
 

HYB 39S16400/800/160CT-8/-10
16 MBit 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 a Read

7 Burst Write and Read 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 Read Operation
8.2 Termination of a Full Page Burst Write Operation

9 AC Parameters
9.1 AC Parameters for Write Timing
9.2 AC Parameters for 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)
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

   
Timing Diagrams (cont’d)

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

18 Random Row Read (Interleaving Banks) with Precharge
18.1 CAS Latency = 1
18.2 CAS Latency = 2
18.3 CAS Latency = 3

19 Random Row Write (Interleaving Banks) with Precharge
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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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

    
1.  Bank Activate Command Cycle
 

2.  Burst Read Operation

RC

"H" or "L"

t

T0

(CAS latency = 3)

Bank B
Row Addr.

Activate
Bank B

Address

Command

CLK

T

NOPNOP

RCDt

T1

Col. Addr.
Bank B

with Auto
Precharge

Write B

T

SPT03784

Bank B
Row Addr.

Activate
Bank B

Row Addr.
Bank A

Activate
Bank A

T

NOP

RRDt

T T

SPT03785

CLK

Read A NOP

T0 T1 T2 T3 T4 T5 T6 T7 T8

Command

DOUT A0 DOUT A1 DOUT A2 DOUT A3

NOP NOP NOP NOP NOP NOP NOP

latency = 1
, DQ’sCK1t

DOUT A3
CK2

latency = 2
t , DQ’s

DOUT A1DOUT A0 DOUT A2

DOUT A2
CK3

latency = 3
t , DQ’s

DOUT A0 DOUT A1 DOUT A3

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

CAS

CAS

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

   
3.  Read Interrupted by a Read
 

SPT03786

CLK

Read A

T0 T1 T2 T3 T4 T5 T6 T7 T8

Command

DOUT A0 DOUT B0 DOUT B1 DOUT B2

NOP NOP NOP NOP NOP NOP NOP

latency = 1
, DQ’sCK1t

CK2

latency = 2
t , DQ’s

CK3

latency = 3
t , DQ’s

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

CAS

CAS

CAS

Read B

DOUT B3

DOUT B1DOUT A0 DOUT B0 DOUT B3DOUT B2

DOUT B1DOUT A0 DOUT B0 DOUT B3DOUT B2
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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

Commands = 4 + 1 = 5 cycles
Minimum delay between the Read and Write

DOUT A0DQ’s

(Burst Length = 4, CAS latency = 3)

DQMx

Command

CLK

NOP Read A

T0 T1

NOP NOP

T2 T3

the Write Command
Must be Hi-Z before

DIN B0 DIN B1

SPT03787

DIN B2

DQW

NOP

DQZt

NOP

t

T4 T5

Write B NOP

T6 T7

NOP

T8

"H" or "L"

Write latency of DQMx
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
4.2.  Minimum Read to Write Interval

the Write Command
Must be Hi-Z before

Activate

CAS
latency = 2
CK2

CAS

CK1

latency = 1
t

t

, DQ’s

, DQ’s

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

CLK

DQM

Command NOP NOP

T0 T1

Bank A NOP

DQZt

T2 T3

DIN A0

DIN A0

DIN A1

DIN A1

DIN A2

DIN A2

SPT03788

DIN A3

DIN A3

1 Clk Interval

Read A Write A

DQWt

T4 T5

NOP NOP

T6 T7

NOP

T8

"H" or "L"
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
4.3.  Non-Minimum Read to Write Interval

CAS

CK3

latency = 3
t , DQ’s

CAS
latency = 2
CK2

CAS

CK1

latency = 1

t

t

, DQ’s

, DQ’s
DOUT A0

DOUT A0

DOUT A1

(Burst Length = 4)

CLK

DQM

Command NOP Read A

T0 T1

NOP NOP

T2 T3

the Write Command
Must be Hi-Z before

DOUT A0

DOUT A1

DOUT A2

DIN B0 DIN B1

DIN B0

DIN B0

DIN B1

DIN B1

SPT03789

DIN B2

DIN B2

DIN B2

Read A

DQZt

NOP

T4 T5

Write B

DQWt

NOP

T6 T7

NOP

T8

"H" or "L"
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

   
5.  Burst Write Operation
 

Extra data is ignored after
termination of a Burst.

DIN A3

T4

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

NOP

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

T0

Command

DQ’s

CLK

DIN A1

T2

NOP

DIN A0

Write A

T1

DIN A2

NOP

T3

SPT03790

T6

NOP NOP

T5

NOP NOP

T7

NOP

T8

don’t care
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
6.  Write and Read Interrupt

6.1.  Write Interrupted by a Write

6.2.  Write Interrupted by a Read

SPT03791

CLK

T0 T1 T2 T3 T4 T5 T6 T7 T8

Command NOP NOP NOP NOP NOP NOP

DQ’s

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

NOP Write A

DIN A0 DIN B0 DIN B1 DIN B2 DIN B3

Write B

1 Clk Interval

DOUT B0

CK2

latency = 2

CK3

latency = 3

CAS

CAS

t

t

, DQ’s

, DQ’s

Input data for the Write is ignored.

DIN A0

DIN A0

don’t care

don’t care

don’t care

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

CLK

Command

latency = 1
CK1

CAS

t , DQ’s

NOP

DIN A0

Write A

T0 T1

Read B NOP

T2 T3

DOUT B3

DOUT B2

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.

