SIEMENS

HYB39S1640x/80x/16XAT
16MBit Synchronous DRAM

Timing Diagrams
1. Bank Activate Command Cycle

2. Burst Read Operation
3. Read Interrupted by a Read
4. Read to Write Interval
4.1 Read to Write Interval
4.2 Minimum Read to Write Interval
4.3 Non-Minimum Read to Write Interval
5. Burst Write Operation
6. Write and Read Interrupt
6.1 Write Interrupted by a Write
6.2 Write Interrupted by Read
7. Burst Read & Write with Auto-Precharge

7.1 Burst Write with Auto Precharge
7.2 Burst Read with Auto Precharge
8. Burst Termination

8.1 Termination of a full Page Burst Write Operation

8.2 Termination of a Full Page Burst Write Operation

9. AC- Parameters
9.1 AC Parameters for a Write Timing
9.2 AC Parameters for a Read Timing
10. Mode Register Set
11. Power on Sequence and Auto Refresh (CBR)
12. Clock Suspension (using CKE)

12.1 Clock Suspension During Burst Read CAS Latency = 1
12. 2 Clock Suspension During Burst Read CAS Latency = 2
12. 3 Clock Suspension During Burst Read CAS Latency = 3
12. 4 Clock Suspension During Burst Write CAS Latency =1
12. 5 Clock Suspension During Burst Write CAS Latency = 2
12. 6 Clock Suspension During Burst Write CAS Latency = 3

13. Power Down Mode and Clock Suspend

14. Auto Refresh (CBR)

15. Self Refresh ( Entry and Exit)

16. Random Column Read ( Page within same Bank)
16.1 CAS Latency = 1
16.2 CAS Latency = 2
16.3 CAS Latency =3

17. Random Column Write ( Page within same Bank)
17.1 CAS Latency = 1
17.2 CAS Latency = 2
17.3 CAS Latency =3
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HYB39S1640x/80x/16xXAT
SlEMENS 16MBit Synchronous DRAM

Timing Diagrams (cont'd)

18. Random Row Read ( Interleaving Banks)
18.1 CAS Latency = 1
18.2 CAS Latency = 2
18.3 CAS Latency = 3
19. Random Row Write ( Interleaving Banks)
19.1 CAS Latency = 1
19.2 CAS Latency = 2
19.3 CAS Latency = 3
20. Full Page Read Cycle
20.1 CAS Latency = 1
20.2 CAS Latency = 2
20.3 CAS Latency = 3
21. Full Page Write Cycle
21.1 CAS Latency = 1
21.2 CAS Latency = 2
21.3 CAS Latency = 3
22. Precharge Termination of a Burst
22.1 CAS Latency = 1
22.2 CAS Latency = 2
22.3 CAS Latency = 3
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HYB39S1640x/80x/16xXAT
SlEMENS 16MBit Synchronous DRAM

1. Bank Activate Command Cycle

(CAS latency = 3)
TO T1 T T T

CLK j W ’ L f Uﬁ ﬁ A

|
| \ \ \ \ \
Bank A Bank A Bank B Bank A
ADDRESS A row Add"w Col. Addr. /7T Row Addr. / Row Addr,
; [ | \ [

|
I trep - ‘ trRrD
< ‘ ‘ | - - -
Bank A Write A Bank B Bank A
COMMAND Activate W NoP nggr%%% """"""" Activate NP Activate
‘ r
l:l S “HP or 4" ‘4 >

tre |

2. Burst Read Operation

(Burst Length = 4, CAS latency =1, 2, 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK i

COMMAND~ READA NOP NOP NOP NOP NOP NOP NOP NOP

CAS latency = 1

\ \ \ \
| | | |
DOUTAQ | DOUTAp >< DOUTAy ) DOUTA3

tck1, DQ’s

DOUT Ag DOUT A DOUT A3 DOUT A3

tcko, DQ’s

CAS latency = 3

\
\
\
\
CAS latency = 2 ‘
\
\
\
I

DOUTAg ) DOUTA; J DOUTA, ) DOUTAjz

tcks, DQ's |
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SIEMENS

HYB39S1640x/80x/16XAT
16MBit Synchronous DRAM

3. Read Interrupted by a Read

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

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK i A A L ) A L A A L
| | | | | | | | |
| | | | | | | | |
COMMAND-{ READ A READ B NOP NOP NOP NOP NOP NOP NOP
\ \ \ \ \ \ \ \ \
o | ! \ ! ! \ | | |
CAS latency =1 DOUT A DOUT B DOUTB >< DOUT B DOUT B
to, DQ's -1 0 0 1 2 3 ‘ ‘ ‘
\ \ \ \ \ \ \ \ \
CAS latency =2_| | ;Z)OUT A I‘Z)OUT B I‘Z)OUT B I;)OUT B I;)OUT B | |
tckz, DQs | | ° 0 ! 2 /T |
\ \ \ \ \ \ \ \ \
CAS latency =3 | | | ‘
texs, DQ's ‘ ‘ ‘ DOUT Ag DOUT By >< DOUTB; J DOUTB, J DOUTBj3 ‘
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 ‘Minimum delay between the Read and Write Commands = 4+1 =5 cycIes»‘ I I
bom ‘ ‘ | 1 1  bow | | |
-
\ \ o | \ \ \ \
DQZ
\ \ \ ~ > \ \ \
COMMAND NOP READ A NOP NOP NOP NOP WRITE B NOP NOP
\ \ \ \ \ \ \ \ \
| | | | ‘ | ‘ ‘ \
DQ’s i 1 i i DOUT Ag i DIN Bg DIN By DIN By
I I | | Must be Hi-Z before | | |
l:l 4 or “L the Write Command
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SIEMENS

