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SIEMENS

HYB39S6440x/80x/16XT
64MBit Synchronous DRAM

Timing Diagrams (cont'd)

18. Random Row Read ( Interleaving Banks) with Precharge
18.1 CAS Latency =2
18.2 CAS Latency = 3
19. Random Row Write ( Interleaving Banks) with Precharge
19.1 CAS Latency = 2
19.2 CAS Latency = 3
20. Full Page Read Cycle
20.1 CAS Latency = 2
20.2 CAS Latency = 3
21. Full Page Write Cycle
21.1 CAS Latency =2
21.2 CAS Latency = 3
22. Precharge Termination of a Burst
22.1 CAS Latency = 2
22.2 CAS Latency = 3

Semiconductor Group 2



SIEMENS

HYB39S6440x/80x/16XT
64MBit Synchronous DRAM

1. Bank Activate Command Cycle

(CAS latency = 3)

TO T1 T T T T T
R S U R S R ol L
[ [ [ [ [ [ [
\ \ \ \ | | \
Bank A Bank A Bank B Bank A
ADDRESS A row Adr. Col. Addr. [~ Row Addr. Row Addr,
\ ! :
}A trep - ‘ tRrD |
- > -~
Bank A Write A Bank B Bank A
COMMAND - activate NoP NoP ﬂggé%% """"" Activate NOP Activate
T
I:l C“H”or“L” ‘: :’
tre !
2. Burst Read Operation
(Burst Length = 4, CAS latency = 2, 3, 4)
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A A A A A A l A L
! ! ! ! ! ! ! ! !
\ \ \ \ \ \ \ \ \
COMMAND READ A NOP NOP NOP NOP NOP NOP NOP NOP
| | | | | | | |
_ ‘ | | | | ‘ ‘ ‘
CAS latency =2 DOUT A >< DOUT A >< DOUT A DOUT A
tekz DQ's | ‘ 0 1 2 3 ) | [ [
\ \ \ \ \ \ \ \
CAS latency =3 ‘ ‘ ‘ ‘DOUTA ‘DOUTA >< LDOUTA ;DOUTA ‘ ‘
0 1 2 3
tCKgy DQ’s ‘ | ‘ \ ‘ |
\ \ \ \ \ \ \ \ \
CAS latency = 4 ‘ ‘ ‘ ‘ ‘
DOUTAp § DOUTA; X DOUTA, ) DOUTA3
[ [ [ [

tcks, DQ's
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SIEMENS

HYB39S6440x/80x/16XT
64MBit Synchronous DRAM

3. Read Interrupted by a Read

(Burst Length = 4, CAS latency = 2, 3, 4)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A A L A A L A A L
[ [ [ [ [ [ [ [ [
\ \ \ \ \ \ \ \ \ .
COMMAND- READA READ B NOP NOP NOP NOP NOP NOP NOP
/
\ \ \ \ \ \ \ \
o \ \ \ \ \ \ \ \ \
CAS latency =2
; | | DOUT Ag DOUT By >< DOUTB1 DOUT By DOUT B3 | |
o2 PQs | | | | | | | |
. | | | \ \ \ \ \ |
CAS latency = 3
teks, DQ's i i i DOUT Ag DOUT Bg DOUT B DOUT By DOUT B3 |
| | | | | \ \ \ \
CAS latency = 4 | | | |
; DOUT Ag DOUT Bg DOUT By DOUT By DOUT B3
tcka, DQ's [ [ [ [ : : :
4.1 Read to Write Interval
(Burst Length = 4, CAS latency = 3)
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A A A A A A l A L
I I Minimum delay between the Read and Write Commands = 4+1 = 5 cycles ! I I
e | | | >
| | | E——— | |
DQM <%
\ | o | = \ \
DQZ
\ \ \ ~ > \ \ \
COMMAND NOP READ A NOP NOP NOP NOP WRITE B NOP NOP
I I I I I I I I I
\ \ \ \ \ \ \ \ \
DQ’s | | | | DOUT Ag i DIN Bg DIN By DIN By
| | | | | Must be Hi-Z before | | |
l:l 9 or L the Write Command
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SIEMENS

