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technologies

512-Mbit Double-Data-Rate-Two SDRAM HYB18T512400BF
DDR2 SDRAM HYB18T512800BF

HYB18T512160BF
1 Overview

This chapter gives an overview of the 512-Mbit Double-Data-Rate-Two SDRAM product family and describes its
main characteristics.

1.1

Features

The 512-Mbit Double-Data-Rate-Two SDRAM offers the following key features:

1.8V £0.1V Power Supply

1.8V £0.1V (SSTL_18) compatible I/O

DRAM organizations with 4, 8 and 16 data
in/outputs

Double Data Rate architecture: two data transfers
per clock cycle four internal banks for concurrent
operation

Programmable CAS Latency: 3, 4,5 and 6
Programmable Burst Length: 4 and 8

Differential clock inputs (CK and &)
Bi-directional, differential data strobes (DQS and
D_QS) are transmitted / received with data. Edge
aligned with read data and center-aligned with write
data.

DLL aligns DQ and DQS transitions with clock
DQS can be disabled for single-ended data strobe
operation

Commands entered on each positive clock edge,
data and data mask are referenced to both edges of
DQS

Data masks (DM) for write data

Posted CAS by programmable additive latency for
better command and data bus efficiency
Off-Chip-Driver impedance adjustment (OCD) and
On-Die-Termination (ODT) for better signal quality.
Auto-Precharge operation for read and write bursts
Auto-Refresh, Self-Refresh and power saving
Power-Down modes

Average Refresh Period 7.8 us at a T;5ge lower
than 85 °C, 3.9 us between 85 °C and 95 °C
Programmable self refresh rate via EMRS2 setting
Programmable partial array refresh via EMRS2
settings

DCC enabling via EMRS2 setting

Full and reduced Strength Data-Output Drivers
1kB page size for x4 & x8, 2kB page size for x16
Packages: P-TFBGA-60 for x4 & x8 components
P-TFBGA-84 for x16 components

RoHS Compliant Products™

All Speed grades faster than DDR400 comply with
DDR400 timing specifications.

A list of the performance tables for the various speeds can be found below

+ Table 1 “Performance for DDR2-800” on Page 11
* Table 2 “Performance for DDR2-667” on Page 11
* Table 3 “Performance for DDR2-533” on Page 11
+ Table 4 “Performance for DDR2-400” on Page 11

1) RoHS Compliant Product: Restriction of the use of certain hazardous substances (RoHS) in electrical and electronic
equipment as defined in the directive 2002/95/EC issued by the European Parliament and of the Council of 27 January
2003. These substances include mercury, lead, cadmium, hexavalent chromium, polybrominated biphenyls and
polybrominated biphenyl ethers.
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Table 1 Performance for DDR2-800
Product Type Speed Code -2.5F -2.5 Unit
Speed Grade DDR2-800D 5-5-5 DDR2-800E 6—6—6 —
max. Clock Frequency | @CL6 |f-ks |400 400 MHz
@CL5 | foks |400 333 MHz
@CL4 |foka | 266 266 MHz
@CL3 | foks | 200 200 MHz
min. RAS-CAS-Delay frep 1 12.5 15 ns
min. Row Precharge Time e |12.5 15 ns
min. Row Active Time fras |45 45 ns
min. Row Cycle Time fre |57.5 60 ns
Table 2 Performance for DDR2-667
Product Type Speed Code -3 -3S Unit
Speed Grade DDR2-667C 4-4-4 DDR2-667D 5-5-5 —
max. Clock Frequency |@CL5 |fos | 333 333 MHz
@CL4 |foka | 333 266 MHz
@CL3 | foks | 200 200 MHz
min. RAS-CAS-Delay trep | 12 15 ns
min. Row Precharge Time ke |12 15 ns
min. Row Active Time frps |45 45 ns
min. Row Cycle Time tre |57 60 ns
Table 3 Performance for DDR2-533
Product Type Speed Code -3.7F -3.7 Unit
Speed Grade DDR2-533B 3-3-3 DDR2-533C 4-4-4 —
max. Clock Frequency |@CL5 |foks |266 266 MHz
@CL4 |foka | 266 266 MHz
@CL3 | foks | 266 200 MHz
min. RAS-CAS-Delay trep | 11.25 15 ns
min. Row Precharge Time trp |11.25 15 ns
min. Row Active Time tras |45 45 ns
min. Row Cycle Time frc |56.25 60 ns
Table 4 Performance for DDR2-400
Product Type Speed Code -5 Units
Speed Grade DDR2-400B 3-3-3 —
max. Clock Frequency @CL5 fexs 200 MHz
@CL4 Jeka 200 MHz
@CL3 fexa 200 MHz
min. RAS-CAS-Delay treD 15 ns
min. Row Precharge Time frp 15 ns

Data Sheet
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Table 4 Performance for DDR2-400
Product Type Speed Code -5 Units
Speed Grade DDR2-400B 3-3-3 —
min. Row Active Time trAS 40 ns
min. Row Cycle Time tre 55 ns

1.2 Description

The 512-Mb DDR2 DRAM is a high-speed Double-
Data-Rate-Two CMOS DRAM device containing
536,870,912 bits and internally configured as a quad-
bank DRAM. The 512-Mb device is organized as either
32 Mbit x 4 1/O x 4 banks, 16 Mbit x 8 1/0 x 4 banks or
8 Mbit x 16 1/0 x 4 banks chip. These devices achieve
high speed transfer rates starting at 400 Mb/sec/pin for
general applications. See Table 5 for performance
figures.

The device is designed to comply with all DDR2 DRAM
key features:

posted CAS with additive latency,

write latency = read latency - 1,

normal and weak strength data-output driver,
Off-Chip Driver (OCD) impedance adjustment
On-Die Termination (ODT) function.

aoroN =

All of the control and address inputs are synchronized
with a pair of externally supplied differential clocks.

Inputs are latched at the cross point of differential
clocks (CK rising and CK falling). All 1/Os are
synchronized with a single ended DQS or differential
DQS-DQS pair in a source synchronous fashion.

A 16-bit address bus for x4 and x8 organized
components and a 15-bit address bus for x16
components is used to convey row, column and bank
address information in a RAS-CAS multiplexing style.

The DDR2 device operates with a 1.8 V £0.1 V power
supply. An Auto-Refresh and Self-Refresh mode is
provided along with various power-saving power-down
modes.

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

The DDR2 SDRAM is available in P-TFBGA package.

Table 5 Ordering Information for RoHS compliant products

Product Number Org. | Speed CAS-RCD-RP |Clock |CAS-RCD-RP |Clock |Package
Latencies"?? | (MHz) | Latencies"?® |(MHz)

HYB18T512400BF-2.5F | x4 |DDR2-800D |5-5-5 400 |4-4-4 266 P-TFBGA-60

HYB18T512800BF-2.5F |x8 |DDR2-800D

HYB18T512160BF-2.5F |x16 | DDR2-800D P-TFBGA-84

HYB18T512400BF-2.5 |x4 |DDR2-800E |6—6—6 400 |[5-5-5 333 P-TFBGA-60

HYB18T512800BF-2.5 |x8 |DDR2-800E

HYB18T512160BF-2.5 |x16 | DDR2-800E P-TFBGA-84

HYB18T512400BF-3 x4 | DDR2-667C |4-4-4 333 |4-4-4 P-TFBGA-60

HYB18T512800BF-3 x8 |DDR2-667C

HYB18T512160BF-3 x16 |DDR2-667C P-TFBGA-84

HYB18T512400BF-3S |x4 |DDR2-667D |5-5-5 4-4-4 266 P-TFBGA-60

HYB18T512800BF-3S |x8 |DDR2-667D

HYB18T512160BF-3S |x16 |DDR2-667D P-TFBGA-84

HYB18T512400BF-3.7F |x4 |DDR2-533B |3-3-3 266 |- - P-TFBGA-60

HYB18T512800BF-3.7F |x8 |DDR2-533B

HYB18T512160BF-3.7F | x16 | DDR2-533B P-TFBGA-84
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Table 5 Ordering Information for RoHS compliant products (cont'd)
Product Number Org. | Speed CAS-RCD-RP |Clock |CAS-RCD-RP |Clock |Package
Latencies"?? | (MHz) | Latencies"?® |(MHz)

HYB18T512400BF-3.7 |x4 |DDR2-533C |4-4-4 266 |3-3-3 200 P-TFBGA-60
HYB18T512800BF-3.7 [x8 |DDR2-533C
HYB18T512160BF-3.7 |x16 |DDR2-533C P-TFBGA-84
HYB18T512400BF-5 x4 |DDR2-400B |3-3-3 200 |- - P-TFBGA-60
HYB18T512800BF-5 x8 |DDR2-400B
HYB18T512160BF-5 x16 | DDR2-400B P-TFBGA-84

1) CAS: Column Address Strobe
2) RCD: Row Column Delay
3) RP: Row Precharge

Note: For product nomenclature see Chapter 8 of this data sheet

Data Sheet 13 Rev. 1.01, 2005-07
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2 Pin Configuration and Block Diagrams
2.1 Pin Configuration

The pin configuration of a DDR2 SDRAM is listed by function in Table 6. The abbreviations used in the Pin#/Buffer
Type columns are explained in Table 7 and Table 8 respectively. The pin numbering for the FBGA package is
depicted in Figure 1 for x4, Figure 2 for x8 and Figure 3 for x16.

Table 6 Pin Configuration of DDR SDRAM
Ball#/Pin# Name Pin Buffer Function

Type |Type
Clock Signals x4/x8 organizations
ES8 CK I SSTL Clock Signal CK, Complementary Clock Signal CK
F8 CK I SSTL Note: CK and CK are differential system clock inputs. All address

and control inputs are sampled on the crossing of the
positive edge of CK and negative edge of CK. Output (read)
data is referenced to the crossing of CK and CK (both
direction of crossing)

F2 CKE | SSTL Clock Enable

Note: CKE HIGH activates and CKE LOW deactivates internal
clock signals and device input buffers and output drivers.
Taking CKE LOW provides Precharge Power-Down and
Self-Refresh operation (all banks idle), or Active Power-
Down (row Active in any bank). CKE is synchronous for
power down entry and exit and for self-refresh entry. Input
buffers excluding CKE are disabled during self-refresh.
CKE is used asynchronously to detect self-refresh exit
condition. Self-refresh termination itself is synchronous.
After Vger has become stable during power-on and
initialisation sequence, it must be maintained for proper
operation of the CKE receiver. For proper self-refresh entry
and exit, Ve must be maintained to this input. CKE must
be maintained HIGH throughout read and write accesses.
Input buffers, excluding CK, CK, ODT and CKE are disabled
during power-down

Clock Signals x16 organization

J8 CK I SSTL Clock Signal CK, Complementary Clock Signal CK

K8 CK | SSTL

K2 CKE I SSTL Clock Enable

Control Signals x4/x8 organizations

F7 RAS I SSTL Row Address Strobe (RAS), Column Address Strobe (CAS),
G7 CAS | SSTL Write Enable (WE)

F3 WE | SSTL Note: RAS, CAS and WE (along with &) define the command

being entered.

Data Sheet 14 Rev. 1.01, 2005-07
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Table 6 Pin Configuration of DDR SDRAM
Ball#/Pin# Name Pin Buffer |Function
Type |Type
G8 cS [ SSTL Chip Select
Note: All command are masked when CS is registered HIGH. CS
provides for external rank selection on systems with
multiple memory ranks. CS is considered part of the
command code.
Control Signals x16 organization
K7 RAS I SSTL Row Address Strobe (RAS), Column Address Strobe (CAS),
L7 CAS | SSTL Write Enable (WE)
K3 WE | SSTL
L8 cS [ SSTL Chip Select
Address Signals x4/x8 organizations
G2 BAO I SSTL Bank Address Bus 1:0
G3 BA1 I SSTL Note: BA[1:0] define to which bank an Activate, Read, Write or
Precharge command is being applied. BA[1:0] also
determines if the mode register or extended mode register
is to be accessed during a MRS or EMRS(1) cycle
H8 A0 I SSTL Address Signal 12:0, Address Signal 10/Autoprecharge
H3 A1l I SSTL Note: Address Signal 10/Autoprecharge provides the row address
H7 A2 | SSTL for Activate commands and the column address and Auto-
12 A3 | SSTL Precharge bit A10 (=AP) for Read/Write commands to
8 AL | SSTL select one Iocatio.n out of the memory array in the respective
bank. A10(=AP) is sampled during a Precharge command
J3 AS ' SSTL to determine whether the Precharge applies to one bank
J7 A6 | SSTL (A10=LOW)) or all banks (A10=HIGH). If only one bank is to
K2 A7 | SSTL be precharged, the bank is selected by BA[1:0]. The
K8 A8 | SSTL address inputs also provide the op-code during Mode
K3 A9 | SSTL Register Set commands.
H2 A10 I SSTL
AP I SSTL
K7 A11 I SSTL
L2 A12 I SSTL
L8 A13 I SSTL Address Signal 13
Note: 512 Mbit components
NC - - Note: 256 Mbit components

Address Signals x16 organization

L2 BAO | SSTL Bank Address Bus 1:0

L3 BA1 | SSTL

L1 NC - -

Data Sheet 15 Rev. 1.01, 2005-07
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Table 6 Pin Configuration of DDR SDRAM

Ball#/Pin# Name Pin Buffer Function
Type |Type

M8 A0 I SSTL Address Signal 12:0,Address Signal 10/Autoprecharge
M3 A1 I SSTL
M7 A2 I SSTL
N2 A3 I SSTL
N8 A4 I SSTL
N3 A5 I SSTL
N7 A6 I SSTL
P2 A7 I SSTL
P8 A8 I SSTL
P3 A9 I SSTL
M2 A10 I SSTL

AP I SSTL
P7 A11 I SSTL
R2 A12 I SSTL
Data Signals x4/x8 organizations
C8 DQO I/0 SSTL Data Signal 3:0
C2 DQ1 /0 SSTL Note: Bi-directional data bus. DQ[3:0] for x4 components, DQ[7:0]
D7 DQ2 I/O SSTL for x8 components
D3 DQ3 I/0 SSTL
Data Signals x8 organization
D1 DQ4 11O SSTL Data Signal 7:4
D9 DQ5 I/0 SSTL
B1 DQ6 I/0 SSTL
B9 DQ7 I/0 SSTL
Data Sheet 16 Rev. 1.01, 2005-07
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Table 6 Pin Configuration of DDR SDRAM
Ball#/Pin# Name Pin Buffer Function

Type |Type
Data Signals x16 organization
G8 DQO I/0 SSTL Data Signal 15:0
G2 DQ1 I/O SSTL Note: Bi-directional data bus. DQ[15:0] for x16 components
H7 DQ2 I/0 SSTL
H3 DQ3 I/0 SSTL
H1 DQ4 I/10 SSTL
H9 DQ5 I/0 SSTL
F1 DQ6 I/O SSTL
F9 DQ7 I/0 SSTL
C8 DQ8 I/O SSTL
C2 DQ9 I/10 SSTL
D7 DQ10 I/0 SSTL
D3 DQ11 I/10 SSTL
D1 DQ12 I/0 SSTL
D9 DQ13 I/O SSTL
B1 DQ14 I/10 SSTL
B9 DQ15 I/0 SSTL
Data Strobe x4/x8 organisations
B7 DQS I/0 SSTL Data Strobe
A8 DQS I/O SSTL Note: Output with read data, input with write data. Edge aligned

with read data, centered with write data. For the x16, LDQS
corresponds to the data on DQ[7:0]; UDQS corresponds to
the data on DQ[15:8]. The datastrobes DQS, LDQS, UDQS
may be used in single ended mode or paired with the
optional complementary signals DQS, LDQS, UDQS and
RDQS to provide differential pair signaling to the system
during both reads and writes. An EMRS(1) control bit
enables or disables the complementary data strobe signals

Data Strobe x8 organisations

B3 RDQS I SSTL Read Data Strobe

A2 RDQS I SSTL Read Data Strobe

Data Strobe x16 organization

B7 UDQS 110 SSTL Data Strobe Upper Byte

A8 UDQS I/0 SSTL

F7 LDQS I/10 SSTL Data Strobe Lower Byte

ES8 LDQS I/O SSTL

Data Sheet 17 Rev. 1.01, 2005-07

12192003-HJJ1-RWHJ



Infineon . HYB18T512xxxBF—[2.5...5]
technologies 512-Mbit Double-Data-Rate-Two SDRAM
/
Pin Configuration and Block Diagrams
Table 6 Pin Configuration of DDR SDRAM
Ball#/Pin# Name Pin Buffer Function
Type |Type
Data Mask x4/x8 organizations
B3 DM I SSTL Data Mask
Note: DM is an input mask signal for write data. Input data is
masked when DM is sampled HIGH coincident 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 matches the DQ and DQS loading. LDM and UDM
are the input mask signals for x16 components and control
the lower or upper bytes. For x8 components the data mask
function is disabled, when RDQS/RDQS are enabled by
EMRS(1) command.
Data Mask x16 organization
B3 UDM I SSTL Data Mask Upper Byte
F3 LDM I SSTL Data Mask Lower Byte
Power Supplies x4/x8/x16 organizations
A9,C1,C3,C7, | Vppq PWR |- I/0 Driver Power Supply
C9
A1 Vob PWR |- Power Supply
A7,B2,B8,D2, |Vgsq PWR |- Power Supply
D8
A3,E3 Vss PWR |- Power Supply

Power Supplie

s x4/x8 organizations

E2 VRer Al - I/0 Reference Voltage
E1 VoL PWR |- Power Supply
E9,H9,L1 Vob PWR |- Power Supply
E7 VssoL PWR |- Power Supply
J1,K9 Vss PWR |- Power Supply

Power Supplie

s x16 organization

J2 VRer Al - /0 Reference Voltage
E9, G1, G3, Vbba PWR |- I/0 Driver Power Supply
G7, G9

J1 Vool PWR |- Power Supply

E1, J9, M9, R1 | V5p PWR |- Power Supply
E7,F2,F8,H2, | Vgsq PWR |- Power Supply

H8

J7 VssoL PWR |- Power Supply

J3,N1,P9 Vss PWR |- Power Supply

Not Connected x4/x8 organizations

G1, L3,L7 NC NC - Not Connected
Note: No internal electrical connection is present
Data Sheet 18 Rev. 1.01, 2005-07
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Table 6 Pin Configuration of DDR SDRAM
Ball#/Pin# Name Pin Buffer Function

Type |Type
Not Connected x4 organization
A2, B1, B9, NC NC - Not Connected
D1, D9
Not Connected x16 organization
A2,E2,L1,R3, INC NC - Not Connected
R7, R8
Other Pins x4/x8 organizations
F9 oDT I SSTL On-Die Termination Control

Note: ODT (registered HIGH) enables termination resistance
internal to the DDR2 SDRAM. When enabled, ODT is
applied to each DQ, DQS, DQS and DM signal for x4 and
DQ, DQS, DQS, RDQS, RDQS and DM for x8
configurations. For x16 configuration ODT is applied to
each DQ, UDQS, UDQS, LDQS, LDQS, UDM and LDM
signal. The ODT pin will be ignored if the Extended Mode
Register (EMRS(1)) is programmed to disable ODT.

Other Pins x16 organization
K9 oDT ] | \ SSTL On-Die Termination Control

Table 7 Abbreviations for Pin Type

Abbreviation Description

I Standard input-only pin. Digital levels.
@) Output. Digital levels.

I/0 I/O is a bidirectional input/output signal.
Al Input. Analog levels.

PWR Power

GND Ground

NC Not Connected

Table 8 Abbreviations for Buffer Type

Abbreviation Description

SSTL Serial Stub Terminated Logic (SSTL_18)

LV-CMOS Low Voltage CMOS

CMOS CMOS Levels

oD Open Drain. The corresponding pin has 2 operational states, active low and tristate,
and allows multiple devices to share as a wire-OR.

Data Sheet 19 Rev. 1.01, 2005-07
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1 2 3 7 8 9
Voo NC Vss VSSQ DQs VDDQ
NC Vssa | DM DQS | Vssq | NC
VDDQ DQ1 VDDO VDDO DQO VDDQ
NC | Veso | DQ3 DQ2 | Vssq | NC
VDDL VREF VSS VSSDL CK VDD
CKE WE RAS CK oDT
NC BAO BA1 CAS CS
A10/AP| A1 A2 AO Voo
Vss A3 A5 A6 A4
A7 A9 A1 A8 Vs
Voo | A12 | NC NC [NC,A13
MPPT0020

Figure 1 Pin Configuration for x4 components, P-TFBGA-60 (top view)

Notes

1. VppL and Vggp, are power and ground for the
DLL.They are isolated on the device from Vpp,

Vopa Vss and Vssq

2. Ball position L8 is A13 for 512-Mbit and is Not

Connected on 256-Mbit
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1 2 3 4 5 6 7 8 9
Voo %%S Ves A Vssa | DQS | Vopa
DQ6 | Veso | poas B DAS | Vesa | DQ7
Vooa | DQ1 | Vppa C Vooa | DQO | Vppq
DQ4 | Voo | DQ3 D DQ2 | Vesq | DQS
VooL Vaer Vss E VespL CK Voo
CKE | WE F RAS | CK | oDT
NC | BAO | BAf G CAs | Cs
A10/AP| A1 H A2 A0 | Voo
Ves | A3 | A5 J A6 | A4
A7 | A9 K A1l | A8 | Vg
Voo | A12 NC L NC [NC,A13

MPPT0090

Figure 2  Pin Configuration for x8 components, P-TFBGA-60 (top view)

Notes

1. RDQS/RDQS are enabled by EMRS(1) command.

2. IfRDQS /RDQS is enabled, the DM function is
disabled

3. When enabled, RDQS & RDQS are used as strobe
signals during reads.

4. Vpp, and Vggp, are power and ground for the DLL.
They are isolated on the device from Vp, VDDQ,
Vgsand Vggq.

5. Ball position L8 is A13 for 512-Mbit and is Not
Connected on 256-Mbit.

Data Sheet 21 Rev. 1.01, 2005-07
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1 2 3
Voo NC Vss
DQ14 Vssa UDM
Voo DQ9 Vooa
DQ12 Vssa DQ11
Voo NC Vss
DQ6 Vssa LDM
Vooa DQ1 Voo
DQ4 Vssa DQ3
VooL Veer Vss

CKE WE

NC BAO BA1
A10/AP A1

Vss A3 A5
A7 A9

Voo A12 NC

6 7 8 9
VSSO lFQS VDDO
uDas | Vssa DQ15
Voba DQs8 Vboa
DQ10 Vssa DQ13
VSSQ @ VDDQ
LDQS Vssa DQ7
Voba DQo Vooa
DQ2 Vssa DQ5
VSSDL CK Voo
RAS cK opT
CAS cs
A2 AO Voo
A6 A4
Al A8 Vss
NC NC
MPPTO0120

Figure 3 Pin Configuration for x16 components, P-TFBGA-84 (top view)

Note:

1. UDQS/UDQS is data strobe for DQ[15:8],
LDQS/LDQS is data strobe for DQ[7:0]
2. LDMis the data mask signal for DQ[7:0], UDM is the

data mask signal for DQ[15:8]

3. VppL and Vppg, are power and ground for the DLL.
They are isolated on the device from Vp, Vppa, Vss

and Vggq.
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2.2 512 Mbit DDR2 Addressing

Table 9 512-Mbit DDR2 Addressing

Configuration 128-Mbit x 4 64-Mbit x 8 32-Mbit x 16 Note
Bank Address BA[1:0] BA[1:0] BA[1:0]

Number of Banks 4 4 4

Auto-Precharge A10/ AP A10/ AP A10/ AP

Row Address A[13:0] A[13:0] A[12:0]

Column Address A11, A[9:0] A[9:0] AJ9:0]

Number of Column Address Bits 11 10 10 "
Number of 1/Os 4 8 16 2
Page Size [Bytes] 1024 (1K) 1024 (1K) 2048 (2K) 3)

1) Referred to as ’colbits’
2) Referred to as 'org’
3) PageSize = 2°°"®"x org/8 [Bytes

Data Sheet 23 Rev. 1.01, 2005-07
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2.3 Block Diagrams
Block diagrams of the 512M DDR2 SDRAM component.
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Figure 4  Block Diagram 8 Mbit x 16 I/O x4 Internal Memory Banks
Note:
1. 32Mb x 16 Organisation with 13 Row, 2 Bank and device; it does not represent an actual circuit
10 Column External Adresses implementation.
2. This Functional Block Diagram is intended to 3. LDM, UDM is a unidirectional signal (input only), but
facilitate user understanding of the operation of the is internally loaded to match the load of the
bidirectional LDQS and UDQS signals.
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Figure 5 Block Diagram 16 Mbit x 8 I/O x4 Internal Memory Banks

Notes

1. 64Mb x 8 Organisation with 14 Row, 2 Bank and 10

Column External Adresses

2. This Functional Block Diagram is infended to
facilitate user understanding of the operation of the

Data Sheet

device; it does not represent an actual circuit
implementation.

DM is a unidirectional signal (input only), but is
internally loaded to match the load of the
bidirectional DQ and DQS signals.
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Figure 6 Block Diagram 32 Mbit x 4 I/0O x4 Internal Memory Banks

Notes

1. 128Mb x4 Organisation with 14 Row, 2 Bank and
11 Column External Adresses

2.

This Functional Block Diagram is intended to

facilitate user understanding of the operation of the
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device; it does not represent an actual circuit
implementation.

DM is a unidirectional signal (input only), but is
internally loaded to match the load of the
bidirectional DQ and DQS signals.

