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JEDEC Standard No. 21--C
Page 3.11.5--1

Release 4r8r9r12

3.11.5 SDRAM & SGRAM Architectural and Operational Features
The following standards describe features or characteristics that are applicable to one ormore of the
SDRAMdevices described in section 3.11of Std. 21--C. This section is being reorganized inRelease
9 to accommodate several new categories of devices being covered. The original Standards in-
cluded in this section coveredonly SingleDataRate (SDR) SDRAMs (these deviceswere initially just
referred to as SDRAM). This coverage has expanded to includeDouble DataRate (DDR) SDRAMs,
Enhanced SDRAMs (ESDRAM), and Virtual Channel SDRAM (VCSDRAM). The new organization
of Section 3.11.5 brings together into one sub--section all standards specifically applicable to one
class of device. All standards in the following section that are defined for SDRAM, are also applicable
to SGRAM, (even though SGRAM is not mentioned), unless SGRAM is specifically excluded.

A complete Table of Contents of all SDRAM & SGRAM Features follows.

3.11.5.1 -- General SDRAM Functions

3.11.5.1.1 -- SDRAM FUNCTION TRUTH TABLE

3.11.5.1.2 -- SDRAM FUNCTION TRUTH TABLE FOR CKE

3.11.5.1.3 -- SDRAM MODE REGISTER ARCHITECTURE

3.11.5.1.4 -- POWER ON SEQUENCE (RECOMMENDED)

3.11.5.1.5 -- AUTO PRECHARGE

3.11.5.1.6 -- PRECHARGE ALL BANKS

3.11.5.1.7 -- MODE REGISTER WRITE TIMING

3.11.5.1.8 -- AUTO REFRESH

3.11.5.1.9 -- WRITE LATENCY

3.11.5.1.10 -- DQM LATENCY FOR READS AND WRITES

3.11.5.1.11 -- PRECHARGE TIMING FOR READS

3.11.5.1.12 -- COLUMN ADDRESS TO COLUMN ADDRESS DELAY

3.11.5.1.13 -- CKE TIMING FOR POWER DOWN

3.11.5.1.14 -- CKE TIMING FOR CLOCK SUSPEND

3.11.5.1.15 -- SELF REFRESH ENTRY AND EXIT

3.11.5.1.16 -- Burst Stop/Burst Terminate Command for SDRAMs/SGRAMs

3.11.5.1.17 -- Full Page Burst Mode for SDRAM/SGRAM

3.11.5.1.18 -- Deep Power Down Mode

3.11.5.2 -- DDR Specific SDRAM Functions

3.11.5.2.1 -- Bi--Directional DQS for DDR SDRAM

3.11.5.2.2 -- Differential Clock for DDR SDRAMs & SGRAMs

3.11.5.2.3 -- Read Interrupting a Write Operation for DDR SDRAMs/SGRAMs

3.11.5.2.4 -- Write Interrupting a Read Operation for DDR SDRAMs/SGRAMs

3.11.5.2.5 -- Precharge Timing for Reads for DDR SDRAMs/SGRAMs

3.11.5.2.6 -- Precharge Timing for Writes for DDR SDRAMs/SGRAMs
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3.11.5.2.7 -- Burst Stop Command for DDR SDRAMs/SGRAMs

3.11.5.2.8 -- DDR SDRAM/SGRAM Full Sequential Burst Ordering

3.11.5.2.9 -- DDR SDRAM QS Coincident with Data

3.11.5.2.10 -- Extended Mode Register Set for DDR SDRAM / SGRAM.

3.11.5.2.11 -- DLL Enable/Disable Mode for DDR SDRAM/SGRAM with EMRS

3.11.5.2.12 -- Refresh Requirements

3.11.5.2.13 -- MRS/EMRS for Low Power DDR SDRAM

3.11.5.3 -- ESDRAM Specific SDRAM Functions

3.11.5.3.1 -- Read-AutoPrecharge Operation for SDR ESDRAM

3.11.5.3.2 -- Read-AutoPrecharge Operation for DDR ESDRAM

3.11.5.3.3 -- Cache Load Operation for SDR ESDRAM

3.11.5.3.4 -- Cache Load Operation for DDR ESDRAM

3.11.5.3.5 -- No Write Transfer, Mode of Operation for SDR ESDRAM

3.11.5.3.6 -- No Write Transfer, Mode of Operation for DDR ESDRAM

3.11.5.4 -- VCSDRAM Specific SDRAM Functions

3.11.5.4.1 -- Command Table for Virtual Channel SDR SDRAM

3.11.5.4.2 -- Command Table for Virtual Channel DDR SDRAM

3.11.5.4.3 -- Virtual Channel SDR SDRAM Mode Register Architecture

3.11.5.4.4 -- Virtual Channel DDR SDRAM Mode Register Architecture

3.11.5.5 -- DDR2 Specific SDRAM Functions

3.11.5.6 -- GDDR2 Specific SGRAM Functions

3.11.5.7 -- GDDR3 Specific SGRAM Functions
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Page 3.11.5.1 -- 1

Release 9

3.11.5.1 -- General SDRAM Functions
The Standards in this section are general functions that are applicable to both SDR and DDR
SDRAM except where that function is specifically covered for a class of devices in one of the
following sections.

3.11.5.1.1 -- SDRAM FUNCTION TRUTH TABLE
This table defines the interface states required to execute the standard SDRAM operational
functions. The original publication of this standard in Release 4 contained errors that are cor-
rected in Release 5

3.11.5.1.2 -- SDRAM FUNCTION TRUTH TABLE FOR CKE
This table defines the interface states required to execute the standard SDRAM operational
functions with respect to the CKE input. The original publication of this standard in Release 4
contained errors that are corrected in Release 5

3.11.5.1.3 -- SDRAM & SGRAM MODE REGISTER ARCHITECTURE
This standard describes the architecture of the SDRAM & SGRAM internal MODE REGISTER
and the codes that are allowable for use in it. This is applicable to both SDR & DDR devices.

3.11.5.1.4 through 3.11.5.1.17 — SDRAM OPERATIONAL CYCLES AND MODES
The following standards define and describe a number of operational cycles and modes of
SDRAM. They are ordered roughly in the sequence in which they would be used in normal
SDRAM operation.

3.11.5.1.4 -- POWER ON SEQUENCE (RECOMMENDED)
This standard gives a recommended power, clock, and logic--level sequence to be used on power--
up to prevent data bus contention.

3.11.5.1.5 -- AUTO PRECHARGE
This standard gives the logic function used to active the AUTO--PRECHARGE function.

3.11.5.1.6 -- PRECHARGE ALL BANKS
This standard gives the logic function used to activate the PRECHARGE--ALL--BANKS function.

3.11.5.1.7 -- MODE REGISTER WRITE TIMING
This standard defines the logic sequence and timing required to write into the MODE REGISTER.

3.11.5.1.8 -- AUTO REFRESH
This standard defines the logic state and interface sequence required to perform an AUTO RE-
FRESH

3.11.5.1.9 -- WRITE LATENCY
This standard defines WRITE LATENCY and illustrates it with a timing diagram.

3.11.5.1.10 -- DQM LATENCY FOR READS AND WRITES
In this standard DQM LATENCY is defined and the relationships between the DQM signal and the
interface data for READs and WRITEs is defined and shown in timing diagrams.

3.11.5.1.11 -- PRECHARGE TIMING FOR READS
This standard describes the relationship between the assertion of a PRECHARGE command and
data out from a READ command.

3.11.5.1.12 -- COLUMN ADDRESS TO COLUMN ADDRESS DELAY
This standard defines constraints imposed on the CA to CA delay and illustrates them with a timing
diagram.

3.11.5.1.13 -- CKE TIMING FOR POWER DOWN
This standard describes the interface sequence required to place the SDRAM into the POWER--
DOWN state using CKE.

3.11.5.1.14 -- CKE TIMING FOR CLOCK SUSPEND
This standard describes the interface timing sequence when CKE is used to suspend the clock.
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3.11.5.1.15 -- SELF REFRESH ENTRY AND EXIT
This standard defines the logic states and timing sequence used to enter and exit the SELF--RE-
FRESH mode.

3.11.5.1.16 -- Burst Stop/Burst Terminate Command for SDRAMs/SGRAMs
The Burst Stop [also called “Burst Terminate”] command (BST) is an optional feature for
SDRAM/SGRAM. If the Burst Stop command is included in an SDRAM or SGRAM, this section
defines the functionality that is required.

3.11.5.1.17 -- Full Page Burst Mode for SDRAM/SGRAM
Full page burst mode is an optional feature for SDRAM/SGRAM. If full page burst mode is in-
cluded in an SDRAM or SGRAM, this section gives the required functionality.

3.11.5.1.18 -- Burst Stop/Burst Terminate Command for SDRAMs/SGRAMs
The Burst Stop [also called “Burst Terminate”] command (BST) is an optional feature for
SDRAM/SGRAM. If the Burst Stop command is included in an SDRAM or SGRAM, this section
defines the functionality that is required.
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Release 4c5r9

3.11.5.1.1 -- SDRAM FUNCTION TRUTH TABLE

CURRENT
STATE

S RE CE W An 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
BA
BA, CA
BA, RA
BA, A10
X
Op--code

NOP
NOP
ILLEGAL2

ILLEGAL2

Row (& Bank) active; Latch Row Address
NOP4

Auto--Refresh5

Mode Register 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
BA, CA, A10
BA, CA, A10
BA, RA
BA, A10
X

NOP
NOP
Begin Read; Latch CA; Determine AP7

Begin Write; Latch CA; Determine AP7

ILLEGAL2

Precharge8

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
BA
BA, CA, A10
BA, CA, A10
BA, RA
BA, A10
X

NOP (Continue Burst to End;=Row Active) 6

NOP(Continue Burst to End;⇒Row Active)6
RESERVED (Term. Burst);⇒Row Active
Term Burst, New Read, Determine AP3

Term Burst, Start Write, Determine AP3, 7

ILLEGAL2

Term Burst, Precharge Timing for Reads
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
BA
BA, CA, A10
BA, CA, A10
BA, RA
BA, A10
X

NOP(Continue Burst to End;⇒Row Active)6
NOP(Continue Burst to End;⇒Row Active)6
RESERVED (Term Burst);⇒Row Active
Term Burst, Start Read, Determine AP3, 7

Term Burst, New Write, Determine AP3

ILLEGAL2

Term Burst, Precharge3

ILLEGAL

READ
with
AUTO
Precharge

H
L
L
L
L
L
L

X
H
H
H
H*
L
L

X
H
H
L
L
H
L

X
H
L
H
L
X
X

X
X
BA
BA, CA, A10
X
BA, RA, A10
X

NOP (Continue Burst to End;⇒Precharge)6
NOP (Continue Burst to End;⇒Precharge)6
ILLEGAL2

ILLEGAL2

ILLEGAL
ILLEGAL2

ILLEGAL

WRITE
with
AUTO
Precharge

H
L
L
L
L
L
L

X
H
H
H
H
L
L

X
H
H
L
L
H
L

X
H
L
H
L
X
X

X
X
BA
BA, CA, A10
X
BA, RA, A10
X

NOP (Continue Burst to End;⇒Precharge)6
NOP (Continue Burst to End;⇒Precharge)6
ILLEGAL2

ILLEGAL2

ILLEGAL
ILLEGAL2

ILLEGAL

TABLE 3.11.5.1--1

SDRAM FUNCTION TRUTH TABLE
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3.11.5.1.1 -- SDRAM FUNCTION TRUTH TABLE (continued)

CURRENT
STATE S RE CE W An ACTION

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
BA
BA, CA
BA, RA
BA, A10
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
BA *
BA, CA
BA, RA
BA, A10
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
BA
BA, CA
BA, RA
BA, A10
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

