512Mb: x4, x8, x16 DDR2 SDRAM
Features
|
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DDR2 SDRAM

MT47H128M4 - 32 Meg x4 x 4 banks
MT47H64M8 - 16 Meg x 8 x 4 banks
MT47H32M16 - 8 Meg x 16 x 4 banks

For the latest data sheet, please refer to the Micron Web site: http://www.micron.com/ddr2

Features
* VDD =+1.8V 0.1V, VDDQ = +1.8V +0.1V (excluding -
37V); -37VVDD = +1.9V 0.1V, VDDQ = +1.9V 0.1V
¢ JEDEC standard 1.8V I/0O (SSTL_18-compatible)
¢ Differential data strobe (DQS, DQS#) option o
¢ 4-bit prefetch architecture
¢ Duplicate output strobe (RDQS) option for x8 @
configuration
* DLL to align DQ and DQS transitions with CK
* 4 internal banks for concurrent operation =
* Programmable CAS latency (CL): 3,4, and 5
» Posted CAS additive latency (AL): 0, 1, 2, 3, and 4
» WRITE latency = READ latency - 1 'CK
* Programmable burst lengths: 4 or 8
* Adjustable data-output drive strength
* 64ms, 8,192-cycle refresh Table 1:  Configuration Addressing
¢ On-die termination (ODT)
Architecture | 128 Meg x 4 | 64 Meg x 8 (32 Meg x 16
: : Configuration |32 Megx4 x| 16 Megx8 | 8 Megx 16
OptIO'I‘IS . Marking ’ 4 banks x 4 banks x 4 banks
* f;gllf\l/lguratlogz M bank 128M Refresh Count 8K 8K 8K
” Megi ’;4(1( . Mezgx’;‘l X’ﬁazﬁ;) . 4M84 Row Addr. | 16K (AO-A13) | 16K (A0-A13)| 8K (A0-A12)
32 Megx 16 (8 Megx 16 x 4 banks) 32M16 Bank Addr. 4 (BA0O-BA1) |4 (BAO-BA1) |4 (BAO-BAT)
e FBGA package lead-free Column Addr. |2K (A0-A9, A11)| 1K (A0-A9) | 1K (A0-A9)
92-ball FBGA (11mm x 19mm) (:A) BT
84-ball FBGA (12mm x 12.5mm) (:B) CC ..
60-ball FBGA (12mm x 10mm) (:B) CB Table 2: Key Timing Parameters
e Timing - cycle time Data Rate (MHz)
5.0ns @ CL =3 (DDR2-400) -5E Speed ‘Rep | 'RRP | 'RC
3.75ns @ CL=4 (DDR2-533) -37E Grade [CL=3 |CL=4|CL=5 (I'IS) (I'IS) (I'IS)
3.75ns @ CL = 3 (DDR2-533) -37V -5E 400 400 NA 15 15 55
3.0ns @ CL =4 (DDR2-667) -3E -37E 400 533 NA 15 15 55
3.0ns @ CL =5 (DDR2-667) -3 37V 533 533 NA [11.25|11.25| 55
* Self Refresh 3 400 | 533 | 667 | 15 15 | 55
Standard None 3E NA | 667 | 667 | 12 | 12 | 54
Low-Power L
e Revision A
‘B
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Part Numbers

Figure 1: 512Mb DDR2 Part Numbers

Example Part Number: MT47H64M8BT-37E

Speed ‘Revisionﬂ

MT47H Configuration Package
|
Revision
:A| Revision
Configuration
128 Meg x4 | 128M4 Speed Grade
64Megx8 | 64M8 -5E | Yck=5ns,CL=3
32Megx 16 | 32M16 -37€ | YK =3.75ns,CL=4
37v | Ytk =3.75ns, CL=3
Package -3 tck=3ns,CL=5
92-Ball 11 x 19 FBGA BT 3 | 'k=3ns,CL=4
Note: Not all speeds and configurations are available. Contact Micron Sales for current revi-

sion.

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged components have an abbreviated part mark-
ing that is different from the part number. Micron's new FBGA Part Marking Decoder
makes it easier to understand that part marking. Visit the Web site at www.micron.com/
decoder.

General Description

The 512Mb DDR2 SDRAM is a high-speed, CMOS dynamic random-access memory
containing 536,870,912 bits. It is internally configured as a 4-bank DRAM. The functional
block diagrams of the 32 Meg x 16, 64 Meg x 8, and 128 Meg x 4 devices, respectively, are
shown in the Functional Description section. Ball assignments for the 32 Meg x 16 are
shown in Figures 3 and 6 and signal descriptions are shown in Table 3. Ball assignments
for the 64 Meg x 8 and 128 Meg x 4 are shown in Figures 4 and 8 and signal descriptions
are shown in Table 3.

The 512Mb DDR2 SDRAM uses a double data rate architecture to achieve high-speed
operation. The double data rate architecture is essentially a 4n-prefetch architecture
with an interface designed to transfer two data words per clock cycle at the I/0 pins. A
single read or write access for the 512Mb DDR2 SDRAM effectively consists of a single
4n-bit-wide, one-clock-cycle data transfer at the internal DRAM core and four corre-
sponding n-bit-wide, one-half-clock-cycle data transfers at the I/0 pins.

A bidirectional data strobe (DQS, DQS#) is transmitted externally, along with data, for
use in data capture at the receiver. DQS is a strobe transmitted by the DDR2 SDRAM dur-
ing READs and by the memory controller during WRITEs. DQS is edge-aligned with data
for READs and center-aligned with data for WRITEs. The x16 offering has two data
strobes, one for the lower byte (LDQS, LDQS#) and one for the upper byte (UDQS,
UDQS#).

The 512Mb DDR2 SDRAM operates from a differential clock (CK and CK#); the crossing
of CK going HIGH and CK# going LOW will be 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.
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Notes:

512Mb: x4, x8, x16 DDR2 SDRAM
General Description
]

Read and write accesses to the DDR2 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 DDR2 SDRAM provides for programmable read or write burst lengths of four or
eight locations. DDR2 SDRAM supports interrupting a burst read of eight with another
read, or a burst write of eight with another write. 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 DDR SDRAMs, the pipelined, multibank architecture of DDR2 SDRAMs
allows for concurrent operation, thereby providing high, effective bandwidth by hiding
row precharge and activation time.

A self refresh mode is provided, along with a power-saving power-down mode.

All inputs are compatible with the JEDEC standard for SSTL_18. All full drive-strength
outputs are SSTL_18-compatible.

1. The functionality and the timing specifications discussed in this data sheet are for the
DLL-enabled mode of operation.

2. Throughout the data sheet, the various figures and text refer to DQs as “DQ.” The DQ
term is to be interpreted as any and all DQ collectively, unless specifically stated oth-
erwise. Additionally, the x16 is divided into two bytes, the lower byte and upper byte.
For the lower byte (DQO through DQ7), DM refers to LDM and DQS refers to LDQS.
For the upper byte (DQ8 through DQ15), DM refers to UDM and DQS refers to UDQS.

3. Complete functionality is described throughout the document and any page or dia-
gram may have been simplified to convey a topic and may not be inclusive of all
requirements.

4. Any specific requirement takes precedence over a general statement.
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92-Ball FBGA Ball Assignment (x16), 11mm x 19mm (Top View)

Figure 2:
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512Mb: x4, x8, x16 DDR2 SDRAM

Aicron

92-Ball FBGA Ball Assignment (x4, x8), 11mm x 19mm (Top View)

Figure 3:
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Aicron

512Mb: x4, x8, x16 DDR2 SDRAM
General Description

Figure 4: 84-ball FBGA Pin Assignment (x16), 12mm x 12.5mm (Top View)
Micron CLP JEDEC
(Ref. k
o2ball pkg) eutime 2 3 4 5 6 7 8 9
D A O O O O O O
VbD NC Vss VssQ UDQS#/NU VbbQ
E 8 | O O O O O O
DQ14 VssQ UDM UDQS VssQ  DQI15
F c | O O O O O O
VbDQ DQ9 VbDQ VbDQ DQ8 VbDQ
G D O O O © O O
DQ12 VssQ DQIl1 DQ10 VssQ  DQ13
H e | O O O O O O
VDD NC Vss VssQ LDQS#/NU VpbQ
J F O O O O O O
DQ6  VssQ LDM LDQS VssQ  DQ7
K « | O O O O O O
VvobQ  DQ1  VbbQ VopQ DQO  VbpQ
L H | O O O o O O
DQ4 VssQ  DQ3 DQ2 VssQ  DQ5
M ) O O O O O O
VDDL  VREF Vss VssDL CK VDD
N K O O O O
CKE  WE# RAS# CK#  ODT
P L 1O O O O O
RFU  BA0  BAI1 CAS#  CS#
R M O O O O O
A10 Al A2 A0 VoD
T N O O O O O
Vss A3 A5 A6 A4
U P O O O O O
A7 A9 A1 A8 Vss
Vv R O
VoD  A12  RFU RFU NC
Note: The alphabetic column begining with “D” conforms to the common landing pattern’s 92-
ball package. The alphabetic column beginning with “A” conforms to JEDEC package out-
line specifications.
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512Mb: x4, x8, x16 DDR2 SDRAM
General Description

Aicron

60-Ball FBGA Pin Assighment (x4, x8), 12mm x 10mm (Top View)

Figure 5:

Micron CLP  JEDEC
(Ref. to package
92-ball pkg.) outline

H Al O OO O O O
VDD NF, RDQS#/NU V/ss VssQ DQS#/NU VbbQ
) 8 | O O O O O O
NF, DQ6  VssQ DM, DM/RDQS DQS  VssQ NF DQ7
K c 1 O O O O O O
VDDQ DQ1 \VVDDQ \VVbDQ DQO VpDQ
L o | O O O © O O
NF DQ4 VssQ  DQ3 DQ2  VssQ NF, DQ5
M e | O O O O O O
VDDL  VREF Vss VssDL CK VDD
N F O O O
CKE  WE# RAS#  CK#  ODT
P ¢« 1 O OO O O
RFU BAO BA1 CAS# Cs#
R H O O O O O
A10 A1 A2 A0 VoD
T 11O O O o O
Vss A3 A5 A6 A4
U K O O O O O
A7 A9 A1 A8 Vss
% L O
Vbb  A12  RFU RFU  A13
Note: The alphabetic column begining with “H” conforms to the common landing pattern’s 92-

ball package. The alphabetic column beginning with “A” conforms to JEDEC package out-
line specifications.
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Aicron

Table 3:

512Mb: x4, x8, x16 DDR2 SDRAM
General Description
]

FBGA 92-Ball Descriptions 128 Meg x 4, 64 Meg x 8, 32 Meg x 16

x16 FBGA
Ball
Assignment

x4, x8 FBGA
Ball
Assignment

Symbol

Type

Description

N9

N9

OoDT

Input

On-Die Termination: ODT (registered HIGH) enables termination
resistance internal to the DDR2 SDRAM. When enabled, ODT is
only applied to each of the following pins: DQ0-DQ15, LDM, UDM,
LDQS, LDQS#, UDQS, and UDQS# for the x16; DQ0-DQ7, DQS,
DQS#, RDQS, RDQS#, and DM for the x8; DQ0-DQ3, DQS, DQS#,
and DM for the x4. The ODT input will be ignored if disabled via
the LOAD MODE command.

M8, N8

M8, N8

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All address and
control input signals are sampled on the crossing of the positive
edge of CK and negative edge of CK#. Output data (DQs and DQS/
DQS#) is referenced to the crossings of CK and CK#.

N2

N2

CKE

Input

Clock Enable: CKE (registered HIGH) activates and CKE (registered
LOW) deactivates clocking circuitry on the DDR2 SDRAM. The
specific circuitry that is enabled/disabled is dependent on the
DDR2 SDRAM configuration and operating mode. CKE LOW
provides PRECHARGE POWER-DOWN and SELF REFRESH operations
(all banks idle), or ACTIVE POWER-DOWN (row ACTIVE in any
bank). CKE is synchronous for POWER-DOWN entry, POWER-
DOWN exit, output disable, and for SELF REFRESH entry. CKE is
asynchronous for SELF REFRESH exit. Input buffers (excluding CK,
CK#, CKE, and ODT) are disabled during POWER-DOWN. Input
buffers (excluding CKE) are disabled during SELF REFRESH. CKE is
an SSTL_18 input but will detect a LVCMOS LOW level once VDD is
applied during first power-up. After VRer 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 operation VREF must be maintained.

P8

P8

CS#

Input

Chip Select: CS# enables (registered LOW) and disables (registered
HIGH) the command decoder. All commands are masked when CS#
is registered HIGH. CS# provides for external bank selection on
systems with multiple ranks. CS# is considered part of the
command code.

N7, P7, N3

N7, P7, N3

RAS#, CAS#,
WE#

Input

Command Inputs: RAS#, CAS#, and WE# (along with CS#) define
the command being entered.

J3, E3

J3

LDM, UDM

Input

Input Data Mask: DM is an input mask signal for write data. Input
data is masked when DM is sampled HIGH along with that input
data during a WRITE access. DM is sampled on both edges of DQS.
Although DM pins are input-only, the DM loading is designed to
match that of DQ and DQS pins. LDM is DM for lower byte DQO-
DQ7 and UDM is DM for upper byte DQ8-DQ15.

P2, P3

P2, P3

BAO-BA1

Input

Bank Address Inputs: BAO-BA1 define to which bank an ACTIVE,
READ, WRITE, or PRECHARGE command is being applied. BAO-
BA1define which mode register including MR, EMR, EMR(2), and
EMR(3) is loaded during the LOAD MODE command.
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512Mb: x4, x8, x16 DDR2 SDRAM
General Description
]

Aicron

Table 3: FBGA 92-Ball Descriptions 128 Meg x 4, 64 Meg x 8, 32 Meg x 16
x16 FBGA x4, x8 FBGA
Ball Ball
Assighment | Assignment Symbol Type |Description
R8,R3,R7,T2, - AO0-A3 Input | Address Inputs: Provide the row address for ACTIVE commands,
T8,T3,T7,U2, A4-A7 and the column address and auto precharge bit (A10) for READ/
U8,U3,R2,U7, A8-A11 WRITE commands, to select one location out of the memory array

V2 A12 in the respective bank. A10 sampled during a PRECHARGE
command determines whether the PRECHARGE applies to one
bank (A10 LOW, bank selected by— BA1-BAOQ) or all banks (A10
HIGH). The address inputs also provide the op-code during a LOAD
MODE command.

- R8,R3,R7,T2, AO0-A3 Input | Address Inputs: Provide the row address for ACTIVE commands,

T8,T3,T7,U2, Ad4-A7 and the column address and auto precharge bit (A10) for READ/
U8,U3,R2,U7, A8-A11 WRITE commands, to select one location out of the memory array
V2,v8 A12-A13 in the respective bank. A10 sampled during a PRECHARGE
command determines whether the PRECHARGE applies to one
bank (A10 LOW, bank selected by- BA1-BAO) or all banks (A10
HIGH). The address inputs also provide the op-code during a LOAD
MODE command.
K8,K2,L7,L3, - DQO0-DQ3 I/0 Data Input/Output: Bidirectional data bus for 32 Meg x 16.
L1,L9,J1,J9, DQ4-DQ7
F8,F2,G7,G3, DQ8-DQ11
G1,G9,E1,E9 DQ12-DQ15
- K8,K2,L7,L3, DQO0-DQ3 I/0 Data Input/Output: Bidirectional data bus for 64 Meg x 8.
L1,L9,J1,J9 DQ4-DQ7
- K8,K2,L7,L3 DQO0-DQ3 I/O | Data Input/Output: Bidirectional data bus for 128 Meg x 4.
E7,D8 - uDQSs, I/0 Data Strobe for Upper Byte: Output with read data, input with
UDQS# write data for source synchronous operation. Edge-aligned with
read data, center-aligned with write data. UDQS# is only used
when differential data strobe mode is enabled via the LOAD
MODE command.
J7,H8 - LDQS, I/0 Data Strobe for Lower Byte: Output with read data, input with
LDQS# write data for source synchronous operation. Edge-aligned with
read data, center-aligned with write data. LDQS# is only used
when differential data strobe mode is enabled via the LOAD
MODE command.

- J7,H8 DQS, DQS# I/0 Data Strobe: Output with read data, input with write data for
source synchronous operation. Edge-aligned with read data,
center aligned with write data. DQS# is only used when
differential data strobe mode is enabled via the LOAD MODE
command.

- J3,H2 RDQS, Output | Redundant Data Strobe for 64 Meg x 8 only. RDQS is enabled/

RDQS# disabled via the LOAD MODE command to the Extended Mode
Register (EMR). When RDQS is enabled, RDQS is output with read
data only and is ignored during write data. When RDQS is
disabled, pin J3 becomes Data Mask (see DM pin). RDQS# is only
used when RDQS is enabled and differential data strobe mode is
enabled.
D1,H1,M9,R9, | D1,H1,M9,R9, VDD Supply | Power Supply: 1.8V £0.1V.
Vi Vi
M1 M1 VbDpL Supply | DLL Power Supply: 1.8V +0.1V.
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Aicron

512Mb: x4, x8, x16 DDR2 SDRAM
General Description
]

Table 3: FBGA 92-Ball Descriptions 128 Meg x 4, 64 Meg x 8, 32 Meg x 16
x16 FBGA x4, x8 FBGA
Ball Ball
Assighment | Assignment Symbol Type |Description
D9,F1,F3,F7, D9,H9,K1, VDDQ Supply | DQ Power Supply: 1.8V +0.1V. Isolated on the device for improved
F9,H9,K1,K3, K3,K7,K9 noise immunity.
K7,K9
M2 M2 V/REF Supply | SSTL_18 reference voltage.
D3,H3,M3,T1, | D3,H3,M3,T1, Vss Supply | Ground.
U9 U9
M7 M7 VssDL Supply | DLL Ground. Isolated on the device from Vss and VssQ.
D7,E2,E8,G2, D7,H7,)2, VssQ Supply | DQ Ground. Isolated on the device for improved noise immunity.
G8,H7, J2,18, J8,L2,L8
L2,L8
A1,A2,A8,A9 | A1,A2,A8,A9, NC - No Connect: These pins should be left unconnected.
D2,H2,Vs, D2,D8,E1-E3,
AA1,AA2,AA8, | E7-E9,F1-F3,
AA9 F7-F9, G1-G3,
G7-G9,
AA1,AA2,AAS,
AA9
- J1,J9, L1, L9, NF - No Function: These pins are used as DQ4-DQ7 on the 64 Meg x 8,
H2, but are NF (No Function) on the 128 Meg x 4 configuration.
D8, H8 - NU - Not Used: Not used only on x16. If EMR[E10] = 0, D8 and H8 are
UDQS# and LDQS#.
If EMR[E10] = 1, then D8 and H8 are not used.
- H2, H8 NU - Not Used: Not used only on x8. If EMR[E10] = 0, H2 and H8 are
RDQS# and DQS#.
If EMR[E10] = 1, then H2 and H8 are not used.
V3, V7, P1 V3, V7, P1 RFU - Reserved for Future Use: row address bits A14(V3) and A15(V7) are

reserved for 2Gb and 4Gb densities. BA2 (P1) reserved for 1Gb
device.
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Aicron

Table 3:

512Mb: x4, x8, x16 DDR2 SDRAM
General Description
]

FBGA 84/60-Ball Descriptions 128 Meg x 4, 64 Meg x 8, 32 Meg x 16

x16 FBGA Ball
Assignment

x4, x8 FBGA
Ball
Assignment

Symbol

Type

Description

K9

F9

OoDT

Input

On-Die Termination: ODT (registered HIGH) enables termination
resistance internal to the DDR2 SDRAM. When enabled, ODT is only
applied to each of the following pins: DQ0-DQ15, LDM, UDM,
LDQS, LDQS#, UDQS, and UDQS# for the x16; DQ0-DQ7, DQS,
DQS#, RDQS, RDQS#, and DM for the x8; DQ0-DQ3, DQS, DQS#,
and DM for the x4. The ODT input will be ignored if disabled via
the LOAD MODE command.

J8, N8

E8, F8

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All address and
control input signals are sampled on the crossing of the positive
edge of CK and negative edge of CK#. Output data (DQs and DQS/
DQS#) is referenced to the crossings of CK and CK#.

K2

F2

CKE

Input

Clock Enable: CKE (registered HIGH) activates and CKE (registered
LOW) deactivates clocking circuitry on the DDR2 SDRAM. The
specific circuitry that is enabled/disabled is dependent on the DDR2
SDRAM configuration and operating mode. CKE LOW provides
PRECHARGE POWER-DOWN and SELF REFRESH operations (all
banks idle), or ACTIVE POWER-DOWN (row ACTIVE in any bank).
CKE is synchronous for POWER-DOWN entry, POWER-DOWN exit,
output disable, and for SELF REFRESH entry. CKE is asynchronous
for SELF REFRESH exit. Input buffers (excluding CK, CK#, CKE, and
ODT) are disabled during POWER-DOWN. Input buffers (excluding
CKE) are disabled during SELF REFRESH. CKE is an SSTL_18 input but
will detect a LVCMOS LOW level once VDD is applied during first
power-up. After VREr 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 operation VREF must be
maintained.

L8

G8

CS#

Input

Chip Select: CS# enables (registered LOW) and disables (registered
HIGH) the command decoder. All commands are masked when CS#
is registered HIGH. CS# provides for external bank selection on
systems with multiple ranks. CS# is considered part of the command
code.

K7, L7, K3

F7, G7, F3

RAS#, CAS#,
WE#

Input

Command Inputs: RAS#, CAS#, and WE# (along with CS#) define the
command being entered.

F3, B3

B3

LDM, UDM

Input

Input Data Mask: DM is an input mask signal for write data. Input
data is masked when DM is sampled HIGH along with that input
data during a WRITE access. DM is sampled on both edges of DQS.
Although DM pins are input-only, the DM loading is designed to
match that of DQ and DQS pins. LDM is DM for lower byte DQO-
DQ7 and UDM is DM for upper byte DQ8-DQ15.

G2, G3

G2, G3

BAO-BA1

Input

Bank Address Inputs: BAO-BA1 define to which bank an ACTIVE,
READ, WRITE, or PRECHARGE command is being applied. BAO-
BA1define which mode register including MR, EMR, EMR(2), and
EMR(3) is loaded during the LOAD MODE command.
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Aicron

512Mb: x4, x8, x16 DDR2 SDRAM
General Description
]

Table 3: FBGA 84/60-Ball Descriptions 128 Meg x 4, 64 Meg x 8, 32 Meg x 16
x4, x8 FBGA
x16 FBGA Ball Ball
Assignment | Assignment Symbol Type [Description
M8, M3, M7, N2, - AO0-A3 Input [Address Inputs: Provide the row address for ACTIVE commands, and
N8, N3, N7, P2, A4-A7 the column address and auto precharge bit (A10) for READ/WRITE
P8,P3,M2,P7, A8-A11 commands, to select one location out of the memory array in the

R2 A12 respective bank. A10 sampled during a PRECHARGE command
determines whether the PRECHARGE applies to one bank (A10
LOW, bank selected by— BA1-BAO0) or all banks (A10 HIGH). The
address inputs also provide the op-code during a LOAD MODE
command.

- H8,H3,H7,J2, AO0-A3 Input [Address Inputs: Provide the row address for ACTIVE commands, and

J8,13,]7,K2, A4-A7 the column address and auto precharge bit (A10) for READ/WRITE
K8,K3,H2,K7, A8-A11 commands, to select one location out of the memory array in the
L2,L8 A12-A13 respective bank. A10 sampled during a PRECHARGE command
determines whether the PRECHARGE applies to one bank (A10
LOW, bank selected by— BA1-BAO) or all banks (A10 HIGH). The
address inputs also provide the op-code during a LOAD MODE
command.
G8,G2,H7,H3, - DQO0-DQ3 I/O |Data Input/Output: Bidirectional data bus for 32 Meg x 16.
H1,H9,F1,F9, DQ4-DQ7
C8,C2,Db7,D3, DQ8-DQ11
D1,D9,B1,B9 DQ12-DQ15
- G8,G2,H7,H3, | DQO-DQ3 I/O |Data Input/Output: Bidirectional data bus for 64 Meg x 8.
H1,H9,F1,F9 DQ4-DQ7
- G8,G2,H7,H3 | DQO-DQ3 I/O |Data Input/Output: Bidirectional data bus for 128 Meg x 4.
B7,A8 - uDQSs, I/O |Data Strobe for Upper Byte: Output with read data, input with
UDQS# write data for source synchronous operation. Edge-aligned with
read data, center-aligned with write data. UDQS# is only used
when differential data strobe mode is enabled via the LOAD MODE
command.
F7,E8 - LDQS, I/O |Data Strobe for Lower Byte: Output with read data, input with
LDQS# write data for source synchronous operation. Edge-aligned with
read data, center-aligned with write data. LDQS# is only used when
differential data strobe mode is enabled via the LOAD MODE
command.

- B7,A8 DQS, DQS# I/O |Data Strobe: Output with read data, input with write data for
source synchronous operation. Edge-aligned with read data, center
aligned with write data. DQS# is only used when differential data
strobe mode is enabled via the LOAD MODE command.

