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1 Overview

Overview

This chapter gives an overview of the 256-Mbit DDR2 DRAM product family and describes its main characteristics.

1.1 Features

The 256-Mbit DDR2 DRAM is optimized for graphics applications and offers the following key features:

e 2.0V +/- 0.1V Power Supply
2.0V +/- 0.1V (SSTL_18) compatible I/O
* DRAM organisations with 16 data in/outputs
* Double Data Rate architecture: two data transfers
per clock cycle, four internal banks for concurrent
operation
CAS Latency: 5and 6
Burst Length: 4 and 8
Differential clock inputs (CK and CK)
Bi-directional, differential data strobes (DQS and
DQS) 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

e Data masks (DM) for write data

e 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

e Normal and Weak Strength Data-Output Drivers

+ 1K page size

e Packages: PG-TFBGA 84

1.2 Ordering Information Fréfn
LS Product

Table 1 Ordering information

Part Number Org. Package

HYB18T256161AF-25

HYB18T256161AF-28 16Mx16 PG-TFBGA 84

HYB18T256161AF-33

1.3 Description

The 256-Mbit DDR2 DRAM is a high-speed Double-
Data-Rate-2 CMOS Synchronous DRAM device
containing 268,435,456 bits and internally configured
as a quad-bank DRAM. The 256-Mbit DDR2 DRAM is
organized as 4 Mbit x 16 1/0 x 4 bank chip. These
synchronous devices achieve high speed transfer rates
starting at 800 Mb/sec/pin and is optimized for graphics
performance.

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 and
an On-Die Termination (ODT) function.

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

N

Data Sheet

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

A 15-bit address bus is used to convey row, column and
bank address information in a RAS-CAS multiplexing
style.

The DDR2 device operates with a 2.0V +/- 0.1V 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 256-Mbit DDR2 DRAM is available in P-TFBGA
package.

Rev. 1.00, 11-2004
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1.4 Pin Configuration

The pin configuration of a 256-Mbit DDR2 DRAM is listed by function in Table 2. The abbreviations used in the
Pin#/Buffer Type columns are explained in Table 3 and Table 4 respectively. The pin numbering for the FBGA
package is depicted in Figure 1.

Table 2 Pin Configuration of 256-Mbit DDR2 DRAM

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

Clock Signals organization
J8 CK I SSTL Clock Signal
K8 CK I SSTL Complementary Clock Signal
K2 CKE I SSTL Clock Enable Rank
Control Signals organization
K7 RAS I SSTL Row Address Strobe
L7 CAS I SSTL Column Address Strobe
K3 WE I SSTL Write Enable
L8 CS I SSTL Chip Select
L8 A13 I SSTL Address Signal 13
Address Signals organization
L2 BAO I SSTL Bank Address Bus 1:0
L3 BA1 I SSTL
L1 NC - -
M8 A0 I SSTL Address Signal 12:0
M3 Al 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 Al I SSTL
R2 Al12 I SSTL
Data Signals organization
G8 DQO I/O SSTL Data Signal 0
G2 DQ1 I/O SSTL Data Signal 1
H7 DQ2 I/O SSTL Data Signal 2
H3 DQ3 I/0 SSTL Data Signal 3
HA1 DQ4 I/O SSTL Data Signal 4
H9 DQ5 I/O SSTL Data Signal 5
F1 DQ6 I/0 SSTL Data Signal 6
Data Sheet 8 Rev. 1.00, 11-2004
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Table 2 Pin Configuration of 256-Mbit DDR2 DRAM
Ball#/Pin# Name Pin Buffer | Function
Type |Type
F9 DQ7 I/O SSTL Data Signal 7
(O] DQ8 I/O SSTL Data Signal 8
Cc2 DQ9 I/O SSTL Data Signal 9
D7 DQ10 I/O SSTL Data Signal 10
D3 DQ11 I/O SSTL Data Signal 11
D1 DQ12 I/0 SSTL Data Signal 12
D9 DQ13 I/0 SSTL Data Signal 13
B1 DQ14 I/O SSTL Data Signal 14
B9 DQ15 I/0 SSTL Data Signal 15
Data Strobe organization
B7 ubDQS I/0O SSTL Data Strobe Upper Byte
A8 ubDQS |[I/O SSTL Data Strobe Upper Byte
F7 LDQS I/0 SSTL Data Strobe Lower Byte
ES LDQS |I/O SSTL Data Strobe Lower Byte
Data Mask organization
B3 UDM I SSTL Data Mask Upper Byte
F3 LDM I SSTL Data Mask Lower Byte
Power Supplies organization
J2 Veer Al - I/O Reference Voltage
E9, G1, G3, Voba PWR |- I/0 Driver Power Supply
G7, G9
J1 \ PWR |- Power Supply
E1,J9, M9, R1| Vpp PWR |- Power Supply
E7,F2,F8,H2, | Vggq PWR |- Power Supply
H8
J7 VssoL PWR |- Power Supply
J3,N1,P9 Vss PWR |- Power Supply
Not Connected organization
A2,E2,L1,R3, |NC NC - Not Connected
R7, R8
Other Pins organization
K9 OoDT ’— ‘— On-Die Termination Control
Data Sheet 9 Rev. 1.00, 11-2004
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Table 3 Abbreviations for Pin Type

Abbreviation Description

| Standard input-only pin. Digital levels.

O 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 4 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 10 Rev. 1.00, 11-2004
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1 2 3 4 5 6 7 8 9
VDD NC VSS A VSSQ uDQs VDDQ
DQ14 | Vesq | UDM B UDQS | Vssq | DQ15
VDDQ DQQ VDDQ C VDDQ DQ8 VDDQ
DQ12 | Vssq | DQ11 D UDQ2 | Vssq | DQ13
VDD NC VSS E VSSQ LDQS VDDQ
DQ6 | Vgsq | LDM F LDQS | Vssq | DQ7
VDDQ DQ1 VDDQ G VDDQ DQO VDDQ
DQ4 | Vssq | DQ3 H DQ2 | Vssq | DQ5
VDDL VREF Vss J VssoL CK VDD
CKE | WE K RAS | CK | oDT
NC/BA2| BAO | BAf1 L CAS | CS
A10/AP| A1 M A2 A0 Voo
Ves A3 A5 N A6 A4
A7 A9 P A11 A8 Ves
Voo | A12 | NC R NC [NC/A13
MPPT0110
Figure 1 Pin Configuration PG-TFBGA 84 Top View, see the balls throught the package
Notes
1. UDQS/UDQS is data strobe for upper byte, 3. Vpp, and Vppg are power and ground respectively
LDQS/LDQS is data strobe for lower byte for the DLL. Vpp, connected to Vpp, and Vppg
2. UDM is the data mask signal for the upper byte connected to Vgg.
UDQJ7:0], LDM is the data mask signal for the lower
byte DQ[7:0]
Data Sheet 11 Rev. 1.00, 11-2004
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1.5 256Mbit DDR2 Addressing
Table 5 256 Mbit DDR2 Addressing
Configuration 16Mb x 16 Note
Number of Banks 4
Bank Address BA[1:0]
Auto-Precharge A10/ AP
Row Address A[12:0]
Column Address A[8:0]
Number of Column Address Bits 9
Number of 1/0Os 16
Page Size [Bytes] 1024 (1K)
1.6 Input/Output Functional Description

Table 6 Input/Output Functional Description

Symbol

Type

Function

CK, CK

Input

Clock: CK and CK are differential 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 directions of crossing).

CKE

Input

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals
and device input buffers and output drivers. Taking CKE LOW provides Precharge
Power-Down and Self-Refresh operation (all banks idle), or Active Power-Down (row
Active in any bank). CKE is synchronous for power down entry and exit and for self-
refresh entry. 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 VREF 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, VREF 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.

Input

Chip Select: All commands are masked when CS is registered high. CS provides for
external rank selection on systems with multiple ranks. CS is considered part of the
command code.

oDT

Input

On Die Termination: ODT (registered high) enables termination resistance internal to
the DDR2 SDRAM. When enabled, ODT is applied to each DQ, UDQS, UDQS, LDQS,
LDQS, UDM and LDM signal. The ODT pin will be ignored if the EMRS(1) is
programmed to disable ODT.

RAS, CAS, WE

Input

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

DM, LDM, UDM

Input

Input Data Mask: 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 and
control the lower or upper bytes.

BA[1:0]

Input

Bank Address Inputs: 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.

Data Sheet
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Table 6 Input/Output Functional Description
Symbol Type |Function
A[12:0] Input Address Inputs: Provides the row address for Activate commands and the column
address and Auto-Precharge bit A10 (=AP) for Read/Write commands to select one
location out of the memory array in the respective bank. A10 (=AP) is sampled during
a Precharge command to determine whether the Precharge applies to one bank
(A10=Iow) or all banks (A10=high). If only one bank is to be precharged, the bank is
selected by BA[1:0]. The address inputs also provide the op-code during Mode
Register Set commands.
DQ[0:15] Input/ | Data Inputs/Output: Bi-directional data bus.
Output
DQS, (DQS) Input/ | Data Strobe: output with read data, input with write data. Edge aligned with read data,
LDQS, (LDQS), |Output |centered with write data. LDQS corresponds to the data on DQ[7:0]; UDQS
UDQS,(UDQS) corresponds to the data on DQ[15:8]. The data strobes DQS, LDQS, UDQS may be
used in single ended mode or paired with the optional complementary signals DQS,
LDQS, UDQS 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.
NC — No Connect: no internal electrical connection is present
Voba Supply |DQ Power Supply: 2.0V +/- 0.1V
Vssa Supply |DQ Ground
Vool Supply |DLL Power Supply: 2.0V +/- 0.1V (internally connected to V)
VssoL Supply | DLL Ground (internally connected to Vgg)
Voo Supply |Power Supply: 2.0V +/- 0.1V
Vss Supply |Ground
Vaer Supply |Reference Voltage
Data Sheet 13 Rev. 1.00, 11-2004
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1.7 Block Diagrams
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Figure2  Block Diagram 4 Mbit x 16 I/O x 4 Internal Memory Banks
Note:

1. 16 Mb x 16 Organisation with 13 Row, 2 Bank and
10 Column External Adresses.

2.

This Functional Block Diagram is intended to

facilitate user understanding of the operation of the

Data Sheet
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device; it does not represent an actual circuit
implementation.

LDM, UDM is a unidirectional signal (input only), but
is internally loaded to match the load of the
bidirectional LDQS and UDQS signals.
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2 Functional Description
2.1 Simplified State Diagram
Initialization CKEL
Sequence Self
Refresh
CKEL PD_entry
Precharge
PD
WL +BL/2 + WR t RL + BL/2 + tepp
'l
ey
'I:ll
m
4]
r
WriteC\ Read
Reading
CKEL
C\ P PD_entry ———— Automatic Sequence
Active PD |- —» Command Sequence
CKEH
MPFT0010
Figure 3  Simplified State Diagram

Note: This Simplified State Diagram is intended to

bank, enabling / disabling on-die termination,
provide a floorplan of the possible state

Power-Down entry / exit - among other things -
transitions and thecommands to control them. In are not captured in full detail.
particular situations involving more than one

Data Sheet 15
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2.2 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.

2.2.1 Power On and Initialization

Functional Description

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 Vppq and ODT at a low state (all other inputs

may be undefined). To guarantee ODT off, Vpge

must be valid and a low level must be applied to the

ODT pin. Maximum power up interval for Vpp/ Vppq

is specified as 10.0 ms. The power interval is

defined as the amount of time it takes for Vi, / Vppq

to power-up from 0 V to 2.0V +/- 0.1V. At least one

of these two sets of conditions must be met:

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

— Viris limited to 0.95 V max, AND

— Vger tracks Vppo/2

or

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

— Apply Vppq before or at the same time as Vi &
Veer- .

Start clock (CK, CK) and maintain stable power and

clock condition for a minimum of 200 us.

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

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.
.Issue 2 or more Auto-refresh commands.
.Issue the final MRS command to turn the DLL on
and to set the necessary operating parameter.
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.

E

TZ2O0OeNO O

12.

] (]
=S HEAANL A A \
ODT "Idw" g 1!
H \ \ \ ! \ \ Follow OCD \
4Q0.ns & tRP | tMRS { tMRS | tMRS {tMRS } tRP | tRFC } tRFC | tMRS | fowr |1 MBS
B - H [ ] !] el | | | H T
NOP RRE - Ylewmse) | EMRS(3) );-<EMRS(1) —I< MRS i H Ist Auto x trafuto >j< MRS )j|—<Ehél)FéSE)(1) >J_L<E%Fé%(1) >_I|-<Co:\rr‘r)|/and>
T ' min. 200 cycles to lockthe DLL |
Extended Mode Mode T T
Mode Register Register OCD Drive(1) ocD
Register(1) Set Set with Set w/o or calibration
with DLL enable DLL reset DLL reset OCD default mode exit
Figure 4 Initialization Sequence after Power Up
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2.2.2

For application flexibility, burst length, burst type, CAS
latency, DLL reset function, write recovery time (fyg)
are user defined variables and must be programmed
with a Mode Register Set (MRS) command.
Additionally, DLL disable function, additive 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 (MRS) or Extended
Mode Registers (EMRS(#)) can be altered by re-
executing the MRS and EMRS Commands. If the user
chooses to modify only a subset of the MRS or EMRS
variables, all variables must be redefined when the
MRS or EMRS commands are issued.

Also any programming of EMRS(2) or EMRS(3) must
be followed by programming of MRS and EMRS(1).
After initial power up, all MRS and EMRS Commands

223

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 (fgp) is required to complete the
write operation to the mode register. The mode register
contents can be changed using the same command

Functional Description

Programming the Mode Register and Extended Mode Registers

must be issued before read or write cycles 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 low, the DDR2
SDRAM enables the MRS command. When the bank
addresses BAO is high and BA1 is low, 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
table. A new command may be issued after the mode
register set command cycle time (¢ygp)-

MRS, EMRS and DLL Reset do not affect array
contents, which means reinitialization including those
can be executed any time after power-up without
affecting array contents.