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

NOP
NOP
ILLEGAL
ILLEGAL
ILLEGAL

ABBREVIATIONS
RA = Row Address BA = Bank Address Term = Terminate
CA = Column Address AP = Auto Precharge NOP = No Operation
NOTES:
1. All entries assume that CKE was active (HIGH) during the preceeding clock cycle and the current clock cycle.
2. Illegal to bank in specified state; function may be legal in the bank indicated by BA, depending on the state
of that bank.
3. Must satisfy the ”2n--rule”, bus contention, but turn around, and/or write recovery requirements.
4. NOP to bank precharging or in idle state. May precharge bank(s) indicated by BA (and A10).
5. Illegal if any bank is not idle.
ILLEGAL = Device operation and/or data--integrity are not guaranteed
6. If the device is programmed to use full page burst mode, the action is NOP, continue burst.
7. The autoprecharge bit, AP, must be 0 in full page burst mode where the autoprecharge function is illegal
ILLEGAL = Device operation and/or data--integrity are not guaranteed
8. Precharge All Banks determined by state of A10
* Elements of the table that were in error in the first printing of Release 4

TABLE 3.11.5.1--1

SDRAM FUNCTION TRUTH TABLE (Continued)
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3.11.5.1.2 -- SDRAM FUNCTION TRUTH TABLE for CKE

CURRENT
STATE CKEn--1 CKEn S RE CE W An ACTION

Self--
refresh6

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⇒ ABI
EXIT Self--Refresh⇒ ABI
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⇒ABI
EXIT Power Down⇒ABI
ILLEGAL
ILLEGAL
ILLEGAL
NOP(Maintain Low--Power Mode)

All Banks
Idle7

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 Table 1
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 operations Table 1
Begin Clock Suspend next cycle8

Exit Clock Suspend next cycle8

Maintain Clock Suspend.

ABBREVIATIONS
ABI = All Banks Idle
NOTES:

6. CKE Low--to--High transition will re--enable CK 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.
* Elements of the table that were in error in the first printing of Release 4

TABLE 3.11.5.1--2

SDRAM FUNCTION TRUTH TABLE for CKE
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11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 LTMODE BT B. L.

The code shown is reserved
for Test Mode entry.

Notes: * Denotes Reserved for future use
All items in parentheses are optional

JEDEC Standard No. 21--C
Page 3.11.5.1 -- 6

Release 4c7r9

3.11.5.1.3 -- SDRAM & SGRAM Mode Register
This Mode Register is located on the Synchronous DRAM (SDRAM or SGRAM) chip. Its purpose is to store
the mode--of--operation data. This data is written after power--on and before normal operation. The data
contains the Burst Length, the Burst Type, the CAS Latency (Defined separately for SDR and DDR devices),
and whether it is to be operating in Test Mode, or Normal operating mode. During operation, this register (and
therefore operation of the chip) may be changed, according to the requirements of the Mode--Register--Write
Timing diagram. So, while operating in one mode, for example Burst of 4 in sequential addresses; it can
change to Burst of 8 in Interleaved address mode.

SDRAM Mode Register architecture:

Bit #

SDR SDRAM DDR SDRAM

BL BT=0 BT=1 BT=0 or BT=1

0 0 0 (1) (1) R*
0 0 1 2 2 2

BURST 0 1 0 4 4 4

LENGTH 0 1 1 8 8 8LENGTH
1 0 0 R* R* R*
1 0 1 R* R* R*
1 1 0 R* R* R*
1 1 1 R*(FULL PAGE) R* R*

BURST 0 SEQUENTIAL

TYPE 1 INTERLEAVED

CL
SDR CAS
Latency

DDR CAS
Latency

0 0 0 R* R*

LATENCY 0 0 1 R* R*

MODE 0 1 0 2 2

(SDRAM 0 1 1 3 (3)

& 1 0 0 (4) R*

SGRAM) 1 0 1 R* (1.5)

1 1 0 R* 2.5

1 1 1 R* (3.5)

FIGURE 3.11.5.1--1

SDRAM & SGRAM MODE REGISTER ARCHITECTURE
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3.11.5.1.4 -- Power On Sequence (Recommended)

The synchronous nature of the inputs and outputs of the SDRAM device create the possibility that a SDRAM
device could power up in a state with data being driven out of the part, and in a multipart system, such a condi-
tion may cause data contention and possibly device damage in the long term. In an attempt to reduce the
possibility of data contention, both system and device designers should strive toward ensuring a High--Z out-
put state during the initial power up sequence. The following recommended power on sequence is offered
for both system and device designers as a means to help the device power up with the outputs in a High--Z
state.

The default power on value for the mode register is supplier specific and may be undefined.

The default power on value for the device is supplier specific and may be undefined.

The recommended power on sequence is as follows:

1. Apply power and start clock. Attempt to maintain a NOP condition at the inputs
2. Maintain stable power, stable clock, and NOP input conditions for a minimum of 200 mS.
3. Issue precharge commands for all banks of the device.
4. Issue 8 or more autorefresh commands.
5. Issue a mode register set command to initialize the mode register.

The device is now in the IDLE state and is ready for normal operation.

3.11.5.1.5 -- Auto Precharge

The user may specify that the bank currently being accessed precharge itself as soon as the burst is com-
pleted. This is done using address bit AP during the column address cycle. The following table defines the
options available from AP during the column address portion of any cycle.

AP Option

0 Do not auto precharge, leave bank active at end of burst.

1 Auto precharge bank specified by BA at end of burst.

The user must wait until the precharge is completed before issuing another command to the device. Timing
for auto precharge is required to be the same as or less than the minimum requirement of external precharge.

The Autoprecharge Bit, AP, must be 0 in full page burst mode where the autoprecharge function is illegal.

The autoprecharge function is not allowed in full page burst mode since the end of the burst is indefinite.
Therefore the autoprecharge bit, AP, is ignored during read or write commands if the mode register is set
to full page burst mode.

3.11.5.1.6 -- Precharge All Banks

The user may specify, during a precharge command, whether to precharge only the specified bank or to pre-
charge all banks. BA is used to specify the bank to be precharge, and AP is used to indicate the precharge
option. The following table defines the options available from AP during the precharge cycle.

PA Option

0 Precharge bank specified by BA

1 Precharge All banks
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3.11.5.1.7 -- Mode Register Write Timing

The Mode Register Set Cycle is initiated by holding the S, RE, CE, and W signals low at the clock rising edge.
The address lines at the same clock edge contain the mode register set opcode and the valid mode informa-
tion to be written into the mode register. A mode register set cycle can be followed by a new command in
no less than 3 clock cycles as illustrated in the diagram below.

S

RE

CE

W

An
Mode
Data

NOP NOP

Mode Register
Set Command

New Command can
occur here or later

All Banks Idle

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.8 -- Auto Refresh

AutoRefresh is an operation that initiates a single refresh cycle for an SDRAM, but that once initiated, is com-
pleted by internal control in the device with the refresh address being supplied by an internal register in the
device. Before performing an Autorefresh, all banks of the device must be precharged (IDLE). Autorefresh
is entered by asserting RE and CE on the same clock cycle. All banks will automatically precharge at the
end of the refresh cycle. Additional commands must not be supplied to the device during the minimum refresh
time specified. The following timing diagram illustrates the refresh cycle requirements.

An

S

RE

CE

W

New Command can occur here

NOP NOP NOP

Autorefresh
Command

All Banks
Idle

tRC -- Supplier Specific Minimum Time

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.9 -- Write Latency
(Write Latency = 0)

Write Latency for SDR Synchronous DRAM shall be as defined as the clock cycle difference between the
clock where write command and collumn address are asserted and the clock where first data to be written
is asserted.

An ROW

S

RE

CE

W

DATA

COL

D0 D1 D2 Dn

Last word of Burst

Supplier Specific
Absolute time to
External Precharge

trcd

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.10 -- DQM Latency for Reads and Writes
(DQM Write Latency = 0)

DQM is a multiple--function signal defined as the data mask for both reads and writes. During reads, DQM
performs synchronous output enable. During writes, DQM performs write data masking. The requirement
for high--speed operation, and the synchronous nature of SDRAM devices requires that DQM latency be dif-
ferent for reads than it is for writes.

For Reads, DQM latency is defined as the difference between the clock when DQM is asserted and the clock
when the output bus has been forced to High--Z. The following timing diagram illustrates the standard of 2
clocks.

Q0 Q1 Q3 Q5 Q6 Q7

DQM

DATA

Note: Clock Low--to--high transitions occur at the dotted lines.

For Writes, DQM latency is defined as the difference between the clock when DQM is asserted and the clock
when the write input data is inhibited. The following timing diagram illustrates the standard of 0 clocks.

D1 D3 D5 D6 D7

DQM

DATA D4

Write Does
not Occur

Write Does
not Occur

Write Does
Occur

Write Does
Occur

Write Does
Occur

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.11 -- Precharge Timing for Reads

The assertion of the precharge command has a direct relationship to the timing of data out for a read cycle.
For a CE latency of 1, the minimum requirements is that the precharge command will be allowed to coincide
with output of the last data from a bu;rst regardless of burst length. For a CE latency greater than 1, the mini-
mum requirement is that the precharge command will be allowed to coincide with output of the next--to--last
data from a burst, regardless of burst length, without interrupting burst data. The following timing diagrams
illustrate the requirements.

CKE

DATA

For CE Latency > 1

For CE Latency = 1

D1 DnD0 Dn--1 n = (Burst Length --1)

PRE

PRE

PRE = Precharge Command as
defined by S, RE, CE, & W
and Address

Last word of burst

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.12 -- Column Address to Column Address Delay

The minimum column--address--to--column--address delay time, for page mode accesses, is two clock
cycles, independent of operating frequency.

For interrupted bursts, column addresses must, at a minimum, follow the ”2n rule” while a read or write burst
is in progress. 2n rule: after the initial read or write command, a new column address can be presented to
the device every other clock cycle. That is, if the initial read--or--write command occured on an odd clock
cycle, the new column addresses must presented on an odd clock cycle while the burst is in progress.

After the burst is completed, the 2n rule no longer applies, and a new column address may be presented to
the device on any clock cycle. Essentially the 2n rule remains in effect for (CE Latency + burst length) clock
cycles for reads and (write recovery + burst length) clock cycles for writes.

An ROW

S

RE

CE

COL

trcd

COL

The 2n rule requires an even number of clock
cycles regardless of frequency

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.13 -- CKE Timing for Power Down

CKE is defined as the clock--enable signal and actually has the dual purpose of also being the signal that puts
an SDRAM into a low power state. Using CKE to enter the low power state can only be performed while all
internal banks of the device are precharged (IDLE). If all internal banks have been precharged, then CKE
is used to gate the input buffers of the device. During power down the device is not refreshed. Therefore
the minimum refresh specification still applies during power down. The following timing diagram illustrates
power down mode.

CKE

Command NOPNOPNOP

Supplier specific
Minimum Time

New Command
Accepted Here

All Banks
Idle

As defined by
S, RE, CE, W,
and Address

Cannot Violate Minimum Refresh Specification

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.14 -- CKE Timing for Clock Suspend

The following timing diagram is shown for CKE when 1 or more banks of the device are active. The effect
on read data, write data, and command are all shown on the same diagram for reference only. The clock may
be suspended for one or more clock cycles.