- B3,A2 RDQS, Output |Redundant Data Strobe for 64 Meg x 8 only. RDQS is enabled/

RDQS# disabled via the LOAD MODE command to the Extended Mode
Register (EMR). When RDQS is enabled, RDQS is output with read
data only and is ignored during write data. When RDQS is disabled,
pin J3 becomes Data Mask (see DM pin). RDQS# is only used when
RDQS is enabled and differential data strobe mode is enabled.
A1,E1,MJ9,H9,R1| A1,E9,H9,L1 VDD Supply |Power Supply: 1.8V +0.1V.
1 E1 VoblL Supply |DLL Power Supply: 1.8V £0.1V.
A9,C1,C3,C7, A9,C1, VbDQ Supply |DQ Power Supply: 1.8V £0.1V. Isolated on the device for improved
C9,E9,G1,G3, C3,C7,C9 noise immunity.
G7,G9
J2 E2 VREF Supply |SSTL_18 reference voltage.
A3,E3,J3,N1,P9 | A3,E3,J1,K9 Vss Supply |Ground.
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Aicron

512Mb: x4, x8, x16 DDR2 SDRAM
General Description
]

Table 3: FBGA 84/60-Ball Descriptions 128 Meg x 4, 64 Meg x 8, 32 Meg x 16
x4, x8 FBGA
x16 FBGA Ball Ball
Assignment | Assignment Symbol Type [Description
17 E7 VssDL Supply |DLL Ground. Isolated on the device from Vss and VssQ.
D7,E2,E8,G2, A7,B2, VssQ Supply |DQ Ground. Isolated on the device for improved noise immunity.
G8,H7, J2,)8, B8,D2,D8
L2,L8
A2,E2,R8, - NC - No Connect: These pins should be left unconnected.
- B1, B9, D1, D9 NF - No Function: These pins are used as DQ4-DQ7 on the 64 Meg x 8,
but are NF (No Function) on the 128 Meg x 4 configuration.
A8, E8 - NU —  |Not Used: Not used only on x16. If EMR[E10] = 0, D8 and H8 are
UDQS# and LDQS#. If EMR[E10] = 1, then D8 and H8 are not used.
- A2, A8 NU - Not Used: Not used only on x8. If EMR[E10] = 0, H2 and H8 are
RDQS# and DQS#.
If EMR[E10] = 1, then H2 and H8 are not used.
L1, K3, K7 G1, L3, L7 RFU - Reserved for Future Use: row address bits A14(V3) and A15(V7) are

reserved for 2Gb and 4Gb densities. BA2 (P1) reserved for 1Gb
device.
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512Mb: x4, x8, x16 DDR2 SDRAM
Functional Description

Aicron

Functional Description

The 512Mb DDR2 SDRAM is a high-speed, CMOS dynamic random-access memory
containing 536,870,912 bits. The 512Mb DDR2 SDRAM is internally configured as a four-
bank DRAM.

The 512Mb DDR2 SDRAM uses a double data rate architecture to achieve high-speed
operation. The DDR2 architecture is essentially a 4n-prefetch architecture, with an inter-
face designed to transfer two data words per clock cycle at the I/0 pins. A single read or
write access for the 512Mb DDR2 SDRAM consists of a single 4n-bit-wide, one-clock-
cycle data transfer at the internal DRAM core and four corresponding n-bit- wide, one-
half-clock-cycle data transfers at the I/O pins.

Prior to normal operation, the DDR2 SDRAM must be initialized. The following sections
provide detailed information covering device initialization, register definition, com-
mand descriptions, and device operation.

Figure 6: Functional Block Diagram (32 Meg x 16)
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© 512Mb: x4, x8, x16 DDR2 SDRAM
M cron Functional Description
]

Figure 7:  Functional Block Diagram (64 Meg x 8)
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Initialization

DDR2 SDRAMs must be powered up and initialized in a predefined manner. Operational
procedures other than those specified may result in undefined operation. The following
sequence is required for power-up and initialization and is shown in Figure 9.

1. Apply power; if CKE is maintained below 0.2 x VDDQ, outputs remain disabled. To guar-
antee RTT (ODT resistance) is off, VREF must be valid and a low level must be applied
to the ODT pin (all other inputs may be undefined). The time from when VDD first
starts to power-up to the completion of VDDQ must be equal to or less than 20ms; sig-
nals must not have any slope reversals during ramp up. At least one of the following
two sets of conditions (A or B) must be met:

A.CONDITION SET A
* VDD, VDDL, and VDDQ are driven from a single power converter output
e VTTis limited to 0.95V MAX
e VREF tracks VDDQ/2
B. CONDITION SET B
* Apply VDD before or at the same time as VDDL
* Apply VDDL before or at the same time as VDDQ
* Apply VDDQ before or at the same time as VIT and VREF
* The voltage difference between any VDD supply cannot exceed 0.3V

3. For a minimum of 200ys after stable power and clock (CK, CK#), apply NOP or DESE-

LECT commands and take CKE high

4. Wait a minimum of 400ns, then issue a PRECHARGE ALL command.

5. Issue an LOAD MODE command to the EMR(2) register. (To issue an EMR(2) com-
mand, provide LOW to BAO, provide HIGH to BA1.)

6. Issue a LOAD MODE command to the EMR(3) register. (To issue an EMR(3) com-
mand, provide HIGH to BAO and BA1.)

7. Issue an LOAD MODE command to the EMR register to enable DLL. To issue a DLL
Enable command, provide LOW to BA1 and A0, provide HIGH to BAO. Bits E7, E8, and
E9 must all be set to 0.

8. Issue a LOAD MODE command for DLL Reset. 200 cycles of clock input is required to
lock the DLL. (To issue a DLL reset, provide HIGH to A8 and provide LOW to BA1, and
BAO.) CKE must be HIGH the entire time.

9. Issue PRECHARGE ALL command.

10. Issue two or more REFRESH commands.

11. Issue a LOAD MODE command with LOW to A8 to initialize device operation (i.e., to
program operating parameters without resetting the DLL).

12. Issue a LOAD MODE command to the EMR to enable OCD default by setting bits E7,
E8, and E9 to 1 and set all other desired parameters.

13. Issue a LOAD MODE command to the EMR to enable OCD exit by setting bits E7, E8,
and E9 to 0 and set all other desired parameters.

The DDR2 SDRAM is now initialized and ready for normal operation 200 clocks after

DLL reset (in step 8).

pdf: 09005aef8117c18e, source: 09005aef8117¢192 Micron Technology, Inc., reserves the right to change products or specifications without notice.
512MbDDR2_2.fm - Rev. H 7/05 EN 2 1 ©2004, 2005 Micron Technology, Inc. All rights reserved.



Initialization
|

él("}lcrorf 512Mb: x4, x8, x16 DDR2 SDRAM

Figure 9: DDR2 Power-Up and Initialization
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Notes: 1. VTTis not applied directly to the device; however, 'VTD should be greater than or equal to
zero to avoid device latch-up. The time from when VDD first starts to power-up to the com-
pletion of VDDQ must be equal to or less than 20ms. One of the following two conditions
(a or b) MUST be met:

A. VDD, VDDL, and VDDQ are driven from a single power converter output.
VTT may be 0.95V maximum during power up.
VREF tracks VDDQ/2.
B. Apply VDD before or at the same time as VDDL.
Apply VobpL before or at the same time as VbDQ.
Apply VDDQ before or at the same time as VTT and VREF.
The voltage difference between any VDD supply cannot exceed 0.3V.

2. Either a NOP or DESELECT command may be applied.

3. 200 cycles of clock (CK, CK#) are required before a READ command can be issued. CKE
must be HIGH the entire time.

4. Two or more REFRESH commands are required.

5. Bits E7, E8, and E9 must all be set to 0 with all other operating parameters of EMRS set as
required.

6. PRE = PRECHARGE command, LM = LOAD MODE command, REF = REFRESH command, ACT
= ACTIVE command, RA = Row Address, BA = Bank Address.

7. DM represents DM for x4, x8 configuration and UDM, LDM for x16 configuration. DQS repre-
sents DQS, DQS#, UDQS, UDQS#, LDQS, LDQS#, RDQS, RDQS# for the appropriate configura-
tion (x4, x8, x16). DQ represents DQ0-DQ3 for x4, DQ0-DQ7 for x8, and DQ0-DQ15 for x16.

8. CKE pin uses LVCMOS input levels prior to state TO. After state TO, CKE pin uses SSTL_18
input levels.

9. ADDRESS represents A12-A0 for x4, x8, and A12-A0 for x16, BAO-BA1. A10 should be
HIGH at states Tb0 and TgO0 to ensure a PRECHARGE (all banks) command is issued.

10. Bits E7, E8, and E9 must be set to 1 to set OCD default.
11. Bits E7, E8, and E9 must be set to 0 to set OCD exit and all other operating parameters of
EMRS set as required.
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Mode Register (MR)

The mode register is used to define the specific mode of operation of the DDR2 SDRAM.
This definition includes the selection of a burst length, burst type, CL, operating mode,
DLL reset, write recovery, and power-down mode, as shown in Figure 10. Contents of the
mode register can be altered by re-executing the LOAD MODE (LM) command. If the
user chooses to modify only a subset of the MR variables, all variables (M0-M14) must
be programmed when the LOAD MODE command is issued.

The mode register is programmed via the LM command (bits BA1-BAO = 0, 0) and other
bits (M13-MO for x4 and x8, M12-MO for x16) will retain the stored information until it is
programmed again or the device loses power (except for bit M8, which is self-clearing).
Reprogramming the mode register will not alter the contents of the memory array, pro-
vided it is performed correctly.

The LM command can only be issued (or reissued) when all banks are in the precharged
state. The controller must wait the specified time ‘™MRD before initiating any subsequent
operations such as an ACTIVE command. Violating either of these requirements will
result in unspecified operation.

Burst Length

Burst length is defined by bits M0-M3, as shown in Figure 10. Read and write accesses to
the DDR2 SDRAM are burst-oriented, with the burst length being programmable to
either four or eight. The burst length determines the maximum number of column loca-
tions that can be accessed for a given READ or WRITE command.

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 will wrap within the block if a boundary is reached. The block is
uniquely selected by A2-Ai when BL = 4 and by A3-Ai when BL = 8 (where Ai is the most
significant column address bit for a given configuration). The remaining (least signifi-
cant) address bit(s) is (are) used to select the starting location within the block. The pro-
grammed burst length applies to both READ and WRITE bursts.
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Figure 10: Mode Register (MIR) Definition

BA1BAO0 A13A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  AddressBus

ARRRARRRRARERER

15/14 /13 /12 /11/10/9 / 8/ 7 /6 /5/4/3/2/1/0 /| Mode Register (Mx)
l MR IO*IPD WR DLLWCAS#Latency[ BTIBurstLength

M7| Mode M2 M1 MO |Burst Length
0 | Normal 0 0 0| Reserved
M12| PD mode 1] Test 0 01 Reserved
0 | FastExit 010 4
(Normal) M8/ DLL Reset 0 1 1 8
1 | Slow Exit 0 No 1 0 0 | Reserved
(Low Power) 1 Yes 1 0 1| Reserved
1 1 0 | Reserved
M11 M10 M9 | WRITE RECOVERY 111 Reserved
0 0 0 Reserved
0 0 1 2 M3 Burst Type
0 1 0 3 0 Sequential
0 1 1 4 1 Interleaved
1.0 0 5
1.0 1 6
1 1 0 Reserved M6 M5 M4 CAS Latency
111 Reserved 0 00 Reserved
0 0 1 Reserved
M15 M14|  Mode Register Definition 0 1 0 Reserved
0 0 Mode Register (MR) 0 11 3
1.0 0 4
1.0 1 5
11 0 Reserved
1.1 1 Reserved

*M13 (A13) is reserved for future use and must be programmed to '0.'
A13 is not used in x16 configuration.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved.
The burst type is selected via bit M3, as shown in Figure 10. The ordering of accesses
within a burst is determined by the burst length, the burst type, and the starting column
address, as shown in Table 4. DDR2 SDRAM supports 4-bit burst and 8-bit burst modes
only. For 8-bit burst mode, full interleave address ordering is supported; however,
sequential address ordering is nibble-based.
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Table 4: Burst Definition

512Mb: x4, x8, x16 DDR2 SDRAM
Mode Register (MR)

Starting Column Order of Accesses Within a Burst
Address
Burst Length (A2, A1, AOD) Burst Type = Sequential | Burst Type = Interleaved
4 00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0
8 000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 5.6,7,4,1,2,3,0 5.4,7,6,1,0,3,2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1
111 7.4,5,6,3,0,1,2 7,6,5,4,3,2,1,0

Operating Mode

The normal operating mode is selected by issuing a LOAD MODE command with bit M7
set to “0,” and all other bits set to the desired values, as shown in Figure 10. When bit M7
is “1,” no other bits of the mode register are programmed. Programming bit M7 to “1”
places the DDR2 SDRAM into a test mode that is only used by the Manufacturer and
should not be used. No operation or functionality is guaranteed if M7 bit is ‘1.

DLL Reset

DLL reset is defined by bit M8, as shown in Figure 10. Programming bit M8 to “1” will
activate the DLL Reset function. Bit M8 is self-clearing, meaning it returns back to a
value of “0” after the DLL Reset function has been issued.

Anytime the DLL Reset function is used, 200 clock cycles must occur before a READ
command can be issued to allow time for the internal clock to be synchronized with the
external clock. Failing to wait for synchronization to occur may result in a violation of
the 'AC or 'DQSCK parameters.

Write Recovery

Write recovery (WR) time is defined by bits M9-M11, as shown in Figure 10. The WR reg-
ister is used by the DDR2 SDRAM during WRITE with auto precharge operation. During
WRITE with auto precharge operation, the DDR2 SDRAM delays the internal auto pre-
charge operation by WR clocks (programmed in bits M9-M11) from the last data burst.
An example of Write with auto precharge is shown in Figure 62 on page 23.

WR values of 2, 3, 4, 5, or 6 clocks may be used for programming bits M9-M11. The user
is required to program the value of WR, which is calculated by dividing ‘WR (in ns) by
{CK (in ns) and rounding up a noninteger value to the next integer; WR [cycles] = ‘WR
[ns] / 'CK [ns]. Reserved states should not be used as unknown operation or incompati-
bility with future versions may result.

Power-Down Mode

Active power-down (PD) mode is defined by bit M12, as shown in Figure 10. PD mode
allows the user to determine the active power-down mode, which determines perfor-
mance versus power savings. PD mode bit M12 does not apply to precharge power-down
mode.
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CAS Latency (CL)

512Mb: x4, x8, x16 DDR2 SDRAM
Mode Register (MR)

When bit M12 = 0, standard Active PD mode or “fast-exit” active power-down mode is
enabled. The "XARD parameter is used for fast-exit active power-down exit timing. The
DLL is expected to be enabled and running during this mode.

When bit M12 = 1, a lower-power Active PD mode or “slow-exit” active power-down
mode is enabled. The '*XARDS parameter is used for slow-exit active power-down exit
timing. The DLL can be enabled, but “frozen” during active power-down mode since the
exit-to-READ command timing is relaxed. The power difference expected between PD
normal and PD low-power’ mode is defined in the IDD table.

The CAS latency (CL) is defined by bits M4-M6, as shown in Figure 10. CL is the delay, in
clock cycles, between the registration of a READ command and the availability of the
first bit of output data. The CL can be set to 3, 4, or 5 clocks, depending speed grade
option being used. CL of 6 clocks is a JEDEC-optional feature and may be enabled in
future speed grades.

DDR2 SDRAM does not support any half-clock latencies. Reserved states should not be
used as unknown operation or incompatibility with future versions may result.

DDR2 SDRAM also supports a feature called posted CAS additive latency (AL). This fea-
ture allows the READ command to be issued prior to ‘RCD (MIN) by delaying the inter-
nal command to the DDR2 SDRAM by AL clocks. The AL feature is described in more
detail in the Extended Mode Register (EMR) and Operational sections.

Examples of CL = 3 and CL = 4 are shown in Figure 11; both assume AL = 0. If a READ
command is registered at clock edge n, and the CL is m clocks, the data will be available
nominally coincident with clock edge 7 + m (this assumes AL = 0).
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Figure 11: CAS Latency (CL)
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512Mb: x4, x8, x16 DDR2 SDRAM
Extended Mode Register (EMR)

Extended Mode Register (EMR)

The extended mode register controls functions beyond those controlled by the mode
register; these additional functions are DLL enable/disable, output drive strength, on-
die termination (ODT) (RTT), posted AL, off-chip driver impedance calibration (OCD),
DQS# enable/disable, RDQS/RDQS# enable/disable, and output disable/enable. These
functions are controlled via the bits shown in Figure 12. The EMR is programmed via the
LOAD MODE (LM) command and will retain the stored information until it is pro-
grammed again or the device loses power. Reprogramming the EMR will not alter the
contents of the memory array, provided it is performed correctly.

The EMR must be loaded when all banks are idle and no bursts are in progress, and the
controller must wait the specified time ‘MRD before initiating any subsequent opera-
tion. Violating either of these requirements could result in unspecified operation.

Figure 12: Extended Mode Register Definition

BA1BAO A13 A12 A11A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  AddressBus

ARERARRRRRRRERE

Extended Mode
15/14/13/12/1/10 /9 /8/1/6/5/4/3/2/ 1/0 ]
MRS | 0* out[RDQS[DQs#‘OCD Program ‘Rtt ‘Posted CAS#[Rtt ODS[DLL Register (Ex)

E12| Outputs EO DLL Enable
0 | Enabled E6 E2|Rtt (nominal) 0 Enable (Normal)
1| Disabled 0 0 | Rtt Disabled 1 | Disable (Test/Debug)
01 75Q
E11|RDQS Enable 1.0 150Q g1 | Output Drive Strength
0 No 1 1| s00f 0 [Full Strength (18Q target)
1 Yes 1 |Reduced Strength (40Q target)
Et0[pasiEnabig E5 E4 E3 |Posted CAS# Additive Latency (AL)
0 Enable 00 0 0
1 Disable 00 1 1
01 0 2
E9 E8 E7 | OCD Operation 01 1 3
0 0 0 |OCD NotSupported* 10 0 4
0 0 1 |Reserved 10 1 Reserved
0 1 0 [Reserved 11 0 Reserved
1 0 0 [Reserved 11 1 Reserved
1 1 1 [OCD default state®

*E13 (A13) is not used on the x16 configuration.

E15 E14 Mode Register Set tDuring initialization, all three bits must be set to ‘1’
for OCD Default State, then must be set to ‘0’
before initialization is finished, as detailed in the

0 1 | Extended Mode Register (EMRS) initialization procedure.

+Available on -3/-3E speed grade parts only.

DLL Enable/Disable

The DLL may be enabled or disabled by programming bit E0 during the LM command,
as shown in Figure 12. 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 debugging or evaluation. Enabling the DLL
should always be followed by resetting the DLL using an LM command.

The DLL is automatically disabled when entering SELF REFRESH operation and is auto-
matically re-enabled and reset upon exit of SELF REFRESH operation.
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Output Drive Strength

Any time the DLL is enabled (and subsequently reset), 200 clock cycles must occur
before a READ command can be issued to allow time for the internal clock to be syn-
chronized with the external clock. Failing to wait for synchronization to occur may result
in a violation of the 'AC or 'DQSCK parameters.

Output Drive Strength

The output drive strength is defined by bit E1, as shown in Figure 12. The normal drive
strength for all outputs are specified to be SSTL_18. Programming bit E1 = 0 selects nor-
mal (full strength) drive strength for all outputs. Selecting a reduced drive strength
option (E1 = 1) will reduce all outputs to approximately 60 percent of the SSTL_18 drive
strength. This option is intended for the support of the lighter load and/or point-to-
point environments.

DQS# Enable/Disable

The DQS# enable function is defined by bit E10. When enabled (E10 = 0), DQS# is the
complement of the differential data strobe pair DQS/DQS#. When disabled (E10 = 1),
DQS is used in a single-ended mode and the DQS# pin is disabled. When disabled, DQS#
should be left floating. This function is also used to enable/disable RDQS#. If RDQS is
enabled (E11 = 1) and DQS# is enabled (E10 = 0), then both DQS# and RDQS# will be
enabled.

RDQS Enable/Disable

The RDQS enable function is defined by bit E11, as shown in Figure 12. This feature is
only applicable to the x8 configuration. When enabled (E11 = 1), RDQS is identical in
function and timing to data strobe DQS during a READ. During a WRITE operation,
RDQS is ignored by the DDR2 SDRAM.

Output Enable/Disable

The Output enable function is defined by bit E12, as shown in Figure 12. When enabled
(E12 = 0), all outputs (DQs, DQS, DQS#, RDQS, RDQS#) function normally. When dis-
abled (E12 = 1), all DDR2 SDRAM outputs (DQs, DQS, DQS#, RDQS, RDQS#) are disabled
removing output buffer current. The output disable feature is intended to be used dur-
ing IDD characterization of read current.

On Die Termination (ODT)

ODT effective resistance RTT(EFF) is defined by bits E2 and E6 of the EMR, as shown in
Figure 12. The ODT feature is designed to improve signal integrity of the memory chan-
nel by allowing the DDR2 SDRAM controller to independently turn on/off ODT for any
or all devices. RTT effective resistance values of 75Q and 150Q2 are selectable and apply to
each DQ, DQS/DQS#, RDQS/RDQS#, UDQS/UDQS#, LDQS/LDQS#, DM, and UDM/
LDM signals. Additionally, the DDR2-667 speed devices offer a third option of 5000 A
functional representation of ODT is shown in block diagrams in “Functional Descrip-
tion” on page 19. Bits (E6, E2) determine what ODT resistance is enabled by turning on/
off “swl” or “sw2.” The ODT effective resistance value is selected by enabling switch
“swl,” which enables all R1 values that are 150Q each, enabling an effective resistance of
75Q (RTT2(EFF) = R2/2). Similarly, if “sw2” is enabled, all R2 values that are 300Q2 each,
enable an effective ODT resistance of 150Q (RTT2(EFF) = R2/2). For DDR2-667 speed
devices, switch “BW3” enables R1 values of 100}, enabling effective resistance of 502
Reserved states should not be used, as unknown operation or incompatibility with
future versions may result.
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512Mb: x4, x8, x16 DDR2 SDRAM
Off-Chip Driver (OCD) Impedance Calibration

The ODT control pin is used to determine when RTT(EFF) is turned on and off, assuming
ODT has been enabled via bits E2 and E6 of the EMR. The ODT feature and ODT input
pin are only used during active, active power-down (both fast-exit and slow-exit modes),
and precharge power-down modes of operation. ODT must be turned off prior to enter-
ing self refresh. During power-up and initialization of the DDR2 SDRAM, ODT should be
disabled until the EMR command is issued to enable the ODT feature, at which point the
ODT pin will determine the RTT(EFF) value. Any time the EMR enables the ODT func-
tion, ODT may not be driven HIGH until eight clocks after the EMR has been enabled.
See “ODT Timing” on page 3 for ODT timing diagrams.

Off-Chip Driver (OCD) Impedance Calibration

The Off-Chip Driver function is no longer supported and must be set to the default state.
See “Initialization” on page 21 to properly set OCD defaults.

Posted CAS Additive Latency (AL)

Figure 13:

Posted CAS additive latency (AL) is supported to make the command and data bus effi-
cient for sustainable bandwidths in DDR2 SDRAM. Bits E3-E5 define the value of AL, as
shown in Figure 12. Bits E3-E5 allow the user to program the DDR2 SDRAM with an
inverse AL of 0, 1, 2, 3, or 4 clocks. Reserved states should not be used as unknown oper-
ation or incompatibility with future versions may result.

In this operation, the DDR2 SDRAM allows a READ or WRITE command to be issued
prior to 'RCD (MIN) with the requirement that AL < 'RCD (MIN). A typical application
using this feature would set AL = 'RCD (MIN) - 1 x 'CK. The READ or WRITE command is
held for the time of the AL before it is issued internally to the DDR2 SDRAM device. RL is
controlled by the sum of AL and CL; RL = AL + CL. Write latency (WL) is equal to RL
minus one clock; WL = AL + CL - 1 x 'CK. An example of RL is shown in Figure 13. An
example of a WL is shown in Figure 14.
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Figure 14: WRITE Latency
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Extended Mode Register 2

The Extended Mode Register 2 (EMR2) controls functions beyond those controlled by
the mode register. Currently all bits in EMR2 are reserved, as shown in Figure 15. The
EMR?2 is programmed via the LM command and will retain the stored information until
itis programmed again or the device loses power. Reprogramming the EMR will not alter
the contents of the memory array, provided it is performed correctly.

The EMR must be loaded when all banks are idle and no bursts are in progress, and the
controller must wait the specified time ‘MRD before initiating any subsequent opera-
tion. Violating either of these requirements could result in unspecified operation.

Figure 15: Extended Mode Register 2 (EMR2) Definition

BATBAO A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  AddressBus

ARRRARRARAREARE NN

15/18/13/2/11/10 /0 /8/1/6/5/4/3/2/ 1 ,
| emr2 | o* o[ 0* | 0¥ [0*] o* [ox [ox [ o*] ox[0* Jo* [ ox ox |/ Register (Ex

M15 M14 Mode Register Definition

* E13 (A13) - EO (A0) are reserved for future
use and must all be programmed to '0".
A13is not used in x16 configuration.

1 0 | Extended Mode Register (EMR2)
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Extended Mode Register 3

The Extended Mode Register 3 (EMR3) controls functions beyond those controlled by
the mode register. Currently all bits in EMR3 are reserved as shown in Figure 16. The
EMR3 is programmed via the LM command and will retain the stored information until
itis programmed again or the device loses power. Reprogramming the EMR will not alter
the contents of the memory array, provided it is performed correctly.

The EMR must be loaded when all banks are idle and no bursts are in progress, and the
controller must wait the specified time 'MRD before initiating any subsequent opera-
tion. Violating either of these requirements could result in unspecified operation.

Figure 16: Extended Mode Register 3 (EMR3) Definition

BA1BAO A13 A12 A11A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  AddressBus

ARARERRRKRARRRE

15/8 /13 /2 /1 /10 /e /87776 /5 /473 /271 Extended Mode
(Temr [ o [0 0* 0+ {00 [or Jor [ 0*] 0*0* [0 [ 0% 0+ ],/ Regiser 60

M15 M14| _ Mode Register Definition * E13 (A13) - EO (AO) are reserved for future
use and must all be programmed to '0".
A13 s not used in x16 configuration.

Extended Mode Register (EMR3)
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Command Truth Tables

The following tables provide a quick reference of DDR2 SDRAM available commands,
including CKE power-down modes, and bank-to-bank commands.