DOUT B1

DOUT B0

DOUT B0 DOUT B2

DOUT B1

SPT03792

DOUT B3

DOUT B2DOUT B1

NOP NOP

T4 T5

DOUT B3

NOP NOP

T6 T7

NOP

T8
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
7.  Burst Write and Read with Auto Precharge

7.1.  Burst Write with Auto Precharge

SPT03793

CLK

Active NOP

T0 T1 T2 T3 T4 T5 T6 T7 T8

Command NOP NOP NOP NOP NOP NOP

latency = 1
DQ’s

latency = 2
DQ’s

latency = 3
DQ’s

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

CAS

CAS

CAS

Bank A

RPt

RPt

t RP

Begin Autoprecharge
Bank can be reactivated after

Write A
Auto -

Precharge

DPLt

DIN A1DIN A0

DPLt

t DPL

DIN A1DIN A0

DIN A1DIN A0

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

  
7.2.  Burst Read with Auto Precharge

SPT03794

CLK

with AP NOP

T0 T1 T2 T3 T4 T5 T6 T7 T8

Command

DOUT A0 DOUT A1 DOUT A2 DOUT A3

NOP NOP NOP NOP NOP NOP NOP

latency = 1
, DQ’sCK1t

DOUT A3
CK2

latency = 2
t , DQ’s

DOUT A1DOUT A0 DOUT A2

DOUT A2
CK3

latency = 3
t , DQ’s

DOUT A0 DOUT A1 DOUT A3

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

CAS

CAS

CAS

Read A

RPt

RPt

t RP

Begin Autoprecharge
Bank can be reactivated after RPt
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
8.  Burst Termination

8.1.  Termination of a Full Page Burst Read Operation

8.2.  Termination of a Full Page Burst Write Operation

SPT03795

CLK

NOP

T0 T1 T2 T3 T4 T5 T6 T7 T8

Command

DOUT A0 DOUT A1 DOUT A2 DOUT A3

NOP NOP Burst NOP NOP NOP NOP

latency = 1
, DQ’sCK1t

DOUT A3
CK2

latency = 2
t , DQ’s

DOUT A1DOUT A0 DOUT A2

DOUT A2
CK3

latency = 3
t , DQ’s

DOUT A0 DOUT A1 DOUT A3

(CAS latency = 1, 2, 3)

CAS

CAS

CAS

Read A

The burst ends after a delay 
equal to the CAS latency.

Stop

Input data for the Write is masked.

T4

latency = 1, 2, 3
DQ’s

NOP

(CAS latency = 1, 2, 3)

T0

Command

CAS

CLK

DIN A1

T2

NOP

DIN A0

Write A

T1

DIN A2

NOP

T3

SPT03372

T6

Burst
Stop NOP

T5

NOP NOP

T7

NOP

T8

don’t care
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16 MBit Synchronous DRAM

  
9.  AC Parameters

9.1.  AC Parameters for Write Timing

Begin Auto

Ay2

RCD

Auto Precharge

Activate

Bank A
Command

DQ
ZHi

DQM

t

AP

Addr

BA

RAx

tAS

RAx

tAH

WriteActivateActivate

Auto Precharge
Command

Write with

Bank B

Bank B
Command

Bank A

Write with

Command

Command
Bank A Bank A

Command

t

Ax2Ax0 Ax1 Ax3 Bx0

RC

CAx

RBx

RBx CBx

Bx3Bx2Bx1

t DS

Ay0 Ay1

DHt

RAy

RAy RAy

CLK

WE

CAS

RAS

CS

CKE

CHt

CKSt

CSt

t CH

t CL

T0 T1 T2

Begin Auto

Bank A
Precharge

CK2t

Precharge
Bank B

T8T4T3 T5 T6 T7 T9 T10 T12T11 T13

ActivateActivatePrecharge
Command

Bank A
Command

Bank A

SPT03797

Command
Bank B

RRD

Ay3

t DPL RPt t

RAz

RAz

RBy

RBy

CKHt

Burst Length = 4, CAS Latency = 2

T19T16T15T14 T17 T18 T20 T21 T22
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
9.2.  AC Parameters for Read Timing

BA

RAx

RAx

Command
Activate

Bank A

DQ
Hi Z

AP

DQM

Addr.

ASt

Command
Bank A

Read

Ax1

Activate
Command

Bank B

Ax0

Bank B
Command

Auto Precharge
Read with

AC2

t RRD

t RCD

t
t LZ

AHt

CAx

t

AC2t

OHt

RASt
t RC

HZ

RBx

RBx

RBx

CKE

CS

RAS

WE

CAS

t

t tCKS CS

CH

CLt

CLK

T0 T1

CHt

tCK2

T5T2 T3 T4 T6 T7 T8

Command
Precharge

Bank A

Bx0

Activate

Bank A
Command

Bx1

SPT03798

t
RPt

HZ

RAy

RAy

Begin Auto

Bank B
Precharge

CKHt

T12

Burst Length = 2, CAS Latency = 2

T9 T10 T11 T13
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
10.  Mode Register Set

Set Command
Mode Register

Addr

AP

BA

All Banks

Precharge
Command

Any
Command

Address Key

CS

WE

CAS

RAS

CKE

CLK

T0 T1 T2 T8

2 Clock min.

T4T3 T5 T6 T7 T11T9 T10 T12 T13

SPT03799

T19T16T15T14 T17 T18 T20 T21 T22
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM

  
11.  Power on Sequence and Auto Refresh (CBR)

Inputs must be 1st Auto Refresh
sstable for 200 µ Command

Addr.

BA

DQ

DQM

AP

All Banks

Precharge
Command

ZHi ~ ~
RPt

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

Mode Register
Set Command

~ ~

Command
2nd Auto Refresh

~

~

~

~

~ ~

~

~

~

~

~

~

~

~

t RC

Any
Command

Address Key

WE

CAS

RAS

CKE

CLK

Power on Sequence and Auto Refresh (CBR)

CS

required

~~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~~

High
is

~ ~

T1T0

Level

T3T2 T5T4 T13

Minimum of 2 Refresh Cycles are required

~ ~

~

~ ~

~

~

~ ~

~

~ ~

~ ~

T9

~~

~ ~

T7T6 T8 T11T10 T12 T17

2 Clock min.

T15T14 T16 T19T18 T20

SPT03800

T22T21
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12.  Clock Suspension (Using CKE)

12.1.  Clock Suspension During Burst Read CAS  Latency = 1

CAx

Command
Read

Bank A

Bank A

Addr.