HYB39S6440x/80x/16XT

64MBit Synchronous DRAM

4 2. Minimum Read to Write Interval

(Burst Length = 4, CAS latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A A l A A L A A
| | | | | | | | |
‘ ‘ | | | toqw | \ \ \
bQM -« P27 | > ™ \ \ \
| | | | 1 CIk Interval | | | |
| | | | i | | | |
COMMAND- NOP NOP A‘éAT:\\‘/’;‘T\E NOP READ A WRITE A NOP NOP NOP
\ \ \ \ \ \ \ \ \
\ | | \ Must be Hi-Z before | \ \ \
‘ ‘ ‘ ‘ the Write Command | | | |
CAS latency = 2 '
toko DQ'S ‘ ‘ ‘ ‘ ‘ DIN Ag DIN A1 DIN Ao DIN A3
\ \ \ \ \ \ \ \ \
| | | | | | | | |
D :“H” or “L”
4. 3. Non-Minimum Read to Write Interval
(Burst Length = 4, CAS latency =2, 3,4
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A A A A A A l A L
| | | | | | | | |
| | | | |  tow | | |
DQM N | | | | | | T > | |
| | | | P | > | | |
\ \ \ \ \ \ \ \ \
COMMANB< NOP READ A NOP NOP READ A NOP WRITE B NOP NOP
| | | | | | | | |
‘ ‘ ‘ ‘ ‘ Must be Hi-Z before ‘ ‘ ‘
_ the Write Command
CASlatency =2 | | | DOUT A DOUT A ‘ DINB DIN B DIN B
tCKZ DQ'S 0 1 0 1 - 2
’ | | | I I | I I I
| | | | \ | | | |
fAS Ia;(r;y =3 | | | | DOUT Ag | DIN Bg DIN By DIN B
s
K3, \ \ \ \ \ \ \ \ \
CAS latency = 4 | | | | | | | ‘ ‘
. DQ’ys | | | | | | DIN Bg DIN By DIN By
CK4,
| | | | | | | | |
D “H"or “L”
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HYB39S6440x/80x/16XT

SlEMENS 64MBit Synchronous DRAM

5. Burst Write Operation

(Burst Length =4, CAS latency =2, 3, 4)
T1 T2 T3 T4 T5

T6 T7 T8

J |

COMMAND< >—< WRITE A >—<
\
\
J—< DIN Ag >—< DIN Ay
|

DIN A,

H
H

The first data element and the Write Extra data is ignored after

are registered on the same clock edge. termination of a Burst.

6.1 Write Interrupted by a Write

(Burst Length =4, CAS latency = 2, 3, 4)

CLK A

TO T1 T2 T3 T4 5 T6 T7 T8
A A A A A i A
| | | | | | | | |
\ \ \ \ \ \ \
NOP NOP NOP

COMMAND NOP >—< WRITE A >—< WRITE B

1 Clk Interval

]

>—< DIN By >—< DIN By DIN B3

\
|

DQ’s | / DIN Ag DIN Bg
|
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6.2 Write Interrupted by a Read

(Burst Length = 4, CAS latency = 2, 3, 4)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK A

\ \ \ \ \ \ \ \ \
COMMAND- NoOP WRITE A READ B NOP NOP NOP NOP NOP NOP

1 1 1 1 ‘
DOUT Bg DOUT B DOUT B3 DOUT B3

A

DOUT Bg DOUT B1 DOUT B» DOUT B3

DOUTBg ) DOUTB; >< DOUT B>
I I |

CAS latency = 4
tcka, DQ's

Input data for the Write is ignored.
Input data must be removed from the DQ’s at least one clock

cycle before the Read data appears on the outputs to avoid
data contention.

7.1 Burst Write with Auto-Precharge

Burst Length =2, CAS latency = 2, 3, 4)

!
A

CAS latency = 4

DIN Ag DINAL ¢

TO T1 T2 T3 T4 T5 T6 T7 T8
< S 0 U Y S Uy S A U Y O A U
| | | | |
| | | | | | | | | |
|
COMMAND< BANK 2 NOP NOP ), WRITE~ NOP NOP NOP NOP NOP
I I I I I I I I I |
\ \ \ \ |t | trp | | | |
-
CAS latency =2 ‘ ‘ ‘ ‘DIN A ‘DIN A " ‘ ‘ ‘ !
0 1

DQ’s \ \ ke | \ \
| | | <Rl ke | > | |
CAS latency = 3 | | ‘ \ \ ‘
DIN Ag DINA; |

\ \ \ \
| | i \ |
| | | | ‘
\ \ \ \ ‘
[ [ [ [ ‘

\
|
|
DQ’s \
|
i
|

DQ’s

* Begin Autoprecharge

Bank can be reactivated after trp
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SIEMENS