Rev. 1.01, 2005-07
12192003-HJJ1-RWHJ



Infineon HYB18T512xxxBF—[2.5...5]
technologies 512-Mbit Double-Data-Rate-Two SDRAM
___—
Functional Description
3 Functional Description

3.1 Simplified State Diagram
Initialization — COKEL
Sequence
Self
OCD
calibration Refresh
Setting Idle REF
MRS or All banks » Refreshing
EMRS precharged
CKEL CKEL
Precharge
Power
Down
¥— CKEL
— Automatic Sequence
——>» Command Sequence
Write Active Read
_—Read
;\ Reading
Writing
with AP
Precharging
MPFT0040
Figure 7  Simplified State Diagram

Note: This Simplified State Diagram is intended to
provide a floorplan of the possible state

Data Sheet

27

transitions and the commands to control them. In
particular situations involving more than one

Rev. 1.01, 2005-07
12192003-HJJ1-RWHJ



.(.
Infineon
echno Ogy

HYB18T512xxxBF—[2.5...5]
512-Mbit Double-Data-Rate-Two SDRAM

bank, enabling / disabling on-die termination,
Power-Down entry / exit, timing restrictions

3.2 Basic Functionality

Read and write accesses to the DDR2 SDRAM are
burst oriented; accesses start at a selected location
and continue for the burst length of four or eight in a
programmed sequence.

Accesses begin with the registration of an Activate
command, which is followed by a Read or Write
command. The address bits registered coincident with
the activate command are used to select the bank and
row to be accessed. BA[1:0] selects the bank, A[13:0]

3.3 Power On and Initialization

Functional Description

during state transitions - among other things - are
not captured in full detail.

selects the row for x4 and x8 components, A[12:0]
selects the row for x16 components.

The address bits registered coincident with the Read or
Write command are used to select the starting column
location for the burst access and to determine if the
Auto-Precharge command is to be issued.

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

DDR2 SDRAM'’s must be powered up and initialized in a predefined manner. Operational procedures other than

those specified may result in undefined operation.

Power-up and Initialization Sequence

The following sequence is required for POWER UP and Initialization.

1. Apply power and attempt to maintain CKE below
0.2 x Vppg and ODT at a low state (all other inputs
may be undefined). To guarantee ODT off, Vggr
must be valid and a low level must be applied to the
ODT pin. Maximum power up interval for Vpn/ Vppq
is specified as 20.0 ms. The power interval is
defined as the amount of time it takes for Vpp / Vppq
to power-up from 0 V to 1.8 V = 100 mV. At least
one of these two sets of conditions must be met:

— Voo, VoL and Vppq are driven from a single power
converter output, AND

— Vi is limited to 0.95 V max, AND

— Vier tracks Vppo/2

or

— Apply Vpp before or at the same time as Vpp,

— Apply Vpp, before or at the same time as Vppq
— Apply Vppq before or at the same time as V' &
Vrer- _

2. Start clock (CK, CK) and maintain stable power and
clock condition for a minimum of 200 ps.

Data Sheet

3. Apply NOP or Deselect commands and take CKE
high.

4. Continue NOP or Deselect Commands for 400 ns,

then issue a Precharge All command.

Issue EMRS(2) command.

Issue EMRS(3) command.

Issue EMRS(1) command to enable DLL.

Issue a MRS command for “DLL reset”.

Issue Precharge-all command.

0. Issue 2 or more Auto-refresh commands.

1. Issue the final MRS command to turn the DLL on

and to set the necessary operating parameter.

12. At least 200 clocks after step 8, issue EMRS(1)
commands to either execute the OCD calibration or
select the OCD default. Issue the final EMRS(1)
command to exit OCD calibration mode and set the
necessary operating parameters.

13. The DDR2 SDRAM is now ready for normal
operation.

T30 NoO
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Figure 8 Initialization Sequence after Power up

3.4

For application flexibility, burst length, burst type, CAS
latency, DLL reset function, write recovery time (WR)
are user defined variables and must be programmed
with a Mode Register Set (MRS) command.
Additionally, DLL disable function, additve CAS
latency, driver impedance, On Die Termination (ODT),
single-ended strobe and Off Chip Driver impedance
adjustment (OCD) are also user defined variables and
must be programmed with an Extended Mode Register
Set (EMRS) command. Contents of the Mode Register
(MR) or Extended Mode Registers (EMR(1, 2, 3)) can
be altered by re-executing the MRS and EMRS
Commands. If the user chooses to modify only a subset
of the MR or EMR variables, all variables must be
redefined when the MRS or EMRS commands are
issued. After initial power up, all MRS and EMRS
Commands must be issued before read or write cycles

Data Sheet

Programming the Mode Register and Extended Mode Registers

may begin. All banks must be in a precharged state and
CKE must be high at least one cycle before the Mode
Register Set Command can be issued. Either MRS or
EMRS Commands are activated by the low signals of
CS, RAS, CAS and WE at the positive edge of the
clock.When both bank addresses BA[1:0] are 0, the
DDR2 SDRAM enables the MRS command. When the
bank address BAO is 1 and BA1 is 0, the DDR2 SDRAM
enables the EMRS(1) command. The address input
data during this cycle defines the parameters to be set
as shown in the MRS and EMRS tables. A new
command may be issued after the mode register set
command cycle time (t,rp)- MRS, EMRS and DLL
Reset do not affect array contents, which means
reinstallation including those can be executed any time
after power-up without affecting array contents.
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3.5

The mode register stores the data for controlling the
various operating modes of DDR2 SDRAM. It programs
CAS latency, burst length, burst sequence, test mode,
DLL reset, Write Recovery (WR) and various vendor
specific options to make DDR2 SDRAM useful for
various applications. The default value of the mode
register is not defined, therefore the mode register must
be written after power-up for proper operation. The
mode register is written by asserting low on CS, RAS,
CAS, WE, BA[1:0], while controlling the state of
address pins A[13:0]. The DDR2 SDRAM should be in
all bank precharged (idle) mode with CKE already high
prior to writing into the mode register. The mode
register set command cycle time (#,zp) is required to
complete the write operation to the mode register. The
mode register contents can be changed using the same

Data Sheet
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Functional Description

DDR2 SDRAM Mode Register Set (MRS)

command and clock cycle requirements during normal
operation as long as all banks are in the precharged
state. The mode register is divided into various fields
depending on functionality. Burst length is defined by
A[2:0] with options of 4 and 8 bit burst length. Burst
address sequence type is defined by A3 and CAS
latency is defined by A[6:4]. A7 is used for test mode
and must be set to 0 for normal DRAM operation. A8 is
used for DLL reset. A[11:9] are used for write recovery
time (WR) definition for Auto-Precharge mode. With
address bit A12 two Power-Down modes can be
selected, a “standard mode” and a “low-power” Power-
Down mode, where the DLL is disabled. Address bit
A13 and all “higher” address bits have to be set to O for
compatibility with other DDR2 memory products with
higher memory densities.

Rev. 1.01, 2005-07
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Functional Description

BA2 BA1

BAO A13 A12 A1

A10 A9

A8

A7

A6

A5

A4

A3

A2 Al

AO

0

0

0

0

I
WR
]

PD

T

]

DLL

™

T
CL
1

T

|

BT

I
BL
]

T

|

reg. addr

w w

w

w

MPBT0410

Table 10

Mode Register Definition (BA[2:0] = 000B)

Field

Bits

Type"

Description

BA2

16

BA1

15

BAO

14

A13

13

reg. addr.

Bank Address [2]
Note: BA2 not available on 256 Mbit and 512 Mbit components

0g BAZ2, Bank Address

Bank Address [1]
Og BA1, Bank Address

Bank Address [0]
0z BAO, Bank Address

Address Bus[13]
Note: A13 is not available for 256 Mbit and x16 512 Mbit configuration

0g A13, Address bit 13

PD

12

Active Power-Down Mode Select
Og PD, Fast exit
1z PD, Slow exit

WR

[11:9]

Write Recovery?
Note: All other bit combinations are illegal.

0015 WR, 2
0105 WR, 3
0115 WR, 4
1005 WR, 5
1015 WR, 6

DLL

DLL Reset
0g DLL, No
1z DLL, Yes

™

Test Mode
Og TM, Normal Mode
1z TM, Vendor specific test mode

CL

[6:4]

CAS Latency
Note: All other bit combinations are illegal.

0105 CL, reserved
0115 CL, 3
1005 CL, 4
1015 CL, 5

110, CL, 6

Data Sheet
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Functional Description

Table 10 Mode Register Definition (BA[2:0] = 000B)

Field |Bits |Type" Description

BT 3 w Burst Type

0g BT, Sequential

1z BT, Interleaved

BL [2:0] |w Burst Length

Note: All other bit combinations are illegal.
0105 BL, 4

0115 BL, 8

1) w = write only register bits

2) Number of clock cycles for write recovery during auto-precharge. WR in clock cycles is calculated by dividing t,yg (in ns) by
tck (in ns) and rounding up to the next integer: WR [cycles] =ty (ns) / tck (ns). The mode register must be programmed to
fulfill the minimum requirement for the analogue t,,5 timing WR,\ is determined by tsy yax and WRyax is determined by

tCK.MIN'

3.6 DDR2 SDRAM Extended Mode Register Set EMR(1)

The Extended Mode Register EMR(1) stores the data  enables On-Die termination (ODT) and sets the RTT
for enabling or disabling the DLL, output driver value. A[5:3] are used for additive latency settings and
strength, additive latency, OCD program, ODT, DQS A[9:7] enables the OCD impedance adjustment mode.
and output buffers disable, RQDS and RDQS enable. A10 enables or disables the differential DQS and
The default value of the extended mode register RDQS signals, A11 disables or enables RDQS.
EMR(1) is not defined, therefore the extended mode Address bit A12 have to be set to 0 for normal
register must be written after power-up for proper operation. With A12 set to 1 the SDRAM outputs are
operation. The extended mode register is written by disabled and in Hi-Z. 1 on BAO and 0 for BA1 have to
asserting low on CS, RAS, CAS, WE, BA1 and highon be set to access the EMRS(1). A13 and all “higher”
BAO, while controlling the state of the address pins address bits have to be set to 0 for compatibility with

AO is used for DLL enable or disable. A1 is used for Other DDR2 memory products with higher memory
enabling half-strength data-output driver. A2 and A6 densities. Refer to Extended Mode Register Definition.

BA2 BA1 BAO A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
— T T T T
0 0 1 0 | Q, |RDQS|DQS| OCD Program R, AL R, | DIC | DLL
1 1 1 1
reg. addr w w w w w w w w
MPBT0380
Table 11  Extended Mode Register Definition (BA[2:0] = 001B)
Field Bits |Type" Description
BA2 16 reg. addr. |Bank Address [2]
Note: BA2 not available on 256 Mbit and 512 Mbit components
0g BAZ2, Bank Address
BA1 15 Bank Address [1]
0g BA1, Bank Address
BAO 14 Bank Address [0]
0 BAO, Bank Address
Data Sheet 32 Rev. 1.01, 2005-07
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Table 11

Functional Description

Extended Mode Register Definition (BA[2:0] = 001B)

Field

Bits

Type"

Description

A13

13

w

Qoff

RDQS

DQS

10

OCD
Program

[9:7]

AL

[56:3]

DIC

DLL

Address Bus[13]
Note: A13 is not available for 256 Mbit and x16 512 Mbit configuration

0y A13, Address bit 13

Output Disable
0g QOff, Output buffers enabled
1  QOff, Output buffers disabled

Read Data Strobe Output (RDQS, RDQS)
0g RDQS, Disable
1 RDQS, Enable

Complement Data Strobe (DQS Output)
0 DQS, Enable
1z DQS, Disable

Off-Chip Driver Calibration Program

0005 OCD, OCD calibration mode exit, maintain setting
0015 OCD, Drive (1)

0105 OCD, Drive (0)

1005 OCD, Adjust mode

1115z OCD, OCD calibration default

Additive Latency
Note: All other bit combinations are illegal.

0005 AL, 0
0015 AL, 1
010g AL, 2
011 AL, 3
1005 AL, 4
1015 AL, 5

Off-chip Driver Impedance Control
0g DIC, Full (Driver Size = 100%)
1 DIC, Reduced

DLL Enable
Og DLL, Enable
1g DLL, Disable

1) w = write only register bits

Table 12  Nominal Termination Resistance of ODT (R;7)

A6 A2 Description

0 0 ~ (ODT disabled)

0 1 75 0Ohm

1 0 150 Ohm

1 1 50 Ohm
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3.7 DLL Enable/Disable

The DLL must be enabled for normal operation. DLL
enable is required during power up initialization, and
upon returning to normal operation after having the DLL
disabled. The DLL is automatically disabled when
entering Self-Refresh operation and is automatically re-
enabled and reset upon exit of Self-Refresh operation.

3.8 Output Disable (Qoff)

Under normal operation, the DRAM outputs are
enabled during Read operation for driving data (Qoff bit
in the EMR(1) is set to 0). When the Qoff bit is set to 1,
the DRAM outputs will be disabled. Disabling the

3.9

Table 13 lists all possible combinations for DQS, DQS,
RDQS, RQDS which can be programmed by A[11:10]
address bits in EMRS. RDQS and RDQS are available

Functional Description

Any time the DLL is 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. Failing to wait for synchronization to occur may
result in a violation of the 7, or fpqsck parameters.

DRAM outputs allows users to measure Iy, currents
during Read operations, without including the output
buffer current and external load currents.

Single-ended and Differential Data Strobe Signals

in x8 components only. If RDQS is enabled in x8
components, the DM function is disabled. RDQS is
active for reads and don’t care for writes.

Table 13  Single-ended and Differential Data Strobe Signals

EMRS(1) Strobe Function Matrix Signaling

A11 A10 RDQS/DM |RDQS DQS DQS

(RDQS Enable) | (DQS Enable)

0 (Disable) 0 (Enable) DM Hi-Z DQS DQS differential DQS signals

0 (Disable) 1 (Disable) DM Hi-Z DQS Hi-Z single-ended DQS signals

1 (Enable) 0 (Enable) RDQS RDQS DQS DQS differential DQS signals

1 (Enable) 1 (Disable) RDQS Hi-Z DQS Hi-Z single-ended DQS signals
Data Sheet 34 Rev. 1.01, 2005-07
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3.10 Extended Mode Register EMR(2)

The Extended Mode Registers EMR(2) and EMR(3)
are reserved for future use and must be programmed
when setting the mode register during initialization.The
extended mode register EMR(2) is written by asserting
LOW on CS, RAS, CAS, WE, BAO and HIGH on BA1,
while controlling the states of the address pins. The

DDR2 SDRAM should be in all bank precharge with

CKE already high prior to writing into the extended
mode register. The mode register set command cycle
time (fyrp) Must be satisfied to complete the write
operation to the EMR(2). Mode register contents can
be changed using the same command and clock cycle
requirements during normal operation as long as all
banks are in precharge state.

BA2 BA1 BAO A13 A12 A11 A10 A9

A8

A7 A6 A5 A4 A3 A2 A1 A0

I I I I I

I I I I I I I T

0

1

0

]

0
l l l l l l l l l l l l

reg. addr

MPBT0390

Table 14

EMRS(2) Programming Extended Mode register Definition (BA[2:0]=010g)

Field

Bits

Type"

Description

BA2

16

w

Bank Address|[2]
Note: BA2 is not available on 256Mbit and 512Mbit components

Og

BA2, Bank Address

BA  |[15:14]
00
01g
105

11g

Bank Adress[15:14]

BA, MRS

BA, EMRS(1)

BA, EMRS(2)

BA, EMRS(3): Reserved

[13:7]

Address Bus[13:0]
Note: A13 is not available for 256 Mbit and x16 512 Mbit configuration

0g

A[13:0], Address bits

Og
Ts

Address Bus[7], adapted self refresh rate for TCase > 85°C

A7, disable
A7, enable ?

[6:4]
O

Address Bus[6:4]

A[6:4], Address bits

Address Bus[3], Duty Cycle Correction (DCC)
Note: Please refer to Chapter 3.10.1 for detailed explanation of A[3]

0g
1s

A[3], DCC disabled
A[3], DCC enabled
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Table 14

Functional Description

EMRS(2) Programming Extended Mode register Definition (BA[2:0]=010g)

Field ‘Bits ‘Type” ‘Description

Partial Self Refresh for 4 banks

A [2:0] w

0005 PASRGO, Full Array

0115 PASR3, Not defined

1115 PASR7, Not defined

Address Bus[2:0], Partial Array Self Refresh for 4 Banks®

0015 PASR1, Half Array (BA[1:0]=00, 01)
0105 PASR2, Quarter Array (BA[1:0]=00)

1005 PASRA4, 3/4 array (BA[1:0]=01, 10, 11)
1015 PASRS, Half array (BA[1:0]=10, 11)
1105 PASRG, Quarter array (BA[1:0]=11)

1) w = write only

When DRAM is operated at 85C < T, < 95C the extended self refresh rate must be enabled by setting bit A7 to "1" before

If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond the specified location will be lost

if self refresh is entered. Data integrity will be maintained if tREF conditions are met and no Self Refresh command is issued

2)
the self refresh mode can be entered.
3)
3.10.1 Duty Cycle Correction

DCC may be enabled any time during normal operation
provided the DRAM is in valid state to issue a mode
register set command, which means that the DRAM is
in idle state with all banks precharged and all timings
from previous operations being satisfied.

DCC can be enabled by setting EMR(2) bit A3 to “1°.

Any Time the DCC is enabled, DLL reset must follow
and 200 clock cycles must occur before a Read
command can be issued to allow time for the internal
clock to be duty cycle corrected, thus allowing the

Data Sheet
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DRAM to output a duty cycle corrected DQS (including
DQS in differential mode) and DQs. If the DCC enabled
bit is set, the DCC is automatically disabled, together
with the DLL, when entering self refresh operation and
is automatically re-enabled upon exit to self refresh
operation, also together with the DLL.

The DCC may not be enabled without the DLL being
enabled.
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3.1 Extended Mode Register EMR(3)

The Extended Mode Register EMR(3) is reserved for
future use and all bits except BAO and BA1 must be
programmed to 0 when setting the mode register during

Functional Description

initialization. The EMRS(3) is written by asserting low
on CS, RAS, CAS, WE, BA2 and high on BAO and BA1,
while controlling the state of the address pins.

BA2 BA1 BAO A13 A12 A11 A10 A9 A8

A7

A6

A5

A4

A3 A2 A1 A0

0 1

1

T

|

T

1

I I I I

0

T

T

T

I I T

1 1 |

reg. addr

MPBT0400

Table 15 EMR(3) Programming Extended Mode Register Definition (BA[2:0]=010g)
Field Bits |Type” Description
BA2 16 w Bank Address[2]
Note: BA2 is not available on 256Mbit and 512Mbit components
0g BAZ2, Bank Address
BA1 15 Bank Adress[1]
1z BA1, Bank Address
BAO 14 Bank Adress[0]
1g BAO, Bank Address
A [13:0] |w Address Bus[13:0]
Note: A13 is not available for 256 Mbit and x16 512 Mbit configuration
0g  A[13:0], Address bits

1) w = write only
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3.12 Off-Chip Driver (OCD) Impedance Adjustment

DDR2 SDRAM supports driver calibration feature and
the flow chart below is an example of the sequence.
Every calibration mode command should be followed
by “OCD calibration mode exit” before any other

OCD Impedance Adjustment Flow Chart

command being issued. MRS should be set before
entering OCD impedance adjustment and On Die
Termination (ODT) should be carefully controlled
depending on system environment.

EMRS: OCD calibration mode exit

[y
-

/

EMRS: Drive (1)

DQ & DQS High; DQS Low,

Need Calibration

A -
A

EMRS: Drive (0)
DQ & DQS Low; DQS High

ALL OK

Test

Need Calibration

EMRS: OCD calibration mode exit

EMRS: OCD calibration mode exit

l

EMRS:
Enter Adjust Mode

l

A

EMRS:
Enter Adjust Mode

A

BL = 4 code input to all DQs
Inc, Dec or NOP

BL = 4 code input to all DQs
Inc, Dec or NOP

EMRS: OCD calibration mode exit

EMRS: OCD calibration mode exit

A

EMRS: OCD calibration mode exit

Y

End
MPFT0020

Figure 9

OCD Impedance Adjustment

Flow Chart

Note: MR should be set before entering OCD impedance adjustment and ODT should be carefully controlled
depending on system environment
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Functional Description

Extended Mode Register Set for OCD impedance adjustment

OCD impedance adjustment can be done using the
following EMRS(1) mode. In drive mode all outputs are
driven out by DDR2 SDRAM and drive of RDQS is
dependent on EMR(1) bit enabling RDQS operation. In
Drive(1)mode, all DQ, DQS (and RDQS) signals are
driven HIGH and all DQS (and RDQS) signals are
driven LOW. In Drive(0) mode, all DQ, DQS (and
RDQS) signals are driven LOW and all DQS (and
RDQS) signals are driven HIGH. In adjust mode, BL =
4 of operation code data must be used. In case of OCD
calibration default, output driver characteristics have a
nominal impedance value of 18 Ohms during nominal

temperature and voltage conditions. Output driver
characteristics for OCD calibration default are specified
in the following table. OCD applies only to normal full
strength output drive setting defined by EMR(1) and if
half strength is set, OCD default driver characteristics
are not applicable. When OCD calibration adjust mode
is used, OCD default output driver characteristics are
not applicable. After OCD calibration is completed or
driver strength is set to default, subsequent EMRS(1)
commands not intended to adjust OCD characteristics
must specify A[9:7] as’000’ in order to maintain the
default or calibrated value.

Table 16  Off Chip Driver Program

A9 A8 A7 Operation

0 0 0 OCD calibration mode exit

0 0 1 Drive(1) DQ, DQS, (RDQS) high and DQS (RDQS) low
0 1 0 Drive(0) DQ, DQS, (RDQS) low and DQS (RDQS) high
1 0 0 Adjust mode

1 1 1 OCD calibration default

OCD impedance adjust

To adjust output driver impedance, controllers must
issue the ADJUST EMRS(1) command along with a 4
bit burst code to DDR2 SDRAM as in the following
table. For this operation, Burst Length has to be set to
BL = 4 via MRS command before activating OCD and
controllers must drive the burst code to all DQs at the
same time. DTO in the table means all DQ bits at bit
time 0, DT1 at bit time 1, and so forth. The driver output
impedance is adjusted for all DDR2 SDRAM DQs
simultaneously and after OCD calibration, all DQs of a
given DDR2 SDRAM will be adjusted to the same driver
strength setting. The maximum step count for

adjustment is 16 and when the limit is reached, further
increment or decrement code has no effect. The default
setting may be any step within the maximum step count
range. When Adjust mode command is issued, AL from
previously set value must be applied.

For proper operation of adjust mode, WL = RL - 1 =
AL + CL - 1 clocks and #pg / tp should be met as shown
in Figure 10. Input data pattern for adjustment, DT[0:3]
is fixed and not affected by MRS addressing mode (i.e.
sequential or interleave). Burst length of 4 have to be
programmed in the MRS for OCD impedance
adjustment.

Table 17  Off-Chip-Driver Adjust Program

4 bit burst code inputs to all DQs Operation

DTO DT1 DT2 DT3 Pull-up driver strength Pull-down driver strength
0 0 0 0 NOP (no operation) NOP (no operation)

0 0 0 1 Increase by 1 step NOP

0 0 1 0 Decrease by 1 step NOP

0 1 0 0 NOP Increase by 1 step

1 0 0 0 NOP Decrease by 1 step

0 1 0 1 Increase by 1 step Increase by 1 step

0 1 1 0 Decrease by 1 step Increase by 1 step

1 0 0 1 Increase by 1 step Decrease by 1 step
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Functional Description

Table 17  Off-Chip-Driver Adjust Program

4 bit burst code inputs to all DQs Operation

DTO DT1 DT2 DT3 Pull-up driver strength Pull-down driver strength
1 0 1 0 Decrease by 1 step Decrease by 1 step

Other Combinations lllegal

kDTO XDT1 ><DT2 >< DT3

L

1
OoCD calibrationf

DQ_in
o I W N T B
?OCD adjust mode mode exit

Figure 10 Timing Diagram Adjust Mode

Drive Mode

Both Drive(1) and Drive(0) are used for controllers to  driven out ¢, ; after “enter drive mode” command and all
measure DDR2 SDRAM Driver impedance before OCD  output drivers are turned-off 5 after “OCD calibration
impedance adjustment. In this mode, all outputs are  mode exit” command. See Figure 11.

r—n- ——\ r—- ——\
cw/\/\/&/\%\/&/\/k
| S — | S — | S
CMD <EMRS >—< >—< >—< >—< >—< EMRS(1 )>—< NOP >—< NOP >—<
o1 | IR ol T T
DQS_in — DQS rlngh & DQS low for Drive(1), DQS low & DQS high for Drive ¢ 0 i i
E : ' | | DQS high for Drive(1) | : | E E
DQ_in i . 1 : , DOS: high f?r Dr|vv:3(0) ! : : _ ! ; :
fEnter Drive Mode ?OCD calibration
mode exit
Figure 11 Timing Diagram Drive Mode
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3.13 On-Die Termination (ODT)

On-Die Termination (ODT) is a new feature on DDR2
components that allows a DRAM to turn on/off termi-
nation resistance for each DQ, DQS, DQS, DM for x4
and DQ, DQS, DQS, DM, RDQS (DM/RDQS share the
same pin) and RDQS for x8 configuration via the ODT
control pin. DQS and RDQS are only terminated when
enabled by EMR(1).

For x16 configuration ODT is applied to each DQ,
UDQS, UDQS, LDQS, LDQS, UDM and LDM signal via

Functional Description

the ODT control pin. UDQS and LDQS are terminated
only when enabled in the EMRS(1) by address bit
A10=0.

The ODT feature is designed to improve signal integrity
of the memory channel by allowing the DRAM
controller to independently turn on/off termination resis-
tance for any or all DRAM devices. The ODT function
can be used for all active and standby modes. ODT is
turned off and not supported in Self-Refresh mode.

vDDQ

\

Rval1

DRAM

vDDQ

vDDQ

szZ szs

Input

Input
Buffer

swi
Rvall
(/SW1

VS8SQ

VSSQ

Pin

e []

(/SWQ

Rval3

|

sw3

ODT_funct2

VSSQ

Figure 12 Functional Representation of ODT

Switch sw1, sw2 or sw3 are enabled by the ODT pin.
Selection between sw1, sw2 or sw3 is determined by
“‘RTT (nominal)” in EMRS(1) address bits A6 & A2.