BA

DQ

DQM

AP

WE

ZHi

Activate
Command

RAx

RAx

3 Cycles2 Cycles1 Cycle
SuspendSuspend

Clock

Ax0 Ax1

Clock

Ax2

Suspend
Clock

Ax3

t HZ

CS

CAS

RAS

CKE

CLK

T0

CK1t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

SPT03801

Burst Length = 4, CAS Latency = 1

T19T16T15T14 T17 T18 T20 T21 T22
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16 MBit Synchronous DRAM

  
12.2.  Clock Suspension During Burst Read CAS  Latency = 2

Bank A

Read
Command

CAxAddr.

BA

DQ

DQM

AP

Command
Activate

Bank A

ZHi

RAx

RAx

2 Cycles

Clock
SuspendSuspend

Ax0

1 Cycle

Clock

Ax1 Ax2

3 Cycles

Clock
Suspend

Ax3

CS

WE

CAS

RAS

CKE

CLK

T0

CK2t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

SPT03802

t HZ

Burst Length = 4, CAS Latency = 2

T19T16T15T14 T17 T18 T20 T21 T22
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12.3.  Clock Suspension During Burst Read CAS  Latency = 3

T14

Ax3

Clock

3 Cycles
SuspendCommand

BA

Addr.

DQ

DQM

AP

Command
Activate

Bank A

Hi Z

RAx

RAx

1 Cycle
Suspend

Bank A

Read Clock

Ax0 Ax1

CAx

2 Cycles
Suspend

Clock

Ax2

T3

CS

WE

CAS

RAS

CKE

CLK

T0

CK3t

T1 T2 T4 T5 T7T6 T8 T10T9 T11 T13T12

t HZ

SPT03803

T20

Burst Length = 4, CAS Latency = 3

T17T15 T16 T18 T19 T21 T22
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12.4.  Clock Suspension During Burst Write CAS  Latency = 1

Suspend
2 Cycles

Bank A

Addr.

DQM

DQ

AP

BA

Command
Write

Activate

Bank A
Command

Hi Z

Clock Clock

1 Cycle
Suspend

DAx1DAx0

RAx

RAx

CAx

SPT03804

Clock
Suspend
3 Cycles

DAx2 DAx3

CAS

RAS

CKE

CLK

WE

CS

T2

CK1t

T0 T1 T3 T4 T5 T6 T15T11T7 T8 T10T9 T13T12 T14

Burst Length = 4, CAS Latency = 1

T17T16 T18 T19 T20 T21 T22
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12.5.  Clock Suspension During Burst Write CAS  Latency = 2

Bank A

Write
Command

DAx0

CAx

BA

Addr.

DQ

DQM

AP

Command
Activate

ZHi

Bank A

RAx

RAx

Suspend
Clock

Suspend
1 Cycle

DAx1

Clock

2 Cycles

DAx2

Clock

3 Cycles
Suspend

DAx3

CS

WE

CAS

RAS

CKE

CLK

T0

CK2t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

SPT03805

Burst Length = 4, CAS Latency = 2

T19T16T15T14 T17 T18 T20 T21 T22
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12.6.  Clock Suspension During Burst Write CAS  Latency = 3

BA

Addr.

DQ

DQM

AP

Command
Activate

ZHi

Bank A

RAx

RAx

Bank A

DAx1

Clock

Command

Suspend
1 Cycle

Write

DAx0

Clock

2 Cycles
Suspend

CAx

3 Cycles

Clock
Suspend

DAx2 DAx3

CS

WE

CAS

RAS

CKE

CLK

T0

CK3t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

SPT03806

Burst Length = 4, CAS Latency = 3

T19T16T15T14 T17 T18 T20 T21 T22
Semiconductor Group 22 1998-10-01



 

HYB 39S16400/800/160CT-8/-10
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13.  Power Down Mode and Clock Suspend

Ax3

BA

Clock Suspend
Mode Entry

Addr.

DQ

DQM

AP

Bank A

Activate
Command

ZHi

RAx

RAx

Clock Suspend
Mode Exit

Clock Mask
Command

Read

Bank A

Ax0

CAx

Clock Mask
Start

Ax1

End

Ax2

CS

WE

CAS

RAS

CKE

CLK

T0

t CK2

T1 T2 T8

CKSPt

T4T3 T5 T6 T7 T11T9 T10 T12 T13

Power Down

SPT03807

Mode Exit

Precharge
Command

Bank A

Power Down
Mode Entry

t HZ

Command
Any

Burst Length = 4, CAS Latency = 2

T19T16T15T14 T17 T18

CKSPt

T20 T21 T22
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14.  Auto Refresh (CBR)

Command

DQM

DQ

Addr.

AP

BA

Auto Refresh

All Banks

Precharge
Command

ZHi

Auto Refresh
Command

(Minimum interval)
RPt t RC

SPT03808

Read

Bank A
Command

Activate
Command

Bank A

Ax0 Ax1 Ax3Ax2

RCt

RAx CAx

RAx

T11

WE

CAS

RAS

CS

CKE

CLK

CK2t

T0 T1 T3T2 T4 T6T5 T7 T8 T9 T10 T17T14T12 T13 T15 T16 T20

Burst Length = 4, CAS Latency = 2

T18 T19 T21 T22
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15.  Self Refresh (Entry and Exit)

t

Begin Self Refresh
Exit Command

T10

Z

All Banks
must be idle

DQ
Hi

A0 A9

DQM

A10

-

(BS)

Entry
Self Refresh

~~

~~

~~

~

~

~

~

~

~

~

~

Self Refresh Exit
Command issued

CS

CAS

WE

A11

RAS

CKE

CLK

T0 T1

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

T2 T3

~~

~~

T4
~~

~~

T5 T6 T7

CKSRt

T9T8

Self Refresh

~ ~

Exit

RCt
~

~

~

~

~

~

~

~

~

~

~

~

SPT03809

T14

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

T12

SREX

~

~

~

~

T11
~

~

~

~

T13 T15 T16 T17 T18 T19 T20 T22T21
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16.  Random Column Read (Page within same Bank)

16.1.  CAS Latency = 1

Bank A

Read
Command

CAz

Aw0

Bank A

Addr.

