
Memory Read Timing 

BusClk 

BT o 2 (3) (5) (6) o 2 

Reset 

MemBusy 

BusSyncQ 

BusSync 
__________ ~r_l~ __________________________________ ~r_l~ ______________________________ __ 

MemCompQ 

MemComp 
__________________________________________________ ~r_l~ ______________________________ __ 

GoMem 

BusReq 

Row Address 

Column Address 

PageMode 

MWritlJ 

TG Address(No Err~or.£..) __ __l.--=..1 :::::.:OO~..L._.:...:1 O:::!O~.L-1:...!:. O~O~I_..:::0:.::::O.:::.0__l.__.:::.O~O,!..1 --L...;O~O~2=-.L_.:0::.!:O~3:...__J1_..:::0:.::::O....:..4 __l.--=..1 :::::.:OO~..L._..;.;;1O:::!O~.L_.:0::.!:O:..:::0____lL._...!___l.___..:2=____'_ ____ .....L._ 

RASn 

CAS 

Write 

"""~ (iteEn 

-'.-Jarity Info 

Data to Bus 

CAEn 

RdComp 

DataReady 

MRdLatch 

HRdEn 

HSLatch 

HSClear 

CtrResD 

XEROX 
ASD 

PlOjocf TiI/e 

Notetake Memory Address Timing 

Just in case there is parity error 

-,-'---
I Bus 1st I 
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Memory Write Timing 

( 
BusClk 

BT o 2 (3) (4) (5) (6) (7) (8) (9) (10) o 

MemBusy 

BusSyncQ 

BusSync ____ ~r_1~ __________________________________________________________ ~r_1~ ______________ _ 

MemCompQ 

MemComp 
____________________________________________________________________ ~r_1~ ______________ _ 

GoMem 

BusReq 

Row Address 

Column Address 

PageMode 

MWrite 

L 
L 

r= 

TO Addmss I 100 I 100 I 000 011 I 0 1 2 I 013 lot 4 I 0 1 5 lot 6 I 0 1 7 I 0 18 I 100 100 I 000 I 

RASn 

CAS 

Writo 

Write En 

ftAO 
( lO Check 

t'!amming Code Generation 

Data from Bus 

CAEn 

RdComp 

WrComp 

MRdLatch 

HRdEn 

HSLatch 

HSClear 

HWrEn 

CtrResD 

(-

XEROX PlOject 

ASD Notetake 

L r 

I Bus1st I 
~ ____________ ~r-

L 

[ifs-2] < note> ntOlt.dm 

Title File Designer Rev Dlite Page 

Memory Address Timing ntOlt02.sil Sato A 10·27-78 2 of 11 



Memory Read Timing (With Error) 

(' 
BusClk 

BT 0 2 (3) (4) (5) (6) (7) (8) (9) (10) 0 

Reset 

MemBusy 

BusSyncO 

BusSync ILJl n 
MemCompO 

MemComp n 
GoMem 

BusReq 

Row Address C 
Column Address 

PageMode 

'¥1~·/ii:a 

TG Address (No Error) 2 

TG Address (Error) 100 100 100 000 001 002 003 004 040 041 042 043 100 100 000 

RASn 
do not allow RASn to reset if PEn 

CAS 

( W.,!;~ 
\A'iitaEn 

Read Check 

Data to Bus I Bustst I 
DataReady 

Hamming Code Generation 

CAEn 

RdComp 

WrComp 

MRdLatch 

HRdEn 

HSLatch 

HSC/ear r 
HWrEn 

CtrResD 

c. 

[ifs-2] < note> ntmt.dm 
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d 

Memory Page Read Timing 

(. 
BusC/k 

BT 0 2 (3) (4) (5) (6) (7) (B) (g) (10) (11) 0 

MemBusy 

BusSynQ 

BusSync 11 
MemCompQ 

MemComp n 
GoMem 

BusReq 

Row Address 

Column Address 

PageMode 

MPage 

f'.1Wr:te 

TG Address iOO 000 021 022 023 "'" ... v£~ 060 061 062 063 100 100 100 000 

RASn 

CAS 

Read Check 

o.:t-
( "lta to Bus I Bus 1 st I Bus2nd I I Bus 1 st I Bus 2nd I 

~'DataReady 

CAEn 

RdComp 

MRdlatch 

HRdEn 

HSlatch 

HSClear 

HWrEn 

CtrResD 

Note: If PageMode is dropped one clock time after Column Address for 1 doubleword, or 
after the previous DataReady for 2 or more dou blewords, the next user can get the bus 
before the timing generator starts a new Page Jump cycle. 