External
Clock,

CK

CKE

Internal
Clock

Read

DATA

or

Write

DATA

Q0 Q1 Q2 Q3 Q4 Q5

D0 D1 D2 D3 D4 D5

Command

ignored

Write Inhibited

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.15 -- Self--Refresh Entry and Exit

In self refresh mode, the device refreshes itself without outside intervention. While the device is in self--re-
fresh mode, CKE is the only enabled input to the device. All other inputs including the clock are disabled and
any input is ignored. Self--refresh mode is entered by precharging all banks and then inserting an auto--re-
fresh command with CKE low. Exit from self--refresh mode is accomplished by starting the clock and then
asserting CKE. NOP commands must be asserted for a supplier--specified minimum period, which must in-
clude 3 clocks, to allow the device to return to the IDLE state.

External
CK

CKE

S

RE

CE

W

An

NOP NEW COMMAND CAN
OCCUR HERE

SELF REFRESH
EXIT

SELF REFRESH
ENTRY

ALL BANKS IDLE

Supplier Specific
Minimum Time

STABLE CLOCK
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3.11.5.1.16 -- Burst Stop/Burst Terminate Command for SDRAMs/SGRAMs
The Burst Stop [also called “Burst Terminate”] command (BST) is an optional feature for
SDRAM/SGRAM. If the Burst Stop command is included in an SDRAM or SGRAM, the following
functionality is required:

1. BST applies to all burst lengths, including the optional full page burst length when included.

2. BST is not a valid command during read or write with autoprecharge
3. When terminating a burst read command, the BST command must be issued n clock cycles before

the clock edge at which the last desired data word is valid, where n equals the CAS latency for read
operations minus 1. This is shown in Figure 3-1 with examples for CAS latency 1, 2 and 3 (higher
CAS latencies follow the same pattern).

C0

CK

C1 C2 C3 C4 C5 C6 C7

CMD Read BST

DQ Q1 Q2
CAS Latency = 1
DQ Q1 Q2
CAS Latency = 2
DQ Q1 Q2

In this example, the Burst Length = 4 or higher.

Q3

Q3

Q3

Hi-Z

Hi-Z

Hi-Z

CAS Latency = 3

Figure -1: Terminating a Burst Read Command with BST

4. When terminating a burst write command, the BST command must be issued one clock after the
clock edge which samples the last word of data that is required to be written into the memory. The
DQM input(s) must be high for the clock edge that is coincident with the BST command. Input data
on the DQ pins for the clock edge that is coincident with the BST command is ignored. Input data on
the DQ pins for the clock edges after the BST command is also ignored unless a new write command
is issued. This is shown in Figure 4-1.

C0

CK

C1 C2 C3 C4 C5 C6 C7

DQM

Write BST

DQ Q1 Q2
CAS Latency = n

In this example, the Burst Length = 4 or higher.

Q3
Do not care - Data ignored

CMD

Figure --2: Terminating a Burst Write Command with BST

Note: Clock Low--to--high transitions occur at the dotted lines.
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3.11.5.1.17 -- Full Page Burst Mode for SDRAM/SGRAM
Full page burst mode is an optional feature for SDRAM/SGRAM. If full page burst mode is included in an
SDRAM or SGRAM, the following functionality is required:
1. Full page burst operations (read or write) do not self terminate once the burst length has been

reached. In other words, unlike burst lengths of 2, 4 or 8, full page burst mode continues until it is
terminated using another command. During full page burst mode, once the highest order column
address is accessed, the count “wraps around” to column address 0 and continues.

2. A full page burst sequence can be terminated by a BST (burst stop command which is also an
optional feature), a PRE (Precharge Command), a PREALL (Precharge all banks command) or
another full page burst read or write command.

D BST is an optional feature on SDRAMs/SGRAMs. BST will terminate the burst sequence, but
will not cause the device to precharge the accessed bank (i.e., the bank remains active).
Additional read or write commands can be executed while the bank is active. A subsequent PRE
command is used to return the selected bank to the idle state (row precharge time must be
satisfied). A subsequent PREALL command is used to return all banks to the idle state (row
precharge time must be satisfied).

D PRE will terminate the burst sequence and will initiate a precharge operation which returns the
selected bank to the idle state (row precharge time must be satisfied).

D PREALL will terminate the burst sequence and will initiate a precharge operation which returns all
banks to the idle state (row precharge time must be satisfied)

D Read/write interrupt of the full page burst will cause the present burst sequence to terminate and
initiates a new read/write full page burst sequence with a new starting address.

3. Full page burst mode with autoprecharge, AP, is not a legal command. The AP bit must be zero for
full page burst read or write commands
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3.11.5.1.18 -- Deep Power Down Mode

Deep Power Down Mode is an operating mode that is used to achieve maximum power reduction by cutting
the power of the whole memory array of the devices. Data will not be retained once the device has entered
into Deep Power Down Mode. Full initialization is required when the device exits from Deep Power Down
Mode.

Truth Table
Current State Command CKEn-1 CKEn CS RAS CAS WE

Idle Deep Power
Down Entry

H L L H H L

Deep Power
Down

Deep Power
Down Exit

L H x x x x

x: don’t care

The deep power down mode is continued while CKE is kept low.

Deep Power Down Mode Entry
The deep power down mode is entered by having CS and WE held low with RAS and CAS high at the
rising edge of the clock, while CKE is low. The following timing diagram illustrates deep power down
mode entry.

CLK

CKE

CS

RAS

CAS

WE

tRP

Precharge
if needed

Deep Power Down entry
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Deep Power Down Mode Exit Sequence

The deep power down mode is exited by asserting CKE high.

After the exit, the following sequence is needed to enter a new command.

1. Maintain NOP input conditions for a minimum of 200µsec.
2. Issue precharge commands for all banks of the device.
3. Issue 8 or more autorefresh commands.
4. Issue a mode register set command to initialize the mode register.
5. Issue an extended mode register set command to initialize the extended mode register.

The following timing diagram illustrates the deep power down mode exit sequence.

CLK

CKE

CS

RAS

CAS

WE

tRP

All banks

200ms

AutoDeep Power Down Auto

tRC

Mode
exit precharge refresh refresh Register

Set

Extended
Mode
Register

Set

New
Command
Accepted

Here

XILINX EXHIBIT 1015 
Page 48



JEDEC Standard No. 21--C
Page 3.11.5.2 -- 1

Release 9r12r13

3.11.5.2 -- DDR Specific SDRAM Functions
TheStandards in this section are special functions that are applicable to DDR SDRAMexcept
where that function specifically defines another class of device for which it is applicable.

3.11.5.2.1 -- Bi--Directional DQS for DDR SDRAM
ToenableDoubledDataRate and the control of that data inDDRSDRAMs, a signal to be identi-
fied by the labelDQSwill be added to theexisting definition of theSDRAM. This section defines
the timing relationships of the DQS signal.

3.11.5.2.2 -- Differential Clock for DDR SDRAMs & SGRAMs
A pin will be added to the definition of DDR SDRAM devices whose polarity will be inverted to
that of CK and labeled CK\ or CK. That pin along with CKmust be used to supply a differential
clock to the DDR SDRAM devices.

3.11.5.2.3 -- Read Interrupting a Write Operation for DDR SDRAMs/SGRAMs
The following functionality establishes how a Read command may interrupt a Write burst and
which input data is not written into the memory.

3.11.5.2.4 -- Write Interrupting a Read Operation for DDR SDRAMs/SGRAMs
The following functionality establishes how a Write command may interrupt a Read burst.

3.11.5.2.5 -- Precharge Timing for Reads for DDR SDRAMs/SGRAMs
When a burst Read command is issued to a DDR SDRAM/SGRAM, a Precharge command
may be issued to the same bank before the Read burst is complete. The following functionality
determines when a Precharge command may be given during a Read burst and when a new
Bank Activate command may be issued to the same bank.

3.11.5.2.6 -- Precharge Timing for Writes for DDR SDRAMs/SGRAMs
Precharge timing forWrite operations in DRAMs requires enough time to allow “write recovery”
which is the time required by a DRAM core to properly store a full “0” or “1” level before a Pre-
charge operation. For DDR SDRAM/SGRAM, a timing parameter, tWR, is used to indicate the
required amount of timebetween the last validwrite operation andaPrecharge command to the
same bank.

3.11.5.2.7 -- Burst Stop Command for DDR SDRAMs/SGRAMs
TheBurst Stop [also called “Burst Terminate”] command (BST) is amandatory feature forDDR
SDRAMs/SGRAMs. This section describs the required functionality.

3.11.5.2.8 -- DDR SDRAM/SGRAM Full Sequential Burst Ordering
This section gives, for DDR SDRAM & SGRAM, Y address ordering that is supported for se-
quential burst lengths (BL) of 2, 4, and 8:

3.11.5.2.9 -- DDR SDRAM DQS Coincident with Data
The timing of the signal DQS relative toRead Data from the DDR SDRAM device is giving.

3.11.5.2.10 -- Extended Mode Register Set for DDR SDRAM / SGRAM.
Extended mode register address space is provided by defining non-zero Bank address(s) for
accesses that otherwise conform to the Mode Register Set (MRS) cycle. These Extended
Mode Register Set cycles (EMRS) can be implemented as needed for function extensions to
the standard.

3.11.5.2.11 -- DLL Enable/Disable Mode for DDR SDRAM/SGRAM with EMRS
This section defines theDLLdisable/enable bit in theExtendedModeRegister.

3.11.5.2.12 -- Refresh Requirements
This section provides the precise definition of the refresh requirements.

3.11.5.2.13 -- MRS/EMRS for Low Power DDR SDRAM
This section provides theModeRegister Set and ExtemdedModeRegister Set
definition for Low Power DDR SDRAM.
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3.11.5.2.1 -- Bi--Directional DQS for DDR SDRAM

To enable Doubled Data Rate and the control of that data in DDR SDRAMs, a signal to be identified
by the label DQS will be added to the existing definition of the SDRAM.

Driven by the DDR SDRAM during output of Read data, and Driven by the Memory Controller during
input of Write data, the rising and falling edges of that signal (DQS) will indicate the output of Read
Data and the input of Write Data on the data output and input pins (DQ) of DDR SDRAM.

(Read followed by Write)

CK

Command

DQ

DQS

R W

D0 D1 D3D2Q0 Q1 Q3Q2

Bi--directional Data Strobe (DQS)

Example of BASIC WRITE TIMING (@DQS)

CLK

Ctrl &
Addr.

tIS
tCL

tIH

Valid Data

tCK

Data In

Data
Strobe In

tSIH tSIL

tDS tDH tDS tDH

tDQSS

tCH

Bi--Directional Data Strobe (DQS)
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3.11.5.2.2 -- Differential Clock for DDR SDRAMs & SGRAMs

A pin will be added to the definition of DDR SDRAM devices whose polarity will be inverted to that of CK
and labeled CK\ or CK. That pin along with CK must be used to supply a differential clock to the DDR
SDRAM devices. The slew rates, and recommended terminations will be defined in subsequent
standards. The voltage levels are defined in Section 3.11.6 for which standards have been published.

C0

CK

C1 C2 C3 C4 C5 C6 C7

CK

Differential Clock timing relationship (for reference only)

3.11.5.2.3 -- Read Interrupting a Write Operation for DDR SDRAMs & SGRAMs

The following functionality establishes how a Read command may interrupt a Write burst and which input
data is not written into the memory.

1. For Read commands interrupting a Write burst, the minimum Write to Read command delay is 2
clock cycles. The case where the Write to Read delay is 1 clock cycle (refer to Figure 1) is
disallowed.

2. For Read commands interrupting a Write burst, the DM pin must be used to mask the input data
words which immediately precede the interrupting Read operation and the input data word which
immediately follows the interrupting Read operation as shown in Figures 2 and 3.

3. For all cases of a Read interrupting a Write, the DQ and DQS buses must be released by the driving
chip (i.e., the memory controller) in time to allow the buses to turn around before the
SDRAM/SGRAM drives them during a read operation.