BA

DQ

DQM

AP

Bank A

Activate
Command

ZHi

Command
Read

CAwRAw

RAw

Bank A

Command
Bank A

Read
Command

Aw3Aw1 Aw2

Read

Bank A

Ax0 Ax1

CAx CAy

Command
Bank A

Precharge

Ay1Ay0 Ay2

Command
Activate

Ay3

RAz

RAz

CS

WE

CAS

RAS

CKE

CLK

T0

CK1t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

SPT03810

Az2Az0 Az1 Az3

Burst Length = 4, CAS Latency = 1

T19T16T15T14 T17 T18 T20 T21 T22
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16.2.  CAS Latency = 2

Ay3

CAwAddr.

BA

DQ

DQM

AP

ZHi

Bank A

Activate
Command

Read
Command

Bank A

RAw

RAw

Bank A
Command

Aw1Aw0

Read

Bank A
Command

Aw2 Aw3

CAx

Read

Ax1Ax0 Ay0

Precharge
Command

Bank A

Ay1 Ay2

CAy

CS

WE

CAS

RAS

CKE

CLK

T0

CK2t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

Bank A

Read
Command

Activate
Command

Bank A

Az0

RAz

RAz

CAz

Az3

SPT03811

Az2Az1

Burst Length = 4, CAS Latency = 2

T19T16T15T14 T17 T18 T20 T21 T22
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16.3.  CAS Latency = 3

Ay1

Addr.

BA

DQ

DQM

AP

Activate
Command

ZHi

Bank A

RAw

RAw

Command
Read

Command
Bank A

Read

Bank A

Aw0 Aw1

CAw CAx

Read

Bank A
Command

Aw3Aw2 Ax0 Ax1 Ay0

CAy

CS

WE

CAS

RAS

CKE

CLK

T0

CK3t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

Precharge
Command

Bank A

Ay2 Ay3

Activate
Command

Bank A

RAz

RAz

SPT03812

Read

Bank A
Command

CAz

Burst Length = 4, CAS Latency = 3

T19T16T15T14 T17 T18 T20 T21 T22
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17.  Random Column Write (Page within same Bank)

17.1.  CAS Latency = 1

DBw1

Bank B

Addr.

BA

DQ

DQM

AP

Bank B

Activate
Command

ZHi

Command
Write

DBw0

CBwRBw

RBw

Bank B

Command
Bank BBank B

Write
Command

DBx0DBw2 DBw3

Write

Dbx1 Dby0

CBx CBx

Command
Precharge

DBy2DBy1 Dby3

Command
Activate

Bank B

RBz

RBz

CS

WE

CAS

RAS

CKE

CLK

T0

CK1t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

SPT03813

Write

Bank B
Command

DBz0 DBz1

CBz

DBz3DBz2

Burst Length = 4, CAS Latency = 1

T19T16T15T14 T17 T18 T20 T21 T22
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17.2.  CAS Latency = 2

Command
Write

Bank B

CBz

DBw0

Addr.

BA

DQ

DQM

AP

Bank B

Activate
Command

ZHi

RBz

RBz

Command
Bank B

DBw3DBw1 DBw2

Write

Bank B
Command

DBx0 DBx1

CBx

Write

DBy1DBy0 DBy2

Precharge
Command

Bank B

DBy3

CBy

CS

WE

CAS

RAS

CKE

CLK

T0

CK2t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

Command
Bank B

DBz0

Activate
Command

Bank B

Write

DBz1 DBz2

RBz

RBz

CBz

SPT03820

DBz3

Burst Length = 4, CAS Latency = 2

T19T16T15T14 T17 T18 T20 T21 T22
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17.3.  CAS Latency = 3

DBw3

DQM

Addr.

DQ

AP

BA

Activate

Bank B
Command

Hi Z

Write

Bank B
Command

DBw1DBw0 DBw2

RBz

RBz

CBz

Command
PrechargeWriteWrite

Bank B
Command

Bank B
Command

DBx1DBx0 DBy0 DBy1

Bank B

DBy2 DBy3

CBx CBy

Activate

Bank B
Command

Write

SPT03821

Bank B
Command

DBz1DBz0

RBz

RBz

CBz

CLK

CKE

RAS

CAS

WE

CS

T2

CK3t

T0 T1 T3 T4 T5 T6 T15T11T7 T8 T10T9 T13T12 T14

Burst Length = 4, CAS Latency = 3

T17T16 T18 T19 T20 T21 T22
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18.  Random Row Read (Interleaving Banks) with Precharge

18.1.  CAS Latency = 1

T22

Burst Length = 8, CAS Latency = 1 

SPT03814

A11

Read
Command

Bank B

-

(BS)

DQM

A10

DQ

A0

t

Bx0

Activate

Bank B
Command

ZHi

AC1

Bx1 Bx2 Bx3 Bx4

A9

t

RBx

RCD

CBx

RBx

Read Activate
Command

Bank A
Command

Bank B

Command
Precharge

Bank B

Activate

Bank A
Command

Bx5 Bx6 Bx7 Ax0 Ax1 Ax2 Ax3 Ax4

t

RAx CAx

RAx

RP

RBy

RBy

Command

Ax5 Ax6 Ax7

Command
Bank B

Read

Bank A

Precharge

By0 By1 By2

CBy

CAS

RAS

CKE

CLK

Random Row Read (Interleaving Banks) (1 of 3)

