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7.1 Burst Write with Auto Precharge

7.2 Burst Read with Auto Precharge

8 Burst Termination
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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)

Semiconductor Group 1 1998-10-01



SIEMENS

HYB 39S16400/800/160CT-8/-10

16 MBIt Synchronous DRAM

Timing Diagrams (cont’d)

16

16.1
16.2
16.3

17

17.1
17.2
17.3

18

18.1
18.2
18.3

19

19.1
19.2
19.3

20

20.1
20.2
20.3

21

21.1
21.2
21.3

22

22.1
22.2
22.3

Random Column Read (Page within same Bank)
CAS Latency = 1
CAS Latency = 2
CAS Latency = 3

Random Column Write (Page within same Bank)
CAS Latency = 1
CAS Latency = 2
CAS Latency = 3

Random Row Read (Interleaving Banks) with Precharge
CAS Latency = 1
CAS Latency =2
CAS Latency = 3

Random Row Write (Interleaving Banks) with Precharge
CAS Latency = 1
CAS Latency = 2
CAS Latency = 3

Full Page Read Cycle
CAS Latency = 1
CAS Latency = 2
CAS Latency = 3

Full Page Write Cycle
CAS Latency = 1
CAS Latency = 2
CAS Latency = 3

Precharge Termination of a Burst
CAS Latency = 1
CAS Latency = 2
CAS Latency = 3
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SIEMENS HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

1. Bank Activate Command Cycle

(CAS latency = 3)

TO T1 T T T T T

CLK * A A A A A A

Bank B BankB \___ _ — — — — — Bank A Bank B
Address '(Row Addr, > < )‘( > < Col e > _<Row Addr. > < > < Ron >

H—F frep H—H _7 trrD 4>\
s (D) M)~~~ EDH e HED
fre
et SPT03784

2. Burst Read Operation

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

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK * A A A A A A A A |_

Command -(Read A)—( NOP )—( NOP )—( NOP )—( NOP )—( NOP H NOP )—( NOP )—( NOP >

CAS \ ‘
latency = 1 DOUT AOXDOUT AlXDOUT AZXDOUT A3}
teky, DQ's \ \ !

CAS
/i \
\DOUT AOXDOUT A1XDOUT AZXDOUT A3 )

\

|

\

\
latency = 2 1
tekor DQ'S |
|

|

\

|

| | | |
CAS | /‘ \
latency = 3 ‘ DOUT AOXDOUT ATXDOUT AZXDOUT A3

: ‘ \ \ /
texs, DQ's SPT03785
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SIEMENS

HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

3. Read Interrupted by

a Read

(Burst Length = 4, CAS latency = 1, 2, 3)
70 T1 T2 T3 T4 T5 T6 7 T8

A A A A A A A |_

CLK _+ 1

\
|
Command -(Read A)—(Re
T
\

| | | | |
adB)—( l‘\IOP )—( l‘\IOP )—( l‘\IOP )—( I‘\IOP )—( l‘\IOP )—( l‘\lOP )—( I‘\IOP )—
I I I I I I I
| | | |

|
_ \ |
CAS | ‘
latency = 1 —‘—(D

teks, DQ's

CAS

|
| | | | |
ouT AOXDOUT BOXDOUT BlXDOUT BZXDOUT B3> ;
I I I I
| | | | |
|

latency = 2

CAS

| | | X
<DOUT AOXDOUT BOXDOUT BlXDOUT BZXDOUT B3>
I I I I I

\
I

|
\

\
|
1 |
teko, DQ's \ }

|
\

\
\

|
\ 1

latency = 3
tCK3, DQ,S

|
|
{DouT A0XDOUT BOX DOUT BLYDOUT B2XDOUT 53>J‘_

SPT03786
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HYB 39S16400/800/160CT-8/-10

16 MBIt Synchronous DRAM

4. Read to Write Interval

4.1. Read to Write Interval

(Burst Length = 4, CAS latency = 3)

\
\
\
\ _7 tDQZ
\

Y
\

T0 Tl T2 T3 T4 T5 T6 T7 T8
CLK _+ A A A A A A A A |_
| | Minimum delay between the Read and Write | | |
} Commands =4 + 1 =5 cycles | 1 1
\ \ \ \ .
i i i i i \ ite latency tpoy of DQMx
| 0\ / | | | \ I |
! ! \ \ \ \ \
\ \ 4>\

"H"or "L"

Command ( NOP )—(Read A NoP A NOP )—( NOP H NOP )—(Wme B)—( NOP H NOP >
|

\
| | | |
| | | | |
y | | | |
DQ's ‘ ‘ ‘ ‘ DOUT A0 DIN BO)—( DIN Bl)—(DIN B2 )

