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Preliminary
Feature ® DQS is edge-aligned with data for reads and is
CAS Latency Frequency center-aligned with data for WRITEs
DDR-333 | DDR400 . . . .
Speed Sorts Units L] Differential clock inputs (CK and CK)
-6K 5T
) Data mask (DM) for write data

CL-tRCD-tRP 2.5-3-3 3-3-3 tCK

ClL=2 266 266 ® DLL aligns DQ and DQS transition with CK

Speed | CL=2.5 | 333 333 Mbps transitions.
CL=3 333 400 L] Commands entered on each positive CK edge;

data and data mask referenced to both edges of

DQS

®  Power Supply Voltage:
VVDD=VDDQ=2.5V10.2V (DDR-333)

e  BurstLengths: 2, 4 or 8
VDD=VDDQ=2.6V+0.1V (DDR-400/500) urst-engths. 2, < or

. . L] Auto Precharge option for each burst access
® 4 internal memory banks for concurrent operation.

) Auto-Refresh and Self-Refresh Mode
° CAS Latency: 2, 2.5 and 3

. ] 7.8 us max. Average Periodic Refresh Interval
° Double Data Rate Architecture

° 2.5V (SSTL_2 compatible) I/O
®  Bidirectional data strobe (DQS) is transmitted and ( - P )

received with data, to be used in capturing data at L RoHS + Halogen Free compliance
the receiver. o JEDEC Standard Compliance
L] 2KB page size for all configurations. ° Packages: 66 pin TSOPII
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Description

Elixir 256Mb DDR SDRAM is a high-speed CMOS Double Data Rate SDRAM containing 268,435,456 bits. It is

internally configured as a quad-bank DRAM.

The 256Mb chip is organized as 4Mbit x 4banks x16 1/0O device or 8Mbit x 4banks x8 1/0 device. These synchronous

devices achieve high speed double-data-rate transfer rates of up to 500 (400 or 333) MHz for general applications.

The 256Mb DDR SDRAM uses a double-data-rate architecture to achieve high speed operation. The double data
rate architecture is essentially a 2n prefetch architecture with an interface designed to transfer two data words per
clock cycle at the 1/0O pins. A single read or write access for the 256Mb DDR SDRAM effectively consists of a single
2n-bit wide, one clock cycle data transfer at the internal DRAM core and two corresponding n-bit wide,

one-half-clock-cycle data transfers at the 1/0O pins.

A bidirectional data strobe (DQS) is transmitted externally, along with data, for use in data capture at the receiver.
DQS is a strobe transmitted by the DDR SDRAM during Reads and by the memory controller during Writes. DQS is

edge-aligned with data for Reads and center-aligned with data for Writes.

The 256Mb DDR SDRAM operates from a differential clock (CK and CK; the crossing of CK going high and CK going
LOW is referred to as the positive edge of CK). Commands (address and control signals) are registered at every
positive edge of CK. Input data is registered on both edges of DQS, and output data is referenced to both edges of

DQS, as well as to both edges of CK.

Read and write accesses to the DDR SDRAM are burst oriented; accesses start at a selected location and continue
for a programmed number of locations in a programmed sequence. Accesses begin with the registration of an Active
command, which is then followed by a Read or Write command. The address bits registered coincident with the
Active command are used to select the bank and row to be accessed. The address bits registered coincident with

the Read or Write command are used to select the bank and the starting column location for the burst access.

The DDR SDRAM provides for programmable Read or Write burst lengths of 2, 4, or 8 locations. An Auto Precharge

function may be enabled to provide a self-timed row precharge that is initiated at the end of the burst access.

As with standard SDRAMSs, the pipelined, multibank architecture of DDR SDRAMs allows for concurrent operation,

thereby providing high effective bandwidth by hiding row precharge and activation time.

An auto refresh mode is provided along with a power-saving Power Down mode. All inputs are compatible with the

JEDEC Standard for SSTL_2. All outputs are SSTL_2, Class Il compatible.

The functionality described and the timing specifications included in this data sheet are for the DLL Enabled mode of

operation.
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Ordering Information

Standard Grade
Organization Part Number Clock (MHZ?peedCL-TRCD-TRP
N2DS25616DS-6K ; 166 2.5-3-3
16Mx16 66 pin TSOP-II
N2DS25616DS-5T ROHS + Halogen Free 200 3-3-3
Compliant
N2DS25680DS-6K 166 2.5-3-3
32Mx8
N2DS25680DS-5T 200 3-3-3

REV 0.1 3



N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM

Preliminary

Pin Configuration — 400 mil TSOP Il (xs/x16)

< TOP View>
See the balls through the package
Vbbb Vb 1 O 66 [1 Vss Vss
DQO DQO 2 65 [1 DQ15 DQ7
Vbbo VDDQ ] 3 64 [ Vsso V sso
NC DQ1 4 63 [ DQ14 NC
DQ1 DQ2 s 62 1 DQ13 DQ6
Vssq Vssa e 61 [1 Vbbo VbbQ
NC DQ3 7 60 [ DQ12 NC
DQ2 DQ4 s 59 1 DQ11 DQ5
VbbQ VbbQ O o 58 [1 Vssq VssqQ
NC DQ5 ] 10 57 ™ DQ10 NC
DQ3 DQ6 ] 12 56 [1 DQ9 DQ4
Vsso Vssq ] 12 55 [ VDD Vbbo
NC DQ7 13 54 [ DQ8 NC
NC NC ] 14 53 1 NC NC
Vbbo V bDQ ] 15 52 1 Vsso Vsso
NC LDQS ] 16 51 [ uDQS DQS
NC NC ] 17 50 [1 NC NC
Voo Vob ] 18 49 1 VREF VREr
NU NU ] 19 48 [1 Vss Vss
NC LDM* [ 20 47 1 UDM* DM*
WE WE ] 21 46 1 CK CK
CAS CAS ] 22 45 [1 CK CK
RAS RAS ] 23 44 [ CKE CKE
CS Cs ] 24 43 NC NC
NC NC ] 25 42 1 A12 A12
BAO BAO ] 26 41 1 All All
BAL BAL O 27 40 [ A9 A9
A10/AP A10/AP ] 5g 39 A8 A8
AO AO ] 29 38 [ A7 A7
Al Al ] =30 37 1 A6 A6
A2 A2 O a1 36 A5 A5
A3 A3 32 3s 1 A4 Ad
VDD VbD ] 33 34 1 Vss Vss
66-pin Plastic TSOP-II
400mil
32Mb x 16
64Mb x 8
Row and Column Address Table

Organization Row Address Column Address Refresh

32Mx8 A0-A12 A0-A9 8K/64ms

16Mbx16 A0-A12 A0-A8 8K/64ms
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Input / Output Functional Description

Symbol Type Function
Clock: CK and CK are differential clock inputs. All address and control input signals are sampled on the crossing
CK, CK Input of the positive edge of CK and negative edge of CK. Output (read) data is referenced to the crossings of CK and
CK (both directions of crossing).
Clock Enable: CKE HIGH activates, and CKE LOW deactivates internal clock signals, and device input buffers
and output drivers. Taking CKE LOW provides PRECHARGE POWER--DOWN and SELF REFRESH operation
(all banks idle), or ACTIVE POWER--DOWN (row ACTIVE in any bank). CKE is synchronous for POWER--
DOWN entry and exit, and for SELF REFRESH entry. CKE is asynchronous for SELF REFRESH exit, and for
output disable. CKE must be maintained high throughout READ and WRITE accesses. Input buffers, excluding
CKE Input CK, CK and CKE are disabled during POWER--DOWN. Input buffers, excluding CKE are disabled during SELF
REFRESH. CKE is an SSTL_2 input, but will detect an LVCMOS LOW level after Vdd is applied upon 1st power
up. After VREF has become stable during the power on and initialization sequence, it must be maintained for
proper operation of the CKE receiver. For proper self--refresh entry and exit, VREF must be maintained to this
input The standard pinout includes one CKE pin. Optional pinouts include CKEO and CKE1 on different pins, to
facilitate device stacking.
cs Inout Chip Select: All commands are masked when CS is registered high. CS provides for external rank selection on
P systems with multiple memory ranks. CS is considered part of the command code.
% S Input Command Inputs: RAS, CAS and WE (along with CS) define the command being entered.
Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM is sampled HIGH
DM, Inout along with that input data during a WRITE access. DM is sampled on both edges of DQS. Although DM pins are
LDM, UDM p input only, the DM loading matches the DQ and DQS loading. For the X16, LDM corresponds to the data on
DQO--DQ7; UDM corresponds to the data on DQ8--DQ15. DM may be driven high, low, or floating during READs.
BAO — BA1L Input Ban!( Address Inputs: BA# defines to which bank an Active, Read, Write or Pre-charge command is being
applied.
Address Inputs: Provide the row address for ACTIVE commands, and the column address and AUTO
PRECHARGE bit for READ/WRITE commands, to select one location out of the memory array in the respective
AQ — A12 Inout bank. A10 is sampled during a precharge command to determine whether the PRECHARGE applies to one bank
P (A10 LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the bank is selected by BAO, BA1. The
address inputs also provide the op--code during a MODE REGISTER SET command. BAO and BA1 define which
mode register is loaded during the MODE REGISTER SET command (MRS or EMRS).
DQ Input/output|Data Bus: Inputs/Output
DQS, (DQS) Data Strobe: Output with read data, input with write data. Edge--aligned with read data, centered in write data.
LDQS,(LDQS), |Input/output|{Used to capture write data. For the X16, LDQS corresponds to the data on DQ0--DQ7; UDQS corresponds to the
uUDQS,(UDQS) data on DQ8--DQ15.
NC No Connect: No internal electrical connection is present.
NU No Use: Must float to minimize noise on VREF.
VoDQ Supply | pQ Power Supply: 2.5V + 0.2V (-6K); VDD=VDDQ=2.6V+0.1V (-5T)
VssQ Supply | DQ Ground
VDD Supply | Power Supply: 2.5V % 0.2V (-6K); VDD=VDDQ=2.6V+0.1V (-5T)
Vss Supply | Ground
VREF Supply | SSTL_2 reference voltage
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Block Diagram (32Mb x 8)

CKE  wi—]
CK e
Ck "
C5 w—2a| &
WE v EE 5
cas w— 58| F
RAS +— £ Bankz Lo _
= CE, CK
= =
. o DLL
Mode el s L
N a
Registers . E __é 9 EE —
= ~[ . E EEAN Banko
15 mnrne K- gua femory s otz |,
e z (2192 » 51‘5:: 16) i z 2
A T 3 =
- Sense Amplifiers o a =
g . § ' “l—= = Dos tle
5 | 3 T Genergtor L | | . Dao-oar,
4] . 5 Diht
4 | E /0 Gating g7 oL pput oe
3 eqister ]
A0 A1Z, ® | EHE. B OM hask Logic it [Mask 1 1 o DUS
BAD, BAd a . L= z FIFD "
______ 2
3|2 o ¥ orivers 2
! » Z
o
'S
— £ &
_1'5'} Column-Address LE, —
Counterlatch CK .l
1
Note: This Functional Block Diagram is intended to facilitate user understanding of the operation of
the device; it does not represent an actual circuit implementation.
Hote: OM is a unidirectional signal {input only), hut is internally loaded to match the load of the bidi-
rectional DG and DS signals.
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Preliminary

CKE  wo—]
CkK ~
CE
C8 w— 2. &
WME  wo— EE ]
CAS -Q—Eg E
RAG 40— 5 - Bankz Bank3 .
= Ck, CK
z =
. S [OLL]
hiadle ' 3 12 En_
Registers . _g ._g o ws ¥
lE = ES Al
= I T LR r‘ﬂBankEI
15 purne I "gw lemory = Data |
= Z (8182« 75k 37 i 16 2
e Sense ApIT 7 18 5
[ = Bnse phtiers o 1
Dl E . E ; #| P oos tle
5 N g Gen eratar '\]_ Doo-0015,
% : E = V0 Gating . éf., cow R“.,P._n o5 LOhd, LI Db
o« | E 1 . agister ]
AT, - e E OM hask Logic Virge |Mask 1 1 (e LOOE,UDRS
B0, BAT i N i FI£D "
ﬁ L % ______ N r_rE ________________ ?2 Drivers 2
L » 5
o
L Column gl ?,I-,k o«
Decoder
: T
a4 Column-Address ! LK,
Counterlatch . &C0OL0 CK -]
1 1
Note: This Functional Block Diagram is intended to facilitate user understanding of the operation of
the device; it does not represent an actual circuit implementation.
Mote: DM is a unidirectional signal {input only), but is internally loaded to match the load of the bidi-
rectional DQ and DS signals.
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Functional Description

The 256Mb DDR SDRAM is a high-speed CMOS, dynamic random-access memory containing 268,435,456bits. The 256Mb
DDR SDRAM is internally configured as a quad-bank DRAM.

The 256Mb DDR SDRAM uses a double-data-rate architecture to achieve high-speed operation. The double-data-rate
architecture is essentially a 2n prefetch architecture, with an interface designed to transfer two data words per clock cycle at
the 1/O pins. A single read or write access for the 256Mb DDR SDRAM consists of a single 2n-bit wide, one clock cycle data
transfer at the internal DRAM core and two corresponding n-bit wide, one-half clock cycle data transfers at the I/O pins.