WE

CS

High

t CK1

T1T0 T3T2 T5T4 T14T10T7T6 T9T8 T12T11 T13 T18T16T15 T17 T20T19 T21
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18.2.  CAS Latency = 2

A11

Bx3

(BS)

DQM

DQ

A0 -

A10

t

Command
Bank B

Activate
Command

Bank B

Read

ZHi
Bx0

AC2

Bx2Bx1

A9 RBx

RCDt

CBx

RBx

Read Activate

Bank A
Command Command

Bank B SPT03815

Ax3Bx7

Command
Precharge

Bank B
Command

Bank A

Activate

Bx5Bx4 Bx6 Ax1Ax0 Ax2

RP

RAx CAx

t

RAx

RBy

RBy

Bank B
Command

Read

Ax4 Ax5 Ax6 Ax7 By0 By1

CBy

CAS

RAS

CKE

CLK

WE

CS

T2

High

CK2t

T0 T1 T4T3 T6T5 T7 T8 T10T9 T12T11 T14T13

Burst Length = 8, CAS Latency = 2

T19T17T15 T16 T18 T21T20 T22
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18.3.  CAS Latency = 3

Ax0

CBx

Command
Read

Bank B

A11
(BS)

A10

A0

DQ

DQM

Activate

Bank B
Command

ZHi

A9- RBx

RBx

RCDt

Command

Bx0

Bank A

Activate

Bx1 Bx2

t AC3

RAx

RAx

Command
Bank A

Read

Bx4Bx3 Bx5

Precharge
Command

Bank B

Bx6 Bx7

CAx

CLK

CKE

CS

RAS

CAS

WE

T0

High

CK3t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

Command

Ax3

Command
Bank B

Activate

Ax1 Ax2

Bank B

Read

Ax4 Ax5

RPt

RBy

RBy

CBy

By0

SPT03816

Precharge

Bank A
Command

Ax7Ax6

T19

Burst Length = 8, CAS Latency = 3

T16T15T14 T17 T18 T20 T21 T22
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19.  Random Row Write (Interleaving Banks) with Precharge

19.1.  CAS Latency = 1

Burst Length = 8, CAS Latency = 1

DAy1

Command
Bank A

A11
(BS)

DQ

DQM

A10

A0

DAx1

Activate

Bank A
Command

Write

Hi Z
DAx0 DAx2 DAx3 DAx4

RAxA9-

RCDt

CAx

RAx

Command Command
Bank B Bank A

DBx4

Precharge

Bank A
Command

DBx0

Write

Activate
Command

Bank B

DAx6DAx5 DAx7 DBx2DBx1 DBx3

CBxRBx

RBx

Command
Bank B

Precharge

Activate

DBx5 DBx6 DBx7

Bank A

Write
Command

DAy0

DPLt RP

RAy

t

RAy

CAy

T5

CS

WE

CAS

RAS

CKE

CLK

High

CK1t

T0 T1 T3T2 T4 T7T6 T8 T9 T10 T11 T12 T16T14T13 T15 T18T17 T19

SPT03817

DAy3DAy2

T20 T21 T22
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19.2.  CAS Latency = 2

T18

Burst Length = 8, CAS Latency = 2

DPL

DAy0

Write

Bank A
Command

DAx3

A0

A11
(BS)

DQ

DQM

A10

Command
Bank A

Activate
Command

ZHi

Bank A

Write

DAx1DAx0 DAx2

A9-

RCDt

RAx

RAx

CAx

Command Command
Bank B Bank A

Command
Precharge

Bank A

DAx6

Activate

Bank B
Command

DAx4 DAx5

Write

DBx0DAx7 DBx1

RBx

RBx CBx

t DPL

DBx5

Activate

DBx3DBx2 DBx4 DBx6 DBx7

RPt

RAy

RAy

t

CAy

CS

WE

CAS

RAS

CKE

CLK

T1

CK2

High

t

T0 T2 T3 T4 T11T6T5 T7 T8 T9 T10 T13T12 T14 T16T15 T17

SPT03818

Bank B
Command
Precharge

DAy2DAy1 DAy3 DAy4

T21T19 T20 T22
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19.3.  CAS Latency = 3

DBx3DAx0

CAx

Command
Write

Bank A

(BS)
A11

A0

DQ

DQM

A10

Bank A

Activate
Command

ZHi

A9- RAx

RAx

RCDt

Command

DAx3DAx1 DAx2

Bank B

Activate

DAx4 DAx5

RBx

RBx

Command
Bank B

Write

DAx7DAx6 DBx0

Precharge
Command

Bank A

DBx1 DBx2

t

CBx

DPL

CS

WE

CAS

RAS

CKE

CLK

T0

High

CK3t

T1 T2 T8T4T3 T5 T6 T7 T11T9 T10 T12 T13

DPL

Command

DBx6

Command
Bank A

Activate

DBx4 DBx5

Bank A

Write

DBx7 DAy0

RPt

RAy

RAy

t

CAy

DAy3

SPT03819

Precharge

Bank B
Command

DAy2DAy1

Burst Length = 8, CAS Latency = 3

T19T16T15T14 T17 T18 T20 T21 T22
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20.  Full Page Read Cycle

20.1.  CAS Latency = 1

Bx

T14

RBxRAxAP

during this time interval.
page address back to zero

from the highest order
The burst counter wraps

Addr.