Must be H| Z before
the Write Command

SPT03787
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SIEMENS

HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

4.2. Minimum Read to Write Interval

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

T1 T2 T3 T4 T5 T6 7 T8
CLK * A A A A A A A 4 |_

\ \ \ \ \ \ \ \ \

| | | | | ¢ | | |

\ \ \ \ \ o \ \
DQM | a | =\ | ‘ ‘

I =

\
\ \ \ \ \

»\ 1 Clk Interval W

Bank A
Actlvate

Command  { NOP pad NOP pad

pad NOP )—(Read A)—(wme A NOP H NOP H NOP >

CAS

latency = 1
tex, DQ'

CAS

: \DIN AO)—(DIN Al)—(DIN A2>—<DIN A3 )

| Must be Hi-Z before ;

I the Write Command ‘

latency = 2
thz, DQ,S

an or nLll

‘ ‘ {DIN A0>—<DIN Al)—(DIN A2>—<DIN A3 }

SPT03788
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SIEMENS HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

4.3. Non-Minimum Read to Write Interval

(Burst Length = 4)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK _+ A A A A A 4 A A |_
| | | | | | | |
| | | | | | ¢ | |
| | | | | e\ \

DQM X\ | | / | | | ) )

| | | | | |
| | | | | |

Command ( NOP )—(ReadA)—( NOP ot NOP )—(Read A NOP )—(wme B)—( NOP )—( NOP >

| |
CAS \ \ \ \
atency =1 — ; (DOUT AOXDOUT AlXDOUT py——— DIN BO)—( DIN Bl)—( DINB2 )
fera, DQ'S \ \ ‘ ‘ ; Must be Hi-Z before | | ‘
CAS | | | | . the Write Command,
| |
jatency =2 — ‘ —(Dour Ao pouT A1>—,—< DIN BO)—( DIN Bl)—( DINB2 )
tep DQS | | | | | |
| | | | | | \
__ |
CAS \ \ | \
atency =3 — } ‘ ‘ DOUT AQ DIN BO)—( DIN Bl)—( DIN B2 )
feks) DQ'S |

"H"or "L"

SPT03789
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SIEMENS HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

5. Burst Write Operation

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

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK _* A A A A A A A + L
Command  { NOP )—(Wnte A)—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP >

| | |
| | |

, \ | |
DQ's —‘—(DIN AO)—(DIN Al)—(DIN A2>—<DIN A3>—(dontcare/ ‘ ‘ ‘

The first data element and the Write Extra data is ignored after
are registered on the same clock edge. termination of a Burst. SPT03790
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SIEMENS HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

6. Write and Read Interrupt

6.1. Write Interrupted by a Write

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

TO0 T1 T2 T3 T4 T5 T6 T7 T8

CLK * f L4 LdLd gL g Ld L

Command  { NOP )—(wme A)—(Wnte B)—( NOP H NOP )—( NOP )—( NOP )—( NOP )—( NOP >

\ »\ 1 Clk Interval W
|

\ \
DO's —‘—(DIN AO)-(DIN Bo)-( DIN Bl)—(DIN BZ)—(DIN B3 )

SPT03791

6.2. Write Interrupted by a Read

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

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK _* 4 A 4 A A 4 A A |_
Command  { NOP )—(Wnte A)—(Read B)—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )

|

CAS \ \

latency = 1 DOUT BOXDOUT BlXDOUT B2XDOUT B3)-

teq, DQ'S | |

CK1» | | |
| | | | |

| | |

CAS | | ‘ | |
latency =2 ————— DIN A0 ){donltcae DOUT BOXDOUT BlXDOUT BZXDOUT ) g—
tCKZ’ DQlS \ \ \ \ \

| | | | | | | |
CAS | | | | |

latency = 3 —?—(DIN A0 - don' care DOUT B0 DOUT BLXDOUT B2XDOUT B3)

tcks: DQ's

Input data must be removed from the DQ’s at
o least one clock cycle before the Read data
Input data for the Write is ignored. appears on the outputs to avoid data contention.

SPT03792
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SIEMENS HYB 39S16400/800/160CT-8/-10
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7. Burst Write and Read with Auto Precharge

7.1. Burst Write with Auto Precharge

(Burst Length = 2, CAS latency = 1, 2, 3)
70 T1 T2 T3 T4 T5 T6 7 T8

CLK * y\ A A A A A A A

Command { Ejfcnukvﬁ )—( NOP )—( NOP H Pr@g@; )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP —

o ‘ ‘ ‘ " tDPLﬂ‘ trp ﬂ \ \ }
CAS [ [ [ \ \ | [ | | ‘
atency = 1 — ; ; {DIN A0 ) DIN AL }— ; ; ; ‘
bQss | | | | | | ‘ | | |
__ | | | | - fopL fre - | |
CAS | | | | | | |
:glgncy: 2 — ‘ ‘ {DIN A0 ) DIN AL ) ; ‘ ‘ }
s | | | | | | |
o | | | | - top, } top — =
CAS | | | \ \ | |
_ | | | [ N\ | | | |
:ggr;cy-S ‘ ‘ ‘ {DIN A0 ) DIN AL ) ‘ \f ‘ ‘ 1
Begin Autoprecharge
Bank can be reactivated after tgp SPT03793
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SIEMENS HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