HYB39S1640x/80x/16xXAT

16MBit Synchronous DRAM

4 2. Minimum Read to Write Interval

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

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A A L A A L A A
| | | | | | | | |
‘ ‘ 1 1 1 toqw | | | |
DQM |« P97 | > N - | \ \
| | | | 1 Clk Interval | | | |
| | | | | | | | |
COMMAND-{ NoP NOP BANK A NOP READA }-{ WRITE A NOP NOP NOP
ACTIVATE
| | | | | | | | |
CAS ltency =1 | | | | | ‘DIN A ‘DIN A ‘DIN A ‘DIN A
tck1, DQ's [ \ | | | ° ' 2 °
‘ ‘ ‘ ‘ Must be Hi-Z before ‘ ‘ ‘ ‘
the Write Command
CASlatency =2 _ | | | | ‘ DIN A DIN A DIN A DIN A
tcko, DQ's | | | | | 0 1 2 3
D C“H" or “L”
4. 3. Non-Minimum 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
| | | | | | | | |
| | | ‘ ‘ 1 toow | | |
DQM W | | | | | | - | |
\ \ \ — | | \
| | | | | | | | |
COMMANB< NOP READ A NOP NOP READ A NOP WRITE B NOP NOP
\ \ \ \ \ \ \ \ \
- L | | | | | | | |
CAS latency = 1
texy DQ's | | DOUTAg ¥ DOUTA; ) DOUTA, i DIN Bg DIN By - DIN By
' Must be Hi-Z before
‘ ‘ ‘ ‘ ‘ the Write Command ‘ ‘ ‘
CAS latency = 2 | | DOUTAg J DOUTA; | DIN Bg DINBy - DINBp
tckz, DQ's | | | \ \ \ \ \ \
- | | | | | | | | |
CASlatency =3 | | | } DOUT Ag } DIN Bg DIN By DIN By
tcks, DQ's
\ \ \ \ | \ | | |
| | | | | | | | |
D “H"or “L”
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SIEMENS

HYB39S1640x/80x/16XAT
16MBit Synchronous DRAM

5. Burst Write Operation

(Burst Length = 4, CAS latency = 1, 2, or 3)
TO T1 T2 T3 T4

T5 T6 T7 T8

L

CLK J A

COMMAND NO >—< WRITE A >—< >—<

HHH

\

\ \ \

DQ's —‘—< DIN Ag DIN Aq >—< DIN Ap >—< DINAg - don' care |
| |

Extra data is |gnored after
termination of a Burst.

The first data element and the Write
are registered on the same clock edge.

6.1 Write Interrupted by a Write

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

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK J A A A A A A l A L

| | | | | | | | |
COMMAND NOP WRITE A WRITE B NOP NOP NOP NOP NOP NOP

| ‘ 1 Clk Interval ‘ ‘ ! ! ! ! ‘

| > | | | | | |
DQ’s | DIN Ag DIN Bg DIN By >—< DIN B DIN B3 | | |

| | | |

Semiconductor Group 6



HYB39S1640x/80x/16xXAT
SlEMENS 16MBit Synchronous DRAM

6.2 Write Interrupted by a Read

(Burst Length = 4, CAS latency = 1, 2, 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK A

A

COMMAND NOP WRITE A READ B NOP NOP NOP NOP NOP NOP
| ¢ | | | | | |
o | \ | | | | \
ZAS latency =1 DIN A DOUT B DOUT B DOUT B DOUT B
K1, DQ's 0 0 1 2 3 ‘
\
1

CAS latency = 2

, DOUTBy | DOUTB DOUT B DOUT B
lck2, DQ’s >< ! >< 2 3

ZAS latency = 3
lcks, DQ's

DOUT Bg DOUT B >< DOUT B3 DOUT B3

Input data must be removed from the DQ’s at least one clock

cycle before the Read dataAPpears on the outputs to avoid
Input data for the Write is ignored. data contention.

7.1 Burst Write with Auto-Precharge

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

TO Tl T2 T3 T4 T5 T6 T7 T8
e SuluBelnlelinlaiie

|

\ \ \ \ \ \ \ \ \
COMMAND< BANK e NOP NOP ), WRITEA NOP NOP NOP NOP

CAS latency = 1
DQ’s

DQ’s

— trp
CAS latency =3

DQ’s

L N S N N A

\
|
|
|
CAS latency =2 |
\
|
|
I

~ Begin Autoprecharge

Bank can be reactivated after trp
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SIEMENS

HYB39S1640x/80x/16XAT
16MBit Synchronous DRAM

7.2 Burst Read with Auto-Precharge

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

CAS latency = 3

T0 T1 T2 T3 T4 TS T6 T7 8
| | | | | | | | |
| | | | | | | ‘ |
COMMAND- READ A NOP NOP NOP NOP NOP NOP NOP NoP
with AP
‘ {rp | | | |
‘ i‘k | | | ‘ ‘ ‘ ‘
CAS latency =1 DOUT A DOUT A >< DOUT A DOUT A
tck1, DQ's ‘ ° ! : ’ | | | |
| | te | | | | | |
CAS| =2 | | | | |
CAS ate”C’V DOUTAg f DOUTA; ) DOUTA, ) DOUTAj3
tcko, DQ's | | | | |
‘ | ‘ -¢ ‘ trp ‘ F‘ | | |
| | \ \
| | | |

tcks, DQ's |

DOUT Ag >< DOUTA; DOUT A3 DOUT A3

% Begin Autoprecharge

Bank can be reactivated after trp

8.1 Termination of a Full Page Burst Read Operation

(CAS latency =1, 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l \ I\ I\ A l A A l L
| | | | | | | | |
\ \ \ \ \ \ \ \ \
COMMAND-{ READ A NOP NOP NOP %‘t‘g%t NOP NOP NOP NOP
| | | | | §\\ | | |
‘ ‘ ‘ ‘ I I I o I
CAS latency = 1 | The burst ends after a delay equal to the CAS latency.
, DOUTAp ) DOUTA; ) DOUTA, ) DOUTAg
teke, DQ's ‘ \ \ \ \
| | | | | | | | |
L L L L
CAS latency =2 | | DOUT A DOUT A >< DOUT A DOUT A | | |
) 0 1 2 3
tcko, DQ's | | \
| | | | | | | | |
CAS latency = 3 | | | ‘
‘ ‘ DOUT Ag >< DOUT Aq >< DOUTAy J| DOUTA3 ‘

tcks, DQ’s

Semiconductor Group 8



HYB39S1640x/80x/16xXAT
SlEMENS 16MBit Synchronous DRAM

8.2 Termination of a Full Page Burst Write Operation

(CAS Laency =1, 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l A l l A A l A A L
| | | | | | | | |
\ \ \ \ \ \ \ \ \
COMMAND NOP WRITE A NOP NOP %‘t’gf)t NOP NOP NOP NOP

| | + | | | | | | |

CAS latency = 1,2,3| /
DIN Ag DIN Ag DIN A don't care

DQ’s !