Read and write accesses to the DDR SDRAM are burst oriented; accesses start at a selected location and continue for a pro-
grammed number of locations in a programmed sequence. Accesses begin with the registration of an Active command, which
is then followed by a Read or Write command. The address bits registered coincident with the Active command are used to
select the bank and row to be accessed (BAO, BAL select the bank; A0-A12 select the row). The address bits registered
coincident with the Read or Write command are used to select the starting column location for the burst access.

Prior to normal operation, the DDR SDRAM must be initialized. The following sections provide detailed information covering
device initialization, register definition, command descriptions and device operation.

Initialization
Only one of the following two conditions must be met.
* No power sequencing is specified during power up or power down given the following criteria:
VDD and VDDQ are driven from a single power converter output
VTT meets the specification
A minimum resistance of 42 ohms limits the input current from the VTT supply into any pin and
VREF tracks VDDQ /2
Or
* The following relationships must be followed:
VDDQ is driven after or with VDD such that VDDQ < VDD + 0.3V
VTT is driven after or with VDDQ such that VTT < VDDQ + 0.3V
VREF is driven after or with VDDQ such that VREF < VDDQ + 0.3V

The DQ and DQS outputs are in the High-Z state, where they remain until driven in normal operation (by a read access).
Atfter all power supply and reference voltages are stable, and the clock is stable, the DDR SDRAM requires a 200us delay
prior to applying an executable command.

Once the 200us delay has been satisfied, a Deselect or NOP command should be applied, and CKE must be brought HIGH.
Following the NOP command, a Precharge ALL command must be applied. Next a Mode Register Set command must be
issued for the Extended Mode Register, to enable the DLL, and then a Mode Register Set command must be issued for the
Mode Register, to reset the DLL, and to program the operating parameters. 200 clock cycles are required between the DLL
reset and any read command. A Precharge ALL command should be applied, placing the device in the “all banks idle” state

Once in the idle state, two auto refresh cycles must be performed. Additionally, a Mode Register Set command for the Mode
Register, with the reset DLL bit deactivated (i.e. to program operating parameters without resetting the DLL) must be
performed. Following these cycles, the DDR SDRAM is ready for normal operation.

DDR SDRAM'’s may be reinitialized at any time during normal operation by asserting a valid MRS command to either the base
or extended mode registers without affecting the contents of the memory array. The contents of either the mode register or
extended mode register can be modified at any valid time during device operation without affecting the state of the internal
address refresh counters used for device refresh.
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Register Definition

Mode Register

The Mode Register is used to define the specific mode of operation of the DDR SDRAM. This definition includes the selection
of a burst length, a burst type, CAS latency, and an operating mode. The Mode Register is programmed via the Mode Register
Set command (with BAO = 0 and BA1 = 0) and retains the stored information until it is programmed again or the device loses
power (except for bit A8, which is self-clearing).

Mode Register bits A0-A2 specify the burst length, A3 specifies the type of burst (sequential or interleaved), A4-A6 specify the
CAS latency, and A7-A12 specify the operating mode.

The Mode Register must be loaded when all banks are idle, and the controller must wait the specified time before initiating the
subsequent operation, violating either of these requirements results in unspecified operation.

Burst Length

Read and write accesses to the DDR SDRAM are burst oriented, with the burst length being programmable. The burst length
determines the maximum number of column locations that can be accessed for a given Read or Write command. Burst lengths
of 2, 4, or 8 locations are available for both the sequential and the interleaved burst types.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result.

When a Read or Write command is issued, a block of columns equal to the burst length is effectively selected. All accesses for
that burst take place within this block, meaning that the burst wraps within the block if a boundary is reached. The block is
uniquely selected by A1-Ai when the burst length is set to two, by A»-Ai when the burst length is set to four and by As-Ai when
the burst length is set to eight (where Ai is the most significant column address bit for a given configuration). The remaining
(least significant) address bit(s) is (are) used to select the starting location within the block. The programmed burst length
applies to both Read and Write bursts.
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Mode Register Operation

BA1| BAD | A12 | A11 | A10 | AB AB AT AG AL Ad A3 A2 Al AD Address Bus

o= o= Operating Mode CAS Latency BT Burst Length Mode Register
A12-AG | A8 | AT | AGB-AD Cperating Mode
. Mormal operation Burst
o o o Valid Do not reset DLL A3 Type
. Mormal operation [1] Sequential
o 1 0 Walid 3
in DLL Reset 1 Interleave
. YVendor-Specific
g o 1 V8 Test Mode
- - - Reserved
CAS Latency Burst Length
AB AR Ad Latency AZ A Al Burst Length
o] o] 0 Reserved [1] [1] [1] Reserved
o o 1 Reserved 0 0 1 2
0 1 0 2 0 1 0 4
o 1 1 3 0 1 1 8
1 o 0 Reserved 1 0 0 Reserved
1 1] 1 Reserved 1 1] 1 Reserved
1 1 0 25 1 1 0 Reserved
1 1 1 Reserved 1 1 1 Reserved

VE™ Vendor Specific

* BAD and BA1 must be 0, 0 to select the Mode Register
{vs. the Extended Mode Register).
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Burst Definition

Burst Length Starting Colum Address Order of Accesses Within a Burst
A2 Al AO Type=Sequential Type=Interleaved
) - - 0 0-1 0-1
- - 1 1-0 1-0
- 0 0 0-1-2-3 0-1-2-3
4 - 0 1 1-2-3-0 1-0-3-2
- 1 0 2-3-0-1 2-3-0-1
- 1 1 3-0-1-2 3-2-1-0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
Notes:

1. For a burst length of two, A1-A i selects the two-data-element block; AO selects the first access within the
block.

2. For a burst length of four, A2-A i selects the four-data-element block; AO-Al selects the first access
within the block.

3. For a burst length of eight, A3-A i selects the eight-data- element block; A0-A2 selects the first access
within the block.

4. Whenever a boundary of the block is reached within a given sequence above, the following access
wraps within the block.
Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved; this is referred to as
the burst type and is selected via bit A3. The ordering of accesses within a burst is determined by the burst
length, the burst type and the starting column address, as shown in Burst Definition.

Read Latency

The Read latency, or CAS latency, is the delay, in clock cycles, between the registration of a Read command
and the availability of the first burst of output data.

If a Read command is registered at clock edge n, and the latency is m clocks, the data is available nominally
coincident with clock edge n + m.

Reserved states should not be used as unknown operation or incompatibility with future versions may result.
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Preliminary

The normal operating mode is selected by issuing a Mode Register Set Command with bits A7-A12 to zero, and bits AO-A6 set
to the desired values. A DLL reset is initiated by issuing a Mode Register Set command with bits A7 and A9-A12 each set to
zero, bit A8 set to one, and bits A0-A6 set to the desired values. A Mode Register Set command issued to reset the DLL
should always be followed by a Mode Register Set command to select normal operating mode.

All other combinations of values for A7-A12 are reserved for future use and/or test modes. Test modes and reserved states
should not be used as unknown operation or incompatibility with future versions may result.

CAS Latencies

CAS Latency =3,BL=4
C'I'< - —'.I.'—‘._,-— —_ —\-,I.‘—'.h_-— —_ —'I.'—\-,_I.'— —_ —|_I.'—‘.H-— —_ —\I,J‘—[“.'— —_ —\.I.'—
@ C_ X S D T S -
| | | | | |
Command | W Read % NOP ( NOP { NOP i NOP ¥ { NOP |
p | CL=3 | I I
DQS I I. } |
I I I I |
oc ! ! | -
I I I I I I
Shown with nominal tac, tpasck, and tpasa- ’ } Don't Care
CAS Latency =2.5,BL=4
I I I I I I
CK m—fr——— — - — y———— — - — S\ — oy
w C_ X X Y i _ X o X I
| | | | |
Command 4 Read f A NOP ¥ b NOP % ) NOP A }’ NOP  f J__NOP
l I
e Cl-25 —————| I I I
nas | _ | = — |
I I I I
DQ I | I i W X X ——
I I I I I I
Shown with nominal tac, toosck, and tpasa- ! Don't Care
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Extended Mode Register

The Extended Mode Register controls functions beyond those controlled by the Mode Register; these additional functions
include DLL enable/disable, bit AO; output drive strength selection, bit A1; and QFC output enable/disable, bit A2 (NTC
optional). These functions are controlled via the bit settings shown in the Extended Mode Register Definition. The Extended
Mode Register is programmed via the Mode Register Set command (with BAO = 1 and BA1 = 0) and retains the stored
information until it is programmed again or the device loses power. The Extended Mode Register must be loaded when all
banks are idle, and the controller must wait the specified time before initiating any subsequent operation, violating either of
these requirements result in unspecified operation.

DLL Enable/Disable

The DLL must be enabled for normal operation. DLL enable is required during power up initialization, and upon returning to
normal operation after having disabled the DLL for the purpose of debug or evaluation. The DLL is automatically disabled
when entering self refresh operation and is automatically re-enabled upon exit of self refresh operation. Any time the DLL is
enabled, 200 clock cycles must occur to allow time for the internal clock to lock to the externally applied clock before a Read
command can be issued. This is the reason for introducing timing parameter tXSRD for DDR SDRAM'’s (Exit Self Refresh to
Read Command). Non- Read commands can be issued 2 clocks after the DLL is enabled via the EMRS command (tMRD) or
10 clocks after the DLL is enabled via self refresh exit command (tXSNR, Exit Self Refresh to Non-Read Command).

Output Drive Strength

The normal drive strength for all outputs is specified to be SSTL_2, Class II.

QFC Enable/Disable (Not support in this product; only for information)

The QFC signal is an optional DRAM output control used to isolate module loads (DIMMs) from the system memory bus by
means of external FET switches when the given module (DIMM) is not being accessed. The QFC function is an optional
feature for ELIXIR and is not included on all DDR SDRAM devices.
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Extended Mode Register Definition

BA1| BAD| Aiz Ay (A Ag | Ag | Ay | Ag

o* 1" Operating Mode

A12-A3 | AZ2-AD Operating Mode
0 Valid Mormal Operation

All other states
Reserved

Ao QFC

0 Disable

Enable (Mot
Support)

* BAO and BA1 must be 1, 0 fo select the Extended Mode Register
(vs. the base Mode Register)

A_q_ AE, AE A1

QFC | DS

Drive Strength

Ay

Drive Strength

0

Mermal

Weak

Ag DLL

0 Enable

1 Disable

Ag Address Bus

Extended
oL Mode Register
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Commands

Truth Tables 1a and 1b provide a reference of the commands supported by DDR SDRAM devices. A verbal description of
each command follows.

Truth Table 1a Commands

Name (Function) CS | RAS | CAS | WE | Address | MNE | Notes
Deselect (Nop) H X X X X NOP 1,9
No Operation (Nop) L H H H X NOP 1,9
Active (Select Bank and Activate Row) L L H H Bank/Row | ACT 1,3
Read (Select Bank, Column and Start Read Burst) L H L H Bank / Col | Read 1,4
Write (Select Bank, Column and Start Write Burst) L H L L Bank / Col | Write 1,4
Burst Terminate L H H L X BST 1,8
Pre-Charge (Deactivate Row In Bank or Banks) L L H L Code PRE 1,5
Auto Refresh or Self Refresh (Enter Self Refresh L L L H N ARSR | 167
Mode)
Mode Register Set L L L L Op-Code MRS 1,2

1. CKE is high for all commands shown except Self Refresh.

2. BAO, BAL1 select either the Base or the Extended Mode Register (BAO = 0, BA1 = 0 selects Mode Register; BAO = 1, BA1 = 0 selects
Extended Mode Register; other combinations of BAO-BAL1 are reserved; A0-A12 provide the op-code to be written to the selected Mode
Register.)

3. BAO-BAL1 provides bank address and A0-A12 provides row address.

4. BAO, BAL1 provide bank address; A0-Ai provide column address (where i = 9 for x8 and 9, 11 for x4); A10 high enables the Auto Precharge
feature (non-persistent), A10 low disables the Auto Precharge feature.

5. A10 LOW: BAO, BA1 determine which bank is precharged.

A10 HIGH: all banks are precharged and BAO, BA1 are “Don’t Care.”

6. This command is auto refresh if CKE is high; Self Refresh if CKE is low.

7. Internal refresh counter controls row and bank addressing; all inputs and 1/Os are “Don’t Care” except for CKE.

8. Applies only to read bursts with Auto Precharge disabled; this command is undefined (and should not be used) for read bursts with
AutoPrecharge enabled or for write bursts.

9. Deselect and NOP are functionally interchangeable.

Truth Table 1b: DM Operation

Name (Function) DM DQs Note
Write Enable L Valid 1
Write Inhibit H X 1
1. Used to mask write data; provided coincident with the corresponding data.
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Deselect
The Deselect function prevents new commands from being executed by the DDR SDRAM. The DDR SDRAM is effectively
deselected. Operations already in progress are not affected.

No Operation (NOP)
The No Operation (NOP) command is used to perform a NOP to a DDR SDRAM. This prevents unwanted commands from
being registered during idle or wait states. Operations already in progress are not affected.

