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1Gb: x4, x8, x16 DDR2 SDRAM
Features
|

Aicron

DDR2 SDRAM

MT47H256M4 - 32 Meg x 4 x 8 banks
MT47H128M8 - 16 Meg x 8 x 8 banks
MT47H64M16 - 8 Meg x 16 x 8 banks

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

Fga}'fsu resl_ Options Marking
* RollS compliant * Configuration
* VDD =+1.8V 0.1, VDDQ = +L8V20.1V 256 Mgeg x4 (32 Meg x 4 x 8 banks ) 256M4
* JEDEC standard 1.8V I/0 (SSTL_18-compatible) 128 Meg x 8 (16 Meg x 8 x 8 banks) 128M8
* Differential data strobe (DQS, DQS#) option 64 Meg x 16 (8 Meg x 16 x 8 banks) 64M16
* 4-bit prefetch architecture « FBGA package (lead-free)
* Duplicate output strobe (RDQS) option for x8 92-ball FBGA (11mm x 19mm)  (:A) BT
e DLL to align DQ and DQS transitions with CK 84-ball FBGA (10mm x 16.5mm) (:D) B7
* 8 internal banks for concurrent operation 68-ball FBGA (10mm x 16.5mm) (;D) B7
* Programmable CAS latency (CL) « Timing - cycle time
* Posted CAS additive latency (AL) 5.0ns @ CL = 3 (DDR2-400) 5E
 WRITE latency = READ latency - 1 'CK 3.75ns @ CL = 4 (DDR2-533) _37E
 Programmable burst lengths: 4 or 8 3.0ns @ CL=5 (DDR2-667) 3
* Adjustable data-output drive strength 3.0ns @ CL = 4 (DDR2-667) 3E
* 64ms, 8,192-cycle refresh 2.5ns @ CL = 6 (DDR2-800) 25
* On-die termination (ODT) 2.5ns @ CL = 5 (DDR2-800) 25
e Industrial temperature (IT) option e Self refresh
» Supports JEDEC clock jitter specification Standard None
Low-power L
¢ Operating temperature
Commercial (0°C<Tc<85°C) None
Industrial (-40°C<Tc<95°C; -40°C< Ta<85°C) IT
¢ Revision :A/l:D
Table 1: Configuration Addressing Table 2: Key Timing Parameters
Architecture | 256 Meg x 4 |128 Meg x 8| 64 Meg x 16 Data Rate (MHz2)
- _ Speed *‘Rep | RP | 'RC
Configuration| 32Megx4 | 16 Megx4 | 8 Megx 16 Grade (CL=3|CL=4|CL=5|CL=6| (ns) | (ns) | (ns)
x 8 banks x 8 banks x 8 banks oF 200 | 200 | NA | NA 15 15 o5
Refresh Count 8K 8K 8K 37E | 400 | 533 | N/A | N/A | 15 | 15 | 55
Row Addr. 16K (A0-A13) [16K (A0-A13)| 8K (A0-A12) 3 200 533 667 N/A 15 15 55
Bank Addr. 8 (BAO-BA2) | 8 (BAO-BA2) | 8 (BAO-BA2) 3F N/A 667 667 VA 12 12 54
Column Addr. |2K (A0-A9, A11)| 1K (A0-A9) | 1K (A0-A9) 25 N/A N/A 667 800 15 15 55
-25E N/A 533 800 N/A | 125|125 | 55

Note: CL = CAS latency.
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Figure 1: 1Gb DDR2 Part Numbers

Example Part Number: MT47H128M8B7-37E :D

[ +/
MT47H Configuration Package Speed Revision|
Configuration m

256 Meg x4 | 256M4

128 Megx 8 | 128M8 L | Low-Power
64 Meg x 16 | 64M16 IT| Industrial Temperature
Package Speed Grade
92-Ball 11mm x 19mm FBGA BT -5E tCK =5ns, CL=3
84-Ball 10mm x 16.5mm FBGA | B7 37E | ek = 3.75ns, CL=4
68-Ball 10mm x 16.5mm FBGA | B7 -3 tek = 3ns,CL=5
-3 | Yck=3ns, CL=4
-25 | tck=25ns,CL=6
-25€ | Yk =2.5ns,CL=5

Note: Not all speeds and configurations are available. Contact Micron sales for current revision.