DDR2 SDRAM Mode Register Set (MRS)

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 0 for compatibility with other DDR2 memory
products with higher memory densities.

MR
Mode Register Definition (BA[1:0] = 000g)
BA1 BAO A13 A12 Aff A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
0 0 o" PD WR DLL | TM CL BT BL
reg. addr w wo w w Two w Tw
1) A13is only available for x4 and x8 configuration.
Field |Bits |Type" |Description
BL |[2.0] |w Burst Length
010 4
011 8
Data Sheet 17 Rev. 1.00, 11-2004
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Functional Description

Field | Bits |Type" | Description (cont'd)
BT |3 w Burst Type

0 Sequential
1 Interleaved

CL |[[6:4] |w CAS Latency
Note: All other bit combinations are illegal.

101 5
110 6

™ |7 w Test Mode
0 Normal mode
1 Vendor specific test mode

DLL |8 w DLL Reset
0 No
1 Yes

WR |[[11:9] |w Write Recovery?
Note: All other bit combinations are illegal.

001 2
010 3
011 4
100 5
101 6

PD 12 w Active Power-Down Mode Select
0 Fast exit
1 Slow exit

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 #g5 (in ns)
by 7k (in ns) and rounding up to the next integer:
WR[cycles] = tyg(ns) / tcx(ns)
The mode register must be programmed to fulfill the minimum requirement for the analogue f,g timing. WR ,\ is
determined by fck wax @and WR yax is determined by Zox pin-

Data Sheet 18 Rev. 1.00, 11-2004
11222004-7N66-547B



—

| n fl neon HYB18T256161AF-[25/28/33]
fechno|ogies 256'Mbit DDR2 SGRAM
~___—
Functional Description
224 DDR2 SDRAM Extended Mode Register Set (EMRS(1))

The Extended Mode Register EMR(1) stores the data
for enabling or disabling the DLL, output driver
strength, additive latency, OCD program, ODT, DQS
and output buffers disable, RQDS and RDQS enable.
The default value of the extended mode register
EMR(1) is not defined, therefore the extended mode
register must be written after power-up for proper
operation. The extended mode register is written by

asserting low on CS, RAS, CAS, WE, BA1 and high on

BAO, while controlling the state 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 (fygp) Must be satisfied to complete the write
operation to the EMR(1). 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..

Table 7 Extended Mode Register Definition(BA[1:0] = 001)

BA1 | BAO | A13 | A12 | A11 [ A10 | A9 | A8 | A7 | A6 | A5 | A | A3 | A2 | A1 | A0
0 1 o" | Q, |RDQS| DQS OCD Program Ritt AL Rtt | DIC | DLL
reg. addr w w W w i w i w w w

1) A13is only available for x4 and x8 configuration.

Field Bits |Type" | Description

DLL 0 DLL Enable
0 Enable

1 Disable

w

DIC
0
1

Off-chip Driver Impedance Control
Normal (Driver Size = 100%)
Weak (Driver Size = 60%)

2,6

00 o (ODT disabled)
10 75 Ohm

01 150 Ohm

Nominal Termination Resistance of ODT
Note: All other bit combinations are illegal.

AL [5:3] Additive Latency

000
001
010
011
100

Note: All other bit combinations are illegal.

oCcD
Program

[9:7]
000
001
010
100
111

Drive (1)
Drive (0)
Adjust mode

OCD calibration default

Off-Chip Driver Calibration Program
OCD calibration mode exit, maintain setting

10
0
1

Enable
Disable

Complement Data Strobe (DQS, Output)

RDQS
0
1

Disable
Enable

Read Data Strobe Output (RDQS, RDQS)

Data Sheet
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Functional Description

Field
Qoff

Bits |Type"
12 w

Description (cont'd)

Output Disable
0 Output buffers enabled
1 Output buffers disabled

1) w = write only register bits

AO0 is used for DLL enable or disable. A1 is used for enabling half-strength data-output driver. A2 and A6 enables
On-Die termination (ODT) and sets the Rit value. A[5:3] are used for additive latency settings and A[9:7] enables
the OCD impedance adjustment mode. A10 enables or disables the differential DQS and RDQS signals, A11
disables or enables RDQS. Address bit A12 have to be set to 0 for normal operation. With A12 set to 1 the SDRAM
outputs are disabled and in Hi-Z. 1 on BAO and 0 for BA1 have to be set to access the EMRS(1). A13 and all
“higher” address bits have to be set to 0 for compatibility with other DDR2 memory products with higher memory
densities. Refer to Table 7.

Single-ended and Differential Data Strobe Signals

Table 7 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
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 8 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

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

the DLL is enabled (and subsequently reset), 200 clock
cycles must occur before a Read command can be
issued to allow time for the internal clock to be
synchronized with the external clock. Failing to wait for

entering Self-Refresh operation and is automatically re-
enabled upon exit of Self-Refresh operation. Any time

synchronization to occur may result in a violation of the
tac OF fpqsck Parameters.

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

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

Data Sheet 20 Rev. 1.00, 11-2004
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2.2.5 EMRS(2)

The Extended Mode Registers EMRS(2) and EMRS(3)
are reserved for future use and must be programmed
when setting the mode register during initialization.

The extended mode register(2) controls refresh related
features. The default value of the extended mode reg-
ister(2) is not defined, therefore the extended mode
register(2) must be written after Power-up for proper
operation.

The extended mode register EMRS(2) is written by

asserting low on CS, RAS, CAS, WE, BAO and high on

EMRS(2) Programming

Functional Description

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(2). The mode register set command
cycle time (fygp) Must be satisfied to complete the write
operation to the extended mode register(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.

Extended Mode Register Definition (BA[1:0] = 01g)
BA1 BAO A13 A12 Af1 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
1 0 | | | | 01I’2) | | |
' ' reg.éddr ' ' '

1) A13is only available for x4 and x8 configuration.
2) Must be programmed to “0”

2.2.6 EMRS(3)

The Extended Mode Register EMR(3) is reserved for
future use and all bits except BAO and BA1 must be

EMR(3) Programming

programmed to 0 when setting the mode register during
initialization.

Extended Mode Register Definition (BA[1:0] = 01p)
BA1 BAO A13 A12 Af1 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
1 1 | | | | 01I’2) | | |
' ' reg. addr ' ' '

1) A13is only available for x4 and x8 configuration.
2) Must be programmed to “0”

2.3

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

Data Sheet

Off-Chip Driver (OCD) Impedance Adjustment

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.
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Functional Description

EMRS: OCD calibration mode exit

A
EMRS: Drive (1) EMRS: Drive (0)
DQ & DQS High; DQS Low DQ & DQS Low; DQS High
ALL OK
Test
Need Calibration Need Calibration
EMRS: OCD calibration mode exit EMRS: OCD calibration mode exit
EMRS: EMRS:
Enter Adjust Mode Enter Adjust Mode
BL =4 code input to all DQs BL = 4 code input to all DQs
Inc, Dec or NOP Inc, Dec or NOP
4
EMRS: OCD calibration mode exit EMRS: OCD calibration mode exit

EMRS: OCD calibration mode exit

End
MPFTO0020

Figure5 OCD Impedance Adjustment Flow Chart

Note

1. MR should be set before entering OCD impedance adjustment ODT should be carefully controlled depending
on system environment

Data Sheet 22 Rev. 1.00, 11-2004
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Functional Description

2.3.1 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 Table 10. OCD
applies only to normal full strength output drive setting
defined by EMR(1) and if half strength is set, OCD
default output 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 9 Output driver characteristics for OCD calibration

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 Table 10. 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
Table 10 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.

Table 10 Off- Chip-Driver Adjust Program

4 bit burst code inputs to all DQs Operation

Dy Dy, Dy, D5 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
1 0 1 0 Decrease by 1 step Decrease by 1 step
Other Combinations lllegal

Data Sheet
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Functional Description

For proper operation of adjust mode, WL = RL - 1 = sequential or interleave). Burst length of 4 have to be

AL+ CL -1 clocks and tpg / tpy should be met as programmed in the MRS for OCD impedance
Figure 6. Input data pattern for adjustment, DT[0:3] is  adjustment.
fixed and not affected by MRS addressing mode (i.e.

w‘ﬂ X X "X \"‘K \'X )\"X ,X"‘K X"X X X X

ﬂ
CMD -(EMRS )—( )—( NOP )—( NOP >—< NOP )—( NOP )—( NOP )—(EMRS )—( NOP )—
| )
P [
< DQS_ ! >
DQS_in f
1
DS { DK, 1
DQ_in DTO DT1 XDT2 KDTS)
o \ f
! A
OCD calibration ocot

?OCD adjust mode mode exit

Figure 6 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 Driverimpedance before OCD  output drivers are turned-off 75, after “OCD calibration
impedance adjustment. In this mode, all outputs are mode exit” command. See Figure 7.

o X-_\_X \r_X \r_\/ \—7 i \r_/( \,-—/ \_X_\_
CMD-(EMRS )—( NOP H NOP H NOP >-( NOP )—(EMRS()H NOP )—( NOP )—( NOP )—

tOIT ; : ) H toIT ! | : :
> / ] | ) 1 | | |
— — ' 1 V
DQS_in —:_\ DQS high & DQS low for Drive(1), DQS low & DQS high for Drive (0) ' ' X
T T : T | 1 1
: 1 \__DQS high for Drive(1) : [ ) [ !
| / | 1 1
T\ i - i | i
DQ_in é f . _ . DQS high fczr Drlvg(O) . i . 1 i \
? Enter Drive Mode T OCD calibration
mode exit
Figure7  Timing Diagram Drive Mode
Data Sheet 24 Rev. 1.00, 11-2004
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24 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
the ODT control pin. UDQS and LDQS are terminated

Functional Description

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 vDDQ
swi sw2
Rvall |:| Rval2
DRAM
Input
Input Pin
Buffer
|:| Rval1 Rval2
swi sw2
VSSQ VSSQ

Figure 8  Functional Representation of ODT

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

Data Sheet

Target Rtt = 0.5 x Rval1 or 0.5 x Rval2.

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

Table 11 ODT Truth Table

Functional Description

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.

Input Pin

EMRS(1)
Address Bit A10

EMRS(1)
Address Bit A11

x4 components

DQ[3:0]

DQS

DQS

DM

X| o X| X

x8 components

DQ[7:0]

DQS

DQS

RDQS

RDQS

DM

X| O X| O X| X

x16 components

DQ[15:0]

LDQS

LDQS

ubDQS

ubDQS

LDM

UDM

X|X|O|X|o| X|X

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

ODT timing modes

Depending on the operating mode synchronous or

asynchronous ODT timings apply.

Asynchronous ODT timings (faorpps faonen ) @PPlY when

the on-die DLL is disabled.

These modes are:

e Slow Exit Active Power Down Mode (with MRS bit

A12 is set to “17)

Data Sheet
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Functional Description

CK, CK

X_)( X \'"\_X /L_)(

<

e "/\_ X_

CKE

l
Iy
! 1

l ' l | l | 1
T ) )
T - T R
i . x x i ' i x 1 ]
H i i 1 i x = i e i x i i
RS : ;l; : LT : P
opT '!_EJ = ' i ' i [ [ i [ 1 | ! 1 '
'l tAOND (2tck | ; : : P
: "—(_i_)_‘_hq—f—tAQED—(z—?—mk)—pf ' ' ' .
R R T A ' —N oo
DQ i ; H ' tAON ' N : Rt ‘ H ! H H !
e () =T B ) N R T A T B
i . ! ! ! ! ] 4 ! 1 '!—I’! 4 1 I 1 ! 1
| ' ' tAON(maX) ) tAdF(maX‘) ' '

0ODTo1

Figure 9
Note:

1. Synchronous ODT timings apply for Active Mode
and Standby Mode with CKE HIGH and for the
“Fast Exit” Active Power Down Mode (MRS bit A12
set to “0”). In all these modes the on-die DLL is
enabled.

ODT turn-on time (tson,min) IS when the device

leaves high impedance and ODT resistance begins

3.

ODT Timing for Active and Standby (Idle) Modes (Synchronous ODT timings)

to turn on. ODT turn on time max. (tson max) 1S When

the ODT resistance is fully on. Both are measured

from t,onp.

ODT turn off time min. (t,or min) IS When the device
starts to turn off the ODT resistance.ODT turn off
time max. (taor max) 1S When the bus is in high
impedance. Both are measured from t ,pp.

T T T T T T T T T
0 1 2 3 5 6 7
\ r= r = r= - r =\ r=\
TN EDENERERERENEN X\_
CKE low"
tIS
oDT te ‘
tAOFPD,min
tAOFPD,max N
DQ 2 v v K
Rit
<« tADNPD}min ' S
< tAONPD,max

0ODT02

Figure 10 ODT Timing for Precharge Power-Down and Active Power-Down Mode (with slow exit)

(Asynchronous ODT timings)

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

As long as the timing parameter faypp, min IS satisfied
when ODT is turned on or off before entering these

power-down modes, synchronous timing parameters

Functional Description

can be applied. If 5\pp. min is NOt satisfied,
asynchronous timing parameters apply.

T

XX

3
X |\ Sppe——

tANPD (3 tCK)

>
-
.

