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PRELIMINARY#
512Mb: x4, x8, x16

DDR2 SDRAM

MT47H128M4-32 MEG X 4 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/datasheets

Features

VDD =+1.8V+0.1V, VDDQ =+1.8V 0.1V

JEDEC standard 1.8VI/O (SSTL_18-compatible)
Differential data strobe (DQS, DQS#) option
Four-bit prefetch architecture

Duplicate output strobe (RDQS) option for x8
configuration

DLL to align DQ and DQS transitions with CK
Four internal banks for concurrent operation
Programmable CAS Latency (CL): 3 and 4
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
* On-die termination (ODT)

Options
* Configuration

Designation

128 Meg x4 (32 Meg x4 x4 banks) 128M4
64 Megx 8 (16 Megx8 x4 banks) 64M8
32 Megx 16 (8§ Megx 16 x4 banks) 32M16
*» FBGAPackage Lead-Free
92-ball FBGA(1Imm x 19mm) BT
* Timing - Cycle Time
5.0ns @ CL =3 (DDR2-400) -5E
3.75ns @ CL =4 (DDR2-533) -37E

(@)
ARCHITECTURE| 128 MEG X 4 | 64 MEG X 8 |32 MEG X 16
Configuration 32Meg x4 x4 (16 Megx8 x4 |8Megx 16 x4
banks banks banks
Refresh Count 8K 8K 8K
Row Addressing 16K (A0-A12) 16K (A0-A13) 8K (A0-A12)
Bank Addressing| 4 (BAO-BA1) | 4 (BAO-BA1) | 4 (BAO-BAT)
Column 2K (A0-A9, A11) 1K (A0-A9) 1K (A0-A9)
Addressing
Table 1: Key Timing Parameters
DATA RATE
(MHz)
SPEED 'ReD | 'RP | 'RC
GRADE | CL=3 | CL=4 (ns) (ns) (ns)
-5E 400 400 15 15 55
-37E 400 533 15 15 60
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Part Numbers
Figure 1: 512Mb DDR2 Part Numbers

Example Part Number: MT47H64M8FT-37E

‘ MT47H ‘ Configuration ‘Package‘ Speed Q

Configuration
128 Meg x4 | 128M4
64 Meg x 8 64M8
32Megx 16 | 32M16

Package
92-Ball 11 x 19 FBGA BT

Speed Grade
5E | tcK=5ns,CL=3
-37E | YK =3.75ns,CL=4

NOTE: Not all speeds and configurations are avail-
able.

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged compo-
nents have an abbreviated part marking that is differ-
ent 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
5,368,709 bits. It is internally configured as a quad-
bank DRAM. The functional block diagrams of the 32
Meg x 16, 64 Meg x 8, and 128 Meg x 4 devices, respec-
tively are shown in the Functional Description section.
Ball assignments for the 128 Meg x 4 are shown in
Figure 2 and signal descriptions are shown in Table 1.
Ball assignments for the 64 Meg x 8 and 128 Meg x 4 are
shown in Figure 2 and signal descriptions are shown in
Table 2.

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/O 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 corresponding n-bit-wide, one-half-
clock-cycle data transfers at the I/O pins.

PRELIMINARY
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Abidirectional data strobe (DQS, DQS#) is transm it-
ted externally, along with data, for use in data capture
at the receiver. DQS is a strobe transmitted by the
DDR2 SDRAM during READs and by the memory con-
troller 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 differen-
tial clock (CKand 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.

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 fol-
lowed 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, effec-
tive bandwidth by hiding row precharge and activation
time.

Aself 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.

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

2. Throughout the data sheet, the various fig-
ures and text refer to DQs as “DQ.” The DQ
term is to be interpreted as any and all DQ

09005aef80b88542
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collectively, unless specifically stated other-
wise. 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 (DQS8 through DQI15) DM
refers to UDM and DQS refers to UDQS.
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3. Complete functionality is described

throughout the document and any page or
diagram may have been simplified to con-
vey a topic and may not be inclusive of all
requirements.