4. If input Write data is masked by the Read command, the DQS input is ignored by the
SDRAM/SGRAM.

5. It is illegal for a Read command to interrupt a Write with autoprecharge command.

C0

CK, CK

C1

CMD Write

C2

Read

DISALLOWED

Figure 1: Read Interrupting a Write - Write to Read Delay = 1 Clock Cycle
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3.11.5.2.3 (Cont) -- Read Interrupting a Write Operation for DDR SDRAMs & SGRAMs
C0

CK, CK

C1

CMD Write

DQ D3D2D1

C2 C3 C4 C5

Read

Hi-Z

C6 C7

DM

DQS

Q3 Q4Q2Q1

Hi-Z

Hi or Low

tDQSS

Data Masked by Read Command

CL

In this example, the Burst Length = 4 and the operations are not necessarily to the same bank.

Hi-Z

Hi-Z

Driving chip releases DQ and DQS buses
in time to turn around the buses.

D4

Data Masked by DM

Figure 2: Read Interrupting a Write - Write to Read Delay = 2 Clock Cycles

C0

CK, CK

C1

CMD Write

DQ D3D2D1

C2 C3 C4 C5

Read

Hi-Z

C6 C7

DM

DQS

Q3 Q4Q2Q1

Hi-Z

Hi or Low

tDQSS

CL

In this example, the Burst Length = 4 and the operations are not necessarily to the same bank.

Hi-Z

Hi-Z

Driving chip releases DQ and DQS buses
in time to turn around the buses.

D4

Data Masked by DM

Hi-Z

Hi-Z

Figure 3: Read Interrupting a Write - Write to Read Delay = 3 Clock Cycles
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3.11.5.2.4 -- Write Interrupting a Read Operation for DDR SDRAMs/SGRAMs
The following functionality establishes how a Write command may interrupt a Read burst.
1. For Write commands interrupting a Read burst, a Burst Terminate command is required to stop the

read burst and tristate the DQ bus prior to valid input write data. Once the Burst Terminate command
has been issued, the minimum delay to a Write command = RU(CL) [CL is the CAS Latency and RU
means round up to the nearest integer]. Refer to Figures 1 and 2.

2. It is illegal for a Write command to interrupt a Read with autoprecharge command.

C0

CK, CK
C1

CMD Read

DQ D3 D4

C2 C3 C4 C5

Write

Hi-Z

C6 C7

DM

DQS Hi-Z

Hi or Low

DQ bus turn around time

CL

Read burst terminated by BST
In this example, the Burst Length = 4, CL=2, RU(CL) = 2 and the Read & Write

BST

LBST

operations are not necessarily to the same bank.

Hi-Z

DQS turn around time

Hi-Z

BST to Write Latency = RU(CL) tDQSS

D2D1Q2Q1

Figure 1: Write Interrupting a Read Burst (CAS Latency, CL, = X.0)
C0

CK, CK
C1

CMD Read

DQ D3 D4D2D1

C2 C3 C4 C5

Write

Hi-Z

C6 C7

DM

DQS

Q2Q1

Hi-Z

Hi or Low

BST to Write Latency = RU(CL)

DQ bus turn around time

CL

Read burst terminated by BST

In this example, the Burst Length = 4, CL=2.5, RU(CL) = 3 and the Read & Write

BST

operations are not necessarily to the same bank.

Hi-Z

DQS turn around time

Hi-Z

tDQSS

LBST

Figure 2: Write Interrupting a Read Burst (CAS Latency, CL, = X.5)
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3.11.5.2.5 -- Precharge Timing for Reads for DDR SDRAMs/SGRAMs

When a burst Read command is issued to a DDR SDRAM/SGRAM, a Precharge command may be
issued to the same bank before the Read burst is complete. The following functionality determines when
a Precharge command may be given during a Read burst and when a new Bank Activate command may
be issued to the same bank.

1. For the earliest possible Precharge command without interrupting a Read burst, the Precharge
command may be given on the rising clock edge which is CL clock cycles before the end of the Read
burst where CL is the CAS Latency. A new Bank Activate command may be issued to the same
bank after tRP (RAS Precharge time). Refer to Figure 1.

3. When a Precharge command interrupts a Read burst operation, the Precharge command may be given
on the rising clock edge which is CL clock cycles before the last data from the interrupted Read burst
where CL is the CAS Latency. Once the last data word has been output, the output buffers are set to
the Hi--Z state. A new Bank Activate command may be issued to the same bank after tRP. Refer to
Figure 2.

4. For a Read with autoprecharge command, a new Bank Activate command may be issued to the
same bank after tRP where tRP begins on the rising clock edge which is CL clock cycles before the
end of the Read burst where CL is the CAS Latency. During Read with autoprecharge, the initiation
of the internal precharge occurs at the same time as the earliest possible external Precharge
command would initiate a precharge operation without interrupting the Read burst as described in 1
above. Refer to Figure 3.

5. For all cases above, tRP is an analog delay that needs to be converted into clock cycles. The
number of clock cycles between a Precharge command and a new Bank Activate command to the
same bank equals tRP/tCK (where tCK is the clock cycle time) with the result rounded up to the
nearest integer number of clock cycles. (Note that rounding to X.5 is not possible since the
Precharge and Bank Activate commands can only be given on a rising clock edge).

5. In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to
Precharge time] has been satisfied. This includes Read with autoprecharge commands where
tRAS(min) must still be satisfied such that a Read with autoprecharge command has the same timing
as a Read command followed by the earliest possible Precharge command which does not interrupt
the burst.
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3.11.5.2.5 (cont) -- Precharge Timing for Reads for DDR SDRAMs/SGRAMs

C0

CK, CK
C1

CMD Read

In these examples, the Burst Length=N (N=4 or 8, if N=2, only the last 2 data words shown are output).

DQS

CL=X.0

PRE

In these examples, all operations are to the same bank.

End of the Read Burst.

C2 C3 C4 C5

Earliest possible Precharge Command without terminating the Burst.

ACT
tRP

CL

C0

CK, CK

C1

CMD Read

DQ

CL=X.5

PRE

QN-1 QNQN-2QN-3

C2 C3 C4

ACT

CL

Earliest possible ACT Command

End of the Read Burst.

Earliest possible Precharge Command without terminating the Burst. Earliest possible ACT Command

tRP

Hi-Z

Hi-Z

(A) Precharge Timing for Reads - Burst Not Interrupted - CL=X.0

(B) Precharge Timing for Reads - Burst Not Interrupted - CL=X.5

DQ QN-1 QNQN-2QN-3

Hi-Z

DQS Hi-Z

Figure 1: Precharge Timing for Reads - Burst Not Interrupted
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3.11.5.2.5 (cont) -- Precharge Timing for Reads for DDR SDRAMs/SGRAMs

C0

CK, CK

C1

CMD Read

In these examples, the Burst Length=N (N=4 or 8).

DQ

CL=X.0

PRE

In these examples, all operations are to the same bank.

Read Burst terminated.

Q-1 QQ-2Q-3

C2 C3 C4 C5

Precharge Command which terminates the Burst.

ACT
tRP

CL

C0

CK, CK

C1

CMD Read

DQ

CL=X.5

PRE

Q-1 QQ-2Q-3

C2 C3 C4

ACT

CL

Earliest possible ACT Command

Earliest possible ACT Command

tRP

Hi-Z

Hi-Z

Read Burst terminated.

Precharge Command which terminates the Burst.

(A) Precharge Timing for Reads - Burst Interrupted - CL=X.0

(B) Precharge Timing for Reads - Burst Interrupted - CL=X.5

DQS Hi-Z

DQS Hi-Z

Figure 2: Precharge Timing for Reads - Burst Interrupted
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3.11.5.2.5 (cont) -- Precharge Timing for Reads for DDR SDRAMs/SGRAMs

C0

CK, CK

C1

CMD RDA

In these examples, the Burst Length=N (N=4 or 8, if N=2, only the last 2 data words shown are output).

DQ

CL=X.0

In these examples, all operations are to the same bank.

End of the Read Burst.

QN-1 QNQN-2QN-3

C2 C3 C4 C5

Autoprecharge begins.

ACT
tRP

CL

C0

CK, CK

C1

CMD RDA

DQ

CL=X.5

QN-1 QNQN-2QN-3

C2 C3 C4

ACT

CL

Earliest possible ACT Command

End of the Read Burst.

Earliest possible ACT Command

tRP

Hi-Z

Hi-Z

Autoprecharge begins.

(A) Precharge Timing for Reads - Read with Autoprecharge - CL=X.0

(B) Precharge Timing for Reads - Read with Autoprecharge - CL=X.5

DQS Hi-Z

DQS Hi-Z

Figure 3: Precharge Timing for Reads - Read with Autoprecharge
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3.11.5.2.6 -- Precharge Timing for Writes for DDR SDRAMs/SGRAMs
Precharge timing for Write operations in DRAMs requires enough time to allow “write recovery” which is
the time required by a DRAM core to properly store a full “0” or “1” level before a Precharge operation.
For DDR SDRAM/SGRAM, a timing parameter, tWR, is used to indicate the required amount of time
between the last valid write operation and a Precharge command to the same bank.
The precharge timing for writes is a complex definition since the write data is sampled by the data strobe
and the address is sampled by the input clock. Inside the SDRAM/SGRAM, the data path is eventually
synchronized with the address path by switching clock domains from the data strobe clock domain to the
input clock domain. This makes the definition of when a precharge operation can be initiated after a write
very complex since the write recovery parameter must reference only the clock domain that is used to
time the internal write operation, i.e., the input clock domain.
tWR starts on the rising clock edge after the last possible DQS edge that strobed in the last valid data
and ends on the rising clock edge that strobes in the precharge command.
1. For the earliest possible Precharge command following a Write burst without interrupting the burst,

the minimum time for write recovery is defined by tWR. Refer to Figure 1.
2. When a precharge command interrupts a Write burst operation, the data mask pin, DM, is used to

mask input data during the time between the last valid write data and the rising clock edge on which
the Precharge command is given. During this time, the DQS input is still required to strobe in the
state of DM. The minimum time for write recovery is defined by tWR. Refer to Figure 2.

3. For a Write with autoprecharge command, a new Bank Activate command may be issued to the
same bank after tWR+tRP where tWR+tRP starts on the falling DQS edge that strobed in the last
valid data and ends on the rising clock edge that strobes in the Bank Activate command. During
write with autoprecharge, the initiation of the internal precharge occurs at the same time as the
earliest possible external Precharge command without interrupting the Write burst as described in 1
above. Refer to Figure 3.

4. In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to
Precharge time] has been satisfied. This includes Write with autoprecharge commands where
tRAS(min) must still be satisfied such that a Write with autoprecharge command has the same timing
as a Write command followed by the earliest possible Precharge command which does not interrupt
the burst.

C0

CK, CK
C1 C2 C3 C4 C5 C6 C7

CMD Write

DM

D1

In this example, the Burst Length = 4.

D2DQ

tWR

PRE

In this example, all operations are to the same bank.

D3 D4

DQS

Rising CK edge after last valid DQS edge

Figure 1: Precharge Timing for Writes - Burst Not Interrupted
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3.11.5.2.6 (cont.) -- Precharge Timing for Writes for DDR SDRAMs/SGRAMs
C0

CK, CK

C1 C2 C3 C4 C5 C6 C7

CMD Write

DM

D1

In this example, the Burst Length = 4 or 8.

1 or 0DQ

tWR

Write Data masked by DM between

PRE

Write Data Masked

In this example, all operations are to the same bank.