Table 5: Truth Table - DDR2 Commands
Notes: 1, 5, and 6 apply to the entire Table

CKE
. BA1 A12
Function Previous | Current | CS# |RAS# | CAS# WE#| o | a17 |A10| A9-AO | Notes
Cycle Cycle
LOAD MODE H H L L L L BA OP Code 2
REFRESH H H L L L H X X X X
SELF REFRESH Entry H L L L L H X X X X
SELF REFRESH Exit L H H X X X X X X X 7
X L | H | H|H
Single Bank H H L L H L BA X L X 2
Precharge
All Banks
PRECHARGE H H L L H L X X H X
Bank Activate H H L L H H BA Row Address
Column Column
WRITE H H L H L L BA Address L Address 2,3
WRITE with Auto Column Column
Precharge H H L H L L BA Address H Address 2.3
Column Column
READ H H L H L H BA Address L Address 2,3
READ with Auto Column Column
Precharge H H L H L H BA Address H Address 2.3
NO OPERATION H X L H H H X X X X
Device DESELECT H X H X X X X X X X
POWER-DOWN Entr H L H X X X X X X X 4
y L | H | H |H
POWER-DOWN Exit L H H X X X X X X X 4
X L | H | H|H

Notes: 1. All DDR2 SDRAM commands are defined by states of CS#, RAS#, CAS#, WE#, and CKE at
the rising edge of the clock.

2. Bank addresses (BA) BA1-BAO determine which bank is to be operated upon. BA during a
LM command selects which mode register is programmed.

3. Burst reads or writes at BL = 4 cannot be terminated or interrupted. See sections “Read
Interrupted by a Read” and "Write Interrupted by a Write” for other restrictions and
details.

4. The power-down mode does not perform any REFRESH operations. The duration of
power-down is therefore limited by the refresh requirements outlined in the AC paramet-
ric section.

5. The state of ODT does not affect the states described in this table. The ODT function is not
available during self refresh. See the ODT section for details.

6. “X" means “H or L"” (but a defined logic level).

7. Self refresh exit is asynchronous.
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Table 6: Truth Table - Current State Bank n - Command to Bank n
Notes: 1-6; notes appear below and on next page

Current
State 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)
Idle L L H H ACTIVE (select and activate row)
L L L H REFRESH 7
L L L L LOAD MODE 7
Row Active L H L H READ (select column and start READ burst) 9
L H L L WRITE (select column and start WRITE burst) 9
L L H L PRECHARGE (deactivate row in bank or banks) 8
Read (Auto- L H L H READ (select column and start new READ burst) 9
Precharge L H L L WRITE (select column and start WRITE burst) 9,10
Disabled L L H L | PRECHARGE (start PRECHARGE) 8
Write (Auto- L H L H READ (select column and start READ burst) 9
Precharge L H L L WRITE (select column and start new WRITE burst) 9
Disabled) L L H L | PRECHARGE (start PRECHARGE) 8

Notes: 1. This table applies when CKEn - 1 was HIGH and CKEn is HIGH (see Table 6) and after XSNR
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:

e Idle: The bank has been precharged, 'RP has been met, and any READ burst is complete.

e Row active: A row in the bank has been activated, and 'RCD has been met. No data
bursts/accesses and no register accesses are in progress.

e Read: A READ burst has been initiated, with auto precharge disabled, and has not yet
terminated.

e Write: A WRITE burst has been initiated, with auto precharge disabled, and has not yet
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 Table 6, and according to Table 7.

e Precharging: Starts with registration of a PRECHARGE command and ends when RP is
met. Once RP is met, the bank will be in the idle state.

e Row activating: Starts with registration of an ACTIVE command and ends when 'RCD is
met. Once 'RCD is met, the bank will be in the “row active” state.

¢ Read with auto precharge Enabled: Starts with registration of a READ command with
auto precharge enabled and ends when 'RP has been met. Once 'RP is met, the bank
will be in the idle state.

e Write with auto precharge enabled: Starts with registration of a WRITE command with
auto precharge enabled and ends when 'RP has been met. Once 'RP is met, the bank
will be 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.

e Refreshing: Starts with registration of an REFRESH command and ends when 'RFC is
met. Once 'RFC is met, the DDR2 SDRAM will be in the all banks idle state.
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¢ Accessing mode register: Starts with registration of a LOAD MODE command and ends
when *™MRD has been met. Once tMRD is met, the DDR2 SDRAM will be in the all banks
idle state.
e Precharging all: Starts with registration of a PRECHARGE ALL command and ends when
TRP is met. Once 'RP is met, all banks will be in the idle state.
All states and sequences not shown are illegal or reserved.
Not bank-specific; requires that all banks are idle, and bursts are not in progress.
8. May or may not be bank-specific; if multiple banks are to be precharged, each must be in a
valid state for precharging.
9. 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.
10. A WRITE command may be applied after the completion of the READ burst.

No
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Table 7: Truth Table - Current State Bank n - Command to Bank m
Notes: 1-6; notes appear below and on next page.
Current State 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)
Idle X X X X Any Command Otherwise Allowed to Bank m
o L L H H ACTIVE (select and activate row)
ig:;’vécg;’atmg' L H L H READ (select column and start READ burst) 7
Precha’rging 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)
El:eacdhgaruzo L H L H READ (select column and start new READ burst) 7
disabledg L H L L WRITE (select column and start WRITE burst) 7,9
L L H L PRECHARGE
_ L L H H ACTIVE (select and activate row)
Wmﬁ (auto L H L H READ (select column and start READ burst) 7,8
g;seacblae:jg.)e L H L L WRITE (select column and start new WRITE burst) 7
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Read (with auto- L H L H READ (select column and start new READ burst) 7, 3a
precharge) L H L L WRITE (select column and start WRITE burst) 7,9 3a
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Write (with auto- L H L H READ (select column and start READ burst) 7, 3a
precharge) L H L L WRITE (select column and start new WRITE burst) 7, 3a
L L H L PRECHARGE

Notes: 1. This table applies when CKEn - 1 was HIGH and CKEn is HIGH (see Truth Table 2) and after
XSNR has been met (if the previous state was self refresh).

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 cov-
ered in the notes below.

2.

. Current state definitions:

Idle: The bank has been precharged, and 'RP has been met, and any READ burst is com-
plete.

Row Active: A row in the bank has been activated, and 'fRCD 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.

Write: A WRITE burst has been initiated, with auto precharge disabled, and has not yet
terminated.

Read with auto precharge enabled/write with auto precharge enabled: See note 3a.

a.

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 'WR ends, with 'WR measured as if auto precharge
was disabled. The access period starts with registration of the command and ends
where the precharge period (or 'RP) begins. This device supports concurrent auto pre-
charge such that when a read with auto precharge is enabled or a write with auto pre-
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charge is enabled any command to other banks is allowed, as long as that command
does not interrupt the read or write data transfer already in process. In either case, all
other related limitations apply (e.g., contention between read data and write data
must be avoided).

b. The minimum delay from a READ or WRITE command with auto precharge enabled to
a command to a different bank is summarized below.

o ank | ToCommand (Bankm) | conaiet BEIY (o o) | Units
WRITE with Auto | READ or READ w/auto precharge (CL-1) + (BL/2) + *WTR tck
Precharge WRITE or WRITE w/auto (BL/2) ek
precharge
PRECHARGE or ACTIVE 1 teK
READ with Auto | READ or READ w/auto precharge (BL/2) tck
Precharge WRITE or WRITE w/auto (BL/2)+2 teK
precharge
PRECHARGE or ACTIVE 1 teK
4. REFRESH and LM commands may only be issued when all banks are idle.
5. Not used.
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.
Requires appropriate DM masking.

A WRITE command may be applied after the completion of the READ burst.
10. 'WTR is defined as MIN (2 or 'WTR/ACK rounded up to the next integer).

© ®
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DESELECT, NOP, and LOAD MODE Commands

DESELECT

The DESELECT function (CS# HIGH) prevents new commands from being executed by
the DDR2 SDRAM. The DDR2 SDRAM is effectively deselected. Operations already in
progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to instruct the selected DDR2 SDRAM to
perform a NOP (CS# is LOW; RAS#, CAS#, and WE are HIGH). This prevents unwanted
commands from being registered during idle or wait states. Operations already in
progress are not affected.

LOAD MODE (LM)

The mode registers are loaded via inputs BA1-BAO and A13-A0 for x4 and x8, and A12-A0
for x16 configurations. BA1-BAO determine which mode register will be programmed.
See “Mode Register (MR)” on page 8. The LOAD MODE command can only be issued
when all banks are idle, and a subsequent executable command cannot be issued until
'MRD is met.

Bank/Row Activation
ACTIVE Command

The ACTIVE command is used to open (or activate) a row in a particular bank for a sub-
sequent access. The value on the BAI-BAO inputs selects the bank, and the address pro-
vided on inputs (A13-A0 for x4 and x8, and A12-A0 for x16) selects the row. This row
remains active (or open) for accesses until a PRECHARGE command is issued to that
bank. A PRECHARGE command must be issued before opening a different row in the
same bank.

ACTIVE Operation

Before any READ or WRITE commands can be issued to a bank within the DDR2
SDRAM, a row in that bank must be opened (activated), even when additive latency is
used. This is accomplished via the ACTIVE command, which selects both the bank and
the row to be activated, as shown in Figure 17.

After a row is opened with an ACTIVE command, a READ or WRITE command may be
issued to that row, subject to the ‘RCD specification. 'RCD (MIN) should be divided by
the clock period and rounded up to the next whole number to determine the earliest
clock edge after the ACTIVE command on which a READ or WRITE command can be
entered. The same procedure is used to convert other specification limits from time
units to clock cycles. For example, a ‘RCD (MIN) specification of 20ns with a 266 MHz
clock (*CK = 3.75ns) results in 5.3 clocks rounded up to 6. This is reflected in Figure 19,
which covers any case where 5 < 'RCD (MIN) / 'CK < 6. Figure 19 also shows the case for
'RRD where 2 < 'RRD (MIN) / 'CK < 3.

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 ‘RC.

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
t

RRD.
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Figure 17: ACTIVE Command

ADDRESS 7// - ’//A
BANK ADDRESS [///)\ Bank X/

DON'T CARE

512Mb: x4, x8, x16 DDR2 SDRAM
Bank/Row Activation
]
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READs
READ Command

READ Operation

512Mb: x4, x8, x16 DDR2 SDRAM
READs

The READ command is used to initiate a burst read access to an active row. The value on
the BA1-BAO inputs selects the bank, and the address provided on inputs A0-i (where i =
A9 for x16, A9 for x8, or A9, Al1 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 will be precharged at the end of the READ burst; if auto
precharge is not selected, the row will remain open for subsequent accesses.

READ bursts are initiated with a READ command, as shown in Figure 18. 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
being accessed is automatically precharged at the completion of the burst. If auto pre-
charge is disabled, the row will be left open after the completion of the burst.

During READ bursts, the valid data-out element from the starting column address will
be available READ latency (RL) clocks later. RL is defined as the sum of AL and CL; RL =
AL + CL. The value for AL and CL are programmable via the MR and EMR commands,
respectively. Each subsequent data-out element will be valid nominally at the next posi-
tive or negative clock edge (i.e., at the next crossing of CK and CK#). Figure 20 shows
examples of RL based on different AL and CL settings.

Figure 18: READ Command

CKE

<
st 7 M
wse T 0
N
/Y

CAS#

ADDRESS /7)) W
AUTO PRECHARGE [/7)X" 10 /7]
BANK ADDRESS /7 Bank X(///]
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Figure 19: Example: Meeting 'RRD (MIN) and *RCD (MIN)

CK# - - - '\I'O T1 T2 T3 T4 T5 T6 T7 T8 T9

CK [app—— — ’ ’ ’ . . . .
COMMAND W ACT W NOP >@< NOP ACT NOP >@< NOP >@< NOP >@< NOP >@< NOP WRDMR@
| | |
ADDRESS @( Row ¥/ X Row X7 N col >@
| | |
BAO, BA1 @<Bank XW MBank yW MBank y>@

[ [ [P [ [ [P [ [ap——

‘RRD ‘RCD
/ ,
/| DON'T CARE
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Figure 20: READ Latency

T3n T4 Tan T5

LA

COMMAND % READ W W W W NOP W NOP @

ADDRESS BEQF:W W W W W ‘ W

RL=3(AL=0,CL=13) |

DQs, DQS# ‘ { \ /\\_/_—

DQ

CK#
CK
COMMAND

ADDRESS

DQS,DQS#

PQ ‘ <°°>< >< >< -

T3 T3n T4 Tan T5

(X

R VDA U W A -—

COMMAND % READ W W e XK e XK v W NoP >@
ADDRESS ngkaW W W W W ‘ W

RL=4(AL=0, CL=4) | | |

____________________

YT -

DQS, DQS#

DQ

DON'T CARE TRANSITIONING DATA
Notes: 1. DO n = data-out from column n.
BL = 4.
Three subsequent elements of data-out appear in the programmed order following DO n.
Shown with nominal 'AC, 'DQSCK, and 'DQSQ.

PwWnN

DQS/DQS# is driven by the DDR2 SDRAM along with output data. The initial LOW state
on DQS and HIGH state on DQS# is known as the read preamble (‘RPRE). The LOW state
on DQS and HIGH state on DQS# coincident with the last data-out element is known as
the read postamble (‘RPST).
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Figure 21:

Notes:

512Mb: x4, x8, x16 DDR2 SDRAM
READs

Upon completion of a burst, assuming no other commands have been initiated, the DQ
will go High-Z. A detailed explanation of 'DQSQ (valid data-out skew), ‘QH (data-out
window hold), the valid data window are depicted in Figure 29 on page 49 and Figure 30
on page 50. A detailed explanation of !DQSCK (DQS transition skew to CK) and ‘AC
(data-out transition skew to CK) is shown in Figure 31 on page 51.

Data from any READ burst may be concatenated with data from a subsequent READ
command to provide a continuous flow of data. The first data element from the new
burst follows the last element of a completed burst. The new READ command should be
issued x cycles after the first READ command, where x equals BL / 2 cycles. This is shown
in Figure 21.

Consecutive READ Bursts

» L oo o T3 T ™
R N SRS
COMMAND % READ >@< NOP W READ >@< NOP W NOP W NOP >@< NOP @
[ [ [ [ \ [
wonss BTN T E T T T T T T
‘o | | | |
RL=3 ] ] ] 1
DQS, DQS# CoTTTTT \ _____ X \ """ \\_
Q \< K >< >< DS >A DT
w _”T T2r_1_”T T4r_1_“
.
commann /) 0 >@< >@< 0 XY v XK wor >@< NOP >@< NOP @
[ [ [ [
s ) EEN NN BTN LT YT VDD
tccD : ] ‘
RL=4 ] 1 ]
pos,bQ$#  — T v \ _______ \‘ o -
bQ <D°>< XE) ><°° @
m DON'T CARE TRANSITIONING DATA
1. DO n (or b) = data-out from column n (or column b).
2. BL=4.
3. Three subsequent elements of data-out appear in the programmed order following DO n.
4. Three subsequent elements of data-out appear in the programmed order following DO b.
5. Shown with nominal 'AC, 'DQSCK, and 'DQSQ.
6. Example applies only when READ commands are issued to same device.
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Figure 22: Nonconsecutive READ Bursts

TO T1 T2 T3 T3n T4 T4n T5 T6 Tén T7 T7n T8

K
COMMAND

s n

=) TITIK & W A
CL=3 ‘ \

‘ 7 \ ) \ A

b 7 EOOTY
0 T1 T2 T3 T4 Tan TS5  Ts5n  T6 T7  T/n T8

CK#  --mmmy - -

CK — | -emes VT {,

commann /) rero W W W W >@< >@< >@< W
ADDRESS /)X ‘g’,“; Y, X R W /J

CL=4

K
K

ADDRESS

DQS, DQS#

DQS, DQS# :

DQ :

DON'T CARE [:] TRANSITIONING DATA
DO n (or b) = data-out from column n (or column b).
BL = 4.
Three subsequent elements of data-out appear in the programmed order following DO n.
Three subsequent elements of data-out appear in the programmed order following DO b.
Shown with nominal 'AC, 'DQSCK, and 'DQSQ.
Example applies when READ commands are issued to different devices or nonconsecutive
READs.

Notes:

ouVpwWN =

Nonconsecutive read data is illustrated in Figure 22 on page 44. Full-speed random read
accesses within a page (or pages) can be performed. DDR2 SDRAM supports the use of
concurrent auto precharge timing, which is shown in Table 8 on page 45.

DDR2 SDRAM does not allow interrupting or truncating of any READ burst using BL = 4
operations. Once the BL = 4 READ command is registered, it must be allowed to com-
plete the entire READ burst. However, a READ (with auto precharge disabled) using BL =
8 operation may be interrupted and truncated only by another READ burst as long as the
interruption occurs on a four-bit boundary due to the 47 prefetch architecture of DDR2
SDRAM. READ burst BL = 8 operations may not be interrupted or truncated with any
command except another READ command, as shown in Figure 23 on page 45.
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Figure 23: READ Interrupted by READ

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9
i \ | N Y | Y N

ADDRESS /X VAI‘.IDZ Y ) X \/AI‘JDZ X/ ‘ // / / / ‘ ‘

A10 % A / K auod X7

DQs, DQs#

DQ

CL=3(AL=0)

tccp CL=3(AL=0)

D TRANSITIONING DATA DON'T CARE
Notes: 1. BL =8 required, auto precharge must be disabled (A10 = LOW).

2. READ command can be issued to any valid bank and row address (READ command at TO
and T2 can be either same bank or different bank).

3. Interrupting READ command must be issued exactly 2 x *CK from previous READ.

4. Auto precharge can be either enabled (A10 = HIGH) or disabled (A10 = LOW) by the inter-
rupting READ command.

5. NOP or COMMAND INHIBIT commands are valid. PRECHARGE command cannot be issued
to banks used for READs at TO and T2.

6. Example shown uses AL = 0; CL = 3, BL = 8, shown with nominal 'AC, '{DQSCK, and 'DQSQ.

Table 8: READ Using Concurrent Auto Precharge

Co:':lzomna‘nd To Command Minimum Delay (With
(Bank n) (Bank m) Concurrent Auto Precharge) Units
READ with READ or READ w/auto precharge BL/2 tcK
auto WRITE or WRITE w/auto precharge (BL/2) + 2 tck
precharge PRECHARGE or ACTIVE 1 tcK

Data from any READ burst must be completed before a subsequent WRITE burst is
allowed. An example of a READ burst followed by a WRITE burst is shown in Figure 26.
The 'DQSS (MIN) case is shown; the 'DQSS (MAX) case has a longer bus idle time.
(‘DQSS [MIN] and ‘DQSS [MAX] are defined in Figure 33.)

A READ burst may be followed by a PRECHARGE command to the same bank provided
that auto precharge is not activated. Examples of READ to PRECHARGE are shown in
Figure 24 for BL = 4 and Figure 25 for BL = 8. The delay from READ command to PRE-
CHARGE command to the same bank is AL + BL/2 + ‘RTP - 2 clocks.

If A10 is HIGH when a READ command is issued, the READ with auto precharge function
is engaged. The DDR2 SDRAM starts an auto precharge operation on the rising edge
which is AL + (BL/2) cycles later than the READ with auto precharge command if RAS
(MIN) and 'RTP are satisfied. If ‘RAS (MIN) is not satisfied at the edge, the start point of
auto precharge operation will be delayed until 'RAS (MIN) is satisfied. If 'RTP (MIN) is
not satisfied at the edge, the start point of the auto precharge operation will be delayed
until ‘RTP (MIN) is satisfied. In case the internal precharge is pushed out by RTP, 'RP
starts at the point where the internal precharge happens (not at the next rising clock
edge after this event). For BL = 4 the minimum time from READ with auto precharge to
the next activate command becomes AL + (‘RTP + ‘RP)* (see Figure 24 on page 46); for BL
=8 the time from READ with auto precharge to the next activate is AL + 2 clocks + ('RTP +
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RP)* (see Figure 25 on page 46); where * means each parameter term is divided by tCK
and rounded up to the next integer. In any event, internal precharge does not start ear-
lier than two clocks after the last 4-bit prefetch.

Figure 24: READ to PRECHARGE BL = 4

4-bit
prefetch

C”q LS SR N S R B ﬁ’r ,,,,, A \ """

/ NOP NOP m ACTIVE NOP @
‘ AL + BL/2 + tRTP - 2 clocks ‘ : ‘ :
|
ADDRESS% Banka )/ / ) sanka //)_Banka W /A
\ \ ‘ [ ‘ [
ISUUN @Y X valid ) 7

‘
COMMAND% READ W NOP W NOP PRECHARGE
‘

AlL=1 CL=3 ' '
DQs, DQSH (T X X
St (i) |0 [ '
DQ < Dour >< Dour >< Dour >< Dour }/
>tRAS (MIN) >tRP (MIN)
>tRC (MIN)
Read Latency = 4 (AL = 1, CL = 3), BL = 4, tRTP > 2 clocks D TRANSITIONING DATA DON'T CARE

Shown with nominal tAC, tDQSCK, and tDQSQ

Figure 25: READ to PRECHARGE BL =8

first 4-bit second 4-bit
prefetch prefetch
TO T T2 T3 T4 T5 T6 T7 T8
CK# - y———\/ Y\ T\ oo T T T
oK ——----- N A KRR B AR N e e e e R
T T

\_ ‘ . AL+BL2 +RTP - 2 clocks , ‘
I ] I

ADDRESS Bank a Banka (/) Bank a m
A10 % Valid Valid m

AL=1 =3
- 0 — e — e
DQS, DQS# X s 8 ——
DQ Dour < Dour >< Dour >‘§ Dour 2 Dour >‘< Dour >< Dour >7
>tRTP (MIN) >tRP (MIN)
>tRAS (MIN)
>tRC (MIN)

RL=4(AL=1, CL = 3), BL = 8, tRTP > 2 clock: r

Shown(with nominal)tAC, tDQSCK,:ndCt?JCQéQ [-] rransimoniNG DATA DON'T CARE
Figure 26: READ to WRITE
T0 T T2 T3 T4 5 T6 17 T8 T9 T10 ™
CKf - -~ ———\1r 1 i W\ A\l T m A L/ m [\l " == —————\ls =~ = [\ = = =\ m = A\ 1gf ~ =

o« — A A A Ao A s A s A s A s A A A
commann )} ACTVE ¥/ Reao oY wor YK

Das, Dast

tRCD =3 :
pQ Dout \'7 Dout 7 Dout }7 Dout Din Din Din Din
AL=2 =3
RL=5
BL=4 CL=3 D TRANSITIONING DATA DON'T CARE

Shown with nominal tAC, tDQSCK, and tDQSQ AL=2
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Bank Read - Without Auto Precharge

Figure 27:

7777777777
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COMMAND® % NOPS >@< ACT >@< No‘P6 >@< Nop® >@< READZ ACT
: ' : : | ,  tRTPS : [ : ! :
. | 1 [ | I | l l :
ADDRESS K v X X _cln X)) K ka >@
| | | | e | |
A10 % RA W %3 / % RA >€
| . ' ' ! ONEl{ANK ! : :
BAO, BA1 / % Bank x W % Bank x W %<Bankx4 W / % Bank x >@
i tRCD 3 3 ! CL;3 3 3 i i
tRas’ | ! w®P
s e s . IR s
3 | | A A RN R N |
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Case 1: tAC (MIN)a?dtDOSCK(MIN)‘ 9 ‘RPREi tDQSCK} (MIN)}i irpsT
DQS, DQS# : : : : : : : f-— | ! D =
: | : : L FLZ(MIN) -~ T
: ! : : : : : | : : : : !
o’ | | ? ? o ? ? L< OO
N T e
........1......:.......3.......1......r...1......3...4...3......1...3...‘;...;‘..
Case 2: 'AC (MAX) and DQSCK (MAX {RPRE tDQSC;K ('V'AX); tRPSTi
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s o0t ‘ s 1 . R N SYGE S iy
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Notes: 1.

oA wWwN

©w o~

DON'T CARE TRANSITIONING DATA

DO n = data-out from column n; subsequent elements are applied in the programmed
order.

BL =4 and AL = 0 in the case shown.

Disable auto precharge.

“Don’'t Care"” if A10 is HIGH at T5.

PRE = PRECHARGE, ACT = ACTIVE, RA = row address, BA = bank address.

NOP commands are shown for ease of illustration; other commands may be valid at these
times.

The PRECHARGE command can only be applied at T6 if tRAS (MIN) is met.
READ-To-PRECHARGE = AL + BL/2 + (RTP - 2 clocks).

I/0 pins, when entering or exiting HIGH-Z are not referenced to a specific voltage level, but
to when the device begins to drive or no longer drives, respectively.
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Figure 28: Bank Read - With Auto Precharge

CKE

COMMAND? % NOP® W ACT NOP® >@<READ2'6>@< NoP5 >@< NOP® >@< NOP> >@< NOP® >@< NOP® >@< ACT %
ADDRESS Y 7/ _coln X K X
A10 % RA W W % RA

BAO, BA1 % Bank x W % Bank x >W % Bank x >@
[ Aa=1 ] =3 | ! !
tRCD ! I | i
t | |
tRAS { RTP RP | 1
tRC \ ‘
DM
W m R E o E R E R E R E R E RN R E R E RN EE R E R E NN EE N EE RN EE A EE RN E[sEEEE A EE A E oy u|nn
Case 1: 'AC (MIN) and tDQSCK (MIN DQSCK (MIN) :
ase (MIN) and 'DQSCK (MIN) ;.| tRPRE ! IRPST,
DQS,DQSH f 777777 ¥ "
HZ (MIN) = X | i
\ | ‘ ‘
1 DO
o0 (D
Lz (MIN)J tAC (MIN) Howe (MIN)J
" EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEjEEEEEEEEEEEEENEEEEEE(EEmfEEEEEEEEEdEE
Case 2: tAC (MAX) and 'DQSCK (MAX) wppe | DO MAX) tRPST

DQS, DQS#
17 (MAX) —]
pQ’
4-bit internal 1ZMAX) — tac max) trz (max)
prefetch precharge

I:] TRANSITIONING DATA

DON'T CARE

Notes: 1. DO n = data-out from column n; subsequent elements are applied in the programmed

order.