. Any specific requirement takes precedence

over a general statement.
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Figure 2: 92-ball FBGA Ball Assignment

Figure 3: 92-Ball FBGA Ball Assignment
(x4,x8), 1Tmm x 19mm (Top View)

(x16), 11Tmm x 19mm (Top View)
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Table 2:
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FBGA 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

oDT

Input

On-Die Termination: ODT (registered HIGH) enablestermination
resistance internal to the DDR2 SDRAM. When enabled, ODT is
only applied to each of the following pins: DQ0-DQ15, LDM, UDM,
LDQS LDQSH#, UDQS and UDQS# for the x16; DQO-DQ7, DQS,
DQS#, RDQS RDQSH, and DM for the x8; DQ0-DQ3, DQS DQSH,
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 signalsare sampled on the crossing of the positive
edge of CK and negative edge of CK#. Output data (DQsand DQY
DQSH) isreferenced to the crossings of CK and CK#.

N2

N2

Input

Clock Enable: CKE (registered HIGH) activates and CKE (registered
LOW) deactivates clocking circuitry on the DDR2 SDRAM. The
specific circuitry that isenabled/disabled isdependent on the
DDR2 SDRAM configuration and operating mode. CKE LOW
provides PRECHARGE POWER-DOWN and SELF REFRESH operations
(all banksidle), or ACTIVE POWER-DOWN (row ACTIVEin any
bank). CKEis 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 LVCMOSLOW level once VDD is
applied during first power-up. After Vref hasbecome 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.

Input

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

N7, P7, N3

RASH, CASH,

Input

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

LDM, UDM

Input

Input Data Mask: DM isan input mask signal for write data. Input
data ismasked when DM issampled HIGH along with that input
data during a WRITE access. DM issampled on both edges of DQS
Although DM pinsare input-only, the DM loading isdesigned to
match that of DQ and DQSpins. LDM is DM for lower byte DQO—
DQ7 and UDM is DM for upper byte DQ8-DQ15.

BAO-BA1

Input

Bank Address Inputs: BAO-BA2 define to which bank an ACTIVE,
READ, WRITE, or PRECHARGE command isbeing applied. BA0-BA2
define which mode register including MR, EMR, EMR(2), and
EMR(3) isloaded during the LOAD MODE command.
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Table 2: FBGA Ball Descriptions 128 Meg x 4, 64 Meg x 8,32 Meg x 16
x16 FBGA x4, x8 FBGA
BALL BALL
ASSIGNMENT | ASSIGNMENT| SYMBOL TYPE |DESCRIPTION
R8,R3,R7,T2, - AO0-A3 Input | AddressInputs: 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 in

V2 A12 the respective bank. A10 sampled during a PRECHARGE command
determineswhether the PRECHARGE appliesto one bank (A10
LOW, bank selected by BA1-BAOQ) or all banks (A10 HIGH). The
addressinputsalso provide the op-code during a LOAD MODE
command.

- R8,R3,R7,T2, AO0-A3 Input | AddressInputs: 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 in
V2,V8 A12-A13 the respective bank. A10 sampled during a PRECHARGE command
determineswhether the PRECHARGE appliesto one bank (A10
LOW, bank selected by BA1-BAOQ) or all banks (A10 HIGH). The
addressinputsalso provide the op-code during a LOAD MODE
command.
K8,K2,L7,L3, - DQO-DQ3 I/O | Data Input/Output: Bidirectional data busfor 32 Meg x 16.
L1,L9,J1,49, DQ4-DQ7
F8,F2,G7,G3, DQ8-DQ11
G1,G9,E1,E9 DQ12-DQ15
- K8,K2,L7,L3, DQO-DQ3 I/O | Data Input/Output: Bidirectional data busfor 64 Meg x 8.
L1,L9,J1,09 DQ4-DQ7
- K8,K2,L7,L3 DQO-DQ3 I/lO | Data Input/Output: Bidirectional data busfor 128 Meg x 4.
E7,D8 - ubDQsS I/lO | Data Srobe for Upper Byte: Output with read data, input with
UDQSH write data for source synchronous operation. Edge-aligned with
read data, center-aligned with write data. UDQS# isonly used
when differential data strobe mode isenabled via the LOAD
MODE command.
J7,H8 - LDQS I/0 Data Srobe 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# isonly used
when differential data strobe mode isenabled via the LOAD
MODE command.