DQS
Rising CK edge after last valid DQS edge

Last Valid Data

last valid data and PRE Command by PRE command

D2

Figure 2: Precharge Timing for Writes - Burst Interrupted
C0

CK, CK

C1 C2 C3 C4 C5 C6 C7

CMD Write

DM

D1

In this example, the Burst Length = 4.

D2DQ

tWR

ACT

In this example, all operations are to the same bank.

D3 D4

Autoprecharge begins.

tRP

Earliest possible ACT Command

DQS

Last Valid Data.

Rising CK edge after last valid DQS edge

Figure 3: Precharge Timing for Writes - Write With Autoprecharge

XILINX EXHIBIT 1015 
Page 59



JEDEC Standard No. 21--C
Page 3.11.5.2 -- 12

Release 9

3.11.5.2.7 -- Burst Stop Command for DDR SDRAMs & SGRAMs
The Burst Stop [also called “Burst Terminate”] command (BST) is a mandatory feature for DDR
SDRAMs/SGRAMs. The following functionality is required:

1. The BST command may only be issued on the rising edge of the input clock, CK.

2. BST is only a valid command during Read bursts.

3. BST during a Write burst is undefined and shall not be used.

4. BST applies to all burst lengths.

5. BST is an undefined command during Read with autoprecharge and shall not be used.

6. When terminating a burst Read command, the BST command must be issued LBST (“BST Latency”)
clock cycles before the clock edge at which the output buffers are tristated, where LBST equals the
CAS latency for read operations. This is shown in Figure 1 with examples for CAS latency (CL) of
1.5, 2, 2.5, 3 and 3.5 (only selected CAS latencies are required by the DDR SDRAM/SGRAM
standards, the others are optional).

7. When the burst terminates, the DQ and DQS pins are set to a Hi--Z state.
8. The BST command is not byte controllable and applies to all bits in the DQ data word and the(all)

DQS pin(s).
9. The Bank Addresses are don’t care (i.e., high or low) on the clock edge that samples a Burst Stop

Command
C0

CK, CK

C1 C2 C3 C4 C5 C6 C7

CMD

DQS

Q1

CL=1.5

In this example, the Burst Length = 4 or 8.

Burst Terminates

Q2DQ
CL=1.5

Hi-Z

DQS

Q1

CL=2

Hi-Z
Q2DQ

CL=2
Hi-Z

DQS

Q1

CL=2.5

Hi-ZQ2DQ
CL=2.5

Hi-Z

DQS

Q1

CL=3

Hi-ZQ2DQ
CL=3

Hi-Z

DQS

Q1

CL=3.5

Hi-ZQ2DQ
CL=3.5

Hi-Z

CL=1.5

CL=2

CL=2.5

CL=3

CL=3.5

Hi-Z

Burst Terminates

Burst Terminates

Burst Terminates

Burst Terminates

LBST = CL

LBST = CL

LBST = CL

LBST = CL

LBST = CL

Read BST

Figure 1: Terminating a DDR SDRAM/SGRAM Read Burst with BST
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3.11.5.2.8 -- DDR SDRAM & SGRAM Full Sequential Burst Ordering

For DDR SDRAM & SGRAM, the following ordering is supported for sequential burst
lengths (BL) of 2, 4, and 8:

BL = 2 BL = 4 BL = 8

0, 1 0, 1, 2, 3 0, 1, 2, 3, 4, 5, 6, 7
1, 0 1, 2, 3, 0 1, 2, 3, 4, 5, 6, 7, 0

2, 3, 0, 1 2, 3, 4, 5, 6, 7, 0, 1
3, 0, 1, 2 3, 4, 5, 6, 7, 0, 1, 2

4, 5, 6, 7, 0, 1, 2, 3
5, 6, 7, 0, 1, 2, 3, 4
6, 7, 0, 1, 2, 3, 4, 5
7, 0, 1, 2, 3, 4, 5, 6

The numbers in the tables are the decimal equivalents of the LSBs (1 bit for BL=2,
2 bits for BL=4, & 3 bits for BL=8) of the Y -- address.

3.11.5.2.9 -- DDR DQS Coincident with Data

The signal DQS shall be coincident with Read Data from the DDR SDRAM device. The timing
diagram below shows the nominal relationship between data and DQS for read data at the output of
the DDR SDRAM devices.

CK

Clock

CMD

DQS

DQ

(External)

Read

Example at
CL=2.5

(Output)

Hi--ZHi--Z
Low Low High

(Internal or
Differential)
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3.11.5.2.10 -- Extended Mode Register Set (EMRS) for DDR SDRAM/SGRAM

D Extended mode register address space is provided by defining non-zero Bank address(s) for ac-
cesses that otherwise conform to the Mode Register Set (MRS) cycle. These Extended Mode Regis-
ter Set cycles (EMRS) can be implemented as needed for function extensions to the standard.

D The EMRS is required for DDR SDRAM.

D All address bits are reserved at zero until defined and used for extended functions.

D The Extended Mode Register is independent of any MRS cycle.

D BA2 and BA1 may not be implemented on all designs. If these two Bank Address bits are not avail-
able, then there is no additional expansion beyond EMRS possible for those devices.

Extended Mode Register Address Space

BA0 BA1 BA2 An - A0

0 0 0 (Existing) MRS Cycle

1 0 0 Extended Functions (EMRS)

X 1 0 Reserved For Future (EMRSn)

X X 1 Reserved For Future

NOTE: The uses and functions defined by the address bits are or will be covered in separate Standards

3.11.5.2.11 -- DLL Enable/Disable Mode for DDR SDRAM/SGRAM with EMRS

The following defines the DLL disable/enable bit in the Extended Mode Register:

BA0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

DD

Disable
DLL

DLL Enable

DLL Disable

0

1

Extended Mode Register Definition

BA1
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3.11.5.2.12 -- REFRESH REQUIREMENTS

DDR SDRAMs require a refresh of all rows in any rolling 64 ms interval. Each refresh is generated in one
of two ways: by an explicit AUTO REFRESH command, or by an internally timed event in SELF RE-
FRESH mode. Dividing the number of device rows into the rolling 64 ms interval defines the average re-
fresh interval, tREFI, which is a guideline to controllers for distributed refresh timing. For example, a 256
Mb DDR SDRAM has 8192 rows resulting in a tREFI of 7.8 ms.

AUTO REFRESH
AUTO REFRESH is used during normal operation of the DDR SDRAM and is analogous to CAS–BE-
FORE–RAS (CBR) refresh in previous DRAM types. This command is nonpersistent, so it must be is-
sued each time a refresh is required. The refresh addressing is generated by the internal refresh control-
ler. This makes the address bits ”Don’t Care” during an AUTO REFRESH command. The DDR SDRAM
requires AUTO REFRESH cycles at an average periodic interval of tREFI (maximum).

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the abso-
lute refresh interval is provided. A maximum of eight AUTO REFRESH commands can be posted to any
given DDR SDRAM, and the maximum absolute interval between any AUTO REFRESH command and
the next AUTO REFRESH command is 8 * tREFI.

SELF REFRESH
The SELF REFRESH command can be used to retain data in the DDR SDRAM, even if the rest of the
system is powered down. When in the self refresh mode, the DDR SDRAM retains data without external
clocking. The SELF REFRESH command is initiated like an AUTO REFRESH command except CKE is
disabled (LOW). The DLL is automatically disabled upon entering SELF REFRESH, and is automatically
enabled upon exiting SELF REFRESH (200 clock cycles must then occur before a READ command can
be issued). Input signals except CKE are ”Don’t Care” during SELF REFRESH.

The procedure for exiting self refresh requires a sequence of commands. First, CK must be stable prior to
CKE going back HIGH. Once CKE is HIGH, the DDR SDRAM must have NOP commands issued for
tXSC because time is required for the completion of any internal refresh in progress. A simple algorithm
for meeting both refresh and DLL requirements is to apply NOPs for 200 clock cycles before applying any
other command.

The use of SELF REFRESH mode introduces the possibility that an internally timed event can be missed
when CKE is raised for exit from self refresh mode. Upon exit from SELF REFRESH an extra auto re-
fresh command is not required.
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3.11.5.2.13 -  MRS/EMRS for Low Power DDR SDRAM

Mode Register Set(MRS) for Low Power DDR SDRAM

Address Bus

Burst Length
A2 A1 A0 Burst Length
0 0 0 Reserved
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16 (Optional)
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

A3 Burst Type
0 Sequential
1 Interleave

MRS

BA1 BA0 A13/A12/A11*1 ~ A7 A6 A5 A4 A3 A2 A1 A0

 BT Burst Length   MRS    0*2    CAS Latency

CAS Latency
A6 A5 A4 CAS Latency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2 (Optional)
0 1 1 3
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

BA1 BA0 MRS set
0 0 MRS
1 0 EMRS

* 1 : MSB depends on Low Power SDRAM density
* 2 : A logic 0 should be programmed to all unused  / undefined address and bank address bits to ensure future com-
patibility
Release 13
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3.11.5.2.13 (Cont) -  MRS/EMRS for Low Power DDR SDRAM

Extended Mode Register Set(EMRS) for Low Power DDR SDRAM

Address BusBA1 BA0 A13/A12/A11*1 ~ A7 A6 A5 A4 A3 A2 A1 A0

EMRS MRS PASR    0*2

Partial Array Self Refresh: Optional

A2 A1 A0 Self Refresh Coverage

0 0 0 4 Banks (All Banks)

0 0 1 Half array (BA1 = 0)

0 1 0 Quarter array (BA1 = BA0 = 0)

0 1 1 Reserved

1 0 0 Reserved

1 0 1 One-eighth array : Optional
(BA1 = BA0 = Row Address MSB = 0)

1 1 0 1/16 array: Optional
(BA1 = BA0 = Row Address 2 MSBs = 0)

1 1 1 Reserved

Driver Strength

A6 A5 Driver Strength

0 0 Full strength driver

0 1 Weak strength driver

1 0 Reserved

1 1 Reserved

DS    TCSR

BA1 BA0 MRS set
0 0 MRS
1 0 EMRS

Temperature Compensated Self Refresh: Optional

A4 A3 Temperature Max (degree C)*3

0 0 70
0 1 45
1 0 15
1 1 85

* 1 : MSB depends on Low Power SDRAM density
* 2 : A logic 0 should be programmed to all unused / undefined address and bank address bits to ensure future com-
patibility
* 3 : Temperatures specified for the  TCSR feature are Case temperatures

Definitions:
                     Temperature Compensated Self Refresh (TCSR)
                      Programmable refresh rate for self refresh mode to allow the system to control power as a function 
                      of temperature

                      Partial Array Self Refresh (PASR)
                      Programmable memory array size to be refreshed during self refresh operation to reduce power.
                      Data outside the defined area will not be retained during self refresh
Release 13
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3.11.5.3 – Enhanced SDRAM (ESDRAM) Specific SDRAM Functions
The Standards in this section are special  functions that are applicable to  Enhanced SDRAM
(ESDRAM).  The standards cover both SDR and DDR devices as stated on the individual Stan-
dards.

3.11.5.3.1 –  Read-AutoPrecharge Operation for SDR ESDRAM
In the Enhanced SDRAM (ESDRAM), a Read-Autoprecharge command will initiate multiple
functions.  This standard defines those functions.

3.11.5.3.2 –  Read-AutoPrecharge Operation for DDR ESDRAM
In the DDR Enhanced SDRAM (DDR ESDRAM), a Read-Autoprecharge command will initiate
multiple functions.  This standard defines those functions.

3.11.5.3.3 –  Cache Load Operation for SDR ESDRAM
In the Enhanced SDRAM (ESDRAM), a Cache Load command will initiate multiple functions.
This standard defines those functions.