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged components have an abbreviated part
marking that is different from the part number. Micron’s FBGA Part Marking Decoder is
available at www.micron.com/decoder.

General Description

The 1Gb DDR2 SDRAM is a high-speed CMOS, dynamic random access memory
containing 1,073,741,824 bits. It is internally configured as an 8-bank DRAM. The func-
tional block diagrams of the all device configurations are shown in “Functional Descrip-
tion” on page 18. Ball assignments and signal descriptions are shown in “Ball
Assignment and Description” on page 9.

The 1Gb DDR2 SDRAM uses a double data rate architecture to achieve high-speed oper-
ation. 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 balls. A single
read or write access for the 1Gb 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/0 balls.

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
during READs and by the memory controller during WRITEs. DQS is edge-aligned with
data for READs and center-aligned with data for WRITEs. The x16 offering has two data
strobes, one for the lower byte (LDQS, LDQS#) and one for the upper byte (UDQS,
UDQS#).
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General Description
]

The 1Gb 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.

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.

Industrial Temperature

The industrial temperature (IT) device has two simultaneous requirements: ambient
temperature surrounding the device cannot exceed —40°C or +85°C, and the case
temperature cannot exceed —40°C or 95°C. JEDEC specifications require the refresh rate
to double when T exceeds 85°C; this also requires use of the high-temperature self
refresh option. Additionally, ODT resistance and the input/output impedance must be
derated when the T is < 0°C or > 85°C.

General Notes

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

e 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
otherwise. Additionally, the x16 is divided into 2 bytes, the lower byte and upper byte.
For the lower byte (DQ0-DQ7), DM refers to LDM and DQS refers to LDQS. For the
upper byte (DQ8-DQ15), DM refers to UDM and DQS refers to UDQS.

* Complete functionality is described throughout the document, and any page or
diagram may have been simplified to convey a topic and may not be inclusive of all
requirements.

* Any specific requirement takes precedence over a general statement.
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1Gb: x4, x8, x16 DDR2 SDRAM

Ball Assignment and Description

Aicron

Ball Assignment and Description

84-Ball FBGA (x16)
10mm x 16.5mm (top view)

Figure 2:
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1Gb: x4, x8, x16 DDR2 SDRAM

Ball Assignment and Description

Aicron

68-Ball FBGA (x4, x8)
10mm x 16.5mm (top view)

Figure 3:
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Table 3:

1Gb: x4, x8, x16 DDR2 SDRAM
Ball Assignment and Description
]

84-/68-Ball Descriptions - 256 Meg x 4, 128 Meg x 8, 64 Meg x 16

x16 Ball
Number

x4, x8 Ball
Number

Symbol

Type

Description

K9

K9

oDT

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 balls: 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, K8

J8, K8

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

K2

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 mode and SELF REFRESH operation (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

L8

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,

K7, L7,

RAS#, CASH#,
WE#

Input

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

F3, B3

F3

LDM, UDM
(bm)

Input

Input data mask: DM is an input mask signal for write data. Input
data is masked when DM is concurrently sampled HIGH during a
WRITE access. DM is sampled on both edges of DQS. Although DM
balls are input-only, the DM loading is designed to match that of DQ
and DQS balls. LDM is DM for lower byte DQ0-DQ7 and UDM is DM
for upper byte DQ8-DQ15.

L2, L3, L1

L2, L3, L1

BAO-BA2

Input

Bank address inputs: BAO-BA2 define to which bank an ACTIVE,
READ, WRITE, or PRECHARGE command is being applied. BAO-BA2
define which mode register, including MR, EMR, EMR(2), and EMR(3),
is loaded during the LOAD MODE command.