- J7,H8 DQS DQSH 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# isonly used when
differential data strobe mode isenabled via the LOAD MODE
command.

- J3,H2 RDQS Output | Redundant Data Srobe for 64 Meg x 8 only. RDQSisenabled/

RDQSH disabled via the LOAD MODE command to the Extended Mode
Register (EMR). When RDQSisenabled, RDQSisoutput with read
data only and isignored during write data. When RDQSis
disabled, pin J3 becomes Data Mask (see DM pin). RDQS# isonly
used when RDQSisenabled AND differential data strobe mode is
enabled.
D1,H1,M9,R9, | D1,H1,M9,R9, VDD Supply | Power Supply: 1.8V £0.1V.
V1 V1
M1 M1 VbpL Supply | DLL Power Supply: 1.8V £0.1V.
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Table 2: FBGA Ball Descriptions 128 Meg x 4,64 Meg x 8,32 Meg x 16
x16 FBGA x4, x8 FBGA
BALL BALL
ASSIGNMENT | ASSIGNMENT| SYMBOL TYPE |DESCRIPTION
D9,F,F3,F7, D9,H9,K1, VDDQ Supply | DQ Power Supply: 1.8V +0.1V. Isolated on the device for improved
F9,H9,K1,KS, K3,K7,K9 noise immunity.
K7,K9
M2 M2 VREF 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 Vssand VsQ.
D7,E2,E8,G2, D7,H7,12, VsQ Supply | DQ Ground. Isolated on the device for improved noise immunity.
G8,H7, J2,J8, J8,L2,L8
L2,L8
A1,A2,A8,A9 | A1,A2,A8,A9, NC - No Connect: These pinsshould be left unconnected.
D2,H2,V8, D2,D8,E1-E3,
AA1,AA2,AA8,| E7-E9,F1-F3,
AA9 F7-F9, G1-G3,
G7-G9,
AA1,AA2 AAS,
AA9
- Ji, J9, L1, L9, NF - No Function: These pinsare 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 - x16 only Not Used: If EMR[E10] = 0, D8 and H8 are UDQS# and
LDQSH.
If EMRE10] = 1, then D8 and H8 are Not Used.
- H2, H8 NU - X8 only Not Used: If EMRE10] = 0, H2 and H8 are RDQS# and
DQSH.
If EMRE10] = 1, then H2 and H8 are Not Used.
V3, V7 V3, V7 RFU - Reserved for Future Use; Row addressbitsA14(V3) and A15(V7) are
reserved for 2Gb and 4Gb densities.
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Figure 4: Functional Description

The 512Mb DDR2 SDRAM is a high-speed, CMOS
dynamic random-access memory containing
1,073,741,824 bits. The 512Mb DDR2 SDRAM is inter-
nally configured as a four-bank DRAM.

The 512Mb DDR2 SDRAM uses a double data rate
architecture to achieve high-speed operation. The
DDR?2 architecture is essentially a 4n-prefetch archi-
tecture, with an interface designed to transfer two data
words per clock cycle at the I/O pins. Asingle read or

PRELIMINARY
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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 def-
inition, command descriptions, and device operation.

Figure 5: Functional Block Diagram (32 Meg x 16)
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Figure 6: Functional Block Diagram (64 Meg x 8)
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Figure 7: Functional Block Diagram (128 Meg x 4)
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Initialization 3.
The following sequence is required for power-up

and initialization and is shown in Figure 8.
1. Apply power; if CKE is maintained below 0.2%* 4.

Issue an LOAD MODE command to the EMR(2)
register. (To issue an EMR(2) command, provide
LOW to BAO, provide HIGH to BAI.)

Issue a LOAD MODE command to the EMR(3)

VDDQ), outputs remain disabled. To guarantee RTT
(ODT Resistance) is off, VREF must be valid and a

register. (To issue an EMR(3) command, provide
HIGH to BAO and BAL.)