Input data for the Write is masked.
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9.1 AC Parameters for Write Timing

CLK

CKE

RAS

CAS

BA

AP

‘TO‘Tl‘TZ‘TS‘T4‘T5

T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16 ‘ T17 ‘TlS ‘TlQ‘TZO ‘TZl ‘TZZ ‘

#}IIIIIIIIIIIIIIIIIIM

<«foL

# —ﬂ <« fcs Begin Auto Precharge Begin Auto Precharge
—_— Bank A Bank B t
CKS T» leton y y CKH

T f

L T T |
~_ 1 1 [~
//\//
\\/\l\

Hi-z
4 + * U 4 * 4 4 4
Activate Write with Activate Write with Activate Write Precharge Activate Activate
Command Auto Precharge Command Auto Precharge Command Command Command Command Command
Bank A Command Bank B Command Bank A Bank A Bank A Bank A Bank B

Bank A Bank B

Burst Length = 4, CAS Latency = 2 )

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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9.2 AC Parameters for Read Timing Burst Length = 2, CAS Latency = 2
‘ TO ‘ T1 ‘ T2 ‘ T3 ‘ T4 ‘ T5 ‘ T6 ‘ T7 ‘ T8 ‘ T9 ‘ T10 ‘ T11 ‘ T12 ‘ T13
L) ) L) L L
tCHJAtCL; > tCKZ

CKE - «lcs Begin Auto
Precharge t
< tcks -+ leton Y BankB _[CKH

RAS X Y

///\/

& X AT/ A
- tan
AP >RAx / X
tas > <«
< trrD >
DQM \ < g /
«—WRp—»
«—trep——> thz
e
Hi-Z
DQ - = - - = - 4 = = = = = — — — Bx0 Bx1 - = — —
Ar Ar ? Ar
Activate Read Activate Read with Precharge Activate
Command Command Command Auto Precharge Command Command
Bank A Bank A Bank B Command Bank A Bank A

Bank B

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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10. Mode Register Set

CLK

CKE

RAS

CAS

BA

AP

Addr

‘TO ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS‘TlB‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl

T22 ‘

Uty e e e e e

J

2 Cloc

kK min.

\

Address Key

XN

BESEGESRSE SRS

*

¢

Precharge Mode Register

Command Set Command Command

All Banks

*

Any

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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11. Power on Sequence and Auto Refresh (CBR)

CLK

CKE

AP

Addr

DQM

DQ

J A High level
is required

7
J

Minimum of 2 Refresh Cycles are requir

2 Clock min.

KRV,

\

\W

\ /

)=

[/ \

\ /

\
A
\
/

Address Key

XN

OO0 0000

14 (]
JJ JJ
- tRP — < tRC
Hi-Z f/ If
Precharge 1st Auto Refresh 2nd Auto Refresh Mode Register Any
Command Command Command Set Command Command

All Banks

Inputs must be
stable for 200ps

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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12.1 Clock Suspension During Burst Read (Using CKE) (1 of 3) Burst Length = 4, CAS Latency =1

‘TO ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS‘TlB‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl

T22 ‘

ew UL HUHOHUULU LU UL

CKE

RAS

CAS

/

AP RAX

Addr RAxY YcAx

thz —»
Hi-Z
DQ —I———————@ Ax1 >< Ax2 >< Ax3 _——_—— = = — = - — - — = — — =

4 A
Activate
Command Clock Suspend  Clock Suspend Clock Suspend
Bank A 1 Cycle 2 Cycles 3 Cycles
Read
Command

Bank A

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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12.2 Clock Suspension During Burst Read (Using CKE) (2 of 3)

CLK

CKE

RAS

BA

AP

Burst Length = 4, CAS Latency = 2 )

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlB ‘Tl4 ‘TlS ‘TlB‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

tcko
>

e

f

Activate
Command
Bank A

Command

?

Read
Bank A

Ax0

thz—»

Ax1 ><

Ax2

Ax3

Clock Suspend
1 Cycle

Clock Suspend
2 Cycles

Clock Suspend

3 Cycles

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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12.3 Clock Suspension During Burst Read (Using CKE) (3 of 3)

‘TO‘Tl‘TZ‘TS‘T4‘T5

Burst Length = 4, CAS Latency =3 )

T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16 ‘ T17 ‘TlS ‘TlQ‘TZO ‘TZl ‘TZZ ‘

BA

AP
>@<

Addr XCAXX
DQM \ =
thz >
Hi-Z
bpQ - ——— == = — — AX0 Axl >< Ax2 Ax3 —_— = — = = — -
Activate Read
ng]rw(a:d Cgr;?;a:d Clock Suspend  Clock Suspend Clock Suspend

1 Cycle 2 Cycles

3 Cycles

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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12.4 Clock Suspension During Burst Write (Using CKE) (1 of 3) Burst Length = 4, CAS Latency = 1

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlB ‘Tl4 ‘TlS ‘TlB‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

CLK

e T T T

RAS

O
>
0)]
—~ —~ L— _—
-

_
~ N~ P~ ]~ ~

AP RAX

DQ Ei_Z_—————DAxO DAxl< DAX2 @»—————————_———'_____
13 P

Activate  [cjock Suspend  Clock Suspend Clock Suspend
Command 1 Cycle 2 Cycles 3 Cycles
Bank A
Write
Command

Bank A

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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12.5 Clock Suspension During Burst Write (Using CKE) (2 of 3) Burst Length = 4, CAS Latency = 2

‘TO ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS‘TlB‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl

T22 ‘

e U UUUUUUUUOUODUUUUUUUL
CKE J

RAS

BA

\
\
cas |/
/
\

AP

Addr RAX CAx

oo 1) [

DQ E'Z_ — — — — (pAx0 DAXx1 ><DAx2>< XDAX3)— — — — — — — — — — — — = — — — — -
f A ? *