Mode Register Set

The mode registers are loaded via inputs A0-A12, BAO and BA1 while issuing the Mode Register Set Command. See mode
register descriptions in the Register Definition section. The Mode Register Set command can only be issued when all banks
are idle and no bursts are in progress. A subsequent executable command cannot be issued until tMRD is met.

Active

The Active command is used to open (or activate) a row in a particular bank for a subsequent access. The value on the BAO,
BAL1 inputs selects the bank, and the address provided on inputs A0-A12 selects the row. This row remains active (or open) for
accesses until a Precharge (or Read or Write with Auto Precharge) is issued to that bank. A Precharge (or Read or Write with
Auto Precharge) command must be issued and completed before opening a different row in the same bank.

Read

The Read command is used to initiate a burst read access to an active (open) row. The value on the BAO, BA1 inputs selects
the bank, and the address provided on inputs A0-Ai, Aj (where [i =9, j = don’t care] for x8; where [i = 9, j = 11] for x4) selects
the starting column location. The value on input A10 determines whether or not Auto Precharge is used. If Auto Precharge is
selected, the row being accessed is precharged at the end of the Read burst; if Auto Precharge is not selected, the row
remains open for subsequent accesses.

Write

The Write command is used to initiate a burst write access to an active (open) row. The value on the BAO, BA1 inputs selects
the bank, and the address provided on inputs A0-Ai, Aj (where [i =9, j = don’t care] for x8; where [i = 9, j = 11] for x4) selects
the starting column location. The value on input A10 determines whether or not Auto Precharge is used. If Auto Precharge is
selected, the row being accessed is precharged at the end of the Write burst; if Auto Precharge is not selected, the row
remains open for subsequent accesses. Input data appearing on the DQs is written to the memory array subject to the DM
input logic level appearing coincident with the data. If a given DM signal is registered low, the corresponding data is written to
memory; if the DM signal is registered high, the corresponding data inputs are ignored, and a Write is not executed to that
byte/column location.

Precharge

The Precharge command is used to deactivate (close) the open row in a particular bank or the open row(s) in all banks. The
bank(s) will be available for a subsequent row access a specified time (tRP) after the Precharge command is issued. Input
A10 determines whether one or all banks are to be precharged, and in the case where only one bank is to be precharged,
inputs BAO, BA1 select the bank. Otherwise BAO, BA1 are treated as “Don’t Care.” Once a bank has been precharged, it is in
the idle state and must be activated prior to any Read or Write commands being issued to that bank. A precharge command is
treated as a NOP if there is no open row in that bank, or if the previously open row is already in the process of precharging.
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Auto Precharge

Auto Precharge is a feature which performs the same individual-bank precharge function described above, but without
requiring an explicit command. This is accomplished by using A10 to enable Auto Precharge in conjunction with a specific
Read or Write command. A precharge of the bank/row that is addressed with the Read or Write command is automatically
performed upon completion of the Read or Write burst. Auto Precharge is non-persistent in that it is either enabled or disabled
for each individual Read or Write command. Auto Precharge ensures that the precharge is initiated at the earliest valid stage
within a burst. This is determined as if an explicit Precharge command was issued at the earliest possible time without
violating tRAS (min). The user must not issue another command to the same bank until the precharge (tRP) is completed.

The NTC DDR SDRAM device supports the optional tRAS lockout feature. This feature allows a Read command with Auto
Precharge to be issued to a bank that has been activated (opened) but has not yet satisfied the tRAS (min) specification. The
tRAS lockout feature essentially delays the onset of the auto precharge operation until two conditions occur. One, the entire
burst length of data has been successfully prefetched from the memory array; and two, tRAS (min) has been satisfied.

As a means to specify whether a DDR SDRAM device supports the tRAS lockout feature, a new parameter has been defined,;
tRAP (RAS Command to Read Command with Auto Precharge or better stated Bank Activate to Read Command with Auto
Precharge). For devices that support the tRAS lockout feature, tRAP = tRCD (min). This allows any Read Command (with or
without Auto Precharge) to be issued to an open bank once tRCD (min) is satisfied.

trar Definition

CL:E: tEK:1 0ns
CK 1 o L ol o o o o o o o
LS U T G0 U A U 0 0 ) D (0 S ) NS ) O 0 N O O O
T S S g g g S [N B N SR R
Command  (Nod|  YacT  Ywor{  YRoA  WwoR(  WwoR( oA YwoR( ot YwoR( Ywop
frrr -t r -t 1 1T 1 1 "I | [
DQ (Bl=2) 11— oo —F——A——F—F—F—F+—
|1 ettt mesminp——t——%— e > | [ ||
Command  (NoA( AGT{ YNoR{ WRDAY YWoR( YNoB( NoR( YWoR( YacT( YWoA( \(noP,
T e O O O N A B R A
i Y ) 10 €5 L) o e B B B B
t .
oL L ke e i T I B
Command (0B Aoty oA oA \woR(™ YoR(™ oA —wod(™ )(woA(” Yacr }(wop
o A R
i T T T T T T T T T (0o o0 oo bos s o —7—
.1 RCDmin >, N T | He— RPmin —> o
«— 'RAPmn —
* Indicates Auto Precharge begins here
The above timing diagrams show the effects of £ for devices that support tpas lockout. In these cases, the Read
with Auto Precharge command (RDA) is issued wih tpop(min) and dataout is available with the shortest latency from the
Bank Activate command (ACT). The internal precharge aperation, however, does not begin until after tga g{min) is satisfied.
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Burst Terminate

The Burst Terminate command is used to truncate read bursts (with Auto Precharge disabled). The most recently registered
Read command prior to the Burst Terminate command is truncated, as shown in the Operation section of this data sheet.
Write burst cycles are not to be terminated with the Burst Terminate command.

Auto Refresh

Auto Refresh is used during normal operation of the DDR SDRAM and is analogous to CAS before RAS (CBR) Refresh in
previous DRAM types. This command is non-persistent, so it must be issued each time a refresh is required.

The refresh addressing is generated by the internal refresh controller. This makes the address bits “Don’t Care” during an
Auto Refresh command.

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 as an Auto Refresh command coincident with CKE transitioning 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 (low) are “Don’t Care” during Self Refresh operation.

The procedure for exiting self refresh requires a sequence of commands. CK (and CK) must be stable prior to CKE returning
high. Once CKE is high, the SDRAM must have NOP commands issued for tXSNR 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.
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Operations

Bank/Row Activation

Before any Read or Write commands can be issued to a bank within the DDR SDRAM, a row in that bank must be “opened”
(activated). This is accomplished via the Active command and addresses A0-A12, BAO and BAL (see Activating a Specific
Row in a Specific Bank), which decode and select both the bank and the row to be activated. After opening a row (issuing an
Active command), a Read or Write command may be issued to that row, subject to the trRcD specification. A subsequent
Active command to a different row in the same bank can only be issued after the previous active row has been “closed”
(precharged). The minimum time interval between successive Active commands to the same bank is defined by trc. A
subsequent Active command to another bank can be issued while the first bank is being accessed, which results in a
reduction of total row-access overhead. The minimum time interval between successive Active commands to different banks
is defined by trrD.

Activating a Specific Row in a Specific Bank

r=ymr, RA = row address.
A0-A12 HBA ) | BA = bank address.

I
BAD, BA1 K BA Y | { } Don't Care
|
trcD and trRRD Definition

| | | | | | | |
CK | -y - -y YRy - A Ay - v -
TE A '}‘._ A J"_ A }_ A .j'\_ N j,_ A '}'._ i ,I:,_ M r{._

e e e Y e E
Command | JACT) \NOP)| W ACTY { NP \(NOP)( AD/W JINOPY( ;{No?

JR | S . \
A0-A12 \Row) JRow ) ACOL X |
T | | | | |‘ | |
BAO, BA' \BAx) WBAy KBAy i |
| | |

| |
|+— trRD »e — trop —4 »| | |
| |

{ ) Don't Care
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Reads

Subsequent to programming the mode register with CAS latency, burst type, and burst length, Read bursts are initiated with a
Read command.

The starting column and bank addresses are provided with the Read command and Auto Precharge is either enabled or
disabled for that burst access. If Auto Precharge is enabled, the row that is accessed starts precharge at the completion of the
burst, provided trRAs has been satisfied. For the generic Read commands used in the following illustrations, Auto Precharge is
disabled.

During Read bursts, the valid data-out element from the starting column address is available following the CAS latency after
the Read command. Each subsequent data-out element is valid nominally at the next positive or negative clock edge (i.e. at
the next crossing of CK and CK). The following timing figure entitled “Read Burst: CAS Latencies (Burst Length=4)" illustrates
the general timing for each supported CAS latency setting. DQS is driven by the DDR SDRAM along with output data. The
initial low state on DQS is known as the read preamble; the low state coincident with the last data-out element is known as the
read postamble. Upon completion of a burst, assuming no other commands have been initiated, the DQs and DQS go High-Z.
Data from any Read burst may be concatenated with or truncated with data from a subsequent Read command. In either case,
a continuous flow of data can be maintained. The first data element from the new burst follows either the last element of a
completed burst or the last desired data element of a longer burst which is being truncated. The new Read command should
be issued x cycles after the first Read command, where x equals the number of desired data element pairs (pairs are required
by the 2n prefetch architecture). This is shown in timing figure entitled “Consecutive Read Bursts: CAS Latencies (Burst
Length =4 or 8)”. A Read command can be initiated on any positive clock cycle following a previous Read command.
Nonconsecutive Read data is shown in timing figure entitled “Non-Consecutive Read Bursts: CAS Latencies (Burst Length =
4)”. Full-speed Random Read Accesses: CAS Latencies (Burst Length = 2, 4 or 8) within a page (or pages) can be performed.

Read Command

R |
cK - — —
CK D S
CKE —hiGn :
es | \ !
RAS | iy |
N |
cAS | \
WE | 71 |
Address | iEA |
EN AP
A0 | L
s AP GA = column addrass
= BA = bank address
BAD, BA1 l A BA .‘.—I EN AP = anable Aute Prechangs
| DIS AP = dizsabla Auto Pracharge
1
+ Don't Care
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Read Burst: CAS Latencies (Burst Length = 4)

CK

CK

Command

Address

Das
DQ

QFC
(Opficnal)

CK

CK

Command

Address

Das

DQ

{Optional)

QFC

CAS Latency = 3

- — Ty VT T - WO Ty i~
W b
L _.-J/—\\ ;J o A, }\_ A :i\._ _h rt._ _ _.'\1 -}\_ i

)gnead i Y NDP Y

y NDF‘ Y NDP oY NDP X

Y BA a.|DO L n\:{ :(

XX

A\

| fi \

\

i {{oo=n)X XX—X—>

|
facs
: B e
\ !
| | 1
CAS Latency = 2.5

| | | | | 1
Coo o X "‘L _ X “L S SR S SR S

| | | |
| ) ner X W wNop ) Py NDP W N wop W wop Y

1

| \BA 2,CoL n ;‘ | .’:‘\ ( | K :\ | "'( .-" | :i a:'i | ,‘x

'Cl=2.5 | > | I
I ) | i 1\ / r'—|7
| | | . |

| | —— (R XK D

| | tehe | |

| I A oo I

[ [ | | | | I

| ) Don't Gare

DO a-n = data out from bank a, column n.

3 subsequent elements of data out appear in the programmed order following DO a-n.
Shown with nominal tAC: tDCISCK; ana tDGSG-

QFC is an open drain driver. The cutput high level is achieved through an external pull up resister connected to Vppg.
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Consecutive Read Bursts: CAS Latencies (Burst Length =4 or 8)

CAS Latency =3

% / e —\I Ve Ia Ve — —~.I Vo Yaliae —'.I W —'.I- —
SN G SR GH SR G SR SR SR S SR G
| | 1 1 |
Command | W Read JooMoP T Y Read W NOP WY NOP Y NoP Y
A | A — L o | A
Adaress ferncounf A Neasocon(_ X X X X
PR U R l !
Das ' | l Y !’ I Y
| | | ' | | -
Da i i i (CoowmXX_ XX XX XX XX
| | | | 1 |
CAS Latency = 2.5
CK VT —\I e Ia Yl —'.I Yl —'.I Tl —'.I (i —'.I- I
CK w — A o — _\{a_ —_ - — i b — A
| | 1 | |
Command | Y Read § mop Y W Read ) NOP (4 NOP YomnoP Y
A | A — L o | A
Address Naracoual Y A ST S X X X

Cl=2.5

Das

——

{{pos- miX

DO a-n (or a-b) = data out from bank &, column n (or bank a, column b).

When burst length = 4, the bursts are concatenated.
When burst length = 8, the second burst interrupts the first,

3 subsequent elements of data out appear in the programmed arder following DO a-n.
3 (or 7) subsequent elements of data out appear in the programmed crder following DO a-b.