7.2 Burst Read with Auto-Precharge

(Burst Length =4, CAS latency =1, 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A A A A A A i A L
| | | | | | | | |
\ \ \ \ \ \ \ \ \
COMMAND-{ READA NOP NOP NOP NOP NOP NOP NOP NOP
with AP
| | | | | o | | |
- | | \ \ P E———— \ \
CAS latency = 2 _
s i i DOUT Ag DOUT Ap DOUT Ap DOUT A3 ; } }
ok DS | | | | | | | |
~dd tRP -
‘ ‘ | \ *= \ \ T |
CAS latency =3 DOUT A DOUTA DOUT A DOUTA
tCKS, DQ,S ‘ ‘ ‘ 0 1 2 3 ‘ ‘
\ \ \ \ ~)‘<< \ ke | ! |
CAS latency =4 | | | | ‘ ‘ ‘ |
‘ ‘ ‘ DOUT Ag DOUT A1 DOUT Ay DOUT A3 |

tcka, DQ's

* Begin Autoprecharge

Bank can be reactivated after trp
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8.1 Termination of a Full Page Burst Read Operation

(CAS latency = 2, 3, 4)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK i A L A A i A 4 l t
\ \ \ \ \ \ \ \ \
| | | | | | | | |
COMMAND~ READ A NOP NOP NOP let‘g;t NOP NOP NOP NOP
| | | | | | | |
CAS latency =2 | | | |
’ DOUTAp ) DOUTA; ) DOUTA, X DOUTAj3
tckz, DQ's | \ | |
\ \ \ \ \ \ \ \ \
CAS lat =3
atency ‘ ‘ ‘ DOUT Ag >< DOUT Aq >< DOUTA, ) DOUTAg 1 |
tcks, DQ's | | | T T T T | |
| | | | | | | | |
CAS latency = 4 ‘ ‘ | | |
DOUT Ag DOUT A1 DOUT Ap DOUTA3 (¥
tcka, DQ's [ [ [ [ [
The burst ends after a delay equal to the CAS latency.

8.2 Termination of a Full Page Burst Write Operation

(CAS Latency = 2, 3, 4)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK S Y Y S W U O e O e O
| | | | | | | | |
\ \ \ \ \ \ \ \ \
COMMAND NOP WRITE A NOP NOP Es’%f} NOP NOP NOP NOP
| | + | | | | | | |
CAS latency = 2,3,4| ‘ ‘ ‘ \ \ | |
DIN Ag DIN Ag

DQ’s [

Semiconductor Group
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9.1 AC Parameters for Write Timing

Burst Length = 4, CAS Latency = 2 i

‘ T0 ‘ Tl ‘TZ ‘TE} ‘T4 ‘ T5 ‘TG ’T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘T15 ‘TlG‘Tl? ‘TlB ‘TlQ‘T20‘T21 ‘TZZ ‘

CLK

e F Py Py -
= A\ an\an\anyy VanVaRv,
s \ £ U 7T AT \ [\ 7
o= e\ aw Aua Ve AuaV. A A
~ IO AT AT T \ A7 T
. 4 \ D/ \ [/

S — 7y

Activate Write with

Bank A Command
Bank A

f

Activate
Command Auto Precharge Command Auto Precharge Command

Bank B

Write with Activate
Command Bank A
Bank B

?

Write
Command
Bank A

Precharge
Command
Bank A

Activate
Command
Bank A

U
Activate
Command
Bank B
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9.2 AC Parameters for Read Timing

CLK

CKE

RAS

CAS

BS

AP

Addr

DQM

DQ

‘ T0 ‘ T1 ‘ T2 ‘ T3 ‘ T4 ‘ T5 ‘ T6

11

tCH=LtCI_=

‘T7 ‘ T8 ‘ T9

Burst Length = 2, CAS Latency = 2 )

‘ T10 ’ Ti1 ‘ T12 ‘ T13

—»  <lcs Begin Auto Begin Auto
Precharge Precharge t
<« tcks -  |etcn BankA Y Bank B \ CKH

T

—

L

—

™~
|
it

I

WA

S

N
7

\/\’ H‘

!