BL=4,RL=4 (AL=1, CL=3) in the case shown.

Enable auto precharge.

ACT = ACTIVE, RA = row address, BA = bank address.

NOP commands are shown for ease of illustration; other commands may be valid at these

times.

The DDR2 SDRAM internally delays auto precharge until both TRAS (MIN) and 'RTP (MIN)

have been satisfied.

7. 1/0 pins, when entering or exiting HIGH-Z are not referenced to a specific voltage level, but
to when the device begins to drive or no longer drives, respectively.

vk wN

o
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Figure 29:

Notes:

512Mb: x4, x8, x16 DDR2 SDRAM
READs

x4, x8 Data Output Timing - 'DQSQ, 'QH, and Data Valid Window

T1 T2
CK# -

thp>

DQSH
DQS'

DQ (Last data valid)

DQ2

DQ2

DQ2

DQ2

DQ2

DQ2

DQ (First data no longer valid)

DQ (Last data valid) T2n | T3 | T3n |
DQ (First data no longer valid) {T2n [ T3 { T3n
All DQs and DQS, collectivelys : : T2 <T2n T3 T3n
Earliest signal transition ——1 | ’ ‘ ’ | ‘ ‘
Latest signal transition } } } } } } }
Data Data Data Data
Valid Valid Valid Valid
window window window window

1. DQ transitioning after DQS transition define 'DQSQ window. DQS transitions at T2 and at

T2n are “early DQS,” at T3 are “nominal DQS,"” and at T3n are “late DQS.”

For a x4, only two DQ apply.

3. 'DQSQ is derived at each DQS clock edge, is not cumulative over time, begins with DQS
transitions, and ends with the last valid transition of DQ.

4. 'QH is derived from tHP: 'QH = 'HP - 'QHS.

tHP is the lesser of 'CL or 'CH clock transitions collectively when a bank is active.

6. tThe data valid window is derived for each DQS transition and is defined as tQH minus
DQSQ.

N

v
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Figure 30: x16 Data Output Timing - 'DQSQ, 'QH, and Data Valid Window

tHPS . tWPS . tHpS o tHpS o typS 1 typS
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I o I 1 1 ! I (.
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DQ2

DQ2

DQ?

DQ?

DQ2

DQ2

DQ (First data no longer valid)?

91Ag Jamo

DQ (Last data valid)2

DQ (First data no longer valid)2

DQO-DQ7 and LDQS, collectivelys ] T <T2n 3 T3n
‘ ‘ o [ [ I | I [
-
)

L | ! ! | ! | -l
r 1 . F 1, r l T 1
'Data Valid ' Data Valid: Data Valid Data Valid
'+ window : window : window window

tDQsq? 'tpQs@d ¢+ tbesQd ¢ tDQsQd
2050 'foose’ SHO SHeT

UDQS#
uDQS!

DQ (Last data valid)?

DQ7

DQ7

DQ7

DQ7

DQ7

DQ7

DQ (First data no longer valid)?

91Ag Jaddn

DQ (Last data valid)?

DQ (First data no longer valid)?

DQ8-DQ15 and UDQS, collectivelys

[ | [
[So—

N v
Data Valid Data Valid Data Valid Data Valid
window window window window

Notes: 1. DQ transitioning after DQS transitions define the 'DQSQ window. LDQS defines the lower
byte, and UDQS defines the upper byte.

DQO, DQ1, DQ2, DQ3, DQ4, DQ5, DQ6, or DQ7.

DQSQ is derived at each DQS clock edge, is not cumulative over time, begins with DQS
transitions, and ends with the last valid transition of DQ.

'QH is derived from HP: '\QH = tHP - 'QHS.

'HP is the lesser of 'CL or 'CH clock transitions collectively when a bank is active.

The data valid window is derived for each DQS transition and is 'QH - 'DQSQ.

DQ8, DQY9, DQ10, D11, DQ12, DQ13, DQ14, or DQ15.

wN

Nouwuv ks
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Figure 31:
107
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Data Output Timing - 'AC and 'DQSCK
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512Mb: x4, x8, x16 DDR2 SDRAM

READs

tpQsck’ (MAX)
tpQscK ™ (MIN)

‘/

LDQS#/LDQS / UDQ#/UDQS?

DQ (Last data valid)

N~ ) 7\\

’

)
[

‘ tHZ: (MAX)—}

"DQSCK‘1 (MAX)!
tDQSCK (MIN)

DQ (First data valid)

NCRCDORC

16X Tén

All DQs collectively3

Notes: 1.

pWN

© No v

tLz (MIN) -}

O OIND: T6) ' Jen |t
by e )yl [+
TACJ(MIN)’/‘ L tAC“tMAX) tHZ (MAX) —)

tDQSCK is the DQS output window relative to CK and is the “long-term” component of

DQS skew.

DQ transitioning after DQS transitions define 'DQSQ window.
All DQ must transition by 'DQSQ after DQS transitions, regardless of 'AC.
tAC is the DQ output window relative to CK and is the “long term” component of DQ

skew.

tLZ (MIN) and tAC (MIN) are the first valid signal transitions.
tHZ (MAX) and 'AC (MAX) are the latest valid signal transitions.
READ command with CL = 3, AL = 0 issued at TO.
I/0 pins, when entering or exiting HIGH-Z, are not referenced to a specific voltage level,
but to when the device begins to drive or no longer drives, respectively.
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WRITEs
WRITE Command

The WRITE command is used to initiate a burst write access to an active row. The value
on the BA1-BAO inputs selects the bank, and the address provided on inputs A0-i
(where i = A9 for x8 and x16; or A9, Al1 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 will be precharged at the end of the write burst; if
auto precharge is not selected, the row will remain open for subsequent accesses.

Figure 32: WRITE Command

CK#
CcK

CKE HIGH

st N )
RAS# 78

CASH 7N Y
WE# 7N
|
ADDRESS X A X
ENlAP
A10
DIS AP

|
BANK ADDRESS /@( BA >{/

CA = column address

BA = bank address

EN AP = enable auto precharge
DIS AP = disable auto precharge

DON'T CARE

Input data appearing on the DQ 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 will be written to memory; if the DM signal is registered HIGH, the
corresponding data inputs will be ignored, and a write will not be executed to that byte/
column location (Figure 42).

WRITE Operation

WRITE bursts are initiated with a WRITE command, as shown in Figure 32. DDR2
SDRAM uses WL equal to RL minus one clock cycle [WL=RL-1=AL + (CL - 1)]. The
starting column and bank addresses are provided with the WRITE command, and auto
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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 will be registered on the first rising
edge of DQS following the WRITE command, and subsequent data elements will be reg-
istered on successive edges of DQS. The LOW state on DQS between the WRITE com-
mand 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 rising DQS edge is WL +'DQSS.
Subsequent DQS positive rising edges are timed, relative to the associated clock edge, as
+'DQSS. 'DQSS is specified with a relatively wide range (25 percent of one clock cycle).
All of the WRITE diagrams show the nominal case, and where the two extreme cases (i.e.,
!DQSS [MIN] and 'DQSS [MAX]) might not be intuitive, they have also been included.
Figure 33 shows the nominal case and the extremes of 'DQSS for a burst of four. Upon
completion of a burst, assuming no other commands have been initiated, the DQ will
remain High-Z and any additional input data will be ignored.

Data for any WRITE burst may be concatenated with a subsequent WRITE command to
provide continuous flow of input data. The first data element from the new burst is
applied after the last element of a completed burst. The new WRITE command should
be issued x cycles after the first WRITE command, where x equals BL/2.

Figure 34 shows concatenated bursts of four. An example of nonconsecutive WRITEs is
shown in Figure 35. Full-speed random write accesses within a page or pages can be per-
formed as shown in Figure 36. DDR2 SDRAM supports concurrent auto precharge
options, as shown in Table 9.

DDR2 SDRAM does not allow interrupting or truncating any WRITE burst using BL = 4
operation. Once the BL =4 WRITE command is registered, it must be allowed to com-
plete the entire WRITE burst cycle. However, a WRITE (with auto precharge disabled)
using BL = 8 operations may be interrupted and truncated ONLY by another WRITE
burst as long as the interruption occurs on a 4-bit boundary due to the 4n prefetch archi-
tecture of DDR2 SDRAM. WRITE burst BL = 8 operations may not be interrupted or trun-
cated with any command except another WRITE command, as shown in Figure 37.

Data for any WRITE burst may be followed by a subsequent READ command. To follow a
WRITE, 'WTR should be met as shown in Figure 38. '"WTR is defined as MIN(2 or ‘WTR/
{CK rounded up to the next integer). Data for any WRITE burst may be followed by a sub-
sequent PRECHARGE command. YWR must be met, as shown in Figure 32. YWR starts at
the end of the data burst, regardless of the data mask condition.

Table 9: WRITE Using Concurrent Auto Precharge

From Command To Command Minimum Delay (With
(Bank n) (Bank m) Concurrent Auto Precharge) Units
WRITE with Auto READ or READ w/AP (CL-1) + (BL/2) + 'WTR tcK
Precharge WRITE or WRITE w/AP (BL/2) tcK
PRECHARGE or ACTIVE 1 tcK
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Figure 33: WRITE Burst

TO T1 T2 T2n T3 T3n T4
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1
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DQs, DQS# ‘ ! E
1

1

1

1

1

1

1

1

)
N/ x.x.xu)
| /N

________________ rm,a

tDQSS (MIN)
DQs, DQS#

DQ

tDQSS (MAX)

DQS, DQS#

7

I

DM W

[/l oN'T cARE  [] TRANSITIONING DATA

Notes: 1. DI b = data-in for column b.
2. Three subsequent elements of data-in are applied in the programmed order following
DI b.
3. Shown with BL =4, AL =0, CL = 3; thus, WL = 2.
4. A10is LOW with the WRITE command (auto precharge is disabled).
5. Subsequent rising DQS signals must align to the clock within 'DQSS.

pdf: 09005aef8117c18e, source: 09005aef8117¢192 Micron Technology, Inc., reserves the right to change products or specifications without notice.
512MbDDR2_2.fm - Rev. H 7/05 EN 54 ©2004, 2005 Micron Technology, Inc. All rights reserved.



® 512Mb: x4, x8, x16 DDR2 SDRAM
Acron SDRAM

Figure 34: Consecutive WRITE to WRITE

COMMAND

ADDRESS

tDQSS (NOM)

DQs, DQS#

DQ

DM

[//| DON'T CARE  [] TRANSITIONING DATA

Notes: 1. DI b, etc. = data-in for column b, etc.
2. Three subsequent elements of data-in are applied in the programmed order following
Dl b.
3. Three subsequent elements of data-in are applied in the programmed order following
DI n.
4. Shown with BL=4, AL =0, CL = 3; thus, WL = 2.
Each WRITE command may be to any bank.
6. Subsequent rising DQS signals must align to the clock within 'DQSS.

wv

Figure 35: Nonconsecutive WRITE to WRITE

COMMAND

ADDRESS

tDQSS (NOM)

DQS, DQS#

DQ

DM

DON'T CARE D TRANSITIONING DATA

Notes: 1. DI b, etc. = data-in for column b, etc.
2. Three subsequent elements of data-in are applied in the programmed order following
DI b.
3. Three subsequent elements of data-in are applied in the programmed order following
DI n.
4. Shown with BL=4, AL =0, CL = 3; thus, WL = 2.
Each WRITE command may be to any bank.
6. Subsequent rising DQS signals must align to the clock within 'DQSS.

w
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Figure 36: Random WRITE Cycles

COMMAND

ADDRESS

tDQSS (NOM)

DQS, DQS#

DQ

DM

DON'T CARE D TRANSITIONING DATA

Notes: 1. DI b, etc. = data-in for column b, etc.
2. Three subsequent elements of data-in are applied in the programmed order following
Dl b.
3. Three subsequent elements of data-in are applied in the programmed order following
DI n.
4. Shown with BL=4, AL =0, CL = 3; thus, WL = 2.
Each WRITE command may be to any bank.
6. Subsequent rising DQS signals must align to the clock within 'DQSS.

wv

Figure 37: WRITE Interrupted by WRITE

R e o e \ | \ | |
ADDRESS 9< VALID2 W / />< VALID2 W / : /,‘ ‘ 7 7 ‘ / / A
L
A10 % /( % VALID4W / 7 / 7 - A
77777777 : : 8 ‘»77777 8 : 8 ‘»77777 8 ‘777777
DQS, DQS# ) / ) - ) / - ) [ ) _—
oQ — ( °.; D D R s e e R T TR ) T ) Cher )
2 clock requirement ‘ WL =3 D TRANSITIONING DATA DON'T CARE
Notes: 1. BL =8 required and auto precharge must be disabled (A10 = LOW).
2. WRITE command can be issued to any valid bank and row address (WRITE command at TO
and T2 can be either same bank or different bank).
3. Interrupting WRITE command must be issued exactly 2 x 'CK from previous WRITE.
4. Auto precharge can be either enabled (A10 = HIGH) or disabled (A10 = LOW) by the inter-
rupting WRITE command.
5. NOP or COMMAND INHIBIT commands are valid. PRECHARGE command cannot be issued
to banks used for WRITEs at TO and T2.
6. Earliest WRITE-To-PRECHARGE timing for WRITE at TO is WL + BL/2 + "WR where '"WR starts
with T7 and not T5 (since BL = 8 from MR and not the truncated length).
7. Example shown uses AL=0; CL=4, BL=8.
8. Subsequent rising DQS signals must align to the clock within 'DQSS.
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Figure 38: WRITE to READ

CK mmmmy —— - . R ,-- reeee S s ,
K — o [ D, RN W o N, [ D [ D (D, / . ’ [— Y U o RN /
COMMAND % WRITE NOP >@< NOP >@< NOP NOP >@< NOP >@< READ W NOP NOP NOP >@
1 1 1 ‘ ‘ ‘ W _wre? ] 1 1 L 1 1 1
Il Il 1 —1
appress /) Banka N7 Bz X/

| | ] ] ] |
______________________________________ S s PN J U S S
] ] ;

tDQSS (NOM) " wL=1DQss

V/A DON'T CARE TRANSITIONING DATA
1. DI b = data-in for column b; Dout n = data out from column n.
2. BL=4, AL=0, CL = 3; thus, WL = 2.
3. One subsequent element of data-in is applied in the programmed order following DI b.
4. YWTR is referenced from the first positive CK edge after the last data-in pair.
5. A10is LOW with the WRITE command (auto precharge is disabled).
6. 'WTR is defined as MIN (2 or 'WTR/CK rounded up to the next integer).
7. "WTRis required for any READ following a WRITE to the same device, but it is not required
between module ranks.
8. Subsequent rising DQS signals must align to the clock within 'DQSS.
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Figure 39: WRITE to PRECHARGE

512Mb: x4, x8, x16 DDR2 SDRAM

WRITEs

COMMAND

%WR'TEW W W W W W WPLE’>@

" twR [ e

ADDRESS

W W W (a or aII) >@

! tDQSS (NOM)
| DQS#

DQS

tDQSS (MAX)
DQs#

DQs

DQ

DM

Notes:

ukhwWwN =

m DON'T CARE D TRANSITIONING DATA

DI b = data-in for column b.
Three subsequent elements of data-in are applied in the programmed order following DI b.
BL =4, CL =3, AL =0; thus, WL = 2.
"WR is referenced from the first positive CK edge after the last data-in pair.

The PRECHARGE and WRITE commands are to the same bank. However, the PRECHARGE

and WRITE commands may be to different banks, in which case "WR is not required and

the PRECHARGE command could be applied earlier.

6. A10is LOW with the WRITE command (auto precharge is disabled).

~

PRE = PRECHARGE command.

8. Subsequent rising DQS signals must align to the clock within 'DQSS.
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Figure 40: Bank Write-Without Auto Precharge

T0 T T2 T

3
K ---- - . PR . R ) e .
o« — A AN S X D, SR T\ 4 . 4
CKE / ‘
COMMAND? @< Nop® >@< ACT >@< o WWRITEZW o W Nop® >@< Nop6 >@< Nop® >@< Nop® PRE >@
ADDRESS % RA W @( @il W
| ONE BANK
i l
BAO, BA1 % Bank x W @( Bank x W 0<Bankx4 %

tRCD WL =2 "WR

ALL BANKS

tRAS RP

WL = tDQSS (NOM)

/2,
tWPRE DQSL

on AN

m DON'T CARE TRANSITIONING DATA

Notes: 1. DI n = data-in from column n; subsequent elements are applied in the programmed order.
2. BL=4, AL=0, and WL = 2 in the case shown.
3. Disable auto precharge.
4. "Don't Care” if A10 is HIGH at T9.
5. PRE = PRECHARGE, ACT = ACTIVE, RA = row address, BA = bank address.
6. NOP commands are shown for ease of illustration; other commands may be valid at these
times.
7. 'DSH is applicable during tDQSS (MIN) and is referenced from CK T5 or T6.
8. 'DSS is applicable during IDQSS (MAX) and is referenced from CK T6 or T7.

9. Subsequent rising DQS signals must align to the clock within 'DQSS.
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Figure 41: Bank Write with Auto Precharge

CKE

N4
COMMAND# % NOP® >@< ACT >@< NOPS >@<wm752 >@< NOP® >@< NOP® >@< NOP® W NOP® >@< NOP® >@< NOP®

1 ]
ADDRESS /// X R‘A X )X cln X)) / ‘ ‘ ‘ " ‘ 7 ‘
) 7 % ‘ ‘

BAO, BA1 /, % Bank x W M Bank x W

tRCD WL =2

WR8

tRAS

1
1
| tRP
‘

WL + tDQSS (NOM)

DQS,DQS# & ‘7{ &/ Y \,\

N
IO
o NN

[“] TRANSITIONING DATA [///] DON'T CARE

Notes: 1. DI n = data-in from column n; subsequent elements are applied in the programmed order.

2. Burst length =4, AL =0, and WL = 2 shown.

3. Enable auto precharge.

4. ACT = ACTIVE, RA = row address, BA = bank address.

5. NOP commands are shown for ease of illustration; other commands may be valid at these
times.

6. 'DSH is applicable during tDQSS (MIN) and is referenced from CK T5 or T6.

7. DSS is applicable during tDQSS (MAX) and is referenced from CK T6 or T7.

8. WR is programmed via MR[11, 10, 9] and is calculated by dividing “WR (in ns) by tCK and
rounding up to the next integer value.

9. Subsequent rising DQS signals must align to the clock within 'DQSS.
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512Mb: x4, x8, x16 DDR2 SDRAM
WRITEs

Figure 42: WRITE - DM Operation

CK#
K

CKE

i i

commmos )X v /)X YK v XK XX e X e X e X o XY oo X e X o Y e T
W i i
: :

ADDRESS /X Y

ALL BANKS

A10 Y

‘ ‘ ' ‘ ' ' ONE BANK

BAO, BAT ) sankx X[

‘ ‘ \
X sankx X /) pank >@

‘ i i twR?
| |

RPp

DQS, DQS#  ////////111111171111 1111111177171 11111 1 T A R A <
tDQSH| twPST
DQ! X«
on VAN

Notes:

OUVTARWN=

SR

D TRANSITIONING DATA DON'T CARE

DI n = data-in from column n; subsequent elements are applied in the programmed order.
Burst length =4, AL = 1, and WL = 2 in the case shown.

Disable auto precharge.

“Don’t Care” if A10is HIGH at T11.

PRE = PRECHARGE, ACT = ACTIVE, RA = row address, BA = bank address.

NOP commands are shown for ease of illustration; other commands may be valid at these
times.

DSH is applicable during tDQSS (MIN) and is referenced from CK T6 or T7.

DSS is applicable during DQSS (MAX) and is referenced from CK T7 or T8.

'WVR starts at the end of the data burst regardless of the data mask condition.
Subsequent rising DQS signals must align to the clock within 'DQSS.
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Figure 43: Data Input Timing

DQs

-~ 6 "
DQS# ﬁ&ﬁﬁ ,,,,, ‘ O N ZM

tDQSL [tDQSH [twpsT

P YSCOBR IR BE @YY

bm TN KON AN AR,
TRANSITIONING DATA DON'T CARE

1. '™DSH (MIN) generally occurs during 'DQSS (MIN).

2. 'DSS (MIN) generally occurs during 'DQSS (MAX).

3. WRITE command issued at TO.

4. For x16, LDQS controls the lower byte and UDQS controls the upper byte.
5

6

Notes:

. WRITE command with WL = 2 (CL = 3, AL = 0) issued at TO.
. Subsequent rising DQS signals must align to the clock within 'DQSS.
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Precharge

512Mb: x4, x8, x16 DDR2 SDRAM
Precharge

PRECHARGE Command

The PRECHARGE command, illustrated in Figure 44, is used to deactivate the open row
in a particular bank or the open row in all banks. The bank(s) will be available for a sub-
sequent row activation a specified time ('RP) after the precharge command is issued,
except in the case of concurrent auto precharge, where a READ or WRITE command to a
different bank is allowed as long as it does not interrupt the data transfer in the current
bank and does not violate any other timing parameters. Once a bank has been pre-
charged, it is in the idle state and must be activated prior to any READ or WRITE com-
mands being issued to that bank. APRECHARGE command is allowed if there is no open
row in that bank (idle state) or if the previously open row is already in the process of pre-

charging. However, the precharge period will be determined by the last precharge com-
mand issued by the bank.

PRECHARGE Operation

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 BA1-BAO select the bank. Otherwise
BA1-BAO are treated as “Don’t Care.”

When all banks are to be precharged, inputs BA1-BAO are treated as “Don’t Care.” Once
abank 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. ‘RPA timing applies when the
PRECHARGE (ALL) command is issued, regardless of the number of banks already open
or closed. If a single-bank PRECHARGE command is issued, ‘RP timing applies.
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Self Refresh

Figure 44: PRECHARGE Command

Self Refresh

CK#
CcK

CKE

Cs# /N

RAS#

/N
CAs# 7|
I\

WE#

ADDRESS /1

ALL BANKS

A10

ONE BANK

|
BAO, BA1 /}( BA W

BA = bank address (if A10 is LOW;
otherwise “Don't Care")

DON'T CARE

SELF REFRESH Command

The SELF REFRESH command can be used to retain data in the DDR2 SDRAM, even if
the rest of the system is powered down. When in the self refresh mode, the DDR2
SDRAM retains data without external clocking. All power supply inputs (including VREF)
must be maintained at valid levels upon entry/exit and during SELF REFRESH opera-
tion.

The SELF REFRESH command is initiated like a REFRESH command except CKE is 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 com-
mand can be issued). Clock should remain stable and meeting {CKE specifications at
least 1 x 'CK after entering self refresh mode. All command and address input signals
except CKE are “Don’t Care” during self refresh.

The procedure for exiting self refresh requires a sequence of commands. First, CK, CK#
must be stable and meeting 'CK specifications at least 1 x 'CK prior to CKE going back
HIGH. Once CKE is HIGH ['CKE (MIN) has been satisfied with four clock registrations],
the DDR2 SDRAM must have NOP or DESELECT commands issued for 'XSNR because
time is required for the completion of any internal refresh in progress. A simple algo-
rithm for meeting both refresh and DLL requirements is to apply NOP or DESELECT
commands for 200 clock cycles before applying any other command.
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Figure 45: Self Refresh

CKE! N
COMMANDS Y Y
{ KR
ot D [ | 4 At v
tAOFD / tAOFPDS %
ADDRESS / i VALID4>@
| ) |
| { -
i | ”LLV o
DM ‘ i W
tRP? CKE (MIN)?
Enter Self Refresh oot
nter Self Refres| Exit Self Refresh . .
Mode (synchronous) Mode (asynchronous) DON'T CARE ZZ m:z‘z:: break in
Notes: 1. Clock must be stable and meeting 'CK specifications at least 1 x '1CK after entering self
refresh and at least 1 x 'CK prior to exiting self refresh mode.
2. Device must be in the all banks idle state prior to entering self refresh mode.
3. '™SNR is required before any non-READ command can be applied.
4. '™XSRD (200 cycles of CK) is required before a READ command can be applied at state Td0.
5. REF = REFRESH command.
6. Self Refresh exit is asynchronous; however, tXXSNR and '™XSRD timing starts at the first rising
clock edge where CKE HIGH satisfies HISXR.
7. NOP or DESELECT commands are required prior to exiting SELF REFRESH until state TcO,
which allows any non-READ command.
8. ODT must be disabled and RTT off ({AOFD and 'AOFPD have been satisfied) prior to enter-
ing SELF REFRESH at state T1.
9. Once SELF REFRESH has been entered, 'CKE (MIN) must be satisfied prior to exiting self
refresh.
10. CKE must stay HIGH until 'XSRD is met; however, if self refresh is being re-entered, CKE
may go back low after tXSNR is satisfied.
11. Once exiting SELF REFRESH, ODT must remain low until IXSRD is satisfied.
pdf: 09005aef8117c18e, source: 09005aef8117¢192 Micron Technology, Inc., reserves the right to change products or specifications without notice.
512MbDDR2_2.fm - Rev. H 7/05 EN 65 ©2004, 2005 Micron Technology, Inc. All rights reserved.



© 512Mb: x4, x8, x16 DDR2 SDRAM
A4icron ceeeon

REFRESH

REFRESH Command

REFRESH is used during normal operation of the DDR2 SDRAM and is analogous to
CAS#-BEFORE-RAS# (CBR) refresh. This command is nonpersistent, so it must be issued
each time a refresh is required. The addressing is generated by the internal refresh con-
troller. This makes the address bits a “Don’'t Care” during an REFRESH command. The
512Mb DDR2 SDRAM requires REFRESH cycles at an average interval of 7.8125us
(MAX). To allow for improved efficiency in scheduling and switching between tasks,
some flexibility in the absolute refresh interval is provided. A maximum of eight
REFRESH commands can be posted to any given DDR2 SDRAM, meaning that the maxi-
mum absolute interval between any REFRESH command and the next REFRESH com-
mand is 9 x 7.8125us (70.3ps). The REFRESH period begins when the REFRESH
command is registered and ends RFC (MIN) later.