ODT Truth Tables

The ODT Truth Table shows which of the input pins are
terminated depending on the state of address bit A10
and A11 in the EMRS(1) for all three device

Data Sheet
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Target: Rvall = Rval2 = Rval3 =2 xRTT

The ODT pin will be ignored if the Extended Mode
Register (EMRS(1)) is programmed to disable ODT.

organizations (x4, x8 and x16). To activate termination
of any of these pins, the ODT function has to be
enabled in the EMRS(1) by address bits A6 and A2.
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Table 18  ODT Truth Table
Input Pin ‘ EMRS(1) Address Bit A10 ‘ EMRS(1) Address Bit A11
x4 components
DQJ3:0]

DQS

DQS

DM

x8 components
DQJ7:0]

DQS

DQS

RDQS

RDQS

DM

x16 components
DQJ7:0]

DQ[15:8]

LDQS

LDQS

ubQS

ubDQS

LDM

UDM

X| o X|X

X| O | X|o| X| X
o_\_\><

x| x|o|x[o]x|x]|x
X

Note: X = don’t care; 0 = bit set to low; 1 = bit set to high

Data Sheet 42 Rev. 1.01, 2005-07
12192003-HJJ1-RWHJ



Infineon HYB18T512xxxBF—[2.5...5]
technologies 512-Mbit Double-Data-Rate-Two SDRAM
/

Functional Description

ODT timing modes
Depending on the operating mode asynchronous or « Slow Exit Active Power Down Mode (with MRS bit

synchronous ODT timings apply. A12is set to “1”)
Asynchronous ODT timings (Zxorpp: faonep) aPPly when  * Precharge Power Down Mode
the on-die DLL is disabled. Synchronous ODT timings (faonps faorps Zaons ZAOF)
These modes are: apply for all other modes.
i ] | : pts | |
e | A )
AR L e | | | | |
opT ﬂ—%t;.
| | tAOND(2tck) i tAOFD (25tck) & | 3 3
K Rit — I 1
o i WONMIY) T tAOF(min) | | i i
1 | B e T B T I i
‘ ‘ tAON(max) tAOF(max)
ODTo1

Figure 13 ODT Timing for Active and Standby (Idle) Modes (Synchronous ODT timings)
Note:

1. Synchronous ODT timings apply for Active Mode to turn on. ODT turn on time max. (f5on max) IS When
and Standby Mode with CKE HIGH and for the the ODT resistance is fully on. Both are measured
“Fast Exit” Active Power Down Mode (MRS bit A12 from taonp-
set to “0”). In all these modes the on-die DLL is 3. ODT turn off time min. (t50r win) iS When the device
enabled. starts to turn off the ODT resistance.ODT turn off

2. ODT turn-on time (#5on.min) 1S When the device time max. (faor max) is When the bus is in high
leaves high impedance and ODT resistance begins impedance. Both are measured from ,qrp.
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cKE " | A : : : : :
; 1 N 1 1 1 1 1
oot | 1 i i 3 i i i i
1 ! ! ' tAOFPD,min ! ! ! :
! i | I~ tAOFPD,max | T l |
ST T T B R, e I N N
} : : ‘ ; < Ritt ; ! :
! ¢ tAONPD,min: )T 1 1 1 1
| . tAONPD,max I

ODT02

Figure 14 ODT Timing for Precharge Power-Down and Active Power-Down Mode

Note: Asynchronous ODT timings apply for Precharge Power-Down Mode and “Slow Exit” Active Power Down
Mode (MRS bit A12 set to “1”), where the on-die DLL is disabled in this mode of operation.

ODT timing mode switch

When entering the Power Down Modes “Slow Exit” Active Power Down and Precharge Power Down two additional
timing parameters (f,\pp @nd faxpp) define if synchronous or asynchronous ODT timings have to be applied.
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Mode entry

As long as the timing parameter fy\pp iy IS Satisfied can be applied. If
when ODT is turned on or off before entering these

power-down modes, synchronous timing parameters

IanpomiN 1S NOt
asynchronous timing parameters apply.

Functional Description

satisfied,

Synchronous
timings apply

ODT turn-off, tANPD <3 tck : | |
oDT J{» ;
: 1 : : { Asynchronous
‘ RTI ‘ ‘ >>1>‘ timings apply
| | tAOFPDmax
ODT turn-on, tANPD >=3 tck: . ! }
| 1S | |
: tAOND ‘
oot ; ‘ i ‘ RTT J Synchronous
! : : ; - timings apply
] \ B B
| el |
ODT turn-on, tANPD <3 tck: | D S :
L JF | tAONPDmax | i
oDT ' : ' h ' 77 Asynchronous
‘ : : : ‘ : RTT timings apply
ODT03
Figure 15 ODT Mode Entry Timing Diagram
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Mode exit

As long as the timing parameter #xypp v IS Satisfied  applied. If £4xpp vy iS NOt satisfied, asynchronous timing
when ODT is turned on or off after exiting these power-  parameters apply.
down modes, synchronous timing parameters can be

T0 T T5 T6 T7 T8 T9 T10
CK,
CK __/\_ 3L_d\_/__/\_}\__: . U (S
P . [ tAXPD |
CKE ‘
ODT turn-off, tAXPD >= tAXPDmin: ls.
Synchronous obT Jﬁ
timings apply
| Rit >—
ODT turn-off, tAXPD < tAXPDmin: ) tAOFD
IS
Asynchronous oDT _F->
timings apply :
[ Rt o> >>0 k
ODT turn-on, tAXPD >= tAXPDmin: tAOFPDmax
Synchronous tis
timings apply %:-P
opT
_ : R Btt
t [ tAOND | |
IS
<+
ODT turn-on, tAXPD < tAXPDmin: ﬂt i
Asynchronous oDT ; :
timings apply I< << < < : Rtt
¥ tAONPDmax o
3 3 | 0oDT04
Figure 16 ODT Mode Exit Timing Diagram
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Functional Description
3.14 Bank Activate Command

The Bank Activate command is issued by holding CAS latency must be programmed into the device to delay
and WE HIGH with CS and RAS LOW at the risingedge the R/W command which is internally issued to the
of the clock. The bank addresses BA[1:0] are used to  device. The additive latency value must be chosen to
select the desired bank. The row addresses A0 through  assure fzcp iy iS satisfied. Additive latencies of 0, 1, 2,
A13 are used to determine which row to activate inthe 3, 4 and 5 are supported. Once a bank has been
selected bank for x4 and x8 organized components. activated it must be precharged before another Bank
For x16 components row addresses AO through A12  Activate command can be applied to the same bank.
have to be applied. The Bank Activate command must The bank active and precharge times are defined as
be applied before any Read or Write operation can be  fz5g and 7gp, respectively. The minimum time interval
executed. Immediately after the bank active command, between successive Bank Activate commands to the
the DDR2 SDRAM can accept a read or write command same bank is determined by #zc. The minimum time
(with or without Auto-Precharge) on the following clock interval between Bank Active commands to different
cycle. If a R/W command is issued to a bank that has  banks is fgzgp-

not satisfied the #zopyn Specification, then additive

T3 / Tn Tn+1 ) Tn+3

ox. 6k D“/__\”/__x“/_) 1 \r_ﬂ/ \ /L_J\ 1 \r_/ 1

Internal RAS- CAS delay tRCDmln

! :

Bank A Bank A Bank B Bank B
Address <Row Addr. ><Col Addr. }< Row Addr }< Col. Addr.
| f

h |
Bank A to Bank B delay tRRD 5 !
—FF»

Bank A NOP Bank B Bank A
Addr. Addr. Row Addr.

addltlve latency A|_ 2 :Read A
Beglns

Command-{ BankA Osted CAS Bank B osted CAS
Actlvate ead A Actlvate ead B ;
- tRAS Row Actlve T|me (Bank A A ol
: | [ \: L : |

i :
b fceD L 1 N |
: ! : I : ! tRC Row Cycle Time (Bank A)

Bank A Bank B Bank A
Precharge Precharge Actlvate
1 :

tRP Row Precharge Tlme (Bank A_L

]

A

»!
»

i
[}

Figure 17 Bank Activate Command Cycle
tRCD = 3, AL = 2, tRP = 3, tRRD = 2
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Functional Description
3.15 Read and Write Commands and Access Modes

After a bank has been activated, a read or write cycle  during the Read or Write Command (CA[11, 9:0]). The
can be executed. This is accomplished by setting RAS  second, third and fourth access will also occur within
HIGH, CS and CAS LOW at the clock’s rising edge. WE  this segment, however, the burst order is a function of
must also be defined at this time to determine whether the starting address, and the burst sequence.In case of
the access cycle is a read operation (WE HIGH) or a  a 8-bit burst operation (burst length = 8) the page length
write operation (WE LOW). The DDR2 SDRAM of 2048 is divided into 256 uniquely addressable
provides a wide variety of fast access modes. A single  segments (8-bits x4 1/O each). The 8-bit burst
Read or Write Command will initiate a serial read or  operation will occur entirely within one of the 256
write operation on successive clock cycles at datarates segments (defined by CA[7:0]) beginning with the
of up to 533 Mb/sec/pin for main memory. The column address supplied to the device during the Read
boundary of the burst cycle is restricted to specific or Write Command (CA[11, 9:0]).A new burst access
segments of the page length. For example, the 32 Mbit must not interrupt the previous 4 bit burst operation in
x 4 1/0 x 4 Bank chip has a page length of 2048 bits case of BL = 4 setting. Therefore the minimum CAS to
(defined by CA[11, 9:0]).In case of a 4-bit burst CAS delay (¢ccp) is @ minimum of 2 clocks for read or
operation (burst length = 4) the page length of 2048 is  write cycles.For 8 bit burst operation (BL = 8) the
divided into 512 uniquely addressable segments (4-bits  minimum CAS to CAS delay (fc¢p) is 4 clocks for read
x 1/0O each). The 4-bit burst operation will occur entirely  or write cycles.Burst interruption is allowed with 8 bit
within one of the 512 segments (defined by CA[8:0]) burst operation. For details see Chapter 3.20.

starting with the column address supplied to the device

o \ /__ r—" __\ /__ r—" __\ /__ r—" -
SN ENREENEEEEEEESS.
| ) __/ \__ | ) I__/ \__ I\___/ __/ \__
i | | | | |

CMD< READ A >—< NOP READ B NOP READ C NOP NOP NOP NOP  +( NC
1 T T ; T

¢ 1 tCCD > < tCCD ! E

; ! ! ™~ L -

DQS, _! : ! ;/ : :

Das ! : \ \ I L

| : ' : |

| | | | 1

1 i i P ' 1

) 1 | |

DQ : : : \Dout A0 | Dout A1 Dout C0><Dout c1>< Dout c2>< Dout c3>'

\ 1 1 !

I I !

Figure 18 “Read Timing Example
CL=3,AL=0,RL=3,BL=4

Data Sheet 48 Rev. 1.01, 2005-07
12192003-HJJ1-RWHJ



Infineon HYB18T512xxxBF—[2.5...5]
technologies 512-Mbit Double-Data-Rate-Two SDRAM
___—
Functional Description
3.16 Posted CAS

Posted CAS operation is supported to make command
and data bus efficient for sustainable bandwidths in
DDR2 SDRAM. In this operation, the DDR2 SDRAM
allows a Read or Write command to be issued
immediately after the bank activate command (or any
time during the RAS to CAS delay time, #zcp period).
The command is held for the time of the Additive
Latency (AL) before it is issued inside the device. The
Read Latency (RL) is the sum of AL and the CAS

latency (CL). Therefore if a user chooses to issue a
Read/Write command before the fzcpuin: then AL
greater than 0 must be written into the EMR(1). The
Write Latency (WL) is always defined as RL - 1 (Read
Latency -1) where Read Latency is defined as the sum
of Additive Latency plus CAS latency (RL=AL+CL). If a
user chooses to issue a Read command after the
frepmin Period, the Read Latency is also defined as
RL =AL + CL.

oMD {Fanei feada A
Das, = . :

bas tRCD
0 D RL=AL+CL=5 |

:DOU(Z :DOU(S 4@0 o 77

Dout0  Dout1

PostCAS1

Figure 19 Activate to Read Timing Example: Read followed by a write to the same bank

Activate to Read delay < fpepun: AL =2 and CL =3, RL = (AL + CL) =5, WL = (RL-1) = 4, BL = 4

Activate Réad
CMD Bank A

AL =
DQS, N g y / ! |
DQS tRCD — \ N% L
< b T
RL=AL+CL=5 <
DQ — "{bouto | Doutt DoutZXDouls D0u|4IDou(5Dou|7 Din0 Din2 | €
PostEASS

Figure 20 Read to Write Timing Example: Read followed by a write to the same bank

Activate to Read delay < fncp i AL =2 and CL =3, RL = (AL + CL) =5, WL = (RL-1) =4, BL = 8

Data Sheet

49

Rev. 1.01, 2005-07
12192003-HJJ1-RWHJ



Infineon HYB18T512xxxBF—[2.5...5]
technologies 512-Mbit Double-Data-Rate-Two SDRAM
/

Functional Description

A

>
<4 —p
DQ Dout0 f Dout1 | Dout2 } Dout3 Din0 )| Dint ¥ Din2 } Din3 )———

PostCAS2

Figure 21 Read to Write Timing Example: Read followed by a write to the same bank

Activate to Read delay = fgcpyn: AL=0,CL=3, RL=(AL+CL)=3, WL=(RL-1)=2,BL=4

Activate
CMD Bank A

tRCD > tRCDmin.

DQS, <
DQS

A

DQ

[pouo] oout fouuz foous oino o2

| PostCAS5

Figure 22 Read to Write Timing Example: Read followed by a write to the same bank

Activate to Read delay > frcpyn: AL=1,CL=3,RL =4, WL =3, BL = 4

Activatey Write
CMD Bank A A\ Bank A

tRCD
DQS, D — > ,f*ﬁ(—[ e
DQS oA
<« WL=RL-1=4 > _ tWTR . CL=3

\

»
DQ 'Dmo IDm1 Din2 | Din3 Dout0 | Dout1 | Dout2 | Dout3
3 RL=AL+CL-1=5

Figure 23 Write to Read Timing Example: Write followed by a read to the same bank
AL=2,CL=3,RL=5WL=4,t,r=2,BL=4
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3.17 Burst Mode Operation

Burst mode operation is used to provide a constant flow
of data to memory locations (write cycle), or from
memory locations (read cycle). The parameters that
define how the burst mode will operate are burst
sequence and burst length. The DDR2 SDRAM
supports 4 bit and 8 bit burst modes only. For 8 bit burst
mode, full interleave address ordering is supported,
however, sequential address ordering is nibble based
for ease of implementation. The burst length is
programmable and defined by the addresses A[2:0] of

Table 19  Burst Length and Sequence

Functional Description

the MR. The burst type, either sequential or
interleaved, is programmable and defined by the
address bit 3 (A3) of the MR. Seamless burst read or
write operations are supported. Interruption of a burst
read or write operation is prohibited, when burst length
= 4 is programmed. For burst interruption of a read or
write burst when burst length = 8 is used, see
Chapter 3.21. A Burst Stop command is not supported
on DDR2 SDRAM devices.

Burst Length Starting Address Sequential Addressing |Interleave Addressing
(A2 A1 A0D) (decimal) (decimal)

4 x00 0,1,2,3 0,1,2,3
x01 1,2,3,0 1,0,3,2
x10 2,3,0,1 2,3,0,1
x11 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 56,7,4,1,2,3,0 547,6,1,0,3,2
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

Notes

1. PageSize and Length is a function of I/O
organization:
128Mb x 4 organization (CA[9:0], CA11),; Page Size
= 1 kByte; Page Length = 2048
64
Mb x 8 organization (CA[9:0]); Page Size = 1 kByte;

Data Sheet

Page Length = 1024
32Mb x 16 organization (CA[9:0]); Page Size = 2
kByte; Page Length = 1024

2. Order of burst access for sequential addressing is
“nibble-based” and therefore different from SDR or
DDR components
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3.18 Read Command

The Read command is initiated by having CS and CAS  onto the data bus. The first bit of the burst is
LOW while holding RAS and WE HIGH at the rising  synchronized with the rising edge of the data strobe
edge of the clock. The address inputs determine the (DQS). Each subsequent data-out appears on the DQ
starting column address for the burst. The delay from pin in phase with the DQS signal in a source
the start of the command until the data from the first cell synchronous manner. The RL is equal to an additive
appears on the outputs is equal to the value of the read  latency (AL) plus CAS latency (CL). The CL is defined
latency (RL). The data strobe output (DQS) is driven by the Mode Register Set (MRS). The AL is defined by
LOW one clock cycle before valid data (DQ) is driven  the Extended Mode Register Set (EMRS(1)).

« tex
CLK, CLK
e___/ (O \_
« tac )il
DQS, / 4 I', ‘\‘ 7 L
Das DQS \ / i
« RPRE JBPST,
i>‘ 4—
DQ Dout l< Dout I< Dout Dout
tDQSQmax
tDQSQmax Nl
tQH taH
Figure 24 Basic Read Timing Diagram
TO T T2 T3 T4 T5

NOP

__,,X/L_J\/\X}C
omo <Ps;;%*‘fH H H“OP H o H_wor H_wor H{wor }

<=tDQSCK
-«

:I:m.

| | N IR
Das, | | | 5 | 5 T 5/ [
Das : T e A U N W \ :/ \ TR
i AL=2 i 1 iocL=8 i il
i : e T S e S 5 . : . 5 . 5
L : RL= 5 S S NG Ty
DQ :‘ : : : : : : ’\Dout A0 XDoutM X Dout AZX Dout AS/: ; : ;
I I I I I ) A I : I ;
' : : : ' : ' ' ' ' ' ' BReads23
Figure 25 Read Operation Example 1
RL=5(AL=2,CL=3,BL=4)
Data Sheet 52 Rev. 1.01, 2005-07

12192003-HJJ1-RWHJ



—

nfineon
echno Ogy

HYB18T512xxxBF—[2.5...5]
512-Mbit Double-Data-Rate-Two SDRAM

Functional Description

CISERERENEASRERERES
A N ! >

CMD<READAH H H o .H HWEHN
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: | : o : : :
! : : i V<= tDoscK § : ; I

Das, | | VAR A A B VA VA I A

DQs : ! H\ i é \ : / é \ i )/ é \ iy
! ; : ; t ; 1
| Il Il B I B Il B I
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. ! i RL=3 : ;:/ ' : q - !

DQ's | i 1 ': \Dou1 A0 XDoui A1 X Dout AZX Dout A3/<Dom A4 Xoom ASX Dout AGX Dout A7

! i I : : i : | : i : i : i

Figure 26 Read Operatlon Example 2
RL=3(AL=0,CL=3,BL=28)

TO T1 T4 T6 T7

ae [T ‘ﬂ/ Y /__,\f‘i _x [X /__,\ { 1
)

CMD osted CAS NOP NOP Posted CAS NOP NO
READ A WRITEA

1 [ [ 1 [ I I I
'« | BL/ 2 2 : | | | | ; |
: »i ; ! ; ] : ! ! H ! :

DQS ! L L e St n e A e At VA \
DQS : | : | o A 55 I \ §; A A h

! : P01 1 lWL=RL-1=4 R

: : ' RL= 5 VY : | . | : I : i ; : ;
DQ < R N T S — L

) | T \ | | i\DOui A0 }) Dout A1 Dout A2\ Dout A3 : T Din A0 Din A1 Din A2 Din A3

| | : ! | :

| | | [ : | : | : 1 : | :

Figure 27 Read followed by Write Example
RL=5,WL=(RL-1)=4,BL=4

The minimum time from the read command to the write command is defined by a read-to-write turn-around time,
which is BL/2 + 2 clocks.

TO

\
CK, CK /
v

|

Post CAS NOP PostCAS NOP NOP NOP NOP NOP
CMD< READ A >—< READ B NOP

] i 1 1 i 1 i : l i
| ! ! | | | | : | | :
\ | | | | | | : | | :
| | | | | | ! ! ! ! H
T
bas ! ! ! 1\ ! oo S
T N e
L | ; RL=5 | ; | P j R ; ' ‘
DQ :‘ i T i T i T i T "\Dout AoXDomm >< Dout A2>< Dout A3 <Dout BOXDOU! B1 X Dout 52X Dout BS>‘
! b - !

Figure 28 Seamless Read Operation Example 1

RL=5AL=2,CL=3,BL=4
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The seamless read operation is supported by enabling a read command at every BL / 2 number of clocks. This
operation is allowed regardless of same or different banks as long as the banks are activated.

NO PostCAS
READ B

\I\

I

I }

| |

'./ ' ‘.'/ \

| |

| | )

I I

| |

| |

|
I
I
I
i
I
H H !
|, i : . L \ ; y
N i i 3 i
H H ! H H H
H H | H H H
\ : ! i ! ! :
\Doul A0 ] Dout A1 X Dout A2>< Dout A3><Dou1 A4XD0UI A5>< Dout A4) Dout A7 | Dout Bo><Dom B1X Dout BZX Dout 53><E

Figure 29 Seamless Read Operation Example 2
RL =3, AL =0, CL = 3, BL = 8 (non interrupting)

The seamless, non interrupting 8-bit read operation is supported by enabling a read command at every BL/2
number of clocks. This operation is allowed regardless of same or different banks as long as the banks are
activated.
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3.19 Write Command

The Write command is initiated by having CS, CAS and
WE LOW while holding RAS HIGH at the rising edge of
the clock. The address inputs determine the starting
column address. Write latency (WL) is defined by a
read latency (RL) minus one and is equal to (AL + CL —
1). A data strobe signal (DQS) has to be driven LOW
(preamble) a time #,pre prior to the WL. The first data
bit of the burst cycle must be applied to the DQ pins at
the first rising edge of the DQS following the preamble.
The fpass specification must be satisfied for write
cycles. The subsequent burst bit data are issued on

Functional Description

successive edges of the DQS until the burst length is
completed. When the burst has finished, any additional
data supplied to the DQ pins will be ignored. The DQ
signal is ignored after the burst write operation is
complete. The time from the completion of the burst
write to bank precharge is named “write recovery time”
(twr) @and is the time needed to store the write data into
the memory array. #, is an analog timing parameter
(see Chapter 5) and is not the programmed value for
WR in the MRS.

thosu

DQS,
DQS

osL

Figure 30 Basic Write Timing

TO

oree |1 X__,\_/ X / L

X__,\r_/ X /L_A\ x__\///__x

Post CAS
WRITE A

H:HHH

NOP >—< NOP Precharge>—
! ; :

o H

: : : I} <= tDQSS Completion of i

DaS : | | g | N e T Y T the Burst Write : i
% uJéXeMs/ AL
! | WL=RL-1=4 | A tWR_ |||

:‘ : WL RLl‘I 4 | N : : : :‘ | \ |

bQ : i i i /DINAOXDINMXDINAZXDIN AS\ i i i
| | | | [Pt S s e R

Figure 31 Write Operatlon Example 1

RL=5(AL=2,CL=3),WL=4,BL=4
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Functional Description
TO

wer [ f / 38 / 18 /L_A\ x__\f‘“/ Y /L_A\ x__,\///\__x
wommﬂ o o ) Y o e )

" : . . <= tDQSS . E ComNanof : E !
DQS i i s - al :1“ : ; '“/the BurstYVnte : :
A LA . L] A |
T T
WL RL|1_2 : 1 : :‘ : ' : :
bQ : | : /WNA%DWA%DWA%DWA; | | | i
| | S it s e | | | -
' ' ' BW322
Figure 32 Write Operation Example 2
RL=3(AL=0,CL=3),WL=2,BL=4
TO T8 T9
r—- r—- -
e (LT 18 0 /L_A\ x__,\ T X /_Ax 7 T

erte to Read = ( )+ BL/2 +tWTR

;
'I

o (e H o g () NS

oas, | | = L L A
pas —————+— | \ i \ — — —
b . e TR ITECT R = —
WL dee D i R i -
ba i | : . /DINAOXDINA1XDINA2XDINAS\ : . I i . E i E
| It e e | RLss | IR

Figure 33 Write followed by Read Example

RL=7(AL=2,CL=5), WL=6, f,;gr =2, BL=4

The minimum number of clocks from the write command to the read command is (CL - 1) +BL/2 + #,,1r, Where ty15
is the write-to-read turn-around time #,;g expressed in clock cycles. The #, is not a write recovery time (#,,g) but
the time required to transfer 4 bit write data from the input buffer into sense amplifiers in the array.
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TO T3

oo [ Y / \r_/ L / \r_/ X /L_J\ X\

CMD Post CAS
WRITE A

PostCAS
WRITE B

.W
=)

HHHHH

;H

DQS,

DQ

w

WL=RL:1

=4

:H
\

/

I I
| |
| |
I : I
+ —\ +
| o\ |
I B I
7LV
1 : i
| |
| !

M
R S

DQ

RO Y [

<DIN A0><D|N A1><D|N A2><D|N A3XD|N BO><DIN B1) DIN B2\ DIN B3 i

RL=5 WL=4,BL=4

Figure 34 Seamless Write Operatlon Example 1

The seamless write operation is supported by enabling a write command every BL/2 number of clocks. This
operation is allowed regardless of same or different banks as long as the banks are activated.