low level must be applied to the ODT pin (all other 5. Issue an LOAD MODE command to the EMR reg-
inputs may be undefined). The time from when ister to enable DLL. To issue a DLL ENABLE com-
VDD first starts to power-up to the completion of mand, provide LOW to BAl and A0, provide HIGH
VDDQ must be equal to or less than 10ms. At least to BAO. Bits E7, E8, and E9 must all be set to 0.
one of the following two sets of conditions (Aor B) 6. Issue a LOAD MODE command for DLL Reset.
must be met: 200 cycles of clock input is required to lock the
A. CONDITION SET A DLL. (To issue a DLL Reset, provide HIGH to A8
* VDD, VDDL and VDDQ are driven from a single and provide LOW to BAl and BAO.) CKE must be
power converter output HIGH the entire time.
* VTTis limited to 0.95VMAX 7. Issue PRECHARGE ALL command.
* VREF tracks VDDQ/ 2. 8. Issue two or more REFRESH commands.
B. CONDITION SET B 9. Issue a LOAD MODE command with LOW to A8 to
* Apply VDD before or at the same time as VDDL. initialize device operation (i.e., to program oper-
* Apply VDDL before or at the same time as VDDQ. ating parameters without resetting the DLL).
e Apply VDDQ before or at the same time as VTT 10. Issue a LOAD MODE command to the EMR to
and VREF. enable OCD default by setting Bits E7, E8, and E9
» The voltage difference between any VDD supply to 1 and set all other desired parameters.
can not exceed 0.5V. For a minimum of 200us 11. Issue a LOAD MODE command to the EMR to
after stable power and clock (CK, CK#), apply enable OCD exit by setting Bits E7, E8, and E9 to 0
NOP or DESELECT commands and take CKE and set all other desired parameters.
HIGH. 12. The DDR2 SDRAM is now intialized and ready for

2. Wait a minimum of 400ns, then issue a PRE-
CHARGE ALL command.

normal operation 200 clocks after DLL Reset in
step 6.
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Figure 8: DDR2 Power-Up and Initialization

LVeMOos
CKE LOW LEVEL®
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)
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Power-up:
zz&a?&agil‘z EMR2)® EMR(@3)? EMRwith MRw/o EMRwith EMRwith

] DLL EnableS DLLResett  OCD Default OCD Exit

200 cycles of CK3 Normal
MRwith Operation

DON'T CARE ZZ Indicates a break in DLL Reset

time scale

NOTE:

1. VTTisnot 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 startsto power-up to the completion of VDDQ must be equal to or lessthan 10ms. One of
the following two conditions (a or b) MUST be met:

a) Vbb, VDDL, and VbDQ 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 VDDL before or at the same time as VDDQ.

Apply VDDQ before or at the same time as V1T and VREF. The voltage difference between any VDD supply can not
exceed 0.5V.

. Either a NOP or DESELECT command may be applied.

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

. Two or more REFRESH commands are required.

. BitsE7, E8, and E9 must all be set to 0 with all other operating parameters of EMRSset asrequired.

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

7. DM represents DM for x4, x8 configuration and UDM, LDM for x16 configuration. DQSrepresents DQS DQS#, UDQS,
UDQSH, LDQS, LDQS#, RDQS RDQS# for the appropriate configuration (x4, x8, x16). DQ represents DQ0O-DQS3 for x4,
DQO-DQY7 for x8, and DQ0-DQ15 for x16.

8. CKE pin uses LVCMOSinput levelsprior to state TO. After state TO, CKE pin uses SSTL_18 input levels.

9. ADDRESSrepresents 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 isissued.

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 EMRSset asrequired.

o0 hs WN
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Mode Register (MR)

The mode register is used to define the specific
mode of operation of the DDR2 SDRAM. This defini-
tion includes the selection of a burst length, burst type,
CAS latency, operating mode, DLL reset, write recov-
ery,and power-down mode as shown in Figure 9. Con-
tents 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 vari-
ables, all variables (M0-M14) must be programmed
when the LOAD MODE command is issued.

The mode register is programmed via the LM com-
mand (bits BAI-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, provided it is performed
correctly.

The LOAD MODE 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 require-
ments will result in unspecified operation.

Burst Length

Burst length is defined by bits M0-M3 as shown in
Figure 9. Read and write accesses to the DDR2 SDRAM
are burst-oriented, with the burst length being pro-
grammable 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 the burst length is set to four
and by A3-Ai when the burst length is set to eight
(where Aiis the most significant column address bit for
a given configuration). The remaining (least signifi-

PRELIMINARY
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cant) address bit(s) is (are) used to select the starting
location within the block. The programmed burst
length applies to both READ and WRITE bursts.