M8, M3, M7,
N2, N8, N3,
N7, P2,
P8, P3, M2,
P7, R2

M8, M3, M7,
N2, N8, N3,
N7, P2,
P8, P3, M2,
P7, R2
R8

A0-A2,
A3-A5,
A6-A7,
A8-A10,
A11-A12
A13 (x4, x8)

Input

Address inputs: Provide the row address for ACTIVE commands, and
the column address and auto precharge bit (A10) for READ/WRITE
commands, to select one location out of the memory array in the
respective bank. A10 sampled during a PRECHARGE command
determines whether the PRECHARGE applies to one bank (A10 LOW,
bank selected by BA2-BAOQ) or all banks (A10 HIGH). The address
inputs also provide the op-code during a LOAD MODE command.
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1Gb: x4, x8, x16 DDR2 SDRAM
Ball Assignment and Description
]

Table 3: 84-/68-Ball Descriptions — 256 Meg x 4, 128 Meg x 8, 64 Meg x 16 (Continued)
x16 Ball x4, x8 Ball
Number Number Symbol Type |Description
G8, G2, H7, H3, - DQO0-DQ3, I/0 |Data input/output: Bidirectional data bus for 64 Meg x 16.
H1, H9, F1, F9, DQ4-DQ7,
C8, C2, D7, DQ8-DQ10,
D3, D1, D9, DQ11-DQ13,
B1, B9 DQ14-DQ15
- G8, G2,H7,H3,| DQO-DQ3 I/0 |Data input/output: Bidirectional data bus for 128 Meg x 8.
H1, H9, F1, F9 | DQ4-DQ7
- G8, G2, H7, H3| DQO0-DQ2 I/0 |Data input/output: Bidirectional data bus for 256 Meg x 4.
DQ3
B7 - uDQS, I/0 |Data strobe for upper byte: Output with read data, input with write
A8 UDQS# 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 - LDQS, LDQS#| /O |Data strobe for lower byte: Output with read data, input with write

E8 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.

- F7, E8 DQS, DQS# /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.

- F3, E2 RDQS, RDQS#| Output |Redundant data strobe for 128 Meg x 8 only. RDQS is enabled/
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,
ball F3 becomes data mask (see DM ball). RDQS# is only used when
RDQS is enabled and differential data strobe mode is enabled.

A1, E1,)9, M9, | E1,J9, M9, R1 VDD Supply |Power supply: 1.8V +0.1V.
R1
1 J VbDL Supply |DLL power supply: 1.8V £0.1V.
A9, C1, C3, C7, |E9, G1, G3, G7, VbDQ Supply |DQ power supply: 1.8V £0.1V. Isolated on the device for improved
C9, E9, G1, G3, G9 noise immunity.
G7, G9
2 2 V/REF Supply [SSTL_18 reference voltage.
A3, E3, J3, N1, | J3, E3, N1, P9 Vss Supply |Ground.

P9

17 J7 VssDL Supply |DLL ground. Isolated on the device from Vss and VssQ.

A7,B2, B8, D2, | E7, F2, F8, H2, VssQ Supply |DQ ground. Isolated on the device for improved noise immunity.
D8, E7, F2, F8, H8

H2, H8

A2, E2 W1, W2, W8, NC - No connect: These balls should be left unconnected.

W9, A1, A2,
A8, A9
A8, E8 - NU - Not used: Not used only on x16. If EMR[E10] = 0, A8 and E8 are
UDQS# and LDQS#. If EMRI[E10] = 1, then A8 and E8 are not used.

- E2, E8 NU - Not used: Not used only on x8. If EMR[E10] = 0, E2 and E8 are RDQS#
and DQS#. If EMR[E10] = 1, then E2 and E8 are not used.

- F1, F9, H1, H9, NF - Not funtion: Not used only on x4. These are data lines on the x8.

E2
R8, R3, R7 R3, R7 RFU - Reserved for future use: Row address bits A14 (R3) and A13 (R8).
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1Gb: x4, x8, x16 DDR2 SDRAM

Ball Assignment and Description

Aicron

92-Ball FBGA (x16)
11mm x 19mm top (view)

Figure 4:
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1Gb: x4, x8, x16 DDR2 SDRAM

Ball Assignment and Description

Aicron

92-Ball FBGA (x4/x8)
11mm x 19mm top (view)

Figure 5:
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Table 4:

1Gb: x4, x8, x16 DDR2 SDRAM
Ball Assignment and Description
]