I 2 

PageMode I PageMode must drop by this time to get 1 doub/eword and not waste 8 Page Jump cycle 

(. 

[ifs-2] < note> ntmt.dm 

XEROX Project Tilla Fila Designer RlW Dale Pago 

ASD Notetake Memory AddressTiming ntmt04.sil Sato A 10-27-78 4 

2 

r 

of 11 



Memory Page Write Timing 

( 
BusClk 

BT 

MemBusy 

BusSyncQ 

BusSync 

MemCompQ 

MemComp 

GoMem 

BusReq 

Row Address 

Column Address 

PageMode 

MPage 

MWrite 

TG Address 

RASn 

CAS 

Write 
.w,.\-k.t;~ 

~"riteEn 

( . •. da from Bus 
j)ctfA 

'----_~I 

I L 

II---------------------------------------------------------~ 
L 

----------------------------------------------------------------~~ 
~--------------------------------------------------------------~I 

J 

I 100 I 100 I 000 031 I 032 I 033 I 070 I 071 I 072 I 073 . L 070Lo71~ 072 073 100 I 100 

L 

I Bus 1 sf I Bus2nd I I Bus 1 st I Bus2nd I 

Hamming Code Generation 

CAEn 

WrComp 
Not required, but comes from loe 000 

MRdLatch 

HRdEn 

HSLatch 

HSC/ear 

HWrEn 

CtrResD ~ ______________ ~r___l~ __ __ 

[ifs-2] < note> ntmt.dm 
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Memory Refresh Timing Following Read 

BusClk 

BT 

Reset 

MemBusy 

BusSyncQ 

BusSync 

MemCompQ 

MemComp 

GoMem 

BusReq 

Row Address 

Column Address 

PageMode 

MWritl'l 

TG Address 

RASn 

CAS 

Data to Bus 

DataReady 

CAEn 

RdComp 

WrComp 

Ref Ready 

Refresh 

MRdLalch 

HRdEn 

HSLatch 

HSClear 

HWrEn 

CtrResD 

Notes: 

0 2 (3) (4) (5) (6) (7) (8) (g) (10) o 

J 
ILJI ~ __________________________________ ~r_l~ ____________________________________ ___ 

__________________________________________ ~r_l~ ____________________________________ _ 

c 

~1~O~O~~1~OO~~~10~O~~O~O~O~~O~O~1~~OO~2~~O~O~3~~O~O~4~~O~8n~-~_n~-8~1~. ~~O~8~2~~O~8~~~I~o~8d~.~~10~O~L_1~o~o~~noo 

RAS (ALL) 

(Sets RAS) 

I Bus1st I 

Enable Refresh Row Address 

~ __________________________________________________ ~r_ 

1. Refresh is like lowest priority BusReq. 

2. Refresh requires 5 clocks if following Write, so basic cycle is 5 clocks. 

t. 
[ifs-2] < note> ntmt.dm 
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Memory Refresh Timing when MemBusy· 

BusClk 

BT 

Reset 

MemBusy 

BusSyncQ 

BusSync 

MemCompQ 

MemComp 

GoMem 

BusReq 

Row Address 

Column Address 

PageMode 

MWri!e 

TO Address 

RASn 

CAS 

Write 

( . -'iteEn l,Jr1c~ 
~arity fnfo 

Data to Bus 

DataReady 

CAEn 

RdComp 

WrComp 

RefReady 

Refresh 

MRdLatch 

HRdEn 

HSLatch 

HSClear 

HWrEn 

CtrResD 

Note: 

o 

100 100 100 100 100 100 180 081 082 083 I 084 100 100 000 

RAS (ALL) 

(Sets RAS) 

I Bus 1st I 

Enable Refresh Row Address 

If Refready precedes BusReq, Refresh occurs first. If Ref Ready sets at same time or after 

BusReq, Refresh occu rs after BusReq·s are serviced. 

[ifs-2] < note> ntmt.dm 

2 

001 
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d 

Memory Refresh Timing following Page Read 

( 
BusClk 

BT o 2 (3) (4) (5) (6) (7) (8) (9) (10) (11 ) o 2 

MemBusy 

BusSynQ 

BusSync 
________________________________ ~r_l~ ________________________________________________ __ 

MemCompQ 

MemComp 

GoMem 

BusReq 

Row Address 

Column Address 

PageMode 

MPage 

MWrite 

TG Address 

RASn 

CAS 

Write 

( ··!teEnvl(~t.'fI 

-KeadR~~~~\1ECA(. 