Figure 9: Mode Register (MR)
Definition

BA1BAO A13A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 AddressBus

ARRRRARRARRRRRR

1518 /13 i /1171079 /877 /6 /5 78 /3 72 7170 /| Mode Register (Mx)
[ MR [0 [Pp] wR |pLL/T™|cASH Latency| BT [Burst Length

M7| Mode M2 M1 MO |Burst Length
0 [Normal 0 00 Reserved
M12| PD mode 1] Tedt 0 0 1| Reserved
0 | Fast Exit 010 4
(Normal) M8| DLL Reset 0 1 1 8
1| Sow Exit 0] No 1 0 0| Reserved
(Low Power) 1] Yes 1 0 1| Reserved
110 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 11 4 1 Interleaved
1 0 0 5
1 0 1 6
1 10 Reserved M6 M5 M4 CAS Latency
111 Reserved 0. 00 Reserved
0 0 1 Reserved
M15 M14|  Mode Register Definition g 1 ? Resesrved
0 0 Mode Register (MR) PP 4
1. 0 1 Reserved
1 10 Reserved
11 1 Reserved

*M13 (A13) isreserved for future use and must be programmed to '0.'
A13 isnot 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 9. 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 3. 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 3: Burst Definition
STARTING | ORDER OF ACCESSES WITHIN
COLUMN A BURST
ADDRESS
BURST | (A2, A1, | BURST TYPE = | BURST TYPE =
LENGTH A0) SEQUENTIAL | INTERLEAVED
4 000 0,1,2,3 0,1,2,3
001 1,2,3,0 1,0,3,2
010 2,3,0,1 2,3,0,1
011 3,0,1,2 3,2,1,0
8 000 0,1,2,34,56,7 | 0,1,2,3,4,56,7
001 1,2,3,056,7,4 | 10325476
010 2,3,0,1,6,7,45 | 2,3,01,6,7,4,5
011 3,0,1,2,7456 | 3,2,1,0,7,6,5,4
100 456,701,223 | 45670123
101 5,6,7,41,23,0 | 54.76,1,03,2
110 6,7,4,52,3,01 | 6,7,4,52,3,0,1
111 7,456,3,01,2 | 76,54,321,0

Operating Mode

The normal operating mode is selected by issuing a
LOAD MODE command with bit M7 set to zero, and all
other bits set to the desired values as shown in
Figure 9. When bit M7 is ‘1,” no other bits of the mode
register are programmed. Programming bit M7 to ‘I’
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 9.
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 syn-
chronized 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 9. The WR Register 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
PRECHARGE 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 26
on page 30.

Write Recovery (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 write recovery,
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
incompatibility with future versions may result.

Power-Down Mode

Active power-down (PD) mode is defined by bit M12
as shown in Figure 9. PD mode allows the user to
determine the active power-down mode, which deter-
mines performance vs. power savings. PD mode bit
M12 does not apply to precharge power-down mode.

When bit M12 = 0, standard Active Power-down
mode or ‘fast-exit’ active power-down mode is
enabled. The 'XARD parameter is used for ‘fast-exit’
active power-down exit timing. The DLLis expected to
be enabled and running during this mode.

When bit M12 =1, a lower power active power-down
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.

CAS Latency (CL)

The CAS Latency (CL) is defined by bits M4-M6 as
shown in Figure 9. CAS Latency is the delay, in clock
cycles, between the registration of a READ command
and the availability of the first bit of output data. The
CAS Latency can be set to 3 or 4 clocks. CAS Latency of
2 or 5 clocks are JEDEC optional features 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 incom-
patibility with future versions may result.

DDR2 SDRAM also supports a feature called Posted
CAS additive latency (AL). This feature allows the
READ command to be issued prior to 'RCD(MIN) by
delaying the internal 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.
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3 and CL = 4 are shown in

Figure 10; both assume AL = 0. If a READ command is
registered at clock edge n, and the CAS Latency is m
clocks, the data will be available nominally coincident
with clock edge n + m (this assumes AL =0).