TO

T3

oo X / \r_/ L / e / X /L_J\ X\ /

CMD Post CAS
WRITE A

PostCAS

H H

A
Ho Mo oo o )

DQS,

DQ

w

:H
\

/

I
e et S
Fo-oboosd-- -

WL=RL:

DQ

1
~

RO Y [

<DIN A0><D|N A1><D|N A2><D|N A3XD|N BO><DIN B1) DIN B2\ DIN B3 i

RL =3, WL = 2, BL = 8, non interrupting

Figure 35 Seamless Write Operation Example 2

The seamless non interrupting 8-bit write operation is supported by enabling a write command at every BL/2
number of clocks. This operation is allowed regardless of same or different banks as long as the banks are

activated.
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Functional Description

3.20 Write Data Mask

One write data mask input (DM) for x4 and x8 insure matched system timing. Data mask is not used
components and two write data mask inputs (LDM, during read cycles. If DM is HIGH during a write burst
UDM) for x16 components are supported on DDR2 coincident with the write data, the write data bit is not
SDRAM'’s, consistent with the implementation on DDR  written to the memory. For x8 components the DM
SDRAM'’s. It has identical timings on write operations  function is disabled, when RDQS / RDQS are enabled
as the data bits, and though used in a uni-directional by EMRS(1).

manner, is internally loaded identically to data bits to

thosu osL

DQS,
DQS

DQ

. don tcare

Figure 36 Write Data Mask Timing

T3

/L_J\ / \r_/ \_L\ K B / X /:L L X__\f// X
G ) (o () o[

5 <tDQSS 5 ; ; :
DQS — Z',’ ) — : :
AN S N U7 v 0 W O A R B T B !
e WL=RL1=2 i1 s PtWR b |
T e ——— .
X | . - 1 1 1 1 l)l
: ! R ! ! ! !
DM ol
| |
[l I

Figure 37 Write Operation with Data Mask Example
RL=3(AL=0,CL=3),WL=2,f,=3,BL=4
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Interruption of a read or write burst is prohibited for
burst length of 4 and only allowed for burst length of 8
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512-Mbit Double-Data-Rate-Two SDRAM

Burst Interruption

under the following conditions:

1.

A Read Burst can only be interrupted by another
Read command. Read burst interruption by a Write
or Precharge Command is prohibited.

A Write Burst can only be interrupted by another
Write command. Write burst interruption by a Read
or Precharge Command is prohibited.

Read burst interrupt must occur exactly two clocks
after the previous Read command. Any other Read
burst interrupt timings are prohibited.

Write burst interrupt must occur exactly two clocks
after the previous Write command. Any other Read
burst interrupt timings are prohibited.

Read or Write burst interruption is allowed to any
bank inside the DDR2 SDRAM.

Functional Description

. Read or Write burst with Auto-Precharge enabled is

not allowed to be interrupted.

. Read burst interruption is allowed by a Read with

Auto-Precharge command.

. Write burst interruption is allowed by a Write with

Auto-Precharge command.

. All command timings are referenced to burst length

set in the mode register. They are not referenced to
the actual burst. For example, Minimum Read to
Precharge timing is AL + BL/2 where BL is the burst
length set in the mode register and not the actual
burst (which is shorter because of interrupt).
Minimum Write to Precharge timing is WL + BL/ 2 +
twr» Where 1, starts with the rising clock after the
un-interrupted burst end and not from the end of the
actual burst end.

TO

oo [ 1 X \r_/\ X /L_J\ /__\_/ X /L_J\ /__\_/__L

<Rfm>« Hwﬂ I
R NN B N
DQ 5 ? ?\ﬂ

Figure 38 Read Interrupt Timmg Example 1
CL=3,AL=0,RL=3,BL=38

ws X x \f‘/ X /L_J\ x \f‘/ X /:L_J\ x A8 { X
(= HW:WH B D S R N
rohor
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3.22 Precharge Command

The Precharge Command is used to precharge orclose = The Pre-charge Command can be used to precharge
a bank that has been activated. The Precharge each bankindependently or all banks simultaneously. 3
Command is triggered when CS, RAS and WE are address bits A10, BA[1:0] are used to define which
LOW and CAS is HIGH at the rising edge of the clock.  bank to precharge when the command is issued.

Table 20 Bank Selection for Precharge by Address Bits

A10 BA1 BAO Precharge Bank(s)
0 0 0 Bank 0 only

0 0 1 Bank 1 only

0 1 0 Bank 2 only

0 1 1 Bank 3 only

1 Don’t Care Don’t Care all banks

Note: The bank address assignment is the same for activating and precharging a specific bank.

3.221 Read Followed by a Precharge

The following rules apply as long as the #zp timing The term (tzrp - 2Xxtck) is O clocks for operating
parameter - Internal Read to Precharge Command frequencies less or equal 266 MHz (DDR2-400 and
delay time - is less or equal two clocks, which is the DDR2-533 product speed sorts). The term (tzp - 2xtck)
case for operating frequencies less or equal 266 MHz is one clock for frequencies higher then 266 MHz
(DDR2 400 and 533 speed sorts). (DDR2-667 speed sort).

Minimum Read to Precharge command spacing to the A new bank active command may be issued to the

same bank = AL + BL/2 clocks. For the earliest possible  same bank if the following two conditions are satisfied

precharge, the Precharge command may be issued on  simultaneously:

the rising edge which is “Additive Latency (AL) + BL/2 1. The RAS precharge time (fxp) has been satisfied

clocks” after a Read Command, as long as the from the clock at which the precharge begins.

minimum #gas timing is satisfied. 2. The RAS cycle time (¢ ) from the previous bank
activation has been satisfied.

- Y / \f‘ﬂ/ X T x__,\”“/ X /L_J\ x__\r‘u
wmsm (oo (o ) (5 ()

AL + BL/2 clks i | tRP

|
|
! : |
n

[,
L

1 1
I I I ]
i i ! : ' 5 ; : : ! !
bas, i b v i T - g," i : :
pas i ALE 1 : ' ! ‘ : V i i
\ = | ! CL=3 H | | H | H | | |
e I | P | g | | |
e - [ X [ ourn = 5
T | : | : | Dout A0 ) Dout A1 | Dout A2\ Dout AS/ | |
! H : \ ; | ; k i | | |
! . >=tRAS | P : | CL-3 : i i i
T : T 4P

: R : e ! !
| i 5 SRTP | ! : : i : |

| H = ! '

Figure 40 Read Operatlon Followed by Precharge Example 1
RL=4(AL=1,CL=3),BL=4, tgp<2CKs
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Functional Description

TO

o | Y / \r_/ X /L_J\ / B / X /L_J\ / B / X
ow (g} o H o EH EH HH H Hii‘ﬂvka’?e}

> E AL + BL/2 clks |

[} I [} I H
| | nl | | : o
< | | | : | : : : i : i : 'l :
bas, i ! ! S T S e VR S
bof e+ | i-\ L] %.f\ I -
oyl CLZO SEEEENEE
| N ] H . ] H I : ] ] H I I
e ! [RL=4 I | k/ ! :
DQ i‘ ' | ' = \Dout A0 } Dout A1 X Dout A2>< Dout A3>I<Dout Ad XDout ASX Dout ASX Dout A7>—‘;
1 H 1 1 1 h ]
i | shAS L L cL-s | R
' | ; i >=tRC i i ; | 4 ! ! !
T H H _ : H L
! ! S el LS BN . . !
first 4-bit prefetch second 4-bit prefetch BR-PA1S(E)
Figure 41 Read Operation Followed by Precharge Example 2
RL=4 (AL=1,CL=3),BL =8, tgp <2 CKs
TO T3 T

/L_J\ / \r_/ X_‘/L_J\ / \r_/ X /_4\ / \r_f/\ VQ

i :
CMD F’OStCAS NOP Precharge BankA NOP
READ A Actlvate

. 5 AL+BL/2 clks : : : mp : i
oos. | | ; ' ?- |
DQS | ] : | ] E /“ }\ A B | !
| P AL=2 | CL-= | i : | i i
>« i i > : i i i
P | RL=5 | : | > 5 ' \ |
DQ :‘ ! ! : E - .\Dout AOXDout A1 | Dout AQX Dout As/ E
| i >=tRAS i > e oLo3 ' | N |
| | Ty g | RN |
! ! ! i >=tRTP ;! ! 1 1 !BR-P5253
Figure 42 Read Operatlon Followed by Precharge Example 3
RL=5(AL=2,CL=3),BL =4, tgp <2 CKs
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Functional Description

TO

T6

/L_J\ / B /

X /L_A\ X \r_/ \_‘/L_J\ / \ / L

CMD PostCAS Precharge BankA
< READ A >—< >_< NOP >—< >—< NOP NOP Activate
5 AL ¥ BL/2 clocks | ! P ! tRP : | § | 5
' ' Lo ; N PR et
DQS ' : i i E ! i | i if b :
— ' 1 | | H I | H
bas — T : / k }/ X [
| : AL=2 : ! ! : ! ! ' : ! : ' :
A A P OL =4 : ' N T N T B
e ; i RL=6 ] ] : ] | / :
DQ i T : T T T T »/ :
: : . : : : : : \Dout AOXDOU1A1 X Dout A2X Dout A3>—§7
| 1 1 | 1 N L " 1 . T N
E e > e - I N E NS
' : : >=tfRC_ | I : | | w!
| 1 1 : 1 ] 1 ] ] L} E
| | | i >=tRTP ) | | BR-Peb4
| | T L gl | | | 1 ¢

Figure 43 Read Operatlon Followed by Precharge Example 4

RL=6, (AL =2, CL = 4), BL = 4, fap < 2 CKs

T6

/L_J\ / \ / X /L_J\

/\ /X"‘/L_A\ / \ / I8

CMD { Reap A NOP NOP Precharge NOP Bank A
Activate
b AL+BLR2cks+1 | I § | iy | | P ?
9 T T T T VI‘ i T T Ll .
- | | ; ; L —ih
bas, . | | i A ) t oo
DQs ! ! ; ! ' LR i 1
| I ' I ¥ v T T : T '
'€ , Cl=t | ' > | 5 A R
s | RL=4 1 i | : i ; : 5 : i
DQ :4 + =/ ' 5
: ' ' ' \Dou1 A0 } Dout A1 )| Dout A2) Dout A3 /| Dout A4 | Dout A5 | Dout A6\ Dout A7 ;
' | ; | I ! h ! T ; ;
: | >zRAS | : : U o
i T H T T T L] | | |
| | H | | . | 1 | | |
Il | | | H 1 1 ] ] ]
| | Po>= tRTP |
| + P | | |

first 4-bit prefetch second 4-bit prefetch

BR-P404(8)

Figure 44 Read Operation Followed by Precharge Example 5

RL=4, (AL =0, CL = 4), BL = 8, fnrp > 2 CKs

3.22.2 Write followed by Precharge

Minimum Write to Precharge command spacing to the
same bank = WL + BL/2 + #,,g. For write cycles, a delay
must be satisfied from the completion of the last burst
write cycle until the Precharge command can be
issued. This delay is known as a write recovery time
(twr) referenced from the completion of the burst write
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to the Precharge command. No Precharge command
should be issued prior to the #,z delay, as DDR2
SDRAM does not support any burst interrupt by a
Precharge command. f,g is an analog timing
parameter (see Chapter 5.10) and is not the
programmed value WR in the MR.
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TO T3 T4 T7

st [ 1 / \r_/ X_‘/L_J\ / \ \ X /L_X J ,\r_j/__K

CMD _{ PostCAS NOP NOP NOP NOP Precharge
WRITE A A

Completlon of
the Burst Wr|te

DQS,
DQS

tWR'

SN I, AN

WL=3

A

.
>

<DIN AOXDIN A1XDIN AZXDI; A3>

DQ

E;

-
RS s S
----bgoce----

o=

—FcAC x

Figure 45 Write foIIowed by Precharge Example 1
WL=(RL-1)=3,BL=4,#g=3

TO

w L X \r_ﬂ/ X /L_J\ X \r_“/ X /L_J\ /__,f/ X

<H B C A C N G
WRITE A

, I
: Completlon of \

| | | I

' | | | |

| | | ; i ; |

DQS, E i | ! TR the Burst Write :

bas ] Lk \ ] \ TR i\ |
| . ! ; ] 1 H :

< | Wi=d E N wh |1,

:‘ : ' : L] 1 E :

DQ : ; ; ' |

| ! | I

I I

=

<DIN AOXDII; A1XDIN AZXDH;I A3>

Figure 46 erte foIIowed by Precharge Example 2
WL=(RL -1)=4,BL=4, =3
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3.23 Auto-Precharge Operation

Before a new row in an active bank can be opened, the
active bank must be precharged using either the Pre-
charge Command or the Auto-Precharge function.
When a Read or a Write Command is given to the
DDR2 SDRAM, the CAS timing accepts one extra
address, column address A10, to allow the active bank
to automatically begin precharge at the earliest
possible moment during the burst read or write cycle. If
A10 is LOW when the Read or Write Command is
issued, then normal Read or Write burst operation is
executed and the bank remains active at the
completion of the burst sequence. If A10 is HIGH when
the Read or Write Command is issued, then the Auto-
Precharge function is enabled. During Auto-Precharge,
a Read Command will execute as normal with the
exception that the active bank will begin to precharge

3.23.1 Read with Auto-Precharge

If A10 is 1 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 from the
Read with AP command if fgagyn and tgrp are
satisfied. If 1gag v IS NOt satisfied at the edge, the start
point of Auto-Precharge operation will be delayed until
fras.min 1S satisfied. If fzrp iy IS NOt satisfied at the edge,
the start point of Auto-Precharge operation will be
delayed until tgp N iS satisfied.

In case the internal precharge is pushed out by fr7p, frp
starts at the point where the internal precharge
happens (not at the next rising clock edge after this
event). So for BL = 4 the minimum time from Read with
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internally on the rising edge which is CAS Latency (CL)
clock cycles before the end of the read burst. Auto-
Precharge is also implemented for Write Commands.
The Precharge operation engaged by the Auto-
Precharge command will not begin until the last data of
the write burst sequence is properly stored in the
memory array. This feature allows the precharge
operation to be partially or completely hidden during
burst read cycles (dependent upon CAS Latency) thus
improving system performance for random data
access. The RAS lockout circuit internally delays the
Precharge operation until the array restore operation
has been completed so that the Auto-Precharge
command may be issued with any read or write
command.

Auto-Precharge to the next Activate command
becomes AL + tg1p + frp. FOr BL = 8 the time from Read
with Auto-Precharge to the next Activate command is
AL + 2 + tg1p + tgp- Note that both #z1p and 7z have to
be rounded up to the next integer value. In any event
internal precharge does not start earlier than two clocks
after the last 4-bit prefetch.

A new bank active command may be issued to the
same bank if the following two conditions are satisfied
simultaneously:

1. The RAS precharge time (fzp) has been satisfied
from the clock at which the Auto-Precharge begins.

2. The RAS cycle time (z¢) from the previous bank
activation has been satisfied.
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Functional Description

__D__X /,L_Ax x__\f‘/__\

i . i . . .
osted GAS NOP NOP NOP NOP NOP Bani
EAD w/AP Actlvate

T ; ; + ; : ;

AfO =g ! i P i ! !
L ! AL +'BL/2 ! Auto Precharge Begms ! : ! : ! :
DQs, N ! : ! i R VR A T VA WS S N
oS ——— ————_ i sX I
» AL=2 i CL=38 le—t—3p-w®P ——! g
! | RL=5 | G e e e |
Da = 7 : i : 7 T "\Dout AOXDoutM X Dout AZX Dout Aal: ;
| h | H 1 | p | |
: | tRAS | g N R !
! | { tRCmin. | T | : P | o
| I : ! I ! I I I '!

Figure 47 Read with Auto-Precharge Example 1, followed by an Activation to the Same Bank (#zc Limit)
RL=5(AL=2,CL=3),BL=4, tgp <2 CKs

TO T T2 T3 T4 T5

X / ) / 2 / X
<z°srme H H H H H EH Afsc:l;H o )

Af0 ="high" | | | | o
E ; ! tRAS mjn) 5 ! Auto Precharge Begms ) ! ! !
DQS | T T : T : '[ : I‘.‘ |\ A A\ n 5 ! :
bas ! R / \\ / A b
< . Al-s g ——
bQ = i i i T "\ Dout A0 Xoom A1 >< Dout A2>< Dout A3>—%E
\ I I I 1 1 H 1 H
1 | . | | I I H T . | . | .
1 | E | | I 1 E | E | E | E
! | {tRC | | : | : : R : | :
i | | | | I

Figure 48 Read W|th Auto-Precharge Example 2, foIIowed by an Actlvatlon to the Same Bank (fz5g L|m|t)
RL=5(AL=2,CL=3),BL=4, tgrp <2 CKs
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TO T1 T2 T3

oo OO / \”‘ﬂ/ X /}_4\ 4 §e / X

CMD @cﬁe[gmsﬂ :>_< I >_< NOP >—< NOP >—< NOP >_< rlqop >—< INOP >—<Aiﬁc:te>
A:10 —'high* AL+BLR2 | . j“ Rp . #.

bas E i i : ‘:h :. Au:[cf Precharge Bleglrj_s_rl‘ E E

bas 1] oo
PILICE IS BT NN AR RN B D
' | i RL=4 | P ' ' ' | ' ' ' ' i

DQ i < é é : é ':(Dout A0 }<Dom At ?< Dout Az>< Dout ASX Dout A4 ><Dout A5|>< Dout ABX Dout A7I>‘
e i e TR T N N N U R

T

first 4-bit prefetch

—>

second 4-bit prefetch

BR-AP413(8)2

Figure 49 Read with Auto-Precharge Example 3, followed by an Activation to the Same Bank

RL=4 (AL=1,CL=3), BL =8, fg;p <2 CKs

TO

T3

T4

T6

_ StV Vi Vo Pl =\
ox. oK /\/\/K/\/\/K
| ) — ——
I I
: | : :
CMD <Posted CAS>_< NOP >_< >—< NOP >—< NOP >—< NOP >_< NOP >—< NOP >—< Bank >
READ w/AP) Activate
A10 "h| h" | ; | b | i | i
10="high” Al L {RTP + tRP' ! RN
! : : : " Auto- Precharge Begms : § : : :
DQS, oo . / / g \ / :“; i
bas v o] i i \ SN S S| B :
| AL=1 CL- ! N ! !
:‘ : V:‘ RL _ 5 : V: i : i | :
DQ '« : ; ; t'/ Dout A Xoou« A1 X Dout AzX Dout AS\ J
| | | | 1\ / I
L e et
| — e e
1
T BR-AP4133

first 4-bit prefetch

Figure 50 Read with Auto-Precharge Example 4, followed by an Activation to the Same Bank,

RL=5(AL=1,CL=4),BL=4, fep
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3.23.2 Write with Auto-Precharge

If A10 is HIGH when a Write Command is issued, the
Write with Auto-Precharge function is engaged. The
DDR2 SDRAM automatically begins precharge
operation after the completion of the write burst plus the
write recovery time delay (WR), programmed in the
MRS register, as long as fg,g is satisfied. The bank
undergoing Auto-Precharge from the completion of the
write burst may be reactivated if the following two
conditions are satisfied.

1. The last data-in to bank activate delay time (7p, =
WR + #zp) has been satisfied.
2. The RAS cycle time (fgc) from the previous bank

activation has been satisfied.

In DDR2 SDRAM'’s the write recovery time delay (WR)
has to be programmed into the MRS mode register. As
long as the analog f,g timing parameter is not violated,
WR can be programmed between 2 and 6 clock cycles.
Minimum Write to Activate command spacing to the
same bank = WL + BL/2 + 1p,, .

TO T T2
r—"
/\/\/X/\/\/\
| S | SR— —_— l
CMD < WRITE H NOP >—< >—< NOP >—< >—< >—< Bar?kA
w/AP Activate
A0 "hlgh" ! '
: ; | ““: . JIComplehon oflthe Burst erte: Auto Precharge Beglns
DQs, L YT Y e : :
DQs o b b | 5 l
_WL=RL1=2 0 e L
: : W , ; e ; > ' tDAL
baQ i : \on AOXDIN A1><D|N A2><D|N A3) — : ' E
! ! : — b :
i | | : | 5 ! " tRCmin. !
; ; S | >=tRASmin. |
I I I I ' ' I
Figure 51 Write with Auto- Precharge Example 1 (tgc Limit)
WL=2,1pp =6 (WR=3,7%p=3),BL=4
TO T3 T5 T7 T8
_ — r—" - =,
\J__\ L /__\ A / X X X
L | | ] |
Posted CA Bank A
< it ver e H o o H rop e
A1l 0 i Completlon of the Burst erte : :
! ! : : ! Auto Precharge Beglns '
Das | | | 5 | i
DQS ! i | : i : i e i
! : i WR '~ i _ tRP |
| : : ! T : T N :
| : 5 — i i DAL 1 L
bQ ! | <DIN Ao><D|N A1><D|N A2><D|N A3 i i : i i — ri
e )e 2 S e il
5 il T T T T T T =P
| | | | ' >= tRAS ' » !

Figure 52 Write with Auto-Precharge Example 2 (WR + 7 Limit)

WL =4, fp, =6 (WR =3, tgp = 3), BL=4
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3.23.3 Read or Write to Precharge Command Spacing Summary

The following table summarizes the minimum command delays between Read, Read w/AP, Write, Write w/AP to
the Precharge commands to the same banks and Precharge-All commands.

Table 21 Minimum Command Delays
From Command |To Command Minimum Delay between “From |Unit |Note
Command” to “To Command”
READ PRECHARGE (to same banks as AL + BL/2 + max(tgrp, 2) - 2xtox | tex | M2
READ)
PRECHARGE-ALL AL + BL/2 + max(tzp, 2) - 2¥tek |tk | 2
READ w/AP PRECHARGE (to same banks as AL + BL/2 + max(tgrp, 2) - 2xtex |tk | P
READ w/AP)
PRECHARGE-ALL AL + BL/2 + max(tzrp, 2) - 2xtok | tex | M2
WRITE PRECHARGE (to same banks as WL + BL/2 + tyr tex  |?
WRITE)
PRECHARGE-ALL WL + BL/2 + ty5 tex  |?
WRITE w/AP PRECHARGE (to same banks as WL + BL/2 + WR tex  |?
WRITE w/AP)
PRECHARGE-ALL WL + BL/2 + WR tex  |?
PRECHARGE PRECHARGE (to same banks as 1 tex  |?
PRECHARGE)
PRECHARGE-ALL 1 tex |2
PRECHARGE-ALL |PRECHARGE 1 tex  |?
PRECHARGE-ALL 1 tex  |?

1) RU{tgrp(ns) / tk(ns)} must be used, where RU stands for “Round Up”
2) For agiven bank, the precharge period should be counted from the latest precharge command, either one bank precharge
or precharge-all, issued to that bank. The precharge period is satisfied after 7zp o depending on the latest precharge

command issued to that bank
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3.23.4 Concurrent Auto-Precharge

DDR2 devices support the “Concurrent Auto- The minimum delay from a Read or Write command
Precharge” feature. A Read with Auto-Precharge with Auto-Precharge enabled, to a command to a
enabled, or a Write with Auto-Precharge enabled, may different bank, is summarized in the Command Delay
be followed by any command to the other bank, aslong  Table. As defined, the WL = RL - 1 for DDR2 devices
as that command does not interrupt the read or write  which allows the command gap and corresponding
data transfer, and all other related limitations (e.g. data gaps to be minimized.

contention between Read data and Write data must be

avoided externally and on the internal data bus).

Table 22 Command Delay Table

From Command | To Command (different bank, |Minimum Delay with Concurrent Auto- | Unit Note
non-interrupting command) Precharge Support
WRITE w/AP Read or Read w/AP (CL -1) + (BL/2) + tyy1r fok
Write or Write w/AP BL/2 tek
Precharge or Activate 1 tex R
Read w/AP Read or Read w/AP BL/2 ok
Write or Write w/AP BL/2 +2 tex
Precharge or Activate 1 tex R

1) This rule only applies to a selective Precharge command to another bank, a Precharge-All command is illegal

3.24 Refresh

DDR2 SDRAM requires a refresh of all rows in any rolling 64 ms interval. The necessary refresh can be generated
in one of two ways: by explicit Auto-Refresh commands or by an internally timed Self-Refresh mode.

3.241 Auto-Refresh Command

Auto-Refresh is used during normal operation of the external address bus is required once this cycle has
DDR2 SDRAM’s. This command is non persistent, so it  started.

must be issued each time a refresh is required. The  \hen the refresh cycle has completed, all banks of the
refresh addressing is generated by the internal refresh  gpRAM will be in the precharged (idle) state. A delay
controller. This makes the address bits "don’t care” petween the Auto-Refresh Command and the next
during an Auto-Refresh command. The DDR2 SDRAM  activate Command or subsequent Auto-Refresh
requires Auto-Refresh cycles at an average periodic  Command must be greater than or equal to the Auto-
interval of Zrer max- Refresh cycle time (fgec)-

When CS, RAS and CAS are held LOW and WE HIGH To allow for improved efficiency in scheduling and
at the rising edge of the clock, the chip enters the Auto-  switching between tasks, some flexibility in the
Refresh mode. All banks of the SDRAM must be absolute refresh interval is provided. A maximum of
precharged and idle for a minimum of the precharge eight Auto-Refresh commands can be posted to any
time (¢zp) before the Auto-Refresh Command can be given DDR2 SDRAM, meaning that the maximum
applied. An internal address counter supplies the absolute interval between any Auto-Refresh command
addresses during the refresh cycle. No control of the and the next Auto-Refresh command is 9 X fggp.
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TO T T2 T3 y
e (OO0

v AN NN S S N O N e O
oEr N \\ o
CMD:(Precharge.>=< INOP >»< II\IOP >—< A[JTO >~< I\IIOP\ >ﬂ<RéEFI§SH>—< NOP H NIOP >—< :ANY >—

REFRESH
1

4

I ! I ! I " I

Figure 53 Auto Refresh Timing

3.24.2 Self-Refresh Command

The Self-Refresh command can be used to retain data,
even if the rest of the system is powered down. When
in the Self-Refresh mode, the DDR2 SDRAM retains
data without external clocking. The DDR2 SDRAM
device has a built-in timer to accommodate Self-
Refresh operation. The Self-Refresh Command is
defined by having CS, RAS, CAS and CKE held LOW
with WE HIGH at the rising edge of the clock. The
device must be in idle state and ODT must be turned off
before issuing Self Refresh command, by either driving
ODT pin LOW or using EMRS(1) command. Once the
command is registered, CKE must be held LOW to
keep the device in Self-Refresh mode. The DLL is
automatically disabled upon entering Self Refresh and
is automatically enabled upon exiting Self Refresh.
When the DDR2 SDRAM has entered Self-Refresh
mode all of the external control signals, except CKE,
are “don’t care”. The DRAM initiates a minimum of one
Auto Refresh command internally within #;. period
once it enters Self Refresh mode. The clock is internally
disabled during Self-Refresh Operation to save power.
The minimum time that the DDR2 SDRAM must remain
in Self Refresh mode is 7-«z. The user may change the
external clock frequency or halt the external clock one
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clock after Self-Refresh entry is registered, however,
the clock must be restarted and stable before the
device can exit Self-Refresh operation.