CKE

ODT turn-off, tANPD >= 3 tCK :

OoDT

I N S % S

P

*‘;.,

ODT turn-off, tANPD <3 tCK :

OoDT

ODT turn-on, tANPD >= 3 tCK :

oDT

ODT turn-on, tANPD < 3 tCK :

OoDT

f > Synchronou
' t ! X timings
!
r F:Ill—l—l—l—} ; -
T " N H . 1 '
! f . ' s !
' ' *  tAOFD i ! :
' ! ! ] ' ' ! !
' ' ! ! ! H ! H
' : | . i . ' . . Asynchronou
r RTT >>>/— timings
o T ——— e ey
i : : ' tAOFPDmax .
L A 5
H v ' ' ' ! !
H N . ] . N '
I LA : :
| X ' ' i ‘
! ,4 | tAOlElD ! . ! ! Synchronou
)
: L L : L RTT timings
{ | z i t I ! apply
) : v Lo 1 1 1
I o R ~
' ' ' 1 : .
. ' 1 ' . N
i ! ﬂ[ | tAONPDmax | oo Asynchronou
: ‘ , : ‘ : : /\’< RTT timings
ODTO apply
3

Figure 11

Mode exit:

As long as the timing parameter foxpp mi iS satisfied
when ODT is turned on or off after exiting these power-

ODT Mode entry Timing Diagram

down modes, synchronous timing parameters can be

Data Sheet
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Functional Description

CK; CK

Lo P\
= =t — —/ L — -

_\’_"_K'__

© —
© -+

L

T10

\4

CKE

ODT turn-off, tAXPD >= tAXPDmin:
Synchronous

timings apply

ODT turn-off, tAXPD < tAXPDmin:
Asynchronous
timings apply

ODT turn-on, tAXPD >= tAXPDmin:
Synchronou s

timings apply

ODT turn-on, tAXPD < tAXPDmin:
Asynchronous

timings apply

oDT

oDT

oDT

OoDT

tAOFD

2222227

A

tAOFPDmax

tis

.

F

Rit

tis

A

\ 4

tAOND

ECCEE

Rit

A

tAONPDmax

ODT04

Figure 12 ODT Mode exit Timing Diagram
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2.5

The Bank Activate command is issued by holding CAS
and WE HIGH with CS and RAS LOW at the rising edge
of the clock. The bank addresses BA[1:0] are used to
select the desired bank. The row addresses A0 through
A13 are used to determine which row to activate in the
selected bank for x4 and x8 organized components.
For x16 components row addresses AO through A12
have to be applied. The Bank Activate command must
be applied before any Read or Write operation can be
executed. Immediately after the bank active command,
the DDR2 SDRAM can accept a read or write command
(with or without Auto-Precharge) on the following clock
cycle. If a R/W command is issued to a bank that has
not satisfied the tgz-p iy SPecification, then additive

Bank Activate Command

Functional Description

latency must be programmed into the device to delay
the R/W command which is internally issued to the
device. The additive latency value must be chosen to
assure fpcp v IS satisfied. Additive latencies of 0, 1, 2,
3 and 4 are supported. Once a bank has been activated
it must be precharged before another Bank Activate
command can be applied to the same bank. The bank
active and precharge times are defined as g5 and fgp,
respectively. The minimum time interval between
successive Bank Activate commands to the same bank
is determined by fzc. The minimum time interval
between Bank Active commands to different banks is
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Figure 13 Bank Activate Command Cycle: tgcp =3, AL =2, tpp = 3, tgpp = 2

2.6

After a bank has been activated, a read or write cycle
can be executed. This is accomplished by setting RAS
HIGH, CS and CAS LOW at the clock’s rising edge. WE
must also be defined at this time to determine whether
the access cycle is a read operation (WE HIGH) or a
write operation (WE LOW). The DDR2 SDRAM
provides a wide variety of fast access modes. A single
Read or Write Command will initiate a serial read or
write operation on successive clock cycles at data rates
of up to 800 Mb/sec/pin for main memory. The
boundary of the burst cycle is restricted to specific
segments of the page length.

For example, the 16Mbit x 16 chip has a page size of
1024 kByte which corresponds to a page length of 512
bits (defined by CA[8:0]).

Data Sheet
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In case of a 4-bit burst operation (burst length = 4) the
page length of 512 is divided into 128 uniquely
addressable segments (4-bits x 1/0O each). The 4-bit
burst operation will occur entirely within one of the 128
segments (defined by CA[6:0]) starting with the column
address supplied to the device during the Read or Write
Command (CA[8:0]). The second, third and fourth
access will also occur within this segment, however,
the burst order is a function of the starting address, and
the burst sequence.

In case of a 8-bit burst operation (burst length = 8) the
page length of 512 is divided into 64 uniquely
addressable segments (8-bits x 16 I/0O each). The 8-bit
burst operation will occur entirely within one of the 64
segments (defined by CA[5:0]) beginning with the
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column address supplied to the device during the Read  For 8 bit burst operation (BL = 8) the minimum CAS to
or Write Command (CA[8:0]). CAS delay (tcp) is 4 clocks for read or write cycles.

A new burst access must not interrupt the previous 4 bit  Burst interruption is allowed with 8 bit burst operation.
burst operation in case of BL = 4 setting. Therefore the  For details see Chapter 2.6.6.

minimum CAS to CAS delay (fcp) is @ minimum of 2

clocks for read or write cycles.

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
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READ BURST TIMING EXAMPLE

Figure 14 Read Burst Timing Example: (CL =5, AL=0, RL=5,BL =4)

2.6.1 Posted CAS

Posted CAS operation is supported to make command  the CAS latency (CL). Therefore if a user chooses to

and data bus efficient for sustainable bandwidths in issue a Read/Write command before the fgcp in, then
DDR2 SDRAM. In this operation, the DDR2 SDRAM AL greater than 0 must be written into the EMRS(1).
allows a Read or Write command to be issued The Write Latency (WL) is always defined as RL - 1
immediately after the RAS bank activate command (or ~ (Read Latency -1) where Read Latency is defined as
any time during the RAS to CAS delay time, tgcp the sum of Additive Latency plus CAS latency

period). The command is held for the time of the (RL=AL+CL). If a user chooses to issue a Read
Additive Latency (AL) before it is issued inside the command after the 7gcp min PEriod, the Read Latency is

device. The Read Latency (RL) is the sum of AL and also defined as RL = AL + CL.
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ACTIVATE TO READ TIMING EXAMPLE

Figure 15 Activate to Read Timing Example: Read followed by a write to the same bank, Activate to Read
delay < fpcpmin: AL=2and CL=5,RL=(AL+CL)=7, WL=(RL-1)=6,BL =4
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READ TO WRITE TIMING EXAMPLE_FIGURE_16

Figure 16 Read to Write Timing Example: Read followed by a write to the same bank, Activate to Read
delay < fpcpmin: AL=2and CL=5,RL=(AL+CL)=7, WL=(RL-1)=6,BL=8
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READ TO WRITE TIMING EXAMPLE_FIGURE_17

Figure 17 Read to Write Timing Example: Read followed by a write to the same bank, Activate to Read
delay = fpcpmin: AL=0,CL =5, RL=(AL+CL)=5,WL=(RL-1)=4,BL=4
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READ TO WRITE TIMING EXAMPLE_FIGURE_18

Figure 18 Read to Write Timing Example: Read followed by a write to the same bank, Activate to Read
delay > tpcpmin: AL=1,CL=5,RL=6, WL=5,BL=4
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2.6.2 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 12  Burst Length and Sequence

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 the
Chapter 2.6.6. A Burst Stop command is not supported
on DDR2 SDRAM devices.

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

4 000 0,1,2,3 0,1,2,3
001 1,2,3,0 1,0,3,2
010 2,301 2,3,0,1
011 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 2,83,0,1,6,7,4,5 2,83,0,1,6,7,4,5
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 54,7,6,1,0,3,2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1
111 7,4,5,6,3,0,1,2 7,6,5,4,8,2,1,0

Notes

1. Page Size and Length is a function of I/O organization:
— 16Mb x 16 organization (CA[8:0]); Page Size = 1 kByte; Page Length = 512

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

The Read command is initiated by having CS and CAS
low while holding RAS and WE high at the rising edge
of the clock. The address inputs determine the starting
column address for the burst. The delay from the start
of the command until the data from the first cell appears
on the outputs is equal to the value of the read latency
(RL). The data strobe output (DQS) is driven low one
clock cycle before valid data (DQ) is driven onto the

Functional Description

data bus. The first bit of the burst is synchronized with
the rising edge of the data strobe (DQS). Each
subsequent data-out appears on the DQ pin in phase
with the DQS signal in a source synchronous manner.
The RL is equal to an additive latency (AL) plus CAS
latency (CL). The CL is defined by the Mode Register
Set (MRS). The AL is defined by the Extended Mode
Register Set (EMRS(1)).

Dout

Dout

CLK, CLK
DQs,
DQS
DQ Dout
t basQmax > le
tan

=

t >
DQSQmax

ton

DO-Read

Figure 19 Basic Read Timing Diagram
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BURST OPERATION EXAMPLE 1

Figure 20 Read Operation Example 1: RL=7 (AL=2, CL =5, BL = 4)

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.
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TO T T4 T5 T6 T7 T8 T9 T10 T11 T12 T13
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Figure 21 Read Operation Example 2: RL =5 (AL =0, CL =5, BL = 8)

READ OPERATION EXAMPLE 2'
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Figure 22 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.
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SEAMLESS READ OPERATION EXAMPLE 1

Figure 23 Seamless Read Operation Example 1: RL=7,AL=2,CL=5,BL =4

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.
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SEAMLESS READ OPERATION EXAMPLE 2

Figure 24 Seamless Read Operation Example 2: RL = 5, AL =0, CL = 5, 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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2.6.4 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 t,,pge 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 tpqgs 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”
(fwr) and is the time needed to store the write data into
the memory array. g is an analog timing parameter
(see Electrical Characteristics) and is not the
programmed value for WR in the MRS.
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DQs

toasL

Din

Figure 25 Basic Write Timing

T T2 T3 T4 T5

T6 T7 T9 T11 T12

| |
CLK — -
\ ﬁ\ ﬁ\ f\ ﬁ\ f\ ﬁ\ f\ ﬁ\ f\ -
N/ \/ M

CMD P\‘;fr‘ng’;s>—< NOP NOP NOP >—< NOP NOP NOP NOP NOP NOP >§§<Precharge>4
T T T T T T T T
I | | | | | | .| <=DQss Completlon of the \
r | [ ‘ ‘ ‘ [ " / Burst Write |
i | | | | —( Y J% B J} S |
DQS, | I t
P B A P R e LA
h ! ! 1 ! \ g
Din Din ((
00— i i i i i EN — |

WRITE OPERATION EXAMPLE 1

Figure 26 Write Operation Example 1: RL=7 (AL=2,CL =5), WL=4,BL =4
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WRITE OPERATION EXAMPLE 2

Figure 27 Write Operation Example 2: RL=5(AL=0,CL=5), WL=2,BL =4
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WRITE FOLLOWED BY READ EXAMPLE

Figure 28 Write followed by Read Example: RL=7 (AL=2,CL=5),WL=4,¢{,;s=2,BL=4

The minimum number of clocks from the write command to the read command is (CL - 1) +BL/2 + fy15, Where fiy1g
is the write-to-read turn-around time #,,rg expressed in clock cycles. The g is not a write recovery time (t,yg) but
the time required to transfer 4 bit write data from the input buffer into sense amplifiers in the array.

Data Sheet

38

Rev. 1.00, 11-2004
11222004-7N66-547B



—

Infineon
echno OgleS/

HYB18T256161AF-[25/28/33]
256-Mbit DDR2 SGRAM

Functional Description
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Figure 29 Seamless Write Operation Example 1: RL=5, WL =4,BL=4

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.
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SEAMLESS WRITE OPERATION EXAMPLE 2

Figure 30 Seamless Write Operation Example 2: RL = 3, WL = 4, BL = 8, non interrupting

The seamless, non interrupting 8-bit burst 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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2.6.5 Write Data Mask

One write data mask input (DM) for x4 and x8
components and two write data mask inputs (LDM,
UDM) for x16 components are supported on DDR2
SDRAM’s, consistent with the implementation on DDR
SDRAM’s. It has identical timings on write operations
as the data bits, and though used in a uni-directional
manner, is internally loaded identically to data bits to

insure matched system timing. Data mask is not used
during read cycles. If DM is high during a write burst
coincident with the write data, the write data bit is not
written to the memory. For x8 components the DM
function is disabled, when RDQS / RDQS are enabled
by EMRS(1).
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Figure 31 Write Data Mask Timing
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Figure 32 Write Operation with Data Mask Example: RL=3 (AL=0,CL=3), WL=2,¢#,5=3,BL=4
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2.6.6 Burst Interruption

Interruption of a read or write burst is prohibited for
burst length of 4 and only allowed for burst length of 8
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.
8. Write burst interruption is allowed by a Write with
Auto-Precharge command.
9. Allcommand 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 +
fwr, Where 1,5 starts with the rising clock after the
un-interrupted burst end and not form the end of the
actual burst end.

T0 K T2 T3 T4 T5 T6 7 T8
CK, CK - . RS B
’ I__/ I\__ l__/ I\__ }—__l 1 1
E ! ! i ! ! ! ! ! !
CMD <HEADA>—< NOP >—<HEADB >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >< NOP >
1 T T T
\ |
\ | |
| ! !
DQS | i I
pas R\
! | \
1 ! !
! : : ‘
DQ : !
\ |
! |
! !

RBI

Figure 33 Read Interrupt Timing Example 1: (CL =

Data Sheet

3,AL=0,RL =3, BL = 8)
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Functional Description

DQ

Din A2

\Din A0 | Din A1

TO T T2 T3 T4 T5 T6 T7 T8
/__\ r—" /__ r—" -
CK, CK
[ I__/ I\__ L= I__/ I\__ [e— . \
E : : : : : : : ! :

CMD < NOP >—<WRITEA>—< NOP >—<WRITEB>—< NOP >—< NOP >—< NOP >_< NOP >_< NOP >< NOP >
T
1

Din A3 /

! R 3

Ll

1

1

1

\ |

1

DinBO |DinB1 ) DinB2 | DinB3 /DoutB4 DinB5 | DinB6 | DinB7 |
1

. . !
1

1

|

1

Figure 34 Write Interrupt Timing Example 2: (CL =

2.7

The Precharge Command is used to precharge or close
a bank that has been activated. The Precharge

Command is triggered when CS, RAS and WE are low
and CAS is high at the rising edge of the clock. The Pre-

Precharge Command

3,AL=0,WL=2,BL =8)

charge Command can be used to precharge each bank
independently or all banks simultaneously. Three
address bits A10, BAO and BA1 are used to define
which bank to precharge when the command is issued.