Activate

Command Clock Suspend  Clock Suspend Clock Suspend
Bank A 1 Cycle 2 Cycles 3 Cycles
Write
Command

Bank A

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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12.6 Clock Suspension During Burst Write (Using CKE) (3 of 3) Burst Length = 4, CAS Latency = 3

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlB ‘Tl4 ‘TlS ‘TlB‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

o T AR /

RAS

BA

0
>
(2]

AP

e

ek

R e o O ) G e R B e e e e e A I
y r 4 4 }

C/;\)(r:rt:r\;]aatﬁd Clock Suspend  Clock Suspend Clock Suspend
Bank A 1 Cycle 2 Cycles 3 Cycles
Write
Command

Bank A

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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13. Power Down Mode and Clock Suspend

‘ TO ‘ T1 ‘TZ ‘TS ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘Tl6‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ

Burst Length = 4, CAS Latency = 2 )

ew UL HUHUHUULU LU UL

e TN W

~
—
~

RAS

\
\
cas |/
/
\

L @ ——
>~ N >~ T >~ [

S EEEErE

BA
AP
Addr RAX
DQM \
thz —»
Hi-Z
D - — — - — — — — — — — — — {A&0YAx1 Ax2 Ax3 — _— = — = — = - — -
? A A f ? f f f f A
Activate 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 Exit Command

Mode Entry

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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14. Auto Refresh (CBR) Burst Length = 4, CAS Latency = 2

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlB ‘Tl4 ‘TlS ‘TlB‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

e ]

s/ \/ AR
s AL N \ / \ L SN
s L A/ \ / [\ /
we [ AL ) / \ [/ \
o \ L N/

AP

EIE
el

«—1trp < tre tre
DQM (Minimum Interval
Hi-Z
pQ - —— - — - — - - — - — - — - — - — — — — — — — — {A&0)YA1YAYAX3) -
Precharge  Auto Refresh Auto Refresh Activate Read
Command Command Command Command Command
All Banks Bank A Bank A

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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15. Self Refresh (Entry and Exit)

‘TO‘Tl‘TZ‘TB‘T4‘T5‘T6‘T7‘T8‘T9 ‘TlO‘Tll‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘

= aipiainlinn/migiiainly yipipiainiaipint
w TNy e
s VY /Sy S AR
s \ o e
= NV — V.
e [ —)
] | I
—
[ — i
o VAN T a
DQHZrir%ﬂ;
T “
must be idie Sy T P Comman |

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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16.1 Random Column Read (Page within same Bank) (1 of 3)

Burst Length = 4, CAS Latency =1 )

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

CLK

ok
“«

CKE

-

%
|
-

/ AR \
RAS / \ [/ \ \ /N
s )\ \ [\ /
we I\ [\ \ /N
s A \ [\ \ /
/ \ [ N/ \

v AN

LS

paar )

e

DQ T — — — — {awoY Aaw1 Y Aw2 X Aw3 Y Ax0 X Axi Ay0 X Ayl X Ay2 X Ay3 — — —(Az0 X Az1 X Az2 X Az3 }— — — — — — — -—

Hi-z
+ 4 i 4
Activate Read Read
Command Command Command
Bank A Bank A Bank A
Read
Command

Bank A

ror
Precharge Read

Command Command
Bank A Bank A

Activate
Command
Bank A

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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16.2 Random Column Read (Page within same Bank) (2 of 3)

‘TO‘Tl ‘TZ ‘TS‘T4‘T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO

Burst Length = 4, CAS Latency = 2 )

‘Tll ‘ T12 ‘TlS ‘Tl4 ‘TlS ‘ T16 ‘ T17 ‘TlB ‘Tlg ‘ T20 ‘TZl ‘TZZ ‘

e« _UUuubuuuyuyyuyyuL
oe T

s T \J Y W/ (WERVERW

ras TN [T ANV \ LN LT N

s J N\ / \ [N/ ANVANRNY.

we [/ / AV \ [T

o \ [\ / \ [N/ VNN

P \ / \ [\ / \ /

Addr RAW) CAW Y CAxX cAy

EINE

>(CAZ X

DQM

|

=
|r'\1

DQ

' t t '

Activate Read Read Read
Command Command Command Command
Bank A Bank A Bank A Bank A

f

Precharge

— — — — — — — A Aw0 X Awl X Aw2 X Aw3 X Ax0 X Axl X Ay0 X Ayl X Ay2 X Ay3 } — —

*

Activate

— — — A Az0 X Azl X Az2 X Az3 ) —

?

Read

Command Command Command

Bank A

Bank A

Bank A

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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16.3 Random Column Read (Page within same Bank) (3 of 3) Burst Length = 4, CAS Latency = 3

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

CLK
tcks
CKE J

//\/\/
\\/\/i\
//\/\/
\\/\/i\
//\/\/
\\/\/i\

T~

]
/\\//
//\/\/
\\/\/i\

AP

A

DQM ‘\
Hi-Z

b - ——— — — — — — — — — —(AWOY AwlY Aw2Y Aw3 Y AxO ¥ AxL X Ay0 X Ayl ¥ Ay2 Y Ay3 ) — — — — — — — — — — -

EINE
a

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

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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17.1 Random Column Write (Page within same Bank) (1 of 3) Burst Length = 4, CAS Latency =1

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

« Uy yiL
ce [ :

s\ / W\ / \/

s A /N [\ \/ /\

s ]\ / \ [/ [\ \ /

e )\ \ [N/ \ /N \ /

N / / / '\

S S\ \ [/ \ \ /

DB

Addr XRBwX XCBWX Xcsx)( CBy Bz Xcsz)(
oo T\ [

Hi-Zz
DQ - — — — <{DBwO)XDBw1XDBw2)DBw3)DBx0)DBx1)DByOXDByl1XDBy2XDBy3y — — — — — — — — — —DBz0)DBzl1XDBz2}DBz3)— — -
t t t t ot t
Activate Write Write Precharge Write
Command Command Command Command Command
Bank B Bank B Bank B Bank B Bank B
Write Activate
Command Command

Bank B Bank B

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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18.1 Random Row Read (Interleaving Banks) (1 of 3)

CLK

CKE

CAS

A11(BS)