Figure 10: CAS Latency (CL)
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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, ODT (RTT), Posted CAS additive latency
(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 11. The
extended mode register is programmed via the LOAD
MODE (LM) command and will retain the stored infor-
mation until it is programmed again or the device
loses power. Reprogramming the extended mode reg-
ister will not alter the contents of the memory array,
provided it is performed correctly.

The extended mode register 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 operation. Violating either of
these requirements could result in unspecified opera-
tion.

Figure 11: Extended Mode Register
Definition

BA1 BAO A13A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 AddressBus

ARRRRRRRRRARRRR

15/14/13/12/11/10/9/8/7/6/5/4/3/2 1
mRs | o° Jout [roag pas|oco rrogram | Rt [Posted cast it [ops]ow

Extended Mode

Register (Ex)
E12| Outputs EO DLL Enable
0 | Enabled E6 E2|Rtt (nominal) 0 Enable (Normal)
1 | Disabled 0 0 | Rt Disabled 1 | Disable (Test/Debug)
0 1 75Q
E11|RDQS Enable 1 0| 150Q E1 | Output Drive Strength
0 No 1.1 50Q 0 100%
1 Yes 1 60%
EL0|DoSHEnable E5 E4 E3|Posted CAS# Additive Latency (AL)
0 Enable 00 0 0
1 Disable 0 0 1 1
0 1 0 2
E9 E8 E7 | OCD Operation 001 1 3
0 0 0 |OCDNot Supported 100 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 |Reserved

E15 E14 Mode Register Set

0 1 | Extended Mode Register (EMRS)

*E13 (A13) isnot used on the x16 configuration.
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DLL Enable/Disable

The DLL may be enabled or disabled by program-
ming bit EO0 during the LOAD MODE command as
shown in Figure 11. The DLL must be enabled for nor-
mal operation. DLL enable is required during power-
up initialization and upon returning to normal opera-
tion after having disabled the DLL for the purpose of
debugging or evaluation. Enabling the DLL should
always be followed by resetting the DLL using a LOAD
MODE command.

The DLL is automatically disabled when entering
self refresh operation and is automatically re-enabled
and reset upon exit of self refresh operation.

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 synchronized with the external clock. Fail-
ing to wait for synchronization to occur may resultin a
violation of the 'AC or 'DQSCK parameters.

Output Drive Strength

The output drive strength is defined by bit El as
shown in Figure 11. The normal drive strength for all
outputs are specified to be SSTL_18. Programming bit
El = 0 selects normal (100 percent) drive strength for
all outputs. Selecting a reduced drive strength option
(bit 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 EIO0.
When enabled (bit E10 = 0), DQS# is the complement
of the differential data strobe pair DQS/DQS#. When
disabled (bit E10 = 1), DQS is used in a single-ended
mode and the DQS# pin is disabled. This function is
also used to enable/disable RDQS#. IfRDQS 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 11. 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.
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Output Enable/Disable

The OUTPUT enable function is defined by bit E12
as shown in Figure 11. When enabled (E12 =0), all out-
puts (DQs, DQS, DQS#, RDQS, RDQS#) function nor-
mally. When disabled (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 during IDD characteriza-
tion ofread current.

On Die Termination (ODT)

ODT effective resistance RTT(EFF) is defined by bits
E2 and E6 of the EMR as shown in Figure 11. The ODT
feature is designed to improve signal integrity of the
memory channel by allowing the DDR2 SDRAM con-
troller 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. Afunctional representation of
ODT is shown in block diagrams in “Functional
Description” on page 13. Bits (E6, E2) determine what
ODT resistance is enabled by turning on/off ‘swl’ or

PRELIMINARY
512Mb: x4, x8, x16
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‘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 (RrT1(err) = R1°/ 2). Similarly, if ‘sw2’ is enabled,
all ‘R2’ values that are 300Q each, enable an effective
ODT resistance of 150Q (Rt12(EFF) = R2°/2). Reserved
states should not be used, as unknown operation or
incompatibility with future versions may result.

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 fea-
ture 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 opera-
tion. If SELF REFRESH operation is used, RTT(EFF)
should always be disabled and the ODT input pin is
disabled by the DDR2 SDRAM. During power-up and
initialization of the DDR2 SDRAM, ODT should be dis-
abled until the EMR command is issued to enable the
ODT feature, at which point the ODT pin will deter-
mine the RTT(EFF) value. See “ODT Timing” on page 9
for ODT timing diagrams.
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Off-Chip Driver (OCD) Impedance Calibration

The OCD function is no longer supported and must
be set to the default state. See “Initialization” on
page 15 to propertly set OCD defaults.