3.11.5.3.4 –  Cache Load Operation for DDR ESDRAM
In the DDR Enhanced SDRAM (DDR ESDRAM), a Cache Load command will initiate multiple
functions.  This standard defines those functions.

3.11.5.3.5 –  No Write Transfer, Mode of Operation for SDR ESDRAM
“No Write Transfer” mode is an optional mode of operation that allows an Enhanced SDRAM
(ESDRAM) to concurrently keep a read page and a write page open per bank.  This Standard
defines the details of this operational mode.

3.11.5.3.6 –  No Write Transfer, Mode of Operation for DDR ESDRAM
“No Write Transfer” mode is an optional mode of operation that allows a DDR Enhanced
SDRAM (DDR ESDRAM) to concurrently keep a read page and a write page open per bank.
This Standard defines the details of this operational mode.
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3.11.5.3
3.11.5.3.1 –  Read-Auto Precharge Operation for SDR ESDRAM

The Enhanced SDRAM (ESDRAM) integrates a row cache per DRAM bank for the purposes of (1) hold-
ing read page data, (2) providing burst read output data, and (3) allowing background operations (e.g.
precharge, refresh) to be performed.  In such a device, a Read-Autoprecharge command will initiate a
read (burst length defined by the Mode Register),  load the row cache with the contents of the sense amp
data from the addressed row of the selected active bank, and begin the precharge one clock cycle follow-
ing the Read Autoprecharge command independent of the burst length.  In the diagram below, a 4-word
burst is shown.

CK

CMD

DQ (CL=2)

DQ (CL=3)

ACTV  RD-AP  

Q1 Q2 Q3 Q4  

Q1 Q2 Q3 Q4

Row of data is latched
into same bank’s row cache
and data is driven out.

Precharge begins

3.11.5.3.2 –  Read-Auto Precharge Operation for DDR ESDRAM
The DDR Enhanced SDRAM (DDR ESDRAM) integrates a row cache per DRAM bank for the purposes
of (1) holding read page data, (2) providing burst read output data, and (3) allowing background opera-
tions (e.g. precharge, refresh) to be performed.  In such a device, a Read-Autoprecharge command will
initiate a read (burst length defined by the Mode Register),  load the row cache with the contents of the
sense amp data from the addressed row of the selected active bank, and begin the precharge one clock
cycle following the Read Autoprecharge command independent of the burst length.  In the diagram below,
a 4-word burst is shown.

CK

CMD

DQ (CL=1.5)

DQS (CL=1.5)

DQ (CL=2)

DQS (CL=2)

DQ (CL=2.5)

DQS (CL=2.5)

DQ (CL=3)

DQS (CL=3)

ACTV  RD-AP  

Q1 Q2 Q3 Q4

     

Q1 Q2 Q3 Q4

     

Q1 Q2 Q3 Q4

     

Q1 Q2 Q3 Q4

     

Row of data is latched
into same bank’s row cache
and data is driven out.

Precharge begins
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3.11.5.3.3 –  Cache Load Operation for SDR ESDRAM

The Enhanced SDRAM (ESDRAM) integrates a row cache per DRAM bank for the purposes of (1) hold-
ing read page data, (2) providing burst read output data, and (3) allowing background operations (e.g.
precharge, refresh) to be performed.  In such a device, a Read command will initiate a read (burst length
defined by the Mode Register),  load the row cache with the contents of the sense amp data from the ad-
dressed row of the selected active bank.  In the diagram below, a 4-word burst is shown.

CK

CMD

DQ (CL=2)

DQ (CL=3)

ACTV   

Q1 Q2 Q3 Q4  

Q1 Q2 Q3 Q4

Row of data is latched
into same bank’s row cache
and data is driven out.

RD

3.11.5.3.4 –  Cache Load Operation for DDR ESDRAM
The DDR ESDRAM integrates a row cache per DRAM bank for the purposes of (1) holding read page
data, (2) providing burst read output data, and (3) allowing background operations (e.g. precharge, re-
fresh) to be performed.  In such a device, a Read command will initiate a read (burst length defined by
the Mode Register) and load the row cache with the contents of the sense amp data from the addressed
row of the selected active bank.  In the diagram below, a 4-word burst is shown.  Although half-clock
preamble is shown, it is not a requirement of this proposal.

CK

CMD

DQ (CL=1.5)

DQS (CL=1.5)

DQ (CL=2)

DQS (CL=2)

DQ (CL=2.5)

DQS (CL=2.5)

DQ (CL=3)

DQS (CL=3)

ACTV  RD  

Q1 Q2 Q3 Q4  

      

Q1 Q2 Q3 Q4

     

Q1 Q2 Q3 Q4

     

Q1 Q2 Q3 Q4

     

Row of data is latched
into same bank’s row cache
and data is driven out.
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3.11.5.3.5 –  No Write Transfer, Mode of Operation for SDR ESDRAM
“No Write Transfer” mode is an optional mode of operation that allows an Enhanced SDRAM (ESDRAM)
to concurrently keep a read page and a write page open per bank.  This mode must be entered via an
MRS command to the Mode Register by setting the A9 bit to 1.

In “No Write Transfer” mode of operation, the ESDRAM will write only to the DRAM and not the cache in
the case of a write page miss, i.e. the row address intended for the write data does not match the pre-
viously loaded read page row address.  In the case of a write page hit, both the DRAM and the cache are
written to maintain coherency.  To illustrate the advantages of this mode, the timing diagram above shows
same bank operations since fast alternate bank operations can be achieved with standard SDRAM. In the
diagram above, a 4-word burst is shown.

Actions Taken within the ESDRAM in No Write Transfer mode (per bank)

Command Row Cache DRAM Row Addr reg Tag NewPage flag

ACTV - - Load with cur-
rent address

No change Set to 1

Read, Read-AP
(NewPage = 1)

Load Cache - - Load with Row
Addr reg value

Set to 0

Read, Read-AP
(NewPage = 0)

No change - - No change -

Read, Read-AP
(Page Closed)

No change - - No change Set to 0

Write (Hit)
(RowAddr = tag)

Updated Updated - No change Set to 0

Write (Miss)
(RowAddr ≠ tag)

No change Updated - No change Set to 0

Internal to an ESDRAM are two registers per bank that hold row address information for comparison pur-
poses.  A Row Addr register is loaded on a bank activate command and a row address tag is loaded to
track what is loaded into the row cache.  Also, a one-bit NewPage flag is used only to determine whether
to perform a cache load on a read command.
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3.11.5.3.5 – No Write Transfer, Mode of Operation for SDR ESDRAM (cont.)

The following describe the numbered events in the timing diagram below:

1. The ESDRAM is commanded to perform a Bank Activate.  The ESDRAM performs a bank address
decode, row address decode, and data is developed in the sense amplifiers exactly like a standard
SDRAM. In addition, the ESDRAM loads the current row address into the internal Row Addr register
and compares the current row address (in the case shown above, row address = x or y) with the in-
ternal tag.  The compare result is subsequently used during Write cycles.  The ESDRAM also sets an
internal NewPage flag.

2. The ESDRAM performs a read, in this case a Read-AP in order to quickly close the read page.  If the
NewPage flag is set, the row cache is loaded, the current row address is loaded into an internal ad-
dress tag, and the NewPage flag is subsequently reset.  If the NewPage flag is reset, the row cache
remains unchanged, and the tag is left unchanged.

3. If a Write or Write-AP command is issued and the current row address does not match the address
tag, the ESDRAM performs a write to the DRAM and not to the row cache.  The NewPage flag is
then reset.  If a Write or Write-AP command is issued and the current row address matches the ad-
dress tag, the ESDRAM performs a write to the DRAM and the row cache.  The NewPage flag is
then reset.

4. The ESDRAM performs a Read.  If the NewPage flag is reset, the chip does not load the cache with
the sense amp contents (row y in the diagram above) and drives out the previously loaded row cache
data.  If the NewPage flag is set, the chip loads the cache with the sense amp contents and drives
out the newly loaded row cache data.

5. This case is not shown in the timing diagram, but consider it a case that follows #2 and prior to the
2nd Activate.   If a Write or Write-AP command is issued and the current row address matches the
address tag, the ESDRAM performs a write to the DRAM and not to the row cache.   If a Write or
Write-AP command is issued and the current row address matches the Row Addr register, the ES-
DRAM performs a write to the DRAM and the row cache.

COL

Q2x Q3x Q4x

CK

CMD

Addr

BAn

DQ

   WR  RD

 COL    COL

A  A  A  A  A

 D1y D2y D3y D4y   Q11x Q12x Q13x Q14x

ROWx ROWy

RD-APACTV ACTV

Q1x

1 2 1 3 4

Figure 1, SDR ESDRAM “No Write Transfer” Mode of Operation
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3.11.5.3.6 –  No Write Transfer, Mode of Operation for DDR ESDRAM

“No Write Transfer” mode is an optional mode of operation that allows a DDR Enhanced SDRAM (DDR
ESDRAM) to concurrently keep a read page and a write page open per bank.  This mode is entered via
an EMRS command to the Mode Register by setting the A9 bit to 1.

In “No Write Transfer” mode of operation, the DDR ESDRAM will write only to the DRAM and not the
cache in the case of a write page miss, i.e. the row address intended for the write data does not match
the previously loaded read page row address.  In the case of a write page hit, both the DRAM and the
cache are written to maintain coherency.  To illustrate the advantages of this mode, the timing diagram
above shows same bank operations since fast alternate bank operations can be achieved with standard
DDR SDRAM. In the diagram above, a 4-word burst is shown.

Actions Taken within the DDR ESDRAM in No Write Transfer mode (per bank)

Command Row Cache DRAM Row Addr reg Tag NewPage  flag

ACTV
(NewPage = 0)

- - Load with current
address

No change Set to 1

Read, Read-AP
(NewPage = 1)

Load Cache - - Load with Row
Addr Reg Value

Set to 0

Read, Read-AP
(NewPage = 0)

No change - - No change -

Read, Read-AP
(Page Closed)

No change - - No change Set to 0

Write (Hit)
(RowAddr = tag)

Updated Updated - No change Set to 0

Write (Miss)
(RowAddr ≠ tag)

No change Updated - No change Set to 0

Internal to the DDR ESDRAM are two registers per bank that hold row address information for compari-
son purposes.  A Row Addr register is loaded on a bank activate command and a row address tag is
loaded to track what is loaded into the row cache.  Also, a one-bit NewPage flag is used only to deter-
mine whether to perform a cache load on a read command.
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3.11.5.3.6 – No Write Transfer, Mode of Operation for DDR ESDRAM (cont.)

The following describe the numbered events in the timing diagram below in
Figure 1:

1. The DDR ESDRAM is commanded to perform a Bank Activate.  The DDR ESDRAM performs a bank
address decode, row address decode, and data is developed in the sense amplifiers exactly like a
standard DDR SDRAM. In addition, the DDR ESDRAM loads the current row address into the
internal Row Addr register and compares the current row address (in the case shown above, row
address = x or y) with the internal tag.  The compare result is subsequently used during Write cycles.
The DDR ESDRAM also sets an internal NewPage flag.

2. The DDR ESDRAM performs a read, in this case a Read-AP in order to quickly close the read page.
If the NewPage flag is set, the row cache is loaded, the current row address is loaded into an internal
address tag, and the NewPage flag is subsequently reset.  If the NewPage flag is reset, the row
cache remains unchanged, and the tag is left unchanged.

3. If a Write or Write-AP command is issued and the current row address does not match the address
tag, the DDR ESDRAM performs a write to the DRAM and not to the row cache.  The NewPage flag
is then reset.  If a Write or Write-AP command is issued and the current row address matches the
address tag, the DDR ESDRAM performs a write to the DRAM and the row cache.  The NewPage
flag is then reset.