Figure 46: Refresh Mode

T4 Ta0 Tal Tbo Tb1 Tb2

1 T2 T3
CK# - -- - o\ o . pmmme . S S
K 7( ,,,,, \ 7' ,,,,, 7\ 7( ,,,,, ’/\ 7' ,,,,, AN 7' \ e ANISPAN R “\ C
| | |SeH | e | | | |
N/ /A /4 /4 W%
COMMAND' % NOP 2 PRE W NOP2 W NOP2 W REF NOP2 REF® NOP2 W NOP2 W ACT >

ADDRESS

CKE

ALL BANKS

A10!

ONE BANK

BANK! M Bank(s)3 W

§F§f§&§$§f§f§q§
:\
z
N

| | |

DQS, DQS#4 4V
| | | |

bQ? W
| | 0 |

DM i

‘ tRp ‘ tRFC(MIN) ‘ tRFCS ‘

Indicates a break in v ,
ZZ time scale DON'T CARE

Notes: 1. PRE = PRECHARGE, ACT = ACTIVE, AR = REFRESH, RA = row address, BA = bank address.

2. NOP commands are shown for ease of illustration; other valid commands may be possible
at these times. CKE must be active during clock positive transitions.

3. “Don't Care"” if A10 is HIGH at this point; A10 must be HIGH if more than one bank is
active (i.e., must precharge all active banks).

4. DM, DQ, and DQS signals are all “Don't Care”/High-Z for operations shown.

5. The second REFRESH is not required and is only shown as an example of two back-to-back
REFRESH commands.
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Power-Down Mode

DDR2 SDRAMs support multiple power-down modes that allow significant power sav-
ings over normal operating modes. CKE is used to enter and exit different power-down
modes. Power-down entry and exit timings are shown in Figure 47. Detailed power-
down entry conditions are shown in Figure 48 through Figure 55. The Truth Table for
CKE is shown in Table 10 on page 69.

DDR2 SDRAMSs require CKE to be registered high (active) at all times that an access is in
progress: from the issuing of a READ or WRITE command until completion of the burst.
Thus a clock suspend is not supported. For READs, a burst completion is defined when
the read postamble is satisfied; for WRITEs, a burst completion is defined when the write
postamble and "WR or 'WTR are satisfied, as shown in Figure 50 and Figure 51. '"WTR is
defined as MIN (2 or '"WTR/'CK rounded up to the next integer).

Power-down (Figure 47) is entered when CKE is registered LOW coincident with a NOP
or DESELECT command. CKE is not allowed to go LOW during a mode register or
extended mode register comand time, or while a READ or WRITE operation is in
progress. If power-down occurs when all banks are idle, this mode is referred to as pre-
charge 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#, ODT, and CKE. For maximum power savings, the
DLL is frozen during precharge power-down. Exiting active power-down requires the
device to be at the same voltage and frequency as when it entered power-down. Exiting
precharge power-down requires the device to be at the same voltage as when it entered
power-down; however, the clock frequency is allowed to change. See "Precharge Power-
Down Clock Frequency Change" on page 1.

The maximum duration for either active or precharge power-down is limited by the
refresh requirements of the device 'RFC (MAX). The minimum duration for power-down
entry and exit is limited by ‘CKE (MIN) parameter. While in power-down mode, CKE
LOW, a stable clock signal, and stable power supply signals must be maintained at the
inputs of the DDR2 SDRAM, while all other input signals are “Don’t Care” except ODT.
Detailed ODT timing diagrams for different power-down modes are shown in Figure 80
through Figure 85.

The power-down state is synchronously exited when CKE is registered HIGH (in con-
junction with a NOP or DESELECT command), as shown in Figure 47.
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Figure 47: Power-Down

T T2 T3 T4 T5 T6 T7 T8

COMMAND @< VALID! W NOP % y %< NOP >@< NOP >@< VALID >@< VALID >@
‘ e tCKE (MlN)?H‘
« | Ul " { XX —
1 o tCKE (MIN)3

\
ADDRESS % VALID W M VALID W VALID >@

tXP4, tXARD>

tXARDS6
DQS, DQS# / / / / A

DQ f
DM / / / 7/

Enter Exit

Power-Down Power-Down 4
DON'T CARE
Mode2 Mode ONTC

Notes: 1. If this command is a PRECHARGE (or if the device is already in the idle state), then the

power-down mode shown is precharge power-down. If this command is an ACTIVE (or if at
least one row is already active), then the power-down mode shown is active power-down.

2. No column accesses are allowed to be in progress at the time power-down is entered. If
the DLL was not in a locked state when CKE went LOW, the DLL must be reset after exiting
power-down mode for proper READ operation.

3. 'CKE (MIN) of three clocks means CKE must be registered on three consecutive positive
clock edges. CKE must remain at the valid input level the entire time it takes to achieve the
three clocks of registration. Thus, after any CKE transition, CKE may not transition from its
valid level during the time period of IS + 2 x t'CK + 'IH. CKE must not transition during its
Y5 and 'IH window.

4. ™P timing is used for exit precharge power-down and active power-down to any non-
READ command.

5. ™ARD timing is used for exit active power-down to READ command if fast exit is selected
via MR (bit 12 = 0).

6. ™XARDS timing is used for exit active power-down to READ command if slow exit is
selected via MR (bit 12 = 1).
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Table 10:
Notes 1-3, 12

512Mb: x4, x8, x16 DDR2 SDRAM
Power-Down Mode
|

CKE Truth Table

CKE
Previous Command (n)
Current Cycle Current CS#, RASH#,
State (n-1) Cycle (n) CAS#, WE# Action (n) Notes
Power Down L L X Maintain Power-Down 13, 14
L H DESELECT or NOP Power-Down Exit 4,8
Self Refresh L L X Maintain Self Refresh 14
L H DESELECT or NOP Self Refresh Exit 4,5,9
Bank(s) H L DESELECT or NOP | Active Power-Down |4, 8, 10, 11
Active Entry
All Banks Idle H L DESELECT or NOP Precharge Power- 4,8,10
Down Entry
H L REFRESH Self Refresh Entry 6,9, 11
H H Shown in Command Truth Table 6 on 7
page 1.

Notes: 1.

11.

12.

13.

14.

SV NO

CKE (n) is the logic state of CKE at clock edge n; CKE (n-1) was the state of CKE at the pre-
vious clock edge.
Current state is the state of the DDR2 SDRAM immediately prior to clock edge n.

. COMMAND (n) is the command registered at clock edge n, and ACTION (n) is a result of

COMMAND (n).

All states and sequences not shown are illegal or reserved unless explicitly described else-
where in this document.

On self refresh exit, DESELECT or NOP commands must be issued on every clock edge
occurring during the tXSNR period. READ commands may be issued only after TXSRD (200
clocks) is satisfied.

Self refresh mode can only be entered from the all banks idle state.

Must be a legal command as defined in the Command Truth Table.

Valid commands for power-down entry and exit are NOP and DESELECT only.

Valid commands for self refresh exit are NOP and DESELECT only.

Power-down and self refresh can not be entered while READ or WRITE operations, LOAD
MODE operations, or PRECHARGE operations are in progress. See power-down and self
refresh sections for a list of detailed restrictions.

Minimum CKE HIGH time is 'CKE = 3 x '*CK. Minimum CKE LOW time is *CKE = 3 x 'CK. This
requires a minimum of 3 clock cycles of registration.

The state of ODT does not affect the states described in this table. The ODT function is not
available during self refresh. See ODT section for more details and specific restrictions.
Power-down modes do not perform any REFRESH operations. The duration of power-
down mode is therefore limited by the refresh requirements.

“X" means “Don’t Care” (including floating around VREF) in self refresh and power-down.
However, ODT must be driven HIGH or LOW in power-down if the ODT function is enabled
via EMR(1).
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&2‘ C ron Power-Down Mode

Figure 48: READ to Power-Down or Self Refresh Entry

' ' tCKE (MIN)
. .
CKE W i W
ADDRESS W vauo / /
\ | ! | \
A10 )\ Y/
e I b ‘\\ ””” ) ‘\\ """
bQ = >‘< vor Y o >‘< D)
= DON'T CARE
Power-Down'
or Self Refresh [ -] TRANSITIONING DATA

Entry

Notes: 1. Power-down or self refresh entry may occur after the READ burst completes.
2. In the example shown, READ burst completes at T5; earliest power-down or self refresh
entry is at T6.

Figure 49: READ with Auto Precharge to Power-Down or Self Refresh Entry

'CKE (MIN)
w X/ /)
sooress 7)(VAB_ )77
| | | | |
S S e
a (D EDEDED) :
DON’TCARE

Power-Down
or self refresh!
Entry
Notes: 1. Power-down or self refresh entry may occur after the READ burst completes.
2. In the example shown, READ burst completes at T5; earliest power-down or self refresh

entry is at T6.

[7] TRANSITIONING DATA

Figure 50: WRITE to Power-Down or Self-Refresh Entry

T8
CK# ===\~ T —\IF T ——\L" T T T T A\t /T T\l "= A\ === ———\Ir ===
COMMAND
) , tCKE (MIN)
Vi Y N/ /G /S /N
apoRess /)X vaup )/
INVU/N
DQS, DQS#
DQ
WL=3
v DON'T CARE
Power-Down
o Self Refresh |- | TRANSITIONING DATA
Entry!
Notes: 1. Power-down or self refresh entry may occur after the WRITE burst completes.
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Power-Down Mode

Figure 51: WRITE with Auto Precharge to Power-Down or Self Refresh Entry

CKE (MIN)

CKE W N/ N4 W W N 77 Y
ADDRESS /) VAUD )/ W
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00 e D) ED D

[-] TRaNsITIONING DATA  [///] DON'T cARE ZZ Indicates a break in Power-Down

time scale or Self Refresh
Entry

Notes: 1. WR is programmed through MR[9, 10, 11] and represents ["'WR (MIN) ns / t*CK] rounded up
to next integer 'CK.

2. Internal PRECHARGE occurs at TaO when WR has completed; power-down entry may occur
1 x 'CK later at Ta1 prior to 'RP being satisfied.

Figure 52: REFRESH Command to Power-Down Entry

'CKE (MIN)

>

CKE / NN
1xtcK DON'T CARE

Power-Down'
Entry

Notes: 1. The earliest PRECHARGE power-down entry may occur is at T2 which is 1 x 'CK after the

REFRESH command. Precharge power down entry occurs prior to 'RFC (MIN) being satis-
fied.

Figure 53: ACTIVE Command to Power-Down Entry

T T2

S I G B

COMMAND @< vaup 7 % acive X /)< Nor X

| | |
ADDRESS X _vaun X7/

tCKE (MIN)
CKE W W Y</ &x
1tcK DON'T CARE
Power-Down'
Entry

Notes: 1. The earliest PRECHARGE power-down entry may occur is at T2, which is 1 x 'CK after the
ACTIVE command. Active power-down entry occurs prior to 'TRCD (MIN) being satisfied.
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M cron Power-Down Mode

PRECHARGE Command to Power-Down Entry

Figure 54:

ffffff

K— |-

COMMAND @< VALID W ‘MRECHARGW / % NOP W‘
| |
ADDRESS X vaun X

A10 :;( ALLJ@NKS :c/

l

tCKE (MIN) .

CKE %ZZ NN
1xtCK DON'T CARE

Power-Down'
Entry

Notes: 1. The earliest power-down entry may occur is at T2, which is 1 x 'CK after the PRECHARGE
command. Power-down entry occurs prior to 'RP (MIN) being satisfied.

Figure 55: LOAD MODE Command to Power-Down Entry

commanp /)X vaLD Y7 ‘ ‘

ADDRESS / X vaun? X7,

‘ tCKE (MIN) N
ke N N/ N
tRp2 tMRD DON'T CARE
Power-Down'
Entrv

Notes: 1. The earliest PRECHARGE power-down entry is at T3, which is after t'MRD is satisfied.
2. All banks must be in the precharged state and 'RP met prior to issuing LM command.
3. Valid address for LM command includes MR, EMR, EMR(2), and EMR(3) registers.
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Mcron Precharge Power-Down Clock Frequency Change
]

Precharge Power-Down Clock Frequency Change

When the DRAM is in precharged power-down mode, ODT must be turned off and CKE
must be at a logic LOW level. A minimum of two clocks must pass after CKE goes LOW
before clock frequency may change. The DRAM input clock frequency is allowed to
change only within minimum and maximum operating frequencies specified for the
particular speed grade. During input clock frequency change, ODT and CKE must be
held at stable LOW levels. Once the input clock frequency is changed, new stable clocks
must be provided to the DRAM before precharge power-down may be exited and DLL
must be RESET via EMR after precharge power-down exit. Depending on the new clock
frequency an additional MR command may need to be issued to appropriately set the
WR MR[11, 10, 9] register. During the DLL relock period of 200 cycles, ODT must remain
off. After the DLL lock time, the DRAM is ready to operate with a new clock frequency.

Figure 56: Input Clock Frequency Change During PRECHARGE Power Down Mode

PREVIOUS CLOCK FREQUENCY NEW CLOCK FREQUENCY

TO T T2

CK#  ----- S\ """ N S N
K _ A ! *(\i/\\

2 XtCK (MIN)2 1 x tCK (MIN)3
fe——————tCKE (MIN)4*%
CKE ;27 /
W% tCKE (MIN)4

COMMAND %VALID"W Y WY ﬂ NOP >@< NOP >@< LT >@< N‘OP %@ VALID >@

soon ) ) it DG ) T,
f e
!
I
I

DQS, DQS# —— High-Z

DQ High-zZ
om )
| | | |
Enter PRECHARGE Frequency Exit PRECHARGE 200 x tCK
Power-Down Mode Change Power-Down Mode
Indicates a break in m DON'T CARE
time scale 4

Notes: 1. If this command is a PRECHARGE (or if the device is already in the idle state), then the
power-down mode shown is precharge power-down, which is required prior to the clock
frequency change.

2. A minimum of 2 x 'CK is required after entering PRECHARGE power-down prior to chang-
ing clock frequencies.

3. Once the new clock frequency has changed and is stable, a minimum of 1 x 'CK is required
prior to exiting PRECHARGE power-down.

4. Minimum CKE HIGH time is 'CKE = 3 x '*CK. Minimum CKE LOW time is 'CKE = 3 x 'CK. This
requires a minimum of three clock cycles of registration.
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Mcron RESET Function (CKE LOW Anytime)
]

RESET Function (CKE LOW Anytime)

DDR2 SDRAM applications may go into a reset state at any time during normal opera-
tion. If an application enters a reset condition, the CKE input pin is used to ensure the
DDR2 SDRAM device resumes normal operation after re-initializing. All data will be lost
during a reset condition; however, the DDR2 SDRAM device will continue to operate
properly if the following conditions outlined in this section are satisfied.

The reset condition defined here assumes all supply voltages (VDD, VDDQ, VDDL, and
VREF) are stable and meet all DC specifications prior to, during, and after the RESET
operation. All other input pins of the DDR2 SDRAM device are a “Don’t Care” during
RESET with the exception of CKE.

If CKE asynchronously drops LOW during any valid operation (including a READ or
WRITE burst), the memory controller must satisfy the timing parameter ‘DELAY before
turning off the clocks. Stable clocks must exist at the CK, CK# inputs of the DRAM before
CKE is raised HIGH, at which time the normal initialization sequence must occur. See
“Initialization” on page 6. The DDR2 SDRAM is now ready for normal operation after the
initialization sequence. Figure 57 shows the proper sequence for a RESET condition.

Figure 57: RESET Condition

T0 T 5 Tbo
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tDELAY

CKE

—

/N /f il I
COMMAND® @< READ >@< NOP W READ NOP W NOP %

NOP

DM7
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—
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aooress )X _coin X/ ) _cain X
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ALL BANKS

— N S~ S|

| S

wo | JII,

— N
~

—

NS

:

BAO, BA1 Bank a W / %< Bank b >W %}/ V
I J
High-Z BEEEE R " /ﬁ High-Z ! ( (
DQs? \ ) j
DQ’ High-2 < Dour < Dom> Dout /ngh_z k/ /
Rit l /?7 @
System T=400ns (MIN)  RPp
RESET
Indicates a break i
[-] unknown [[Jrmon DON'T CARE [ TRANSITIONING DATA e sele | om start of Normal
Initialization
Sequence
Notes: 1. In certain cases where a READ cycle is interrupted, CKE going HIGH may result in the com-
pletion of the burst.
2. Initialization timing is shown in Figure 18, DDR2 Power-Up and Initialization, on page 7.
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ODT Timing

512Mb: x4, x8, x16 DDR2 SDRAM
ODT Timing

Once a 12ns delay (*MOD) has been satisfied after the ODT function has been enabled
via the EMR LOAD MODE command, ODT can be accessed under two timing categories.
ODT will operate in either synchronous mode or asynchronous mode, depending on the
state of CKE. ODT can switch anytime except during self refresh mode and a few clocks
after being enabled via EMR, as shown in Figure 58.

There are two timing categories for ODT—turn-on and turn-off. During active mode
(CKE HIGH) and fast-exit power-down mode (any row of any bank open, CKE LOW,
MR[12 = 0]), 'AOND, 'AON, 'AOFD, and 'AOF timing parameters are applied, as shown in
Figure 59 and Table 11 on page 77. During slow-exit power-down mode (any row of any
bank open, CKE LOW, MR[12 = 1]) and precharge power-down mode (all banks/rows
precharged and idle, CKE LOW), 'AONPD and 'AOFPD timing parameters are applied, as
shown in Figure 60 and Table 12 on page 78.

ODT turn-off timing, prior to entering any power-down mode, is determined by the
parameter ANPD (MIN) shown in Figure 61. At state T2, the ODT HIGH signal satisfies
TANPD (MIN) prior to entering power-down mode at T5. When ANPD (MIN) is satisfied,
'AOFD and 'AOF timing parameters apply. Figure 61 also shows the example where
TANPD (MIN) is not satisfied since ODT HIGH does not occur until state T3. When
'ANPD (MIN) is not satisfied, "AOFPD timing parameters apply.

ODT turn-on timing prior to entering any power-down mode is determined by the
parameter '"ANPD shown in Figure 62. At state T2, the ODT HIGH signal satisfies 'ANPD
(MIN) prior to entering power-down mode at T5. When ANPD (MIN) is satisfied, 'AOND
and 'AON timing parameters apply. Figure 62 also shows the example where '‘ANPD
(MIN) is not satisfied since ODT HIGH does not occur until state T3. When ‘ANPD (MIN)
is not satisfied, "AONPD timing parameters apply.

ODT turn-off timing after exiting any power-down mode is determined by the parameter
TAXPD (MIN) shown in Figure 63. At state Tal, the ODT LOW signal satisfies AXPD (MIN)
after exiting power-down mode at state T1. When AXPD (MIN) is satisfied, "AOFD and
'AOF timing parameters apply. Figure 63 also shows the example where 'AXPD (MIN) is
not satisfied since ODT LOW occurs at state Ta0. When 'AXPD (MIN) is NOT satisfied,
'AOFPD timing parameters apply.

ODT turn-on timing after exiting either slow-exit power-down mode or precharge
power-down mode is determined by the parameter '"AXPD (MIN) shown in Figure 64. At
state Tal, the ODT HIGH signal satisfies "AXPD (MIN) after exiting power-down mode at
state T1. When 'AXPD (MIN) is satisfied, 'AOND and 'AON timing parameters apply.
Figure 64 also shows the example where 'AXPD (MIN) is NOT satisfied since ODT HIGH
occurs at state Ta0. When 'AXPD (MIN) is NOT satisfied, "AONPD timing parameters

apply.
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Figure 58:

Synchronous

512Mb: x4, x8, x16 DDR2 SDRAM

ODT Timing

ODT Timing for Entering and Exiting Power-Down Mode

Synchronous or
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Asynchronous

TANPD (3 tCKs)
15t CKE latched LOW

tAXPD (8 'CKs)
15t CKE latched HIGH

. Any mode exceprt
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Active power-down fast (synchronous)

Any mode exceprt !
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Applicable modes

tAOND/tAOFD

Active power-down slow (asynchronous)
Precharge power-down (asynchronous)

tAOND/tAOFD (synchronous)

tAONPD/'AOFPD (asynchronous)

Applicable timing parameters
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Figure 59: ODT Timing for Active or Fast-Exit Power-Down Mode
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RTT Unknown l:‘ RTT On M DON'T CARE

Table 11: DDR2-400/533 ODT Timing for Active and Fast-Exit Power-Down Modes

Parameter Symbol Min Max Units
ODT turn-on delay TAOND 2 2 ek
ODT turn-on tAON TAC (MIN) tAC (MAX) + 1,000 ps
ODT turn-off delay tAOFD 2.5 2.5 ek
ODT turn-off tAOF TAC (MIN) TAC (MAX) + 600 ps
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Figure 60:
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512Mb: x4, x8, x16 DDR2 SDRAM
ODT Timing

ODT timing for Slow-Exit or Precharge Power-Down Modes
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Table 12: DDR2-400/533 ODT timing for Slow-Exit and Precharge Power-Down Modes

Parameter Symbol Min Max Units
ODT turn-on (power-down mode) tAONPD tAC (MIN) + 2,000 2 x 'CK +'AC (MAX) + 1,000 ps
ODT turn-off (power-down mode) tAOFPD tAC (MIN) + 2,000 2.5 x '1CK + 'AC (MAX) + 1,000 s
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512Mb: x4, x8, x16 DDR2 SDRAM

ODT Timing
Figure 61: ODT Turn-Off Timings when Entering Power-Down Mode
ki ‘ T T2 ‘ T3 ‘ T4 ‘ T5 ‘ T6
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/
"ANPD (MIN
CKE
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obT 1 tAOFPD (N.IAX)
RTT <
— I* tAOFPD (MIN) ‘
DTransitioning RTT D RTT Unknown D RTT On DON'T CARE
Table 13: DDR2-400/533 ODT Turn-Off Timings when Entering Power-Down Mode
Parameter Symbol Min Max Units
ODT turn-off delay tAOFD 2.5 2.5 tcK
ODT turn-off tAOF tAC (MIN) TAC (MAX) + 600 ps
ODT turn-off (power-down mode) tAOFPD tAC (MIN) + 2,000 2.5 x 'CK + 'AC (MAX) + 1,000 ps
ODT to power-down entry latency tANPD 3 tcK
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Figure 62: ODT Turn-On Timing when Entering Power-Down Mode
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Table 14: DDR2-400/533 ODT Turn-On Timing when Entering Power-Down Mode

Parameter Symbol Min Max Units
ODT turn-on delay tAOND 2 2 ek
ODT turn-on tAON tAC (MIN) tAC (MAX) + 1,000 ps
ODT turn-on (power-down mode) TAONPD tAC (MIN) + 2,000 2 x '¢K + TAC (MAX) + 1,000 ps
ODT to power-down entry latency tANPD 3 tcK
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Figure 63: ODT Turn-Off Timing when Exiting Power-Down Mode
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Table 15: DDR2-400/533 ODT Turn-Off Timing when Exiting Power-Down Mode

Parameter Symbol Min Max Units
ODT turn-off delay TAOFD 2.5 2.5 tcK
ODT turn-off tAOF TAC (MIN) TAC (MAX) + 600 s
ODT turn-off (power-down mode) tAOFPD tAC (MIN) + 2,000 2.5 x 'CK + 'AC (MAX) + 1,000 ps
ODT to power-down exit latency TAXPD 8 tcK
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Mcron ODT Timing

Figure 64: ODT Turn-On Timing when Exiting Power-Down Mode
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Table 16: DDR2-400/533 ODT Turn-On Timing when Exiting Power-Down Mode

Parameter Symbol Min Max Units
ODT turn-on delay ‘AOND 2 2 tck
ODT turn-on tAON tAC (MIN) TAC (MAX) + 1,000 s
ODT turn-on (power-down mode) tAONPD tAC (MIN) + 2,000 2 x 'cK + 'AC (MAX) + 1,000 s
ODT to power-down exit latency tAXPD 8 K
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Absolute Maximum Ratings

Stresses greater than those listed 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 reli-
ability.

Table 17: Absolute Maximum DC Ratings

Parameter Symbol Min Max Units Notes

VDD supply voltage relative to Vss VDD -1.0 2.3 \Y 4

VbDQ supply voltage relative to VssQ VDDQ -0.5 2.3 \Y, 4,5

VDDL supply voltage relative to VssL VDDL -0.5 2.3 \Y, 4

Voltage on any pin relative to Vss VIN, Vout -0.5 2.3 \Y 6

Storage temperature Tstg -55 100 °C 1

Operating temperature - commercial (case) Tc 0 85 °C 2,3

Operating temperature - industrial (case) Tc -40 95 °C 2,3,7
(ambient) TamB -40 85 °C 7,8

Input leakage current; any input 0V < VIN < VDD; all other pins I -5 5 A

not under test = 0V)

Output leakage current; 0V < Vout < VbbDQ; DQ and ODT disabled loz -5 5 A

VREF leakage current; VREF = Valid VREF level WRer -2 2 A

Notes: 1. MAX storage case temperature; Tsrg is measured in the center of the package illustrated
in Figure 65.
2. MAX operating case temperature; T¢ is measured in the center of the package illustrated
in Figure 65.
3. Device functionality is not guaranteed if the DRAM device exceeds the maximum T¢ dur-
ing operation.
VDD, VDDQ, and VDDL must be within 300mV of each other at all times.
VREF < 0.6 x VDDQ; however, VREF may be > VbDQ provided that VREF < 300mV.
Voltage on any I/0O may not exceed voltage on VDDQ.
Both temperature specifications must be satisfied.
Operating ambient temperature surrounding the package.