Table 13  Bank Selection for Precharge by Address Bits

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

LOW 0 1 Bank 1 only

LOwW 1 0 Bank 2 only

LOW 1 1 Bank 3 only

HIGH Don’t Care Don’t Care all banks

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

2.7.1

The following rules apply as long as the #gp timing
parameter - Internal Read to Precharge Command
delay time - is less or equal two clocks, which is the
case for operating frequencies less or equal 266 Mhz
(DDR2 400 and 533 speed sorts):

Minimum Read to Precharge command spacing to the
same bank = AL + BL/2 clocks. For the earliest possible
precharge, the Precharge command may be issued on
the rising edge which is “Additive Latency (AL) + BL/2

Data Sheet

Read Operation Followed by a Precharge

clocks” after a Read Command, as long as the
minimum fgag timing is satisfied.

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 (fgp) has been satisfied
from the clock at which the precharge begins.

2. The RAS cycle time (fg¢. min) from the previous bank
activation has been satisfied.

42 Rev. 1.00, 11-2004

11222004-7N66-547B



—

Infineon
echno ogles/

HYB18T256161AF-[25/28/33]
256-Mbit DDR2 SGRAM

Functional Description

T5

‘/_; x \"/ X /_J T X /_J x ,\"“x_x

i i i i
CMD Posted CAS NOP Bank A NOP
( READ A _>_( ) ( ) (PreCharge )_( H > ( Actlvate NOP

1 1
e AL + BL2 clks P ! Rp i ! !

[l T w ) )

' = ; - et r—nt | :

DAs, H ' : 5 l ' : 1 i |
bas ! 1 i \ h it i : :
YUOAL=1 i ' !

g MEET o CL=3 ! . ! ! !

R ' i v i i i

[ ! RL=4 | o \ : :

ba H : : : Dout A0 | Dout At XDoul A2 K Dout A3 H H
| | | ! : :

: >=tRAS : :'4 ] CL=3 ' _ : : :

s i

>=tRTP . 1 I ! 1 |

] i v ' ' ' ] '

BR-P413

Figure 35 Read Operation Followed by Precharge Example 1:
RL =4 (AL =1,CL =3), BL =4, tpp <2 clocks

T2 T3 T5

i x__,x x ,\’ 1 IR e

Posted CAS NOP )_( NOP )_( NOP
READ A

/- /_

-~

i<

2( - 1)( -

Bank A
Prech
)—( recharge )—( NOP )’( NOP ) < Activate >

AL + BL/2 clks tRP
. i i 4‘ RN A W e
DQS. : ' ' 3 R i 4 ' HY
s ; O X
! AL=1 CL=3 ' \ ' ' '
T : > . . . :
| P iRL=4 : g ~ - -
DQ — + + — ’Doul A0 Dout A1 Dout A2 Dout A3 Dout A4 Dout A5 Dout A6 Dout A7
; | : : o Joun Jo [ Jon o Lo )
! i >stRAS | ol | oL=3 | i i i
: 1 1 >=tRC g [ ' : E E E
I I I : I >=tRTP N g I I
' ] . T g ' [ ]
first 4-bit prefetch second 4-bit prefetch BRPAISE)
Figure 36 Read Operation Followed by Precharge Example 2:
RL =4 (AL =1,CL =3), BL =8, f31p <2 clocks
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Functional Description

T7

X‘L

CK, CK X_ _ _X

X \""/ X /\_d\ A

X

SRsEe

! !
Posted CAS Bank A
READ A _>_( . ) ( ’:‘OP ) ( : HPreCharge H ' > < ' H Activate > < ' >'
P AL + BL/2 clks ! :‘ ! ! !
v ! ! ! O I, . . .
DQs ' i : : & \ ‘ Z — !
DQS H ] i ] i x \ i
H AL=2 ' CcL=3 \1_ l"—"'l [ i
1 (] h'a [1 .y} ) )
1< 1 » < | V: ] :
e i RL=5 i i . '
P L] H Ll T >
DQ } : ; : : Dout A0 KDoul A1 Dout A2 Dout A3 :
|
i ! >=tRAS H ple_ CL=3 > :
: 0 0 > T -y ]
1 ) l =tRC ] ) ] w! :
' - i ' i g .
! ! ! j >=RTP » ! ' ' 1BR-P523

Figure 37 Read Operation Followed by Precharge Example 3:
RL =5 (AL =2, CL =3), BL =4, fzp < 2 clocks

TO T1

T5

o f ] X \r_/ X /_d’ X \r_”/ X ‘/L_d\’ B

) .
| i
e

i i i i
CMD < Posted CAS H )_( NOP )_( NOP )_(Precharge )_( NOP )—( >-
READ A ctivate
': +BL/2 clocks :-‘ RP i ;E
] | o
DAS. ¢ k
bos” | | . - k Lo
| A=z : A
Hal ! L CL=4 [l ! : :
P + RL=6 W ' [ I
bQ — : i : : i —{ boutao  foout At DoutA2 [ Dout A3 )__
| : | | | \
' | >=tRAS | : >le i cL=4 i >
i >=tRC L ! i o
i ! ! >=tR;rP > ! ! ! BR-P621
Figure 38 Read Operation Followed by Precharge Example 4:
RL =6, (AL = 2, CL = 4), BL = 4, tgp < 2 clocks
2.7.2 Write followed by Precharge

Minimum Write to Precharge command spacing to the
same bank = WL + BL/2 + f,y5. 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

Data Sheet

44

to the Precharge command. No Precharge command
should be issued prior to the 1,y delay, as DDR2
SDRAM does not support any burst interrupt by a
Precharge command. f,z is an analog timing
parameter (see Chapter 7) and is not the programmed
value for WR in the MRS.
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Functional Description

T8

/L_J X__\r ’/__X /\_f X__\_/__ ‘L_\'_X__f\_”/_X_

cMD F’xs;ﬂé‘*i )—( nop N M Nop >-< NP H N )—( NOP H NOP )—(P’e"harge —
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1 ) ) ) ] ] ]
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DQS ' 1 1 \ f A i x ﬂ 1 1 1
' ] ] ey | J——) 1 ' '
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7] »! [} o ] ] Ll )
< TV T S T : : :
DQ + \DIN A0 XDIN Al XDIN A2 XDIN A f : N 0
! i i i i i i
] ) ) ) ! ) ! ) ) ) )
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Figure 39 Write followed by Precharge Example 1: WL =(RL-1)=3,BL =4,#,g=3
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Figure 40 Write followed by Precharge Example 2: WL=(RL-1)=4,BL=4,¢,,=3
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2.8

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 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 internally on the rising edge which
is CAS Latency (CL) clock cycles before the end of the
read burst.

Auto-Precharge Operation

2.8.1 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 fgagminy @nd fgrp are
satisfied. If 1gpgmin) IS NOt satisfied at the edge, the start
point of Auto-Precharge operation will be delayed until
Tras(min) IS satisfied. If fgrpny is Not satisfied at the edge,
the start point of Auto-Precharge operation will be
delayed until tgrpmin is satisfied.

In case the internal precharge is pushed out by tz7p, fgp
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

Functional Description

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.

becomes AL + fg1p + tgp. FOr BL = 8 the time from Read
with Auto-Precharge to the next Activate command is
AL + 2 + tgrp + Igp. Note that (fgrp + fgp) has 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 (fgp) has been satisfied
from the clock at which the Auto-Precharge begins.

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

Auto-Precharge to the next Activate command
T0
o\ == r— - -
WK/\/\/X/\/\/H\/\/X
v I\_ — — — | U] — —
CMD {;os.ted CAs>_< >_< NOP >_< NOP >_< >_< >_< >_< NOP >_< Bank >
EAD w/AP, Activate
A10 ="igh" | i ! ! !
.‘ : AL +'BL/2 ! Auto Precharge Begms ! ! !
DQs, < ! ! ! > h ST !
bas ! : : ! \ (- / \ | I
|« AL=2 CL=3 l«——3+-®RP i >
L | RL=5 | | T : \: |
DQ = T i T : "\Dout A0 XDoutM >< Dout A2} Dout AS/E i
! || RAS] ! o . ! !
! | tRCmin | " I ' | | o
| | | I | | | | > :
' ' ' ' ' ' ' ' BR-AP5231
Figure 41 Read with Auto-Precharge Example 1, followed by an Activation to the Same Bank (fgc Limit):
RL =5 (AL =2, CL = 3), BL = 4, t31p < 2 clocks
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TO

owox I X \r_/ X /L_J\ /__\_/ X /,L_J\ X B / X

H ! ! H
CMD osted CAS NOP NOP Bank
{F};EAD w/AP>—< >—< NOP >—< Activate NoP

oo s ST e e
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ey e

PEEEE, LNV S L e
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H I I I 1 l ! T H 1 1
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Figure 42 Read with Auto-Precharge Example 2, followed by an Activation to the Same Bank (g5g Limit):
RL =5 (AL =2, CL = 3), BL = 4, t31p < 2 clocks
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w1 / \"/ X /L_J\ /__\‘/ X /L_J\ 7 A / T
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1 1 1 1 1
A10 ="high” ' ALeBl2 || T e
' i i : | ; . Auto- Precharge B(_e_glg_g : | : | :
DQS ! | | ;’ N g R / 1|: | |
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- Lt | T v T L} I ! ! :
o i | Rl-4 . & | \
: 1 1 1 | Dout A0 } Dout A1 | Dout A2\ Dout A3/ Dout A4 }\ Dout A5 | Dout A6\ Dout A7 —
1 1 1 )
! ! ! ! >= tRTP ! ! ! !
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! | ! H | H | ! ! !

1
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first 4-bit prefetch second 4-bit prefetch

Figure 43 Read with Auto-Precharge Example 3, followed by an Activation to the Same Bank:
RL =4 (AL =1,CL =3), BL = 8, fzp <2 clocks
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2.8.2 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 (t,g), programmed in the
MRS register, as long as fz,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 + 1gp) has been satisfied.
2. The RAS cycle time (fz¢) from the previous bank

activation has been satisfied.

In DDR2 SDRAM’s the write recovery time delay (#yg)
has to be programmed into the MRS mode register. As
long as the analog #,,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 + 1pp, .

TO
_ \ 1~ ) r— -
C“K/\K\/X/\X\/X/\X\/X
v L — — | I — —
|
CMD <WR'TE>_< NOP >_< >—< NOP >—< >—< >—< Baf?kA
w/AP Activate
Af0= ="high" ! ; '
: . : ’_____i ' :Completllon of lt‘he Burst erte: Auto Precharge Beglns i
DAs ! 5 | T ¥ b VoW I ! | - |
bas ! : : 5 L R | : 5 : | A
Lwi=RL=z e TR R
- P \ DAL b L
DQ i E \DIN A0><D|N A1><D|N A2><D|N A3) E‘ ; E : E E — TE
i ! ! : ! : ! tRCmin. ! ! '
: | L | >=tRASmin. | ) o
| | | | : | : | Ll | H
I BW-AP223

Figure 44 Write with Auto-Precharge Example 1 (fzc Limit): WL =2, 5, =6 (WR=3,¢3,=3),BL=4
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Figure 45 Write with Auto-Precharge Example 2 (WR + #gp Limit): WL =4,¢,, =6 (WR=3,#3,=3),BL=4
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2.8.3

The following table summarizes the minimum
command delays between Read, Read w/AP, Write,

Functional Description

Read or Write to Precharge Command Spacing Summary

Write w/AP to the Precharge commands to the same
banks and Precharge-All commands.

Table 14  Minimum Command Delays
From Command |To Command Minimum Delay between “From |Units | Notes
Command” to “To Command”
READ PRECHARGE (to same banks as AL + BL/2 + max(tgrp, 2) - 2xtex |tox | M?
READ)
PRECHARGE-ALL AL + BL/2 + max(tgrp, 2) - 2xtex |tox | VP
READ w/AP PRECHARGE (to same banks as AL + BL/2 + max(tgrp, 2) - 2%to | tex | P
READ w/AP)
PRECHARGE-ALL AL + BL/2 + max(tgrp, 2) - 2xtex |tok | 1P
WRITE PRECHARGE (to same banks as WL + BL/2 + tyy5 tex |2®
WRITE)
PRECHARGE-ALL WL + BL/2 + fiyyr tex |2
WRITE w/AP PRECHARGE (to same banks as WL + BL/2 + WR tex |2
WRITE w/AP)
PRECHARGE-ALL WL + BL/2 + WR tex |2
PRECHARGE PRECHARGE (to same banks as 1 tex |2
PRECHARGE)
PRECHARGE-ALL 1 tex |?
PRECHARGE-ALL |PRECHARGE 1 tex |2
PRECHARGE-ALL 1 tex |2

1) RU{tgTp(ns) / tck(ns)} must be used, where RU stands for “Round Up”

2) For a given 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 fzp or Izp 5 depending on the latest precharge command issued to that bank

3) RU{fyR(ns)/ Ick(ns)} must be used, where RU stands for “Round Up”

2.8.4 Concurrent Auto-Precharge

DDR2 devices support the “Concurrent Auto-
Precharge” feature. A Read with Auto-Precharge
enabled, or a Write with Auto-Precharge enabled, may
be followed by any command to the other bank, as long
as that command does not interrupt the read or write
data transfer, and all other related limitations (e.g.
contention between Read data and Write data must be
avoided externally and on the internal data bus.