DQ

DQM

Command
Bank A

Command
Activate

Bank A

Read

Command
Bank B

Activate

Bank B
Command
Activate

Hi Z

RAx

Ax Ax +1

RBxCAx

RRDt

terminate when the burst length is satisfied;

bursting beginning with the starting address.
the burst counter increments and continues

Full Page burst operation does not

Bx

Bank B
Command

Read

AxAx+ ~ ~

~

2

~

~ ~

2- Ax 1-

~ ~

~ ~

~ ~

Ax Ax 1+

CBx

BxBx+1 Bx+ 2 43+ Bx+ Bx 5+

T3T2T1T0

BA

CS

WE

CAS

RAS

CKE

CLK

High

t CK1

T13T12T11T10T9T8T7T6T5T4

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

RBy

Precharge
Command

Command
Bank B

Activate
Command
Burst Stop

Bank B

RP

++6 Bx 7

t

RBy

SPT03822

T22T21T20T19T18T17T16T15

Burst Length = Full Page, CAS Latency = 1
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20.2.  CAS Latency = 2

bursting beginning with the starting address.
the burst counter increments and continues
terminate when the burst length is satisfied;

Full Page burst operation does not

Bx

T14

BA

Command
Activate

Command
Activate

Addr.

DQ

DQM

AP

ZHi

Command
Bank A

Activate

Command
Read

Bank A

RAx

RAx

CAx

during this time interval.

Ax

Read

Bank B
Command

CBx

~~

page address back to zero
from the highest order

The burst counter wraps

2

Bank BBank B

AxAx 1+ Ax+ Ax~~ 2- Ax 1-

RBx

RBx

~ ~

~~

~ ~

~~

~ ~

~~

BxAx +1 Bx 21+ Bx+ Bx 3+

T3

CS

WE

CAS

RAS

CKE

CLK

T0

High

t CK2

T1 T2

~ ~

~~

~ ~

~~

~ ~

~~

~ ~

T4 T5

~ ~

~ ~

T7

~ ~

~ ~
T6 T8 T10T9 T11 T13T12

SPT03823

Bank B

Precharge
CommandCommand

Burst Stop

++4 Bx Bx5 +6

Command
Bank B

Activate

RBy

RPt

RBy

Burst Length = Full Page, CAS Latency = 2

T20T17T15 T16 T18 T19 T21 T22
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20.3.  CAS Latency = 3

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.

Bx

T14

BA

Command
Bank A

Addr.

DQ

DQM

AP

Command
Activate

Bank A

Hi Z

Read

RAx

RAx

CAx

page address back to zero
during this time interval.

The burst counter wraps
from the highest order

-

ActivateActivate
Command

Bank BBank B
Command

Ax Ax 1+ 2+Ax Ax~~

~~

RBx

RBx

~ ~

~~

~ ~

~~

~ ~

~~

Ax

Read

Bank B
Command

Ax2 1- Ax 1+ Bx Bx 1+

CBx

T3

CS

WE

CAS

RAS

CKE

CLK

T0

High

CK3t

T1 T2

~ ~

~~

~ ~

~~

~ ~

~~

~ ~

T4 T5

~ ~

~ ~

~ ~

T7T6 T8
~ ~

T10T9 T11 T13T12

SPT03824

Command
Bank B

Activate

Bank B

Precharge
Command

Burst Stop
Command

++2 Bx Bx3 4+ 5+Bx

RBy

t RRD

RBy

Burst Length = Full Page, CAS Latency = 3

T20T17T15 T16 T18 T19 T21 T22
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21.  Full Page Write Cycle

21.1.  CAS Latency = 1

DBx

T14

The burst counter wraps
from the highest order

page address back to zero
during this time interval.

Addr.

DQ

DQM

AP

Command
Bank A

Command
Bank A

Activate

Write

Command
Bank B

Activate

Bank B
Command
Activate

Hi Z

RAx

RAx

DAxDAx 2DAx1+ +

RBx

RBxCAx

the burst counter increments and continues
bursting beginning with the starting address.

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

DBx

Bank B
Command

Write

DAx3DAx+ ~ ~

~ ~

~ ~

1 DAx-

~ ~

~ ~

~ ~

1DAx+ DBx

CBx

ignored.
Data is

DBxDBx 21+ + DBx 3+ 5DBx4+ + DBx 6+

T3

BA

CS

WE

CAS

RAS

CKE

CLK

T0

High

t CK1

T1 T2

~~

~~

~ ~

~ ~

~ ~

~ ~

~~

~ ~

~ ~

~~

~~

~ ~

~ ~
T4 T5 T7T6 T8 T10T9 T11 T13T12

2 Mb x 4 I/O x 2 Banks = 1024

512  kb x 16 I/O x 2 Banks = 256
1 Mb x 8 I/O x 2 Banks = 512

SPT03825

Page Length:

Precharge
Command

Command
Activate

Bank B

Command
Burst Stop

Bank B

7+

RBy

RBy

T20T17T15 T16 T18 T19 T21 T22

Burst Length = Full Page, CAS Latency = 1
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21.2.  CAS Latency = 2

~ ~

terminate when the burst length is satisfied;

Command

bursting beginning with the starting address.
the burst counter increments and continuespage address back to zero

during this time interval.

DQ

DQM

Addr.

AP

Bank BBank B

from the highest order
The burst counter wraps

Command
Activate

Command
Activate

Write
Command

Bank A

Bank A
Command
Activate

ZHi
DAx DAx+1

RAx

RAx

CAx

DAx
~~

DAx+DAx 2 ~ ~3+

~ ~

DAx-1 DAx 1+

~ ~

RBx ~ ~

RBx ~ ~

SPT03826

Data is
ignored.

Full Page burst operation does not

Bank B

Write

Precharge

Bank B
Command

Burst Stop
Command

4DBxDBx 1+DBx +2+ DBx DBx3 +

CBx

DBx+ 5 +DBx 6

Command
Bank B

Activate

RBy

RBy

T8

BA

WE

CAS

RAS

CS

CKE

CLK

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

T3

High

T0

CK2t

T1 T2

~ ~

~ ~

~ ~

T4
~ ~

T5 T6 T7 T18T13T9 T10 T11 T12 T15T14 T16 T17 T20T19 T21 T22

Burst Length = Full Page, CAS Latency = 2
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21.3.  CAS Latency = 3

bursting beginning with the starting address.
the burst counter increments and continues
terminate when the burst length is satisfied;

Full Page burst operation does not

DBx

T14

Command
Bank A

Addr.