> % tanH
> RAX
tas > <«
A

(X
tRrD >
«—Rp——»
«——tRcp——p thz
«—
Hi-Z
- = - - — = = — = — — — — —_ — — Bx0 Bx1 —_— = = — -
r 4 t 4 4
Activate Read with Activate Read with Precharge Activate
Command Auto Precharge Command Auto Precharge Command Command
Bank A Command Bank B Command Bank A Bank A
Bank A Bank B
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10. Mode Register Set

CAS Latency =2

‘ T0 ‘ Tl ‘TZ ‘TE} ‘T4 ‘ T5 ‘TG ’T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘T15 ‘TlG‘Tl? ‘TlB ‘TlQ‘T20‘T21 ‘TZZ ‘

CLK

CKE J

trsc

RAS

CAS

BS0,BS1

\
\
\
\
\

\\\\I\

A10,A11 / \

Address Key

AO0-A9

XN

-0 0 0 0 0

?

?

Precharge Mode Register
Command SetCommand Command

All Banks

f

Any
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11. Power on Sequence and Auto Refresh (CBR)

BS

AP

Addr

DQM

DQ

J N High level
is required

y
J

Minimum of 8 Refresh Cycles are required

p

KAV,

JJ

\/

A/

\ /

=N

Address Key

XN

<« kp—

t t

Precharge 1st Auto Refresh
Command Command
All Banks

'z
|N
—>$

Inputs must be
stable for 200us

<

4
2nd Auto Refresh
Command

t t

Mode Register Any
Set Command Command

SNIWN3IS
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12.1 Clock Suspension During Burst Read (Using CKE)

Burst Length = 4, CAS Latency = 2 i

‘ T0 ‘ Tl ‘TZ ‘TE} ‘T4 ‘ T5 ‘TG ’T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘T15 ‘TlG‘Tl? ‘TlB ‘TlQ‘T20‘T21 ‘TZZ ‘

CLK

teke

CKE J

RAS

BS

\
\
cas |/
/
\

AP

Addr RAX CAX
DQM ‘\ ‘tcs'} tesL =tCSL =
thz—
Hi-Z
pDQ -—— +— — — — — — (A0 Ax1 Ax2 >< Ax3 - _——— — = — = = — -
Activate Read
Cgri?r?ll?d C(éma/?d Clock Suspend  Clock Suspend Clock Suspend

1 Cycle 2 Cycles

3 Cycles

SNIWN3IS
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12.2 Clock Suspension During Burst Read (Using CKE)

Burst Length = 4, CAS Latency = 3 )

’ TO ‘ T1 ’TZ ‘TS ‘T4 ’ T5 ‘TG ’T? ‘TB ‘TQ ‘TlO ‘Tll’TlZ ‘Tl3 ’Tl4 ‘TlS ‘Tl6’T17 ‘TlB ‘TlQ‘TZO‘TZI ‘TZZ ‘

CLK

teks

BS

AP

Addr RAX CAX
t
DQM _\ Pl :tCSL :tCSL /
thz —>
Hi-Z
DQ - — — — — — - — — AX0 Ax1 Ax2 >< AX3 — = - — - - — - — — -
Activate Read
Command Command
Clock Suspend  Clock Suspend Clock Suspend
Bank A Bank A 1 Cycle 2 Cycles 3 Cycles

SNIWN3IS
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12.3 Clock Suspension During Burst Write (Using CKE)

Burst Length = 4, CAS Latency = 2 i

‘ T0 ‘ Tl ‘TZ ‘TE} ‘T4 ‘ T5 ‘TG ’T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘T15 ‘TlG‘Tl? ‘TlB ‘TlQ‘T20‘T21 ‘TZZ ‘

CLK

teke

CKE J

RAS

BS

e il i
~ N P~ 1~ S~

\
\
cas |/
/
\

AP

Addr RAX CAX
DQM X /
Hi-Z
DQ - — — — — —{bax0 DAX1 DAX2 DAX3 _— . — = = = = —
b ! }
C’z\)‘;ﬁﬁ;ﬁd Clock Suspend  Clock Suspend Clock Suspend
Bank A 1 Cycle 2 Cycles 3 Cycles
Write
Command

Bank A
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12.4 Clock Suspension During Burst Write (Using CKE)

Burst Length = 4, CAS Latency = 3 )

’ TO ‘ T1 ’TZ ‘TS ‘T4 ’ T5 ‘TG ’T? ‘TB ‘TQ ‘TlO ‘Tll’TlZ ‘Tl3 ’Tl4 ‘TlS ‘Tl6’T17 ‘TlB ‘TlQ‘TZO‘TZI ‘TZZ ‘