Data Sheet

The minimum delay from a Read or Write command
with Auto-Precharge enabled, to a command to a
different bank, is summarized in Table 15. As defined,
the WL = RL - 1 for DDR2 devices which allows the
command gap and corresponding data gaps to be
minimized.
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Functional Description

Table 15 Command Delay Table
From Command | To Command (different bank, | Minimum Delay with Concurrent Auto- |Units |Note
non-interrupting command) Precharge Support
WRITE w/AP Read or Read w/AP (CL -1) + (BL/2) + tyy1R ok R
Write or Write w/AP BL/2 ok
Precharge or Activate 1 ok 2
Read w/AP Read or Read w/AP BL/2 ek
Write or Write w/AP BL/2 +2 ok
Precharge or Activate 1 fex 2)

1) RU{tyrr(ns)/tck(ns)} must be used where RU stands for “Round Up”
2) This rule only applies to a selective Precharge command to another banks, a Precharge-All command is illegal

2.9 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.

2.9.1 Auto-Refresh Command

Auto-Refresh is used during normal operation of the
DDR2 SDRAM'’s. This command is non persistent, so it
must be issued each time a refresh is required. The
refresh addressing is generated by the internal refresh
controller. This makes the address bits "don’t care”
during an Auto-Refresh command. The DDR2 SDRAM
requires Auto-Refresh cycles at an average periodic
interval of fgermasimum)-

When CS, RAS and CAS are held low and WE high at
the rising edge of the clock, the chip enters the Auto-
Refresh mode. All banks of the SDRAM must be
precharged and idle for a minimum of the precharge
time (fzp) before the Auto-Refresh Command can be
applied. An internal address counter supplies the
addresses during the refresh cycle. No control of the

external address bus is required once this cycle has
started.

When the refresh cycle has completed, all banks of the
SDRAM will be in the precharged (idle) state. A delay
between the Auto-Refresh Command and the next
Activate Command or subsequent Auto-Refresh
Command must be greater than or equal to the Auto-
Refresh cycle time (fgec)-

To allow for improved efficiency in scheduling and
switching between tasks, some flexibility in the
absolute refresh interval is provided. A maximum of
eight Auto-Refresh commands can be posted to any
given DDR2 SDRAM, meaning that the maximum
absolute interval between any Auto-Refresh command
and the next Auto-Refresh command is 9 X fggp.
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Figure 46 Auto Refresh Timing
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Functional Description
2.9.2 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. 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 7y
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. The user may
change the external clock frequency or halt the external

clock one 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 rygyg Mmust
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 tyggp for proper operation. Upon exit from Self
Refresh, the DDR2 SDRAM can be put back into Self
Refresh mode after tygyg €xpires. NOP or deselect
commands must be registered on each positive clock
edge during the Self-Refresh exit interval fygyg. 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.

<Self Refresh > < NOP > <Non—Read < Read > |
Entry Command Command
T ; T : T ; T T ] : T T I :
| : | H | H ! T T : ' | |
CKICK may CK/CK must
be halted be stable

Figure 47 Self Refresh Timing
Note:

1. Device must be in the “All banks idle” state before
entering Self Refresh mode.
tysro (2200 f-) has to be satisfied for a Read or a Read
with Auto-Precharge command.

2.

Data Sheet 51

3. tygng has to be satisfied for any command except a
Read or a Read with Auto-Precharge command
Since CKE is an SSTL input, V gee must be

maintained during Self Refresh.

4.
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2.10 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.
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

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-
mode after an Auto-Refresh command or MRS /
EMRS(1) command when #,zp 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.

Data Sheet
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Functional Description

referred as “standard active power-down mode” and a
fast power-down exit timing defined by the ty,pp 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 fy,ppg 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 #zcr of the device.

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
applied with power-down exit latency, fyp, fxarp OF
Ixarps, after CKE goes high. Power-down exit latencies
are defined in Table 42.

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 + #,g 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.

Rev. 1.00, 11-2004
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Functional Description

Tn+2

L__l

valid
Command

-

! !
' tXARD or
i >
i tXARDS *)
ActPD O
Active Active
Power-Down Power-Down
Entry Exit

Figure 48 Active Power-Down Mode Entry and Exit after an Activate Command

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

state in the MR, address bit A12.

CMD READ .
READ w/AP)

Tn Tn+1 Tn+2

| Valid
Command
B i H

 {XARD or
| IXARDS ")

cke ~ 1+ i |
— ; !
pas, _+ i iy b e N 't
DQS [ , , N i L i 1
LAL=1oCL=3 b b A
Active
Power-Down
Entry

a

Active
Power-Down
Exit

Act.PD 1

Figure 49 Active Power-Down Mode Entry and Exit Example after a Read Command:

RL=4(AL=1,CL=3),BL=4

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

state in the MR, address bit A12.
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CMD { WRITE >—<

CKE — 1|
bas, ! { ':' E E ; E
Das i \ H v i 1 | H : i
CWL=RL-1= : : : i
P e H H 1 | —— >
Lo ) b i | i i IXARDS ™) i
T e e e '5 T | = =
Active Active
Power-Down Power-Down ActPD2
Entry Exit

Figure 50 Active Power-Down Mode Entry and Exit Example after a Write Command:
WL=2,t,7g=2,BL=4

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.

TO T T2 T3 T4 5 T6 T7 Tn Tn+1 Tn+2

=

|L__l

Valld
Command

L
CMD WRITE
< w/AP NoP

pas, 1 i 0 g | i i i |
bas i ! | i |/ ; ! i | ] : i
QWL=RL-122 4 P : P P XARD or |
Voo b Ty Ty : b P tXARDS *) !

Active Active
Power-Down Power-Down ActPD 3

Entry Exit

Figure 51 Active Power-Down Mode Entry and Exit Example after a Write Command with AP:
WL=2,WR=3,BL=4

Note: Active Power-Down mode exit timing ty.gp (“fast exit”) or tyagps (“slow exit”) depends on the programmed
state in the MRS, address bit A12. WR is the programmed value in the MRS mode register.
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TO T Tn Tn+1 Tn+2
0\ 1= r—- r—- - - re ——
s« [N b L] o0 f O X

o N A N _ A \ b— A 1
H H | i i | i | ' | | i
| ! ' | i ' i ' i ' H i

o {pramm e N Hoo G Ham o)
S I ST P : ' b
CKE ! > le— ﬁr «——i ' ' ' i
i : ~1 s : : v
' H ' ' ' H
3 | tRP Pl tXP o b
I« ; l T L] 1 H
H T H f | | | H

Precharge Precharge
Power-Down Power-Down
Entry Exit

Figure 52 Precharge Power Down Mode Entry and Exit

Note: “Pre-charge” may be an external command or an internal precharge following Write with AP.

TO T T2 T3 T4 Tn
[ L SNEEENENN
CK, CK ) [
e e L N—— o= -4 N— — - AN
CMD j_< Alto > | RFG | ! R @_‘
! i\ Refresh /: | i | | : : étXP: {\Command’:
I o : I D e LA e
CKE T\ 4 | /S A
i i : |: : : ftis t i : i

CKE can go low one clock after an Auto-Refresh command

ARPD

When tRFC expires the DRAM is in Precharge Power-Down Mode

Figure 53 Auto-Refresh command to Power-Down entry

T2

T3 T4

) r—n- /——\ il r—- /——
CK, CK

| | | | | |L | |
oo L WRSE L s L s
: EMRS tVMRD | | | | i i
oe T\ s o s
T Enters Precharge Power-Down Mode MRS_PD
Figure 54 MRS, EMRS command to Power-Down entry
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2.11 Other Commands

2111 No Operation Command

The No Operation Command (NOP) should be used in  registered when CS is low with RAS, CAS, and WE
cases when the SDRAM is in a idle or a wait state. The  held high at the rising edge of the clock. A No Operation
purpose of the No Operation Command is to prevent Command will not terminate a previous operation that
the SDRAM from registering any unwanted commands s still executing, such as a burst read or write cycle.
between operations. A No Operation Command is

2.11.2 Deselect Command

The Deselect Command performs the same functionas ~ when CS is brought high, the RAS, CAS, and WE
a No Operation Command. Deselect Command occurs  signals become don’t care.

2.12 Input Clock Frequency Change

During operation the DRAM input clock frequency can  satisfied the input clock frequency can be changed. A

be changed under the following conditions: stable new clock frequency has to be provided, before
« During Self-Refresh operation CKE can be changed to a “high” logic level again. After
« DRAMi s in Precharge Power-down mode and ODT  xp Nas been satisfied a DLL RESET command via

is completely turned off. 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.

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 cycles after tgp and t5orp have been

: NOP NOP NOP
| RP! 5 PV A ! E
L MOFD L . b ] ) e o0 !
! '~ Mihimun 2 clocks " ' ' ch ! : ISt ble ‘——‘—bl . : ] : : |
required before requency Lhange able new clock ODT is off during
occurs here before power-down exit

changing the frequency DLL RESET

Frequ.Ch.

Figure 55 Input Frequency Change Example during Precharge Power-Down mode

Data Sheet 56 Rev. 1.00, 11-2004
11222004-7N66-547B



—

Infineon
echno ogles/

HYB18T256161AF-[25/28/33]
256-Mbit DDR2 SGRAM

2.13

In a given system, Asynchronous Reset event can
occur at any time without prior knowledge. In this
situation, memory controller is forced to drop CKE
asynchronously low, immediately interrupting any valid
operation. DRAM requires CKE to be maintained “high”
for all valid operations as defined in this data sheet. If
CKE asynchronously drops “low” during any valid
operation, the DRAM is not guaranteed to preserve the

Functional Description

Asynchronous CKE Low Reset Event

contents of the memory array. If this event occurs, the
memory controller must satisfy a time delay (74¢,)
before turning off the clocks. Stable clocks must exist at
the input of DRAM before CKE is raised “high” again.
The DRAM must be fully re-initialized as described the
initialization sequence (section 2.2.1, step 4 thru 13).
DRAM is ready for normal operation after the
initialization sequence. See Chapter 7.

stable clocks

/

CK, CK Z{L——'?( X (_j);(__’

L tdeilay

|

N

: 1
CKE drops low due to an
asynchronous reset event

|
|
|
|
|
i
CKE |
i
|
|
|
|
|

'\
Clocks can be turned off after
this point

e et Al

Figure 56 Asynchronous Low Reset Event
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3 Truth Tables
Table 16  Command Truth Table
Function CKE CS |RAS |CAS WE |BAO |A[12:11]|A10 |[A[9:0] |Notes
Previous |Current BA1 D23
Cycle Cycle
(Extended) Mode H H L |L L L |BA |OP Code 5
Register Set
Auto-Refresh H H L |L L H |X X X X
Self-Refresh Entry L L |L L H |X X X X ©)
Self-Refresh Exit L H H X X X |X X X (X 6)7)
L |H H H
Single Bank Precharge |H H L [L H L |BA [X L X 5
Precharge all Banks H H L |L H L (X X H |X
Bank Activate H H L |L H H |BA |Row Address 5
Write H H L [H L L |BA |[Column |L |Column |%®
Write with Auto- H H L [H L L |BA |Column |H |Column %8
Precharge
Read H H H L H |BA |Column |L |Column |8
Read with Auto- H H H H |BA |Column |H |Column %9
Precharge
No Operation H X L [H H H |X X X X
Device Deselect H X H [X X X X X X X
Power Down Entry H L H | X X X X X X X 9
L |H H H
Power Down Exit L H H [X X X |X X X X 49)
L |H H H

1)

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

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

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

4) 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.

5) Bank addresses (BAXx) determine which bank is to be operated upon. For (E)MRS BAXx selects an (Extended) Mode
Register.

6) Vger 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 2.6.6 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 2.9.
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Table 17  Clock Enable (CKE) Truth Table for Synchronous Transitions

Current State" | CKE Command (N)?® | Action (N)? Notes*®
Previous Cycle® | Current Cycle® A5 CAS. WE. GS
(N-1) (N) S, CAS, WE, CS
Power-Down |L L X Maintain Power-Down | 7811
L H DESELECT or NOP | Power-Down Exit 910)11)7)
Self Refresh  |L L X Maintain Self Refresh 18)12)
L H DESELECT or NOP | Self Refresh Exit 9)13)14)12)
Bank(s) H L DESELECT or NOP | Active Power-Down Entry | 21919117
Active
All Banks Idle  |H L DESELECT or NOP | Precharge Power-Down | 9191911
Entry
H L AUTOREFRESH | Self Refresh Entry 16)14)11)7)
Any State other |H H Refer to the Command Truth Table 17
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.
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 V()" 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 #ig + 2xfcke + ty.

12) Vizer must be maintained during Self Refreh 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 fyggp (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 2.10 and Chapter 2.9.2 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 18  Data Mask (DM) Truth Table

Name (Function) DM DQs Notes
Write Enable L Valid R
Write Inhibit H X R

1) Used to mask write data; provided coincident with the corresponding data.
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4 Absolute Maximum Ratings
Table 19  Absolute Maximum Ratings
Symbol Parameter Rating Units |Notes
Vob Voltage on Vp pin relative to Vgg -1.0to +2.3 \'% R
Vooa Voltage on Vppq pin relative to Vgg -0.5t0 +2.3 \'% R
VobL Voltage on Vpp, pin relative to Vgg -0.5t0 +2.3 % R
Vino Vour | Voltage on any pin relative to Vgg -0.5t0 +2.3 \'% R
Tst Storage Temperature -55 to +100 °C 12

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) Storage Temperature is the case surface temperature on the center/top side of the DRAM.
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5 Electrical Characteristics

Table20 DRAM Component Operating Temperature Range

Symbol Parameter Rating Units |Notes
Toper Operating Temperature O0to 85 °C 1)2)3)4)

1) Operating Temperature is the case surface temperature on the center/ top side of the DRAM. For measurement conditions,
please refer to the JEDEC document JESD51-2.

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 - 85 °C under all other specification parameters.

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

4) Self-Refresh period is hard-coded in the chip and therefore it is imperative that the system ensures the DRAM is below
85°C case temperature before initiating self-refresh operation.