7.2. Burst Read with Auto Precharge

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

CLK * A A A A A A A A |_

Command (Evﬁﬁ‘i\é H NOP )—( NOP )—( NOP H NOP )—( NOP )—( NOP )—( NOP )—( NOP >

. ‘ ’* tre *‘ \ \ \ \
CAS | | | | | |
latency = 1 DOUT AOXDOUT AlXDOUT AZXDOUT Az} ; ; ; ;
fexa, DQ'S | | | |
_ t RP 4>\ \ | | | |
CAS | | |
latency = 2 \DOUT AOXDOUT AlXDOUT AZXDOUT A3} ‘ ‘
| | |

| | |

| |

| |

| |

|
|
|
|
[

fexor DQ'S | ‘

CAS | | / |

_ | / \

‘ {Dout AOXDOUT AlXDOUT AZXDOUT A3

latency = 3 ‘ /)
N Begin Autoprecharge

tCKS, DQ’S
Bank can be reactivated after tgp SPT03794
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SIEMENS HYB 39S16400/800/160CT-8/-10
16 MBIt Synchronous DRAM

8. Burst Termination

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 _* A A A A A A A A |_
| | | | | | |
| | | | | | | |
Command -(Read A)—( NOP )—( NOP )—( NOP NOP )—( NOP )—( NOP )—( NOP )—
I \ \ \ I I I

The burét en@ftef a delay
equal to the CAS latency.

CAS \ \

latency = 1 ————(poUT AOXDOUT A1XDOUT AZXDOUT A3y

tCKl, DQ’S
\ \

\

\

_ |
CAS |
latency = 2 ‘
tekor DQ'S \
\

\

|

\

| | | |
CAS | /‘ \
latency = 3 | DOUT AOXDOUT AZXDOUT A2XDOUT A3

, \ \ /! ‘
texs, DQ's SPT03795

8.2. Termination of a Full Page Burst Write Operation

(CAS latency = 1, 2, 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK _+ A A A A A A A A |_
| | | |

Command NOP )—(Wnte A)—( NOP )—( NOP H Bsﬁg;‘ o l‘\lOP o I‘\IOP o l‘\lOP o l‘\lOP >
\ \ \ \

| | | |
CAS \ \ \ \ \

| | | |
Igéer;cy 1,2,3 —‘—(DIN A0)—< DIN Al)—(DIN A2>—(dfntcare/ ‘ ‘ ‘ ‘

Input data for the Write is masked. SPT03372
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SIEMENS HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

9. AC Parameters

9.1. AC Parameters for Write Timing

Burst Length = 4, CAS Latency = 2
(To [T T2 T3 T4 | 75| T6 | T7 | T8 | To |Ti0| Tat|Ti2| 13| T14| a5 | 16| TA7| T18 | T10 | T20 | T21| T22 |
CLK
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
CKE o L Lo
IR N R B Begin Auto | BegnAuto || | Il |11
B I v e A A Precharge | Precharge I [
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | | | | | | | | | |
__ . | . | : : | : | : : :
CS | | | | | | | | | |
| | | | | | |
RAS
CAS
WE
BA
AP
Addr
| |
DQM I
| .
| |
| |
o | |
Hi Z ‘ ‘
B + -
| | |
-t tot ottt
Activate Activate Activate Write Precharge  Activate Activate
Command Command Command ~ Command Command  Command  Command
Bank A Bank B Bank A Bank A Bank A Bank A Bank B
Write with Write with
Auto Precharge Auto Precharge
Command Command
Bank A Bank B SPT03797
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16 MBIt Synchronous DRAM

9.2.

AC Parameters for Read Timing

Burst Length = 2, CAS Latency = 2
‘TO‘T1‘T2‘T3‘T4‘T5‘T6‘T7‘TS‘TQ‘TlO‘Tll‘TlZ‘TB

CLK

CKE )
Begin Auto

Precharge
Bank B

RAS

CAS

BA

AP

Addr.