The procedure for exiting Self Refresh requires a
sequence of commands. First, the clock must be stable
prior to CKE going back HIGH. Once Self-Refresh Exit
command is registered, a delay of at least #ygyg must
be satisfied before a valid command can be issued to
the device to allow for any internal refresh in progress.
CKE must remain HIGH for the entire Self-Refresh exit
period #ygrp for proper operation. Upon exit from Self
Refresh, the DDR2 SDRAM can be put back into Self
Refresh mode after tyg\r expires. NOP or deselect
commands must be registered on each positive clock
edge during the Self-Refresh exit interval tygg. ODT
should be turned off during fygng-

The use of Self Refresh mode introduces the possibility
that an internally timed refresh event can be missed
when CKE is raised for exit from Self Refresh mode.
Upon exit from Self Refresh, the DDR2 SDRAM
requires a minimum of one extra auto refresh command
before it is put back into Self Refresh Mode.

Rev. 1.01, 2005-07
12192003-HJJ1-RWHJ



Infineon
echno Ogy

HYB18T512xxxBF—[2.5...5]
512-Mbit Double-Data-Rate-Two SDRAM

Functional Description

OoDT

‘ \"/ Non-Read Read
\ < NoP > <Command> <Command>
] : | : T : 3

CMD <Se:§h‘nf:§fresh>:
CK/CKmay  CK/CK must
be halted be stable
Figure 54 Self Refresh Timing
Note: 3. tysnr has to be satisfied for any command except a

1. Device must be in the “All banks idle” state before
entering Self Refresh mode.

txsrp (2200 #.k) has to be satisfied for a Read or a
Read with Auto-Precharge command.

2.

3.25 Power-Down

Power-down is synchronously entered when CKE is
registered LOW, along with NOP or Deselect
command. CKE is not allowed to go LOW while mode
register or extended mode register command time, or
read or write operation is in progress. CKE is allowed to
go LOW while any other operation such as row
activation, Precharge, Auto-Precharge or Auto-Refresh
is in progress, but power-down I specification will not
be applied until finishing those operations.

The DLL should be in a locked state when power-down
is entered. Otherwise DLL should be reset after exiting
power-down mode for proper read operation. DRAM
design guarantees it's DLL in a locked state with any
CKE intensive operations as long as DRAM controller
complies with DRAM specifications.

If power-down occurs when all banks are precharged,
this mode is referred to as Precharge Power-down; if
power-down occurs when there is a row active in any
bank, this mode is referred to as Active Power-down.

Data Sheet 71

Read or a Read with Auto-Precharge command
Since CKE is an SSTL input, Vggr must be
maintained during Self Refresh.

4.

For Active Power-down two different power saving
modes can be selected within the MRS register,
address bit A12. When A12 is set to LOW this mode is
referred as “standard active power-down mode” and a
fast power-down exit timing defined by the fy,gp timing
parameter can be used. When A12 is set to HIGH this
mode is referred as a power saving “low power active
power-down mode”. This mode takes longer to exit
from the power-down mode and the #y,rpg timing
parameter has to be satisfied.

Entering power-down deactivates the input and output
buffers, excluding CK, CK, ODT and CKE. Also the DLL
is disabled upon entering Precharge Power-down or
slow exit active power-down, but the DLL is kept
enabled during fast exit active power-down. In power-
down mode, CKE LOW and a stable clock signal must
be maintained at the inputs of the DDR2 SDRAM, and
all other input signals are “Don’t Care”. Power-down
duration is limited by 9 times g of the device.
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Power-Down Entry

Active Power-down mode can be entered after an
Activate command. Precharge Power-down mode can
be entered after a Precharge, Precharge-All or internal
precharge command. It is also allowed to enter power-
down mode after an Auto-Refresh command or MRS /
EMRS(1) command when ),z is satisfied.

Active Power-down mode entry is prohibited as long as
a Read Burst is in progress, meaning CKE should be
kept HIGH until the burst operation is finished.
Therefore Active Power-Down mode entry after a Read
or Read with Auto-Precharge command is allowed after
RL + BL/2 is satisfied.

Power-Down Exit

The power-down state is synchronously exited when
CKE is registered HIGH (along with a NOP or Deselect
command). A valid, executable command can be

Functional Description

Active Power-down mode entry is prohibited as long as
a Write Burst and the internal write recovery is in
progress. In case of a write command, active power-
down mode entry is allowed when WL + BL/2 + f1g is
satisfied.

In case of a write command with Auto-Precharge,
Power-down mode entry is allowed after the internal
precharge command has been executed, which is WL
+ BL/2 + WR starting from the write with Auto-
Precharge command. In this case the DDR2 SDRAM
enters the Precharge Power-down mode.

applied with power-down exit latency, #yp, xarp OF
txarps, after CKE goes HIGH. Power-down exit
latencies are defined in chapter 7.2.

H

CMD < Activate

Power-Down
Entry

Tn+1

Tn+2

== b

Valid :
« T
s |
. tXARDor _!
— g
| . tXARDS *)

Act.PD 0
Active
Power-Down

Exit

Figure 55 Active Power-Down Mode Entry and Exit after an Activate Command

Note: Active Power-Down mode exit timing ty,gp (“fast exit’) or ty,gps (“slow exit”) depends on the programmed

state in the MR, address bit A12.
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Active Power-Down mode Entry and Exit Example after a Read command.

Functional Description

o (15
READ w/AP

DQ

READ NOP NOP NOP NOP NOP NOP
| ; ! : ! ! ;

CKE ; : i : | : !
> : . : . . T
fl : [l ! [l : N !

Das, 1 1 | i | TR |

DQS ! : | i i N |

' | T I
DAL= 1! CL= 3 ! v ! ‘ !
A : gt > ; I | |
e | RL=4 ; T !

| H | . Dou(AO‘ Dout A1 Dout A2 Dout A L
! ! ! | d | |
I 1 1 H

Power-Down
Entry

Active
Power-Down
Exit

Act.PD 1

Figure 56 Active Power-Down mode RL =4 (AL =1, CL =3), BL = 4 after a Read Command

Note: Active Power-Down mode exit timing ty,gp (‘fast exit’) or tyarps (“Slow exit”) depends on the programmed

state in the MR, address bit A12.

Active Power-Down Mode Entry and Exit Example after a Write Command

TO m™ T2 T3 T4 T5 T6 T7 Tn Tn+1 Tn+2
‘ 3 / I — n— —‘
. ‘ : ‘ : ‘ < Valid
CMD { WRITE >—< NOP NOP NOP NOP NoP NOP NOP F-’C } Command
CKE R A — _QL“S‘ —b/{ — | :
L ; L L+ BIJ2 +tWTR - : — s o !
pas, | ! \ ! g ! Lo !
pas T\ w i N A V
" WL=RL-1=2 ' i tWTR L 3
} ‘ | ‘ ‘ : ! : ! : — tXARD or* »
! ! i ! i ! i ! i | : ! i tXARDS*) !
DQ : ; —{DIN A0 DIN A3 }— : . : f : ] | : | : 1 ‘ i 1
Active Active
Power-Down Power-Down ActPD2
Entry Exit

Figure 57 Active Power-Down Mode WL = 2, #,1r = 2, BL = 4 after a Write Command

Note: Active Power-Down mode exit timing ty,gp (“fast exit’) or ty,gps (“slow exit”) depends on the programmed

state in the MR, address bit A12.
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Active Power-Down Mode Entry and Exit Example after a Write Command with AP

WRITE

CMD<

w/AP

]

CKE

DQS,

DQS

DQ

Active Active
Power-Down Power-Down ActPD 3
Entry Exit

Figure 58 Active Power-Down Mode WL =2, WR = 3, BL = 4 after a Write Command with AP

Note: Active Power-Down mode exit timing tyrp (“fast exit’) or tyagps (“Slow exit”) depends on the programmed
state in the MR, address bit A12. WR is the programmed value in the MRS mode register.

Precharge Power Down Mode Entry and Exit

Tn Tn+1 Tn+2
: p— :
Valid
) NoP NOP Command NOP
CKE ! 3\ - | -« 1 1 1
} P 3 ‘ 3 1S b | |
_ P L XP !
! : T : | : T : | : | |
Precharge Precharge
Power-Down Power-Down
Entry Exit

Figure 59 Precharge Power Down Mode Entry and Exit
Note: "Precharge" may be an external command or an internal precharge following Write with AP.

Auto-Refresh command to Power-Down entry

TO
s ) x x / Y uf :__x In u O
CMD j_ Auto E ;tRF- E E E : E @
! Refresh | E | | | ; | tXPI Command/
CKE | \ : /= I R
: i i K . flis f i E i
Figure 60 Auto-Refresh command to Power-Down entry
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MRS, EMRS command to Power-Down entry

Functional Description

TO T T2 T3

CK, CK \
owo L (T
==/ tvrp
CKE — ‘ — \ !

T Enters Precharge Power-Down Mode

Figure 61 MRS, EMRS command to Power-Down entry
3.26 Other Commands
3.26.1 No Operation Command

The No Operation Command (NOP) should be used in
cases when the SDRAM is in a idle or a wait state. The
purpose of the No Operation Command is to prevent
the SDRAM from registering any unwanted commands
between operations. A No Operation Command is

3.26.2 Deselect Command

The Deselect Command performs the same function as
a No Operation Command. Deselect Command occurs

3.27 Input Clock Frequency Change

During operation the DRAM input clock frequency can
be changed under the following conditions:

During Self-Refresh operation
DRAM is in Precharge Power-down mode and ODT
is completely turned off.

In the Precharge Power-down mode the DDR2-
SDRAM has to be in Precharged Power-down mode
and idle. ODT must be already turned off and CKE must
be at a logic LOW state. After a minimum of two clock
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registered when CS is LOW with RAS, CAS, and WE
held HIGH at the rising edge of the clock. A No
Operation Command will not terminate a previous
operation that is still executing, such as a burst read or
write cycle.

when CS is brought HIGH, the RAS, CAS, and WE
signals become don’t care.

cycles after 7z and ¢, have been satisfied the input
clock frequency can be changed. A stable new clock
frequency has to be provided, before CKE can be
changed to a HIGH logic level again. After 4 has been
satisfied a DLL RESET command via EMRS(1) has to
be issued. During the following DLL re-lock period of
200 clock cycles, ODT must remain off. After the DLL-
re-lock period the DRAM is ready to operate with the
new clock frequency.
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Input Frequency Change Example

To Ty+1 Ty+2 Ty+3

i
Valid

v | ]

>
(@)
5
@)

T T e

Frequency Change Stable new clock ‘ . .
occurs here before power-down exit g:_): :Eosfé.? uring

Y

Minimun 2 clocks
required before
changing the frequency

Figure 62 Input Frequency Change Example during Precharge Power-Down mode

3.28 Asynchronous CKE LOW Reset Event

In a given system, Asynchronous Reset event can occurs, the memory controller must satisfy a time delay
occur at any time without prior knowledge. In this  (#pg ay) before turning off the clocks. Stable clocks must
situation, memory controller is forced to drop CKE exist at the input of DRAM before CKE is raised HIGH
asynchronously LOW, immediately interrupting any again. The DRAM must be fully re-initialized as
valid operation. DRAM requires CKE to be maintained described the initialization sequence (Power On and
HIGH for all valid operations as defined in this data |Initialization, step 4 through 13). DRAM is ready for
sheet. If CKE asynchronously drops LOW during any  normal operation after the initialization sequence. See
valid operation, the DRAM is not guaranteed to Chapter 7 for 7y oy Specification.

preserve the contents of the memory array. If this event

stable clocks
o A T B //
s D
/:{L—Jz AN | W | SR W ] ! !
| : | H | H | | | | | |
! i | ; i é | i | i | |
H | H H | | | | | |
. tdelay | : | : : |
! | | | i | i i i
+ L | | | | | | |
CKE ! : : : | : | | |
| | : i i | i | | |
| | H | | | | | | |
| : /‘ | | | | | | |
| : [ H [ [ | [ | | |
H | H | H | . | : | | | |
I CKE drops low due to an Clocks can be turned off after
asynchronous reset event this point

Figure 63 Asynchronous Low Reset Event
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Truth Tables

Table 23 Command Truth Table

Function CKE CS |RAS |CAS |WE BAO |A[13:11]|A10 |A[9:0] |Note"??
Previous |Current BA1
Cycle Cycle
(Extended) Mode H H L |L L L |BA |OP Code 4%)
Register Set
Auto-Refresh H H L |L L H |X X X X 4)
Self-Refresh Entry H L L |L L H [X X X X 4%)
Self-Refresh Exit L H H [X X X |X X X X 487
L |H H H
Single Bank Precharge |H H L |L H L |BA |X L |X 4%)
Precharge all Banks H H L |L H L |X X H |X 4)
Bank Activate H H L |L H |H |BA |Row Address 45)
Write H H L |H L L |BA [Column |L |Column %58
Write with Auto- H H L |H L L |BA [Column |H |Column %58
Precharge
Read H H L [H H |BA |[Column [L |Column #®®
Read with Auto- H H L |H L H |BA |Column |H |Column %598
Precharge
No Operation H X L |H H H |X X X X 4)
Device Deselect H X H [X X X | X X X X 4)
Power Down Entry H L H | X X X [X X X X 49)
L |H H H
Power Down Exit L H H [X X X |X X X X 49)
L |H H H

1)

The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.

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

3) Operation that is not specified is illegal and after such an event, in order to guarantee proper operation, the DRAM must
be powered down and then restarted through the specified initialization sequence before normal operation can continue.

4) All DDR2 SDRAM commands are defined by states of @, W, WS, %, and CKE at the rising edge of the clock.

5) Bank addresses BA[1:0] determine which bank is to be operated upon. For (E)MRS BA[1:0] selects an (Extended) Mode
Register.

6) Vgegr must be maintained during Self Refresh operation.

7) Self Refresh Exit is asynchronous.

8) Burst reads or writes at BL = 4 cannot be terminated. See Chapter 3.21 for details.

9) The Power Down Mode does not perform any refresh operations. The duration of Power Down is therefore limited by the
refresh requirements outlined in Chapter 3.28
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Table 24  Clock Enable (CKE) Truth Table for Synchronous Transitions

Current State" | CKE Command (N)?¥ | Action (N)? Note*®
Previous Cycle® |Current Cycle® | RAS, CAS, WE, CS
(N-1) (N)
Power-Down |L L X Maintain Power-Down 781
L H DESELECT or NOP | Power-Down Exit nonony
Self Refresh  |L L X Maintain Self Refresh §1112)
L H DESELECT or NOP | Self Refresh Exit 9)12)13)14)
Bank(s) H L DESELECT or NOP | Active Power-Down Entry | 910)11)19)
Active
All Banks Idle |H L DESELECT or NOP | Precharge Power-Down | 9191D19)
Entry
H L AUTOREFRESH | Self Refresh Entry 711)14)16)
Any State other |H H Refer to the Command Truth Table n
than
listed above

1) Current state is the state of the DDR2 SDRAM immediately prior to clock edge N.
2) Command (N) is the command registered at clock edge N, and Action (N) is a result of Command (N)

3) The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
See Chapter 3.13.

4) CKE must be maintained HIGH while the device is in OCD calibration mode.

5) Operation that is not specified is illegal and after such an event, in order to guarantee proper operation, the DRAM must
be powered down and then restarted through the specified initialization sequence before normal operation can continue.

6) CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.

7) The Power-Down Mode does not perform any refresh operations. The duration of Power-Down Mode is therefor limited by
the refresh requirements

8) “X” means “don’t care (including floating around Vggr)” in Self Refresh and Power Down. However ODT must be driven
HIGH or LOW in Power Down if the ODT function is enabled (Bit A2 or A6 set to “1” in EMRS(1)).

9) All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
10) Valid commands for Power-Down Entry and Exit are NOP and DESELECT only.

11) teke min OF 3 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 3 clocks of registration. Thus, after any CKE transition, CKE may not
transition from its valid level during the time period of #,g + 2xtcye + -

12) Vgrer must be maintained during Self Refresh operation.

13) 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 tyggp (200 clocks) is satisfied.

14) Valid commands for Self Refresh Exit are NOP and DESELCT only.

15) Power-Down and Self Refresh can not be entered while Read or Write operations, (Extended) mode Register operations,
Precharge or Refresh operations are in progress. See Chapter 3.25 and Chapter 3.24.2 for a detailed list of restrictions.

16) Self Refresh mode can only be entered from the All Banks Idle state.
17) Must be a legal command as defined in the Command Truth Table.

Table 25 Data Mask (DM) Truth Table

Name (Function) DM DQs Note
Write Enable L Valid "
Write Inhibit H X 0

1) Used to mask write data; provided coincident with the corresponding data.
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5 Electrical Characteristics

Table 26  DRAM Component Operating Temperature Range

Symbol Parameter Rating Unit Notes
1)2)3)4)

Toper Operating Temperature 0to 95 °C

1) Operating Temperature is the case surface temperature on the center / top side of the DRAM.

2) The operating temperature range are the temperatures where all DRAM specification will be supported. During operation,
the DRAM case temperature must be maintained between 0 - 95 °C under all other specification parameters.

3) Above 85 °C case temperature the Auto-Refresh command interval has to be reduced to fggr = 3.9 us.

4) When operating this product in the 85 °C to 95 °C T,qe temperature range, the High Temperature Self Refresh has to be
enabled by setting EMR(2) bit A7 to “1“. Note, when the High Temperature Self Refresh is enabled there is an increase of
Ipe by approximately 50%

5.1 Absolute Maximum Ratings

Table 27  Absolute Maximum Ratings

Symbol Parameter Rating Unit Notes
Vob Voltage on Vpp, pin relative to Vgg -1.0to +2.3 \Y h2)
Voba Voltage on Vppq pin relative to Vg -0.5t0 +2.3 v h2)
VobL Voltage on VDDL pin relative to Vgg -0.5t0 +2.3 Y 12)
Viwo Vour | Voltage on any pin relative to Vgg -0.5t0 +2.3 V 12)
Tsto Storage Temperature -55to +100 °C 12)3)

1) Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.

2) When Vpp and Vppq and Vpp, are less than 500mV; Vref may be equal to or less than 300mV.
3) Storage Temperature is the case surface temperature on the center/top side of the DRAM.

5.2 DC Characteristics

Table 28 Recommended DC Operating Conditions (SSTL_18)

Symbol Parameter Rating Unit Notes
Min. Typ. Max.

Vob Supply Voltage 1.7 1.8 1.9 \% R

VoooL Supply Voltage for DLL 1.7 1.8 1.9 \Y, R

Voba Supply Voltage for Output 1.7 1.8 1.9 \Y, R

Vrer Input Reference Voltage 049 % Vppg 0.5 % Vppq 0.51 x Vppq V 23)

Vit Termination Voltage Vegr —0.04 | Viger Ve + 0.04 v 4

1) Vbpq tracks with Vi, Vppp, tracks with Vp. AC parameters are measured with V5, Vppq and Vppp, tied together.

2) The value of Vg may be selected by the user to provide optimum noise margin in the system. Typically the value of Vgge
is expected to be about 0.5 x V4 of the transmitting device and Ve is expected to track variations in Vppq.

3) Peak to peak ac noise on Ve may not exceed + 2% Ve (dc)
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4) Viris not applied directly to the device. V4 is a system supply for signal termination resistors, is expected to be set equal

to Vrer, and must track variations in die dc level of Vigge.

Table 29 ODT DC Electrical Characteristics

Parameter / Condition Symbol Min. Nom. |Max. Unit Note
Termination resistor impedance value for Rtt1(eff) 60 75 90 Q R
EMRS(1)[A6,A2] = [0,1]; 75 Ohm

Termination resistor impedance value for Rtt2(eff) 120 150 180 Q R
EMRS(1)[A6,A2] =[1,0]; 150 Ohm

Termination resistor impedance value for Rtt3(eff) 40 50 60 Q R
EMRS(1)(A6,A2)=[1,1]; 50 Ohm

Deviation of V,, with respect to Vppq / 2 deltaV,, |-6.00 |— +6.00 |% 2

1) Measurement Definition for Rtt(eff): Apply V iy5c) @nd V() to test pin separately, then measure current I(Vy,c) and (Vi )

respectively. Rtt(eff) = (VIH(ac) - VIL(ac)) 1V ikac) = 1(ViLac)-

2) Measurement Definition for V,,: Turn ODT on and measure voltage (V),) at test pin (midpoint) with no load:

delta Vy, = ((2 x Vy/ Vppg) — 1) x 100%

Table 30  Input and Output Leakage Currents

Symbol Parameter / Condition Min Max. Unit Notes
lIL Input Leakage Current; any input 0 V < VIN < V5 -2 +2 pA R

oL Output Leakage Current; 0 V < VOUT < Vppq -5 +5 HA 2)

1) all other pins not under test =0 V

2) DQ’s, LDQS, LDQS, UDQS, UDQS, DQS, DQS, RDQS, RDQS are disabled and ODT is turned off

5.3 DC & AC Characteristics

DDR2 SDRAM pin timing are specified for either single
ended or differential mode depending on the setting of
the EMRS(1) “Enable DQS” mode bit; timing
advantages of differential mode are realized in system
design. The method by which the DDR2 SDRAM pin
timing are measured is mode dependent. In single
ended mode, timing relationships are measured

relative to the rising or falling edges of DQS crossing at
Vrer- In differential mode, these timing relationships
are measured relative to the crosspoint of DQS and its
complement, DQS. This distinction in timing methods is
verified by design and characterization but not subject
to production test. In single ended mode, the DQS (and
RDQS) signals are internally disabled and don’t care.

Table 31 DC & AC Logic Input Levels for DDR2-667 and DDR2-800
Symbol Parameter DDR2-667, DDR2-800 Units
Min. Max.
V|H(dc) DC input logic high Veer +0.125 Vopg + 0.3 \V;
Vi) DC input low -0.3 Vegs — 0.125 v
ViHac) AC input logic high Vier + 0.200 — V
ViL(ac) AC input low — Virer — 0.200 Y,
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Table 32 DC & AC Logic Input Levels for DDR2-533 and DDR2-400

Symbol Parameter DDR2-533, DDR2-400 Units
Min. Max.

ViH(do) DC input logic high Veer + 0.125 Vopg + 0.3 \Y

Vi (o) DC input low -0.3 Vier - 0.125 \

ViH(ac) AC input logic high Vizer + 0.250 — \Y,

ViL(ao) AC input low — Vier - 0.250 \

Table 33  Single-ended AC Input Test Conditions

Symbol Condition Value Unit Notes

Vrer Input reference voltage 0.5 X Vppq V R

VswiNG.MAX Input signal maximum peak to peak swing 1.0 \Y R

SLEW Input signal minimum Slew Rate 1.0 Vins |29

1) Input waveform timing is referenced to the input signal crossing through the Vi level applied to the device under test.

2) The input signal minimum Slew Rate is to be maintained over the range from V¢, win 1o Vier for rising edges and the
range from Viee to V) (5c) max for falling edges as shown in Figure 64
3) AC timings are referenced with input waveforms switching from V) ¢ to V)5, On the positive transitions and Vi, to Vi (¢
on the negative transitions.
————————————————————— Vbba
————————————— - Vinagmin
I B Wi - Vib(deymin
SWING(MAX)| N _ _ _ Vpger
L T - — - ViL(de) max
- 4-%-—"—-—"——"——-——- - — - VIL(ac) max
e | — = - — — Vss
delta TF delta TR I«
-V max \Y min - VREF
Falling Slew = VREF - Vi@ Rising Slew = 19
delta TF delta TR
Figure 64 Single-ended AC Input Test Conditions Diagram
Table 34  Differential DC and AC Input and Output Logic Levels
Symbol Parameter Min. Max. Unit Notes
Vino) DC input signal voltage -0.3 Vopg + 0.3 — R
Viowo) DC differential input voltage 0.25 Vopg + 0.6 — 2
Vo) AC differential input voltage 0.5 Vopa + 0.6 v 3
Vixac) AC differential cross point input 0.5% Vppg—0.175  [0.5x Vppg +0.175 |V 4
voltage
Voxac) AC differential cross point output 0.5x Vppg—0.125  |0.5x Vppq +0.125 |V %
voltage

1) V|N(dc) specifies the allowable DC execution of each input of differential pair such as CK, &, DQS, DQS etc.
2) Vipwe) specifies the input differential voltage Vrg— Ve required for switching. The minimum value is equal to Viyyge) — Viae)
3)  Vib(ac) SPecifies the input differential voltage Vg — Vip required for switching. The minimum value is equal to Vi ac) = Vi ac)-
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4) The value of Vi, is expected to equal 0.5 x Vppq of the transmitting device and Vi, is expected to track variations in
Voba: Vix@ac) indicates the voltage at which differential input signals must cross.

5) The value of Vg, is expected to equal 0.5 x Vppq of the transmitting device and V4, is expected to track variations in
Vopa- Voxc) indicates the voltage at which differential input signals must cross.

Crossing Point

e

Figure 65 Differential DC and AC Input and Output Logic Levels Diagram

54 Output Buffer Characteristics

Table 35 SSTL_18 Output DC Current Drive

Symbol Parameter SSTL_18 Unit Notes
Ion Output Minimum Source DC Current -13.4 mA 12)
I, Output Minimum Sink DC Current 13.4 mA 23)

1) Voo =1.7V; Vour =142 V. (Vour—Vopa) / 1oy must be less than 21 Ohm for values of V1 between Vpq and
Vobg — 280 mV.