5.1 DC Characteristics

Table 21 Recommended DC Operating Conditions (SSTL_18)

Symbol Parameter Rating Units | Notes
Min. Typ. Max.

Voo Supply Voltage 1.9 2.0 2.1 v R

Vool Supply Voltage for DLL 1.9 2.0 2.1 \Y; R

Voba Supply Voltage for Output | 1.9 2.0 2.1 Y "

Veer Input Reference Voltage 0.49x Vppg 0.5 % Vppq 0.51 x Vppq v 23)

Vit Termination Voltage Vegr —0.04 | Vagr Vier + 0.04 v 4

1) Vppq tracks with Vg, Vpp, tracks with Vip. AC parameters are measured with Vi, Vippg and Vipp, tied together.

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

3) Peak to peak ac noise on Ve may not exceed £ 2% Ve, (dc)

4) Viis not applied directly to the device. V1 is a system supply for signal termination resistors, is expected to be set equal
to Vger, and must track variations in die dc level of Vigr.

Table 22 ODT DC Electrical Characteristics

Parameter / Condition Symbol Min. Nom. |Max. Units |Notes
Termination resistor impedance value for Rtt1 er) 60 75 90 Q R
EMRS(1)[A6,A2]=[0,1]

Termination resistor impedance value for RH2 ¢, 120 150 180 Q "
EMRS(1)[A6,A2]=[1,0]

Deviation of VM with respect to VDDQ /2 delta VM -6.00 |— +6.00 % 2

1) Measurement Definition for Rtt(eff): Apply Vi) @nd Vy o, to test pin separately, then measure current I(Vy,.) and I(V) )
respectively. Rtt(eff) = (VIH(ac) - VIL(ac)) /(I(VIHac) - I(VILac))-

2) Measurement Definition for V,,: Turn ODT on and measure voltage (V,,) at test pin (midpoint) with no load:
delta Vy, = ((2 x Vyy/ Vppg) = 1) x 100%.
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Table 23  Input and Output Leakage Currents

Symbol Parameter / Condition Min Max. Units Notes
I Input Leakage Current; any input 0 V < V| < Vpp —2 +2 HA "

loL Output Leakage Current; 0 V < Vour < Vppa -5 +5 uA 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.

5.2 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
Veer- 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 24 DC & AC Logic Input Levels

Symbol Parameter Min. Max. Units
ViH(de) DC input logic high Vier + 0.125 Vbpg + 0.3 \'%
) DC input low -0.3 Vaer —0.125 \'
ViH(ao) AC input logic high Vieer + 0.250 — \'%
ViLac) AC input low — Viaer — 0.250 \Y
Table 25 Single-ended AC Input Test Conditions

Symbol Condition Value Units Notes
Vieee Input reference voltage 0.5 x Vppa \Y R
VewiNG(max) Input signal maximum peak to peak swing 1.0 \'% "
SLEW Input signal minimum slew rate 1.0 V/ns |29

1)

Input waveform timing is referenced to the input signal crossing through the Ve level applied to the device under test.
The input signal minimum slew rate is to be maintained over the range from Vi, acymin to Vier for rising edges and the range

AC timings are referenced with input waveforms switching from V) ) to V), 0N the positive transitions and Vi) 10 Vi 5

2)

from Ve t0 Vi (acymax fOr falling edges as shown in Figure 57.
3)

on the negative transitions.
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Start of Falling Edge Input Timing Start of Rising Edge Input Timing v
DDQ

VI (ac) MIN

V IH (dc) MIN

v SWING.MAX \%

REF
V1L (de) -MAX

VL (ac) MAX

VSS

delta TF delta TR

VREF -V IL(ac).MAX Rising Slew = V IH(ac)MIN ¥V REF

delta TF delta TR

Falling Slew =

Figure 57 Single-ended AC Input Test Conditions Diagram

Table 26  Differential DC and AC Input and Output Logic Levels

Symbol Parameter Min. Max. Units |Notes

Vino) DC input signal voltage -0.3 Vopg + 0.3 "

Vib(de) DC differential input voltage 0.25 Vbpa + 0.6 2

Vib(ac) AC differential input voltage 0.5 Vopq + 0.6 \Y 3)

Vix(ac) AC differential cross point input 0.5x Vppg—0.175  |0.5x Vppq+0.175 |V 4
voltage

Vox(ac) AC differential cross point output 0.5x Vppg—0.125 |0.5x Vppq+0.125 |V 5
voltage

1) Vinwe) Specifies the allowable DC execution of each input of differential pair such as CK, CK, DQS, DQS etc.
2) Vipe Specifies the input differential voltage Vig— Vp required for switching. The minimum value is equal to V4o — Vit (o)
3) Vb specifies the input differential voltage Vg — Vi required for switching. The minimum value is equal to V.6 = Vi (ac)-

4) The value of Viy,, is expected to equal 0.5 X Vppq of the transmitting device and V), is expected to track variations in
Voba- Vixae indicates the voltage at which differential input signals must cross.

5) The value of Viy . is expected to equal 0.5 X Vppq of the transmitting device and Vy ) is expected to track variations in
Vooa: Vox(ae) indicates the voltage at which differential input signals must cross.

Crossing Point

SSTL18_3

Figure 58 Differential DC and AC Input and Output Logic Levels Diagram
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5.3 Output Buffer Characteristics

Table 27 SSTL_18 Output DC Current Drive

Symbol Parameter SSTL_18 Unit Note
Ion Output Minimum Source DC Current -13.4 mA 12
1o, Output Minimum Sink DC Current 13.4 mA 2)3)

1)

2)

3)

Voog =2.0V +/- 0.1V; Vgur = 1.42 V. (Vour—Vopa) / Ion must be less than 21 Ohm for values of Vg, between V4 and
Vopg —280 mV.

The values of /o4, and Io (4 are based on the conditions given in " and 3. They are used to test drive current capability
to ensure V, yin- PlUs @ noise margin and V,,_y,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.

Vooa=2.0V +/- 0.1V; Vour = 280 mV. Vg1 / I, must be less than 21 Ohm for values of V1 between 0 V and 280 mV.

Table 28 SSTL_18 Output AC Test Conditions

Symbol Parameter SSTL_18 Unit Note
Vou Minimum Required Output Pull-up Vit +0.603 \Y R
VoL Maximum Required Output Pull-down Vo —0.603 % R
Vorr Output Timing Measurement Reference Level 0.5 % Vppa \

1)

SSTL_18 test load for V,,; and Vy, is different from the referenced load described in Chapter 8.1. The SSTL_18 test load
has a 20 Ohm series resistor additionally to the 25 Ohm termination resistor into V. 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 V1, at the ouput
device (13.4 mA X 45 Ohm = 603 mV).

Table 29 OCD Default Characteristics

Symbol Description Min. Nominal |Max. Unit Note
— Output Impedance 12.6 18 23.4 Ohms 12
— Pull-up / Pull down mismatch 0 — 4 Ohms 12)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)
2)

Vooa = 2.0V +/- 0.1V; Vi, = 2.0V +/- 0.1V

Impedance measurement condition for output source dc current: Vpq = 2.0V +/- 0.1V, Vo1 = 1420 mV;
(Vour—Vooa) / 1oy must be less than 23.4 ohms for values of Vi between V54 and Vi — 280 mV. Impedance
measurement condition for output sink dc current: Vypq = 2.0V +/- 0.1V; Vo = —280 mV; Vi / I, must be
less than 23.4 Ohms for values of V,; between 0 V and 280 mV.

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

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.

Slew Rates according to Chapter 8.2.1 V., to V}, ., With the load specified in Figure 63.

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.

Timing skew due to DRAM output Slew Rate mis-match between DQS / DQS and associated DQ’s is included
in fpasq and fous specification.

DRAM output Slew Rate specification applies to 400 and 533 MT/s speed bins.
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5.4

Default 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 59 and Figure 60

Electrical Characteristics

show the driver characteristics graphically and the
tables show the same data suitable for input into
simulation tools.

Table 30  Full Strength Default Pull-up Driver Characteristics
Voltage (V) Pull-up Driver Current [mA]

Min. Nominal Default low | Nominal Default high Max.
0.2 -8.5 -11.1 -11.8 -15.9
0.3 -12.1 -16.0 -17.0 -23.8
0.4 -14.7 -20.3 —22.2 -31.8
0.5 -16.4 -24.0 -27.5 -39.7
0.6 -17.8 —27.2 -32.4 -47.7
0.7 -18.6 —29.8 -36.9 -55.0
0.8 -19.0 -31.9 —40.8 -62.3
0.9 -19.3 -33.4 —44.5 -69.4
1.0 -19.7 -34.6 —47.7 -75.3
1.1 -19.9 -35.5 -50.4 -80.5
1.2 -20.0 -36.2 -52.5 —84.6
1.3 —20.1 -36.8 -54.2 -87.7
14 -20.2 -37.2 -55.9 -90.8
1.5 -20.3 -37.7 -57.1 -92.9
1.6 -20.4 —-38.0 -58.4 -94.9
1.7 —20.6 -38.4 -59.6 -97.0
1.8 — -38.6 —60.8 -99.1
1.9 — — — -101.1

Note: The driver characteristics evaluation conditions are:

1. Nominal Default 25°C (Tcase), Vppq = 2.0 V, typical process
2. Minimum: T ., = 85°C, Vppq = 1.9 V, slow—slow process

3. Maximum: T, = 0°C, Vppq = 2.1 V, fast—fast process
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Figure 59 Full Strength Default Pull-up Driver Diagram
Table 31  Full Strength Default Pull-down Driver Characteristics
Voltage (V) |Pull-down Driver Current [mA]
Minimum Nominal Default low |Nominal Default high |Maximum
0.2 8.5 11.3 11.8 15.9
0.3 12.1 16.5 16.8 23.8
0.4 14.7 21.2 22.1 31.8
0.5 16.4 25.0 27.6 39.7
0.6 17.8 28.3 32.4 47.7
0.7 18.6 30.9 36.9 55.0
0.8 19.0 33.0 40.9 62.3
0.9 19.3 34.5 44.6 69.4
1.0 19.7 35.5 47.7 75.3
1.1 19.9 36.1 50.4 80.5
1.2 20.0 36.6 52.6 84.6
1.3 20.1 36.9 54.2 87.7
1.4 20.2 37.1 55.9 90.8
1.5 20.3 37.4 57.1 92.9
1.6 20.4 37.6 58.4 94.9
1.7 20.6 37.7 59.6 97.0
1.8 — 37.9 60.9 99.1
1.9 — — — 101.1
Note: The driver characteristics evaluation conditions are:
1. Nominal Default 25 °C (T ,,5.), Vppg = 2.0 V, typical process,
2. Minimum: T, = 85°C, Vppg = 1.9 V, slow-slow process
3. Maximum: T, = 0°C, Vppq = 2.1 V, fast—fast process
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Figure 60

5.4.1

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 32 and Table 33
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
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

Data Sheet

Full Strength Default Pull-down Driver Diagram

Calibrated Output Driver V-l Characteristics

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-
calibration policy and uncertainty with DQ to DQ
variation, it is recommended that only the default
values to be used. The nominal maximum ad minimum
values represent the change in impedance from
nominal low and high as a result of voltage and
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.
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Table 32  Full Strength Calibrated Pull-down Driver Characteristics
Voltage (V) Calibrated Pull-down Driver Current [mA]
Nominal Minimum Normal Low Nominal Normal 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
0.4 18.7 21.0 21.6 23.0 27.0
Note: The driver characteristics evaluation conditions are:
1. Nominal 25°C (T .;s.), Vppq = 2.0 V, typical process
2. Nominal Low and Nominal High: T s, = 25°C, Vppq = 2.0 V, any process
3. Nominal Minimum: T s, = 85 °C, Vppq= 1.9 V, any process
4. Nominal Maximum: T, = 0°C, Vppq = 2.1 V, any process
Table 33  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
0.4 -18.3 -21.0 -21.2 -23.0 -27.0
Note: The driver characteristics evaluation conditions are:
1. Nominal 25 °C (T .,s0), Vppg = 2.0 V, typical process
2. Nominal Low and Nominal High 25 °C (T ,,s.), Vppg = 2.0 V, any process
3. Nominal Minimum: T ., = 85 °C, Vppq= 1.9 V, any process
4. Nominal Maximum: T, = 0°C, Vppq = 2.1 V, any process
5.5 Input / Output Capacitance
Table 34  Input / Output Capacitance
Symbol Parameter min. max. Units
CCK Input capacitance, CK and CK 0.5 15 pF
CDCK Input capacitance delta, CK and CK — 0.25 pF
Cl Input capacitance, all other input-only pins 0.5 1.5 pF
CDI Input capacitance delta, all other input-only pins — 0.25 pF
ClO Input/output capacitance, 2.5 3.5 pF
DQ, DM, DQS, DQS, RDQS, RDQS
CDIO Input/output capacitance delta, — 0.25 pF
DQ, DM, DQS, DQS, RDQS, RDQS
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5.6 Power & Ground Clamp V-l Characteristics

Power and Ground clamps are provided on address

(A[13:0], BA[1:0]), RAS, CAS, CS, WE, CKE and ODT

Table 35 Power & Ground Clamp V-l Characteristics

pins. The V-l characteristics for pins with clamps is
shown in Table 35.