92-Ball Descriptions - 256 Meg x 4, 128 Meg x 8, 64 Meg x 16

x16 Ball
Number

x4, x8 Ball
Number

Symbol

Type

Description

N9

N9

oDT

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 balls: 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 mode and SELF REFRESH
operation (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 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 VoD is applied during first
power-up. After VREF has become stable during the power on and
initialization sequence, it must be maintained for proper
operation of the CKE receiver. For proper SELF REFRESH 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,
(bm)

Input

Input data mask: DM is an input mask signal for write data. Input
data is masked when DM is concurrently sampled HIGH during a
WRITE access. DM is sampled on both edges of DQS. Although DM
balls are input-only, the DM loading is designed to match that of
DQ and DQS balls. LDM is DM for lower byte DQ0-DQ7 and UDM is
DM for upper byte DQ8-DQ15.

P2, P3, P1

P2, P3, P1

BAO-BA2

Input

Bank address inputs: BAO-BA2 define to which bank an ACTIVE,
READ, WRITE, or PRECHARGE command is being applied. BAO-BA2
define which mode register including MR, EMR, EMR(2), and
EMR(3) is loaded during the LOAD MODE command.

R8, R3, R7,

U2, U8, U3,
R2, U7, V2

T2,T8,T3,T7,

AO0-A2,

A3-A6,

A7-A9,
A10-A12

Input

Address inputs: Provide the row address for ACTIVE commands,
and the column address and auto precharge bit (A10) for READ/
WRITE commands, to select one location out of the memory array
in the respective bank. A10 sampled during a PRECHARGE
command determines whether the PRECHARGE applies to one
bank (A10 LOW, bank selected by BA2-BAO) or all banks (A10
HIGH). The address inputs also provide the op-code during a LOAD
MODE command.
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1Gb: x4, x8, x16 DDR2 SDRAM
Ball Assignment and Description
]

Table 4: 92-Ball Descriptions - 256 Meg x 4, 128 Meg x 8, 64 Meg x 16
x16 Ball x4, x8 Ball
Number Number 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, A8-A10, WRITE commands, to select one location out of the memory array
U7, Vv2,Vv8 A11-A13 in the respective bank. A10 sampled during a PRECHARGE
command determines whether the PRECHARGE applies to one
bank (A10 LOW, bank selected by BA2-BAO) or all banks (A10
HIGH). The address inputs also provide the op-code during a LOAD
MODE command.
K8, K2, 17, L3, - DQO0-DQ3, I/O | Data input/output: Bidirectional data bus for 64 Meg x 16.
L1, L9, J1, )9, DQ4-DQ7,
F8, F2, G7, DQ8-DQ10,
G3, G1, G9, DQ11-DQ13,
E1, E9 DQ14-DQ15
- K8, K2, L7, L3,| DQO-DQ3, I/0 Data input/output: Bidirectional data bus for 128 Meg x 8.
L1, L9, J1,J9 DQ4-DQ7

- K8, K2, L7, L3 DQO-DQ3 I/0 Data input/output: Bidirectional data bus for 256 Meg x 4.

E7, - uDQs, I/0 Data strobe for upper byte: Output with read data, input with

D8 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.

17, - LDQS, I/0 Data strobe for lower byte: Output with read data, input with

H8 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, RDQS# | Output | Redundant data strobe for 128 Meg x 8 only. RDQS is enabled/
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, ball J3 becomes data mask (see DM ball). RDQS# is only
used when RDQS is enabled and differential data strobe mode is
enabled.

D1, H1, M9, D1, H1, M9, VDD Supply | Power Supply: 1.8V £0.1V.
R9, V1 R9, V1
M1 M1 VDDL Supply | DLL Power supply: 1.8V +0.1V.
D9, F1,F3,F7, | D9, H9, K1, VDbDQ Supply | DQ Power supply: 1.8V +0.1V. Isolated on the device for improved
F9, H9, K1, K3, K7, K9 noise immunity.
K3, K7, K9
M2 M2 VREF Supply | SSTL_18 reference voltage.
D3, H3, M3, D3, H3, M3, Vss Supply | Ground.
T1, U9 T1, U9
M7 M7 VssDL Supply | DLL ground: Isolated on the device from Vss and VssQ.
D7, E2, ES, D7, H7,J 2, VssQ Supply | DQ ground: Isolated on the device for improved noise immunity.
G2, G8, H7, J8, L2, L8
12,18, 12, L8
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1Gb: x4, x8, x16 DDR2 SDRAM
Ball Assignment and Description