© N v A

Figure 65: Example Temperature Test Point Location
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]

AC and DC Operating Conditions

Table 18: Recommended DC Operating Conditions (SSTL_18)
All voltages referenced to Vss

Parameter Symbol Min Nom Max Units | Notes
Supply voltage VDD 1.7 1.8 1.9 Vv 1,56
VbDL supply voltage VDDL 1.7 1.8 1.9 \Y 4,5,6
I/O supply voltage VDDQ 1.7 1.8 1.9 Vv 4,56
I/0 reference voltage VREF(DC) 0.49 x VbbDQ | 0.50xVbbQ | 0.51 X VDDQ \ 2
I/O termination voltage (system) V1T VREF(DC) - 40 VREF(DC) VREF(DC) + 40 mV 3

Notes: 1. VDD and VDDQ must track each other. VDDQ must be less than or equal to VDD.

2. VREF is expected to equal VDDQ/2 of the transmitting device and to track variations in the
DC level of the same. Peak-to-peak noise (non-common mode) on VREF may not exceed +1
percent of the DC value. Peak-to-peak AC noise on VREF may not exceed +2 percent of
VREF(DC). This measurement is to be taken at the nearest VREF bypass capacitor.

3. V1T is not applied directly to the device. V1T is a system supply for signal termination resis-
tors, is expected to be set equal to VREF, and must track variations in the DC level of VREF.

4. \VpbpQ tracks with Vpp; Vbl tracks with VbD.

5. VssQ = VssL = Vss

6. MIN, NOM, and MAX values all increase by 100mV for -37V speed option.

Table 19: ODT DC Electrical Characteristics
All voltages referenced to Vss

Parameter Symbol Min Nom Max Units | NOTES
RTT effective impedance value for 752 setting RTT1(EFF) 60 75 90 Q 1
EMR (A6, A2) =0, 1

RTT effective impedance value for 150Q setting RTT2(EFF) 120 150 180 Q 1
EMR (A6, A2)=1,0

RTT effective impedance value for 50Q2 setting RTT3(EFF) 40 50 60 Q 1,3
EMR (A6, A2) =1, 1

Deviation of VM with respect to VbpQ/2 AVM -6 6 % 2

Notes: 1. RTT1(eFF) and RTT2(EFF) are determined by separately applying VIH(AC) and VIL(AC) to ball
being tested, and then measuring current, I[(VIH(AC)) and I(VIL(AC)), respectively.

VIH(AC)-VIL(AC)
I(VIH(AC)) = I(VIL(AC))
2. Measure voltage (VM) at tested pin with no load.

RTT(EFF) =

2xVM _

AVM:(
VDDQ

) x 100

3. Supported on -3/-3E speed devices only.

4. IT device minimum values are derated by six percent when device operates between -40°C
and 0°C (TcASE).
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Input Electrical Characteristics and Operating Conditions

Table 20: Input DC Logic Levels
All voltages referenced to Vss

Parameter Symbol Min Max Units
Input HIGH (logic 1) voltage VIH(DC) VREF(DC) + 125 VbbpQ + 300 mV
Input LOW (logic 0) voltage VIL(DC) -300 VREF(DC) - 125 mV

Table 21: Input AC Logic Levels
All voltages referenced to Vss

Parameter Symbol Min Max Units
Input HIGH (logic 1) voltage (-5E/-37E/-37V) VIH(AC) VREF(DC) + 250 - mV
Input HIGH (logic 1) voltage (-3/-3E) VIH(AC) VREF(DC) + 200 - mV
Input LOW (logic 0) voltage VIL(AC) - VREF(DC) - 250 mV

Figure 66: Single-Ended Input Signal Levels

1,150mV — — VIH(AQ)
1,025mV — — VIH(DCQ)
936mV —

4—VREF + AC Noise

sg0mV « < VRer + DC Error
882:V — 4— VREF - DC Error
864mV — €—VREF - AC Noise
775mV — — ViLpo)
650mV — — VILAQ)

Note: Numbers in diagram reflect nomimal values.
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Table 22: Differential Input Logic Levels
All voltages referenced to Vss

Parameter Symbol Min Max Units Notes
DC Input Signal Voltage VIN(DC) -300 VbDQ + 300 mV 1
DC Differential Input Voltage VID(DC) 250 VbDQ + 600 mV 2
AC Differential Input Voltage VID(AC) 500 VbDQ + 600 mV 3
AC Differential Cross-Point Voltage VIX(AQ) 0.50 x VbpQ - 175 | 0.50 x VbDQ + 175 mV 4
Input Midpoint Voltage VMP(DC) 850 950 mV 5

Notes: 1.

2.

VIN(DC) specifies the allowable DC execution of each input of differential pair such as CK,
CK#, DQS, DQS#, LDQS, LDQS#, UDQS, UDQS#, and RDQS, RDQS#.

VID(DC) specifies the input differential voltage | VTR - VcP | required for switching, where
VTR is the true input (such as CK, DQS, LDQS, UDQS) level and Vcp is the complementary
input (such as CK#, DQS#, LDQS#, UDQS#). The minimum value is equal to VIH(DC) - VIL(DC).
Differential input signal levels are shown in Figure 67.

. VID(AQ) specifies the input differential voltage | VTR - Vcp | required for switching, where

VTR is the true input (such as CK, DQS, LDQS, UDQS, RDQS) level and Vcp is the complemen-
tary input (such as CK#, DQS#, LDQS#, UDQS#, RDQS#). The minimum value is equal to
VIH(AC) - VIL(AC), as shown in Table 21 on page 85.

The typical value of VIX(AC) is expected to be about 0.5 x VDDQ of the transmitting device
and VIX(ACQ) is expected to track variations in VDDQ. VIX(AC) indicates the voltage at which
differential input signals must cross, as shown in Figure 67.

. VMP(DC) specifies the input differential common mode voltage (VTR + VcP)/2 where VTR is

the true input (CK, DQS) level and Vcp is the complementary input (CK#, DQS#). VMP(DC) is
expected to be approximately 0.5 x VDDQ.

Figure 67: Differential Input Signal Levels

21V = = = = = = = = e e e e e e e e e e e e e e e — — - — VIN(DC) MAX3

@ VopQ = 1.8V

TR8

VMP(DC)' T Vip(pc)*

1.075V -
09V VIX(AC)2 ViD(ag
0725V frommmmemymmmmemmemememe e ] v l
............................... A 4
cp8
- 0,30V —| P S S L VIN(DC) MIN®

Notes:

This provides a minimum of 850mV to a maximum of 950mV and is expected to be VbDQ/2.
TR and CP must cross in this region.

TR and CP must meet at least VID(DC) MIN when static and is centered around Vmp(DC).

TR and CP must have a minimum 500mV peak-to-peak swing.

TR and CP may not be more positive than VbbQ + 0.3V or more negative than Vss - 0.3V.
For AC operation, all DC clock requirements must also be satisfied.

Numbers in diagram reflect nominal values.

TR represents the CK, DQS, RDQS, LDQS, and UDQS signals; CP represents CK#, DQS#,
RDQS#, LDQS#, and UDQS# signals.
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Table 23: AC Input Test Conditions

Parameter Symbol Min Max Units | Notes
Input setup timing measurement reference level VRS See Note 2 1,2, 8
BA1-BAO, A0-A13 (A12 x16), CS#, RAS#, CAS#, WE#, ODT,

DM, UDM, LDM, and CKE

Input hold timing measurement reference level VRH See Note3 1,3,8
BA1-BAO, A0-A13 (A12 x16), CS#, RAS#, CAS#, WE#, ODT,

DM, UDM, LDM, and CKE

Input timing measurement reference level (single-ended) VREF(DC) VbDQ x0.49 | VbbQ x 0.51 \ 1,4,9
DQS for x4, x8; UDQS, LDQS for x16

Input timing measurement reference level (differential) VRD VIX(AC) \ 1,5, 6,
CK, CK# for x4, x8, x16 9
DQS, DQS# for x4, x8; RDQS, RDQS# for x8

UDQS, UDQS#, LDQS, LDQS# for x16

Notes: 1.
2.

All voltages referenced to Vss.

Input waveform setup timing (!ISy) is referenced from the input signal crossing at the
VIH(AC) level for a rising signal and ViL(AC) for a falling signal applied to the device under
test, as shown in Figure 76.

. Input waveform hold (!IH.,) timing is referenced from the input signal crossing at the

VIL(DC) level for a rising signal and VIH(DC) for a falling signal applied to the device under
test, as shown in Figure 76.

Input waveform setup timing (DS) and hold timing (!DH) for single-ended data strobe is
referenced from the crossing of DQS, UDQS, or LDQS through the VREF level applied to the
device under test, as shown in Figure 78.

. Input waveform setup timing (*DS) and hold timing (tDH) when differential data strobe is

enabled is referenced from the crosspoint of DQS/DQS#, UDQS/UDQS#, or LDQS/LDQS#, as
shown in Figure 77.

Input waveform timing is referenced to the crossing point level (Vix) of two input signals
(VTR and Vcp) applied to the device under test, where VTR is the “true” input signal and
VcP is the complementary input signal, as shown in Figure 79.

See “Input Slew Rate Derating” on page 88.

The slew rate for single-ended inputs is measured from DC-level to AC-level (VIiL(DC) to
VIH(AC) on the rising edge and VIL(AC) to VIH(DC) on the falling edge. For signals referenced
to VREF, the valid intersection is where the “tangent” line intersects VREF, as shown in
Figures 73, 75, 77, and 79.

The slew rate for differentially ended inputs is measured from twice the DC-level to twice
the AC-level (2 x VIL(DC) to 2 x VIH(AC) on the rising edge and 2 x VIL(AC) to 2 x VIH(DC) on the
falling edge). For example, the CK/CK# would be -250mV to +500mV for CK rising edge
and would be +250mV to -500mV for CK falling edge.
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Derating

For all input signals the total s (setup time) and UH (hold time) required is calculated
by adding the data sheet 'IS (base) and 'TH (base) value to the A'IS and A'TH derating
value respectively. Example: S (total setup time) = S (base) + AlIS.

IS nominal slew rate for a rising signal is defined as the slew rate between the last cross-
ing of VREF(DC) and the first crossing of Vir(ac) MIN. Setup ('IS) nominal slew rate for a
falling signal is defined as the slew rate between the last crossing of VREF(DC) and the first
crossing of VIL(AC) MAX.

If the actual signal is always earlier than the nominal slew rate line between shaded
‘VREF(DC) to AC region’, use nominal slew rate for derating value (Figure 68 on page 90).

If the actual signal is later than the nominal slew rate line anywhere between shaded
‘VREF(DC) to ac region), the slew rate of a tangent line to the actual signal from the AC
level to DC level is used for derating value (Figure 69 on page 90).

TH nominal slew rate for a rising signal is defined as the slew rate between the last cross-
ing of VIL(DC) MAX and the first crossing of VREF(DC). TH nominal slew rate for a falling
signal is defined as the slew rate between the last crossing of ViH(DC)MIN and the first
crossing of VREF(DC).

If the actual signal is always later than the nominal slew rate line between shaded “DC to
VREF(DC) region,” use nominal slew rate for derating value (Figure 70 on page 91).

If the actual signal is earlier than the nominal slew rate line anywhere between shaded
“DC to VREF(DC)) region,” the slew rate of a tangent line to the actual signal from the DC
level to VREF(DC) level is used for derating value (Figure 71 on page 91).

Although for slow slew rates the total setup time might be negative (i.e. a valid input sig-
nal will not have reached VIH(AC)/VIL(AC) at the time of the rising clock transition) a valid
input signal is still required to complete the transition and reach VIH(AC)/VIL(AC).

For slew rates in between the values listed in Table 24, the derating values may obtained
by linear interpolation.
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Table 24: DDR2-400/533 Setup and Hold Time Derating Values

CK, CK# Differential Slew Rate

Command/ 2.0 V/ns 1.5 V/ns 1.0 Vins
Address Slew
Rate (V/ns) Atis AYH AtIS AYH AYs AYH Units
4.0 +187 +94 +217 +124 +247 +154 ps
3.5 +179 +89 +209 +119 +239 +149 ps
3.0 +167 +83 +197 +113 +227 +143 ps
2.5 +150 +75 +180 +105 +210 +135 ps
2.0 +125 +45 +155 +75 +185 +105 ps
1.5 +83 +21 +113 +51 +143 +81 ps
1.0 0 0 +30 +30 +60 +60 ps
0.9 -1 -14 +19 +16 +49 +46 ps
0.8 -25 -31 +5 -1 +35 +29 ps
0.7 -43 -54 -13 -24 +17 +6 ps
0.6 -67 -83 -37 -53 -7 -23 ps
0.5 -110 -125 -80 -95 -50 -65 ps
04 -175 -188 -145 -158 -115 -128 ps
0.3 -285 -292 -255 -262 -225 -232 ps
0.25 -350 -375 -320 -345 -290 -315 ps
0.2 -525 -500 -495 -470 -465 -440 ps
0.15 -800 -708 -770 -678 -740 -648 ps
0.1 -1450 -1125 -1420 -1095 -1390 -1065 ps

Table 25: DDR2-667 Setup and Hold Time Derating Values

CK, CK# Differential Slew Rate

Command/ 2.0 V/ns 1.5 V/ns 1.0 V/ns
Address Slew
Rate (V/ns) AYS AYH AYS AYH AYS AYH Units
4.0 +150 +94 +180 +124 +210 +154 ps
3.5 +143 +89 +173 +119 +203 +149 ps
3.0 +133 +83 +163 +113 +193 +143 ps
2.5 +120 +75 +150 +105 +180 +135 ps
2.0 +100 +45 +160 +75 +160 +105 ps
1.5 +67 +21 +97 +51 +127 +81 ps
1.0 0 0 +30 +30 +60 +60 ps
0.9 -5 -14 +25 +16 +55 +46 ps
0.8 -13 -31 +17 -1 +47 +29 ps
0.7 -22 -54 +8 -24 +38 +6 ps
0.6 -34 -83 -4 -53 +36 -23 ps
0.5 -60 -125 -30 -95 0 -65 ps
0.4 -100 -188 -70 -158 -40 -128 ps
0.3 -168 -292 -138 -262 -108 -232 ps
0.25 -200 -375 -170 -345 -140 -315 ps
0.2 -325 -500 -295 -470 -265 -440 ps
0.15 -517 -708 -487 -678 -457 -648 ps
0.1 -1,000 -1,125 -970 -1,095 -940 -1,065 ps
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Figure 68: Nominal Slew Rate for IS
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Figure 69: Tangent Line for tIS
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Table 26: DDR2-400/533 DS, 'DH Derating Values
Notes: 1-7; all units in ps

DQ DQS,DQS# Differential Slew Rate

aletw 4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 Vins 1.2 Vins 1.0 V/ns 0.8 V/ns
ate

(V/ns) |A'DS |AtDH|A'DS |AtDH|A'DS |AtDH | A'DS |AtDH | A'DS |A'DH | ADS [A'DH | AtDS |A'DH | AtDS [A'DH | AtDS [A'DH
20 |125] 45 [125] 45 [125] 45 | - - - - - - - - - - - -
1.5 83 | 21 [ 83 |21 [ 8 |21 ] 95|33 ] - - - - - - - - - -
1.0 0 0 0 0 0 o [ 121224 24| - - - - - - - -

0.9 - el a1 213102522 - - - - - -
0.8 - - - -3t |39 a7 1] 5 [23]17] - - - -
0.7 - - - - - - 31421937185 6176 - -
0.6 - - - - - - - - |43 5s9 31471935 7 [-23] 5 [ -1
0.5 - - - - - - - - - - |74 89| 62| -77| 50 | -65 | -38 | -53
0.4 - - - - - - - - - - - - [-127[-140 [ -115[-128[-103 | -116

Notes: 1. For all input signals the total 'DS and 'DH required is calculated by adding the data sheet
value to the derating value listed in Table 26.

2. 'DS nominal slew rate for a rising signal is defined as the slew rate between the last cross-
ing of VRer(DC) and the first crossing of VIH(AC) MIN. DS nominal slew rate for a falling sig-
nal is defined as the slew rate between the last crossing of VREF(DC) and the first crossing of
ViL(AC) MAX. If the actual signal is always earlier than the nominal slew rate line between
shaded “VREF(DC) to AC region,” use nominal slew rate for derating value (see Figure 72). If
the actual signal is later than the nominal slew rate line anywhere between shaded
“VREF(DC) to AC region,” the slew rate of a tangent line to the actual signal from the AC
level to DC level is used for derating value (see Figure 73).

3. 'DH nominal slew rate for a rising signal is defined as the slew rate between the last cross-
ing of ViL(bc) MAX and the first crossing of VREF(DC). 'DH nominal slew rate for a falling sig-
nal is defined as the slew rate between the last crossing of ViH (DC) MIN and the first
crossing of VRer (DC). If the actual signal is always later than the nominal slew rate line
between shaded “DC level to VREF(DC) region,” use nominal slew rate for derating value
(see Figure 74). If the actual signal is earlier than the nominal slew rate line anywhere
between shaded “DC to VREF(DC) region,” the slew rate of a tangent line to the actual sig-
nal from the DC level to VREF(DC) level is used for derating value (see Figure 75).

4. Although for slow slew rates the total setup time might be negative (i.e. a valid input sig-
nal will not have reached VIH(AC)/VIL(AC) at the time of the rising clock transition), a valid
input signal is still required to complete the transition and reach VIH(AC)/VIL(AC).

5. For slew rates between the values listed in Table 26, the derating values may obtained by
linear interpolation.

6. These values are typically not subject to production test. They are verified by design and
characterization.

7. Single-ended DQS requires special derating. The values in Table 28 are the DQS single-
ended slew rate derating with DQS referenced at VRer and DQ referenced at the logic lev-
els 'DSy, and 'DH}). Tables 30 and 31 provide the VRer-based fully derated values for the DQ
(tDSa and tDHa) for DDR2-400 and DDR2-533, respectively.
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Table 27: DDR2-667 'DS, 'DH Derating Values
Notes: 1-7; all units in ps

DQ DQS,DQS# Differential Slew Rate

aletw 2.8 V/ns 2.4 Vins 2.0 V/ns 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins 0.8 V/ns

(\?Ines) A'DS |A'DH | A'DS |A'DH | A'DS | A'DH | A'DS |A'DH | A'DS | A'DH | A'DS | A'DH | A'DS | A'DH | A'DS | A'DH | A'DS | A'DH
2.0 100 | 63 | 100 | 63 | 100 | 63 | 112 | 75 (124 | 87 | 136 | 99 | 148 | 111 | 160 | 123 | 172 | 135
1.5 67 42 67 42 67 42 79 54 91 66 | 103 | 78 | 115 | 90 | 127 | 102 | 139 | 114
1.0 0 0 0 0 0 0 12 12 24 24 36 36 48 48 60 60 72 72
0.9 -5 -14 -5 -14 -5 -14 7 -2 19 10 31 22 43 34 55 46 67 58
0.8 -13 1 -31 | -13 | -31 | -13 | -31 -1 -19 11 -7 23 5 35 17 47 29 59 41
0.7 -22 | 54 | -22 | 54 | 22 | 54 | -10 | -42 2 -30 | 14 | -18 | 26 -6 38 6 50 18
0.6 -34 | -83 | -34 | -8 | -34|-83|-22|-71 | -10 | -59 2 47 | 14 | -35 | 26 | -23 | 38 | -11
0.5 -60 |-125| -60 |[-125| -60 | -125| -48 |-113| -36 |-101 | -24 | -89 | -12 | -77 0 -65 12 | -53
0.4 -100 | -188 | -100 | -188 | -100 | -188 | -88 | -176 | -76 |-164 | -64 |-152 | -52 |-140 | -40 |-128 | -28 | -116

Notes: 1. For all input signals the total 'DS and 'DH required is calculated by adding the data sheet

2.

value to the derating value listed in Table 26.

DS nominal slew rate for a rising signal is defined as the slew rate between the last cross-
ing of VRer(DC) and the first crossing of VIH(AC) MIN. DS nominal slew rate for a falling sig-
nal is defined as the slew rate between the last crossing of VREF(DC) and the first crossing of
ViL(AC) MAX. If the actual signal is always earlier than the nominal slew rate line between
shaded “VREF(DC) to AC region,” use nominal slew rate for derating value (see Figure 72). If
the actual signal is later than the nominal slew rate line anywhere between shaded
“VREF(DC) to AC region,” the slew rate of a tangent line to the actual signal from the AC
level to DC level is used for derating value (see Figure 73).

. 'DH nominal slew rate for a rising signal is defined as the slew rate between the last cross-
ing of ViL(bc) MAX and the first crossing of VREF(DC). 'DH nominal slew rate for a falling sig-
nal is defined as the slew rate between the last crossing of ViH (DC) MIN and the first
crossing of VRer (DC). If the actual signal is always later than the nominal slew rate line
between shaded “DC level to VREF(DC) region,” use nominal slew rate for derating value
(see Figure 74). If the actual signal is earlier than the nominal slew rate line anywhere
between shaded “DC to VREF(DC) region,” the slew rate of a tangent line to the actual sig-
nal from the DC level to VREF(DC) level is used for derating value (see Figure 75).

Although for slow slew rates the total setup time might be negative (i.e. a valid input sig-
nal will not have reached VIH(AC)/VIL(AC) at the time of the rising clock transition), a valid
input signal is still required to complete the transition and reach VIH(AC)/VIL(AC).

. For slew rates between the values listed in Table 26, the derating values may obtained by

linear interpolation.

These values are typically not subject to production test. They are verified by design and
characterization.

. Single-ended DQS requires special derating. The values in Table 28 are the DQS single-

ended slew rate derating with DQS referenced at VRer and DQ referenced at the logic lev-
els 'DS,, and 'DH},). Table 29 provides the VRer-based fully derated values for the DQ ('DS,
and 'DH,) for DDR2-667.
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Table 28: Single-Ended DQS Slew Rate Derating Values
Reference points indicated in bold

DQS Single-Ended Slew Rate Derated (at VREF)

2.0 V/ns 1.8 Vins 1.6 V/ins 1.4 Vins 1.2 Vins 1.0 V/ns 0.8 V/ns 0.6 V/ns 0.4V/ns

(\Il:;r?s) 'ps |'‘DH | 'DS |'DH [ 'DS |'DH | DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH
2 130 | 53 [ 130 53 [ 130 | 53 [ 130 ] 53 [ 130 | 53 [145] 48 [ 155 | 45 [ 165 | 41 | 175 | 38
1.5 97 | 32 | 97 | 32 |97 | 32|97 | 32| 97 | 32 |112] 27 [ 122 24 [ 132 20 | 142 ] 17
1 30 | 1030 |-10]30|[-10][30|-10]30][-10]a5[-15]55]-18] 65 |-22] 75 | -25

0.9 25 | -24 | 25 | -24 | 25 | -24 | 25 | -24 | 25 | -24 | 40 | -29 | 50 | -32 | 60 | -36 | 70 | -39
0.8 17 | -41 17 | -41 17 | -41 17 | -41 17 | -41 32 | -46 | 42 | -49 | 52 | -53 | 61 -56

0.7 5 -64 5 -64 5 -64 5 -64 5 64 | 20 | -69 | 30 | -72 | 40 | -75 | 50 | -79
0.6 7 |93 | -7 | 93| -7 |93 | -7 |93 | -7 | -93 8 -98 | 18 |-102| 28 |-105| 38 |-108
0.5 -28 | -135| -28 | -135| -28 | -135| -28 | -135| -28 | -135| -13 |-140| -3 |-143| 7 |-147| 17 |-150
0.4 -78 | -198 | -78 | -198 | -78 | -198 | -78 | -198 | -78 | -198 | -63 | -203 | -53 | -206 | -43 | -210| -33 | -213

Notes: 1. Derating values, to be used with base 'DS and 'DH-specified values.

Table 29: Single-Ended DQS Slew Rate Derated (DQS, DQ at VREr) at DDR2-667
Reference points indicated in bold

DQS Single-Ended Slew Rate Derated (at VREF)

2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 Vins 1.2 V/ns 1.0 V/ns 0.8 V/ns 0.6 V/ns 0.4V/ns

(\2:?5) 'ps |'‘DH | 'DS |'DH [ 'DS |'DH | 'DS |'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH
2 330 | 291 | 330 | 291 | 330 | 291 | 330 | 291 | 330 | 291 | 345 | 286 | 355 | 282 | 365 | 29 | 375 | 276
15 330 | 290 | 330 | 290 | 330 | 290 | 330 | 290 | 330 | 290 | 345 | 285 | 355 | 282 | 365 | 279 | 375 | 275
1 330 | 290 | 330 | 290 | 330 | 290 | 330 | 290 | 330 | 290 [ 345 | 285 | 355 | 282 | 365 | 278 | 375 | 275

0.9 347 | 290 | 347 | 290 | 347 | 290 | 347 | 290 | 347 | 290 | 362 | 285 | 372 | 282 | 382 | 278 | 392 | 275
0.8 367 | 290 | 367 | 290 | 367 | 290 | 367 | 290 | 367 | 290 | 382 | 285 | 392 | 282 | 402 | 278 | 412 | 275
0.7 391 | 290 | 391 | 290 | 391 | 290 | 391 | 290 | 391 | 290 | 406 | 285 | 416 | 281 | 426 | 278 | 436 | 275
0.6 426 | 290 | 426 | 290 | 426 | 290 | 426 | 290 | 426 | 290 | 441 | 285 | 451 | 282 | 461 | 278 | 471 | 275
0.5 472 | 290 | 472 | 290 | 472 | 290 | 472 | 290 | 472 | 290 | 487 | 285 | 497 | 282 | 507 | 278 | 517 | 275
0.4 522 | 289 | 522 | 289 | 522 | 289 | 522 | 289 | 522 | 289 | 537 | 284 | 547 | 281 | 557 | 278 | 567 | 274

Notes: 1. Derating values, to be used with base 'DS and 'DH-specified values.
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Table 30: Single-Ended DQS Slew Rate Derated (DQS, DQ at VREF) at DDR2-533
Reference points indicated in bold

DQS Single-Ended Slew Rate Derated (at VREF)
2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns 0.8 V/ns 0.6 V/ns 0.4V/ns

(\Il:;r?s) 'ps |'‘DH | 'DS |'DH [ 'DS |'DH | DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH
2 355 | 341 | 355 | 341 | 355 | 341 | 355 | 341 | 355 | 341 | 370 | 336 | 380 | 332 | 390 | 329 | 400 | 326
1.5 364 | 340 | 364 | 340 | 364 | 340 | 364 | 340 | 364 | 340 | 379 | 335 | 389 | 332 | 399 | 329 | 409 | 325
1 380 | 340 | 380 | 340 | 380 | 340 | 380 | 340 | 380 | 340 | 395 [ 335 | 405 | 332 | 415 | 328 | 425 | 325

0.9 402 | 340 | 402 | 340 | 402 | 340 | 402 | 340 | 402 | 340 | 417 | 335 | 427 | 332 | 437 | 328 | 447 | 325
0.8 429 | 340 | 429 | 340 | 429 | 340 | 429 | 340 | 429 | 340 | 444 | 335 | 454 | 332 | 464 | 328 | 474 | 325
0.7 463 | 340 | 463 | 340 | 463 | 340 | 463 | 340 | 463 | 340 | 478 | 335 | 488 | 331 | 498 | 328 | 508 | 325
0.6 510 | 340 | 510 | 340 | 510 | 340 | 510 | 340 | 510 | 340 | 525 | 335 | 535 | 332 | 545 | 328 | 555 | 325
0.5 572 | 340 | 572 | 340 | 572 | 340 | 572 | 340 | 572 | 340 | 587 | 335 | 597 | 332 | 607 | 328 | 617 | 325
0.4 647 | 339 | 647 | 339 | 647 | 339 | 647 | 339 | 647 | 339 | 662 | 334 | 672 | 331 | 682 | 328 | 692 | 324

Notes: 1. Derating values, to be used with base 'DS and 'DH-specified values.