DQM

DQ

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 SPT03798
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SIEMENS HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

10. Mode Register Set

|70 | 7o) 2| 73| T4 |75 | 76 | T7 | T8 | To |Ti0|Tat|T12| 18| T14|T15 | Ti6 | T17| T18| 19| T20 | T21| T2 |
CKE ’

L AddessKey | L L
\

| | | | | | | | | | | | | | | | | | | |

| | T\ | | T\ | | | | | | | | | | | | | | | |
Precharge Any
Command Command
All Banks
Mode Register
Set Command SPT03799
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SIEMENS HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

11. Power on Sequence and Auto Refresh (CBR)

Power on Sequence and Auto Refresh (CBR)
|70 [T 2| T3 T4 | 75| T6 | T7 | T8 | To|Ti0| Tat|T12| 13| T14| T15 | T16 | T17| T18 | Ti0 | T20| T21| 22|

\ \ \ \
| | | |
\ \ \ \ \
2 Clock min. }« } } }
| | |
\ \ \
\ \ \
| | |

[
| High Level |

lis required | \ ‘
| |

Precharge 2nd Auto Refresh Any
Command Command Command
All Banks
Inputs mustbe  1st Auto Refresh Mode Register
stable for 200 us Command Set Command SPT03800
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12. Clock Suspension (Using CKE)

12.1. Clock Suspension During Burst Read CAS  Latency =1

Burst Length = 4, CAS Latency = 1
|70 | Te| T2 T3 T4 |5 | e | T7 | T8 | T |T10| 02| 12| Te3|T1a | T15 | T16 | T17 | T18| TI0| T20 | T21| T2 |

| —= Teyy b | \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ |
| | | | | | | | | | | | | | | | |
CKE \ \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \ \
o | | | | | | | | | | |
CS | | | | | | | | | | |
\ \ \ \ \ \ \ \ \ \ \
RAS
CAS
WE
BA
AP
Addr.
DQM
DQ
Activate Clock Clock Clock
Command Suspend Suspend Suspend
Bank A 1 Cycle 2 Cycles 3 Cycles
Read
Command
Bank A SPT03801
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HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

12.2. Clock Suspension During Burst Read CAS  Latency =2

CLK

CKE

Burst Length = 4, CAS Latency = 2

[T | e T2 T3 | T4 |75 | 6| T7| T8 | TO|Ti0|TaL|T12| T13 | T14| T15| T16 | T17 | T18 | T19 | T20 | T21 | T22 |

RAS

CAS

BA

AP

Addr.

DQM

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

Clock
Suspend
3 Cycles

SPT03802

Semiconductor Group
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SIEMENS HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

12.3. Clock Suspension During Burst Read CAS  Latency =3

Burst Length = 4, CAS Latency = 3
\ 10 \ T1 \ T2 \ T3 \ T4 \ T5 \ T6 \ 17 \ T8 \ 79 \Tlo\m\T12\T13\T14\T15\T16\Tﬂ\m\m\m\T21\T22\

CLK

CKE

RAS

CAS

BA

AP

Addr.

DQM

Activate Read Clock Clock Clock
Command Command Suspend Suspend Suspend
Bank A Bank A 1 Cycle 2 Cycles 3 Cycles SPT03803
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SIEMENS HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

12.4. Clock Suspension During Burst Write CAS  Latency =1

Burst Length = 4, CAS Latency = 1
\ 70 \ T1 \ 2 \ T3 \ T4 \ 15 \ T6 \ 17 \ T8 \ 19 ‘TlO‘T11‘T12‘T13‘T14‘T15‘T16‘T17‘T18‘T19‘T20‘T21‘T22‘

CLK

CKE

RAS

CAS

BA

AP

oM [\

DQ
Activate Clock Clock Clock
Command | Suspend Suspend Suspend
Bank A 1Cycle 2 Cycles 3 Cycles
Write
Command
Bank A SPT03804
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SIEMENS HYB 39516400/800/160CT-8/-10
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12.5. Clock Suspension During Burst Write CAS  Latency = 2

Burst Length = 4, CAS Latency = 2
[T | e T2 T3 | T4 |75 | 6| T7| T8 | TO|Ti0| TaL| T2 | 13| T14| T15 | T16|T17|T18 | T19 | T20 | T2L | T22 |

CLK

CKE

RAS

CAS

BA

AP

Addr.

DQM

Activate Clock Clock Clock
Command Suspend Suspend Suspend
Bank A 1Cycle 2 Cycles 3 Cycles
Write
Command SPT03805
Bank A
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SIEMENS HYB 39516400/800/160CT-8/-10
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12.6. Clock Suspension During Burst Write CAS  Latency = 3

Burst Length = 4, CAS Latency = 3
\ 10 \ T1 \ ) \ 13 \ T4 \ 15 \ T6 \ 17 \ T8 \ 19 ‘Tlo‘T11‘TlZ‘T13‘T14‘T15‘TlG‘Tﬂ‘TlB‘TlQ‘TZO‘TZl‘TZZ‘

| — f o3 [t— | | |

CKE

RAS

CAS

BA

AP

Addr.