Voltage across clamp (V)

Minimum Power Clamp
Current (mA)

Minimum Ground Clamp 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 25 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
1.5 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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5.7 Overshoot and Undershoot Specification

Table 36 AC Overshoot / Undershoot Specification for Address and Control Pins

Parameter DDR2-800 |DDR2-700 |DDR2-600 |Units
Maximum peak amplitude allowed for overshoot area |0.9 0.9 0.9 \Y
Maximum peak amplitude allowed for undershoot area | 0.9 0.9 0.9 \Y
Maximum overshoot area above V 0.75 0.75 0.75 V.ns
Maximum undershoot area below Vgg 0.75 0.75 0.75 V.ns

Maximum Amplitude

A Overshoot Area

Volts (V)

»

Undershoot Area

Maximum Amplitude

Time (nrs)
Figure 61 AC Overshoot/ Undershoot Diagram for Address and Control Pins
Table 37 AC Overshoot / Undershoot Specification for Clock, Data, Strobe and Mask Pins
Parameter DDR2-800 |DDR2-700 | DDR2-600 Units
Maximum peak amplitude allowed for overshoot area |0.9 0.9 0.9 \Y,
Maximum peak amplitude allowed for undershoot area | 0.9 0.9 0.9 \Y
Maximum overshoot area above Vppq 0.38 0.38 0.38 V.ns
Maximum undershoot area below Vggq 0.38 0.38 0.38 V.ns

Maximum Amplitude

A Overshoot Area

Volts (V)

»

Time (ns)

Undershoot Area

Maximum Amplitude

Figure 62 AC Overshoot / Undershoot Diagram for Clock, Data, Strobe and Mask Pins
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6 Ipp Specifications and Conditions

Table 38 I, Measurement Conditions

Parameter Symbol | Notes
1)2)3)4)5)6)

Operating Current 0 L Inpo

One bank Active - Precharge; fck = fckmin» rc = tRemins fRas = frasmin, CKE is HIGH, CS is

high between valid commands. Address and control inputs are SWITCHING, Databus inputs

are SWITCHING.

Operating Current 1 Inpy

One bank Active - Read - Precharge; Ioyr = 0 MA, BL = 4, fck = fckmin Rc = fromin- fRas =

rasmins rep = facomin-AL =0, CL = CL,,;,.; CKE is HIGH, CS is high between valid commands.

Address and control inputs are SWITCHING, Databus inputs are SWITCHING.

Precharge Power-Down Current Ippop

All banks idle; CKE is LOW; fck = tokmin:Other control and address inputs are STABLE, Data

bus inputs are FLOATING.

Precharge Standby Current Inpon

All banks idle; CS is HIGH; CKE is HIGH; ok = fokmin; Other control and address inputs are

SWITCHING, Data bus inputs are SWITCHING.

Precharge Quiet Standby Current Iopaq

All banks idle; CS is HIGH; CKE is HIGH; 7o« = fckmin; Other control and address inputs are

STABLE, Data bus inputs are FLOATING.

Active Power-Down Current Ippap(o)

All banks open; fck = tokmin, 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 Ippsp(r)

All banks open; ok = fokmin » CKE is LOW; Other control and address inputs are STABLE, Data

bus inputs are FLOATING. MRS A12 bit is set to “1” (Slow Power-down Exit);

Active Standby Current Ippan

Burst Read: All banks open; Continuous burst reads; BL = 4; AL = 0, CL = CL,, ; fok = fokmin-

Inas = tRasmax.s tre = trpmin; CKE is HIGH, CS is high between valid commands. Address inputs

are SWITCHING; Data Bus inputs are SWITCHING; I, = 0 mA.

Operating Current Inpar

Burst Read: All banks open; Continuous burst reads; BL = 4; AL =0, CL = CL, ; fok = fckmin

Inas = TRasmaxs tre = frpmin; CKE is HIGH, CS is high between valid commands. Address inputs

are SWITCHING; Data Bus inputs are SWITCHING; I, = 0 mA.

Operating Current Iopaw

Burst Write: All banks open; Continuous burst writes; BL = 4; AL =0, CL = CL ;1 ; fok = Ickmin.s

Inas = tRasmaxs fre = tremin; CKE is HIGH, CS is high between valid commands. Address inputs

are SWITCHING; Data Bus inputs are SWITCHING;

Burst Refresh Current L Ippss

Ick = tokmin-» REfresh command every txec = frecmin. interval, CKE is HIGH, CS is HIGH

between valid commands, Other control and address inputs are SWITCHING, Data bus

inputs are SWITCHING.

Distributed Refresh Current Inpsp

fok = tokmin, REfresh command every tpec = fger interval, CKE is LOW and CS is HIGH
between valid commands, Other control and address inputs are SWITCHING, Data bus
inputs are SWITCHING.
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Table 38 I, Measurement Conditions

Parameter Symbol | Notes
1)2)3)4)5)6)

Self-Refresh Current L Ipps

CKE < 0.2 V; external clock off, CK and CK at 0 V; Other control and address inputs are

FLOATING, Data bus inputs are FLOATING. RESET = Low. Iyp, current values are

guaranteed up to Tage Of 85 °C max.

All Bank Interleave Read Current Inpy

1. All banks interleaving reads, /oyt = 0 mA; BL = 4, CL=CLpp), AL = frcp(pp) -1 % fck(pp)y:
tCK = tCK(|DD)’ tRC = tRC(|DD)’ tRF{D = tRRDUDD); CKE |S HIGH, CS |S HIGH between Va“d
commands. Address bus inputs are stable during deselects; Data bus is switching.

1) Vppq =2.0V +/- 0.1V; Vpp = 2.0V +/- 0.1V

2) Iy 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 Ipp: LOW is defined as Vi < V| (aoymaxs HIGH is defined as Viy > Vi acymin; STABLE is defined as inputs are
stable at a HIGH or LOW level; FLOATING is defined as inputs are Viger = Vipq / 2; SWITCHING is 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.

6) Timing parameter minimum and maximum values for I, current measurements are defined in Table 40.

Table 39 I,y Specification

Product Type Speed Code |-2.5 -2.8 -3.3 Unit |Notes
Speed Grade DDR2 - 800 DDR2 - 700 DDR2 - 600
Symbol Typ. Typ. Typ.
Inpo 80 70 mA
Inpy 85 70 mA
Ippop 4 mA
Inpon 35 mA
Inpoq 30 mA
Iopap 15 mA
4 mA
Inpan 40 mA
Inpar 130 120 mA
Inpaw 170 160 mA
Iopss 110 mA
Ippsp 5 mA
Inps 3 mA 'Standard
products
Inp7 170 mA

1) Ippe: 0<Teage <85°C
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6.1 Ipp Test Conditions

For testing the Iy parameters, the following timing parameters are used:

Table 40 IDD Measurement Test Condition

Parameter Symbol -2.5 -2.8 -3.3 Units | Notes
DDR2- |DDR2- |DDR2-
800 700 600
CAS Latency CL,n |CL=6 [400 350 300 fek
CL=5 |350 350 300
Clock Cycle Time f'ckmin  |CL=6 |2.5 2.86 3.33 ns
CL=5 |2.86 2.86 3.33
Active to Read or Write delay 'RCDmin 15 15 15 ns
Active to Active / Auto-Refresh command period | fgcmin 60 60 60 ns
Active bank A to Active bank B command delay |ggpmin 7.5 7.5 7.5 ns
Active to Precharge Command fRASMIN 45 45 45 ns
Precharge Command Period 'aPmin 15 15 15 ns
Auto-Refresh to Active / Auto-Refresh command | fgrcmin 75 75 75 ns
period
6.2 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
“week” or “strong” termination can be selected. The

Table 41 ODT current per terminated input pin:

current consumption for any terminated input pin
depends on weather the input pin is in tri-state or
driving “0” or “1”, as long a ODT is enabled during a
given period of time. See Table 41.

ODT Current EMRS(1) State | min. |typ. max. |Unit
Enabled ODT current per DQ Iopro |A6=0,A2=1 |5 6 75 mA/DQ
added Ipq current for ODT enabled; A6=1,A2=0 |25 3 375 |mA/DQ
ODT is HIGH; Data Bus inputs are floating

Active ODT current per DQ Ioprr |A6=0,A2=1 |10 12 15 mA/DQ
added Ippq current for ODT enabled,; A6=1A2=0 |5 6 75 mA/DQ
ODT is HIGH; worst case of Data Bus inputs are

stable or switching.

Note: For power consumption calculations the ODT duty cycle has to be taken into account.
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7 Electrical Characteristics & AC Timing - Absolute Specification
Table 42 Timing Parameter by Speed Grade - DDR2-600,DDR2-700 & DDR2-800 "
Symbol | Parameter -2.5 -2.8 -3.3 Unit |Notes
DDR2-800 DDR2-700 DDR2-600
Min. Max. Min. Max. Min. Max.
Jex Clock CL=5 |125 350 125 350 125 300 MHz
Frequency  [cL=6 [200 400 200 350 200 300 MHz
Iac DQ output access  |-0.50 0.50 -0.55 0.55 —-0.60 0.60 ns
time from CK/ CK
Ipasck | DQS output access |-.500 .500 —-.550 .550 —.600 .600 ns
time from CK/ CK
fon CK, CK high-level [0.45 0.55 0.45 0.55 0.45 0.55 fox
width
foL CK, CK low-level ~ [0.45 0.55 0.45 0.55 0.45 0.55 fok
width
typ Clock half period min (fg, |— min (tg, |— min (g, |— ok
) ) )
Iis Address and control |0.70 — 0.75 — 0.80 — ns 2)
input setup time
Iy Address and control |0.70 — 0.75 — 0.80 — ns 2
input hold time
fos DQ and DM input  |0.375 — 0.400 — 0.425 — ns |2
setup time
fon DQ and DM input  {0.375 — 0.400 — 0.425 — ns |?
hold time
Lpw Address and control | 0.60 — 0.60 — 0.60 — ek
input pulse width
(each input)
pulse width (each
input)
Iz Data-out high- - IaCmax — IaCmax - IaCmax ps
impedance time
from CK/ CK
tLZ(DQ) DQ Iow-impedaﬂe 2><tACmin Iacmax 2XtACmin IAcmax 2><Z‘ACmin Iacmax ps
time from CK/ CK
izpas) |DQS low- IaCmin IaCmax IaCmin Iacmax IaCmin IaCmax ps
impedance from CK
/ CK
basa DQS-DQ skew (for |— 350 — 350 — 350 ps
DQS & associated
DQ signals)
IQHs Data hold skew — 350 — 350 — 350 ps
factor
tQH Data OUtpUt hold th—tQHS - tHP_tQHS — tHP_tQHS —
time from DQS
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Table 42 Timing Parameter by Speed Grade - DDR2-600,DDR2-700 & DDR2-800 "

Symbol | Parameter -2.5 -2.8 -3.3 Unit |Notes
DDR2-800 DDR2-700 DDR2-600
Min. Max. Min. Max. Min. Max.

'pass Write command to | WL -0.25 | WL +0.25 | WL -0.25 | WL +0.25 | WL —0.25 | WL +0.25 | ¢
1st DQS latching
transition

foas | DQS input low 0.35 — 0.35 — 0.35 — fox

(high) pulse width
(write cycle)
(high) pulse width
(write cycle)

Inss DQS falling edge to |0.20 — 0.20 — 0.20 — ek
CK setup time (write
cycle)

psH DQS falling edge 0.20 — 0.20 — 0.20 — ok

hold time from CK
(write cycle)

IMRD Mode register set |2 — 2 — 2 — ok
command cycle time

fweRE Write preamble 0.25 — 0.25 — 0.25 — ek

fwesT Write postamble 0.40 0.60 0.40 0.60 0.40 0.60 ok

'RPRE Read preamble 0.90 1.10 0.90 1.10 0.90 1.10 ek

ImpsT Read postamble 0.40 0.60 0.40 0.60 0.40 0.60 ok

Inas Active to Precharge |45 70000 45 70000 45 70000 ns
command

ac Active to 60 — 60 — 60 — ns

Active/Auto-Refresh
command period

arc Auto-Refresh to 75 — 75 — 75 — ns
Active/Auto-Refresh
command period

'Rep Active to Read or 15 — 15 — 15 — ns
Write delay

(with and without
Auto-Precharge)

Imp Precharge 15 — 15 — 15 — ns
command period
'RRD Active bank A to 7.5 — 7.5 — 7.5 — ns

Active bank B
command period

tCCD CAS A tO CAS B 2 — 2 — 2 — tCK
command period
fwr Write recovery time |15 — 15 — 15 — ns

write recovery +
precharge time
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Table 42 Timing Parameter by Speed Grade - DDR2-600,DDR2-700 & DDR2-800 "
Symbol | Parameter -2.5 -2.8 -3.3 Unit |Notes
DDR2-800 DDR2-700 DDR2-600
Min. Max. Min. Max. Min. Max.
'wTR Internal Write to 7.5 — 7.5 — 7.5 — ns
Read command
delay
fatp Internal Read to 7.5 — 7.5 — 7.5 — ns
Precharge
command delay
I'xARD Exit power downto |2 — 2 — 2 — ok
any valid command
(other than NOP or
Deselect)
I'xarps | EXit active power- |6 - AL — 6 - AL — 6 - AL — ek
down mode to Read
command (slow exit,
lower power)
Iyp Exit precharge 2 — 2 — 2 — ek
power-down to any
valid command
(other than NOP or
Deselect)
¥sRD Exit Self-Refresh to |200 — 200 — 200 — ek
Read command
non-Read
command
ke CKE minimum high |3 — 3 — 3 — ok
and low pulse width
trer) Average periodic | — 7.8 — 7.8 — 7.8 us ¥
4
refresh Interval _ 39 _ 39 _ 39 s )
forr OCD drive mode 0 12 0 12 0 12 ns
output delay
tDELAY M'n'mum t|me t|S+tCK+t| — t|S+tCK+t| — tIS+tCK+tI — nS
clocks remain ON | H H
after CKE
asynchronously
drops LOW
1) All parameters are based on V2.0V 0.1V
2) timing is based on signal to Vpce-crossing
3) 0°C-85°C
4) 85°C
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Table 43 ODT AC Electrical Characteristics and Operating Conditions
Symbol | Parameter / Condition | -2.5 -2.8 -3.3 Units | Note
DDR2-1000 DDR2-900 DDR2-800
Min. Max. Min. Max. Min. Max.
1AOND ODT turn-on delay 2 2 2 2 2 2 fek
tAON ODT tUI’I"I-OI"l tAC(min) tAC(max) + ns 1)
1ns
tAONPD ODT tum-On (POWGI’- tAC(min) + 2 tCK + tAC(min) + 2 tCK + tAC(min) + 2 tCK + ns
Down Modes) 2ns Iacmaxy + |2 NS fac(max) + |2 NS IaG(max) *
1ns 1ns 1ns
'A0FD ODT turn-off delay 2.5 2.5 2.5 2.5 2.5 2.5 ok
InoF ODT turn-off IAG(min) Iacimax) | Tac(min) Iac(max) + | fac(min) Iac(max) + | NS 2
0.6 ns 0.6 ns 0.6 ns
tAOFPD ODT tum-Off (POWGF- tAC(min) + 25 tCK + tAC(min) + 25 tCK + tAC(min) + 25 tCK + nS
Down Modes) 2ns Iacmax) + |2 NS fac(max) + |2 NS Iac(max) *
1ns 1ns 1ns
IANPD ODT to Power Down |3 — 3 — 3 — ok
Mode Entry Latency
IAxPD ODT Power Down Exit |8 — 8 — 8 — ok
Latency

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 #opp-

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.
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AC Timing Measurement Conditions

8 AC Timing Measurement Conditions

8.1 Reference Load for Timing Measurements

Figure 63 represents the timing reference load used in
defining the relevant timing parameters of the device. It
is not intended to either a precise representation of the
typical system environment nor a depiction of the actual
load presented by a production tester. System
designers should use IBIS or other simulation tools to
correlate the timing reference load to a system
environment. Manufacturers correlate to their
production test conditions, generally a coaxial

transmission line terminated at the tester electronics.
This reference load is also used for output slew rate
characterization. The output timing reference voltage
level for single ended signals is the crosspoint with V.