Al0

AO - A9

DOM

DQ

TO Tl ‘TZ ‘TS

UL

texa
>

T4

L

T5 ‘T6 ‘T7 T8 T9 ‘TlO ‘Tll

T13 ‘Tl4 ‘TlS

Burst Length =

8, CAS Latency =1

T17 ‘TlS ‘TlQ T20 | T21 ‘TZZ ‘

Uy u UL

High

— T  — —
—
N

//\//
\\/\l\

e I S
~ 1 1 > —

/\\/\/
\//\/i\

RBx X YCBx @. CAX RBy CBy
~\ trep taca trp
Hi-Z
- — — — £ Bx0 Bx1 Bx2 X Bx3 Bx4 Bx5 Bx7 X AxO X Axl X Ax2 X Ax3 X Ax4 X Ax5 X Ax6 X Ax7 - — ByO X Byl By2
+ 1 tot o t t
Activate Activate Precharge Read Precharge
Command Command Command Command Command
Bank B Bank A Bank B Bank B Bank A
Read Read Activate
Command Command  Command
Bank B Bank A BankB

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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18.2 Random Row Read (Interleaving Banks) (2 of 3)

CLK

CKE

A11(BS)

Al0

AO - A9

DQM

DQ

TO

Tl ‘TZ ‘TS

teke

T4

L

T5 ‘T6 ‘T7

UL

T8

T9 ‘TlO ‘Tll Ti2 | T13

T14 ‘ T15

T16

Uy oUuye

Burst Length = 8, CAS Latency = 2

T17 ‘TlS ‘Tlg

T20 | T21 ‘TZZ ‘

Uy u UL

—
~

| —
I

S

~ _— ~ _—
\ \
/ /

— - ] | ~
e N I N I

3]

EIE

B; >(CBX)( RBy CBy
trep tac trp
\ - <—>T >
Hi-Z
- - — = = — — @ Bx1 X Bx2 X Bx3 @ Bx5 X Bx6 X Bx7 X AxO X Ax1l X Ax2 X Ax3 X Ax4 X Ax5 X Ax6 X AX7 ) — By0 X Byl
4 U 4 t ot + '
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

SNIW3IS
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18. 3 Random Row Read (Interleaving Banks) (3 of 3)

TO Tl‘TZ‘TS T4‘T5‘T6 ‘T7 T8

teks
«—p

Burst Length = 8, CAS Latency =3

T9 ‘TlO ‘Tll Ti2 | T13 ‘Tl4 ‘TlS T16 | T17 ‘TlS ‘Tlg T20 | T21 ‘TZZ ‘

w YUYy U UL

CKE High

3
—
~

| —
I

A11(BS)

9 «
P

T T L
~ 1 1 P~ ~

N
—1
//\//
\\/\l\

Al0

3]

i
GRG

A0 - A9 XCAxX
treo facs trp
DQM \ - > <—>‘
Hi-Z
DQ - — — — — — — — — —

Activate Read Activate Read Precharge
Command Command Command Command Command

Bank B Bank B Bank A Bank A Bank B

Bx0 X Bx1 @ Bx3 X Bx4 X Bx5 X Bx6 X Bx7 X AxO X Axl X Ax2 X Ax3 X Ax4 X Ax5 X Ax6 X Ax7 X ByO

Activate Read Precharge
Command Command Command
Bank B Bank B Bank A

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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19.1 Random Row Write (Interleaving Banks) (1 of 3)

CLK

CKE

CAS

A11(BS)

Al0

AO - A9

DQM

DQ

TO T1 ‘TZ ‘TS

T5 ‘T6 ‘T7 T8 T9 ‘TlO ‘Tll T12 | T13 ‘Tl4 ‘TlS

yduuyuduyye

Burst Length = 8, CAS Latency =1

T17 ‘TlB ‘Tlg T20 | T21 ‘TZZ ‘

Uy UL

T~

-

B L i
-

N T~ T~ L —
_—

_— >~ ™S~ _— ~_

L — | —~ L— _—

S~ ] 1 M~ ~—

RAX

RBXx RAy

RAX CAXx

@’ CBx RAy

tRCD
\ - »

trp

A
\ 4

Hi-Z
— — —(DAx0 X DAx1 X DAx2 X DAx3 X DAx4 } DAX5 X DAX6 ).( DBx0 X DBx1 X DBx2 X DBx3 X DBx4 X DB

* A
Activate

Command
Bank A

Write
Command
Bank A

f A ? A
Activate Precharge
Command Command
Bank B Bank A
Write Activate
Command Command
Bank B Bank A

x5 X DBx6 X DBX7) —

— (DAy0)(DAy1 ) DAy2 X DAY3Y

$

Write

Command
Bank A

SNIW3IS

INVHQA SnouoJyouAs NgN9T
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19.2 Random Row Write (Interleaving Banks) (2 of 3) Burst Length = 8, CAS Latency = 2

T0 T1 ‘TZ ‘TS T4 T5 ‘T6 ‘T7 T8 T9 ‘TlO ‘Tll T12 | T13 ‘Tl4 ‘TlS T16 | T17 ‘TlS ‘Tlg T20 | T21 ‘TZZ ‘

Sy ipiyyipiaiaipiainipipinipipigipipigipipigh
= O\ VanuianV _J
o 1 \ ST\ [ T\
s A TR /T \ /Y
= T U AT \
e [\ 0 T\ D \ /Y
o TN BED_ Ny
A0 - A9 R >@< Ray
0 27— () o) o) ) ) ) ) ) )

Bank A Bank B

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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19.3 Random Row Write (Interleaving Banks) (3 of 3)

CLK

CKE

CAS

A11(BS)

Al0

AO - A9

DQM

DQ

TO

T1

Burst Length = 8, CAS Latency =3

‘TZ ‘TS T4 T5 ‘T6 ‘T7 T8 T9 ‘TlO ‘Tll T12 | T13 ‘Tl4 ‘TlS T16 | T17 ‘TlS ‘Tlg T20 | T21 ‘TZZ ‘

gy yuyy oL

Y.
Y
A4

N\ \/ \/ AW L/ (R
A/ \ / \ / \ / \ /
A\ \ / /\ \ / /\ \ /

A \ / / \ \ /[ A/ / \ \ /[ N/
A/ \_/ / \_/ \ / \ [ /N
BT e Yk

T = \oo - = -
S o - o

Activate
Command
Bank A

— (DAX0 X DAX1 } DAx2 X DAx3 X DAx4 ).( DAx6 X DAX7 X DBx0 X DBx1 X DBx2 X DBx3 X DBx4 X DBx5 }( DBx6 X DBx7 X DAy0 X DAy1 X DAy2 X DAy3 X