Data to Bus 

DataReady 

CAEn 

RdComp 

WrComp 

Ref Ready 

Refresh 

MRdLatch 

HRdEn 

HSLatch 

HSClear 

HWrEn 

CtrResD 

________________________________ ~r_l~ ________________________________________________ __ 

RAS (ALL) 

~ ____________________________________________ ~r_ 

__________________________________________________ ~rlSETSRAS) 

I Bus 1 st I Bus2nd I 

Enable Refresh Row Address 

[ifs-2] < note> ntmt.dm 
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( 83 ns 

BT 1 2 3 4 

BuSCI~ 

1 25 115 
BusClkDly· 

25 
RASn (at storage chip) 

THIS IS PUSHING THE ROW ADDRESS HOLD SPEC TO THE LIMIT 

20 1- f-- 30 -I 
CASn (at storage chip) ~I---------------------------

MData_.n_n __________ ~ ______ R __ o_w_A_d_d __ re_s_s __ ~I ___ c __ o_lu_m_n __ A_d_d_r_e_s_s __ ~ _______ D_A_T_A ________ ~ ________ _ 

l\ __ 

H.IIII 

CAEn 

'v , I fl , 

151 35 11 0 1 
Ivvvvvvvvvi r.nl.!!I"\"\ •••• n.llrlrlr.~~~ 
J " " " " " I'\. " " "I - - - ... - - - - -

--------------------------~ 
l- 30--1 f-- 30-1 

Write (WRT 2nd CAS) (at storage chip) ~I --------------------------------------,I~ ________ __ 
1---- 60 ------I 

I xxxxxi 
( (at storage chip) 

Read Data 

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

c. 
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ASD Notetaker Memory Critical Timing ntmt10.sil Sato 10·27·78 9 of 11 
---



( 

( 

(. 

Timing Generator Notes 

1. The timing generator contains 2 512 x 8 PROMs which generate most of the memory 
control signals required. 
2. A fou r bit (16 state) counter provides sequencing for each of the major timing cycles. 
3. Since each timing 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 
o 0 0 0 0 Read Word or Byte or Status 
o 0 0 0 1 WriteWordorByte orlnterrupt/Boot 
o 0 0 1 0 Page Read (fi rst cycle) 
o 0 0 1 1 Page Write (fi rst cycle) 
o 0 1 0 0 Rewrite Error Correction if PErr 
o 0 1 0 1 N/A 
o 0 1 1 0 Page Read (repeat cycles) 
o 0 1 1 1 Page Write (repeat cycles) 
o 1 X X X Refresh 
1 X X X X Reset 

4. TG address consists "if 9 bits; MS bit is Clear, 2nd LS byte are conditions as in 3 above, 
and LS byte is a counter. The counter starts 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: 

REFRESH I, 
080 
081 
082 
083 
084 

I I 

1[\ 

READ 
000 
001 
002 
003 
004 

" 
READ 
REWRITE 
040 
041 
042 
043 

1\ 

WRITE 
000 
011 
012 
013 
014 
015 
016 
017 
018 

I 

RESET 11\ 

100 

" 
PAGE READ 
000 
021 
022 
023 
024 

... 
'" 

" 
PAGE READ 
CYCLE 
060 
061 
062 
063 

PAGEWRITE 
000 
031 
032 
033 
034 

, 
'" 

'V 

PAGEWRITE 
CYCLE 
070 
071 
072 
073 

CTR = 0 

CTR = 0 

--------___________________________ -.lI:.....-____ 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 PErro 

[ifs-2] < note) ntmt.dm 
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-
MSB 

ADDRESS 00000 00001 00010 00011 

( 
LSB 
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 

from left to 0110 01101000 

right; 0111 11101010 
1000 10010000 

1 CASD 1001 00000000 
2 WrD 1010 
3 WrEnD 1011 
4 CtrResD 1100 
5 CAEnD 1101 
6 RdCompD 111.0 
7 WrCompD 1111 00000000 00000000 00000000 00000000 
8 Bus1stD 

00100 00101 00110 00111 

()()()() 00100000 00000000 10001000 01101000 
OOO~ I 01101000 10000000 11101001 
0010 11101010 10000100 11100010 
0011 10010000 00011001 01110000 
0100 00000000 00000000 00000000 
0101 
0110 

(,- 0111 
1000 I 

1001 I I 
1010 
1011 
1100 
1101 
1110 
1111 00000000 00000000 00000000 00000000 

01XXX 1XXXX 
Rt--t--Ht--SJ-l Ht--St--I 

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 

[ifs-2] < note) ntmt.dm 
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