DQM

Activate Clock Clock Clock
Command Suspend Suspend Suspend
Bank A 1Cycle 2 Cycles 3 Cycles
Write
Command SPT03806
Bank A
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HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

13. Power Down Mode and Clock Suspend

CLK

Burst Length = 4, CAS Latency = 2
[T | e T2 13| 4|75 | 6| T7| T8 | TO|TI0|T1L| T2 | 13| T14 | T15 | T16| T17|T18 | T19 | T20 | T2L | T22 |

CKE
cs
RAS
CAS
WE
BA
AP
Addr.
| | | | | | | | | | | | | | | | | | | | |
oM [ | A T R T R A Y A T SR R S B L
\ | \ \ \ \ | \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
\ | \ \ \ \ | \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
| | | | | | | | | | | | | | | | | | | |
Hi Z | |
e L \ e
bQ \ _“' \ \ \ \ T \ @ \ \ \ \ \ \ \
I ? " I I A ? I T . . # I I T\ I I " f
Activate Read Clock Mask Clock Mask Precharge Power Down Any
Command Command Start End Command Mode Entry Command
Bank A Bank A Bank A
Clock Suspend ~ Clock Suspend Power Down
Mode Entry Mode Exit Mode Exit
SPT03807
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HYB 39516400/800/160CT-8/-10
16 MBIt Synchronous DRAM

14. Auto Refresh (CBR)

Burst Length = 4, CAS Latency = 2
[To [T T2 T3 T4 | 75| 16 | T7 | T8 | To |Ti0| Tat|Ti2| 13| T14| 15 | 16| T17| T8 | T19 | T20 | T2 | T22 |
CLK
CKE
cs
RAS
CAS
WE
BA
AP
Addr.
R N | 1
| r‘tRP’!‘—V—V*[RCﬂ—V—W‘—V—V*fRCﬂ—V—ﬂ | } [ T R
| | \ | | (Minimum interval) | | \ | | | | | | | |
oM D\ L o
[ [ ; [ [ I I I [ [ [ ; [ [ ; [ ; [ [ [ [ [
Hizl | I N A N N R B I | |
T A A L) (e ) )
I I Y A Y I | |
‘ ool ‘ | Lo
Precharge Auto Refresh Activate Read
Command Command Command Command
All Banks Bank A Bank A
Auto Refresh
Command SPT03808
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15. Self Refresh (Entry and EXxit)

[To [T T2 T3 T4 | 75| 16 | T7 | T8 | To |Ti0| Tat|Ti2| 13| T14| 15 | 16| T17| T8 | T19| T20 | T2 | T22 |

All Banks Self Refresh Begin Self Refresh
must be idle Entry Exit Command
Self Refresh Exit Self Refresh
Command issued Exit

SPT03809
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16. Random Column Read (Page within same Bank)

16.1. CAS Latency =1

Burst Length = 4, CAS Latency = 1
\ 10 \ T1 \ T2 \ T3 \ T4 \ T5 \ T6 \ 17 \ T8 \ 79 ‘TlO‘T11‘T12‘T13‘T14‘T15‘T16‘T17‘T18‘T19‘T20‘T21‘T22‘

WTTT !

Activate Read Read Precharge Read
Command Command  Command Command Command
Bank A Bank A Bank A Bank A Bank A
Read Activate
Command Command
Bank A Bank A SPT03810
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16.2. CAS Latency =2

CLK

CKE

RAS

CAS

BA

AP

DQM

Burst Length = 4, CAS Latency = 2
\ 10 \ T1 \ 2 \ 13 \ T4 \ 15 \ T6 \ 17 \ T8 \ 19 ‘TlO‘Tll‘T12‘T13‘T14‘TlS‘TlG‘Tl?‘TlB‘TlQ‘TZO‘T21‘T22‘

Addr.

Activate

Read

Command  Command

Bank A

Bank A

!

Read

Command  Command

Bank A

!

Read
Bank A

Precharge
Command Command Command

Bank A

Activate

Bank A

Read
Bank A

SPT03811
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16.3. CAS Latency =3

Burst Length = 4, CAS Latency = 3
[T | e T2 T3 | 4|75 | 6| T7| T8 | TO|Ti0| T11| T2 |T13|T14 | T15 | T16|T17|T18 | T19 | T20 | T2L | T22 |

CLK

CKE

RAS

CAS

BA

AP

Addr.

DQM

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

SPT03812
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17. Random Column Write (Page within same Bank)

17.1. CAS Latency =1

Burst Length = 4, CAS Latency = 1
[To [T T2 T3 T4 | 75| T6 | T7 | T8 | To|Ti0| 1| T12| 13| T14| T15 | T16 | T17| T18 | Ti0 | T20| T21| T22 |
CLK
CKE
[
RAS
CAS
WE
BA
AP
Addr.
DOM
DQ
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 SPT03813
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17.2. CAS Latency =2

Burst Length = 4, CAS Latency = 2
|70 | Te| T2 T3 T4 |5 |6 | T7 | T8 | To|T10| T10| T2 | T18|T14| T15 | T16| T17| T18 | T20| T20 | T21| T2 |

CLK

CKE

RAS

CAS

BA

AP

Addr.