Table 4: 92-Ball Descriptions - 256 Meg x 4, 128 Meg x 8, 64 Meg x 16
x16 Ball x4, x8 Ball
Number Number Symbol Type |Description
A1, A2, A8, A1, A2, A8, NC - No connect: These balls should be left unconnected.
A9 D2, H2, A9, D2, D8,
AA1, AA2, E1-E3, E7-E9,
AAS8, AA9 F1-F3, F7-F9,
G1-G3,
G7-G9, AA1,
AA2, AAS,
AA9
- J1,J9, L1, L9, NF - No function: These balls are used as DQ4-DQ7 on the 128 Meg x8,
H2, but are NF (no function) on the 256 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, V8 V3, V7 RFU - Reserved for future use: Row address bits A13 (V8), A14(V3), and
A15(V7) are reserved.
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© 1Gb: x4, x8, x16 DDR2 SDRAM
M cron Functional Description
]

Functional Description

The 1Gb DDR2 SDRAM is a high-speed CMOS dynamic random access memory
containing 1,073,741,824 bits. The 1Gb DDR2 SDRAM is internally configured as an 8-
bank DRAM.

The 1Gb DDR2 SDRAM uses a double data rate architecture to achieve high-speed oper-
ation. The DDR2 architecture is essentially a 4n-prefetch architecture, with an interface
designed to transfer two data words per clock cycle at the I/0O balls. A single read or write
access for the 1Gb 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 170 balls.

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

Figure 9 on page 20 shows a simplified state diagram to provide the basic command flow.
It is not comprehensive and does not identify all timing requirements or possible
command restrictions.

Figure 6: Functional Block Diagram - 64 Meg x 16
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AO-AT2, ADDRES : o Bank DM MASK LOGIC W], & 27,2 R1iR2 3 R3i :lLJ[?gSS, LLJ[I)JSSS:
3A0-BA2—/U/ReGISTER [ PRCECRLRY COggRCOL — FIFO (MaAsk 7 11471 it
' Loal & RCVR i
: > 64 Lo e :
: (64 L—~|DRIVERS 16— 16 m :
: COLUMN _{E— 16 sw1 N\ sw2S\sw3 i
' CK,CK# —»|CKOUT | 64 ] 16 : : o
: N coww-ﬁ DECODER | | KN T 76 RITR2T R3T |l
! 10 DATA D S
: /| ADDRESS [ 7’;_4—1’; R1$ R2%' R3S |1 UDM,LDM
: COUNTER/ 161 |8l LU
! LATCH T 4 i
; COLO,COL1 I T :
| VssQ |
; :

PDF: 09005aef821ae8bf/Source: 09005aef821aed36 Micron Technology, Inc., reserves the right to change products or specifications without notice.
1GbDDR2_2.fm - Rev. K 4/06 EN 1 8 ©2004 Micron Technology, Inc. All rights reserved.



Zicron

Figure 7:

1Gb: x4, x8, x16 DDR2 SDRAM

Functional Description

Functional Block Diagram - 128 Meg x 8

:
:
:
ODT—+4 ,
! BANK 7 ,
CKE —o—  CONTROL BANK 7 BANK 6 !
Doar BANK 6 BANK 5 i
BANK 5 BANK 4 !
BANK 4 1
BANK 3 BANK 2 !
BANK 2 BANK 1 i
K CK# ODT CONTROL[VooQ| !
BANK O BANKO coLo,coL1 ck.c owl_sw2 sw3| T | |
14 1 ROW- ;
! EADDRESS MEMORY 1
! mooE 1 |- REFRESH ROW- LATCH 16,384 ARRAY \ \ \ '
: COUNTER NSW2ZSW3 P :
' REGISTERS | | 1 & (16,384 x 256 x 32) 32 | READ DRVRS " R2% R3S '
. : ADDRESS|  [oecaper . 4 | R13: R2%: R3%:
' N7 . MUX LATCH : : : DQ0-DQ7
' 14 R1¢: R29¢: R35: !
: SENSE AMPLIFIERS , '
' ' GENERATOR UDQS, UDQS# !
: ; 8,192 32 INPUT LDQS, LDQSH m '
! E EEGERSZ SW1 N sW2 Nsw3 ) H
! ; 5 IO GATING 51— RiY:R2Y R3TL Loe s
AO-A13, fipyeooress ' » BANK PM MASK LOGIC WRTE], 4[5 3 L2 R13: R2%: R3%:| | |1 DQS.DQs#
BAO-BA2/\/[REGiSTER (R PRRCRERRE c?gglaéx = FIFO. |mask 3 %5 | I RDQs#
: & IRCVRs|
> 32 L e
' 152 LZDRIVERS 81 8 :
: COLUMN % [ s 1sz2{s 3<
1 . » NSW. »
i CK,CK#—»|CKOUT | 32 ] 8 ‘ NSW3 RDQS
: \ COLUMN-J_I% DECODER | | KN %% R‘éf RZ%? R3$f 6 DM
' 10 ADDRESS DATAI#— a7 D S & X
! > 2 A R13: R23%! R33! '
! COUNTER/ 2] |2 ‘ :
I LATCH X 2 H
' CoLo,coL1 I :
i VssQ
:

Figure 8:

Functional Block Diagram - 256 Meg x 4

ODT —»o
:

CKE —»0— CONTROL BANK

K —vo—] LOGIC Bm%f

CK# —>o— BANK 4

St —vo—| il
RAS# —»o—| B
CAS# —»g—] BANK

WE# —»0—] % ROW- MEMORY

. } ADDRESS

' MODE | | 1| REFRESHITAN ¢y LATCH ARRAY

' REGISTERS | | ! & (16,384 x 512 x 16) 16 | READ

' ' ADDRESS|  InecopER] 7 L ATCH

' MUX DQO-DQ3

' SENSE AMPLIFIERS

i ' ”

: 8192 16

H : "

, i 1 : ‘ :

! ) IO GATING %7 Ry R2%: R3TL L,
A0-A13, ADDRESS ! » BANK DM MASK LOGIC wriTE ], 4 [ {70 R1{\Rz CR3T| | DQS, DQS#
BAO-BA2 REGISTER [ OTTRRES CONTROL = FIFO | Askl7—_ 7 i

' LOGIC & L] [RCvRs| i

: 16 L jerr :

' —pT{(XI6) l—~{DRIVERS 21 4 Lo

: COLUMN % — 1K wzi ENE

' DECODER ck,cke—(ckout| 1614 1 |44 s $}5 SWA

: \|COLUMN-| 9 ] KN 2 2 RIS R2TRIT i py

| ikl ADDRESS DATA -/~ & : Dnas |

: 2 2 2 R15 R2% R3S |1

! COUNTER/ 4 |4 Sk

' LATCH 2 '

: COLO,COL1 -TT : ﬁ ;

i VssQ !
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State Diagram

Figure 9 shows a simplified state diagram to provide the basic command flow. It is not
comprehensive and does not identify all timing requirements or possible command
restrictions.

Figure 9: Simplified State Diagram

Initialization
Sequence

(o]@))
calibration

Self
Refreshing

Idle
All banks

cLTTToTTTTTTTTTT Y REFRESH -- - -» Refreshing

CKE_L

—]  AUtomatic Sequence
--------- » Command Sequence

ACT = Activate

ACT CKE_H = CKE HIGH, exit power-down or self refresh
. CKE_L = CKE LOW, enter power-down
(E)MRS = (Extended) mode register set
PRE = PRECHARGE

PRE_A = PRECHARGE ALL

READ = READ

RD_A = READ with auto precharge
REFRESH = REFRESH

SR = SELF REFRESH

WRITE = WRITE

WR_A = WRITE with auto precharge

Bank
Active

READ

Writing Reading

with with
Auto Auto
Precharge Precharge

Precharging
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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. Figure 10 illustrates the sequence required for power-up and
initialization.