CLK

teks

[\

BS

AP

Addr RAX CAX
DQM \ /
Hi-Z
DQ - — — — — — — —DAx0 DAx1 ><DAX2>< )<DAX3>— _— = — = — = — — -
? A * f
C’zﬁ]ﬁr‘;"’gﬁd Clock Suspend  Clock Suspend Clock Suspend
Bank A 1 Cycle Cycles 3 Cycles
Write
Command

Bank A

SNIWN3IS
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13. Power Down Mode and Clock Suspend Burst Length = 4, CAS Latency = 2
‘ TO ‘ T1 ‘TZ ‘TP} ‘T4 ‘ T5 ‘TG ’T7 ‘TB ‘TQ ‘Tlo ‘Tll‘TlZ ‘Tl3 ‘Tl4 ‘T15 ‘Tlﬁ ‘ T17 ‘TlB ‘TIQ‘TZO ‘T21 ‘TZZ ‘

CLK

SNIWN3IS

tcksp— < _ teksp -

CKE J \ -+ \ / | \
[

—
~

RAS

BS

\
\
cas
/
\

M~ g I~ g l\
| — | — ~ | — -
S~ S~ _— I S~

AP
Addr RAX
DQM ‘\ tsg

thz —»
Hi-Z s
DQ - — — — — — = — —|— — - — — {moYaa AX2 AX3 SRS (RS G U U ) S N

SEEEEErE

VYA SnouoIyouAs NgNy9
1X9T/X08/X0r79S6EIAH

A

< > >RECHARGE .
4 * ACTIVE t ) 4 i 4 sTanpBY 4 1
Activate STANDBY Read Clock Mask Clock Mask Precharge Power Down Power Down
Command Command Start End Command Mode Entry Mode Exit
Bank A Bank A Bank A
Clock Suspend Clock Suspend Any

Mode Entry Mode Exit Command




15. Self Refresh (Entry and EXxit)

I B I R A L L L L L A L A A A L

T/ aiiisiyapigisinnipipinipignpt

dnols J0)onpuodIWwas

6T

B tcksr
e \ y e
, 14
cs \ / /] i .
I
RAS \ / /] | /] \ /
cAS \ / I /] \ /
|
. f—
1
Bs /] /]
I
. [ —
| rr
Addr j ] I / /
<+ tRC —>
bom "\ — ( : Il
2 | JJ
DQ Wz _ _ _ _ _ _ _ _ /______f_____{/_______
1
s, e e I
Self Refresh Exit Self E:'i{reSh

Command issued
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15. Auto Refresh (CBR)

CLK

CKE

RAS

CAS

BS

AP

‘ T0 ‘ Tl ‘TZ ‘TE} ‘T4 ‘ T5 ‘TG ’T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘T15 ‘TlG‘Tl? ‘TlB ‘TlQ‘T20‘T21 ‘TZZ ‘

gy yy e

teke

Burst Length = 4, CAS Latency = 2 )

v

/\/|/
\/\l\
\//|/
/\\I\

\//|/
/\\I\

EIE

«—1Irp < tre < tre
(Minimum Interval
Hi-Z
- == = — = — — — —_ - — — _ - = - = — = Ax0 X Ax1 X Ax2 X Ax3 ) -
Precharge  Auto Refresh Auto Refresh Activate Read
Command Command Command Command Command
All Banks Bank A Bank A
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16.1 Random Column Read (Page within same Bank) Burst Length = 4, CAS Latency = 2

’ TO ‘ T1 ’TZ ‘TS ‘T4 ’ T5 ‘TG ’T? ‘TB ‘TQ ‘TlO ‘Tll’TlZ ‘Tl3 ’Tl4 ‘TlS ‘Tl6’T17 ‘TlB ‘TlQ‘TZO‘TZI ‘TZZ ‘

BS

| — | — ~ | — ~ |/
™S~ ™S~ _——] ™S~ _— l\
—~
]
| — ~ ~— | — /

Addr

AP

:
g
L—
~
D 2]

DQM \
Hi-Z
DQ - —t— = —— — — = Aw0 X Awl X Aw2 X Aw3 X AxO X Ax1l X AyO X Ayl X Ay2 X Ay3 -_— = = — AzO X Azl X Az2 X Az3 ) —