Table 31: Single-Ended DQS Slew Rate Derated (DQS, DQ at VRer) at DDR2-400
Reference points indicated in bold

DQS Single-Ended Slew Rate Derated (at VREF)
2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 Vins 1.2 V/ns 1.0 V/ns 0.8 V/ns 0.6 V/ns 0.4V/ns

(\2:?5) 'ps |'‘DH | 'DS |'DH [ 'DS |'DH | 'DS |'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH
2 405 | 391 | 405 | 391 | 405 | 391 | 405 | 391 | 405 | 391 | 420 | 386 | 430 | 382 | 440 | 379 | 450 | 376
15 414 [ 390 | 414 | 390 | 414 | 390 | 414 | 390 | 414 | 390 | 429 | 385 | 439 | 382 | 449 | 379 | 459 | 375
1 430 | 390 | 430 | 390 | 430 | 390 | 430 | 390 | 430 | 390 [ 445 | 385 | 455 | 382 | 465 | 378 | 475 | 375

0.9 452 | 390 | 452 | 390 | 452 | 390 | 452 | 390 | 452 | 390 | 467 | 385 | 477 | 382 | 487 | 378 | 497 | 375
0.8 479 | 390 | 479 | 390 | 479 | 390 | 479 | 390 | 479 | 390 | 494 | 385 | 504 | 382 | 514 | 378 | 524 | 375
0.7 513 | 390 | 513 | 390 | 513 | 390 | 513 | 390 | 513 | 390 | 528 | 385 | 538 | 381 | 548 | 378 | 558 | 375
0.6 560 | 390 | 560 | 390 | 560 | 390 | 560 | 390 | 560 | 390 | 575 | 385 | 585 | 382 | 595 | 378 | 605 | 375
0.5 622 | 390 | 622 | 390 | 622 | 390 | 622 | 390 | 622 | 390 | 637 | 385 | 647 | 382 | 657 | 378 | 667 | 375
0.4 697 | 389 | 697 | 389 | 697 | 389 | 697 | 389 | 697 | 389 | 712 | 384 | 722 | 381 | 732 | 378 | 742 | 374

Notes: 1. Derating values, to be used with base 'DS and 'DH-specified values.
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Figure 72: Nominal Slew Rate for 'DS
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Figure 73: Tangent Line for DS
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Figure 74: Nominal Slew Rate for ‘DH
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Figure 75: Tangent Line for 'DH
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Figure 76: AC Input Test Signal Waveform Command/Address Pins

CK# -

\

\

CK
tISb
Logic Levels  »
X
< N I/ R N
=3
o
g N v N
£ - B N M P
-+ > .- |-
VREF Levels > Ys, tiH, ts, tH,
Figure 77: AC Input Test Signal Waveform for Data with DQS, DQS# (Differential)
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Figure 78: AC Input Test Signal Waveform for Data with DQS (Single-Ended)
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Figure 79: AC Input Test Signal Waveform (Differential)
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Power and Ground Clamp Characteristics

Power and ground clamps are provided on the following input-only pins: BA1-BAO, AO-
Al13 (A12 x16), CS#, RAS#, CAS#, WE#, ODT, and CKE.

Table 32: Input Clamp Characteristics

Voltage Across Clamp Minimum Power Clamp Minimum Ground Clamp
(V) Current (mA) Current (mA)
0.0 0.0 0.0
0.1 0.0 0.0
0.2 0.0 0.0
0.3 0.0 0.0
0.4 0.0 0.0
0.5 0.0 0.0
0.6 0.0 0.0
0.7 0.0 0.0
0.8 0.1 0.1
0.9 1.0 1.0
1.0 2.5 2.5
1.1 4.7 4.7
1.2 6.8 6.8
1.3 9.1 9.1
1.4 11.0 11.0
1.5 13.5 13.5
1.6 16.0 16.0
1.7 18.2 18.2
1.8 21.0 21.0

Figure 80: Input Clamp Characteristics
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AC Overshoot/Undershoot Specification

Please note that some revisions will support 0.9V maximum average amplitude, rather
than the 0.5V maximum average amplitude shown in the specifications in Table 33 and

Table 34.
Table 33: Address and Control Pins
Applies to BA1-BAO, A0-A13 (A12 x16), CS#, RAS#, CAS#, WE#, CKE, ODT
Specification
Parameter -5E -37E/-37V -3/-3E
Maximum peak amplitude allowed for overshoot area (see Figure 81) 0.50Vv 0.50Vv 0.50Vv
Maximum peak amplitude allowed for undershoot area (see Figure 82) 0.50Vv 0.50Vv 0.50Vv
Maximum overshoot area above VDD (see Figure 81) 1.33 Vns 1.00 Vns 0.80 Vns
Maximum undershoot area below Vss (see Figure 82) 1.33 Vns 1.00 Vns 0.80 Vns
Table 34: Clock, Data, Strobe, and Mask Pins
Applies to DQ, DQS, DQS#, RDQS, RDQS#, UDQS, UDQS#, LDQS, LDQS#, DM, UDM, LDM
Specification
Parameter -5E -37E/-37V -3/-3E
Maximum peak amplitude allowed for overshoot area (see Figure 81) 0.50v 0.50Vv 0.50Vv
Maximum peak amplitude allowed for undershoot area (see Figure 81) 0.50v 0.50v 0.50Vv
Maximum overshoot area above VbbpQ (see Figure 81) 0.38 Vns 0.28 Vns 0.23 Vns
Maximum undershoot area below VssQ (see Figure 82) 0.38 Vns 0.28 Vns 0.23 Vns
Figure 81: Overshoot
Maximum Amplitude
Overshoot Area
Volts
(V)
Voo/VopQ
Vss/VssQ Time (ns)
Figure 82: Undershoot
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Output Electrical Characteristics and Operating Conditions

Table 35: Differential AC Output Parameters

Parameter Symbol Min Max Units Notes
AC Differential Cross-Point Voltage Vox (AQ) 0.50 x VbpQ - 125 0.50 x VbpQ + 125 mV 1
AC Differential Voltage Swing VSWING 1.0 mV

Notes: 1. The typical value of Vox(Ac) is expected to be about 0.5 x VDDQ of the transmitting device
and Vox(AQ) is expected to track variations in VDDQ. VOx(Ac) indicates the voltage at which
differential output signals must cross.

Figure 83: Differential Output Signal Levels

/ Crossing Point

VSWING

Vox

Vcep

pdf: 09005aef8117c18e, source: 09005aef8117¢192 Micron Technology, Inc., reserves the right to change products or specifications without notice.
512MbDDR2_3.fm - Rev. H 7/05 EN 1 02 ©2004, 2005 Micron Technology, Inc. All rights reserved.



Aicron

512Mb: x4, x8, x16 DDR2 SDRAM
Output Electrical Characteristics and Operating Conditions
]

Table 36: Output DC Current Drive
Parameter Symbol Value Units Notes
Output Minimum Source DC Current IoH -13.4 mA 1,3, 4
Output Minimum Sink DC Current loL 13.4 mA 2,3,4

Notes: 1.

2.

3.

For loH(DC); VDDQ = 1.7V, VouT = 1,420mV. (VouT - VDDQ)/IOH must be less than 21Q for val-
ues of VouT between VbbQ and VbbQ - 280mV.

For loL(pc); VbbQ = 1.7V, VouT = 280mV. VouT/IoL must be less than 21Q for values of VouTt
between 0V and 280mV.

The DC value of VRerF applied to the receiving device is set to VTT.

The values of 10H(DC) and loL(bc) are based on the conditions given in Notes 1 and 2. They
are used to test device drive current capability to ensure VIH(MIN) plus a noise margin and
ViL(MAX) minus a noise margin are delivered to an SSTL_18 receiver. The actual current val-
ues are derived by shifting the desired driver operating point (See output IV curves) along
a 21Q load line to define a convenient driver current for measurement.

Table 37: Output Characteristics

Parameter Min Nom Max Units Notes

Output impedance See "Full Strength Pull-Down Driver Q 1,2
Characteristics” on page 104

Pull-up and Pull-down mismatch 0 4 Q 1,2,3

Output slew rate 1.5 5 V/ns 1,4,5,6,7

Notes: 1.
2.

o

Absolute specifications: 0°C < Tc < +85°C; VbpbQ = +1.8V +0.1V, VDD = +1.8V £0.1V.
Impedance measurement condition for output source DC current: VbbQ = 1.7V; VOUT =
1,420mV; (VouT - VbDQ)/IoH must be less than 23.4Q2 for values of VouT between VbbQ and
VDDQ - 280mV. Impedance measurement condition for output sink DC current: VbbQ =
1.7V; Vout = 280mV; VouT/IoL must be less than 23.4Q for values of VouT between 0V and
280mV.

Mismatch is absolute value between pull-up and pull-down; both are measured at same
temperature and voltage.

. Output slew rate for falling and rising edges is measured between V1T - 250mV and VTT +

250mV for single-ended signals. For differential signals (e.g. DQS - DQS#), output slew rate
is measured between DQS - DQS# = -500mV and DQS# - DQS = +500mV. Output slew rate is
guaranteed by design, but is not necessarily tested on each device.

The absolute value of the slew rate as measured from ViL(bc) MAX to VIH(DC) MIN is equal
to or greater than the slew rate as measured from ViL(Ac) MAX to VIH(AC) MIN. This is guar-
anteed by design and characterization.

The MAX limit for -37V is 5.5 V/ns.

IT devices require an additional 0.4 V/ns in the MAX limit when Tc is between -40°C and
0°C.

Figure 84: Output Slew Rate Load
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Full Strength Pull-Down Driver Characteristics

Figure 85: Full Strength Pull-Down Characteristics
Pull-down Characteristics
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Table 38: Full Strength Pull-Down Current (mA)
Voltage (V) Minimum Nominal Maximum
0.0 0.00 0.00 0.00
0.1 4.3 5.63 7.95
0.2 8.6 11.3 15.90
0.3 12.9 16.52 23.85
0.4 16.9 22.19 31.80
0.5 20.4 27.59 39.75
0.6 23.28 32.39 47.70
0.7 25.44 36.45 55.55
0.8 26.79 40.38 62.95
0.9 27.67 44.01 69.55
1.0 28.38 47.01 75.35
1.1 28.96 49.63 80.35
1.2 29.46 51.71 84.55
1.3 29.90 53.32 87.95
1.4 30.29 54.9 90.70
1.5 30.65 56.03 93.00
1.6 30.98 57.07 95.05
1.7 31.31 58.16 97.05
1.8 31.64 59.27 99.05
1.9 31.96 60.35 101.05
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Full Strength Pull-Up Driver Characteristics

Figure 86: Full Strength Pull-up Characteristics

Pull-up Characteristics

0.0

-20.0

-40.0

-60.0 |

louT (MA)

-80.0

-100.0 -

-120.0
VDDQ - VOUT (V)

Table 39:  Full Strength Pull-Up Current (mA)

Voltage (V) Minimum Nominal Maximum
0.0 0.00 0.00 -0.00
0.1 -4.3 -5.63 -7.95
0.2 -8.6 -11.3 -15.90
0.3 -12.9 -16.52 -23.85
0.4 -16.9 -22.19 -31.80
0.5 -20.4 -27.59 -39.75
0.6 -23.28 -32.39 -47.70
0.7 -25.44 -36.45 -55.55
0.8 -26.79 -40.38 -62.95
0.9 -27.67 -44.01 -69.55
1.0 -28.38 -47.01 -75.35
1.1 -28.96 -49.63 -80.35
1.2 -29.46 -51.71 -84.55
1.3 -29.90 -53.32 -87.95
1.4 -30.29 -54.90 -90.70
1.5 -30.65 -56.03 -93.00
1.6 -30.98 -57.07 -95.05
1.7 -31.31 -58.16 -97.05
1.8 -31.64 -59.27 -99.05
1.9 -31.96 -60.35 -101.05
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Reduced Strength Pull-Down Driver Characteristics

Figure 87: Reduced Strength Pull-Down Characteristics
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Table 40: Reduced Strength Pull-Down Current (mA)

Voltage (V) Minimum Nominal Maximum
0.0 0.00 0.00 0.00
0.1 1.72 2.98 4.77
0.2 3.44 5.99 9.54
0.3 5.16 8.75 14.31
0.4 6.76 11.76 19.08
0.5 8.16 14.62 23.85
0.6 9.31 17.17 28.62
0.7 10.18 19.32 33.33
0.8 10.72 21.40 37.77
0.9 11.07 23.32 41.73
1.0 11.35 24.92 45.21
1.1 11.58 26.30 48.21
1.2 11.78 27.41 50.73
1.3 11.96 28.26 52.77
1.4 12.12 29.10 54.42
1.5 12.26 29.70 55.80
1.6 12.39 30.25 57.03
1.7 12.52 30.82 58.23
1.8 12.66 31.41 59.43
1.9 12.78 31.98 60.63
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Reduced Strength Pull-Up Driver Characteristics

Figure 88: Reduced Strength Pull-up Characteristics
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Table 41: Reduced Strength Pull-Up Current (mA)
Voltage (V) Minimum Nominal Maximum
0.0 0.00 0.00 -0.00
0.1 -1.72 -2.98 -4.77
0.2 -3.44 -5.99 -9.54
0.3 -5.16 -8.75 -14.31
0.4 -6.76 -11.76 -19.08
0.5 -8.16 -14.62 -23.85
0.6 -9.31 -17.17 -28.62
0.7 -10.18 -19.32 -33.33
0.8 -10.72 -21.40 -37.77
0.9 -11.07 -23.32 -41.73
1.0 -11.35 -24.92 -45.21
1.1 -11.58 -26.30 -48.21
1.2 -11.78 -27.41 -50.73
1.3 -11.96 -28.26 -52.77
1.4 -12.12 -29.10 -54.42
1.5 -12.26 -29.69 -55.8
1.6 -12.39 -30.25 -57.03
1.7 -12.52 -30.82 -58.23
1.8 -12.66 -31.42 -59.43
1.9 -12.78 -31.98 -60.63
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512Mb: x4, x8, x16 DDR2 SDRAM
FBGA Package Capacitance

Table 42: Input Capacitance

Parameter Symbol Min Max Units Notes
Input Capacitance: CK, CK# CCK 1.0 2.0 pF 1,5
Delta Input Capacitance: CK, CK# CDCK - 0.25 pF 2
Input Capacitance: BA1-BAO, A0-A13 (A12 x16), @] 1.0 2.0 pF 1,5
CS#, RAS#, CAS#, WE#, CKE, ODT

Delta Input Capacitance: BA1-BAO, A0-A13 (A12 CDI - 0.25 pF 2
x16), CS#, RAS#, CAS#, WE#, CKE, ODT

Input/Output Capacitance: DQs, DQS, DM, NF (@[e) 2.5 4.0 pF 1,4
Delta Input/Output Capacitance: DQs, DQS, DM, NF CDIO - 0.5 pF 3

Notes: 1. This parameter is sampled. Vbb = +1.8V 0.1V, VbDQ = +1.8V £0.1V, VREF = Vss, f = 100
MHz, T¢ = 25°C, VouT(bc) = VDDQ/2, VouT (peak to peak) = 0.1V. DM input is grouped with
I/0 pins, reflecting the fact that they are matched in loading.
2. The input capacitance per pin group will not differ by more than this maximum amount

for any given device.

3. The I/O capacitance per DQS and DQ byte/group will not differ by more than this maxi-

mum amount for any given device.

4. Reduce MAX limit by 0.5pF for -3/-3E speed devices.
5. Reduce MAX limit by 0.25pF for -3/-3E speed devices.

pdf: 09005aef8117¢18e, source: 09005aef8117¢192
512MbDDR2_3.fm - Rev. H 7/05 EN

108

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©2004, 2005 Micron Technology, Inc. All rights reserved.



© 512Mb: x4, x8, x16 DDR2 SDRAM
Mcron Ibp Specifications and Conditions
]

Ipp Specifications and Conditions

Table 43: DDR2 Ipp Specifications and Conditions
Notes: 1-6; notes appear on page 110

Parameter/Condition Sym Config -3E | -3 |-37V | -37E | -5E | Units

Operating one bank active-precharge current: 'CK = 'CK
(Ipp), 'RC = 'RC (Ipp), 'RAS = tRAS MIN (IDD); CKE is HIGH, CS#

x4, x8 90 90 95 80 80

is HIGH between valid commands; address bus inputs are Iob0 mA
switching; Data bus inputs are switching. x16 120 1120 | 130 | 110 | 110
Operating one bank active-read-precharge current:

louT = OmA; BL = 4, CL = CL (Ipp), AL = 0; 'CK = *CK (Ipp), x4, x8 105 | 105 | 110 | 95 90

'RC ='RC (Idd), 'RAS = 'RAS MIN (Ipp), *RCD = 'RCD (Iop); CKE | IpD1 mA
is HIGH, CS# is HIGH between valid commands; address bus x16 145 | 145 | 150 | 130 | 125

inputs are switching; Data pattern is same as IDDAW.

Precharge power-down current: All banks idle; 'CK = 'CK
(Ipp); CKE is LOW; other control and address bus inputs are | IDD2P | x4, x8, x16 5 5 6 5 5 mA
stable; data bus inputs are floating.

Precharge quiet standby current: All banks idle; 'CK =
tCK (Ipp); CKE is HIGH, CS# is HIGH; other control and address IbD2Q x4, x8 50 50 45 40 35 mA
bus inputs are stable; data bus inputs are floating. x16 55 55 50 45 40

Precharge standby current: All banks idle; 'CK = 'CK (Ipp);

55 55 50

CKE is HIGH, CS# is HIGH; other control and address bus IDD2N x4, x8 45 40 mA
inputs are switching; data bus inputs are switching. x16 60 60 55 50 45
Active power-down current: All banks open; 'CK = 'CK Fast PDN
(Ipp); CKE is LOW; other control and address bus inputs are Exit 35 35 35 30 25
; i ing. MR[12] =0
stable; data bus inputs are floating Ibb3P [12] mA
Slow PDN
Exit 10 10 10 10 10
MR[12] =1

Active standby current: All banks open; 'CK = 'CK(IpD),

tRAS = TRAS MAX (Ipb), 'RP = 'RP(IpD); CKE is HIGH, CS# is x4, x8 65 | 65 55 55 | 45

HIGH between valid commands; other control and address IbD3N mA
bus inputs are switching; data bus inputs are switching. x16 70 70 60 60 50
Operating burst write current: All banks open,

Continuous burst writes; BL = 4, CL = CL (Ipbb), AL = 0; tCK = x4, x8 165 | 165 | 155 | 140 | 115

tCK (Ipp), 'RAS = 'RAS MAX (Ipp), 'RP = 'RP (Ipp); CKE is HIGH, | IDD4W mA
CS# is HIGH between valid commands; Address bus inputs

are switching; Data bus inputs are switching. x16 245 | 245 | 225 | 205 | 160
Operating burst read current: All banks open, Continuous

burst reads, louT = 0mA; BL = 4, CL = CL (Ipp), AL = 0; 'CK = x4, x8 175 | 175 | 160 | 145 | 115

tCK (Ibb), 'RAS = 'RAS MAX (Ibp), 'RP = 'RP (IpD); CKE is HIGH, | IDD4R mA
CS# is HIGH between valid commands; address bus inputs are

switching; data bus inputs are switching. x16 235|235 | 215 | 195 | 155

Burst refresh current: 'CK = 'CK (Ipp); refresh command at

every tRFC (Ipp) interval; CKE is HIGH, CS# is HIGH between IbD5 x4, x8 210 | 210 | 225 | 200 | 190 mA
valid commands; other control and address bus inputs are

switching; data bus inputs are switching. x16 220 | 220 | 235 | 210 | 200

Self refresh current: CK and CK# at 0V; CKE <0.2V; Other | IDD6 5 5 6 5 5

control and address bus inputs are floating; Data bus inputs IDD6L x4, x8, x16 3 3 3 3 3 mA

are floating.
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512Mb: x4, x8, x16 DDR2 SDRAM
Ibb Specifications and Conditions

Table 43: DDR2 Ipp Specifications and Conditions (Continued)
Notes: 1-6; notes appear on page 110

Conditions” for detail.

Parameter/Condition Sym Config -3E | -3 |-37V | -37E | -5E | Units
Operating bank interleave read current: All bank

interleaving reads, louT= 0OmA; BL =4, CL = CL (IbD), AL = x4, x8 280 | 270 | 300 | 260 | 230

tRCD (IbD) - 1 x 'CK (IpD); tCK = 'CK (Ipp), RC = 'RC(IbD), tRRD

='RRD(IDD), 'RCD = 'RCD(IDD); CKE is HIGH, CS# is HIGH IDD7 mA

between valid commands; address bus inputs are stable
during deselects; data bus inputs are switching; see “IpD7

x16 340 | 330 | 370 | 325 | 320

Notes: 1.

wN

IDD specifications are tested after the device is properly initialized. 0°C < T < +85°C.

VDD = +1.8V £0.1V, VbDQ = +1.8V £0.1V, VDDL = +1.8V 0.1V, VREF = VDDQ/2.

-37v vpDQ = +1.9V +0.1V, VDDL = +1.9V £0.1.

Input slew rate is specified by AC Parametric Test Conditions.

IDD parameters are specified with ODT disabled.

Data bus consists of DQ, DM, DQS, DQS#, RDQS, RDQS#, LDQS, LDQS#, UDQS, and UDQS#.
IDD values must be met with all combinations of EMR bits 10 and 11.

. Definitions for Ibb Conditions:

LOW is defined as VIN < ViL(AC) MAX.

HIGH is defined as VIN > VIH(AC) MIN.

Stable is defined as inputs stable at a HIGH or LOW level.

Floating is defined as inputs at VREF = VDDQ/2.

Switching is defined as inputs changing between HIGH and LOW every other clock cycle
(once per two clocks) for address and control signals.

Switching is defined as inputs changing between HIGH and LOW every other data transfer
(once per clock) for DQ signals, not including masks or strobes.

. Ipp1, IDD4R, and Idd7 require A12 in EMR1 to be enabled during testing.
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Table 44: General IDD Parameters

IDD Parameter -3E -3 -37V -37E -5E Units
CL (Ipp) 4 5 3 4 3 tcK
tRCD (IpD) 12 15 11.25 15 15 ns
RC (IoD) 57 60 56.25 60 55 ns
'RRD (IDD) - X4/x8 7.5 7.5 7.5 7.5 7.5 ns
'RRD (IDD) - X16 10 10 10 10 10 ns
tCK (Ibp) 3 3 3.75 3.75 5 ns
tRAS MIN (IbD) 45 45 40 45 40 ns
tRAS MAX (IpD) 70,000 70,000 70,000 70,000 70,000 ns
RP (IDD) 12 15 11.25 15 15 ns
RFC (IpD) 105 105 105 105 105 ns
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IDD7 Conditions
The detailed timings are shown below for IDD7. Changes will be required if timing
parameter changes are made to the specification. Where general IDD parameters in
Table 44 conflict with pattern requirements of Table 45, then Table 45 requirements take
precedence.