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 SPT03820
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17.3. CAS Latency =3

Burst Length = 4, CAS Latency = 3
\ T0 \ T1 \ 2 \ T3 \ T4 \ 15 \ T6 \ 17 \ T8 \ 79 ‘TlO‘T11‘T12‘T13‘T14‘T15‘Tlﬁ‘Tl?‘TlS‘TlQ‘TZO‘T21‘T22‘
CLK

CKE

RAS

CAS

BA

AP

Addr.

! R ! !

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

SPT03821
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18. Random Row Read (Interleaving Banks) with Precharge

18.1. CAS Latency =1

Random Row Read (Interleaving Banks) (1 of 3) Burst Length = 8, CAS Latency = 1
[T | e T2 T3 | 4|75 | 6| T7| 78| To|T0| TaL| T2 | 13| T14| T15| T16 | T17 | T18 | T19 | T20 | T21 | T22 |

I T 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 Bank B SPT03814
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SIEMENS

16 MBIt Synchronous DRAM

18.2. CAS Latency

=2

2

(70 [ Ti| 2| T3 T4 | 75| T6 | T7 | T8 | TO |Ti0| Tat|T12| 13| T14| T15 | T16 | T17| T18 | Ti0 | T20| T21| 22|

8, CAS Latency

Burst Length

CLK

|

Activate
Command
Bank B

Precharge
Command
Bank B

|

Read
Command
Bank A

Activate
Command
Bank A

Read

Command  Command
Bank B

Activate
Bank B

SPT03815
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18.3. CAS Latency =3

Burst Length = 8, CAS Latency = 3
\ 10 \ T1 \ 2 \ T3 \ T4 \ 15 \ T6 \ 17 \ T8 \ 19 ‘TlO‘ T11\ T12\ T13\ T14\ Tls\ Tle\ T17\ T18\ Tlg\ Tzo\ TZI‘ Tzz\

\
|
CKE Hmh}
\

T A A

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

SPT03816
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19. Random Row Write (Interleaving Banks) with Precharge

19.1. CAS Latency =1

Burst Length = 8, CAS Latency = 1
\ T0 \ T1 \ 2 \ T3 \ T4 \ T5 \ T6 \ 7 \ T8 \ 79 \Tlo\T11\T12\T13\T14\T15\T16\T17\T18\T19\T20\Tzl\Tzz\

\
|
CKE H@h}
\

o 1L -GAEEEDENEEDENENENENENENENENED- - - - EACIENED
R R

Activate Activate Precharge Precharge Write
Command Command Command Command  Command
Bank A Bank B Bank A Bank B Bank A
Write Write Activate
Command Command Command
Bank A Bank B Bank A SPT03817
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SIEMENS

19.2. CAS Latency =2

Burst Length = 8, CAS Latency = 2
|70 | e T2 T3 | 4|5 | 6| T7| T8 | To|Te0|T10| T2 |T18|T14|T15|T16| T17| T18| 20| T20 | T2 T2 |
CLK

CKE

RAS

CAS

g - %%%%%%%@@@%%@%%@%@

b1 ! ! !

oM [N\ |
iZ

Activate Write Activate Precharge Precharge
Command ~ Command Command Command Command
Bank A Bank A Bank B Bank A Bank B
Write Activate Write
Command Command Command
Bank B Bank A Bank A SPT03818
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19.3. CAS Latency =3

Burst Length = 8, CAS Latency = 3
\ 10 \ T1 \ T2 \ T3 \ T4 \ T5 \ T6 \ 17 \ T8 \ 79 ‘TIO‘ Tll‘ le\ T13‘ T14‘ Tls‘ Tle\ T17\ T18\ Tlg\ Tzo\ T21‘ Tzz\

\
|
CKE Hmh}
\

EAEDEENENEAEEDNENENEENENEENENCIENEDE
R N A A N

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
SPT03819
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20. Full Page Read Cycle

20.1. CAS Latency =1

Burst Length = Full Page, CAS Latency = 1

[To [T T2 T3 T4 | 75| 76 | T7 | T8 | To |Ti0| Tat|Ti2| 13| T14| 15 | 16| T17| T8 | T10 | T20 | T21| T22 |

CLK
CKE
[
RAS
CAS
WE
BA
AP
Addr. @
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
el N N | (I
e e e e O [
DQM T e e e
; ; w T T T T T w T T T T T T T T T ; T [ T T
Hiz § | | | | |
0 e e BN ENENENENEDEDEDED- -~ -+ -1 1= -i- -
| I
Activate Activate Read Precharge
Command | Command Command Command
Bank A Bank B Bank B Bank B
Read The burst counter wraps Full Page burst operation does not BurstStop  Activate
Command from the highest order terminate when the burst length is satisfied; Command  Command
Bank A page address back to zero the burst counter increments and continues Bank B
during this time interval. bursting beginning with the starting address. SPT03822
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20.2. CAS Latency =2