4. The DDR ESDRAM performs a Read.  If the NewPage flag is reset, the chip does not load the cache
with the sense amp contents (row y in the diagram above) and drives out the previously loaded row
cache data.  If the NewPage flag is set, the chip loads the cache with the sense amp contents and
drives out the newly loaded row cache data.

5. This case is not shown in the timing diagram, but consider it a case that follows #2 and prior to the
2nd Activate.   If a Write or Write-AP command is issued and the current row address matches the
address tag, the DDR ESDRAM performs a write to the DRAM and not to the row cache.   If a Write
or Write-AP command is issued and the current row address matches the Row Addr register, the
DDR ESDRAM performs a write to the DRAM and the row cache.

1 2 1 3 4

CK

CMD

Addr

BAn

DQS

DQ

ACTV   ACTV  WR  RD

ROW x  COL  ROW y  COL  COL

A  A  A  A  A

   

RD-AP

Q1 Q2 Q3 Q4

row x

Q6 Q7 Q8 Q9

row x

D1 D2 D3 D4

row y

Figure 1, DDR ESDRAM “No Write Transfer” Mode of Operation
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3.11.5.4 – VCSDRAM Specific SDRAM Functions
The Standards in this section are special  functions that are applicable to  Virtual Channel
SDRAM (VCSDRAM).  The standards cover both SDR and DDR devices as stated on the indi-
vidual Standards.

3.11.5.4.1 –  Command Table for Virtual Channel SDR SDRAM

3.11.5.4.2 –  Command Table for Virtual Channel DDR SDRAM

3.11.5.4.3 –  Virtual Channel SDR SDRAM Mode Register Architecture

3.11.5.4.4 –  Virtual Channel DDR SDRAM Mode Register Architecture
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3.11.5.4.1– Command Table for Virtual Channel SDR SDRAM
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3.11.5.4.2–Command Table for Virtual Channel DDR SDRAM
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3.11.5.4.3 –  Virtual Channel SDR SDRAM Mode Register Architecture

0 0 0 0 0 0 CL BT B.L. Mode Register Set

BA 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 0 0 01

0

The code shown is re-
served for Test Mode
entry.

Latency Mode
#6 #5 #4 CAS Latency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2
0 1 1 3 (Optional)
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

Burst Length
#2 #1 #0 Sequential Interleaved
0 0 0 1 1
0 0 1 2 2
0 1 0 4 4
0 1 1 8 8
1 0 0 16 16
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 Reserved Reserved

#3 Burst Type
0 Sequential
1 Interleaved
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3.11.5.4.4 –  Virtual Channel DDR SDRAM Mode Register Architecture

0 0 0 0 0 R CL BT B.L. Mode Register Set

BA 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 0 0 01

0

The code shown is re-
served for Test Mode
entry.

Latency Mode
#6 #5 #4 CAS Latency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2
0 1 1 3 (Optional)
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

Burst Length
#2 #1 #0 Sequential Interleaved
0 0 0 Reserved Reserved
0 0 1 2 2
0 1 0 4 4
0 1 1 8 8
1 0 0 16 16
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 Reserved Reserved

#3 Burst Type
0 Sequential
1 Interleaved

#8 DLL Reset
0 Normal
1 DLL Reset

BA EMRS
0 Normal MRS
1 Extended MRS

#0 DLL Disable
0 Enable
1 Disable

Reserved Future Use Extended Mode
Register set

BA 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 0 0 0 DD

Bit #
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3.11.5.5 – DDR2 Specific SDRAM Functions

Address Field

Extended Mode Register(2)0*1

BA0 A15 ~ A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

0

*1: EMRS(2) is reserved for future use and all bits except BA0 and BA1 must be programmed to 0 when setting 
the mode register during initialization.

BA1

1

BA2

0*1

EMR(2) Programming: Reserved*1

A12

Address Field

Extended Mode Register(3)0*1

BA0 A15 ~ A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

1

*1: EMRS(3) is reserved for future use and all bits except BA0 and BA1 must be programmed to 0 when setting 
the mode register during initialization.

BA1

1

BA2

0*1

EMR(3) Programming: Reserved*1

A12

DDR2 SDRAM EMRS2 and EMRS3

For DDR2 SDRAMs, both bits BA0 and BA1 must be decoded for Mode/Extended Mode Register Set com-
mands. Users must initialize all four Mode Registers. The registers may be initialized in any order.

Notes:

1. Background: This is to ensure future compatibility if/when any new feature is assigned to a bit or bits in
EMR(2) or EMR(3). 

2. EMR(2) and EMR(3): At this time, there are no features defined which use bit(s) in EMR(2) or EMR(3).
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3.11.5.6 — GDDR2 Specific SDRAM Functions 
 
MRS Definition for 4Mx32/8Mx32 GDDR2 
 

BA1 BA0 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 
0 0 tWR DLL TM CAS Latency WL BL 

 
BA1 BA0  

0 0 MRS 

0 1 EMRS 

1 0 EMRS2 
 

 
A7 TestMode 
0 Normal 
1 Test 

 

 
A8 DLL Reset 
0 No 
1 Yes 

 

 
A0 BL 
0 4 
1 Reserved

 
A11 A10 A9 WR 

0 0 0 Reserved 
0 0 1 Reserved 
0 1 0 3 
0 1 1 4 
1 0 0 5 
1 0 1 6 
1 1 0 7 
1 1 1 Reserved 

 

A6 A5 A4 CAS Latency 
0 0 0 8 
0 0 1 9 
0 1 0 10 (optional) 
0 1 1 Reserved 
1 0 0 4 (optional) 
1 0 1 5 
1 1 0 6 
1 1 1 7 

 
A3 A2 A1 Write Latency 
0 0 0 Reserved 
0 0 1 1 
0 1 0 2 (optional) 
0 1 1 3 (optional) 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 (optional) 

 
Notes: 
1. All Devices are specified for sequential burst type operation only. 
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EMRS Definition for 4Mx32/8Mx32 GDDR2 
 
BA1 BA0 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

0 1 Vendor System Output Driver Ron DLL DQS AL ODT Control ODT Option 
 
 
BA1 BA0   

0 0 MRS 

0 1 EMRS 

1 0 EMRS2 
 
 

A11 Vendor ID 

0 Disabled 

1 Enabled (optional) 
 
 

A10 System config 

0 Single Rank 

1 Multi Rank 
 

 
 
A9 A8 A7 Ron 

0 0 0 60 

0 0 1 55 

0 1 0 50 

0 1 1 45 

1 0 0 40 

1 0 1 35 

1 1 0 30 

1 1 1 25 
 
 
 
 
 
 
 

A3 A2 ODT Control   

0 0 ODT OFF ODT for DQ,DQM,DQS, /DQS, CK, /CK is off 

0 1 Auto Cal ODT for DQ,DQM,DQS, /DQS, CK, /CK is selected by resistor connected to ZQ pin 

1 0 Rterm=60 ODT for DQ,DQM,DQS, /DQS, CK, /CK is nominally 60 ohm 

1 1 Rterm=120 ODT for DQ,DQM,DQS, /DQS, CK, /CK is nominally 120 ohm 
 
 

A1 A0 
ODT 

Option   

0 0 OFF ODT for CMD/ADR is off 

0 1 x1 On die termination of CMD/ADD are same as DQ 

1 0 x2 On die termination of CMD/ADD are 2x DQ 

1 1 x4 On die termination of CMD/ADD are 4x DQ 
 
 

A6 DLL 

0 OFF 

1 ON 
 
 

A5 DQS 

0 Differential 

1 Single 
 
 

A4 
Additive 
Latency 

0 0 

1 1 (optional) 
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EMRS2 Definition for 4Mx32/8Mx32 GDDR2 
 
BA1 BA0 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

1 0 0 0 ODT W ODT of CKE ODT option for CS ODT option for CK LP ODT at PD 0 0 
 
 

BA1 BA0  
0 0 MRS 
0 1 EMRS 
1 0 EMRS2 

 

A9 ODT W (optional) 
0 Enable 
1 Disable 

 
 

A8 ODT of CKE (optional) 
0 Off 
1 Same as ADD ODT 

 

A7 A6 ODT of CS (optional) 
0 0 OFF 
0 1 0.5x ADD ODT 
1 0 1x ADD ODT 
1 1 Reserved 

 

A5 A4 ODT of CK (optional) 
0 0 OFF 
0 1 1x DQ ODT 
1 0 2x DQ ODT 
1 1 4x DQ ODT 

 
A3 Low Power Mode (optional) 
0 Self Refresh Mode 
1 Fast wake-up Mode 

 

 
A2 ODT at Power Down (optional) 
0 OFF All pins except CK, /CK, CKE 
1 ON As defind by EMRS/EMRS2 

 
Notes: 

1. Devices must support writing to an EMRS2 register even if the only supported mode is the default mode of operation. 
2. If no EMRS2 is issued memory must enter default mode for ODT and Self Refresh 
3. If there is a change to EMRS, controller will need to re-issue EMRS2 command if intending to use non-default mode functionality 

 
Default Mode is defined as: 

A. ODT W mode will be enabled 
B. ODT value for CS and CKE follow ADD/CMD 
C. ODT value of CK follows ODT value of DQ 
D. Self Refresh mode will be selected 
E. ODT of all pins excluding CK,/CK,CKE at power down mode will be disabled 
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3.11.5.7 – GDDR3 Specific SGRAM Functions

Initialization and Power Up

GDDR3 SGRAMs must be powered up and initialized in a predefined manner. Operational procedures other 
than those specified may result in undefined operation. Power must be first applied to VDD and VDDQ simul-
taneously, and then to VREF. VREF can be applied any time after VDDQ. Once power has been applied and 
the clocks are stable the GDDR3 device requires 200µs before the RES pin transitions to high. Upon power-up 
and after the clock is stable, the on die termination value for the address and control pins will be set, based on 
the state of CKE when the RES pin transitions from LOW to HIGH. On the rising edge of RES, the CKE pin is 
latched to determine the on die termination value for the address and control lines. If CKE is sampled at a logic 
LOW then the on die termination will be set to 1/2 of ZQ and, if CKE is sampled logic HIGH then the on die 
termination will be set to the same value as ZQ. CKE must meet tATS and tATH on the rising of RES to set the 
on die termination for address and control lines. Once tATH is met, set CKE to HIGH. An additional 200µs is 
required for the address and command on die terminations to calibrate and update. 

RES must be maintained at a logic LOW-level value and CS must be maintained HIGH, during the first stage of 
power-up to ensure that the DQ outputs will be in a High-Z state. 

After the RES pin transitions from LOW to HIGH wait until a 200µs delay is satisfied. Issue DESELECT on 
the command bus during this time. Issue a PRECHARGE ALL command. Next a LOAD MODE REGISTER 
command must be issued for the extended mode register (BA1 LOW and BA0 HIGH) to activate the DLL and 
set operating parameters, followed by the LOAD MODE REGISTER command (BA0/BA1 both LOW) to reset 
the DLL and to program the rest of the operating parameters. 20k clock cycles are required between the DLL 
reset and any READ command to allow the DLL to lock. A PRECHARGE ALL command should then be 
applied, placing the device in the all banks idle state. 