Shown with nominal tAD: tD{]SCK: and tDCIS'CI-

i

{ ' Don'tCare
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Non-Consecutive Read Bursts: CAS Latencies (Burst Length = 4)

CAS Latency = 3

CK |

| |
CA D G D S S Gt G S T G S
1 1 1 1 1
Command | M Read )} NOP ¥ NOP N Read ) ¥ NOP ¥ NOP
I I I I I
Address | fers coal X N X S XX G X X
. | ows { | |
e e W
ba | | (o=l XX XX XX XX
| | | | | |
CAS Latency = 25
| | | I | | |
CK e Ty — — — V- Ve — — T Ty
(-39 SUD SN Saniy SR Sans GUNDD Ghu SNNDY Ghuih SUND Sumis GUNNS SREND G

| | | _— | | |
Command {Read Y W nop Y Wwor W Wmead W W nop W W owor WY NOP )
| T T T T T

Address | (eAmco{ ) | X | ' ;cm‘;{ X | X | ) | )
;oL=25 —d_ | | |
DQs \ ' / \ '
| | — —
DQ | | {fpoani)( W W —F+—{Toosn)X
| | 1 | | |

DO a-n (or a-b) = data out from bank a, column n (or bank a, column b).
3 subsequent elements of data out appear in the pregrammed order follewing DO a-n (and following DO a-b).

Shown with nominal te, thosck. 2 thasg- T DontCare

A J
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Random Read Accesses: CAS Latencies (Burst Length =2, 4 or 8)

CAS Latency = 3

1 1 1 1 1 I
GK VT T ¥l T T ¥l VT Pl o

ﬁ | S _"\' l' — l‘ — _-'I\ {\_ — _-'I" I._ M /| -'I“._

I P S T 1 I
Command W Read ) Read Yy Head W W Read W wor WY NOP Y |
[ [

Address (Baa, C{JLn\-{ &BAn coLx {BAa, cou:}\ BAg, COLg )| ‘a{ Y Y |

+ I CL=3 I ’I I |
Das I | Y " ! " J \_
I I I I I
DaQ JE— | | —(F’ DOn-n\O(DOEn‘)\"XDUn-:)’ DOE-!X}\DUKQ 1{
I I I I I |
CAS Latency = 2.5
CK ] N _ N N I _
ok L _ .\ .|1_ _ L I | S IL _
I I I I
Command | ¥ Read ¥ Read W Read )y W Read ) ) mop Y NOP I |
I I I I I
Address | JBaa coLn)  JiBaa ooux (Bas oLl YeascoLgd N i |
1 1 I 1 I 1 1
e ~ CL=25 : 5| I I I
pas | \ I ! / I. / ! /[
I I | |
DQ I T T ’:\ DOn-n)(}f\DDa-n}f’\)(\DOa—x DOE-:}/XDOn b}yl}ﬁn h,{x
I I I

DO a-n, etc. = data out frem bank a, celumn n etc. — .

n' etc. = odd or even complement of n, etc. (i.e., column address LSB inverted). \ ; Don'tCare
Reads are to active rows in any banks.

Shown with nominal IAC: IDUSCI(: and ID'DSO-
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Data from any Read burst may be truncated with a Burst Terminate command, as shown in timing figure entitled Terminating a
Read Burst: CAS Latencies (Burst Length = 8) on page 26. The Burst Terminate latency is equal to the read (CAS) latency, i.e.
the Burst Terminate command should be issued x cycles after the Read command, where x equals the number of desired data
element pairs.

Data from any Read burst must be completed or truncated before a subsequent Write command can be issued. If truncation is
necessary, the Burst Terminate command must be used, as shown in timing figure entitled Read to Write: CAS Latencies
(Burst Length = 4 or 8) on page 27. The example is shown for tDQSS (min). The tDQSS (max) case, not shown here, has a
longer bus idle time. tDQSS (min) and tDQSS (max) are defined in the section on Writes.

A Read burst may be followed by, or truncated with, a Precharge command to the same bank (provided that Auto Precharge
was not activated). The Precharge command should be issued x cycles after the Read command, where x equals the number
of desired data element pairs (pairs are required by the 2n prefetch architecture). This is shown in timing figure on page 28 for
Read latencies of 3. Following the Precharge command, a subsequent command to the same bank cannot be issued until tRP
is met. Note that part of the row precharge time is hidden during the access of the last data elements.

In the case of a Read being executed to completion, a Precharge command issued at the optimum time (as described above)
provides the same operation that would result from the same Read burst with Auto Precharge enabled. The disadvantage of
the Precharge command is that it requires that the command and address busses be available at the appropriate time to issue
the command. The advantage of the Precharge command is that it can be used to truncate bursts.
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Terminating a Read Burst: CAS Latencies (Burst Length = 8)

CAS Latency =3

CK _ 1 _ | _ | _ | _ | _ _
ac C_ f_ X R [ W
| ] o

. . . —
Command Y Read ¥ Wonop Y ¥ BsT Y W nop ) W NOP W NoP Y |

1 ! 1 . 1

| . . 1 . 1
Address Weas coLn) Y | VY | Y ¥ Y Y v
e | cl-3—t— >l

DQsS i { -
| | |
DQ T T T looen( XX XX p———
| | | | | 1
Mo further output data after this point.
DQS tristated.
CAS Latency = 2.5
CK { = = ~— = - — =) = W - W - i~
CK L S W _r\'\—."fg _ A 'IIL _ fa_ A { A b A
Command | ' Read ¥ NGP o ¥ BeT o ¥ NGP W b NOP W b NP b |
| [
Address | yas coLnf X X X L { XX 1
|
« | CL=2.5 | : : :
pos : \ I A | / | Y
| | | | |
ba I I \."; DOE'"X;\ ;’0‘ \ f'Q\ ;-" )
| | | |

No further output data after this point.
DQS tristated.

DO a-n = data out from bank a, column n.

Cases shown are bursts of 8 terminated after 4 data elements.

3 subsequent elements of data out appear in the programmed order following DO a-n.
Shown with nominal tayg, tposcy. and tpogsg.

' Don't Care
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Read to Write: CAS Latencies (Burst Length =4 or 8)

CAS Latency = 3
CK | | | I _l - | —
P W T N S o Y, J iy ! -
oK L A L A S S S S S
| | I
Command | { Read ¥ oBsT ¥ NoP Y ¥ Wrrt ¥ Yy NOP by |
I
Address | B, COLn Y ¥ W ( )‘ (BAs, GOLb\{ ) b |
| |
ClL=3 > tm (min)
| | —
Das | } | '\ —
Da | | /oo n Jb—{\—'ﬂs s ){_X
| | | | .
DM , , , , XX K_K:I
I
CAS Latency = 2.5
CK N ) _ ] - ——
[ S ‘|L — A C_ 20 X ) S -
R F R R R [ I N
Command W Read ) W BsT W wop )Y Nop y K Wie W)W Noe |
| T T T
Address | feascotn) X X | X }(#4 Neascoel X | L
CL=2.5 . N | ——%| tpass (min)
DosS I | / . S B W
pa ' (ol O8O0
| | I T
DM O

DO a-n = data out from bank a, celumn n
Dl a-b = data in to bank a, column b

1 subsequent elements of data out appear in the pregrammed order following DO a-n.

Data In elements are applied following DI a-b in the programmed order, according to burst length.
Shown with nominal tae, thosck. and tposa.

{ + Don't Cane
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Read to Precharge: CAS Latencies (Burst Length =4 or 8)

CAS Latency =3
CKk - — - - Yallen I Yl - = "I.'_\I.-’_ - -\I\_.'—\F—
CK oA _?'._ A -:I'._ A _} A I _'I" -II'._ N _
| | | | | |
Command | W Read N NoP Y N PRE ¥ W NoP | j wop Y I ACT i
: o I ' | ' | ’ ) I ' ' | ’
|« t N
I | i A |
Address Jeaacola Y Y Veaaora Wy Y W Vea s rowl
I I I I
+ CL=3 >
o | I N — |
| 1 1 I
ba : : | Koo XX XX XK W
CAS Latency = 2.5
CK ¥l —\I 17— —\I 17 Yl —'.I Yl —'.I ~ — —\I'—'\.'——
Tk o — A fo — A o — A [ A fo 4'\—4._ [ |
| | | | | |
Command | W Read W mop i oPRE W mop Y Y noP Y Y acT Y
. A A A A —
| t N
I | i P |
Address Jpascolnl N Weasoral Y N N Yeasmow)
I I I I I
+«— ClL=25 I—» | | |
|
bas )
Do | | | ((oand¥ XY WY  Hh—o I
I I 1 [ [ 1
DO a-n = data out from bank a, celumn n.
Cases shown are either uninterrupted bursts of 4 or interrupted bursts of 8.
3 subseguent ele ments of data out appear in the programmed order following DO a-n.
Shown with nominal tac, tposck. @nd tpgsg. % Dontcare
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Writes

Write bursts are initiated with a Write command, as shown in timing figure Write Command on page 30.

The starting column and bank addresses are provided with the Write command, and Auto Precharge is either enabled or
disabled for that access. If Auto Precharge is enabled, the row being accessed is precharged at the completion of the burst.
For the generic Write commands used in the following illustrations, Auto Precharge is disabled.

During Write bursts, the first valid data-in element is registered on the first rising edge of DQS following the write command,
and subsequent data elements are registered on successive edges of DQS. The Low state on DQS between the Write
command and the first rising edge is known as the write preamble; the Low state on DQS following the last data-in element is
known as the write postamble. The time between the Write command and the first corresponding rising edge of DQS (tDQSS)
is specified with a relatively wide range (from 75% to 125% of one clock cycle), so most of the Write diagrams that follow are
drawn for the two extreme cases (i.e. tbQSS(min) and tDQSS(max)). Timing figure Write Burst (Burst Length = 4) on page 31
shows the two extremes of tDQSS for a burst of four. Upon completion of a burst, assuming no other commands have been
initiated, the DQs and DQS enter High-Z and any additional input data is ignored.

Data for any Write burst may be concatenated with or truncated with a subsequent Write command. In either case, a
continuous flow of input data can be maintained. The new Write command can be issued on any positive edge of clock
following the previous Write command. The first data element from the new burst is applied after either the last element of a
completed burst or the last desired data element of a longer burst which is being truncated. The new Write command should
be issued x cycles after the first Write command, where x equals the number of desired data element pairs (pairs are required
by the 2n prefetch architecture). Timing figure Write to Write (Burst Length = 4) on page 32 shows concatenated bursts of 4.
An example of nonconsecutive Writes is shown in timing figure Write to Write: Max DQSS, Non-Consecutive (Burst Length = 4)
on page 33. Full speed random write accesses within a page or pages can be performed as shown in timing figure Random
Write Cycles (Burst Length = 2, 4 or 8) on page 34. Data for any Write burst may be followed by a subsequent Read command.
To follow a Write without truncating the write burst, tWTR (Write to Read) should be met as shown in timing figure Write to
Read: Non-Interrupting (CAS Latency = 3; Burst Length = 4).

Data for any Write burst may be truncated by a subsequent (interrupting) Read command. This is illustrated in timing figures
“Write to Read: Interrupting (CAS Latency =2; Burst Length = 8)”, “Write to Read: Minimum DQSS, Odd Number of Data (3 bit
Write), Interrupting (CAS Latency = 2; Burst Length = 8)”, and “Write to Read: Nominal DQSS, Interrupting (CAS Latency = 2;
Burst Length = 8)”. Note that only the data-in pairs that are registered prior to the tWTR period are written to the internal array,
and any subsequent data-in must be masked with DM, as shown in the diagrams noted previously.

Data for any Write burst may be followed by a subsequent Precharge command. To follow a Write without truncating the write
burst, tWR should be met as shown in timing figure Write to Precharge: Non-Interrupting (Burst Length = 4) on page 39.

Data for any Write burst may be truncated by a subsequent Precharge command, as shown in timing figures Write to
Precharge: Interrupting (Burst Length = 4 or 8) on page 40 to Write to Precharge: Nominal DQSS (2 bit Write), Interrupting
(Burst Length = 4 or 8). Note that only the data-in pairs that are registered prior to the tWR period are written to the internal
array and any subsequent data in should be masked with DM, Following the Precharge command, a subsequent command to
the same bank cannot be issued until tRP is met.

In the case of a Write burst being executed to completion, a Precharge command issued at the optimum time (as described
above) provides the same operation that would result from the same burst with Auto Precharge. The disadvantage of the
Precharge command is that it requires that the command and address busses be available at the appropriate time to issue the
command. The advantage of the Precharge command is that it can be used to truncate bursts.
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N2DS25680DS

N2DS25616DS ( o
256Mb DDR SDRAM Preliminary ell)("'
Write Command
K - !
CK :{__ -
CKE ~HGH
= W
m I—J_I | \\ |
TAS ) | |
WE \ |/ |
|
AD-AQ | }{TJ-?;{
EN AP
N —
DISAP CA = column address
BAD, BA | m BA = bank address

{
Y

EN AP = enable Auto Precharge
DIS AP = disable Auto Precharge

) Don'tCare
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM Preliminary

Write Burst (Burst Length = 4)

CK
CK

Command

Address

Das
DQ
DM

QFC
(Optional)

CK
CK

Command

Address

Das
Da

DM

Maximum Dass

i11 iTE e |
C__ 00— o o ol
| | | |
| TN S S SR G G G- G
| }_BAacob ¥ X | X I | X X | i |
+— tposs (ma:(}l—. | |
| L L/ \ / L]
1 |
| Woss) W V WO
[ [
| D D
e, tocswimax) | | tacwam.n} |
[ | [ /
1 | [ [
Minimum Dgss
iT1 iT2 'T3 i
s dalks G Galal g Salals Gu dale C -
o 'L___n’4.l____n' l____.'—
| | | |
| SIS SR S SR G SR G S—
| ) BAa cOLb X X | X A | I X | 1
Tmss(min].—. | | |
| \ oo fo /
1 |
| | )('Dlnb\ r’ﬂ ‘.*’ W ‘,( } { | |
| WY X )t WK |
ld—l- tocswimax) | tQCHmea:(]l

| \ | | N —

Dl a-b = data infor bank a, column b.