Figure 10: DDR2 Power-up and Initialization
Notes appear on page 22
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Notes: 1.

10.

11.
12.

1Gb: x4, x8, x16 DDR2 SDRAM
Initialization

Applying power; if CKE is maintained below 0.2 x VbDQ, outputs remain disabled. To guaran-
tee RTT (ODT resistance) is off, VREF must be valid and a low level must be applied to the
ODT ball (all other inputs may be undefined; 1/0s and outputs must be less than VbpQ dur-
ing voltage ramp time to avoid DDR2 SDRAM device latch-up). VTT is not applied directly to
the device; however, 'VTT should be >0 to avoid device latch-up. At least one of the follow-
ing two sets of conditions (A or B) must be met to obtain a stable supply state (stable supply
defined as VDD, VDDL, VDDQ, VREF, and VTT are between their minimum and maximum val-
ues as stated in Table 20 on page 89):

A. Single power source: The VDD voltage ramp from 300mV to Vbb (MIN) must take no
longer than 200ms; during the VDD voltage ramp, |VDD - VDDQ| < 0.3V. Once supply voltage
ramping is complete (when VbDQ crosses VDD [MIN]), Table 20 specifications apply.
¢ VDD, VDDL, and VDDQ are driven from a single power converter output
* VTT is limited to 0.95V MAX
* VREeF tracks VDDQ/2; VREF must be within +0.3V with respect to VbpQ/2 during sup-
ply ramp time
¢ \/DDQ > VREF at all times
B. Multiple power sources: VDD > VDDL > VDDQ must be maintained during supply volt-
age ramping, for both AC and DC levels, until supply voltage ramping completes (VDDQ
crosses VDD [MIN]). Once supply voltage ramping is complete, Table 20 specifications apply.
¢ Apply VDD and VDDL before or at the same time as VbpQ; VDD/VDDL voltage ramp
time must be <200ms from when VbD ramps from 300mV to Vbb (MIN)
¢ Apply VDDQ before or at the same time as VTT; the VbDQ voltage ramp time from
when VbD (MIN) is achieved to when VbpQ (MIN) is achieved must be <500ms; while
VDD is ramping, current can be supplied from VbD through the device to VbpQ
¢ VREF must track VDDQ/2; VREF must be within +0.3V with respect to VbpQ/2 during
supply ramp time; VDDQ > VREF must be met at all times
e Apply VTT; the VTT voltage ramp time from when VbbQ (MIN) is achieved to when
VTT (MIN) is achieved must be no greater than 500ms

. CKE uses LVCMOS input levels prior to state TO to ensure DQs are High-Z during device

power-up prior to VREF being stable. After state TO, CKE is required to have SSTL_18 input
levels. Once CKE transitions to a high level, it must stay HIGH for the duration of the initial-
ization sequence.

PRE = PRECHARGE command, LM = LOAD MODE command, MR = Mode Register, EMR =
extended mode register, EMR2 = extended mode register 2, EMR3 = extended mode regis-
ter 3, REF = REFRESH command, ACT = ACTIVE command, A10 = PRECHARGE ALL, CODE =
desired values for mode registers (bank addresses are required to be decoded), VALID - any
valid command/address, RA = row address, bank address.

DM represents DM for x4, x8 configurations and UDM, LDM for x16 configuration; DQS rep-
resents DQS, DQS#, UDQS, UDQS#, LDQS, LDQS#, RDQS, RDQS# for the appropriate configu-
ration (x4, x8, x16); DQ represents DQ0-DQ3 for x4, DQ-DQ7 for x8, and DQ0-DQ15 for x16.
For a minimum of 200us after stable power and clock (CK, CK#), apply NOP or DESELECT
commands, then take CKE HIGH.

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

Issue a LOAD MODE command to the EMR(2). (To issue an EMR(2) command, provide LOW
to BA2 and BAO, and provide HIGH to BA1.) Set register E7 to “0" or “1;” all others must be
g

Issue a LOAD MODE command to the EMR(3). (To issue an EMR(3) command, provide HIGH
to BAO =1, BA1 =1, and BA2 = 0.) Set all registers to “0.”