2) The values of Ioyqe) and Ig ) are based on the conditions given in " and ¥. They are used to test drive current capability
to ensure V|, yin- Plus @ noise margin and V|, ;ax minus a noise margin are delivered to an SSTL_18 receiver. The actual
current values are derived by shifting the desired driver operating points along 21 Ohm load line to define a convenient
current for measurement.

3) Vopa=1.7V; Vour =280 mV. Vg1 / I, must be less than 21 Ohm for values of V; between 0 V and 280 mV.

Table 36 SSTL_18 Output AC Test Conditions

Symbol Parameter SSTL_18 Unit Note
Vou Minimum Required Output Pull-up Vi +0.603 % R
VoL Maximum Required Output Pull-down Vir —0.603 v "
Vorr Output Timing Measurement Reference Level 0.5 % Vppq \

1) SSTL_18 test load for V,, and V_is different from the referenced load described in Chapter 5.10.1.1. The SSTL_18 test
load has a 20 Ohm series resistor additionally to the 25 Ohm termination resistor into V1. The SSTL_18 definition assumes
that £ 335 mV must be developed across the effectively 25 Ohm termination resistor (13.4 mA x 25 Ohm = 335 mV). With
an additional series resistor of 20 Ohm this translates into a minimum requirement of 603 mV swing relative to V, at the
ouput device (13.4 mA x 45 Ohm = 603 mV).
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Table 37  OCD Default Characteristics
Symbol Description Min. Nominal |Max. Unit Notes
— Output Impedance See Chapter 5.5 Ohms h2)
— Pull-up / Pull down mismatch 0 — 4 Ohms h2)3)
— Output Impedance step size 0 — 1.5 Ohms 4)
for OCD calibration

Sout Output Slew Rate 1.5 — 5.0 V/ns 19)6)7)8)

1) Vopg=18V£01V; Vop=18V£0.1V

2) Impedance measurement condition for output source dc current: Vppq = 1.7 V, Voyr = 1420 mV;
(VourVbpa) / oy must be less than 23.4 ohms for values of V; between Vpq and Vppq — 280 mV. Impedance
measurement condition for output sink dc current: Vppg = 1.7 V; Voyr = =280 mV; Vgyr / I, must be less than 23.4 Ohms
for values of Vg between 0 V and 280 mV.

3) Mismatch is absolute value between pull-up and pull-down, both measured at same temperature and voltage.

4) This represents the step size when the OCD is near 18 ohms at nominal conditions across all process parameters and
represents only the DRAM uncertainty. A 0 Ohm value (no calibration) can only be achieved if the OCD impedance is 18
+ 0.75 Ohms under nominal conditions.

5) Slew Rates according to Chapter 5.10.1.2.1V ) to V}y 5, With the load specified in Figure 72.

6) The absolute value of the Slew Rate as measured from DC to DC is equal to or greater than the Slew Rate as measured
from AC to AC. This is verified by design and characterization but not subject to production test.

7) Timing skew due to DRAM output Slew Rate mis-match between DQS / DQS and associated DQ'’s is included in 7pqsq and
Iqns Specification.

8) DRAM output Slew Rate specification applies to 400, 533 and 667 MT/s speed bins.

5.5 Full Strength Output V-l Characteristics

DDR2 SDRAM output driver characteristics are defined
for full strength default operation as selected by the
EMRS(1) bits A[9:7] ="111". Figure 66 and Figure 67
show the driver characteristics graphically and the

tables show the same data suitable for input into
simulation tools.

Full Driver Strength output characteristics are achieved
by setting address bit A1 in the EMRS(1) to 0.

Table 38  Full Strength Default Pull-up Driver Characteristics
Voltage (V) Pull-up Driver Current [mA]

Min." Nominal Default low? |Nominal Default high? |Max.®
0.0 0.00 0.00 0.00 0.00
0.1 —4.30 -5.55 -5.90 -7.95
0.2 -8.6 -11.10 -11.80 -15.90
0.3 -12.9 -16.00 -17.00 -23.85
0.4 -16.9 —20.30 -22.20 -31.80
0.5 -20.05 —24.00 -27.50 -39.75
0.6 -22.10 -27.20 -32.40 —47.70
0.7 -23.27 -29.80 -36.90 -55.55
0.8 -24.10 -31.90 —40.80 -62.95
0.9 —24.73 -33.40 —44.50 —69.55
1.0 -25.23 -34.60 —47.70 -75.35
1.1 —25.65 —-35.50 -50.40 -80.35
1.2 -26.02 -36.20 -52.50 —84.55
1.3 —26.35 -36.80 -54.20 -87.95
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Table 38  Full Strength Default Pull-up Driver Characteristics

Voltage (V) Pull-up Driver Current [mA]

Min." Nominal Default low? |Nominal Default high? |Max.?
14 —26.65 -37.20 -55.90 -90.70
1.5 —26.93 =-37.70 -57.10 —-93.00
1.6 —27.20 -38.00 -58.40 —95.05
1.7 —27.46 -38.40 -59.60 -97.05
1.8 — -38.60 —60.80 —99.05
1.9 — — — -101.05

1) The driver characteristics evaluation conditions are Minimum 95 °C (Tcase), Vopq = 1.7 V, slow—slow process
2) The driver characteristics evaluation conditions are Nominal Default 25 °C (T¢ase), Vopq = 1.8 V, typical process
3) The driver characteristics evaluation conditions are Maximum 0 °C (Tcase)- Vppg = 1.9 V, fast—fast process

0,00 7
-20,00 -
:%— -40,00 —&— Minimum
§ —#- Nominal Default Low
§ -60,00 — g Nominal Default High
o Maximum
% -80,00 -
o
-100,00 ~—]
-120,00
o 02 04 06 08 1 12 14 16 18 2
VDDQ to VOUT (V)
Figure 66 Full Strength Default Pull-up Driver Diagram
Table 39  Full Strength Default Pull-down Driver Characteristics
Voltage (V) |Pull-down Driver Current [mA]
Min." Nominal Default low? |Nominal Default high? |Max.?
0.0 0.00 0.00 0.00 0.00
0.1 4.30 5.65 5.90 7.95
0.2 8.60 11.30 11.80 15.90
0.3 12.90 16.50 16.80 23.85
0.4 16.90 21.20 22.10 31.80
0.5 20.05 25.00 27.60 39.75
0.6 2210 28.30 32.40 47.70
0.7 23.27 30.90 36.90 55.55
0.8 2410 33.00 40.90 62.95
0.9 24.73 34.50 44.60 69.55
1.0 25.23 35.50 47.70 75.35
1.1 25.65 36.10 50.40 80.35
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Table 39  Full Strength Default Pull-down Driver Characteristics

Voltage (V) |Pull-down Driver Current [mA]

Min." Nominal Default low? |Nominal Default high? |Max.®
1.2 26.02 36.60 52.60 84.55
1.3 26.35 36.90 54.20 87.95
1.4 26.65 37.10 55.90 90.70
1.5 26.93 37.40 57.10 93.00
1.6 27.20 37.60 58.40 95.05
1.7 27.46 37.70 59.60 97.05
1.8 — 37.90 60.90 99.05
1.9 — — — 101.05

1) The driver characteristics evaluation conditions are Minimum 95 oC (Tase), Vopg = 1.7 V, slow-slow process,
2) The driver characteristics evaluation conditions are Nominal Default 25 oC (T¢ase), Vppg = 1.8 V, typical process,
3) The driver characteristics evaluation conditions are Maximum 0 oC (T¢ase). Vppg = 1.9V, fast-fast process

120

100

80

60

—— Minimum
—- Nominal Default Low
Nominal Default High

40 | ‘

Pulldown current (mA)

Maximum

20 A7

0 ¥

o 02 04 06 08 1

VOUT to VSSQ (V)

14 16 18 2

Figure 67 Full Strength Default Pull-down Driver Diagram

5.5.1

DDR2 SDRAM output driver characteristics are defined
for full strength calibrated operation as selected by the
procedure outlined in the Off-Chip Driver (OCD)
Impedance Adjustment. The Table 40 and Table 41
show the data in tabular format suitable for input into
simulation tools. The nominal points represent a device
at exactly 18 ohms. The nominal low and nominal high
values represent the range that can be achieved with a
maximum 1.5 ohms step size with no calibration error
at the exact nominal conditions only (i.e. perfect
calibration procedure, 1.5 ohm maximum step size
guaranteed by specification). Real system calibration
error needs to be added to these values. It must be
understood that these V-I curves are represented here

Data Sheet

Calibrated Output Driver V-l Characteristics

or in supplier IBIS models need to be adjusted to a
wider range as a result of any system calibration error.
Since this is a system specific phenomena, it cannot be
quantified here. The values in the calibrated tables
represent just the DRAM portion of uncertainty while
looking at one DQ only. If the calibration procedure is
used, it is possible to cause the device to operate
outside the bounds of the default device characteristics
tables and figure. In such a situation, the timing
parameters in the specification cannot be guaranteed.
It is solely up to the system application to ensure that
the device is calibrated between the minimum and
maximum default values at all times. If this can’t be
guaranteed by the system calibration procedure, re-
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calibration policy and uncertainty with DQ to DQ
variation, it is recommended that only the default

values to be used. The nominal

maximum and

minimum values represent the change in impedance
from nominal LOW and HIGH as a result of voltage and

Electrical Characteristics

temperature change from the nominal condition to the
maximum and minimum conditions. If calibrated at an
extreme condition, the amount of variation could be as
much as from the nominal minimum to the nominal
maximum or vice versa.

Table 40  Full Strength Calibrated Pull-down Driver Characteristics
Voltage (V) Calibrated Pull-down Driver Current [mA]
Nominal Minimum" |Nominal Low? |Nominal® Nominal High? |Nominal
(21 Ohms) (18.75 Ohms) | (18 ohms) (17.25 Ohms) | Maximum®*
(15 Ohms)
0.2 9.5 10.7 11.5 11.8 13.3
0.3 14.3 16.0 16.6 17.4 20.0
04 18.7 21.0 21.6 23.0 27.0

1) The driver characteristics evaluation conditions are Nominal Minimum 95 °C (T¢ase)- Vopg = 1.7 V, any process
2) The driver characteristics evaluation conditions are Nominal Low and Nominal High 25 °C (Tcase), Vppg = 1.8V, any

process

3) The driver characteristics evaluation conditions are Nominal 25 °C (Tcase), Vppg = 1.8 V, typical process
4) The driver characteristics evaluation conditions are Nominal Maximum 0 °C (Tase), Vopg = 1.9 V, any process

Table 41 Full Strength Calibrated Pull-up Driver Characteristics

Voltage (V) |Calibrated Pull-up Driver Current [mA]
Nominal Nominal Low? | Nominal Nominal High? |Nominal
Minimum®" (18.75 Ohms) (18 ohms)? (17.25 Ohms) | Maximum?
(21 Ohms) (15 Ohms)

0.2 -9.5 -10.7 -11.4 -11.8 -13.3

0.3 -14.3 -16.0 -16.5 -17.4 -20.0

04 -18.3 -21.0 -21.2 -23.0 -27.0

1) The driver characteristics evaluation conditions are Nominal Minimum 95 °C (T¢ase)- Vopg = 1.7 V, any process
2) The driver characteristics evaluation conditions are Nominal Low and Nominal High 25 °C (Tcase), Vppg = 1.8 V, any

process

3) The driver characteristics evaluation conditions are Nominal 25 °C (Tcase), Vppg = 1.8 V, typical process
4) The driver characteristics evaluation conditions are Nominal Maximum 0 °C (Tcase), Vppg = 1.9V, any process

5.6

Reduced Output Drive Characteristics

A driver mode with reduced output drive characterisitcs can be selected by setting address bit A1 in the EMRS(1)
extended mode register to 1.

Table 42 Reduced Strength Default Pull-up Driver Characteristics
Voltage (V) |Pull-up Driver Current [mA]
Min." Nominal Default low? | Nominal Default high? | Max.®)
0.0 0.00 0.00 0.00 0.00
0.1 -1.72 -3.20 -3.70 —4.77
0.2 -3.44 -6.20 -7.22 -9.54
0.3 -5.16 -9.04 -10.56 -14.31
0.4 —6.76 -11.69 -13.75 -19.08
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Table 42 Reduced Strength Default Pull-up Driver Characteristics

Voltage (V) |Pull-up Driver Current [mA]

Min." Nominal Default low? | Nominal Default high? | Max.®
0.5 -8.02 -14.11 -16.78 -23.85
0.6 -8.84 -16.27 -19.61 —28.62
0.7 -9.31 -18.16 —22.20 -33.33
0.8 -9.64 -19.77 —24.50 =37.77
0.9 -9.89 -21.10 —26.46 —41.73
1.0 -10.09 —22.15 —28.07 —45.21
1.1 -10.26 —22.96 —29.36 —48.21
1.2 -10.41 —23.61 -30.40 -50.73
1.3 -10.54 —24.61 -31.24 -52.77
14 -10.66 —24.64 -31.93 —54.42
1.5 -10.77 -25.07 -32.51 -55.80
1.6 -10.88 —-25.47 -33.01 -57.03
1.7 -10.98 —-25.85 -33.46 -58.23
1.8 — —26.21 -33.89 -59.43
1.9 — — — —60.63

1) The driver characteristics evaluation conditions are Minimum 95 °C (T¢age), Vopg = 1.7 V, slow-slow process,
2) The driver characteristics evaluation conditions are Nominal Default 25 °C (Tase), Vopg = 1.8 V, typical process,
3) The driver characteristics evaluation conditions are Maximum 0 °C (Tase). Vopg = 1.9V, fast-fast process

0,00
-20,00
<
E
= —— Minimum
[
£ i —- Nominal Default Low
3 40,00 Nominal Default High
% Maximum
E
o
-60,00 <<
-80,00
o 02 04 06 08 1 1,2 14 16 18 2
VDDQ to VOUT (V)
Figure 68 Reduced Strength Default Pull-up Driver Diagram
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Table 43 Reduced Strength Default Pull-down Driver Characteristics

Voltage (V) |Pull-up Driver Current [mA]

Min." Nominal Default low? | Nominal Default high? | Max.®)
0.0 0.00 0.00 0.00 0.00
0.1 1.72 3.24 411 4.77
0.2 3.44 6.25 8.01 9.54
0.3 5.16 9.03 11.67 14.31
04 6.76 11.52 15.03 19.08
0.5 8.02 13.66 18.03 23.85
0.6 8.84 15.41 20.61 28.62
0.7 9.31 16.77 22.71 33.33
0.8 9.64 17.74 24.35 37.77
0.9 9.89 18.83 25.56 41.73
1.0 10.09 18.80 26.38 45.21
1.1 10.26 19.06 26.90 48.21
1.2 10.41 19.23 27.24 50.73
1.3 10.54 19.35 27.47 52.77
1.4 10.66 19.46 27.64 54.42
1.5 10.77 19.56 27.78 55.80
1.6 10.88 19.65 27.89 57.03
1.7 10.98 19.73 27.97 58.23
1.8 — 19.80 28.02 59.43
1.9 — — — 60.63

1) The driver characteristics evaluation conditions are Minimum 95 oC (T¢ase), Vopg = 1.7 V, slow-slow process,
2) The driver characteristics evaluation conditions are Nominal Default 25 oC (T¢ase), Vppg = 1.8 V, typical process,
3) The driver characteristics evaluation conditions are Maximum 0 oC (T¢asg)- Vppg = 1.9V, fast-fast process
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Figure 69 Reduced Strength Default Pull-down Driver Diagram
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5.7 Input / Output Capacitance

Table 44  Input/ Output Capacitance

Symbol Parameter Min. Max. Unit
CCK Input capacitance, CK and CK 1.0 2.0 pF
CDCK Input capacitance delta, CK and CK — 0.25 pF
Cl Input capacitance, all other input-only pins 1.0 1.75 pF
CDI Input capacitance delta, all other input-only pins — 0.25 pF
ClO Input/output capacitance, L 2.5 3.5 pF
DQ, DM, DQS, DQS, RDQS, RDQS
CDIO Input/output capacitance delta, — 0.5 pF
DQ, DM, DQS, DQS, RDQS, RDQS

5.8 Power & Ground Clamp V-l Characteristics

Power and Ground clamps are provided on address pins. The V-| characteristics for pins with clamps is
(A[13:0], BA[1:0]), RAS, CAS, CS, WE, CKE and ODT  shown in Table 45.

Table 45 Power & Ground Clamp V-l Characteristics

Voltage across clamp (V) Minimum Power Clamp Minimum Ground Clamp Current (mA)
Current (mA)
0.0 0 0
0.1 0 0
0.2 0 0
0.3 0 0
0.4 0 0
0.5 0 0
0.6 0 0
0.7 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
14 11.0 11.0
15 13.5 13.5
1.6 16.0 16.0
1.7 18.2 18.2
1.8 21.0 21.0
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5.9 Overshoot and Undershoot Specification
Table 46 AC Overshoot / Undershoot Specification for Address and Control Pins
Parameter DDR2-400 | DDR2-533 | DDR2-667 | DDR2-800 | Unit
Maximum peak amplitude allowed for overshoot area |0.9 0.9 0.9 0.9 Vv
Maximum peak amplitude allowed for undershoot area | 0.9 0.9 0.9 0.9 \%
Maximum overshoot area above Vpp 1.33 1.00 0.80 0.80 V.ns
Maximum undershoot area below Vgg 1.33 1.00 0.80 0.80 V.ns
Maximum Amplitude
A Overshoot Area

S /M

P VDD

5

>

. . Undershoot Area
Maximum Amplitude
Time (n's)

Figure 70 AC Overshoot / Undershoot Diagram for Address and Control Pins
Table 47 AC Overshoot / Undershoot Specification for Clock, Data, Strobe and Mask Pins
Parameter DDR2-400 | DDR2-533  DDR2-667 | DDR2-800 | Unit
Maximum peak amplitude allowed for overshoot area | 0.9 0.9 0.9 0.9 V
Maximum peak amplitude allowed for undershoot area | 0.9 0.9 0.9 0.9 Vv
Maximum overshoot area above Vppq 0.38 0.28 0.23 0.23 V.ns
Maximum undershoot area below Vggq 0.38 0.28 0.23 0.23 V.ns

Maximum Amplitude

Overshoot Area

Volts (V)

»

Time (n's)

Undershoot Area

Maximum Amplitude

Figure 71
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5.10 AC Characteristics

5.10.1 AC Timing Measurement Conditions

5.10.1.1 Reference Load for Timing Measurements

Figure 72 represents the timing reference load used in  production test conditions, generally a coaxial
defining the relevant timing parameters of the device. It  transmission line terminated at the tester electronics.
is not intended to either a precise representation of the  This reference load is also used for output Slew Rate
typical system environment nor a depiction of the actual  characterization. The output timing reference voltage
load presented by a production tester. System levelfor single ended signals is the crosspoint with V1.

designers should use IBIS or other simulation tools to  The output timing reference voltage level for differential

correlate the timing reference load to a system  gignals is the crosspoint of the true (e.g. DQS) and the
environment.  Manufacturers  correlate  to  their  complement (e.g. DQS) signal.

VDDQ
DQ
CK, CK DQS Vit = Vippa / 2
o—— DUT DQS 1
25Q
RDQS
RDQS
L
Timing Reference Points
MPBT0070

Figure 72 Block Diagram Reference Load for Timing Measurements

5.10.1.2 Slew Rate Measurement Conditions

5.10.1.2.1 Output Slew Rate

For DQ and single ended DQS signals output Slew DQS - DQS = + 500 mV. Output Slew Rate is defined
Rate for falling and rising edges is measured between  with the reference load according to Figure 76 and
Vi1 —250 mV and V1 + 250 mV. verified by design and characterization, but not subject

For differential signals (DQS / DQS) output Slew Rate  t0 production test.
is measured between DQS-DQS =-500 mV and

5.10.1.2.2 Input Slew Rate - Differential signals

Input Slew Rate for differential signals (CK / CK, DQS/ from CK — CK = +250 mV to CK — CK = —500mV for
DQS, RDQS / RDQS) for rising edges are measured  falling edges.
from CK - CK = -250 mV to CK — CK = +500 mV and
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5.10.1.3 Input and Data Setup and Hold Time

5.10.1.31 Definition for Input Setup (t5) and Hold Time (t,,)

Address and control input setup time () is referenced (1) is referenced from the input signal crossing at the
from the input signal crossing at the V. level fora V4 level for a rising signal and V,q for a falling
rising signal and V) ,, for a falling signal applied to the  signal applied to the device under test.

device under test. Address and control input hold time

Vooa
II"'IrIHl;.Eli:.] Ll
ViH(de) men
VRerF
I""'rIL-;i:iv.:] L

III.III-I L|: ac) Frifx

Vss

mptt1480

Figure 73 Timing Definition for Input Setup (#,5) and Hold Time ((¢,)
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5.10.1.3.2 Definition for Data Setup (tps) and Hold Time (tp,,), differential Data Strobes

Data input setup time (tps) with differential data strobe
enabled MR[bit10]=0, is referenced from the input
signal crossing at the V5, level to the differential data
strobe crosspoint for a rising signal, and from the input
signal crossing at the V, ,, level to the differential data
strobe crosspoint for a falling signal applied to the
device under test.

DQS/DQS signals must be monotonic between
ViL@eymax @Nd Viyge)min- Data input hold time (tpy) with

differential data strobe enabled MR[bit10]=0, is
referenced from the input signal crossing at the V4,
level to the differential data strobe crosspoint for a
rising signal and V, to the differential data strobe
crosspoint for a falling signal applied to the device
under test.

DQS/DQS signals must be monotonic between
ViLgeymax @nd Ve min-

Differential Input
Waveform

Single-ended Input
Waveform
VReF

Vboa
ViH(ag) min
ViH(de) min
VREF
ViL(dc) max
1II"'rIL[.zi c) max
Vss

mptt1480

Figure 74 Timing Definition for Data Setup (fps) and Hold Time (¢p)

5.10.1.3.3
Strobes

Data input setup time (tpgq) with single-ended data
strobe enabled MR[bit10]=1, is referenced from the
input signal crossing at the V., level to the single-
ended data strobe crossing V) at the start of its
transition for a rising signal, and from the input signal
crossing at the V., level to the single-ended data
strobe crossing V4 at the start of its transition for a
falling signal applied to the device under test.

Data input hold time (ipy4) with single-ended data
strobe enabled MR[bit10]=1, is referenced from the

Data Sheet

Definition for Data Setup (t,g4) and Hold Time (tpy4), Single-Ended Data

input signal crossing at the V) level to the single-
ended data strobe crossing V(5 at the end of its
transition for a rising signal and from the input signal
crossing at the V, 4, level to the single-ended data
strobe crossing V(o) at the end of its transition for a
falling signal applied to the device under test.

The DQS signal must be monotonic between V(4 max
and Vi ge) min-
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Vbba
ViH(acymin
ViH(dc)min
VRer
ViL(de) max
VL (ac) max
Vss

Vopa
ViH(ac)min
VIH(dc)min
VRer

ViL(dc) max
Vi (ac) max

Figure 75 Data Setup and Hold Time (Single Ended Data Strobes)

5.10.1.3.4

Setup (5 & tpg) nominal Slew Rate for a rising signal is
defined as the Slew Rate between the last crossing of
Vrer(ae) @nd the first crossing of Vyae min- Setup (ts &
tps) nominal Slew Rate for a falling signal is defined as
the Slew Rate between the last crossing of Vgeg 4 and
the first crossing of V¢ max- If the actual signal is
always earlier than the nominal Slew Rate line between
shaded Vgep(q) to ac region’, use nominal Slew Rate
for derating value (see Figure 76). If the actual signal
is later than the nominal Slew Rate line anywhere
between shaded Vgee 4 to ac region’, the Slew Rate of
a tangent line to the actual signal from the ac level to dc

Data Sheet

Slew Rate Definition for Input and Data Setup and Hold Times

level is used for derating value.(see Figure 77) Hold
(ty & tpy) nominal Slew Rate for a rising signal is
defined as the Slew Rate between the last crossing of
VL geymax @nd the first crossing of Vgeg q)- Hold (ty &
tpy) nominal Slew Rate for a falling signal is defined as
the Slew Rate between the last crossing of Ve min
and the first crossing of Vgeg(q). If the actual signal is
always later than the nominal Slew Rate line between
shaded ‘dc to Vggr region’, use nominal Slew Rate for
derating value (see Figure 76). If the actual signal is
earlier than the actual signal from the dc level to Vggr
level is used for derating value (see Figure 77)
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vopba T - 7T 71-"——"—"—""7T-—"—"—-=-
Vi @ min !
\ VREF(dc) - VIL(ac)max
Vv H g ™0 — 0! Setup Slew Rate = Deta TS
g‘;’:'r’;‘;‘; ot Slow Fate < VIH(ac)min - VREF(dc)
V rero) _ — ¢ Delta TRS
slew rate VREF(dc) - VIL(dc)max
/ Hold Slew Rate = Delta TRH
Vil g max V. VIH(dc)min - VREF(dc)
v, g L —— Hold Slew Rate = Delia TFH
Vg ——|mm ] I
. < -
" temae e

Figure 76 Slew Rate Definition Nominal

\
pba  ———m———— === tangent line [VREF(dc) -
Setup Slew Rate = Delta TFS
\
IH (ac)
tangent line [VIH(ac)min -
v i -
H (do) ™" Dc to VREF Setup Slew Rate Delta TRS
region
tangent line [VREF(dc) -
V' REF(dc N Hold Slew Rate =
(dc) —— Delta TRH
omina
Dc to VlREF | : N Nominal
region SE [ slew rate S tangent line [VIH(dc)min -
Hold Slew Rate =
VL (de) max \ e Delta TFH
Vegg ~ ~— T TTTTT—T/——7—° 77’77( 7 777777 >»| [ iiii_
Delta TR Delta TF
Figure 77 Slew Rate Definition Tangent
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5.10.1.3.5 Setup (s) and Hold (¢,) Time Derating Tables

For all input signals the total input setup time and input
hold time required is calculated by adding the data
sheet value to the derating value respectively.
Example: t,g(total setup tine) = tg(base) + A t g

For slow Slew Rate the total setup time might be
negative (i.e. a valid input signal will not have reached
Vinae) ! ViLac) @t the time of the rising clock) a valid input

Input Setup Input Setup (¢,s) and Hold (¢,,) Time

signal is still required to complete the transition and
reach Ve / Vigaey For Slew Rates in between the
values listed in the next tables, the derating values may
be obtained by linear interpolation. These values are
not subject to production test. They are verified only by
design and characterization.