3 subsequent elements of data in are applied in the programmed order following DI a-b.

A nor-interrupted burst is shown.

A10 is Low with the Write command (Auto Precharge is disabled).

QFC Is an open drain driver. Its output high level is achieved through an externally connected pull up resistor connected to Vppo.

! ; Don't Care
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM Preliminary

Write to Write (Burst Length = 4)

Maximum Dgss

| |
T1 T2 T3 T4 T5 T6
cK | | | | | |
—_ VT T VT T, T T J Y W N \/ — Y
CK b _ T___;‘- | S A A | S o | S
| | | | |
Command | Wowite W nop Y Wwite % nop W noP W Nop Y
I I T I
Address JBas coLb X A Yaaa. coL 0} i X X :t X '}{ |
[ [ [ [
«— tposg (Max) - | | I
Dpas — L/ o \ / ey o

I
I
| |
paQ | : Yor =0y} )(i}( O ‘)(:Xm sy ¥

XX
ou | () 1 - - —

|
¢ S—

Minimum Dags

T T2 T3 T4 T5 TE
CK o __ - | - I | _ I -
] ! Y = VT Y VT e ol -
CK ‘_ i ;F‘._ . {L i *'_ — _' i M R ]\ _ _}'\_
| | |
L ST G
I

f
| | |

Gommans [T wite ) op () waia ) wor X
| . | |

Address fea oo W T Yamooa )Y VY

o tDOSS {min) | |

| I 1
Das ‘. A / \ / \ /

| .
a | R T ) xg I G _%

oM | XK XK XK XX XK XX

‘0‘

X

Dl a-b = data in for bank a, column b, etc.

3 subsequent elements of data in are applied in the programmed order following DI a-b.
3 subsequent elements of data in are applied in the programmed order following DI a-n.
A non-interrupted burst is shown.

Each Write command may be to any bank.

L + DontCare
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N2DS25680DS (
N2DS25616DS = =
256Mb DDR SDRAM elixir

Preliminary

Write to Write: Max DQSS, Non-Consecutive (Burst Length = 4)

'T1 T2 IT3 T4 ITs
CK | _

Vo

= Y W NN T _'-lf Vo _\lf o ﬁl,:—\..v— it
ok Lo fo— A A b — fo — A fo— A

|
1

Command [ wie W nop ) N NoP Y Y wme ) nNop
Address .H'Bilm_b?ri X l X | X ):'aaa.lomn'xj ¥ l y
[*— foass fmaxll—-|

pas [ % L
pa | l_}“ D1 =3,

|
|
XXX
ou | | XX X XK XX )

|
> {on a—nX}’: }

Dl a-b, efc. = data in for bank &, column b, efc.

3 subsequent elements of data in are applied in the programmed arder following DI a-b.

3 subsequent elements of data in are applied in the programmed order following DI a-n.

A nen-interrupted burst is shown. —

Each Write command may be to any bank. { ; Don't Care
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N2DS25680DS
N2DS25616DS Gi
256Mb DDR SDRAM Preliminary

Random Write Cycles (Burst Length =2, 4 or 8)

Maximum Dgss

T T2 'T3 'T4 'T5
CK - — o - -— _l o -
Tk L — A N M — I W o — _ oo — A/
1 1
commang [T ke (W ()Wl () e ) (e (]
Address | ::{B.An, GOLb_‘,{ )e‘\ BAg, chxX Y Bas, coLn ¥ s, couj'{ }1 BA, CCIL{_]::(" b
| | | |
1 max
<—\ pass | }I—l+ | | |
pas / \ / \ / \ /
| \ } / \ T— \ / Y ! N
Do | | ; Yo a.-l?}{_j\lpl ab;;{:_;_}(pl =) )Pl a-x}(_;_:jpl m]{—}pl a.-n'.')(‘_F!B\ In-a_K_\)f‘Dl a-a:;,’]
oM | OO OO OO0
| | | | |
Minimum Dagg
1 T2 'T3 'T4 '15
oK = = v = = = VT
K L _ i\ R W S o — o

Command Write }{ X W ritle ‘1{ 5’ W rﬁe ‘:i:l ‘1’ Wrilre ;{ }(\ Wr:rte \.x
| | | | |
Address ) BAs, coLb ' Bas, coLx ) Y Bas coLn A(Baa coLa ) A coLg

—| Inass (min) |<— | | | |
Das N T T _ /
|
}{IDIn-bxlplamel&ki pSla-x K{_')Dlnn(i)blnn'{_(mn Dlu){_)ima-gﬂ

oM | »—r X ,\ C 0 .{*m rr‘m—m—*

pa |

Dl a-b, efc. = data in for bank a, column b, etc.
o', etc. = odd or even complement of b, etc. (i.e., column address LSB inverted). —_— )
Each Write command may be to any bank. i) Deon'tCare
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM

Preliminary

Write to Read: Non-Interrupting (CAS Latency = 3; Burst Length =4)

Maximum Dogg

The Read and Write commands may be to any bank.

T T2 T3 T4 T5 T6
| | | | | |
CK | — —— _ _ _
— 'S ' ' v : N 'S - \.-'— \f ' N
TK o _ R -f-___ o — A AF  — f__,\_
Command | Wowrte 3 W nop W W mop W W NoP W W Read ) W noP Y
B [ [ [ [
| | [+ e —) |
r 2\ f \ . F I v \ , A
Address J(Bas coLel A o X J__ JBAs COLng X b |
N | | cL=3 |
l— tposs (Max) — PO S
pas ,7—\\ | / (I [ |
[ I I I [ |
S
oo | o= ’\_r{_.’ }(\_}\_X_)f |
| | |
oM | , J\_u_)u\_f , , |
| | | |
Minimum Dags
| | | | 1 1
|T‘| |T2 |T3 |T4- |T5 |TG
CK | | | | | |
; - — o - — V- — - A — N —
T L T_ G S G S | S 1 _ A L
I I
Gommand | Wwite % ¥ wop W W wop ¥ W wop Y Flead ) mNop Y |
T — T — T I T
| | fe— twtR — |
LT I ST SR S SR S SR S CoC:S S —
I | | cL=3 |
——{tpass (min) | | S -
bas | \ [ '\ ' "\ / )
I | | I 1 I
pa | Yor s X KN —
| | | | I I
oM | ¥ OO |
| | | |
DI a-b = data in for bank a, column b.
3 subsequent elements of data in are applied in the programmed order follewing DI a-b.
A non-interrupted burst is shown.
twTR is referenced from the first positive CK edge after the last data in pair.
A10is Low with the Write command (Auto Precharge is disabled). \
'!.' + Don't Care
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM

Preliminary

Write to Read: Interrupting (CAS Latency = 3; Burst Length = 8)

|
|T1

CK |

|
|T2

|
|T3

1 I |
|T4 |T5 |TG

Maximum Dngs

K | A A A

Yalianiia! - —

7 i

SN S S |

- o

el Yale
— _"I —

— | | | | |
Cwiite ) Yoonop Y Y NOP YWomop Y Y Read Y NoR )
Command § Write  y 3 P LN by }‘" : ) L ela ! i : i |

f— twir —|

Address | JBascoLoy ) A A X N Yeascomi X L
| | I -3 |
+— tposs (max) —s| | | e CL=3 ' _ 5
| — \ - |
Das Y L/ Vo o | )
T T T T T I
0 | | Jo= s{fﬁffﬁi_. 'fi(;i—ﬂf{:h ﬂfﬂl =
LT ¥ W Waun ¥ r
om | O OO 1Y |
| | | 1 1 |
Minimum Dggg
T T2 T3 T4 TS TE
| | | | 1 |
% Fi ~ \Iy L _“!r VT —-l (T —'.L Vo _!r ¥ i j'r Vil
CK o i\ — q\_ J— _-'\ "i'\_ A T._ — _.'\' "’I\_ — _-'\' "l' —

¥

| Wowite 0 mop W mop W W mOP ) Read Y} nNOP )
|

+— twtp —

R .
:{dﬂp\&EI;OLny }(I Y |

1
oM | . X
I

Dl a-b = data in for bank a, column b.

S S E GEAWEN

S
|

An interrupted burst is shown, 4 data elements are written.
3 subsequent elements of data in are applied in the programmed order following DI a-b.
tyr is referenced from the first positive CK edge after the last data in pair.

The Read command masks the last 2 data elements in the burst.
A10 is Low with the Write command (Auto Precharge is disabled).
The Read and Write commands are not necessarily to the same bank.

1 = These bits are incorrectly written into the memory array if DM is low.

Address ;(-E"“- coLey )‘\ X ) JK\' A
‘—'h[més {min) | | |4_'Cl-=_3 e _ &
Das 0\ FT T T/ A
I | | | I I
pa | Mo ST O O OO OO0 I

{ ) Don'tCare
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM Preliminary

Write to Read: Minimum DQSS, Odd Number of Data (3 bit Write), and Interrupting
(CAS Latency = 3; Burst Length = 8)

| | | | |
|T‘| |T2 |T3 |T4 |T5 |T5
CK o | - | | _\| - | |
— ! = VT W T Voo - T T W
oK o A T; — A ﬂ].(\_ —— I._ —— r{_ — _.}'\ [ S | W
r \ A — \ ! y —. e
Command WVowte W NoP W mNoP Y ¥ noP Y W Read ) mNop Y |
T T T T T
| | [+ WTR —>| |
\f | ; )
Address | JBhe.COLBK N A X WX D COLC) G ]
| - = |
tpass (min) ! ! ‘ﬁ__ﬁﬂ- L S
— T \ T \ \ |
Y / ! / Y
bes — ) — )
r \ r a2 a2 N Vi i, T ¥ | ¥ \f
pa | s N WO O N X i oy )
| . L. I I | |
- ' ERYERAYEL
DM | . DS E06 S WERWEAWEN , '
| | | |
DI a-b = data in for bank a, column b.
An interrupted burst is shown, 3 data elements are written.
2 subsequent elements of data in are applied in the programmed order following DI a-b.
twTR Is referenced from the first positive CK edge after the last desired data in pair (not the last desired data in element)
The Read command masks the last 2 data elements in the burst.
A10is Low with the Write command (Auto Precharge is disabled).
The Read and Write commands are not necessarily to the same bank.
1 = This bit is correctly written into the memory array if DM is low. f " Don't Care

2 = These bits are incorractly written into the memory array it DM is low.
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N2DS25680DS (
N2DS25616DS =
256Mb DDR SDRAM Preliminary ell)("'

Write to Read: Nominal DQSS, Interrupting (CAS Latency = 3; Burst Length = 8)

| | I I 1 |
|TI |T2 |T3 |T4 |T5 |TB
oK | | | | | |

o - — -— -— - -— - —— -—- -
CK i _}'._ — _:" I *{:_ A o —

- —_

. L U R
Command W wiite Y onop Y Yoomop Y yonop Yy I Read i onop ) |
I I T I I
| | f— twr—| |
r | R R RN E— I JR— ]
Address JeancoLe) X X X K Jpascotn)’ X X
|

tpass (nomj

| I
[ |
— T i \ ! \ I
bas | i) { y { | | \ / } [

I
: S By S S
oa | | oK F\ﬂlﬂ. O 20C000CX —
om | D000 S VAAWER |

DI a-b = data in for bank a, column b.

Aninterrupted burst is shown, 4 data elements are written.

3 subsequent elements of data in are applied in the programmed order following DI a-b.

TR is referenced from the first positive CK edge after the |ast desired data in pair.

The Read command masks the last 2 data elements in the burst.

A10is Low with the Write command (Auto Precharge is disabled).