Activate Read Read Read Precharge Activate Read
Command ~ Command Command ~ Command Command  Command  Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A
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16.2 Random Column Read (Page within same Bank) Burst Length = 4, CAS Latency = 3

‘ T0 ‘ Tl ‘TZ ‘TE} ‘T4 ‘ T5 ‘TG ’T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘T15 ‘TlG‘Tl? ‘TlB ‘TlQ‘T20‘T21 ‘TZZ ‘

CLK

CKE J

= T W UamaUamaly

R S f) i \ A0 [T

s [ D\, T [ AuvAvay.

w I W W W \ [

[0\ /I [T \ I A,

- DM T P

Addr o >@>< Cay >@><

oom 1\

I R R N ) ) 5 2 (0 ) 0000 €0 COR R R

Activate Read Read Read Precharge Activate Read
Command Command Command ~ Command Command Command Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A

SNIWN3IS
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17.1 Random Column Write (Page within same Bank)

CLK

BS

AP

’ TO ‘ T1 ’TZ ‘TS ‘T4 ’ T5 ‘TG ’T? ‘TB ‘TQ ‘TlO ‘Tll’TlZ ‘Tl3 ’Tl4 ‘TlS ‘Tl6’T17 ‘TlB ‘TlQ‘TZO‘TZI ‘TZZ ‘

ooty
S

\\\//
///\l\
\//\/
/\\/l\
\//\/
/\\/l\
\//\/
/\\/l\

—~

]
\\\//
///\l\
\//\/
/\\/‘\

7]
]

RBz CBz CBx CBy RBz CBz

Hi-Z
- — — — — —(DBwOXDBw1XDBw2)DBw3) DBx0O X DBx1XDBy0 X DByl X DBy2XDBy3)— — — — — — —(DBzOXDBz1XDBz2XDBz3)- — — — —

Activate Write Write Write Precharge Activate Write
Command Command Command Command Command Command Command
Bank B Bank B Bank B Bank B Bank B Bank B Bank B

Burst Length = 4, CAS Latency = 2 )
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17.2 Random Column Write (Page within same Bank) Burst Length = 4, CAS Latency = 3

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘TB ‘T7 ‘TB ‘T9 ‘TlO ‘Tll’TlZ ‘TlS ‘T14 ‘TlS ‘TlG‘T17 ‘T18 ‘TlQ‘TZO ‘TZl ‘TZZ ‘

« _JUldutuutuutuyiy iy o o
CKE J o

~ | — | — ~| I/
~— | — | — ~| |/
— S~ S~ _— l\
~ | — | — ~| I/
~ | — ~ | — |/
_ M~ 1 ~_ l\
_— _— _—— S~ l\
~ | — | — ~| |/
_—— . . _— l\

BS
AP
Addr XRBZ X Xcsz)( Xcsxx CBy Bz Xcszx
DQM \
Hi-Z
DQ - — — — — — — —DBwOXDBw1XDBw2)DBw3)DBx0)DBx1)XDBy0XDByl1XDBy2XDBy3) — — — — — — — — — — — —{DBzOXDBzl)X

KNG

Activate Write Write Write Precharge Activate Write
Command Command Command Command Command Command Command
Bank B Bank B Bank B Bank B Bank B Bank B Bank B
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18.1 Random Row Read (Interleaving Banks) with Precharge

Burst Length = 8, CAS Latency = 2

‘ TO ‘ T1 ’TZ ‘TB ‘T4 ‘ T5 ‘TB ‘T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ’T14 ‘T15 ‘TlG‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

e _JHUDHUUULDOUHUL LWL L

teke

CKE High

= T\

v 1

/
S~

CAS ﬂ

w I

BS J\

] T
P

AP

~ ] >~ >~ T

— L T — T
E

Adar ) XX )
trep trp
DQM < < >
Hi-Z
pE - — — — — — x6 Y Bx7 m Axl X Ax2 X Ax3 X Ax4 Y Ax5 X Ax6 X Ax7 Y — < By0o ¥ Byl
t t b4 t
Activate Read Activate Precharge Activate Read
Command Command Command Command Command Command
Bank B Bank B Bank A Bank B Bank B Bank B
Read
Command

Bank A
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c x
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18.2 Random Row Read (Interleaving Banks) with Precharge

CLK

CKE

CAS

BS

AP

Addr

DQM

DQ

Burst Length = 8, CAS Latency = 3

‘ TO ‘ T1 ’TZ ‘TB ‘T4 ‘ T5 ‘TB ‘T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ’T14 ‘T15 ‘TlG‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

Uyt ubdyuyuyu oy L

teks.