Posted CAS Additive Latency (AL)

Posted CAS additive latency (AL) is supported to
make the command and data bus efficient for sustain-
able bandwidths in DDR2 SDRAM. Bits E3-ES5 define
the value of ALas shown in Figure 11. Bits E3-ES5 allow
the user to program the DDR2 SDRAM with a CAS#
Additive latency of 0, 1, 2, 3, or 4 clocks. Reserved states
should not be used as unknown operation or incom-
patibility 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 additive latency (AL) before it is
issued internally to the DDR2 SDRAM device. READ
Latency (RL) is controlled by the sum of the Posted
CAS additive latency (AL) and CAS Latency (CL); RL =
AL + CL. Write latency (WL) is equal to READ latency
minus one clock; WL = AL+ CL- 1 x 'CK. An example
of a READ latency is shown in Figure 12. An example of
a WRITE latency is shown in Figure 13.

Figure 12: READ Latency

1Y) 5 S S — S A ‘ ”””
‘ tRCD (MIN) l ‘ ‘
\ D V7B v/ D V7, \
b - as R 0%
|
RL=5
Burst length = 4 CAS# latency (CL) =3 7 ,
Shown with nominal tAC, tDQSCK, and tDQSQ Additive latency (AL) = 2 || TRANSITIONING DATA DON'T CARE
READ latency (RL)=AL+CL=5

Figure 13: Write Latency

COMMAND%ACTI‘VEnW %WRITEnW % NOP W % NOP W /X NOP W M NOP W % NOP W % NOP %

fRCD (MIN) ‘

DOS DOS¥ ! |

\
AL=2 ‘
|

DQ

WL=AL+CL-1=4

o >< et >< n+2>< n+s )

Burst length = 4

CASH# latency (CL) =
Additive latency (AL) =

3

TRANSITIONING DATA DON'T CARE

2

WRITE latency = AL+ CL-1=4
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Extended Mode Register 2 (EMR2)

The Extended Mode Register 2 (EMR2) controls
functions beyond those controlled by the mode regis-
ter. Currently all bits in EMR?2 are reserved as shown in
Figure 14. The EMR2 is programmed via the LOAD
MODE command and will retain the stored informa-
tion until it is programmed again or the device loses
power. Reprogramming the extended mode register
will not alter the contents of the memory array, pro-
vided it is performed correctly.

The extended mode register 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 operation. Violating either
ofthese requirements could result in unspecified oper-
ation.

Figure 14: Extended Mode Register 2
(EM R2) Definition

BA1BAO A13A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 AddressBus

ARRRRRRRRRRRRAL

w/3/12/1/10/0/8/1/6/5/4/3/2/1/0 Extended Mode
ewre [0 Jor [0 o Jor[o Jor Jor Joror Jor Jor o o |/ Peidter (&)

M15 M14|

Mode Register Definition

* E13 (A13) - EO (A0) are reserved for future
use and must all be programmed to '0'.
A13isnot used in x16 configuration.

Extended Mode Register (EMR2)
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Extended Mode Register 3 (EMR3)

The Extended Mode Register 3 (EMR3) controls
functions beyond those controlled by the mode regis-
ter. Currently all bits in EMR3 are reserved as shown in
Figure 15. The EMR3 is programmed via the LOAD
MODE command and will retain the stored informa-
tion until it is programmed again or the device loses
power. Reprogramming the extended mode register
will not alter the contents of the memory array, pro-
vided it is performed correctly.

The extended mode register 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 operation. Violating either of
these requirements could result in unspecified opera-
tion.

Figure 15: Extended Mode Register 3
(EMR3) Definition

BA1BAO A13A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 AddressBus

ARERARRRRRRARAL

5/ /13/2/1/10/0/8/1/6/5/4/3/2 g /] BendedMode
[ewrs [0 [or [0 [0 Jorfo Jor Jor Jorfor o [or[ o o |/ Pegister (B0

M15 M14|  Mode Register Definiti

* E13 (A13) - EO (A0) are reserved for future
use and must all be programmed to '0'.
A13isnot 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 4: Truth Table —-DDR2 Commands
Notes: 1, 5, and 6 apply to the entire Table.