Table 48 “Derating Values - DDR2-400 & DDR2-533” on Page 96
Table 49 “Derating Values - DDR2-667 & DDR2-800” on Page 97

Table 48 Derating Values - DDR2-400 & DDR2-533
Command / Address CK, CK Differential Slew Rate Unit |Notes
Slew Rate (V/ns) 2.0 Vins 1.5 Vins 1.0 Vins

At Aty Al Aty Al Aty
4.0 +187 +94 +217 +124 +247 +154 ps h2)
35 +179 +89 +209 +119 +239 +149 ps 12)
3.0 +167 +83 +197 +113 +227 +143 ps 12)
2.5 +150 +75 +180 +105 +210 +135 ps 12)
2.0 +125 +45 +155 +75 +185 +105 ps 12)
15 +83 +21 +113 +51 +143 +81 ps 12)
1.0 0 0 +30 +30 +60 +60 ps 12)
0.9 —11 —14 +19 +16 +49 +46 ps 12)
0.8 -25 -31 +5 —1 +35 +29 ps 12)
0.7 —43 54 -13 24 +17 +6 ps 12)
0.6 —-67 -83 37 -53 -7 -23 ps 12)
0.5 -110 -125 -80 -95 -50 -65 ps 12)
0.4 -175 -188 —145 -158 -115 -128 ps 12)
0.3 -285 —292 -255 262 225 -232 ps 12)
0.25 -350 -375 -320 -345 —-290 -315 ps 12)
0.2 -525 -500 —495 —470 —465 —440 ps 12)
0.15 -800 -708 -770 -678 -740 -648 ps 12)
0.1 -1450 |-1125 |-1420 -1095 —-1390 -1065 ps 12)

1) For all input signals #g(total) = f,g(base) + Af,g and 1, (total) = 1,,(base) + Ar,

2) For slow slewrate the total setup time might be negativ (i.e. a valid input signal will not have reached V) / V) (o) at the
time of the rising clock) a valid input signal is still required to complete the transistion and reach V) / Vi (ac). FOr slew
rates in between the values listed in the next tables, the derating values may be obtained by linear interpolation. These
values are not subject to production test. They are verified only by design and characterisation
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Command / Address CK, CK Differential Slew Rate Unit |Notes
Slew Rate (V/ns) 2.0 Vins 1.5 Vins 1.0 Vins
Alis Aty Alg Aty Alg Aty

4.0 +150 +94 +180 +124 +210 +154 ps 12)
35 +143 +89 +173 +119 +203 +149 ps 12)
3.0 +133 +83 +163 +113 +193 +143 ps h2)
2.5 +120 +75 +150 +105 +180 +135 ps 12)
2.0 +100 +45 +130 +76 +160 +105 ps 12)
1.5 +67 +21 +97 +51 +127 +81 ps 12)
1.0 0 0 +30 +30 +60 +60 ps 12)
0.9 -5 —14 +25 +16 +55 +46 ps 12)
0.8 -13 31 +17 -1 +47 +29 ps 12)
0.7 -22 —54 +8 —24 +38 +6 ps 12)
0.6 -34 -83 —4 -53 +26 -23 ps 12)
0.5 -60 -125 -30 -95 0 -65 ps 12)
0.4 -100 -188 -70 -158 —40 -128 ps h2)
0.3 -168 —292 -138 -262 -108 -232 ps 12)
0.2 -325 -500 -295 —470 -265 —440 ps 12)
0.15 -517 -708 —487 —-678 —457 -648 ps 12)
0.1 -1000 |-1125 |-970 -1095 -940 -1065 ps 12)

1) For all input signals 7,g(total) = #,g(base) + At and 7,y(total) = 7, (base) + Az

2) For slow slewrate the total setup time might be negativ (i.e. a valid input signal will not have reached V 4(ac) / V, (ac) at the
time of the rising clock) a valid input signal is still required to complete the transistion and reach V y(ac) / V| (ac). For slew
rates in between the values listed in the next tables, the derating values may be obtained by linear interpolation. These
values are not subject to production test. They are verified only by design and characterisation
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Data Setup (¢ps) and Hold Time (¢p,)

+ Table 50 “Derating Values for Differential DQS/DQS DDR2-533 and DDR2-400” on Page 98
+ Table 51 “Derating Values for Differential DQS/DQS for DDR2-667, DDR2-800” on Page 98
+ Table 52 “Derating Values for Single Ended DQS for DDR2-533,DDR2-400” on Page 99

Table 50  Derating Values for Differential DQS/DQS DDR2-533 and DDR2-400"2?

DQS, DQS Differential Slew Rate

4.0V/ins [3.0VIns |(2.0VIns |(1.8V/ns |[1.6V/ns (1.4 VIns (1.2 VIns 1.0 Vins 0.8 Vins
A A A A A A A A A A A A A A A A A A
fos |fon |fps |fon |fbs |low |fps |fow |fps |fow |fps |fow |fps |fow  |fps |fow  |fps | fpH

+125 |+45|+125 |+45|+125|+45 | — |— |— |— |— |— |— |[— |— |— |— |—
+83 |+21|+83 |+21|+83 |+21|495|+33|— |— |— |— |— |[— |— |— |— |—
0 0 |0 0 |0 0 |H12|+H12|+24|+24|— |— |— |— |— |— |— |—
— |—= |[-11 |-14]|-11 |14 |+1 |-2 |+13|+10|+25|+22|— |— |— |— |[— |—
— |—= |—= |— |-25 |-31|-13|-19|-1 |-7 [+11|+5 |+23 |+17 |— |— |— |—
- |- |- |- |- |— |-31|-42|-19|-30|-7 |-18|+5 |-6 |+17 |+6 |— |—
- |- |- |- |- |= |— |— |43|-49|-31|-47|-19 |-35 |-7 |-23 |+5 |-11
— |— |-74|-89|-62 |-77 |-50 |-65 |-38 |-53
- - |- |- |- |- = |- |- |- |— |— |-127|-140|-115|-128 |-103 |-116

All units in ps.

For all input signals 7pg(total) = fpg(base) + Afpg and fpy(total) = 1 (base) + Atpy,

For slow slewrate the total setup time might be negativ (i.e. a valid input signal will not have reached V,,(ac) / V, (ac) at the
time of the rising DQS) a valid input signal is still required to complete the transistion and reach V(ac) / V| (ac). For slew
rates in between the values listed in the next tables, the derating values may be obtained by linear interpolation. These
values are not subject to production test. They are verified only by design and characterisation.

W N 2Ol O0OC|O|OC|O|=>]=2DN
———|rlaleo Il olololnloPQSlew Rate (Vins)

Table 51  Derating Values for Differential DQS/DQS for DDR2-667, DDR2-800"2%)

DQS, DQS Differential Slew Rate

4.0V/ins [3.0VIns |(2.0VIns [(1.8V/ns |[1.6V/ns (1.4 VIns (1.2 VIns 1.0 Vins 0.8 Vins
A A A A A A A A A A A A A A A A A A
fps Iow |lps |fon |fbs |low |lps |low |fps |fow |fps |fow |fps |fow  |fps |fow  |fps | PpH

g DQ Slew Rate (V/ns)

+100 | +45|+100 | +45 +100 |+45 | — |— |— |— |— |— |[— |— |— |— |— |—
1.5 |+67 |+21|+67 |+21|+67 |+21|+79|+33|— |— |— |— |— |— |— |— |— |—
1.0 |0 0 |0 0 |0 0 |+12|+12|+24|+24|— |— |— |— |— |— |— |—

09 |— — |-5 -14|-5 14 |+7 |-2 |+19|+10 | +31|+22|— — — — — —
0.8 |— — | — — |18 |=-31|-1 |-19|+11|-7 |+23|+5 |[+35 |+17 |— — — —
0.7 |— — | — — | — — |-10|-42|+2 |-30|+14|-18 |+26 |-6 +38 |+6 — —
06 |— — | — — | — — |— |— |-10|-59 |+2 |-47|+14 |-35 |[+26 |-23 |+38 |-11
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Table 51  Derating Values for Differential DQS/DQS for DDR2-667, DDR2-800"23)

» | DQS, DQS Differential Slew Rate

(=

E 4.0 Vins 3.0Vins [2.0V/ns [1.8V/ns |[1.6VIns (1.4V/ns 1.2 VIns 1.0 Vins 0.8 ViIns

..3 A A A A A A A A A A A A A A A A A A

X fps o |Ibs |fon |lbs |®oH |lps |fow |fps |foH |fps |fow |fps  |fon  |fps  |fon  |fps  |fpH
3

7]

(e]

o

05 |— — |— — |— — |- |—= |— |— |-24|-89|-12 |-77 |0 —-65 |+12 |-53
04 |— — |— —_ |— — |- |- |- |- |—= |— |-b2 |-140|-20 |-28 |-28 |-116

1) All units in ps.

2) For all input signals fpg(total) = fyg(base) + Atpg and fp(total) = 1y (base) + Aty

3) For slow slewrate the total setup time might be negativ (i.e. a valid input signal will not have reached V (ac)/V, (ac) at the
time of the rising DQS) a valid input signal is still required to complete the transistion and reach V(ac) / V, (ac). For slew
rates in between the values listed in the next tables, the derating values may be obtained by linear interpolation. These
values are not subject to production test. They are verified only by design and characterisation.

Table 52  Derating Values for Single Ended DQS for DDR2-533,DDR2-400"2?

DQS Single-ended Slew Rate

2.0 Vins 1.5Vins [1.0V/Ins |09V/ns [0.8V/ns [0.7V/ns |(0.6V/Ins |0.5V/ns |0.4Vins
A A A A A A A A A A A A A A A A A A
fps1 Iout |fps1  |fon1 |fpos1 | Zow1 |fpst |fout |fps1 |fom1 |fpst |fow1 fps1 |fou1 |fps1 |fowt |fps1 | fpi

+125 |+45 |+125 |+45 |+125 | +45 |- - - - - - - - - - - -
+83 |[+21|+83 |[+21|+83 |[+21 |+95|+33 |- - - - - - - - - -
0 0 |0 0 |0 0 [+12 412 |+24 |+24 |- - - - - - - -
- - 11 |-14 |-11 |14 |[+1 |2 [+13 |+10 |+25 | +22 |- - - - - -
- - - - -25 |-31 |-13 |19 |-1 |7 |+11|+5 |+23 |+17 |- - - -
- - - - - - -31 |-42 |-19 |-30 |-7 |-18 |+6 |-6 |+17 |+6 |- -
- - - - - - - - -43 |-49 |-31 |47 |-19 |-35 |-7 |-23 |+5 |-11
- - - - - -74 -89 |-62 |-77 |-50 |-65 |-38 |-53
04 |- - - - - - - - - - - - -127 |-140 |-115{-128 |-103 |-116

1) All units in ps.

2) For all input signals 7pg(total) = ngq(base) + Afpgy and tp4(total) = 154 (base) + Afpy,

3) For slow Slew Rate the total setup time might be negative (i.e. a valid input signal will not have reached Vg / V| () at
the time of the rising DQS) a valid input signal is still required to complete the transition and reach V) / V) (ac)- FOr Slew
Rates in between the values listed in the table, the derating values may be obtained by linear interpolation. These values
are not subject to production test. They are verified only by design and characterization.

3 8 '3 8 g >l o gDQ Slew Rate (V/ns)
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5.10.2 Speed Grade Definitions

All Speed grades faster than DDR2-DDR400B comply with DDR2-DDR400B timing specifications(t;x = 5ns with
ras = 40ns).

List of Speed Grade Definition tables:

* Figure 53 “Speed Grade Definition Speed Bins DDR2-800” on Page 100
* Figure 54 “Speed Grade Definition Speed Bins for DDR2-667" on Page 100
* Figure 55 “Speed Grade Definition Speed Bins for DDR2-533 and DDR2-400” on Page 101

Table 53  Speed Grade Definition Speed Bins DDR2-800

Speed Grade DDR2-800D DDR2-800E Unit | Note

IFX Sort Name -2.5F -2.5

CAS-RCD-RP latencies 5-5-5 6-6-6 tek

Parameter Symbol Min. |Max. Min. |Max. —

Clock Frequency @CL=3 tek 5 8 5 8 ns 12)314)
@cCL=4 ok 3.75 |8 3.75 |8 ns 12)314)
@CL=5 ok 25 8 3 8 ns 1)2)3)4)
@CL=6 ok 25 8 25 8 ns 12)314)

Row Active Time Iras 45 70000 (45 70000 ns 12)3)4)9)

Row Cycle Time tre 575 |— 60 — ns 1)2)3)4)

RAS-CAS-Delay trep 125 |— 15 — ns 1)2)3)4)

Row Precharge Time Irp 125 |— 15 — ns 1)2)3)4)

1) Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are guaranteed with a
differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in single ended mode. For other
Slew Rates see Chapter 8Timings are further guaranteed for normal OCD drive strength (EMRS(1) A1 = 0) under the
“Reference Load for Timing Measurements” according to Chapter 8.1 only.

2) The CK/CK input reference level (for timing reference to CK/CK) is the point at which CK and CK cross. The DQS / DQS,
RDQS /RDAQS, input reference level is the crosspoint when in differential strobe mode; The input reference level for signals
other than CK/CK, DQS / DQS, RDQS / RDQS is defined in Chapter 8.3.

3) Inputs are not recognized as valid until Vg stabilizes. During the period before Vi stabilizes, CKE = 0.2 x Vppq is
recognized as low.

4) The output timing reference voltage level is V1. See section 8 for the reference load for timing measurements.

5) 1tras.maxis calculated from the maximum amount of time a DDR2 device can operate without a refresh command which is
equal to 9 X fggp-

Table 54  Speed Grade Definition Speed Bins for DDR2—-667

Speed Grade DDR2-667C DDR2-667D Unit Note

IFX Sort Name -3 -3S

CAS-RCD-RP latencies 4-4-4 5-5-5 tek

Parameter Symbol Min. Max. Min. Max. —

Clock Frequency @CL=3 |1 5 8 5 8 ns 12)3)4)
@CL=4 ek 3 8 3.75 8 ns 12)3)4)
@CL=5 |1 3 8 3 8 ns 1)2)314)

Row Active Time raAS 45 70000 |45 70000 |ns 1)2)3)4)5)

Row Cycle Time tre 57 — 60 — ns 1)2)3)4)

RAS-CAS-Delay freD 12 — 15 — ns 1)2)3)4)

Row Precharge Time Irp 12 — 15 — ns 12)3)4)
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Timings are guaranteed with CKI/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are guaranteed with a
differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in single ended mode. For other
Slew Rates see Chapter 8. Timings are further guaranteed for normal OCD drive strength (EMRS(1) A1 = 0) under the
“Reference Load for Timing Measurements” according to Chapter 8.1 only.

The CK/CK input reference level (for timing reference to CK/CK) is the point at which CK and CK cross. The DQS/DQS,
RDQS/RDQS, input reference level is the crosspoint when in differential strobe mode; The input reference level for signals
other than CK/CK, DQS/DQS, RDQS/RDQS is defined in Chapter 8.3.

Inputs are not recognized as valid until Vg, stabilizes. During the period before Ve stabilizes, CKE = 0.2 x Vppq is
recognized as low.

The output timing reference voltage level is V1. See section 8 for the reference load for timing measurements.

Iras.Max iS calculated from the maximum amount of time a DDR2 device can operate without a refresh command which is
equal to 9 X frgp-

Table 55 Speed Grade Definition Speed Bins for DDR2-533 and DDR2-400

Speed Grade DDR2-533C |DDR2-533B |DDR2-400B |Unit |Note

IFX Sort Name -3.7 -3.7F -5

CAS-RCD-RP latencies 4-4-4 3-3-3 3-3-3 tek

Parameter Symbol |Min. |Max. Min. | Max. Min. | Max. —

Clock Frequency |@CL=3 |ic 5 8 3.75 |8 5 8 ns [N
@CL=4 |1 3.75 |8 3.75 |8 5 8 ns 12)3)4)
@CL=5 |t 3.75 |8 3.75 |8 5 8 ns D2)3)4)

Row Active Time Iras 45 70000 |45 70000 |40 70000 |ns 12)3)4)5)

Row Cycle Time Irc 60 — 56.25 | — 55 _ ns 1)2)3)4)

RAS-CAS-Delay freD 15 — 11.25 | — 15 — ns D2)3)4)

Row Precharge Time Irp 15 — 11.25 | — 15 — ns 12)3)4)

1)

Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are guaranteed with a
differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in single ended mode. For other
Slew Rates see Chapter 8Timings are further guaranteed for normal OCD drive strength (EMRS(1) A1 = 0) under the
“Reference Load for Timing Measurements” according to Chapter 8.1 only.

2) The CKICK input reference level (for timing reference to CK/&) is the point at which CK and CK cross. The DQS / DQS,
RDQS /RDQS, input reference level is the crosspoint when in differential strobe mode; The input reference level for signals
other than CK/CK, DQS / DQS, RDQS / RDQS is defined in Chapter 8.3.

3) Inputs are not recognized as valid until Vg stabilizes. During the period before Ve stabilizes, CKE = 0.2 X Vpq is
recognized as low.

4) The output timing reference voltage level is V1. See section 8 for the reference load for timing measurements.

5) trasmaxis calculated from the maximum amount of time a DDR2 device can operate without a refresh command which is
equal to 9 X frgp-
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Electrical Characteristics
5.10.3 AC Timing Parameters

List of Timing Parameters for DDR2-800, DDR2-667(Table 56), and DDR2-533, DDR2-400(Table 57)

Table 56  Timing Parameter by Speed Grade - DDR2-800 & DDR2-667

Parameter Symbol |DDR2-800 DDR2-667 Unit |Notes"?
Min. Max. Min. Max. 949)9)

DQ output access time from CK/ | 7xc —400 +400 —450 +450 ps

CK

CAS A to CAS B command period | fccp 2 — 2 — fok

CK, CK high-level width fon 0.45 0.55 0.45 0.55 foex

CKE minimum high and low pulse |fcxe 3 — 3 — fok

width

CK, CK low-level width oL 0.45 0.55 0.45 0.55 ek

Auto-Precharge write recovery + | fpa. WR + fgp |— WR + tgp | — tex |9

precharge time

Minimum time clocks remain ON | 7pg Ay hettekt | — he Ikt |— ns |¥

after CKE asynchronously drops Ly tn

LOW

DQ and DM input hold time ton(base) | 125 — 175 — ps |9

(differential data strobe)

DQ and DM input hold time (single | 7py4(base) | — — — — ps |¥

ended data strobe)

DQ and DM input pulse width (each |ppw 0.35 — 0.35 — ok

input)

DQS output access time from CK/ | fpqgck -350 +350 —400 +400 ps

CK

DQS input low (high) pulse width | 7pqs. 1 0.35 — 0.35 — fok

(write cycle)

DQS-DQ skew (for DQS & Ipasa — 200 — 240 ps |10

associated DQ signals)

Write command to 1st DQS latching | fpqss WL - WL +0.25| WL —0.25 | WL + 0.25| 7«

transition 0.25

DQ and DM input setup time tps(base) |50 — 100 — ps |?

(differential data strobe)

DQ and DM input setup time (single |7yg4(base) | — — — — ps |?

ended data strobe)

DQS falling edge hold time from CK | tpgy 0.2 — 0.2 — fok

(write cycle)

DQS falling edge to CK setup time |7pgg 0.2 — 0.2 — ok

(write cycle)

Clock half period tup MIN. (. ch) MIN. (fc Zcp) "

Data-out high-impedance time from | ., — tomax | — fac MAX ps |12

CK/CK

Address and control input hold time | #,,(base) |250 — 275 — ps |?
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Table 56  Timing Parameter by Speed Grade - DDR2-800 & DDR2-667 (cont’d)
Parameter Symbol |DDR2-800 DDR2-667 Unit |Notes"?
Min. Max. Min. Max. 999)
Address and control input pulse Lpw 0.6 — 0.6 — ok
width
(each input)
Address and control input setup t,s(base) |175 — 200 — ps |9
time
DQ low-impedance time from CK / | 7, 7pq 2 x fAC MAX 2 x fAC MAX ps |12
CK _ IAcMIN IacMIN
DQS low-impedance from CK/ CK |7, 7pqs IAc.MIN Iac.max Iac.MIN Iac.MAX ps |
Mode register set command cycle |tyrp 2 — 2 — foex
time
OCD drive mode output delay torr 0 12 0 12 ns
Data output hold time from DQS Ton Inp—lons | — tupq — —
lans
Data hold skew factor lans — 300 — 340 ps
Average periodic refresh Interval | fzer — 7.8 — 7.8 us |19
— 3.9 — 3.9 us | 1819
Auto-Refresh to Active/Auto- Irec 105 — 105 — ns |19
Refresh command period
Read preamble IrPRE 0.9 1.1 0.9 1.1 tex |1
Read postamble IrpsT 0.40 0.60 0.40 0.60 tex |12
Active bank A to Active bank B fRRD 7.5 — 7.5 — ns |1217)
command period 10 — 10 — ns |91
Internal Read to Precharge IrTp 7.5 — 7.5 — ns
command delay
Write preamble IWPRE 0.35 X tcx | — 0.35x tck |— ok
Write postamble fwpsT 0.40 0.60 0.40 0.60 tex  |1®
Write recovery time for write without | 7y 15 — 15 — ns
Auto-Precharge
Write recovery time for write with | WR twrltck twrltek tex |19
Auto-Precharge
Internal Write to Read command | t,y7x 7.5 — 7.5 — ns |29
delay
Exit power down to any valid IXARD 2 — 2 — tex |2V
command
(other than NOP or Deselect)
Exit active power-down mode to | fxarps 8-AL |— 7-AL — tex |2V
Read command (slow exit, lower
power)
Exit precharge power-down to any |#yp 2 — 2 — ek
valid command (other than NOP or
Deselect)
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Table 56  Timing Parameter by Speed Grade - DDR2-800 & DDR2-667 (cont’d)

Parameter Symbol |DDR2-800 DDR2-667 Unit |Notes"?
Min. Max. Min. Max. 999)

Exit Self-Refresh to non-Read IysNR Irpc 710 | — frpc 10 | — ns

command

Exit Self-Refresh to Read IxsrD 200 — 200 — ek

command

1) Vppg = 1.8V £ 0.1V; Vpp = 1.8V = 0.1 V. See notes 3*5%)

2) Timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the DRAM must be
powered down and then restarted through the specified initialization sequence before normal operation can continue.

3) Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are guaranteed with a
differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in single ended mode. For other
Slew Rates see Chapter 5 of this data sheet. Timings are further guaranteed for normal OCD drive strength (EMRS(1) A1
= 0) under the Reference Load for Timing Measurements according to Chapter 5 only.

4) The CK/ C_mm reference level (for timing reference to CK/ &) is the point at which CK and CK cross.

The DQS / DQS, RDQS/ RDQS, input reference level is the crosspoint when in differential strobe mode;
The input reference level for signals other than CK/CK, DQS / DQS, RDQS / RDQS is defined in Chapter 5.3 of this data
sheet.

5) Inputs are not recognized as valid until Vg stabilizes. During the period before Vi stabilizes, CKE = 0.2 x Vppq is
recognized as low.

6) The output timing reference voltage level is V1. See Chapter 5for the reference load for timing measurements.

7) For each of the terms, if not already an integer, round to the next highest integer. 7.4 refers to the application clock period.
WR refers to the WR parameter stored in the MR.

8) The clock frequency is allowed to change during self-refresh mode or precharge power-down mode. In case of clock
frequency change during power-down, a specific procedure is required as described in Chapter 3.27.

9) For timing definition, Slew Rate and Slew Rate derating see Chapter 5.10.1.2

10) Consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers as well as
output Slew Rate mis-match between DQS / DQS and associated DQ in any given cycle.

11) MIN (¢, tcy) 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 5, and #5).

12) The 1,5, trpst @Nd 1,7, trpre Parameters are referenced to a specific voltage level, which specify when the device output is
no longer driving (#,47, frpsT), OF begins driving (17 frpre)- Iz @nd 1, transitions occur in the same access time windows as
valid data transitions.These parameters are verified by design and characterization, but not subject to production test.

13) The Auto-Refresh command interval has be reduced to 3.9 us when operating the DDR2 DRAM in a temperature range
between 85 °C and 95 °C.

14) 0 < Toage <85 °C

15) 85 °C < Tcpge <95 °C

16) A maximum of eight Auto-Refresh commands can be posted to any given DDR2 SDRAM device.

17) The tgzgp timing parameter depends on the page size of the DRAM organization. See Chapter 1.1

18) The maximum limit for the 7,551 parameter is not a device limit. The device operates with a greater value for this parameter,
but system performance (bus turnaround) degrades accordingly.

19) WR must be programmed to fulfill the minimum requirement for the 1,z timing parameter, where
WRynlcycles] = tyr(ns)/tck(ns) rounded up to the next integer value. 1p, = WR + (fgp/tck). For each of the terms, if not
already an integer, round to the next highest integer. # refers to the application clock period. WR refers to the WR
parameter stored in the MRS.

20) Minimum fyg is two clocks when operating the DDR2-SDRAM at frequencies <200 MHz.