Burst Length = Full Page, CAS Latency = 2

(T | e T2 |13 | 4|75 | 6| 7| 78| To|Ti0| T1L| T2 |T13|T14 | T15 | T16| T17|T18 | Ti9 | T20 | T21 | T22|

\ \
\ \
\ \
\ \
I I
\ \
\ \

\
I I
\ \
1 1
i | |
DQ Hz -+ +-
\ \
Activate Activate Read Burst Stop  Precharge
Command Command Command Command Command
Bank A Bank B Bank B Bank B
Read The burst counter wraps Full Page burst operation does not Activate
Command from the highest order terminate when the burst length is satisfied; Command
Bank A page address back to zero the burst counter increments and continues Bank B
during this time interval. bursting beginning with the starting address. SPT03823
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20.3. CAS Latency =3

Burst Length = Full Page, CAS Latency = 3

[To | e T2 T3 | 4|75 | 6| T7| 78| To|Tl0| TaL| T2 | 13| T14| T15 | T16| T17 | T18 | Ti9 | T20 | T21 | T22 |

\
\ |
.
b
T T
b

- ———
|

|
|
|
1
|
-
|
Activate ] Activate

Read Burst Stop  Precharge Activate
Command Command Command Command Command Command
Bank A Bank B Bank B Bank B Bank B
Read The burst counter wraps Full Page burst operation does not
Command from the highest order terminate when the burst length is satisfied;
Bank A page address back to zero the burst counter increments and continues
during this time interval. bursting beginning with the starting address. SPT03824
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21. Full Page Write Cycle

21.1. CAS Latency =1

CLK

Burst Length = Full Page, CAS Latency = 1

(7o [T T2 T3 T4 | 75| T6 | T7 | T8 | TO |Ti0| Tat|T12| T13| T14| T15 | T16 | T17| T18 | Ti0 | T20| T21| T22|

CKE

RAS

CAS

BA
AP
Addr.

DQM

\
\
\
HiZl
DQ

!

Activate
Command
Bank A

Write
Command
Bank A

Activate

Command
Bank B

A

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

N

Write Data is Burst Stop Activate
Command ignored. ~ Command | Command
Bank B Bank B
Precharge
Command
Bank B
Page Length:

Full Page burst operation does not
terminate when the burst length is satisfied;
the burst counter increments and continues
bursting beginning with the starting address.

2Mb x 41/0 x 2 Banks = 1024
1 Mb x 8 1/0 x 2 Banks =512
512 kb x 16 1/0 x 2 Banks = 256

SPT03825
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21.2. CAS Latency =2

CLK

CKE

RAS

CAS

BA

AP

DQM

DQ

Burst Length = Full Page, CAS Latency = 2
|70 | e T2 T3 T4 | 5| 6| T7 | T8 | To|Ti0| T10| T2 |T18|T14| T15| T16| T17| T18| T29 | T20 | T2 | T2 |

Addr.

Activate Activate Write Datais Burst Stop Activate
Command Command Command ignored.  Command Command
Bank A Bank B Bank B Bank B
Write Precharge
Command Command
Bank A Bank B
The burst counter wraps Full Page burst operation does not
from the highest order terminate when the burst length is satisfied;
page address back to zero the burst counter increments and continues
during this time interval. bursting beginning with the starting address. SPT03826
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21.3. CAS Latency =3

Burst Length = Full Page, CAS Latency = 3
\ 10 \ T1 \ 2 \ T3 \ T4 \ 15 \ T6 \ 17 \ T8 \ 79 ‘TlO‘T11‘T12‘T13‘T14‘T15‘T16‘T17‘TlS‘TlQ‘TZO‘TZl‘TZZ‘

Activate Activate Write Data is Burst Stop Activate
Command Command Command ignored.  Command Command
Bank A Bank B Bank B Bank B
Write Precharge
Command Command
Bank A Bank B
The burst counter wraps Full Page burst operation does not
from the highest order terminate when the burst length is satisfied;
page address back to zero the burst counter increments and continues
during this time interval. bursting beginning with the starting address. SPT03827
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22. Precharge Termination of a Burst

22.1. CAS Latency =1

Burst Length = Full Page, CAS Latency = 1
(70 [ 7o T2 T3 T4 | TS| T6 | T7 | T8 | TO|Ti0| Tt|T12|T13|T14 Ti5|Ti6 | T17|T18 | Ti0 | T20| T21| T22 |
CLK

CKE

RAS

CAS

AP

Addr.