The Read and Write commands are not necessarily to the same bank. . X

1 = These bits are incorre ctly written into the memary array if DM is low. () DontCare
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM

Preliminary

Write to Precharge: Non-Interrupting (Burst Length = 4)

Maximum Dqgsg

| | |
|Tl |T2 |T3 |T=1- |T5 |T5
cK | | | | I |
~ = = 7 Ty - VT T ~ — T =
CK {— — A 1\_ M I\_ — _:'\ T-._ — _;" _}-(._ A I._ _ _}'\ R
1 1 1 | 1
Command | J Write A NOP 'ECE A NOP ) N NOP ¥ h PRE
S A A A AL
| | e twr |
Address | Jeas coLef X L X L h | K Ereocal |
|
le— tpnogs (Max) —bl : : | — tRP- -
,7_\ ! -"—‘\ .n"—\'.
bas . — . . |
=T, . \f e 1
o | | l@ﬂL%LiLﬁ |
oM | O O O X |
| | | !
Minimum Dgss
| | | | 1 |
|T1 |T2 |T3 |T4- |T5 |T5
| | | | | |
CK -— - R - — - — - — - — -
CK 'I\_ — _;'I\_.-l'._ — _.-:"._.-I._ — _ _ A r\_ —_ A }\_ — '{_ — _;‘i__
| I | | 1
Command | W write ) ( NoP "y Nor Y noP Y NOP ) V" PRE |
I I I T I
| | - twr »|
Address | fBA s, COL B} X A b A b X X s JEA '3‘"‘“”],(
| | | | e tap
“—"|tDCISS (min} | | ad
DQS O\ [N SN / |
T T ' T
pa | ' @%:D:C X ' | ' |
oM | OO0 |

Dl a-b = data in for bank a, column b.
3 subsequent elements of data in are applied in the programmed order following DI a-b.

A non-interrupted burst is shown.
typ is referenced from the first positive GK edge after the last data in pair.

A10is Low with the Write command {Auto Precharge is disabled).

I ) Don'tGare

\
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM

Preliminary

Write to Precharge: Interrupting (Burst Length =4 or 8)

Maximum Dggs
|

| |
IT1 |T2 |T3 |T4 |T5 |TE-}
CK = —\I - = —\I e —\I - —'.I,- - = —'.I - —~.I,'—~.'-—
TR L _ A _ A "I‘— _ fl[._ — A N A -'I _ A b —
Command | :r wiite Y’ y wop i nNoP Y N mNop by PF;IE b .II. NOP )
| | | |
f e | |
VT f — - [T Y
Address | }EIA &, COLBYK 1 Y X D ){ :(er (mor &l X 1
1 |
L—Inoss Imiﬂ}—ﬂ| ! I 3 — — fgp — — &
Das I \ / |

) [ e N .
I s ma —

I

oa | e OO0
| I L |
DM | WK ‘a’T\fﬁ_}’T\{_}"T \

ER
\_l_.'

';h_'_.';f\_.f

| |
KOO0
|

I
pa | e ) X O OCOCOOO00C
1 N | |
ou | 08 SAAEASAAWAY |
T T T
1 | | | | |
Minimum D,
| | | | [ EFSS
|T‘I |T2 |T3 |T4 |T5 |TS
oK o | | | o _ B
b v ﬁII 'n “r T W VW I - | E—
TK b — |'._ — o A f A o — A (R N
|
Command | Y owrite ) y NOP i y NOP )(:}: NOP i W PRE i NOP \ |
[ [ [ [ [
| [ WA d |
Address JBa & GOL ‘}}'I 'II IJI b IJI b b BA (o or )} ) { I
| |
< "| tDOISS {mir) ! |2 — '[Rp - —
pas N\ / \ / i ST / |

| I I | |
| I 1 | |
Dl a-b = data in for bank a, column b.
An interrupted burst is shown, 2 data elements are written.
1 subsequent element of data in is applied inthe programmed order following DI a-b.
typ Is referenced from the first positive CK edge after the last desired data in pair.
The Precharge command masks the last 2 data elements in the burst, for burst length = 8.

A10 15 Low with the Write command (Auto Precharge is disabled).

1 = Can be don't care for programmed burst length of 4,

2 = For programmed burst le ngth of 4, DQS becomes doen't care at this point.
3 = These bits are incorrectly written into the memaory array if DM is low.

{

;‘I

Don't Care
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N2DS25680DS
N2DS25616DS

256Mb DDR SDRAM

Preliminary

Write to Precharge: Minimum DQSS, Odd Number of Data (1 bit Write), Interrupting

(Burst Length =4 or 8)

| | | |
|T1 |TE |T3 |T4 |T5 |T5
oK | | | | I |
7 Yl Yl ¥ Yl e i e " e ¥ s Vo Ve
CK - — - { Y fo A J'._ — _.f\._.--._ _ A SR S
| | |
Command | Ywrie Y noR Y NP X NP W PRE )y Nop
I I [ R T
| |« twR | |
Address 'BA &, COL b)Y ¥ i W W X W (BA (s orall))| Y { |
I | | | |
1 "l tDC]SS {min) | 2 |¢— —tgp— — &
bas | \\ ! / y / \'\ / \ rr' |
i | | | .
oo | fD'_“# NOCX L\J\_)(T} @L‘*\_'—f
oM | \_){_rf— WEAWERWERWER |

Dl a-b = data in for bank a, column b.

An interrupted burst is shown, 1 data element is written.

twr is referenced from the first positive CK edge after the last desired data in pair.
The Precharge command masks the last 2 data elements in the burst.

A10is Low with the Write command (Auto Precharge is disabled).

1 = Can be don't care for programmed burst length of 4.

2 = For programmed burst length of 4, DOS becomes don't care at this point.

3 = This bit is correctly written into the memory array if DM is low.

4 = These bits are incorrectly written into the memory array if DM is low.

r \
{ |

; Don't Care

|
|T‘| |T2 |T3 |T4- |T5 |TG
| | | | [ |
cK — . . _ - — . - o
. ; V- v Y v \ \
ﬁ — } I IL — F._ _— Il — rL —_ _.l:\' {"._ M
; " | p— . L, [ \
Command Yowie W wor T W mop W Wwoe W eRe K NOP '
I | I l |
| I twn | |
Address [BAa coLb ) ' X O W YBAtaora) ; b
| | | |
,—.‘ tngsg (nom) | |2 |+————~— — tgp — —
— )
bas — [ S () S
* ’ r—&f—' .h;'_}\ﬁ(_'_‘ —\;
Da | | Iln"?\ A / | A A }< }'{
oM | RS VE \\. ERN f‘ WAL

Dia-b = Data In for bank a, column b.

Aninterrupted burst is shown, 2 data elements are written.

1 subsequent element of data in is applied in the programmed order following Dl a-b.
twhr is referenced from the first positive CK edge after the last desired data in pair.
The Precharge command masks the last 2 data elements in the burst.

A10is Low with the Write command {Auto Precharge is disabled).

1 = Can be don't care for programmed burst length of 4.

2 = For programmed burst length of 4, DQS becomes don't care at this point.

3 = These bits are incorrectly written into the memory array if DM is low.

{ / Deon't Care

Write to Precharge: Nominal DQSS (2 bit Write), Interrupting (Burst Length =4 or 8)
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N2DS25680DS (
N2DS25616DS T
256Mb DDR SDRAM Preliminary ell)("'

Precharge Command

o
L —
CKE —Fian

A |
ras [ 1/ |
cas [ 7| |
N a—
Address [_ )

All Banks
A10 )
Cna Bark

BAD,BA1 l—.u BA { |

BlA = bank address
{if A10 B Low, othenwise Don't Gang),

Dont Came

Precharge

The Precharge command is used to deactivate the open row in a particular bank or the open row in all banks. The bank(s) is
available for a subsequent row access some specified time (tRP) after the Precharge command is issued. Input A10
determines whether one or all banks are to be precharged, and in the case where only one bank is to be precharged, inputs
BAO, BAL1 select the bank. When all banks are to be precharged, inputs BAO, BA1 are treated as “Don’t Care.” Once a bank
has been precharged, it is in the idle state and must be activated prior to any Read or Write commands being issued to that
bank.

Power Down

Power Down is entered when CKE is registered low (no accesses can be in progress). If Power Down occurs when all banks
are idle, this mode is referred to as Precharge Power Down; if Power Down occurs when there is a row active in any bank, this
mode is referred to as Active Power Down. Entering Power Down deactivates the input and output buffers, excluding CK, CK
and CKE. The DLL is still running in Power Down mode, so for maximum power savings, the user has the option of disabling
the DLL prior to entering Power Down. In that case, the DLL must be enabled after exiting Power Down, and 200 clock cycles
must occur before a Read command can be issued. In Power Down mode, CKE Low and a stable clock signal must be
maintained at the inputs of the DDR SDRAM, and all other input signals are “Don’t Care”. However, Power Down duration is
limited by the refresh requirements of the device, so in most applications, the self refresh mode is preferred over the
DLL-disabled Power Down mode.

The Power Down state is synchronously exited when CKE is registered high (along with a Nop or Deselect command). A valid,
executable command may be applied one clock cycle later.

I I I I I I
CK —_—— T T T T T Y Ny e e N
CK “o \_/}'_ AN _/\_/I\S \\_,’Pu_ AN (AN AN
| | |
CKE — [ | | [ s |
| - L ( | | |
— ) N IJ ’- o Va ! P L
Command YVALIDRK . X NoP x| X 55’ o NP VALIDK
[ T | | | ) T
Na column I I I Exit !
access in power down
progress mode
R
Enter Power Down mode tPoEX
(Burst Read or Write operation )
must not be in progress) ' Don'tCare
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N2DS25680DS (
N2DS25616DS = =
256Mb DDR SDRAM elixir

Preliminary

Truth Table 2: Clock Enable (CKE)

1. CKE n is the logic state of CKE at clock edge n: CKE n-1 was the state of CKE at the previous clock edge.
2. Current state is the state of the DDR SDRAM immediately prior to clock edge n.

3. Command n is the command registered at clock edge n, and action n is a result of command n.

4. All states and sequences not shown are illegal or reserved.

Current State CKEn-1 CKEn Command n Action n Notes
Previous Cycle Current Cycle
Self Refresh L L X Maintain Self-Refresh
Self Refresh L H Deselect or NOP | Exit Self-Refresh
Power Down L L X Maintain Power Down
Power Down L H Deselect or NOP | Exit Power Down
All Banks Idle H L Deselect or NOP Precharge Power Down Entry
All Banks Idle H L Auto Refresh Self Refresh Entry
Bank(s) Active H L Deselect or NOP | Active Power Down Entry
H H See Truth Table 3

1. Deselect or NOP commands should be issued on any clock edges occurring during the Self Refresh Exit (tXSNR) period. A minimum of
200 clock cycles are needed before applying a read command to allow the DLL to lock to the input clock.
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Truth Table 3: Current State Banks n — Command to Bank n (Same Bank)

Cgtr;?gt CS | RAS | CAS | WE Command Action Notes
Any H X X X Deselect NOP. Continue previous operation
L H H H No Operation NOP. Continue previous operation
L L H H Active Select and activate row
Idle L L L H Auto Refresh Auto Refresh 7
L L L L Mode Register Set Mode Register Set 7
L H L H Read Select column and start Read burst 10
Row Active L H L L Write Select column and start Write burst 10
L L H L Precharge Deactivates row in bank(s) 8
Read (Auto L H L H Regd Select column and start new Regd burst 10
Precharge L H L L Write Select column and start new Write burst 10,12
Disabled) L L H L Precharge _ Truncate Read burst, _start precharge 8
L H H L Burst Termination Burst Terminate 9
Write (Auto L H L H Read Select column and start Read burst 10,11
Precharge L H L L Write Select column and start Write burst 10
Disabled) L L H L Precharge truncate Write burst, start precharge 8,11

1. This table applies when CKE n-1 was high and CKE n is high (see Truth Table 2: Clock Enable (CKE) and after tXSNR / tXSRD has been
met (if the previous state was self refresh).
2. This table is bank-specific, except where noted, i.e., the current state is for a specific bank and the commands shown are those allowed to
be issued to that bank when in that state. Exceptions are covered in the notes below.
3. Current state definitions:
Idle: The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are in
progress.
Read: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Write: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
4. The following states must not be interrupted by a command issued to the same bank. DESELECT or NOP commands or allowable
commands to the other bank should be issued on any clock edge occurring during these states. Allowable commands to the other bank are
determined by its current state and Truth Table 3, and according to Truth Table 4.
Precharging: Starts with registration of a Precharge command and ends when tRP is met. Once tRP is met, the bank is in the idle state.
Row Activating: Starts with registration of an Active command and ends when tRCD is met. Once tRCD is met, the bank is in the “row
active” state.
Read w/Auto Precharge Enabled: Starts with registration of a Read command with Auto Precharge enabled and ends when tRP has
been met. Once tRP is met, the bank is in the idle state.
Write w/Auto Precharge Enabled: Starts with registration of a Write command with Auto Precharge enabled and ends when tRP has
been met. Once tRP is met, the bank is in the idle state.
5. The following states must not be interrupted by any executable command; Deselect or NOP commands must be applied on each positive
clock edge during these states.
Refreshing: Starts with registration of an Auto Refresh command and ends when tRFC is met. Once tRFC is met, the DDR SDRAM is in
the “all banks idle” state.
Accessing Mode Register: Starts with registration of a Mode Register Set command and ends when tMRD has been met. Once tMRD is
met, the DDR SDRAM is in the “all banks idle” state.
Precharging All: Starts with registration of a Precharge All command and ends when tRP is met. Once tRP is met, all banks are in the
idle state.
6. All states and sequences not shown are illegal or reserved.
7. Not bank-specific; requires that all banks are idle.
8. May or may not be bank-specific; if all/any banks are to be precharged, all/any must be in a valid state for precharging.
9. Not bank-specific; Burst terminate affects the most recent Read burst, regardless of bank.
10. Reads or Writes listed in the Command/Action column include Reads or Writes with Auto Precharge enabled and Reads or Writes with
Auto Precharge disabled.
11. Requires appropriate DM masking.
12. A WRITE command may be applied after the completion of the READ burst; otherwise, a Burst Terminate must be used to end the READ
prior to asserting a WRITE command,
13 Operation or timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the DRAM must be
powered down and then restarted through the specified initialization sequence before normal operation can continue.
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Truth Table 4: Current State Banks n — Command to Bank m (Different Bank)