Table 45: IbD7 Timing Patterns
All bank interleave READ operation

Speed Grade Idd7 Timing Patterns for x4/x8/x16
-5E AO RAO A1 RA1 A2RA2 A3BRA3DDD

-37E AORAOD A1TRATDA2RA2DA3RA3DDDDD

-37V AORAOD ATRATDA2RA2DA3RA3DDDD

-3 AORAODDATRATDDA2RA2DD A3RA3DDDDDD

-3E AORAODDATRATDDA2RA2DD A3RA3DDDDD

Notes: 1. Legend: A = active; RA = read auto precharge; D = deselect.
2. All banks are being interleaved at minimum tRC (Ipp) without violating tRRD (IbD) using a
BL = 4.
3. Control and address bus inputs are STABLE during DESELECTs.
4. louT = 0mA.
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AC Operating Specifications

Table 46: AC Operating Conditions for -37V, -37E, and -5E Speeds (Sheet 1 of 4)
Notes: 1-5; notes appear on page 1; VbbQ = +1.8V +0.1V, VDD = +1.8V +0.1V, -37V increases 100mV

AC Characteristics -37V -37E -5E
Units | Notes
Parameter Symbol Min Max Min Max Min Max
ock evel CL=5 'K (5) — —
E:]ce ode  lc=a iCK (@) | 3,750 | 8000 | 3,750 | 8,000 | 5000 | 8,000 | ps |16, 25
CL=3 tCK (3) 3,750 8,000 5,000 8,000 5,000 8,000 ps 16, 25
§ CK high-level width tCH 0.45 0.55 0.45 0.55 0.45 0.55 tcK 19
U |CK low-level width tcL 0.45 0.55 0.45 0.55 0.45 0.55 tcK 19
. t MIN MIN MIN
Half clock period HP (tCH, tcL) (tCH, tcL) (tcH, tcL) ps 20
Clock jitter I TBD TBD TBD TBD TBD TBD ps 18
DQ output access time from t ) ) )
CK/CK# AC 500 +500 500 +500 600 +600 ps
Data-out high-impedance thz tAC tAC tAC ] 39
window from CK/CK# (MAX) (MAX) max) | P '
DQS low-impedance window t 7 tAC tAC tAC tAC tAC tAC ] 8 10
from CK/CK# 1 (MIN) (MAX) (MIN) (MAX) (MIN) (MAX) P !
DQ low-impedance window t 7 2*tAC| tac | 2*tAac| tac | 2*'Ac| fAC S 8 10
from CK/CK# 2 (MIN) (MAX) (MIN) (MAX) (MIN) (MAX) P !
DQ and DM input setup time t 7,15,
relative to DQS DSa 350 350 400 ps 22
DQ and DM input hold time t 7,15,
relative to DQS DH, 350 350 400 ps 22
DQ and DM input setup time t 7,15,
g
% |relative to DQS DSy 100 100 150 ps 22
[a] - .
DQ and DM input hold time t 7, 15,
relative to DQS DHp 225 225 275 ps 22
DQand DMinputpulsewidth | 10y, | 35 0.35 0.35 tcK
(for each input)
Data hold skew factor 'QHS 400 400 450 ps
DQ-DQS hold, DQS to first c HP - HpP - tHp -
DQ to go nonvalid, per access QH tQHs tQHS tQHS ps | 15,17
Data valid output window ¢ 'QH - 'QH - 'QH -
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Table 46: AC Operating Conditions for -37V, -37E, and -5E Speeds (Sheet 2 of 4)
Notes: 1-5; notes appear on page 1; VDDQ = +1.8V +0.1V, VDD = +1.8V 0.1V, -37V increases 100mV

AC Characteristics -37V -37E -5E
Units | Notes
Parameter Symbol Min Max Min Max Min Max
DQS input-high pulse width 'DQSH 0.35 0.35 0.35 tck
DQS input-low pulse width 'DQSL 0.35 0.35 0.35 tcK
DQS output access time from t ) . .
CK/CK# DQSCK 450 +450 450 +450 500 +500 ps
DQS falllr\g edge to CK rising tDss 0.2 0.2 0.2 tck
- setup time
DQs falling edge from CK tDSH 0.2 0.2 0.2 tcK
rising — hold time

2 DQS-DQ skew, DQS to last

3 DQ valid, per group, per DQsQ 300 300 350 ps 15, 17

& |access

8 |DQS read preamble 'RPRE 0.9 1.1 0.9 1.1 0.9 1.1 tcK 36

[

A [DQS read postamble 'RPST 0.4 0.6 0.4 0.6 0.4 0.6 tCK | 36,37
Dle write preamble setup tWPRES 0 0 0 ps 12,13
time
DQS write preamble “WPRE 0.25 0.25 0.25 tck
DQS write postamble "WPST 0.4 0.6 0.4 0.6 0.4 0.6 tcK 11
Positive DQS latchingedge to | theg | 925 | 025 | -025 | 025 | -0.25 | 025 | tck
associated clock edge
Write command to first DQS WL - WL + WL - WL + WL - WL + tek
latching transition 'DQSS | 'DQSs | 'DQSS | 'DQSS | 'DQSS | 'DQSS
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Table 46: AC Operating Conditions for -37V, -37E, and -5E Speeds (Sheet 3 of 4)
Notes: 1-5; notes appear on page 1; VDDQ = +1.8V +0.1V, VDD = +1.8V 0.1V, -37V increases 100mV

AC Characteristics -37V -37E -5E
Units | Notes
Parameter Symbol Min Max Min Max Min Max
Address and control input tpw 06 06 06 tek
pulse width for each input ’ ’ )
Address and control input s 500 500 600 s 6. 22
setup time a P !
Address and control input t
hold time IH, 500 500 600 ps 6, 22
Address and control input Ys 250 250 350 s 6. 22
setup time b P !
Address and control input t
hold time IHp 375 375 475 ps 6, 22
CAS# to CAS# command tccD 2 2 > tck
delay
ACTIVE to ACTIVE (same tRC 55 55 55 ns 34
bank) command
‘RRD
ACTIVE bank a to ACTIVE (x4, x8) 7.5 7.5 7.5 ns 28
@ bank b d :
g [>on D comman TRRD (x16) | 10 10 10 ns | 28
g ACTIVE to READ or WRITE tRCD 11.25 15 15 ns
< |delay
] T
£ |4-Bank Activate period FAW 37.5 37.5 37.5 ns 31
s (x4, x8)
S |4-Bank Activate period TFAW (x16) 50 50 50 ns 31
£
£ ACTIVE to PRECHARGE tRAS 40 70,000 40 70,000 | 40 70,000 | ns | 21,34
6 |command
Y linternal READ to PRECHARGE tRTP 75 75 75 ns 24 28
command delay ’ ’ ) !
Write recovery time YWR 15 15 15 ns 28
Auto precharge write t "WR + "WR + "WR +
recovery + precharge time DAL tRP RP tRP ns 23
Internal WRITE to READ YWTR 75 75 10 ns 28
command delay ’ ’
PRECHARGE command period RP 11.25 15 15 ns 32
PRECHARGE ALL command 'RPA  |'RP + tCK tRP + tCK tRP + tCK ns 32
period
LOAD MODE command cycle tVMRD 2 2 2 tek
time
CKE low to CK, CK# IDELAY YS + tCK +tIH YS + tCK +HH 1S + tCK +tH ns 29
uncertainty
REFRESH to ACTIVE or
< |REFRESH to REFRESH 'RFC 105 70,000 105 70,000 105 70,000 ns 14
é’ command interval
w . -
o Average periodic refresh REFI 78 78 78 us 14
interval
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Table 46: AC Operating Conditions for -37V, -37E, and -5E Speeds (Sheet 4 of 4)
Notes: 1-5; notes appear on page 1; VDDQ = +1.8V +0.1V, VDD = +1.8V 0.1V, -37V increases 100mV

AC Characteristics -37V -37E -5E
Units | Notes
Parameter Symbol Min Max Min Max Min Max
T t T
. RFC RFC RFC
< E’E':\;ECL;:;Z;E;H to non- tXSNR | (MIN) + (MIN) + (MIN) + ns
(4 10 10 10
(=
. -
& Exit SELF REFRESH to READ tYXSRD 200 200 200 tck
w= |command
7] - —
w |Exit SELF REFRESH timing tis 350 250 350 ps 6, 30
reference
ODT turn-on delay tAOND 2 2 2 2 2 2 tcK
‘AC 'AC 'AC
t t t
ODT turn-on tAON (N/ﬁﬁ) (MAX) + (I\/ﬁﬁ) (MAX) + (,\ﬁﬁ) MAX) +| ps | 26
700 1,000 1000
ODT turn-off delay tAOFD 2.5 2.5 2.5 2.5 2.5 2.5 tcK
T T T
t AC t AC t AC
ODT turn-off tAOF (IV/I_\IE) (MAX) + (,\ﬁﬁ) (MAX) + ('\ﬁﬁ) (MAX) + ps 27
600 600 600
T T T
ODT turn-on (power-down tac |2 Xt:g | tac 2Xt:§ flotac | XtAcé( '
= P TAONPD | (MIN) + (MIN) + (MIN) + ps
Q [mode) 2.000 (MAX) + 2000 (MAX) + 2 000 (MAX) +
© ! 1,000 1,000 ! 1000
2.5 x'CK 2.5x'CK 2.5x'CK
t t t
AC AC AC
ODT turn-off (power-down t +AC +'AC +'AC
mode) AOFPD ('\2’"0'\80+ (MAX) + ('\2’"0'\:)); (MAX) + ('\2’”0'\('))0" MAX)+| P°
! 1,000 ! 1,000 ! 1,000
ODT to power-down entry tANPD 3 3 3 tck
latency
ODT power-down exit latency| 'AXPD 8 8 8 tcK
T
ODT enable from MRS MOD 12 12 12 ns
command
Exit active power-down to t t
c READ command, MR[12 = 0] XARD 2 2 2 K
2 |Exit active power-down to t t
8 |READ command, MR[12=1] | XARDS | 6-AL 6-AL 6-AL K
= .
o |Exit precharge power-down t t
% to any non-READ command. xP 2 2 2 K
o .
Elr(nEemlnlmum HIGH/LOW tCKE 3 3 3 tek 35
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Table 47: AC Operating Conditions for -3E and -3 Speeds (Sheet 1 of 4)
Notes: 1-5; notes appear on page 1; VDDQ = +1.8V +0.1V, VDD = +1.8V +0.1V

AC Characteristics -3E -3
Units | Notes
Parameter Symbol Min Max Min Max
CL=5 tCK (5) 3,000 8,000 3,000 8,000 ps 16, 25
Clock cycle time |[CL=4 'K (4) 3,000 8,000 3,750 8,000 ps 16, 25
v CL=3 tCK (3) — — 5,000 8,000 ps 16, 25
8 |CK high-level width tCH 0.45 0.55 0.45 0.55 fck |19
Y K low-level width tcL 0.45 0.55 0.45 0.55 Tk 19
Half clock period tHp MIN (*CH, tCL) MIN (*CH, tCL) ps 20
Clock jitter T TBD TBD TBD TBD ps 18
DQ output access time from t . .
CK/CK# AC 450 +450 450 +450 ps
Data-out high-impedance t t t
window from CK/CK# Hz AC (MAX) AC (MAX) ps 83
DQS low-impedance window t t t t t
from CK/CK# LZ, AC (MIN) AC (MAX) AC (MIN) AC (MAX) ps 8,10
DQ low-impedance window t xt t ot t
from CK/CK# LZ, 2 *TAC(MIN)| *AC(MAX) |2 *'AC(MIN)| ‘AC (MAX) ps 8,10
DQ and DM input setup time t 7,15,
relative to DQS DSa 300 300 ps 22
DQ and DM input hold time t 7,15,
relative to DQS DH, 300 300 ps 22
DQ and DM input setup time t 7,15,
o]
+ |relative to DQS DSp 100 100 ps 22
a - -
DQ and DM input hold time t 7,15,
relative to DQS DH, 175 175 ps 22
DQ and D'M input pulse width tDIPW 035 035 tek
(for each input)
Data hold skew factor tQHS 340 340 ps
DQ—DQS hOld, DQS to first DQ t t t t t
to go nonvalid, per access QH HP -QHS HP -QHS ps 15,17
?S\:?/v\;ahd output window 'DVW | 'QH - 'DQSQ 'QH - 'DQSQ ns | 15,17
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Table 47: AC Operating Conditions for -3E and -3 Speeds (Sheet 2 of 4)
Notes: 1-5; notes appear on page 1; VDDQ = +1.8V +0.1V, VDD = +1.8V +0.1V
AC Characteristics -3E -3
Units | Notes
Parameter Symbol Min Max Min Max
DQS input-high pulse width 'DQSH 0.35 0.35 ek
DQS input-low pulse width tDQsL 0.35 0.35 ek
DQS output access time from t _ )
CK/CK# DQSCK 400 +400 400 +400 ps
DQS fa!llng edge to CK rising — DS 0.2 0.2 tcK
setup time
D'QS falling ec%ge from CK tDSH 0.2 0.2 tcK
o rising — hold time
-§ DQ_S—DQ skew, DQS to last DQ tDQsQ 240 240 os 15,17
& |valid, per group, per access
% |DQs read preamble ‘RPRE 0.9 1.1 0.9 1.1 K 36
§ DQS read postamble 'RPST 0.4 0.6 0.4 0.6 'K | 36,37
I?QS write preamble setup YWPRES 0 0 ps 12,13
time
DQS write preamble "WPRE 0.35 0.35 tcK
DQS write postamble YWPST 0.4 0.6 0.4 0.6 tcK 11
Positive DQS latching edge to | g 0.25 0.25 025 0.25 tcK
associated clock edge
Write command to first DQS t t Tt t t
latching transition WL - 'DQSS | WL + 'DQSS | WL-'DQSS | WL + ‘DQSS CK
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Table 47: AC Operating Conditions for -3E and -3 Speeds (Sheet 3 of 4)
Notes: 1-5; notes appear on page 1; VDDQ = +1.8V +0.1V, VDD = +1.8V +0.1V
AC Characteristics -3E -3
Units | Notes
Parameter Symbol Min Max Min Max
Address and control input t t
pulse width for each input IPW 0.6 0.6 K
Addres_s and control input s, 400 400 ps 6,22
setup time
Address and control input t
hold time IH, 400 400 ps 6, 22
Addres_s and control input s, 200 200 oS 6,22
setup time
Address and control input t
hold time IHp 275 275 ps 6, 22
CAS# to CAS# command delay tccp 2 2 tcK
ACTIVE to ACTIVE (same bank) tRC 54 55 ns 34
command
RRD
ACTIVE bank a to ACTIVE bank (x4, x8) 7.5 7.5 ns 28
b command :
a 'RRD (x16) 10 10 ns 28
o
5 ACTIVE to READ or WRITE tRCD 12 15 ns
'g delay
T
s . . FAW
£ Four Bank Activate period (x4, x8) 37.5 37.5 ns 31
'g Four Bank Activate period FAW (x16) 50 50 ns 31
S
g |ACTIVE to PRECHARGE tRAS 40 70,000 40 70,000 ns | 21,34
g€ |command
8 Internal READ to precharge tRTP 75 75 ns 24 28
command delay ) ’ !
Write recovery time "WR 15 15 ns 28
Auto precharge write recovery DAL tWR + RP tWR + 'RP ns 23
+ precharge time
Internal WRITE to READ YWTR 75 75 ns 28
command delay
PRECHARGE command period RP 12 15 ns 32
PRE.CHARGE ALL command tRPA tRP + tCK tRP 4 tCK ns 32
period
L_OAD MODE command cycle tVMRD 2 2 tek
time
CKE low to CK,CK# uncertainty| 'DELAY Ys + 'K +UH 1S + TCK +tH ns 29
- |REFRESH to Active or Refresh tRFC 105 70,000 105 70,000 ns 14
% |to Refresh command interval
£ Average periodic refresh
1 'REFI 7.8 7.8 us 14
e |interval
Exit self refresh to non-READ t 'RFC 'RFC
<
@ |command XSNR1 - (min) + 10 (MIN) + 10 ns
£ .
% |Exit self refresh to READ tSRD 200 200 tek
E command
g Exit self refresh timing s s s os 6, 30
reference
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Table 47: AC Operating Conditions for -3E and -3 Speeds (Sheet 4 of 4)
Notes: 1-5; notes appear on page 1; VDDQ = +1.8V +0.1V, VDD = +1.8V +0.1V

AC Characteristics -3E -3
Units | Notes
Parameter Symbol Min Max Min Max
ODT turn-on delay tAOND 2 2 2 2 tck
T T
ODT turn-on tAON tac (viny | ACIMAX)Y + 1o iy | ACIMAX) + 1 26
700 700
ODT turn-off delay tAOFD 2.5 2.5 2.5 2.5 tck
T T
ODT turn-off tAOF tacviny | ACMAXY + 1 e iy | ACIMAX) + 27
600 600
T T T T
ODT turn-on (power-down tAONPD tAC 2 X(MC:X; +AC tAC 2 )zl\/f,fx; +AC os
E mode) (MIN) + 2,000 1,000 (MIN) + 2,000 1,000
o 2.5 x'CK + 2.5 x 'CK +
ODT turn-off (power-down tAGFPD tAC (MIN) + tAC tAC (MIN) + tAC S
mode) 2,000 (MAX) + 2,000 (MAX) + P
1,000 1,000
ODT to power-down entry tANPD 3 3 tek
latency
ODT power-down exit latency | 'AXPD 8 8 tcK
ODT enable from MRS tMOD
12 12 ns
command
Exit active power-down to t t
‘E' READ command, MR[bit12=0] XARD 2 2 K
O |Exit active power-down to t ) ) t
Q |READ command, MR[bit12=1] | <ARDS 7-AL 7-AL o«
B
2 |Exit precharge power-down to typ 2 2 tek
& |any non-READ command.
CKE minimum high/low time 'CKE 3 3 tcK 35
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All voltages are referenced to Vss.

Tests for AC timing, IDD, 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. ODT is disabled for all
measurements that are not ODT-specific.

Outputs measured with equivalent load:

V1T =VDDQ/2
25Q

Reference
Output PoTnt
(Vour)

4.

10.

AC timing and IDD tests may use a VIL-to-VIH swing of up to 1.0V in the test environ-
ment and parameter specifications are guaranteed for the specified AC input levels
under normal use conditions. The slew rate for the input signals used to test the
device is 1.0 V/ns for signals in the range between VIL(AC) and VIH(AC). Slew rates
other than 1.0 V/ns may require the timing parameters to be derated as specified.
The AC and DC input level specifications are as defined in the SSTL_18 standard (i.e.,
the receiver will effectively switch as a result of the signal crossing the AC input level
and will remain in that state as long as the signal does not ring back above [below] the
DC input LOW [HIGH] level).

Command/Address minimum input slew rate is at 1.0 V/ns. Command/Address input
timing must be derated if the slew rate is not 1.0 V/ns. This is easily accommodated
using 'IS,, and the Setup and Hold Time Derating Values table. IS timing ('ISy,) is refer-
enced from VIH(AC) for a rising signal and VIL(AC) for a falling signal. TH timing (‘THj,)
is referenced from VIL(DC) for a rising signal and ViH(DC) for a falling signal. The tim-
ing table also lists the'lSy, and ‘THj, values for a 1.0 V/ns slew rate; these are the base
values.

The values listed are for the differential DQS strobe (DQS and DQS#) with a differen-
tial slew rate of 2 V/ns (1 V/ns for each signal). There are two sets of values listed: ‘DS,
'DH, and 'DSy,, 'DHy,. The 'DS,, 'DH, values (for reference only) are equivalent to the
baseline values of 'DS;,, 'DH}, at VREF when the slew rate is 2 V/ns, differentially. The
baseline values, ‘DS, 'DHy,, are the JEDEC-defined values, referenced from the logic
trip points. 'DSy, is referenced from VIH(AC) for a rising signal and VIL(AC) for a falling
signal, while tDHb is referenced from VIL(DC) for a rising signal and ViH(DC) for a fall-
ing signal. If the differential DQS slew rate is not equal to 2 V/ns, then the baseline val-
ues must be derated by adding the values from Tables26 and 27. If the DQS
differential strobe feature is not enabled, then the DQS strobe is single-ended, the
baseline values not applicable, and timing is not referenced to the logic trip points.
Single-ended DQS data timing is referenced to DQS crossing VREF. The correct timing
values for a single-ended DQS strobe are listed in Table 28; listed values are already
derated for slew rate variations and can be used directly from the table.

'HZ and 'LZ transitions occur in the same access time windows as valid data transi-
tions. These parameters are not referenced to a specific voltage level, but specify
when the device output is no longer driving (*tHZ) or begins driving (tL7).

This maximum value is derived from the referenced test load. 'HZ (MAX) will prevail
over 'DQSCK (MAX) + ‘RPST (MAX) condition.

L.Z (MIN) will prevail over a 'DQSCK (MIN) + ‘RPRE (MAX) condition.
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. The intent of the Don’t Care state after completion of the postamble is that the DQS-
driven signal should either be HIGH, LOW or High-Z, and that any signal transition
within the input switching region must follow valid input requirements. That is, if
DQS transitions HIGH [above VIH(DC) MIN], then it must not transition LOW [below
VIH(DC)] prior to 'DQSH (MIN).

This is not a device limit. The device will operate with a negative value, but system
performance could be degraded due to bus turnaround.

It is recommended that DQS be valid (HIGH or LOW) on or before the WRITE com-
mand. The case shown (DQS going from High-Z to logic LOW) applies when no
WRITESs were previously in progress on the bus. If a previous WRITE was in progress,
DQS could be HIGH during this time, depending on 'DQSS.

The refresh period is 64ms (commercial) or 32ms (industrial). This equates to an aver-
age refresh rate of 7.8125ps (commercial) or 3.9607us (industrial). However, a
REFRESH command must be asserted at least once every 70.3us or ‘RFC (MAX). To
ensure all rows of all banks are properly refreshed, 8,192 REFRESH commands must
be issued every 64ms (commercial) or 32ms (industrial).

Referenced to each output group: x4 = DQS with DQ0-DQ3; x8 = DQS with DQ0-DQ7;
x16 = LDQS with DQ0-DQ7; and UDQS with DQ8-DQ15.

CK and CK# input slew rate is referenced at 1V/ns (2 V/ns if measured differentially).

The data valid window is derived by achieving other specifications: 'Hp (ICK/2),
'DQSQ, and '\QH (*QH = 'HP - ‘QHS). The data valid window derates in direct propor-
tion to the clock duty cycle and a practical data valid window can be derived.

YIT specification is currently TBD.

MIN (YCL, 'CH) refers to the smaller of the actual clock LOW time and the actual clock
HIGH time as provided to the device (i.e., this value can be greater than the minimum
specification limits for ‘CL and 'CH). For example, ‘CL and 'CH are = 50 percent of the
period, less the half period jitter [YIT (HP)] of the clock source, and less the half period
jitter due to crosstalk [YIT (crosstalk)] into the clock traces.

'HP (MIN) is the lesser of ‘CL minimum and 'CH minimum actually applied to the
device CK and CK# inputs.

READs and WRITEs with auto precharge are allowed to be issued before ‘RAS (MIN) is
satisfied since ‘RAS lockout feature is supported in DDR2 SDRAM.

VIL/ViH DDR2 overshoot/undershoot. See “AC Overshoot/Undershoot Specification”
on page 20.

DAL = (nWR) + (‘RP/'CK). Each of these terms, if not already an integer, should be
rounded up to the next integer. 'CK refers to the application clock period; nWR refers
to the 'WR parameter stored in the MR[11,10,9]. For example, -37E at {CK = 3.75ns
with have 'WR programmed to four clocks would have DAL =4 + (15ns/3.75ns) clocks
=4 + (4) clocks = 8 clocks.

The minimum internal READ to PRECHARGE time. This is the time from the last 4-bit
prefetch begins to when the precharge command can be issued. A 4-bit prefetch is
when the READ command internally laches the READ so that data will output CL
later. This parameter is only applicable when ‘RTP / (2 x 'CK) > 1, such as frequency
faster than 533MHz when ‘RTP = 7.5ns. If 'RTP / (2 x 'CK) < 1, then equation AL + BL/2
applies. Notwithstanding, '‘RAS (MIN) has to be satisfied as well. The DDR2 SDRAM
will automatically delay the internal PRECHARGE command until ‘RAS (MIN) has
been satisfied.
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Operating frequency is only allowed to change during self refresh mode (See “Self
Refresh” on page 28), precharge power-down mode (See “Power-Down Mode” on
page 31), and system reset condition (see “Reset Function (CKE Low Anytime)” on
page 2.

ODT turn-on time ‘AON (MIN) is when the device leaves High-Z and ODT resistance
begins to turn on. ODT turn-on time '"AON (MAX) is when the ODT resistance is fully
on. Both are measured from ‘AOND.

ODT turn-off time 'AOF (MIN) is when the device starts to turn off ODT resistance.
ODT turn off time '"AOF (MAX) is when the bus is in High-Z. Both are measured from
'AOFD.

This parameter has a two clock minimum requirement at any ‘CK.

'!DELAY is calculated from 'IS + 'CK + 'TH so that CKE registration LOW is guaranteed
prior to CK, CK# being removed in a system RESET condition. “Reset Function (CKE
Low Anytime)” on page 2.

ISXR is equal to 'IS and is used for CKE setup time during self refresh exit, as shown in
Figure 68 on page 30.

No more than four bank-ACTIVE commands may be issued in a given TFAW (MIN)
period. 'RRD (MIN) restriction still applies. The 'FAW (MIN) parameter applies to all
8-bank DDR2 devices, regardless of the number of banks already open or closed.
'RPA timing applies when the PRECHARGE (ALL) command is issued, regardless of
the number of banks already open or closed. If a single-bank PRECHARGE command
is issued, ‘RP timing applies. 'RPA (MIN) applies to all 8-bank DDR2 devices.

Value is minimum pulse width, not the number of clock registrations.

This is applicable to READ cycles only. WRITE cycles generally require additional time
due to 'WR during auto precharge.

'CKE (MIN) of three clocks means CKE must be registered on three consecutive posi-
tive clock edges. CKE must remain at the valid input level the entire time it takes to
achieve the three clocks of registration. Thus, after any CKE transition, CKE may not
transition from its valid level during the time period of 'IS + 2 x 'CK + TH.

This parameter is not referenced to a specific voltage level, but specified when the
device output is no longer driving (*RPST) or beginning to drive (‘RPRE).

When DQS is used single-ended, the minimum limit is reduced by 100ps.

pdf: 09005aef8117¢18e, source: 09005aef8117¢192

512MbDDR2_3.fm - Rev. H 7/05 EN

Micron Technology, Inc., reserves the right to change products or specifications without notice.
1 23 ©2004, 2005 Micron Technology, Inc. All rights reserved.



© 512Mb: x4, x8, x16 DDR2 SDRAM
C.EQI cron Package Drawings
]

Package Drawings

Figure 89: Package Drawing (x4, x8, x16) 92-Ball 11mm x 19mm
All dimensions are in millimeters
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Figure 90:
All dimensions are in millimeters
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Package Drawing 84-Ball (12mmx12.5mm) FBGA
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Figure 91: Package Drawing (x4, x8, x16) 60-Ball 12mmx10mm FBGA
All dimensions are in millimeters
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