} Precharge }
| Termination of |
| aRead Burst.

| e

|

B
L
L
L
DQM ‘} |
R
L
L

I R

Write Precharge Read Precharge Write
Command Command | Command Command | Command
Bank A Bank A Bank A Bank A Bank A
Activate  Precharge Termination Activate Activate
Command of a Write Burst. Command Command
Bank A Write Data is masked. Bank A Bank A SPT03828
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22.2. CAS Latency =2

Burst Length = 8 or Full Page, CAS Latency = 2
|70 | e T2 T3 | T4 |75 | 6| T7| T8 | TO|Ti0| T11|TL2|T13|T14 | T15 | T16|T17|T18 | T19 | T20 | T2L | T22 |

C VTV VTV VT

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

Precharge Termination Activate Activate
of a Write Burst. Command Command Precharge Termination
Write Data is masked. Bank A Bank A of a Read Burst.

SPT03829
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22.3. CAS Latency =3

Burst Length = 4, 8 or Full Page, CAS Latency = 3
(70| Te| T2 T3 T4 |5 |6 | T7 | T8 | To|Ti0| T11|Te2|T13|T14 | T15 | T16| T17|T18 | Ti9 | T20 | T21 | T22|

¢« VTV TV TV T T

Activate Write Precharge Activate Read Precharge Precharge Termination
Command Command | Command Command Command Command of a Read Burst.
Bank A Bank A Bank A Bank A Bank A Bank A
Write Data Precharge Terrmination Activate
is masked. of a Write Burst. Command
Bank A SPT03831
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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 ILLEGAL?
L |H L X |BS |X ILLEGAL?
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 | CAAP | Begin Write; Latch CA; DetermineAP
L |L H H |BS [X ILLEGAL?
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, DetermineAP?
L |L H H |BS |X ILLEGAL?
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 | CAAP | Term Burst, Start Read, DetermineAP3
L H L L BS | CAAP | Term Burst, New Write, DetermineAP?
L |L H H |BS |X ILLEGAL?
L |L H L |BS |AP Term Burst, Precharge®
L |L L X X X ILLEGAL
Read with H | X X X | X X NOP (Continue Burst to End;> Precharge)
Auto L H H H X X NOP (Continue Burst to End;> Precharge)
Precharge |L H H L BS | X ILLEGAL?
L |H L H |BS [X ILLEGAL?
L |[H L L X X ILLEGAL
L |L H H |BS |X ILLEGAL?
L |L H L BS |AP ILLEGAL?
L |L L X X X ILLEGAL
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SDRAM Function Truth Table (cont'd)

Current CS |RAS |CAS |WE |BS |Addr |Action
State?!
Write with H | X X X | X X NOP (Continue Burst to End;> Precharge)
Auto L H H H X X NOP (Continue Burst to End;> Precharge)
Precharge |L H H L BS | X ILLEGAL?
L H L H BS | X ILLEGAL?
L |H L L X X ILLEGAL
L |L H H |BS [X ILLEGAL?
L L H L BS |AP ILLEGAL?
L |L L X X X ILLEGAL
Precharging |H | X X X | X |X NOP;> Idle after tgzp
L |H H H | X X NOP;> Idle after tgp
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 tycp
Activating L |H H H X X NOP;> Row Active after trcp
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 tzc
L |H H X | X |X NOP;> Idle after tz
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
Accessing L H H L X X ILLEGAL
L |H L X X X ILLEGAL
L L X X X X ILLEGAL
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Clock Enable (CKE) Truth Table

STATE(n) CKE | CKE |CS | RAS | CAS
n-1

Addr |ACTION

=
i

INVALID

EXIT Self Refresh, Idle after txz:
EXIT Self Refresh, Idle after tg:
ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self Refresh)

INVALID

EXIT Power-Down, > Idle

EXIT Power-Down, > Idle
ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Low-Power Mode)

Refer to the function truth table
Enter Power-Down

Enter Power-Down

ILLEGAL

ILLEGAL

ILLEGAL

Enter Self Refresh

ILLEGAL

NOP

Refer to the function truth table
Begin Clock Suspend next cycle®
Exit Clock Suspend next cycle®
Maintain Clock Suspend

Self-Refresh &

Power-Down

All. Banks Idle ’

Any State
other than
listed above

XXXXIXXXXXXXXX|[XXXXXXX[IXXXXXXX

rrr-r I - P TIFPTIIIIX|IPFIIIITIIX|S

XXX X | XTI IX | XrrrrIX| | Xrrrr I X
XXXX|IXPFECPIIIXX| XEFIIIXX|XIPIIITXX
XXXX|IXPFEPIPTIIXX| XXPEIIXX|XXEPETIIXX
XXXX|XFIXXIIXX|[XXXPEIXX|XXXTrTIXX

rr I I rr rrrIrIr*T*TT*T/ r0Q—rrCrrrr IT|\Ir—rrrHrHr T

Abbreviations

RA = Row Address
BS = Bank Address
CA = Column Address
AP = Auto Precharge
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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 (and AP).
lllegal if any bank is not Idle.

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.

n

2

~N
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