Issue a LOAD MODE command to the EMR to enable DLL. To issue a DLL ENABLE command,
provide LOW to BA1, BA2, and AQ; provide HIGH to BAO. Bits E7, E8, and E9 can be set to
“0" or "1;" Micron recommends setting them to “0.”

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 BA2 = BA1 = BAO =
0.) CKE must be HIGH the entire time.

Issue PRECHARGE ALL command.

Issue two or more REFRESH commands.
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13. Issue a LOAD MODE command with LOW to A8 to initialize device operation (i.e., to pro-
gram operating parameters without resetting the DLL). To access the mode registers, BAO =
0, BA1=0,BA2 =0.

14. lIssue a LOAD MODE command to the EMR to enable OCD default by setting bits E7, E8, and
E9 to “1,” and then setting all other desired parameters. To access the extended mode reg-
ister, BA2 =0, BA1 =0, BAO = 1.

15. Issue a LOAD MODE command to the EMR to enable OCD exit by setting bits E7, E8, and E9
to “0,” and then setting all other desired parameters. To access the extended mode regis-
ters, BA2 =0, BA1=0, BA0O=1.

16. The DDR2 SDRAM is now initialized and ready for normal operation 200 clock cycles after
the DLL RESET at TfO0.

Micron Technology, Inc., reserves the right to change products or specifications without notice.

PDF: 09005aef821ae8bf/Source: 09005aef821aed36
23 ©2004 Micron Technology, Inc. All rights reserved.

1GbDDR2_2.fm - Rev. K 4/06 EN



© 1Gb: x4, x8, x16 DDR2 SDRAM
M Cron Mode Register (MR)
]

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, CAS latency, oper-
ating mode, DLL RESET, write recovery, and power-down mode, as shown in Figure 11
on page 25. 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-M13 for x4 and x8 or M0-M12 for x16) must be programmed when the
command is issued.

The MR is programmed via the LM command (bits BA2-BA0 = 0, 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 LM command can only be issued (or reissued) when all banks are in the precharged
state (idle state) and no bursts are in progress. 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 11 on page 25. Read and write
accesses to the DDR2 SDRAM are burst-oriented, with the burst length being program-
mable to either four or eight. The burst length determines the maximum number of
column locations 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
programmed burst length applies to both READ and WRITE bursts.
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Figure 11: Mode Register (MIR) Definition

BA2 BA1 BAO A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  AddressBus

ARRRRARARRREARAR

16/15,/14 /13 /12 /11 /10 /9 /8 /1 /6 /5 /8 /3 /2 71 70/] Mode Register (Mx)
| MR |o|ep| wr [oLL|TM|cast] Latency| BT [Burst Length

M12| PD mode M7| Mode M2 M1 MO |Burst Length
0 Fast Exit 0 |Normal 000 Reserved
(Normal) 1] Test 0 0 1 | Reserved
1 | Slow Exit 01 0 4
(Low Power)
M8| DLL Reset 01 1 8
0 No 100 Reserved
1 Yes 10 1 Reserved
110 Reserved
M11 M10 M9 | WRITE RECOVERY 1 1 1] Reserved
0 0 0 Reserved
0 0 1 2 M3 Burst Type
0 1 0 3 0 Sequential
0o 1 1 4 1 Interleaved
1 0 0 5
1.0 1 6 M6 M5 M4 |  CAS Latency (CL)
1 10 Reserved 0 0 O Reserved
1 1 1 Reserved 0 0 1 Reserved
0 1 0 Reserved
M16 M15 M14 Mode Register Definition 0 1 1 3
0 0 O Mode Register (MR) 1 0 0 4
1.0 1 5
1 1 0 6
1 1 1 Reserved

Notes: 1. M13 (A13) is reserved for future use and must be programmed to “0.” A13 is not used in
x16 configuration.
2. Not all listed CL options are supported in any individual speed grade.

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 11. 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 5 on page 26. DDR2 SDRAM supports 4-bit burst mode and 8-
bit burst mode only. For 8-bit burst mode, full, interleaved address ordering is
supported; however, sequential address ordering is nibble-based.
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