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

SNIW3IS

INVHQA SnouoJyouAs NgN9T
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17.2 Random Column Write (Page within same Bank) (2 of 3) Burst Length = 4, CAS Latency = 2

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

CLK
leke
CKE J

O

>

0)]
I T~ T~ L— |/
_—— _— _— ™~ l\
— | | — ~— |/
g ~_ ~_ ] i\
~| | | ~—| |/
g ~_ ~_ ] i\
~| | | — ~— |/
g ~_ ~_ ] i\

—~

]
T~ T~ T~ L— |/
_— _— _— ™S~ ‘\
~| | | ~| |/
_—— ™S~ ™S~ _— l\

AP

EINE
KIS

Addr

DOM  \ /
DQ - — — — — —(DBwOXDBw1XDBw2XDBw3)XDBx0 X DBx1)XDBy0 X DBy1 X DBy2 X DBy3 — — — — — —(DBz0XDBz1XDBz2)XDBz3 — —— =

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

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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17.3 Random Column Write (Page within same Bank) (3 of 3) Burst Length = 4, CAS Latency = 3

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

« Uy yL
CKE J i

Cs

RAS

BA

\
\
cas
/
/

\//\/
/\\/1\
\//\/
/\\/1\
\//\/
/\\/i\

I

]
\\\//
///\l\
\//\/
/\\/1\

Addr

AP
><RE><

I

XCBZX )(CBX)( CBy )(CBZ)(

DQM \
Hi-Zz
DQ - — — — — — — —DBwOXDBw1)XDBw2}DBw3XDBx0)XDBx1)DBy0XDByl1XDBy2}DBY3) — — — — — — — +— — — — —<DBzO><Dle)<:
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

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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20.1 Full Page Read Cycle (1 of 3)

‘TO‘Tl‘TZ‘TS‘T4‘T‘T

Burst Length = Full Page, CAS Latency = 1 )

LA A U A A L A

toka

- r

CKE High JJ

VAR

BA

T~

RBy

DQ - — — - Ax+l Ax+2[ |Ax-2 ¥ Ax-1 Ax XAx+1 X Bx XBx+1 ¥ Bx+2 (Bx+3 XBx+4 XBx+5 XBx+6 \Bx+7) — — — — — — — — — — —

bt A t b
: ; Precharge
Activate Activate
Command Command CgmnllaBnd
Bank A Bank B The burst counter wraps Full Page burst operation does not an
Read from the highest order terminate when the burst length is satisfied; Activate
Command page address back to zero the burst counter increments and continues  Burst Stop Command
Bank A during this time interval. bursting beginning with the starting address. Command Bank B

SNIW3IS

INVHQA snouolyouAs NgIN9T
L1VX9T/X08/X0r9TS6EIAH
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20.2 Full Page Read Cycle (2 of 3)

CLK

CKE

RAS

CAS

BA

AP

R L N L A A A L L A LA

ok

Burst Length = Full Page, CAS Latency = 2 )

High

r
J/

Ut iy e e e e

\

o Yy

| — ~| ~_ -
/

™~ — >~ T~
| —
I

DI

— L T T T T
" T T T T/ T

RAX CAXx CBx RBy
‘\ «—tRp—» /’
2
Hi-Z
- — = = — — m Ax+1 XAx+2 | Ax-2 XAX-1 X Ax XAx+1¥ Bx XBx+1XBx+2 }Bx+3 X Bx+4 X Bx+5 ¥Bx+6 - — —  — — -
f f T Read ) f f
Activate Read Activate Command Full Page burst operation does not Precharge Activate
Command Command Command Bank B terminate when the burst length is satisfied; | Command Command
Bank A Bank A Bank B The burst counter wraps the burst counter increments and continues Bank B Bank B

from the highest order
page address back to zero
during this time interval.

bursting beginning with the starting address.

Burst Stop
Command

SNIW3IS

INVHQA SnouoJyouAs NgN9T
1VX9T/X08/X09TS6EIAH
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20.3 Full Page Read Cycle (3 of 3)

Burst Length = Full Page, CAS Latency = 3 )

‘TO‘Tl‘TZ‘TS‘T4‘T5‘T6‘T7‘T8‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘T ‘

toks. r
CKE High 2
Ras 1\ / Y L/ \ / A\ / \ /
va
cas [/ \ \ / JJ A/ [\
we [/ \ ANV L/ \ ./ /
_ ga
sa [\ / \ / /) / \
ga
AP /)
ga
Addr Rx j j Rey
< trrD >
QM I
JJ
Hi-Z
DQ - — — — — — — — — — —( Ax XAx+1 YAx+2| [Ax-2 XAx-1 X Ax YAx+1X Bx ¥Bx+1)Bx+2 XBx+3 ¥Bx+4 YBx+5)— — — — — — — —
' t t reas |\ Fulbage bust oot coesror) 4 '
Activate Read Activate Command "\ o isfied; the burst cour?ter Precharge Activate
Command Command  Command Bank B increments and continues Command Command
Bank A Bank A Bank B The burst counter wraps  bursting beginning with Bank B Bank B
from the highest order the starting address.
page address back to zero Burst Stop
during this time interval Command

SNIW3IS
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21.1 Full Page Write Cycle (1 of 3)

Burst Length = Full Page, CAS Latency = 1 )

ew UL L O e Ly e L e e e e

CKE High )