21) User can choose two different active power-down modes for additional power saving via MRS address bit A12. In “standard
active power-down mode” (MR, A12 = “0”) a fast power-down exit timing #xagp Can be used. In “low active power-down
mode” (MR, A12 ="1”) a slow power-down exit timing #y,rps has to be satisfied.
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Table 57 Timing Parameter by Speed Grade - DDR2-400 & DDR2-533
Parameter Symbol |DDR2-533 DDR2-400 Unit | Notes”
Min. Max. Min. Max. 23499
DQ output access time from CK/ | 7pc -500 +500 —-600 +600 ps
CK
CAS A to CAS B command fcen 2 — 2 — ok
period
CK, CK high-level width toh 0.45 0.55 0.45 0.55 ok
CKE minimum high and low ke 3 — 3 — ok
pulse width
CK, CK low-level width oL 0.45 0.55 0.45 0.55 ok
Auto-Precharge write recovery + | fpa. WR +top | — WR +tgp  |— tex |79
precharge time
Minimum time clocks remain ON | #pg oy het ittty | — hettokt ity | — ns |8
after CKE asynchronously drops
LOwW
DQ and DM input hold time tpn(base) 225 — 275 — ps |9
(differential data strobe)
DQ and DM input hold time toq(base) | —25 — -25 — ps |9
(single ended data strobe)
DQ and DM input pulse width Toipw 0.35 — 0.35 — ek
(each input)
DQS output access time from CK | fpqgck —450 +450 -500 +500 ps
/ CK
DQS input low (high) pulse width |7pqg) 1 0.35 — 0.35 — ok
(write cycle)
DQS-DQ skew (for DQS & fpasa — 300 — 350 ps |10
associated DQ signals)
Write command to 1st DQS pass WL-0.25 |WL+0.25|WL-0.25 |WL+0.25|7x
latching transition
DQ and DM input setup time tps(base) | 100 — 150 — ps |¥
(differential data strobe)
DQ and DM input setup time tpgi(base) | -25 — -25 — ps |9
(single ended data strobe)
DQS falling edge hold time from | fpgy 0.2 — 0.2 — ok
CK (write cycle)
DQS falling edge to CK setup pss 0.2 — 0.2 — ek
time (write cycle)
Clock half period typ MIN. (fc, fcn) MIN. (fc, tch) "
Data-out high-impedance time |1, — fac MAX — fac MAX ps |12
from CK/CK
Address and control input hold | #,(base) |375 — 475 — ps |9
time
Address and control input pulse | pyy 0.6 — 0.6 — ek

width
(each input)
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Table 57 Timing Parameter by Speed Grade - DDR2-400 & DDR2-533 (cont’d)
Parameter Symbol |DDR2-533 DDR2-400 Unit | Notes”
Min. Max. Min. Max. 23496)
Address and control input setup | #,5(base) |250 — 350 — ps |9
time
DQ low-impedance time from CK | 1, 5 pq, 2 x fac MAX 2 x fac MAX ps |12
/CK IAcMIN IAcMIN
DQS low-impedance from CK/ |7 zpqs) Iac.MIN Iac.mMAx Iac.MIN Iac.MAX ps |2
CK
Mode register set command 'vRD 2 — 2 — ok
cycle time
OCD drive mode output delay |zt 0 12 0 12 ns
Data output hold time from DQS | #q4 Inp —IqHs — Tup —taHs —
Data hold skew factor lans — 400 — 450 ps
Average periodic refresh Interval | fzer — 7.8 — 7.8 us |99
— 3.9 — 3.9 us | 1919
Auto-Refresh to Active/Auto- trrc 105 — 105 — ns |19
Refresh command period
Read preamble -~ 0.9 1.1 0.9 1.1 tex |1?
Read postamble trpsT 0.40 0.60 0.40 0.60 tex |1
Active bank A to Active bank B | fggp 7.5 — 7.5 — ns |11
command period 10 — 10 — ns | 1417)
Internal Read to Precharge trTp 7.5 — 7.5 — ns
command delay
Write preamble IWPRE 0.25xtcx |— 025Xtk |— ek
Write postamble fwpsT 0.40 0.60 0.40 0.60 tex | 1®
Write recovery time for write fwr 15 — 15 — ns
without Auto-Precharge
Write recovery time for write with | WR twrltex twrltox tex |1®
Auto-Precharge
Internal Write to Read command | f,1x 7.5 — 10 — ns |20
delay
Exit power down to any valid IXARD 2 — 2 — tex |2V
command
(other than NOP or Deselect)
Exit active power-down mode to | fyarps 6 — AL — 6 — AL — tex |2V
Read command (slow exit, lower
power)
Exit precharge power-down to | #p 2 — 2 — ek
any valid command (other than
NOP or Deselect)
Exit Self-Refresh to non-Read | tygnr Irec 10 — Irec 10 — ns
command
Exit Self-Refresh to Read tysrD 200 — 200 — ok
command

1) Vppg = 1.8V £ 0.1V; Vpp = 1.8V = 0.1 V. See notes 358
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2) Timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the DRAM must be
powered down and then restarted through the specified initialization sequence before normal operation can continue.

3) Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are guaranteed with a
differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in single ended mode. For other
Slew Rates see Chapter 5 of this data sheet. Timings are further guaranteed for normal OCD drive strength (EMRS(1) A1
= 0) under the Reference Load for Timing Measurements according to Chapter 5 only.

4) The CK/ C_mut reference level (for timing reference to CK/ &) is the point at which CK and CK cross.

The DQS / DQS, RDQS/ RDQS, input reference level is the crosspoint when in differential strobe mode;
The input reference level for signals other than CK/CK, DQS / DQS, RDQS / RDQS is defined in Chapter 5.3 of this data
sheet.

5) Inputs are not recognized as valid until Ve stabilizes. During the period before Ve stabilizes, CKE = 0.2 x Vppq is
recognized as low.

6) The output timing reference voltage level is V1. See Chapter 5 for the reference load for timing measurements.

7) For each of the terms, if not already an integer, round to the next highest integer. #.4 refers to the application clock period.
WR refers to the WR parameter stored in the MR.

8) The clock frequency is allowed to change during self-refresh mode or precharge power-down mode. In case of clock
frequency change during power-down, a specific procedure is required as described in Chapter 3.27.

9) For timing definition, Slew Rate and Slew Rate derating seeChapter 5.10.1.2

10) Consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers as well as
output Slew Rate mis-match between DQS / DQS and associated DQ in any given cycle.

11) MIN (¢, tcy) 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 7, and 7).

12) The 1, trpst @Nd 1, 7, trpre Parameters are referenced to a specific voltage level, which specify when the device output is
no longer driving (¢,4z, frpst), OF begins driving (7,7 frpre)- Iz @nd £, transitions occur in the same access time windows as
valid data transitions.These parameters are verified by design and characterization, but not subject to production test.

13) The Auto-Refresh command interval has be reduced to 3.9 us when operating the DDR2 DRAM in a temperature range
between 85 °C and 95 °C.

14) 0 < Tpse £85°C

15) 85 °C < Tpage £95 °C

16) A maximum of eight Auto-Refresh commands can be posted to any given DDR2 SDRAM device.

17) The tgrgp timing parameter depends on the page size of the DRAM organization. See Chapter 1.1

18) The maximum limit for the #,,pgr parameter is not a device limit. The device operates with a greater value for this parameter,
but system performance (bus turnaround) degrades accordingly.

19) WR must be programmed to fulfill the minimum requirement for the #,5 timing parameter, where
WRynlcycles] = tyr(ns)/tck(ns) rounded up to the next integer value. 1, = WR + (fgp/tck). For each of the terms, if not
already an integer, round to the next highest integer. . refers to the application clock period. WR refers to the WR
parameter stored in the MRS.

20) Minimum fyg is two clocks when operating the DDR2-SDRAM at frequencies < 200 MHz.

21) User can choose two different active power-down modes for additional power saving via MRS address bit A12. In “standard
active power-down mode” (MR, A12 = “0”) a fast power-down exit timing #xagp Ccan be used. In “low active power-down
mode” (MR, A12 ="1") a slow power-down exit timing fy,rps has to be satisfied.
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5.10.4 ODT AC Electrical Characteristics

Table 58  ODT AC Electrical Characteristics and Operating Conditions for DDR2-667 and DDR2-800

Symbol |Parameter/ Condition Values Unit Note
Min. Max.

1AOND ODT turn-on delay 2 2 ok

faoN ODT turn-on IACMIN facmax * 0.7 s ns R
IAONPD ODT turn-on (Power-Down Modes) aemnt2n8 (2fckitacmax T 1NS |ns

1AOFD ODT turn-off delay 2.5 25 ok

faoF ODT turn-off IACMIN facmax + 0.6 Ns ns 2)
1AOFPD ODT turn-off (Power-Down Modes) aomn T 2ns |25tk s tacuax T 1 0S| NS

IANPD ODT to Power Down Mode Entry Latency |3 — ek

IAxPD ODT Power Down Exit Latency 8 — ek

1) ODT turn on time min. is when the device leaves high impedance and ODT resistance begins to turn on. ODT turn on time
max is when the ODT resistance is fully on. Both are measure from z,qyp.

2) ODT turn off time min. is when the device starts to turn off ODT resistance. ODT turn off time max is when the bus is in high
impedance. Both are measured from ,qgp.

Table 59  ODT AC Electrical Characteristics and Operating Conditions for DDR2-533 and DDR2-400

Symbol |Parameter/ Condition Values Unit Note
Min. Max.

IAOND ODT turn-on delay 2 2 fek

froN ODT turn-on A MIN tacmax * 1 NS ns R
'AONPD ODT turn-on (Power-Down Modes) Iaemn 208 (2fckitacmax T 1NS  |ns

1AOFD ODT turn-off delay 2.5 25 ok

taoF ODT turn-off ACMIN facmax + 0.6 ns ns 2
IAOFPD ODT turn-off (Power-Down Modes) aemnt2ns (251 s tacmax T 1 NS | NS

IANPD ODT to Power Down Mode Entry Latency |3 — ok

taxPD ODT Power Down Exit Latency 8 — ek

1) ODT turn on time min. is when the device leaves high impedance and ODT resistance begins to turn on. ODT turn on time
max is when the ODT resistance is fully on. Both are measure from #,onp-

2) ODT turn off time min. is when the device starts to turn off ODT resistance. ODT turn off time max is when the bus is in high
impedance. Both are measured from 7,qgp.
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6 Specifications and Conditions

Table 60 I, Measurement Conditions

Parameter Symbol | Note

Operating Current - One bank Active - Precharge Inpo 112)3)4)

fok = tokaopy TR = troo) fras = frasmingopy CKE is HIGH, CS is HIGH between valid 5)6)

commands. Address and control inputs are switching; Databus inputs are switching.

Operating Current - One bank Active - Read - Precharge Ipp: 112)3)4)

Ioyr =0 mA, BL = 4, tcx = fekappy fre = Ire(pp) fras = frasmingopy frep = frepqopy AL =0, CL = %)8)

CL(IDD); CKE is HIGH, CS is HIGH between valid commands. Address and control inputs are

switching; Databus inputs are switching.

Precharge Power-Down Current Ippp | VPP

All banks idle; CKE is LOW; f¢y = fckppy;Other control and address inputs are stable; Data bus %))

inputs are floating.

Precharge Standby Current Iopon | MP¥Y

All banks idle; CS is HIGH; CKE is HIGH; foy = fcxpp)y; Other control and address inputs are 5)%)

switching, Data bus inputs are switching

Precharge Quiet Standby Current Ippaq | MP¥Y

All banks idle; CS is HIGH; CKE is HIGH; fcx = foxpp)y Other control and address inputs are %))

stable, Data bus inputs are floating.

Active Power-Down Current Iopap() 1;2;3)4)
5)6

All banks open; 7 = fckpp) CKE is LOW; Other control and address inputs are stable; Data bus
inputs are floating. MRS A12 bit is set to “0” (Fast Power-down Exit).

Active Power-Down Current Toosr(r) 1)2)3)4)

All banks open; 7k = fckpp) CKE is LOW; Other control and address inputs are stable, Data bus 56)
inputs are floating. MRS A12 bit is set to 1 (Slow Power-down Exit);

Active Standby Current Iopsn | V2R
All banks open; fex = foxppy fras = frasmax(opy fre = freaooy; CKE is HIGH, CS is HIGH between 56)
valid commands. Address inputs are switching; Data Bus inputs are switching;

Operating Current Inpar 1)2)3)4)
Burst Read: All banks open; Continuous burst reads; BL = 4; AL = 0, CL = CLpp); fck = fokuopy 56)
Iras = trasmax.(pp) Irp = frepp) CKE is HIGH, CS is HIGH between valid commands. Address

inputs are switching; Data Bus inputs are switching; /5,1 = 0 mA.

Operating Current Iopaw | VPP
Burst Write: All banks open; Continuous burst writes; BL = 4; AL = 0, CL = CLpp); fck = fokaopy 56)

Iras = trasmax(pp) frp = frp(pp)y CKE is HIGH, CS is HIGH between valid commands Address
inputs are switching; Data Bus inputs are switching;

Burst Refresh Current Inpss 1)2)3)4)

fok = tokpp)y Refresh command every fpec = frecop) interval, CKE is HIGH, CS is HIGH between 56)
valid commands, Other control and address inputs are switching, Data bus inputs are switching.

Distributed Refresh Current . ) N
fok = towaopy Refresh command every frer, = 7.8 ps interval, CKE is LOW and CS is HIGH 56)
between valid commands, Other control and address inputs are switching, Data bus inputs are

switching.
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Table 60 I, Measurement Conditions

Parameter Symbol | Note
Self-Refresh Current Inps 1)2)3)4)
CKE < 0.2 V; external clock off, CK and CK at 0 V; Other control and address inputs are floating, 5)6)
Data bus inputs are floating.

Operating Bank Interleave Read Current Iz 1)2)3)4)
1. All banks interleaving reads, It = 0 mA; BL =4, CL = CL ipp), AL = frepinp) -1 X fexaopy: Lok %8)7)

= fckappy Ire = freqpp)y Irrb = frroqop), CKE is HIGH, CS is HIGH between valid commands.
Address bus inputs are stable during deselects; Data bus is switching.

2. Timing pattern:
DDR2-400-333:A0 RAO A1 RA1 A2 RA2 A3 RA3 D D D (11 clocks)
DDR2-533-333:A0 RAO D A1 RA1 D A2 RA2 D A3 RA3 D D D D (15 clocks)
DDR2-533-444:A0 RA0O D A1 RA1 D A2 RA2 D A3RA3 DD D D D (16 clocks)
DDR2-667-444:A0 RAOD D A1 RATDDA2RA2D D A3 RA3D D D D D (19 clocks)
DDR2-667-555:A0 RAOD D A1 RATDDA2RA2D D A3RA3 DD D D D D (20 clocks)
DDR2-800-555: AORAODDDA1RA1DDDA2RA2D D D A3RA3D D D D D(22 clocks)
DDR2-800-666: AORAODDDA1RA1DDDA2RA2D DD A3RA3DDD D D D(23 clocks)

1) Vopq=18V+01V; Vpp=18V+01V

2) Ipp specifications are tested after the device is properly initialized.

3) Ipp parameter are specified with ODT disabled.

4) Data Bus consists of DQ, DM, DQS, DQS, RDQS, RDQS, LDQS, LDQS, UDQS and UDQS.

5) Definitions for I5p: see Table 61

6) Timing parameter minimum and maximum values for I, current measurements are defined in chapter 7..

7) A = Activate, RA = Read with Auto-Precharge, D=DESELECT

Table 61  Definition for Ipp

Parameter Description

LOW defined as Viy < V)i ac)max

HIGH defined as Viy 2 Viyac min

STABLE defined as inputs are stable at a HIGH or LOW level

FLOATING defined as inputs are Vggr = Vpopg / 2

SWITCHING | defined as: Inputs are changing between high and low every other clock (once per two clocks)
for address and control signals, and inputs changing between high and low every other clock
(once per clock) for DQ signals not including mask or strobes
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Table 62 I 5, Specification for HYB18T512xxxBF
—-2.5F -2.5 -3 -38 -3.7F -3.7 -5 Unit |Note
DDR2- DDR2- DDR2- DDR2- DDR2- DDR2- DDR2-
800D 800E 667C 667D 533B 533C 400B
Symbol Max. Max. Max. Max. Max. Max. Max.
I 84 80 75 71 70 65 61 mA | x4/x8
105 100 95 90 85 80 75 mA | x16
Ipp 100 95 90 85 80 75 70 mA | x4/x8
120 115 105 100 95 90 83 mA  |x16
Inpop 7 7 7 7 7 7 7 mA
Iopon 51 51 45 45 38 38 34 mA
Ippoqg 45 45 40 40 35 35 32 mA
Ippap 39 39 33 33 28 28 24 mA R
9 9 9 9 9 9 9 mA |?
Inpan 60 60 50 50 43 43 39 mA
Iopar 155 155 130 130 110 110 95 mA [ x4/x8
180 180 155 155 130 130 115 mA | x16
Inpaw 155 155 130 130 110 110 95 mA | x4/x8
200 200 170 170 145 145 130 mA  |x16
Inpsg 145 145 140 140 130 130 125 mA
Iopsp 9 9 9 9 9 9 9 mA |3
Inps 7 7 7 7 7 7 7 mA |3
Inp; 170 160 160 152 153 145 141 mA | x4/x8
265 255 252 240 243 230 220 mA | x16
1) MRS(12)=0
2) MRS(12)=1

3) 0< Teage <85 °C.
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6.1 I, Test Conditions
For testing the I parameters, the following timing parameters are used:

* Table 63 “IDD Measurement Test Condition for DDR2-800D” on Page 112
+ Table 64 “IDD Measurement Test Condition for DDR2-800E” on Page 112
+ Table 65 “IDD Measurement Test Condition for DDR2-667C” on Page 113
+ Table 66 “IDD Measurement Test Condition for DDR2-667D” on Page 113
* Table 68 “IDD Measurement Test Condition for DDR2-533C” on Page 114
+ Table 69 “IDD Measurement Test Condition for DDR2-400B” on Page 114

Table 63 Iy, Measurement Test Condition for DDR2-800D

Parameter Symbol -2.5F Unit | Notes
DDR2-800D
CAS Latency CLpp 5 ok
Clock Cycle Time fcKiDD 25 ns
Active to Read or Write delay RcD.IDD 12.5 ns
Active to Active / Auto-Refresh command period rc.DD 57.5 ns
Active bank A to Active bank B command delay !RRD.IDD 7.5 ns |V
10 ns |2
Active to Precharge Command frasminiop |45 ns
fras.max.iop | 70000 ns
Precharge Command Period 'RP.1IDD 12.5 ns
Auto-Refresh to Active / Auto-Refresh command period IrRFC.IDD 105 ns
Average periodic Refresh interval | 0°C < Topge < 85°C IREFI 7.8 us
Average periodic Refresh interval |85°C < Tipge £ 95°C | frer 3.9 us

1) x4 & %8 (1 kB page size)
2) x16 (2 kB page size); not on 256M component

Table 64 I, Measurement Test Condition for DDR2—800E

Parameter Symbol -2.5 Unit | Notes
DDR2-800E
CAS Latency CLipp 6 tex
Clock Cycle Time tek oD 25 ns
Active to Read or Write delay treo oD 15 ns
Active to Active / Auto-Refresh command period trc.oD 60 ns
Active bank A to Active bank B command delay trRO.IDD 7.5 ns |V
10 ns |2
Active to Precharge Command trasminoD |45 ns
tras.maxiop | 70000 ns
Precharge Command Period tre DD 15 ns
Auto-Refresh to Active / Auto-Refresh command period trrc.DD 105 ns
Average periodic Refresh interval | 0°C < T < 85°C trer 7.8 us
85°C < Tase < 95°C | trep 3.9 us

1) x4 & x8 (1 kB page size)
2) x16 (2 kB page size)
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Table 65 I, Measurement Test Condition for DDR2-667C

Specifications and Conditions

Parameter Symbol -3 Unit | Notes
DDR2-667C
CAS Latency CLpp 4 tok
Clock Cycle Time tek oD 3 ns
Active to Read or Write delay trep.oD 12 ns
Active to Active / Auto-Refresh command period trc DD 57 ns
Active bank A to Active bank B command delay t=rD.1DD 7.5 ns |1
10 ns |2
Active to Precharge Command trasminop |45 ns
trasmax.op | 70000 ns
Precharge Command Period trp.0D 12 ns
Auto-Refresh to Active / Auto-Refresh command period trrc DD 105 ns
Average periodic Refresh interval | 0°C < Topge < 85°C | tgeq 7.8 us
85°C < Tage £95°C | trer 3.9 us
1) x4 & x8 (1 kB page size)
2) x16 (2 kB page size)
Table 66 I, Measurement Test Condition for DDR2—667D
Parameter Symbol -3S Unit | Notes
DDR2-667D
CAS Latency CLpp 5 tok
Clock Cycle Time texk oD 3 ns
Active to Read or Write delay trep.oD 15 ns
Active to Active / Auto-Refresh command period trc DD 60 ns
Active bank A to Active bank B command delay tRrD.IDD 7.5 ns |V
10 ns |2
Active to Precharge Command trasminiop |45 ns
trasmax.op | 70000 ns
Precharge Command Period trp.10D 15 ns
Auto-Refresh to Active / Auto-Refresh command period trrc.DD 105 ns
Average periodic Refresh interval | 0°C < Topge < 85°C | trep 7.8 us
85°C < Tase £ 95°C | trep 3.9 us

1) x4 & %8 (1 kB page size)
2) x16 (2 kB page size)
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Table 67 Iy, Measurement Test Condition for DDR2-533B
Parameter Symbol -3.7F Unit | Notes
DDR2-533B
CAS Latency CLpp 3 tok
Clock Cycle Time tek oD 3.75 ns
Active to Read or Write delay trep.oD 11.25 ns
Active to Active / Auto-Refresh command period trc DD 56.25 ns
Active bank A to Active bank B command delay t=rD.1DD 7.5 ns |1
10 ns |2
Active to Precharge Command trasminop |45 ns
trasmax.op | 7000 ns
Precharge Command Period trp.0D 11.25 ns
Auto-Refresh to Active / Auto-Refresh command period trrc DD 105 ns
Average periodic Refresh interval | 0°C < Topge < 85°C | tgeq 7.8 us
85°C < Tage £95°C | trer 3.9 us
1) x4 & x8 (1 kB page size)
2) x16 (2 kB page size)
Table 68 I, Measurement Test Condition for DDR2-533C
Parameter Symbol -3.7 Unit | Notes
DDR2-533C
CAS Latency CLpp 4 tok
Clock Cycle Time texk oD 3.75 ns
Active to Read or Write delay trep.oD 15 ns
Active to Active / Auto-Refresh command period trc DD 60 ns
Active bank A to Active bank B command delay tRrD.IDD 7.5 ns |V
10 ns |2
Active to Precharge Command trasminiop |45 ns
trasmax.op | 7000 ns
Precharge Command Period trp.10D 15 ns
Auto-Refresh to Active / Auto-Refresh command period trrc.DD 105 ns
Average periodic Refresh interval | 0°C < Topge < 85°C | trep 7.8 us
85°C < Tase £ 95°C | trep 3.9 us
1) x4 & x8 (1 kB page size)
2) x16 (2 kB page size)
Table 69 I, Measurement Test Condition for DDR2—400B
Parameter Symbol -5 Unit | Notes
DDR2-400B
CAS Latency CLpp 3 tek
Clock Cycle Time tek oo 5 ns
Active to Read or Write delay treo DD 15 ns
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Table 69 I, Measurement Test Condition for DDR2—400B
Parameter Symbol -5 Unit | Notes
DDR2-400B
Active to Active / Auto-Refresh command period trc DD 55 ns
Active bank A to Active bank B command delay tRrD.IDD 7.5 ns |V
10 ns |2
Active to Precharge Command trasminon |40 ns
tras.maxiop | 7000 ns
Precharge Command Period tre DD 15 ns
Auto-Refresh to Active / Auto-Refresh command period trrc. 0D 105 ns
Average periodic Refresh interval | 0°C < Tpge < 85°C | trep 7.8 us
85°C < Toase £ 95°C | trer 3.9 us

1) x4 & %8 (1 kB page size)
2) x16 (2 kB page size)

6.1.1 On Die Termination (ODT) Current

The ODT function adds additional current consumption to the DDR2 SDRAM when enabled by the EMRS(1).
Depending on address bits A6 & A2 in the EMRS(1) a “weak” or “strong” termination can be selected. The current
consumption for any terminated input pin depends on whether the input pin is in tristate or driving “0” or “1”, as
long a ODT is enabled during a given period of time.. See Table 70

Table 70  ODT current per terminated input pin

ODT Current EMRS(1) State |Min. |Typ. |Max. |Unit
Enabled ODT current per DQadded Iypq Iopro |A6=0,A2=1 5 6 7.5 mA/DQ
current for ODT enabled; A6=1,A2=0 25 3 3.75 mA/DQ
ODT is HIGH; Data Bus inputs are floating A6=1 A2 =1 75 9 1125 |mADQ
Active ODT current per DQadded Iypq current |Iopry  |A6=0,A2 =1 10 12 15 mA/DQ
for ODT enabled; A6=1,A2=0 |5 6 7.5  |mA/DQ
ODT is HIGH; worst case of Data Bus inputs are A6 =1 A2 =1 15 18 225 |mADQ
stable or switching. ' '

Note: For power consumption calculations the ODT duty cycle has to be taken into account
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Package Dimensions

Package Dimensions
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8 Product Nomenclature

For reference the Infineon SDRAM component nomenclature is enclosed in this chapter.

Table 71 Nomenclature Fields and Examples
Example for Field Number
1 2 3 4 5 6 7 8 9 10 11
DDR2 DRAM HYB |18 T 512 16 0 A C -3.7
Table 72 DDR2 Memory Components
Field Description Values Coding
1 INFINEON HYB Constant
Component Prefix
2 Interface Voltage [V] 18 SSTL_18
3 DRAM Technology T DDR2
4 Component Density [Mbit] 256 256 M
512 512 M
1G 1Gb
5+6 Number of I/Os 40 x4
80 x8
160 x16
7 Product Variations 0..9 look up table
8 Die Revision A First
B Second
9 Package, C FBGA,
Lead-Free Status lead-containing
F FBGA, lead-free
10 Speed Grade -3 DDR2-667 4—4—4
-3S8 DDR2-667 5-5-5
-3.7 DDR2-533 4-4-4
-5 DDR2-400 3-3-3
1 N/A for Components
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