DQ

DQM

AP

Command
Activate

Bank A

Write

Hi Z

RAx

RAx

DAx

CAx

from the highest order

during this time interval.
page address back to zero

DAx

The burst counter wraps

Command
Bank B

Activate

Bank B
Command
Activate

DAx+DAx 1 + 2 DAx+

RBx

RBx

DAx3 ~~

~~

1-

~ ~

DAx

~~

~ ~

~~

~ ~

Bank B
Command

Write Data is
ignored.

DBxDBx1+ +DBx 1

CBx

3+2 DBx+ DBx+ 4

T3

BA

CS

WE

CAS

RAS

CKE

CLK

T0

High

CK3t

T1 T2

~~

~ ~

~~

~ ~

~~

~ ~

~~

~ ~

T4 T5

~ ~

~ ~

T7
~~

~ ~

T6 T8 T10T9 T11 T13T12

SPT03827

Command
Bank B

Activate

Precharge
Command

Bank B

Burst Stop
CommandCommand
Burst Stop

+ 5

RBy

RBy

Burst Length = Full Page, CAS Latency = 3

T20T17T15 T16 T18 T19 T21 T22
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22.  Precharge Termination of a Burst

22.1.  CAS Latency = 1

DAx4

Bank A

Command
Bank A

Activate
of a Write Burst.

Precharge Termination

Write Data is masked.

DQM

Addr.

DQ

AP

BA

Write
Command

Hi Z
DAx2DAx1DAx0 DAx3

RAx

RAx

CAx

Bank A Bank A Bank A Bank A

Command
Activate

Bank A

Activate
Command

Bank A SPT03828

Termination of 
a Read Burst.

Command
Precharge
Command

Read
Command

Ay0

Command
Precharge Write

Ay1 Ay2 DAz0

RAy

RPt

CAy

RAy

RPt

RAz CAz

RAz

DAz5DAz3DAz1 DAz2 DAz4 DAz7DAz6

Precharge

CLK

CKE

RAS

CAS

WE

CS

T2

CK1t

T0 T1 T3 T4 T5 T6 T15T11T7 T8 T10T9 T13T12 T14

Burst Length = Full Page, CAS Latency = 1

T17T16 T18 T19 T20 T21 T22
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22.2.  CAS Latency = 2

Command
Activate

Bank A

T14

BA

Write Data is masked.
of a Write Burst.

Precharge Termination

Addr.

DQ

DQM

AP

Command
Bank A

Activate

Hi Z

Bank A

Write
Command

DAx0 DAx1

RAx

RAx

CAx

Command
Bank A

Command
Precharge

Bank A

DAx3DAx2

Activate

RAy

RPt

RAy

Ay0

Command
Bank A

Read

Bank A

Precharge
Command

Ay1 Ay2

CAy

RPt

T3

CS

WE

CAS

RAS

CKE

CLK

T0

High

CK2t

T1 T2 T4 T5 T7T6 T8 T10T9 T11 T13T12

Precharge Termination
of a Read Burst.

SPT03829

Bank A
Command
Precharge

Command
Bank A

Read

Az0 Az1

RAz CAz

RAz

Az2

RPt

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

T20T17T15 T16 T18 T19 T21 T22
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22.3.  CAS Latency = 3

Bank A

Precharge
Command

T14

is masked.
Write Data

Command

BA

Addr.

DQ

DQM

AP

Command
Bank A

Activate

Hi Z

Bank A

Write

DAx0

RAx

RAx

CAx

Precharge Terrmination
of a Write Burst.

Command
Precharge

Bank A
Command

Bank A

Activate

t RP

RAy

RAy

Command
Bank A

Read

Ay0

CAy

T3

CS

WE

CAS

RAS

CKE

CLK

T0

High

CK3t

T1 T2 T4 T5 T7T6 T8 T10T9 T11 T13T12

Activate
Command

Bank A SPT03831

of a Read Burst.
Precharge Termination

Ay2Ay1

RPt

RAz

RAz

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

T20T17T15 T16 T18 T19 T21 T22
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Complete List of Operation Commands

SDRAM Function Truth Table 

Current
State1

CS RAS CAS WE BS Addr Action

Idle H
L
L
L
L
L
L
L

X
H
H
H
L
L
L
L

X
H
H
L
H
H
L
L

X
H
L
X
H
L
H
L

X
X
BS
BS
BS
BS
X
Op-

X
X
X
X
RA
AP
X
Code

NOP or Power Down
NOP 
ILLEGAL2

ILLEGAL2

Row (&Bank) Active; Latch Row Address
NOP4

Auto Refresh or Self Refresh5

Mode reg. Access5

Row Active H
L
L
L
L
L
L

X
H
H
H
L
L
L

X
H
L
L
H
H
L

X
X
H
L
H
L
X

X
X
BS
BS
BS
BS
X

X
X
CA,AP
CA,AP
X
AP
X

NOP
NOP
Begin Read; Latch CA; DetermineAP
Begin Write; Latch CA; DetermineAP
ILLEGAL2

Precharge
ILLEGAL

Read H
L
L
L
L
L
L
L

X
H
H
H
H
L
L
L

X
H
H
L
L
H
H
L

X
H
L
H
L
H
L
X

X
X
BS
BS
BS
BS
BS
X

X
X
X
CA,AP
CA,AP
X
AP
X

NOP (Continue Burst to End;>Row Active)
NOP (Continue Burst to End;>Row Active)
Burst Stop Command > Row Active
Term Burst, New Read, DetermineAP3