Once in the idle state, two AUTO REFRESH cycles must be issued.  Following these requirements, the 
GDDR3 SGRAM is ready for normal operation. 
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T0 Ta0T1 Tb0 Tc0 Td0

CODE RA RACODE

CODE RA RACODE

RA RABA0=H,

Te0 Tf0 Tg0

AR ARLMR PRE ACT READLMRPRE

tATHtATS

T = 200µs
tRP

T = 200µs
tRFC tRFC tRPtRPtMRDtMRD

20K cycles

DON’T CARE
Load Extended
Mode Register

Load Mode
Register

High

High

High

Power-up:
VDD and CK stable

DQ

ALL BANKS ALL BANKS

BA1=L
BA0=L,
BA1=L

WDQS

RDQS

BA0, BA1

A8

A0-A7, A9-A11

DM

RAS, CAS, 

CKE
CKE

RES

CK
CK

VREF

VDDQ

VDD

WE, CS
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ODT Control

Bus snooping for READ commands excluding CS# is used to control the on die termination in the dual load
configuration. The GDDR3 SGRAM will disable the DQ on die terminations when a READ command is detected
regardless of the state of CS#. The on die terminations are disabled x clocks after the READ command where x equals CL
- 1 and stay off for a duration of BL/2 + 2tCK. In a two-rank system, DRAM devices on both ranks snoop the bus for
READ commands to devices on either rank and all DRAMs will disable the on die terminations, for the DQ pins if a
READ command is detected. The on die terminations for input pins on the device such as command (except RES),
address, WDQS and DM are always on for both a single-rank system and a dual-rank system unless it is turned off in the
EMRS.

ODT Updating

The GDDR3 SGRAM uses a programmable impedance output buffers. This allows a user to match the driver impedance
to the system. To adjust the impedance, an external precision resistor (RQ) is connected between the ZQ pin and VSSQ.
The value of the resistor must be six times the desired driver impedance. For example, a 240  Ω. resistor is required for an
output impedance of 40 Ω. To ensure that output impedance is one-sixth the value of RQ (within 10 percent), RQ should
be in the range of 210 Ω to 270 Ω (35Ω – 45 Ω output impedance).  

The output impedance and on die termination is updated during every AUTO REFRESH commands to compensate for
variations in supply voltage and temperature. The output impedance updates are transparent to the system. Impedance
updates do not affect device operation, and all datasheet timings and current specifications are met during an update.

A maximum of eight AUTO REFRESH commands can be posted to any given GDDR3 SGRAM, meaning that the
maximum absolute interval between any AUTO REFRESH command and the next AUTO REFRESH command is 9 x
7.8 us (70.2 us). This maximum absolute interval guarantees that the output drivers and the on die terminations of
GDDR3 SGRAMs are recalibrated often enough to keep the impedance characteristics of those within the specified
boundaries.  During the minimum keep out time of tKO after AUTO REFRESH command, DES (i.e. /CS HIGH) should
be issued on the command bus, and no activity on the address or data bus is recommended, because the signal integrity on
the bus can not be guaranteed during this period.
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Definition of Terminology

Hereafter are defined terminologies used in the GDDR3 SGRAM specification.
Although GDDR3 might be operated in ODT Disable Mode, it is not recommended and the specification describes the
ODT Enable Mode only. Should a system be designed to operate the GDDR3 in ODT Disable Mode, the system should
comprehend the effect of the discrepancies between this specification and its own design.

If it is stated that a bus is in one of the following state, it should be interpreted as described.
Following are three terminologies defined for ODT Enable Mode.

High{terminated}: A driver on the bus is driving the bus. One or more termination (ODT) on the bus is turned-
on. The voltage level of the bus would be nominally VDDQ.
Hi-z{terminated}: No driver on the bus is driving the bus. One or more termination (ODT) on the bus is turned-
on. The voltage level of the bus would be nominally VDDQ.
Low{terminated}: A driver on the bus is driving the bus. One or more termination (ODT) on the bus is turned-
on. The voltage level of the bus would be nominally VOL(DC).

Corresponding terminologies for ODT Disable Mode are defined below. As mentioned before, ODT Disable Mode is not
an intended mode of operation. However, there exist situations where ODT Enable Mode can not be guaranteed for a
short period of time, like during power up, yet is indeed an intended mode of operation

High{unterminated}: A driver on the bus is driving the bus. No termination on the bus is active.
The voltage level of the bus would be nominally VDDQ.
Hi-z{unterminated}: No driver on the bus is driving the bus. No termination on the bus is active.
The voltage level of the bus would be undefined, because the bus would be floating.
Low{unterminated}: A driver on the bus is driving the bus. No termination on the bus is active.
The voltage level of the bus would be nominally VSSQ.

CK

CK

Don’t Care

Command

Keep Out Time

Address

DQ

tKO

ARF

ARF = Auto Refresh
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CK

CK

Don’t Care Transitioning Data

T0 T8T7 T9 T10 T11

COMMAND

ADDRESS

NOP NOP NOP NOP NOP

RDQS

READ

Bank a,
Col n

DQ
n

GDDR3 Data Termination is Disabled

DQ

DQ
Termination

CL=8
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READ To WRITE  

Notes
1. Write data can not be driven onto the DQ bus for 2 clock cycles after the READ data is off the bus.
2. The timing diagram covers a READ to a WRITE command from different banks on the same part or the same row in
the same bank.

T0 T7 T8 T9 T10 T11

READ

CK

CK

COMMAND

ADDRESS

RDQS

DQ

ODT

NOP WRITE NOP NOP NOP

Bank,
Col b

DO
b

CL = 7

GDDR3 On-Die Termination Off

Don’t Care

Col a
Bank,

DI
a

WDQS
WL = 3
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WRITE to READ Timing

T0 T1 T2 T3 T4

WRITE

CK

CK

COMMAND

ADDRESS

Don’t Care

WDQS

NOP NOP NOP NOP

Bank a,
Col b

DQ

DM

DI
b

Tn

READ

tDQSS(nom

CL = 6

tWTR
Bank b
col n

RDQS
High

1. DI b = Data In for column b
2. Three subsequent elements of Data In are applied following D1 b
3. tWTR is referenced from the first positive CK edge after the last Data In
4. The READ and WRITE commands may be to any bank.  
5. WRITE Latency is set to 1.
6. RDQS level is High.
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Mirror Function

The GDDR3 SGRAM provides a mirror function (MF) ball to change the physical location of the control lines and all
address lines, assisting in routing devices back to back.  The MF ball will affect RAS#, CAS#, WE#, CS# and CKE on
balls  H3, F4, H9, F9 and H4 respectively and A0, A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, BA0 and BA1 on
balls K4, H2, K3, M4, K9, H11, K10, L9, K11, M9, K2, L4, G4 and G9 respectively. MF is LVCMOS input and the MF
ball should be tied directly to VSS or VDD depending on the control line orientation desired. 

When the MF ball is tied low the ball orientation is as follows, RAS# - H3, CAS# - F4, WE# - H9, CS# - F9, CKE - H4,
A0 - K4, A1 - H2, A2 - K3, A3 - M4, A4 - K9, A5 - H11, A6 - K10, A7 - L9,  A8 - K11, A9 - M9, A10 - K2, A11 - L4,
BA0 - G4 and BA1- G9.  The high condition on the MF ball will change the location of the control balls as follows; CS#
- F4, CAS# - F9, RAS# - H10, WE# - H4, CKE - H9, A0 - K9, A1- H11, A2 - K10, A3 - M9, A4 - K4, A5 - H2, A6 - K3,
A7 - L4, A8 - K2, A9 - M4, A10 - K11, A11 - L9, BA0 - G9 and BA1 - G4.  

PINS MF Logic State

HIGH LOW

RAS# H10 H3

CAS# F9 F4

WE# H4 H9

CS# F4 F9

CKE H9 H4

A0 K9 K4

A1 H11 H2

A2 K10 K3

A3 M9 M4

A4 K4 K9

A5 H2 H11

A6 K3 K10

A7 L4 L9

A8 K2 K11

A9 M4 M9

A10 K11 K2

A11 L9 L4

BA0 G9 G4

BA1 G4 G9

BA2 H3 H10
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IO and ODT Drive Values

The Driver and Termination impedances are derived from the following test conditions under worst case process corners

1. Nominal 1.8V (VDD/VDDQ)
2. Power the GDDR3 device and calibrate the output drivers and termination to eliminate process variation at 25oC
3. Reduce temperature to 10oC recalibrate.
4. Reduce temperature to 0oC and take the fast corner measurement.
5. Raise temperature to 75oC and recalibrate

       6.    Raise temperature to 85oC and take the slow corner measurement

Pull-Down Characteristic at 
40 ohms

Pull-Up Characteristic at 
40ohms

Voltage 
(V)

MIN MAX
Voltage 

(V)
MIN MAX

0.1 2.144 3.366 0.1 -2.377 -2.946

0.2 4.268 6.516 0.2 -4.705 -5.829

0.3 6.373 9.454 0.3 -6.984 -8.644

0.4 8.449 12.185 0.4 -9.283 -11.383

0.5 10.505 14.715 0.5 -11.524 -14.038

0.6 12.542 17.051 0.6 -13.803 -16.599

0.7 14.540 19.400 0.7 -16.015 -19.051

0.8 16.509 21.828 0.8 -18.285 -21.630

0.9 18.449 24.219 0.9 -20.302 -24.143

1.0 20.341 26.580 1.0 -22.223 -26.605

1.1 22.203 28.913 1.1 -24.066 -29.005

1.2 24.017 31.222 1.2 -25.773 -31.353

1.3 25.783 33.508 1.3 -27.344 -33.619

1.4 27.480 35.813 1.4 -28.683 -35.803

1.5 29.119 38.213 1.5 -29.731 -37.883

1.6 30.671 40.551 1.6 -30.691 -39.882

1.7 31.387 42.900 1.7 -31.544 -42.003

1.8 31.648 45.176 1.8 -32.311 -44.063
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On Die termination Values

Pull-Up Characteristic at 
60ohms

Pull-Up Characteristic at 
120ohms

Pull-Up Characteristic at 
240ohms

Voltage 
(V)

MIN MAX
Voltage 

(V)
MIN MAX

Voltage 
(V)

MIN MAX

0.1 -1.58 -1.96 0.1 -0.79 -0.98 0.1 -0.40 -0.49

0.2 -3.14 -3.89 0.2 -1.57 -1.94 0.2 -0.78 -0.97

0.3 -4.66 -5.76 0.3 -2.33 -2.88 0.3 -1.16 -1.44

0.4 -6.19 -7.59 0.4 -3.09 -3.79 0.4 -1.55 -1.90

0.5 -7.68 -9.36 0.5 -3.84 -4.68 0.5 -1.92 -2.34

0.6 -9.20 -11.07 0.6 -4.60 -5.53 0.6 -2.30 -2.77

0.7 -10.68 -12.70 0.7 -5.34 -6.35 0.7 -2.67 -3.18

0.8 -12.19 -14.42 0.8 -6.09 -7.21 0.8 -3.05 -3.60

0.9 -13.53 -16.10 0.9 -6.77 -8.05 0.9 -3.38 -4.02

1.0 -14.82 -17.74 1.0 -7.41 -8.87 1.0 -3.70 -4.43

1.1 -16.04 -19.34 1.1 -8.02 -9.67 1.1 -4.01 -4.83

1.2 -17.18 -20.90 1.2 -8.59 -10.45 1.2 -4.30 -5.23

1.3 -18.23 -22.41 1.3 -9.11 -11.21 1.3 -4.56 -5.60

1.4 -19.12 -23.87 1.4 -9.56 -11.93 1.4 -4.78 -5.97

1.5 -19.82 -25.26 1.5 -9.91 -12.63 1.5 -4.96 -6.31

1.6 -20.46 -26.59 1.6 -10.23 -13.29 1.6 -5.12 -6.65

1.7 -21.03 -28.00 1.7 -10.51 -14.00 1.7 -5.26 -7.00

1.8 -21.54 -29.38 1.8 -10.77 -14.69 1.8 -5.39 -7.34
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