

TGJumps are unconditional; while in Read mode, they are conditional on PErr.
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MSB

ADDRESS 00000 00001 00010 00011
LSB READ WRITE PAGF READ (1ST) PAGF WRITF(1ST)
0000 00001000 00001000 00001000 00001000
0001 10001000 10001001 10001000 01100001
0010 10000000 10000000 10000000 01100000
0011 10000100 10000100 10000100 01110000
0100 00010001 00100000 00011001 00000000
Note: Bits are 0101 00000000 00100000 00000000
fromleftto 0110 01101000
; . o111 11101010
right;
1000 10010000
1 CASD 1001 00000000
2 WrD 1010
3 WrEnD 1011
4 CtrResD 1100
5 CAEnD 1101
6 RdCompD 1110
7 WrCompD 1111 00000000 00000000 00000000 00000000
8 Bus1stb
00100 00101 00110 00111
READ RFWRITE N/ZA PAGERFAD (2 +) PAGE WRITF (2 +)
0000 0100000 00000000 10001000 01101000
0001 01101000 10000000 11101001
€010 11101010 10000100 11100010
0011 16010000 00011001 01110000
0100 00000000 00000000 00000000
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111 00000000 00000000 00000000 00000000
01XXX 1XXXX
REERESH RESET
0000 | 00000000 00000000 00000000 00000000
0001 00000000
0010 00100000
0011 00100010
0100 00010000
0101 00000000
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111 00000000 00000000 00000000 00000000
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