High

\/

AW

. —
™~

VA

N

N
/

/\\//
\//\l\
/\/\I/
\/\/l\
\/\//
/\/\l\
//\//
\\/\l\

—~
1

A

)

B
>
=

EIE
@

‘\ tRCD

taca

<—>‘ >

Hi-Z
Activate Read
Command Command
Bank B Bank B

— % Bx1 ).( Bx3 X Bx4 X Bx5 ).( Bx7 X Ax0 X Axl X Ax2 X Ax3 X Ax4 X Ax5 X Ax6 X Ax7 X ByO X

Activate Read Precharge Activate Read Precharge
Command Command Command Command Command Command
Bank A Bank A Bank B Bank B Bank B Bank A
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19.1 Random Row Write (Interleaving Banks) with Precharge

Burst Length = 8, CAS Latency = 2

‘ T0 ‘ T1 ‘TZ ‘TS ’T4 ‘ T5 ‘TB ‘T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘T13 ‘T14 ‘TlS ’TlG‘Tl7 ‘TlS ‘TlQ‘TZO‘TZI ‘T22 ‘

e UL HUOULDOUHULUUUHUL UL L L

CKE High

&
(0]

_— — — S~ l\

~—
~ > >~ 1 >~

)

\

Addr RAX

(5 &

RAy

trep

v}
re)
<

=
'y

twr

Activate
Command
Bank A

?

Write

Command
Bank A

f

Activate

Command

Bank B

¢ A
Write
Command
Bank B

Precharge
Command

Bank A

?

Activate
Command
Bank A

— (DAXO) DAxX1 X DAx2 X DAX3 X DAx4 X DAX5 ).( DAX7 X DBxO0 X DBx1 X DBx2 X DBx3 X DBx4 X DBX5 ){ DBx6 ) DBx7 X DAYO X DAy1 X DAy2 X DAy3 X DAy4 X

f A
Write
Command
Bank A

Precharge
Command
Bank B
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19.2 Random Row Write (Interleaving Banks) with Precharge Burst Length = 8, CAS Latency = 3

‘ T0 ‘ T1 ‘TZ ‘TS ’T4 ‘ T5 ‘TB ‘T7 ‘TB ‘TQ ‘TlO ‘Tll‘TlZ ‘T13 ‘T14 ‘TlS ’TlG‘Tl7 ‘TlS ‘TlQ‘TZO‘TZI ‘T22 ‘

e UL HUOULDOUHULOUUHUL UL L L

s\ \/ \/ AR \/ R
s A/ \ / \ / \ / \_/
s )\ \ / / \ \ / / \ \ /

w I \ / /\ \ LA/ /\ \ LA
s A/ \_/ / \ / \_/ \ LN

)

(5 &

Addr RAX >€/{>>< RAy ><c:/§/><

trep twr trp twr
DQM \ > < > > >
Hi-Z
DQ - — — — — — (DAx0)XDAXx1)DAx2 ) DAx3 X DAx4 ).( DAXx6 X DAX7 X DBxO X DBx1 X DBx2 X DBx3 X DBx4 X DBX5 ){ DBx6 ¥ DBx7 X DAy0 X DAy1 X DAy2 X DAy3 X
Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command Command
Bank A Bank A Bank B Bank B Bank A Bank A Bank A Bank B
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20.1 Full Page Read Cycle

Burst Length = Full Page, CAS Latency = 2 )

e e T B I L L L L L L A R L A A A L

tcka.

7

CKE  High

2
I

\/ JJ

\/ \
s\ \ / / \ L\
oA/ \ / /
we [/ / \ / \ \ /

BS \

1 P>~ ] > T

AP

\ /

—l L L T T

CBX

Hi-Z
DQ - = — — — — —
Activate Read
Command Command
Bank A Bank A

[ T [
JJ

Ax+1 X Ax+2 6)(-2 }(Ax-l)( Ax XAx+1X Bx >(Bx+1)(Bx+2><Bx+3)<Bx+4><Bx+5> Bx+6 ——— = — = — — =

4 4 Read W t 4

Activate Command Full Page burst operation does not Precharge Activate
Command Bank B terminate when the burst length is satisfied; | Command Command
Bank B The burst counter wraps the burst counter increments and continues Bank B Bank B

from the highest order bursting beginning with the starting address.