Term Burst, Start Write, DetermineAP3

ILLEGAL2

Term Burst, Precharge
ILLEGAL

Write H
L
L
L
L
L
L
L

X
H
H
H
H
L
L
L

X
H
H
L
L
H
H
L

X
H
L
H
L
H
L
X

X
X
BS
BS
BS
BS
BS
X

X
X
X
CA,AP
CA,AP
X
AP
X

NOP (Continue Burst to End;>Row Active)
NOP (Continue Burst to End;>Row Active)
Burst Stop Command > Row Active
Term Burst, Start Read, DetermineAP3

Term Burst, New Write, DetermineAP3

ILLEGAL2

Term Burst, Precharge3

ILLEGAL

Read with 
Auto 
Precharge

H
L
L
L
L
L
L
L

X
H
H
H
H
L
L
L

X
H
H
L
L
H
H
L

X
H
L
H
L
H
L
X

X
X
BS
BS
X
BS
BS
X

X
X
X
X
X
X
AP
X

NOP (Continue Burst to End;> Precharge)
NOP (Continue Burst to End;> Precharge)
ILLEGAL2

ILLEGAL2

ILLEGAL
ILLEGAL2

ILLEGAL2

ILLEGAL
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM
Write with 
Auto 
Precharge

H
L
L
L
L
L
L
L

X
H
H
H
H
L
L
L

X
H
H
L
L
H
H
L

X
H
L
H
L
H
L
X

X
X
BS
BS
X
BS
BS
X

X
X
X
X
X
X
AP
X

NOP (Continue Burst to End;> Precharge)
NOP (Continue Burst to End;> Precharge)
ILLEGAL2

ILLEGAL2

ILLEGAL
ILLEGAL2

ILLEGAL2

ILLEGAL

Precharging H
L
L
L
L
L
L

X
H
H
H
L
L
L

X
H
H
L
H
H
L

X
H
L
X
H
L
X

X
X
BS
BS
BS
BS
X

X
X
X
X
X
AP
X

NOP;> Idle after tRP

NOP;> Idle after tRP

ILLEGAL2

ILLEGAL2

ILLEGAL2

NOP4

ILLEGAL

Row 
Activating

H
L
L
L
L
L
L

X
H
H
H
L
L
L

X
H
H
L
H
H
L

X
H
L
X
H
L
X

X
X
BS
BS
BS
BS
X

X
X
X
X
X
AP
X

NOP;> Row Active after tRCD

NOP;> Row Active after tRCD

ILLEGAL2

ILLEGAL2

ILLEGAL2

ILLEGAL2

ILLEGAL

Write 
Recovering

H
L
L
L
L
L
L

X
H
H
H
L
L
L

X
H
H
L
H
H
L

X
H
L
X
H
L
X

X
X
BS
BS
BS
BS
X

X
X
X
X
X
AP
X

NOP
NOP
ILLEGAL2

ILLEGAL2

ILLEGAL2

ILLEGAL2

ILLEGAL

Refreshing H
L
L
L
L

X
H
H
L
L

X
H
L
H
L

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

NOP;> Idle after tRC

NOP;> Idle after tRC

ILLEGAL
ILLEGAL
ILLEGAL

Mode 
Register 
Accessing

H
L
L
L
L

X
H
H
H
L

X
H
H
L
X

X
H
L
X
X

X
X
X
X
X

X
X
X
X
X

NOP
NOP
ILLEGAL
ILLEGAL
ILLEGAL

SDRAM Function Truth Table (cont’d)

Current
State1

CS RAS CAS WE BS Addr Action
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM
Abbreviations

RA = Row Address
BS = Bank Address
CA = Column Address
AP = Auto Precharge

Clock Enable (CKE) Truth Table

STATE(n) CKE
n-1

CKE
n

CS RAS CAS WE Addr ACTION

Self-Refresh 6 H
L
L
L
L
L
L

X
H
H
H
H
H
L

X
H
L
L
L
L
X

X
X
H
H
H
L
X

X
X
H
H
L
X
X

X
X
H
L
X
X
X

X
X
X
X
X
X
X

INVALID
EXIT Self Refresh, Idle after tRC

EXIT Self Refresh, Idle after tRC

ILLEGAL
ILLEGAL
ILLEGAL
NOP (Maintain Self Refresh)

Power-Down H
L
L
L
L
L
L

X
H
H
H
H
H
L

X
H
L
L
L
L
X

X
X
H
H
H
L
X

X
X
H
H
L
X
X

X
X
H
L
X
X
X

X
X
X
X
X
X
X

INVALID
EXIT Power-Down, > Idle
EXIT Power-Down, > Idle
ILLEGAL
ILLEGAL
ILLEGAL
NOP (Maintain Low-Power Mode)

All. Banks Idle 7 H
H
H
H
H
H
H
H
L

H
L
L
L
L
L
L
L
L

X
H
L
L
L
L
L
L
X

X
X
H
H
H
L
L
L
X

X
X
H
H
L
H
L
L
X

X
X
H
L
X
X
H
L
X

X
X
X
X
X
X
X
X
X

Refer to the function truth table
Enter Power-Down
Enter Power-Down
ILLEGAL
ILLEGAL
ILLEGAL
Enter Self Refresh
ILLEGAL
NOP

Any State
other than
listed above

H
H
L
L

H
L
H
L

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

Refer to the function truth table
Begin Clock Suspend next cycle8

Exit Clock Suspend next cycle8

Maintain Clock Suspend
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HYB 39S16400/800/160CT-8/-10
16 MBit Synchronous DRAM
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.

2. Illegal to bank in specified state; function may be legal in the bank indicated by BS, depending on
the state of that bank.

3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
4. NOP to bank precharging or in Idle state. May precharge bank(s) indicated by BS (and AP).
5. Illegal if any bank is not Idle.
6. 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.
7. 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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