Current State CS S | CAS | WE | Command Action Notes
H X X X Deselect NOP. Continue previous operation
Any
L H H H No Operation NOP. Continue previous operation
Idle X X X X Any Command Otherwise Allowed to Bank m
L L H H Active Select and active Row
Row Agtivating, L H L H Read Select column and start Read burst 7
Active or
Precharge L H L L Write Select column and start Write burst 7
L L H L Precharge
L L H H Active Select and activate row
Read (Auto L H L H Read Select column and start new Read burst 7
Precharge
Disabled) L H L L Write Select column and start new Write burst 7,9
L L H L Precharge
L L H H Active Select and active Row
Write (Auto L H L H Read Sel | d Read b 7,8
Precharge ea elect column and start Read burst ,
Disabled) - -
L H L L Write Select column and start Write burst 7
L L H L Precharge
L L H H Active Select and active Row
Read (with Auto L H L H Read Select column and start Read burst 3a,7
Precharge) L H L L Write Select column and start Write burst 3a,7,9
L L H L Precharge
L L H H Active Select and active Row
Write (with Auto L H L H Read Select column and start Read burst 3a,7
Precharge) L H L L Write Select column and start Write burst 3a,9
L L H L Precharge
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1. This table applies when CKE n-1 was high and CKE n is high (see Truth Table 2: Clock Enable (CKE) and after tXSNR / tXSRD has been
met (if the previous state was self refresh).
2. This table describes alternate bank operation, except where noted, i.e., the current state is for bank n and the commands shown are those
allowed to be issued to bank m (assuming that bank m is in such a state that the given command is allowable). Exceptions are covered in the
notes below.
3. Current state definitions:
Idle: The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are in
progress.
Read: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Write: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Read with Auto Precharge Enable: See following text, notes 3a, 3b, and 3c:
Write with Auto Precharge Enable: See following text, notes 3a, 3b, and 3c:
3a. For devices which do not support the optional “concurrent auto precharge” feature, the Read with Auto Precharge Enabled or Write
with Auto Precharge Enabled states can each be broken into two parts: the access period and the precharge period. For Read with Auto
Precharge, the precharge period is defined as if the same burst was executed with Auto Precharge disabled and then followed with the
earliest possible PRECHARGE command that still accesses all of the data in the burst. For Write with Auto Precharge, the precharge
period begins when tWR ends, with tWR measured as if Auto Precharge was disabled. The access period starts with registration of the
command and ends where the precharge period (or tRP) begins. During the precharge period of the Read with Auto Precharge Enabled or
Write with Auto Precharge Enabled states, ACTIVE, PRECHARGE, READ and WRITE commands to the other bank may be applied;
during the access period, only ACTIVE and PRECHARGE commands to the other bank may be applied. In either case, all other related
limitations apply (e.g., contention between READ data and WRITE data must be avoided).
3b. For devices which do support the optional “concurrent auto precharge” feature, a read with auto precharge enabled, or a write with
auto precharge enabled, may be followed by any command to the other banks, as long as that command does not interrupt the read or
write data transfer, and all other related limitations apply (e.g., contention between READ data and WRITE data must be avoided.)
3c. The minimum delay from a read or write command with auto precharge enable, to a command to a different bank, is summarized
below, for both cases of “concurrent auto precharge,” supported or not:

From To Command Minimum Delay Without Concurrent | Minimum Delay With Concurrent Units
Command (Different bank) Auto Precharge Support Auto Precharge Support
Read or Read w/AP 1+(BL/2) + (tWR/CK) (rounded up) 1+(BL/2) + tWTR
Write w/AP Write or Write w/AP 1+(BL/2) + (tWR/CK) (rounded up) BL/2
Precharge or Activate 1
tCK
Read or Read w/AP BL/2
Read w/AP Write or Write w/AP CL (rounded up) + (BL/2)
Precharge or Activate 1

4. AUTO REFRESH and MODE REGISTER SET commands may only be issued when all banks are idle.

5. ABURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current state only.

6. All states and sequences not shown are illegal or reserved.

7. READs or WRITEs listed in the Command/Action column include READs or WRITEs with AUTO PRECHARGE enabled and READs or
WRITEs with AUTO PRECHARGE disabled.

8. Requires appropriate DM masking.

9. AWRITE command may be applied after the completion of data output, otherwise a Burst Terminate must be used to the READ prior to
asserting a WRITE command.

10. Operation or timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the DRAM must be
powered down and then restarted through the specified initialization sequence before normal operation can continue.
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Absolute Maximum Ratings
Symbol Parameter Rating Units
VIN, VOUT Voltage on I/O pins relative to VSS -0.5 to VDDQ+ 0.5 \%
VIN Voltage on Inputs relative to VSS -1.0to +3.6 \%
VDD Voltage on VDD supply relative to VSS -1.0to +3.6 \%
VDDQ Voltage on VDDQ supply relative to VSS -1.0to +3.6 \%
TA Commercial Grade Operating Temperature (Ambient) 0to +70 T
TSTG Storage Temperature (Plastic) -55 to +150 T
PD Power Dissipation 1.0 W
10UT Short Circuit Output Current 50 mA

Note: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating only, and functional operation of the device at these or any other conditions above those indicated in the operational sections of this

specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Capacitance

_Parameter Symbol Min. | Max. | Units | Notes
Input Capacitance: CK, CK Cl1 2.0 3.0 pF 1
Delta Input Capacitance: CK, CK delta Cl1 - 0.25 pF 1
Input Capacitance: All other input-only pins (except DM) ClI2 2.0 3.0 pF 1
B(I\a/ll';a Input Capacitance: All other input-only pins (except delta CI2 i 05 oF 1
Input/Output Capacitance: DQ, DQS, DM CIO 4.0 5.0 pF 1,2
Delta Input/Output Capacitance: DQ, DQS, DM delta CIO - 0.5 pF 1

1. VDDQ = VDD = 2.5V = 0.2V (DDR266/333); 2.6V + 0.1V (DDR400/450/500) (minimum range to maximum range), f = 100MHz, TA = 25°C,

VODC =VDDQ/2, VOPeak -Peak = 0.2V.

2. Although DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins. This is

required to match input propagation times of DQ, DQS and DM in the system.
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DC Electrical Characteristics and Operating Conditions

Min
Symbol Parameter DDR DDR Max Units | Notes
333 400/500
VDD Supply Voltage 2.3 25 2.7 V 1
VDDQ I/O Supply Voltage 2.3 25 2.7 V 1
VREF I/0 Reference Voltage 0.49 x VDDQ 0.51 x VDDQ V 1,2
VTT I/O Termination Voltage (System) VREF - 0.04 VREF + 0.04 V 1,3
VIH(DC) | Input High (Logicl) Voltage VREF + 0.15 VDDQ + 0.3 \% 1
VIL(DC) | Input Low (Logic0) Voltage -0.3 VREF - 0.15 V 1
VIN(DC) | Input Voltage Level, CK and CK Inputs -0.3 VvDDQ + 0.3 V 1
VID(DC) :EEEESleferentlal Voltage, CK and CK 0.36 VDDQ + 0.6 Vv 1,4
VIX(DC) :zgﬂtsaossmg Point Voltage, CK and CK 0.30 VDDQ + 0.6 Vv 1,4
VIRatio V-I Matchlng Pullup Current to Pulldown 071 14 5
Current Ratio
Input Leakage Current
Il Any input OV =< VIN = VDD; (All other -2 2 MA
pins not under test = 0V)
Output Leakage Current
102 (DQs are disabled; 0OV < Vout < VDDQ -5 5 HA 1
Output Current: Nominal Strength Driver
IOH High current (VOUT=VDDQ -0.373V, min -16.2
VREF, min VTT) mA 1
1oL Low current (VOUT= 0.373V, max VREF, 16.2
max VTT)

1. Inputs are not recognized as valid until VREF stabilizes.

2. VREF is expected to be equal to 0.5 VDDQ of the transmitting device, and to track variations in the DC level of the same. Peak-to-peak noise
on VREF may not exceed + 2% of the DC value.

3. VTTis not applied directly to the device. VTT is a system supply for signal termination resistors, is expected to be set equal to VREF, and
must track variations in the DC level of VREF.

4. VID is the magnitude of the difference between the input level on CK and the input level on CK.

5. The ratio of the pullup current to the pulldown current is specified for the same temperature and voltage, over the entire temperature and
voltage range, for device drain to source voltages for 0.25 volts to 1.0 volts. For a given output, it represents the maximum difference between
pullup and pulldown drivers due to process variation.
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Normal Strength Driver Pulldown and Pullup Characteristics

1. The full variation in driver pulldown current from minimum to maximum process, temperature and voltage will lie within the
outer bounding lines of the V-1 curve.
2. Itis recommended that the “typical” IBIS pulldown V-I curve lie within the shaded region of the V-I curve.

140 .
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=

e | Typical Low
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0
0 2.7
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3. The full variation in driver pullup current from minimum to maximum process, temperature and voltage will lie within the
outer bounding lines of the V-I curve.
4. It is recommended that the “typical” IBIS pullup V-I curve lie within the shaded region of the V-I curve.

0
Minimum
. Typical Low
=
=
i
Typical High
-200 Maximum
0 2.7
Vour (V)

5. The full variation in the ratio of the maximum to minimum pullup and pulldown current will not exceed 1.7, for device drain to
source voltages from 0.1 to 1.0.

6. The full variation in the ratio of the “typical” IBIS pullup to “typical” IBIS pulldown current should be unity + 10%, for device
drain to source voltages from 0.1 to 1.0. This specification is a design objective only. It is not guaranteed.

7. These characteristics are intended to obey the SSTL_2 class Il standard.

8. This specification is intended for DDR SDRAM only.
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Normal Strength Driver Pulldown and Pullup Currents

Pull Down Current (mA) Pullup Current (mA)

Voltage (V) Typical Typical Min Max Typical Typical Min Max
Low High Low High
0.1 6.0 6.8 4.6 9.6 -6.1 -7.6 -4.6 -10.0
0.2 12.2 13.5 9.2 18.2 -12.2 -14.5 -9.2 -20.0
0.3 18.1 20.1 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 24.1 26.6 18.4 33.9 -24.0 -27.7 -18.4 -38.8
0.5 29.8 33.0 23.0 41.8 -29.8 -34.1 -23.0 -46.8
0.6 34.6 39.1 27.7 49.4 -34.3 -40.5 -27.7 -54.4
0.7 39.4 44.2 32.2 56.8 -38.1 -46.9 -32.2 -61.8
0.8 43.7 49.8 36.8 63.2 -41.1 -53.1 -36.0 -69.5
0.9 47.5 55.2 39.6 69.9 -43.8 -59.4 -38.2 -77.3
1.0 51.3 60.3 42.6 76.3 -46.0 -65.5 -38.7 -85.2
1.1 54.1 65.2 44.8 82.5 -47.8 -71.6 -39.0 -93.0
1.2 56.2 69.9 46.2 88.3 -49.2 -77.6 -39.2 -100.6
1.3 57.9 74.2 47.1 93.8 -50.0 -83.6 -39.4 -108.1
1.4 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
15 60.1 82.3 47.7 103.8 -50.7 -95.5 -39.9 -123.0
1.6 60.5 85.9 48.0 108.4 -51.0 -101.3 -40.1 -130.4
1.7 61.0 89.1 48.4 112.1 -51.1 -107.1 -40.2 -136.7
1.8 61.5 92.2 48.9 115.9 -51.3 -112.4 -40.3 -144.2
1.9 62.0 95.3 49.1 119.6 -51.5 -118.7 -40.4 -150.5
2.0 62.5 97.2 49.4 123.3 -51.6 -124.0 -40.5 -156.9
2.1 62.9 99.1 49.6 126.5 -51.8 -129.3 -40.6 -163.2
2.2 63.3 100.9 49.8 129.5 -52.0 -134.6 -40.7 -169.6
2.3 63.8 101.9 49.9 132.4 -52.2 -139.9 -40.8 -176.0
2.4 64.1 102.8 50.0 135.0 -52.3 -145.2 -40.9 -181.3
2.5 64.6 103.8 50.2 137.3 -52.5 -150.5 -41.0 -187.6
2.6 64.8 104.6 50.4 139.2 -52.7 -155.3 -41.1 -192.9
2.7 65.0 105.4 50.5 140.8 -52.8 -160.1 -41.2 -198.2
Normal Strength Driver Evaluation Conditions
Item Typical Minimum Maximum
Temperature (Tambient) 25C 0C 70C
VDDQ 2.5V 2.3V 2.7V
Process conditions Typical Process slow-slow process fast-fast process

REV 0.1

51




N2DS25680DS
N2DS25616DS — =
Celixir

256Mb DDR SDRAM Preliminary

AC Characteristics

(Notes 1-5 apply to the following Tables; Electrical Characteristics and DC Operating Conditions, AC Operating Conditions,

IbD Specifications and Conditions, and Electrical Characteristics and AC Timing.)