RAS

_—

AL
s I/
7\
A/

— 1 ] T~ T

Addr RAX ’ CAX .@ CBx RBy
PM s /
p
Hi-Z
DQ - — DAX M DAx+2(DAx+ [DAx-1{ DAx YDAx+1Y DBx S S JUEN A S
A . ] r b
f Activate Write Page Length:
Activate Command Command Data isignored. | Precharge 2Mb x 41/0 x 2 Banks = 1024
Command Bank B Bank B ) Command 1Mb x 81/0 x 2 Banks = 512
Bank A The burst counter wraps Full Page burst operation does not Bank B 512kb x 161/0 x 2 Banks = 256
. from the highest order terminate when the burst length is satisfied; Activat
Covmvrrggnd [éag_e adrt]i_res_:s back to zlero the burst counter increments and continues Burst Stop Co%lr\;]aaﬁd
Bank A uring this time interval. bursting beginning with the starting address. Command Bank B

SNIW3IS

INVHQA SnouoJyouAs NgN9T
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21.2 Full Page Write Cycle (2 of 3)

Burst Length = Full Page, CAS Latency = 2 )

R L L N L A A A A L e L L A L A L

s\ \/ eV
ws O\ 70 ] 7Y 7\
= T/ | \ / A
w T TN \ / \ T
o D0/ 7Y

)

/)

P /)
/)

PM -\ I /
1)
Hi-Z
DQ - — — — (DAx )DAx+ w DAx+3f pAX-1X DAx YDAx+1X DBx WDBx+IXDBx+2(DBx+3DBx+A(DBx+5(DBx+ —_ = - = — = — = =
4 : i t
f Activate Write f
Activate Write Command Command Data is ignored. Precharge Activate
Command Command Bank B Bank B Command Command
Bank A Bank A The burst counter wraps Full Page burst operation does not Bank B Bank B
from thgdhlghest olzder terminate when the burst length is satisfied;
gag_e a h_res_s ack to zlero the burst counter increments and continues  Burst Stop
uring this time interval. bursting beginning with the starting address. ~ Command

SNIW3IS

INVHQA snouolyouAs NgIN9T
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21.3 Full Page Write Cycle (3 of 3)

Burst Length = Full Page, CAS Latency = 3 )

R L L L A A A A L e L L A L A L

w U UUUJUUUUUUUUHUUHULLL
toks.
> (r
CKE High /)
_ (r
=\ (AR \/ / \/
Ras [\ / J AL ) / \ / \/ \ /
=N A \ / /] \ / [\
we / \ /[ /] \ / \ / \
sa [\ / \ / /)
ek = Xk
Addr RAX CAX / / CBx RBy
oou s
Q I
s
Hiz P Data is ignored.
DQ - — — — — —( DAx YDAx+ @ DAx+ [DAX-1)( DAX YDAx+1Y DBx Y{DBx+1{DBx+2DBx+3{DBx+4DBx+ _ — = = — = — — — — =
+ 4 Activate 4 Write i )
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 Ecretmenés and.comlrgﬁes
dd back t ursting beginning wi
Buring this time iterval. the starting address. Cororany

SNIW3IS

INVHQA SnouoJyouAs NgN9T
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22.1 Precharge Termination of a Burst (1 of 3) Burst Length = Full Page, CAS Latency =1 -

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

CLK
ok
CKE J

T~
1 T~
—
T~

/

!

s \ /

0

>

(0)]
_—

BA \
AP RAY RAZ
Addr ) o)

trp trp Precharge
< > »  Termination of
DQM a Read Burst.
\ / \ / \\ /
\/ /
Hi-Z
DQ - — — — — —(DAXOXDAx1)DAx2)DAx3)XDAx4 Y ) — — — {AY0 X Ayl X Ay2 < DAz2 X DAz3  DAz4 X DAZ5 X DAZ6 { DAZT X
Ar A ’ 4 4 A A f
Activate Precharge Read Precharge Write
Command Command | Command Command | Command
Bank A Bank A Bank A Bank A Bank A
. Precharge Termination Activate .
Command , ofa Wrie Burst Command Command
Bank A Write data is masked. Bank A Bank A

SNIW3IS
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22.2 Precharge Termination of a Burst (2 of 3)

‘TO ‘ T1 ‘TZ ‘TS ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO‘Tll‘TlZ ‘TlS ‘Tl4

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

‘TlS ‘ T16 ‘ T17 ‘TlB ‘TlQ ‘ T20 ‘TZl ‘TZZ ‘

ew UL HUHOHUULU LU UL e

ok

CKE High

\

RAS

/

CAS

=
- Y

\//\l\
. —
S~
//\//
\\/\l\

//\//
\\/\l\
/\\//
\//\‘\

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

s\ [\ /
el Yol i
pase - e )oK Yl X e X
—IlRp—» tRP «—hkr—»
bom [\ 1\ / N /N
\
Hi-Z
DQ - — — — {(DAxOXDAx1YDAx2)DAx3) - — = — — — — —( Ay0 X Ayl X Ay2 - — — — — — { A0 X Az1 X Az2 !\ — -
t t t t 4 t 4 4 A
Activate Write Precharge Activate Read Precharge Activate Read Precharge
Command  Command Command  Command  Command Command  Command \ Command Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A Bank A Bank A
Precharge Términation

of a Write Burst. Write
data is masked.

Precharge Termination
of a Read Burst.
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22.3 Precharge Termination of a Burst (3 of 3)

Burst Length = 4,8 or Full Page, CAS Latency =3 ~

‘ T0 ‘ T1 ‘TZ ‘TB ‘T4 ‘ T5 ‘T6 ‘T7 ‘TS ‘TQ ‘TlO ‘Tll‘TlZ ‘TlS ‘Tl4 ‘TlS ‘T16‘Tl7 ‘TlS ‘TlQ‘TZO‘TZl ‘TZZ ‘

CLK

toks.

CKE High

RAS

/

0
>
n
|
|

=
a

BA

\//\i\
|
S~
//\//
\\/\‘\

/

//\//
\\/\‘\

AP

< trp

geRe

< tRF’

Y VY
Hi-Z
DQ - — — — — —(DAx0 _ — — — —
) t
Activate Precharge Activate
Command Command Command Command
Bank A Bank A Bank A Bank A

Write Data

Precharge Termination

is masked of a Write Burst.

/\\
—@@@\—‘““—"—-

+ +
Precharge Activate
Command Command

Bank A Bank A

Precharge Termination
of a Read Burst.