CKE
FUNCTION PREVIOUS | CURRENT | CS# | RAs# | cas#|WE#| BAl | 212 1A10| A9-A0 | 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
. H X X X
Self Refresh Exit L H 3 H w H X X X X 7
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 23
No Operation H X L H H H X X X X
Device Deselect H X H X X X X X X X
H X X X
Power-Down Entry H L 3 H w w X X X X 4
. H X X X
Power-Down Exit L H 0 H H H X X X X 4

NOTE:

1.
2.

3.

»

All DDR2 SDRAM commands are defined by states of CS#, RAS#, CAS#H, WE#, and CKE at the rising edge of the clock.
Bank addresses (BA) BA1-BAO determine which bank isto be operated upon. BA during a Load Mode command selects
which mode register isprogrammed.

Burst readsor writesat 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.

. The Power Down Mode does not perform any refresh operations. The duration of power-down istherefore limited by

the refresh requirementsoutlined in the AC parametric section.

. The state of ODT doesnot affect the statesdescribed in thistable. The ODT function isnot available during self refresh.

See the ODT section for details.

.“X” means“Hor L” (but a defined logic level).
. Self refresh exit isasynchronous.
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Table 5: Truth Table — Current State Bank n - Command to Bank n

Notes: 1-6; notes appear below and on next page.

CURRENT
STATE CSi# RAS# CAS# WE# COMM AND/ACTION NOTES
Any H X X X DESELECT (NOP/continue previousoperation)
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, 11
Disabled L L H L | PRECHARGE ( dtart precharge) 8
Write (Auto- L H L H READ (select column and start READ burst) 9,10
Precharge L H L L WRITE (select column and start new WRITE burst) 9
Disabled) L L H L PRECHARGE (start precharge) 8,10
NOTE:

1. Thistable applieswhen CKEn - 1 was HIGH and CKEn is HIGH (see Table 5) and after IXSNRhasbeen met (if the previous
state was self refresh).

2. Thistable isbank-specific, except where noted (i.e., the current state isfor a specificbank and the commandsshown are
those allowed to be issued to that bank when in that state). Exceptionsare covered in the notesbelow.

3. Current state definitions:

Idle: The bank has been precharged, and 'RP hasbeen met.

Row Active: A row in the bank hasbeen activated, and 'RCD hasbeen met. No data bursts/accesses and no reg-
ister accesses are in progress.

Read: A READ burst hasbeen initiated, with auto precharge disabled, and hasnot yet terminated.

Write: A WRITEburst hasbeen initiated, with auto precharge disabled, and hasnot yet terminated.

4. The following statesmust not be interrupted by a command issued to the same bank. DESELECT or NOP commands, or
allowable commandsto the other bank, should be issued on any clock edge occurring during these states. Allowable
commandsto the other bank are determined by its current state and Table 5, and according to Table 6.
Precharging: Sartswith registration of a PRECHARGE command and endswhen 'RPis met. Once 'RPismet, the
bank will be in the idle state.

Row Activating: Sartswith registration of an ACTIVE command and endswhen 'RCD ismet. Once 'RCD is met,
the bank will be in the “row active” state.

Read with Auto Precharge Enabled: Sartswith registration of a READ command with auto precharge enabled
and endswhen 'RP hasbeen met. Once 'RPismet, the bank will be in the idle state.

Write with Auto Precharge Enabled: Sartswith registration of a WRITEcommand with auto precharge enabled
and endswhen 'RP hasbeen met. Once 'RPis 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.

Refreshing: Sartswith registration of an REFRESH command and ends when 'RFCis met. Once 'RFCis met, the
DDR2 SDRAM will be in the all banksidle state.

Accessing Mode Register: Sartswith registration of a LOAD MODE command and endswhen 'MRD hasbeen
met. Once 'MRD is met, the DDR2 SDRAM will be in the all banksidle state.

Precharging All: Sartswith registration of a PRECHARGE ALL command and endswhen 'RPismet. Once 'RPis
met, all bankswill be in the idle state.

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