1. All voltages referenced to Vss.

2. Tests for AC timing, Ipp, and electrical, AC and DC characteristics, may be conducted at nominal reference/supply voltage

levels, but the related specifications and device operation are guaranteed for the full voltage range specified.

3. Outputs measured with equivalent load. Refer to the AC Output Load Circuit below.

4. AC timing and IpD tests may use a ViL to VIH swing of up to 1.5V in the test environment, but input timing is still referenced to
VREF (or to the crossing point for CK, CK), and parameter specifications are guaranteed for the specified AC input levels under
normal use conditions. The minimum slew rate for the input signals is 1V/ns in the range between ViL (Ac) and VIH (AC).

5. The AC and DC input level specifications are as defined in the SSTL_2 Standard (i.e. the receiver effectively switches as a
result of the signal crossing the AC input level, and remains in that state as long as the signal does not ring back above (below)
the DC input low (high) level.

AC Output Load Circuit Diagrams

500

A

Output
— 8% Timing Reference Point
Vour)

[

— 30pF

-

AC Input Operating Conditions

(VDDQ = VDD = + 2.5V % 0.2V (DDR333); + 2.6V * 0.1V (DDR400/500);

Symbol Parameter / Condition Min Max Unit | Note
VIH(AC) Input High (Logic 1) Voltage, DQ, DQS, and DM Signals VREF + 0.31 - \Y 1,2
VIL(AC) Input Low (Logic 0) Voltage, DQ, DQS, and DM Signals - VREF - 0.31 \% 1,2
VID(AC) Input Differential Voltage, CK and CK Inputs 0.7 VbDQ + 0.6 \% 1,2,3
VIX(AC) Input Crossing Point Voltage, CK and CK Inputs 0.5*VDpDQ - 0.2 0.5*VpDQ + 0.2 \% 1,2,4

1. Input slew rate = 1V/ns.

2. Inputs are not recognized as valid until VREF stabilizes.

3. ViD is the magnitude of the difference between the input level on CK and the input level on CK.

4. The value of Vix is expected to equal 0.5*VDDQ of the transmitting device and must track variations in the DC level of the same.
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Preliminary

Symbol

Parameter/Condition

110

DDR333

DDR400

-6K

5T

Unit

Notes

IDDO

Operating Current: one bank; active / precharge; tRC =
tRC (min); DQ, DM, and DQS inputs changing twice per
clock cycle; address and control inputs changing once per
clock cycle

All

68

76

mA

1.2

IDD1

Operating Current: one bank; active / read / precharge;
Burst = 2; tRC = tRC (min); CL = 2.5; louT = OmA, address
and control inputs changing once per clock cycle

All

72

79

mA

1,2

IDD2P

Precharge Power Down Standby Current: all banks idle;
Power Down mode; CKE = VIL (max)

All

mA

IDD2N

Idle Standby Current: CS = ViH (min); all banks idle;
CKE 3 VIH (min); address and control inputs changing once
per clock cycle

All

25

29

mA

IDD3P

Active Power Down Standby Current: one bank active;
Power Down mode; CKE = ViL(max)

All

10

11

mA

IDD3N

Active Standby Current: one bank; active / precharge;
CS = VIH (min);CKE = VIH (min); tRC = tRAS (max); DQ,
DM, and DQS inputs changing twice per clock cycle;
address and control inputs changing once per clock cycle

All

30

35

mA

1,2

IDD4R

Operating Current: one bank; Burst = 2; reads;
continuous burst; address and control inputs changing
once per clock cycle; DQ and DQS outputs changing twice
per clock cycle; CL = 2.5; louT = OmA

All

80

90

mA

1,2

IDD4AW

Operating Current: one bank; Burst = 2; writes;
continuous burst; address and control inputs changing
once per clock cycle; DQ and DQS inputs changing twice
per clock cycle; CL=2.5

All

80

90

mA

1,2

IDD5

Auto-Refresh Current: tRC = tRFC (min)

All

118

124

mA

IDD6

Self-Refresh Current: CKE =0.2V

All

mA

IDD7

Operating current: four bank; four bank interleaving with
BL = 4, address and control inputs randomly changing;
50% of data changing at every transfer; t Rc =t rc (min); |
ouT = OmA.

All

160

170

mA

1,2

1. IDD specifications are tested after the device is properly initialized.
2. Enables on-chip refresh and address counters. Values are averaged from high and low temp values using x16 devices.
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Electrical Characteristics & AC Timing - Absolute Specifications
(VDDQ = VDD = + 2.5V + 0.2V (DDR333); + 2.6V * 0.1V (DDR400); See AC Characteristics)

DDR333 (-6K) DDR400 (-5T)
Symbol Parameter Unit Notes
Min Max Min Max
tAC DQ output access time from CK/CK -0.70 0.7 -0.70 +0.7 ns
tDQSCK DQS output access time from CK/CK -0.60 +0.60 -0.60 +0.60 ns
tCH CK high-level width 0.45 0.55 0.45 0.55 tCK
tCL CK low-level width 0.45 0.55 0.45 0.55 tCK
tHP CK half period (tCLm,itnCH) (tCC,litnCH) ns
CL=2 7.5 12 75 12
tCK Clock cycle time CL=25 6 12 6 12 ns 3
CL=3 5 10 5 7
tDH DQ and DM input hold time 0.45 0.4 ns 4
tDS DQ and DM input setup time 0.45 0.4 ns 4
tIPw Input pulse width 2.2 2.2 ns 5
tDIPw DQ and DM input pulse width (each input) 1.75 1.75 ns 5
tHZ Data-out high-impedance time from CK/CK 0.7 0.7 ns 6
tLz Data-out low-impedance time from CK/CK -0.7 0.7 -0.7 0.7 ns 6
tDQSQ DQS-DQ skew (DQS & associated DQ signals 0.45 0.4 ns
tQH Data output hold time from DQS tHP - tQHS tHP - tQHS ns
tQHS Data hold Skew Factor-TSOP 0.55 0.5 ns
tDQSS write command to 1st DQS latching 0.75 1.25 0.72 1.25 tCK
tDQSH DQS input high pulse width (write cycle) 0.35 0.35 tCK
tDQSL DQS input low pulse width (write cycle) 0.35 0.35 tCK
tDSS DQS falling edge to CK setup time (write cycle) 0.2 0.2 tCK
tDSH DQS falling edge hold time from CK (write cycle) 0.2 0.2 tCK
tMRD Mode register set command cycle time 2 2 tCK
twPRES write preamble setup time 0 0 ns
twPST write postamble 0.4 0.6 0.4 0.6 tCK 9
max(0.25
twPRE write preamble 0.25 *CK, 1.5 ns 8
ns)
tIH Address and control input hold time (fast slew rate) 0.75 0.6 ns 5,10-12
tIS Address and control input setup time (fast slew rate) 0.75 0.6 ns 5,10-12
tIH Address and control input hold time (slow slew rate) 0.8 0.7 ns 5,11-13
tIS Address and control input setup time (slow slew rate) 0.8 0.7 ns 5,11-13
tRPRE Read preamble 0.9 11 0.9 11 tCK 14
tRPRES Read preamble setup time (Optional CL=1.5) N/A N/A ns
tRPST Read postamble 0.4 0.6 0.4 0.6 tCK
tRAS Active to Precharge 42 70K 40 70K ns
tRC Active to Active/Auto-refresh command period 60 55 ns
tRFC Auto-refresh to Active/Auto-refresh command period 72 70 ns
tRCD Active to Read or write delay 18 15 ns
tRP Precharge command period 18 15 ns
tRAP Active to Read Command with Autoprecharge (:I;{/(\:S% (tISACSD) ns
tRRD Active bank A to Active bank B command 12 12 ns
twR write recovery time 15 15 ns
tDAL Auto precharge write recovery + precharge time - - tCK 15
twTR Internal write to read command delay 1 2 tCK
tXSNR Exit self-refresh to non-read command 75 75 ns 16
tXSRD Exit self-refresh to read command 200 200 tCK
tREFI Average Periodic Refresh Interval 7.8 7.8 us 4-17
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Preliminary

Component Notes

Min (tCL, tCH) refers to the smaller of the actual clock low time and actual clock high time as provided to the device. (i.e. this
value can be greater than the minimum specification limits for tCL and tCH).

tQH = tHP - tQHS, where tHP = minimum half clock period for any given cycle and is defined by clock high or clock low (tCH,
tCL). tQHS accounts for 1) The pulse duration distortion of on-chip clock circuits; and 2) The worst case push-out of DQS on
one transition followed by the worst case pull-in of DQ on the next transition, both of which are, separately, due to data pin
skew and output pattern effects, and p-channel to n-channel variation of the output drivers.

The only time that the clock frequency is allowed to change is during self-refresh mode.

If refresh time or tDS/tDH is violated, data corruption may occur and the data must be re-written with valid data before a valid
READ can be executed.

These parameters guarantee device timing, but they are not necessarily tested on each device. They may be guaranteed by
device design or tester correlation.

tHZ and tLZ transitions occur in the same access time windows as valid data transitions. These parameters are reference to a
specific voltage level that specifies when the device output is no longer driving (tHZ) or begins driving (tLZ) by measuring the
signal at two different voltages. The actual voltage measurement points are not critical as long as the calculation is consistent.
tDQSQ consists of data pin skew and output pattern effects and p-channel to n-channel variation of the output drivers for any
given cycle.

The specific requirement is that DQS be valid (High, Low, or at same point on a valid transition) on or before this CK edge. A
valid transition is defined as monotonic and meeting the input slew rate specifications of the device. When no writes were
previously in progress on the bus, DQS will be transitioning from High-Z to logic Low. If a previous write was in process, DQS
could be HIGH, LOW, or transitioning from High to Low at this time, depending on DQSS.

The maximum limit for this parameter is not a device limit. The device will operate with a greater value for this parameter, but
system performance (bus turn-around) will degrade accordingly.

For command/address input slew rate >= 1.0V/ns.

For CK & CK slew rate >= 1.0V/ns (single-ended).

Slew Rate is measured between VOH (ac) and VOL (ac).

For command/address input slew rate >= 0.5V/ns and <1.0V/ns.

tRPST end point and tRPRE begin point are not reference to a specific voltage level but specify when the device output is no
longer driving (tRPRE) by measuring the signal at two different voltages. The actual voltage measurement points are not
critical as long as the calculation is consistent.

tDAL = (tWR/CK) + (tRP/tCK)

In all circumstances, tXSNR can be satisfied using tXSNR = tRFCmin + 1*tCK.

A maximum of eight Auto Refresh commands can be posted to any given DDR SDRAM.
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Dada Input (Write) (Timing Burst Length =4)
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— tow
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om [ 0 OO OO

DI n= Data In for column n. .
3 subsequent elements of data in are applied in programmed order following DI n. ! ; DontCare

Dada Output (Read) (Timing Burst Length =4)

DQ

Voo T oo T oo T "__‘\,r
: Y | | | | W \____;
‘—tr-P—"—tl-P—"*—tHP—"‘—tr-H—"—tl-Pz—"—tl-Ps—"—tHPa—'

tOHE—’ — Ty —
loasa » toasa o>
o —P‘ — laa *"| ‘

toasa 4 " ' /‘

tI}CISCI

typ is the half cycle pulse width for each half cycle clock. typ is referencad to the clock duty cycle anly
and not to the {Qlata strobe (DQS) duty cycle.

Data Output hold time from Data Strobe is shown as tqy. toy is a function of the clock high or low time (typ)
for that given clock cycle. Note corralation of typ to tgy in tﬁe diagram above (typq to tgyq, ete.).

tpogg (Max) occurs when DGS is the earliest among DGS and DQ signals to transition.
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Overshoot and Undershoot Specification

AC Overshoot / Undershoot Specification for Address and Control Pins

Parameter -5T -6K Units
Maximum peak amplitude allowed for overshoot area 15 15 \%
Maximum peak amplitude allowed for undershoot area 15 15 \%
The area between the overshoot signal and VDD must be less than or equal to 4.5 4.5 V-ns
The area between the undershoot signal and GND must be less than or equal to| 4.5 4.5 V-ns
Maximum Amplitude
A Overshoot Area

S

2 VDD

o

>

GND
) ) Undershoot Area
Maximum Amplitude
Time (ns)
AC Overshoot / Undershoot Specification for Data, Strobe and Mask Pins
Parameter -5T -6K Units

Maximum peak amplitude allowed for overshoot area 1.2 1.2 \%
Maximum peak amplitude allowed for undershoot area 1.2 1.2 \%
The area between the overshoot signal and VDD must be less than or equal to 24 24 V-ns
The area between the undershoot signal and GND must be less than or equal to| 2.4 2.4 V-ns

Maximum Amplitude

Maximum Amplitude

»

Time (ns)

A Overshoot Area
S
e VDD
°
>
GND

Undershoot Area
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Package Dimensions (400mil; 66 pin TSOP Package)
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