SNIW3IS
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SIEMENS

HYB39S1640x/80x/16XAT
16MBit Synchronous DRAM

Complete List of Operation Commands

SDRAM FUNCTION TRUTH TABLE

CURRENT |CS RAS CAS WE BS Addr ACTION
STATE!
Idle H X X X X X NOP or Power Down
L H H H X X NOP
L H H L BS X ILLEGALZ2
L H L X BS X ILLEGALZ2
L L H H BS RA Row (&Bank) Active; Latch Row Address
L L H L BS AP NOP*
L L L H X X Auto-Refresh or Self-Refresh®
L L L L Op- |Code |Mode reg. Access®
Row Active |H X X X X X NOP
L H H X X X NOP
L H L H BS CA,AP | Begin Read; Latch CA; DetermineAP
L H L L BS CA,AP | Begin Write; Latch CA; DetermineAP
L L H H BS X ILLEGAL?2
L L H L BS AP Precharge
L L L X X X ILLEGAL
Read H X X X X X NOP (Continue Burst to End;>Row Active)
L H H H X X NOP (Continue Burst to End;>Row Active)
L H H L BS X Burst Stop Command > Row Active
L H L H BS CA,AP | Term Burst, New Read, DetermineAP3
L H L L BS CA,AP | Term Burst, Start Write, DetermineAP3
L L H H BS X ILLEGALZ2
L L H L BS AP Term Burst, Precharge
L L L X X X ILLEGAL
Write H X X X X X NOP (Continue Burst to End;>Row Active)
L H H H X X NOP (Continue Burst to End;>Row Active)
L H H L BS X Burst Stop Command > Row Active
L H L H BS CA,AP | Term Burst, Start Read, DetermineAP3
L H L L BS CA,AP | Term Burst, New Write, DetermineAP3
L L H H BS X ILLEGALZ2
L L H L BS AP Term Burst, Precharge®
L L L X X X ILLEGAL
Read H X X X X X NOP (Continue Burst to End;> Precharge)
with L H H H X X NOP (Continue Burst to End;> Precharge)
Auto L H H L BS X ILLEGALZ2
Precharge |L H L H BS X ILLEGAL?
L H L L X X ILLEGAL
L L H H BS X ILLEGALZ2
L L H L BS AP ILLEGALZ2
L L L X X X ILLEGAL
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SDRAM FUNCTION TRUTH TABL E(continued)

CURRENT |CS RAS |CAS |WE BS Addr | ACTION
STATE?
Write H X X X X X NOP (Continue Burst to End;> Precharge)
with L H H H X X NOP (Continue Burst to End;> Precharge)
Auto L H H L BS X ILLEGAL?
Precharge | L H L H BS X ILLEGAL?
L H L L X X ILLEGAL
L L H H BS X ILLEGALZ?
L L H L BS AP ILLEGALZ?
L L L X X X ILLEGAL
Precharging | H X X X X X NOP;> Idle after tRP
L H H H X X NOP;> Idle after tRP
L H H L BS X ILLEGAL?
L H L X BS X ILLEGAL?
L L H H BS X ILLEGAL?
L L H L BS AP NOP*
L L L X X X ILLEGAL
Row H X X X X X NOP;> Row Active after tRCD
Activating L H H H X X NOP;> Row Active after tRCD
L H H L BS X ILLEGAL?
L H L X BS X ILLEGAL?
L L H H BS X ILLEGAL?
L L H L BS AP ILLEGAL?
L L L X X X ILLEGAL
Write H X X X X X NOP
Recovering |L H H H X X NOP
L H H L BS X ILLEGAL?
L H L X BS X ILLEGAL?
L L H H BS X ILLEGAL?
L L H L BS AP ILLEGAL?
L L L X X X ILLEGAL
Refreshing |H X X X X X NOP;> Idle after tRC
L H H X X X NOP;> Idle after tRC
L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
Mode H X X X X X NOP
Register L H H H X X NOP
L H H L X X ILLEGAL
Accessing L H L X X X ILLEGAL
L L X X X X ILLEGAL
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HYB39S1640x/80x/16xXAT
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CLOCK ENABLE (CKE) TRUTH TABLE:

STATE(n) CKE
n-1

0
x
m
0
o
2
>
n
0
>
n
=
m

Addr |ACTION

Self-
Refresh®

INVALID

EXIT Self-Refresh, Idle after tRC
EXIT Self-Refresh, Idle after tRC
ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self-Refresh)

INVALID
EXIT Power-Down, > Ildle.
EXIT Power-Down, > Ildle.

Power-Down

rIrI| rcrCcrCrCrCrCf TP T IIIIXIPIIIIITX|S

H X X X X X

L H X X X X

L L H H H X

L L H H L X

L L H L X X

L L L X X X

L X X X X X

H X X X X X

L H X X X X

L L H H H X

L L H H L X ILLEGAL

L L H L X X ILLEGAL

L L L X X X ILLEGAL

L X X X X X NOP (Maintain Low-Power Mode)
All. Banks H X X X X X Refer to the function truth table
Idie’ H H X X X X | Enter Power- Down

H L H H H X Enter Power- Down

H L H H L X ILLEGAL

H L H L X X ILLEGAL

H L L H X X ILLEGAL

H L L L H X Enter Self-Refresh

H L L L L X ILLEGAL

L X X X X X NOP
Any State H X X X X X Refer to the function truth table
other than H X X X X X Begin Clock Suspend next (:y(:le8
listed above L X X X X X | Exit Clock Suspend next cycle8.

L X X X X X Maintain Clock Suspend.
ABBREVIATIONS:
RA = Row Address BS = Bank Address
CA = Column Address AP = Auto Precharge

Notes for SDRAM function truth table :

1. Current State is state of the bank determined by BS. All entries assume that CKE was active (HIGH) during the preceding clock
cycle.

. lllegal to bank in specified state; Function may be legal in the bank indicated by BS, depending on the state of that bank.
. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
NOP to bank precharging or in Idle state. May precharge bank(s) indicated by BS (andAP).

. lllegal if any bank is not Idle.

o U~ W N

. CKE Low to High transition will re-enable CLK and other inputs asynchronously. A minimum setup time must be satisfied before any
command other than EXIT.

~

. Power-Down and Self-Refresh can be entered only from the All Banks Idle State.
8. Must be legal command as defined in the SDRAM function truth table.
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