page address back to zero

. LSS Pa Burst Sto
during this time interval. P

Command
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20.2 Full Page Read Cycle

Burst Length = Full Page, CAS Latency = 3 )

‘TO‘Tl‘TZ‘T3‘T4‘T5‘T6’T7‘T8‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘

CK3
<o, e
CKE High 1/
14
s\ (AR v / \/
— ya
s [/ /A / VA / \ L \ /
cas [/ \ \ / JI A\ / [\
we [\ \ L7\ \/ / \
— /[
s [\ / \ / /)
ya
S & /)
gy
Addr RAX CAXx / / CBx RBy
DOM ‘\ - trrD > /’
1l
Y
Hi-Z
DQ - — — — — — — — — — —{( Ax XAX+1)}Ax+2| Ax-2 XAx-1 X Ax YAx+1X Bx XBx+1)XBx+2 }Bx+3 X Bx+4 XBx+5 —_— — = — — =
4 4 4 Read Full Page burst operation does not 4 4
Activate Read Activate A Command tséartinglf?gcg?twg%wgteclggr?ttgrls Precharge Activate
Cgr;rmag ‘ ng}?ﬁ&]d Cgr:,:?(aé' d Bank B increments and continues Cgr;rmagd ngmagd

The burst counter wraps
from the highest order
page address back to zero
during this time interval.

bursting beginning with

the starting address.
Burst Stop
Command
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21.1 Full Page Write Cycle

Burst Length = Full Page, CAS Latency = 2 )

e e T B I L L L L L L L A R L A A A L

BS \

s\ \/ \EVanV
ws D LU0 A 7Y 7\
s T/ 1 \ / 7Y
w T LT \ / N i
2\ \
\ /

AP

Activate
Command

Bank B
The burst counter wraps
from the highest order

page address back to zero
during this time interval.

Activate Write
Command Command
Bank A Bank A

Full Page burst operation does not
terminate when the burst length is satisfied;

Ar f
Data is ignored. | Precharge Activate
Command  Command
Bank B Bank B

the burst counter increments and continues Burst Stop
bursting beginning with the starting address. ~ Command
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21.2 Full Page Write Cycle

Burst Length = Full Page, CAS Latency = 3 )

I R e ol L L R A L L L R A L L L R L

CK3
— [
CKE High 1)
(r
s [/ f AL ) / \ / \ L \ /
cas ]\ \ / /) \ / [\
we \/ /] \ / \/ / \
s [\ / \ / /)
e /]
Addr RAX CAXx / / CBx
oo T\ [
Q e
s
Data is ignored.
Hi-Z Ve 9
DQ - — — — — —( DAx YDAx+ ﬂm DAx# [DAx-1{ DAx YDAx+1Y DBx )OBx+1{DBx+2DBx+3DBx+HDBx+ —_ — = = — = — = — — =
f f Activate Write # f
Activate Write Command Command Full Page burst operation does not Precharge Activate
Command Command Bank B Bank B terminate when the length is Command Command
Bank A Bank A The burst counter wraps satisfied; the burst counter Bank B Bank B
from the highest order increments and continues
page address back to zero bursting beginning with Burst Sto
during this time interval. the starting address. cﬁmmang
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22.1 Precharge Termination of a Burst

Burst Length = 8 or Full Page, CAS Latency =2~

’ TO ‘ T1 ’TZ ‘TS ‘T4 ’ T5 ‘TG ’T? ‘TB ‘TQ ‘TlO ‘Tll’TlZ ‘Tl3 ’Tl4 ‘TlS ‘Tl6’T17 ‘TlB ‘TlQ‘TZO‘TZI ‘TZZ ‘

CLK

ok

\/

-

S~ I — S~ l\

BS \

S~ I — S~ l\
| — ~ ~ | — /
M~ g ] ~_ l\
| — | — ~ | — /

— | | [
>~ > [ [

AP

| — | — ~ | — ~ /
L— — - L —~
S~ S~ _— S~ _— l\

3

EINE

«—trp—»

<«—trp—»

AN AN

Hi-Z
?

Activate Write Precharge
Command Command Command
Bank A Bank A Bank A

Precharge Términation
of a Write Burst. Write
data is masked.

t

Activate
Command
Bank A

t y t t t
Read Precharge Activate Read Precharge
Command Command  Command \ Command Command
Bank A Bank A Bank A Bank A Bank A

Precharge Termination
of a Read Burst.
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