The output timing reference voltage level for differential

signals is the crosspoint of the true (e.g. DQS) and the
complement (e.g. DQS) signal.

vVDDQ

DQ
DQS

— DbuUT DQS

RDQS
RDQS

-

Timing Reference Points

A

Vir=Vopa/2
55 Ohm 17 = VbDQ

Figure 63 Reference Load for Timing Measurements

8.2

8.2.1 Output Slewrate

With the reference load for timing measurements
output slew rate for falling and rising edges is measured
between Vi1 — 250 mV and Vi1 + 250 mV for single
ended signals.

8.2.2

Input slewrate for differential signals (CK / CK, DQS /
DQS, RDQS / RDQS) for rising edges are measured
from CK - CK = —-250 mV to CK - CK = +500 mV and

8.2.3

Input slew rate for single ended signals (other than #g,
I, Ips @nd 1) are measured from dec-level to ac-level:
Vaer =125 mV to Viee + 250 mV for rising edges and

Data Sheet 78

Slew Rate Measurement Conditions

For differential signals ( DQS / DQS) output slew rate is
measured between DQS - DQS = 500 mV and DQS -
DQS =-500 mV. Output Slew Rate is defined with the
reference load according to Figure 63 and verified by
design and characterization, but not subject to
production testt.

Input Slewrate - Differential signals

from CK — CK = +250 mV to CK — CK = —500mV for
falling edges.

Input Slewrate - Single ended signals

from Vgee + 125 mV to Viger — 250 mV for falling edges.
For slew rate definition of the input and data setup and
hold parameters see Chapter 8.3 of this data sheet.
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8.3

8.3.1

Address and control input setup time (z,5) is referenced
from the input signal crossing at the V. level for a

rising signal and V), for a falling signal applied to the
device under test. Address and control input hold time

AC Timing Measurement Conditions

Input and Data Setup and Hold Time

Timing Definition for Input Setup (1) and Hold Time (z,)

(#,4) is referenced from the input signal crossing at the
ViLc level for a rising signal and V4, for a falling
signal applied to the device under test.

Vooa
II"'IrIH|;.E|i:] Ll
ViH(de) men
VREF
I""'rIL-;i:i-::] Ly
I'“'rILiﬂ-::] i
Vss

mptt1480

Figure 64 Timing Definition for Input Setup (I1S) and Hold Time (tIH)

8.3.2

Data input setup time (zpg) with differential data strobe
enabled MR[bit10]=0, is referenced from the input
signal crossing at the V), 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 Ve min- Data input hold time (7p,) with

Data Sheet

Definition for Data Setup (¢,5) and Hold Time (¢p,), differential Data Strobes

differential data strobe enabled MR[bit10]=0, is
referenced from the input signal crossing at the V|,
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
ViLeymax @nd Vigae min-
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Vbpa

ViH (ac)min
ViH(deymin
VREF
VIL(de) max
VIL(ac) max

VSS

Figure 65

8.3.3

Data input setup time (fpg¢) with single-ended data
strobe enabled MR[bit10]=1, is referenced from the
input signal crossing at the Vi, level to the single-
ended data strobe crossing V), 4 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 V) (4 at the start of its transition for a
falling signal applied to the device under test.

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

Data Sheet

Data, Setup and Hold Time Diagram (Differential Data Strobes)

Definition for Data Setup (tpg,) and Hold Time (¢p,,), Single-Ended Data Strobes

input signal crossing at the Vi, level to the single-
ended data strobe crossing V(o 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 Vi, (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) 4c vax
and Vi ge) min-
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Vbba
VIH (ac)min
Viy (dc) min
VRer
ViL(de) max

VIL(ac) max

VSS

Vbba
ViH(ac) min
ViH () min
VRer

ViL(de) max

VIL(ac) max

VSS

Figure 66 Data Setup and Hold Time (Single Ended Data Strobes)
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8.34 Slew Rate Definition for Input and Data Setup and Hold Times

Setup (15 & 7pg) nominal Slew Rate for a rising signal is defined as the Slew Rate between the last crossing of
VRer(c) @nd the first crossing of Vi, min- S€tup (41s & 7ps) nominal Slew Rate for a falling signal is defined as the
Slew Rate between the last crossing of Vgegq) @nd the first crossing of V) o max- If the actual signal is always
earlier than the nominal Slew Rate line between shaded ‘Vigeg 4 to ac region’, use nominal Slew Rate for derating
value (see Figure 67). If the actual signal is later than the nominal Slew Rate line anywhere between shaded
‘VRer(o) 10 ac region’, the Slew Rate of a tangent line to the actual signal from the ac level to dc level is used for
derating value.(see Figure 68) Hold (7, & 7p,) nominal Slew Rate for a rising signal is defined as the Slew Rate
between the last crossing of V) 4 max @nd the first crossing of Vger - Hold (7 & #py) nominal Slew Rate for a
falling signal is defined as the Slew Rate between the last crossing of V}y4c) miv @nd the first crossing of Vee gq)- If
the actual signal is always later than the nominal Slew Rate line between shaded ‘dc to Ve region’, use nominal
Slew Rate for derating value (see Figure 67). If the actual signal is earlier than the actual signal from the dc level
to Vger level is used for derating value (see Figure 68)

CK, CK for tIS and tIH
DQS, DQS for tDS and tD}

ts  tH s M
tos  tpH s ®H
________ I ____;::\__.._____ VDDQ
VREF t0 ac A \ ViHeynin
region VIH(dc)’“i”

dc to VREF

region

T 'k dc to VREF VRer
egion

V max
VREF to ac IL(de)
regign

[ VI L(ac)max

S ISRV S P PR [ Vs

> < 4P
Delta TFS Delta TRH Delta TRS Delta TFH

Figure 67 Slew Rate Definition Nominal

Note:
VREF(dc) - VIL(ac)max fall ianal
= alling signa
Setup Slew Rate Delta TFS g sig
VIH(ac)min - VREF(dc) . anal
= rising signa
Setup Slew Rate Delta TRS g sig
VREF(dc) - VIL(dc)max . anal
= rising signa
Hold Slew Rate Delta TRH g sig
VIH(dc)min - VREF(dc) all anal
= alling signa
Hold Slew Rate Delta TEH g sig
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V bba

ViH (ac) Min VREF to ac Nominal ’
region line ] L

VM (do)  min

Tangent
<a1— line
V' REF D
Tangent k

line

ﬂ < |

VL (o) max (
\\ VREF to ac
L region
VL (ac) max P~
Nominal > <«
line Delta TR

Vss

<l

Delta TF

Figure 68 Slew Rate Definition Tangent

Note:

tangent line [VREF(dc) - VIL(ac)max] falling
Delta TFS signal

Setup Slew Rate

tangent line [VIH(ac)min - VREF(dc)] rising

Setup Slew Rate = Delta TRS signal

tangent line [VREF(dc) - VIL(dc)max] rising

Hold Slew Rate = signal
Delta TRH
tangent line [VIH(dc)min - VREF(dc)] falling
Hold Slew Rate = signal
Delta TFH
Data Sheet 83 Rev. 1.00, 11-2004

11222004-7N66-547B



—

Infineon

technologies/

HYB18T256161AF-[25/28/33]

256-Mbit DDR2 SGRAM

8.3.5 Setup (f,s) and Hold (¢,;) Time Derating Tables

1. 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: 7,5(total setup tine) = 7,g(base) + A 15

2. For slow Slew Rate the total setup time might be
negative (i.e. a valid input signal will not have
reached Vi e / ViLae) at the time of the rising clock)

Table 44  Input Setup (f,5) and Hold (¢,;) Time Derating Values

AC Timing Measurement Conditions

a valid input signal is still required to complete the
transition and reach V) / Vi ae)- 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.

Command / Address L Unit |Note
Slew Rate (V/ns) CK, CK Differential Slew Rate
2.0 Vins 1.5 V/ns 1.0 V/ns
At Aty At Aty At Aty

4.0 +187 +94 +217 +124 +247 +154 ps "
35 +179 +89 +209 +119 +239 +149 ps "
3.0 +167 +83 +197 +113 +227 +143 ps R
25 +150 +75 +180 +105 +210 +135 ps "
2.0 +125 +45 +155 +75 +185 +105 ps R
1.5 +83 +21 +113 +51 +143 +81 ps "
1.0 0 0 +30 +30 +60 +60 ps "
0.9 —11 -14 +19 +16 +49 +46 ps "
0.8 -25 -31 +5 -1 +35 +29 ps "
0.7 —43 —54 -13 —24 +17 +6 ps R
0.6 —-67 -83 -37 -53 -7 -23 ps "
0.5 -110 -125 -80 -95 -50 -65 ps R
0.4 -175 -188 —-145 -158 -115 -128 ps R
0.3 -285 -292 —-255 -262 -225 -232 ps "
0.25 -350 -375 -320 -345 -290 -315 ps "
0.2 -525 -500 —-495 —470 —465 —440 ps "
0.15 -800 -708 -770 —-678 -740 —-648 ps "
0.1 -1450 |-1125  |-1420 -1095 -1390 -1065 |ps "

1) For all input signals f,g(total) = #,g(base) + Af,g and f,y(total) = #,4(base) + A,
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Table 45 Data Setup (fps) and Hold Time (¢p,) Derating Values for Differential DQS/DQS"?
DQS, DQS Differential Slew Rate
40V/ns |3.0VIns [20V/ns |1.8V/ins 1.6 V/ns [1.4V/ns 1.2 V/ns 1.0 V/ns 0.8 V/ns

A A A A A A A A |A A A A A A A A A A
Ips |fon |lbs |fon |lbs |fon |fps |fow |fps |fow |fps |fow |fps  |fow |fps  |fow |fps  |lp

+125 |+45|+125 |+45|+125|+45|— |— |— |— |— |— |— — — — — —
+83 |+21|+83 |+21|+83 |+21|+95|+33|— |— |— |— |— — — — — —
0 0 |0 0 |0 0 |+12|+12(+24|+24|— |— |— |— |— |— |— |—
— |— [-11 |14|11 |14 |+1 |2 [+13|+10|+25|+22|— |— |— |— |— |—
- |- |- |— |25 |-81|-13|-19|-1 |—7 |+11|+5 |+23 |+17 |— |— |— |—
- |- |- |- |- |— |-81|-42|-19|-30|—-7 |-18|+5 |6 [+17 |+6 |— |—
- \-- |-|- |- |— |— |48|49|-31|47|-19 |-35 |-7 |-23 |+5 |-11
- - - |- |- |- |- |- |— |-74|-89|-62 |-77 |-50 |-65 |-38 |-53
o4 |— |— |— |—|— |—m |— |— |— |— |— |— |-127|-140|-115|-128 |-103 |-116

8 g S 3 g E; ; g DQ Slew Rate (V/ns)

1) All units in ps.
2) For all input signals fpg(total) = fhg(base) + Afpg and fpy(total) = fpy(base) + Afpy,

Table 46  Data Setup (¢ps) and Hold Time (fp,,;) Derating Values for Single Ended DQS"?3

DQS Single-ended Slew Rate

2.0 V/ns 15V/ns |(1.0V/ns |09V/ns (0.8V/ns [0.7V/ns [0.6V/ns |0.5V/ns |0.4V/ns
A A A A A A A A A A A A A A A A A A
tD1 tDH1 tDS1 tDH1 tDS1 tDH1 tDS1 tDH1 tDS1 tDH1 tDS1 tDH1 tDS1 tDH1 tDS1 tDH1 tDS1 tDH1

+125 |+45 |+125 |+45|+125 |+45 |- - - - - - - - - - - -
+83 [+21|+83 |+21|+83 |[+21|+95 | +33 |- - - - - - - - - -
0 o0 |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 |45 |+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

—~ | O|O|O|O|O|O| ==
—“ I mlolo Slol ololnl oPQSlew Rate (V/ns)

All units in ps.

For all input signals fyg¢(total) = fpg(base) + Afpgy and fpy4(total) = 1y (base) + Afpyy,

For slow Slew Rate the total setup time might be negative (i.e. a valid input signal will not have reached V¢ / Vi (o) at
the time of the rising DQS) a valid input signal is still required to complete the transition and reach V) / V) (a)- 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.

wWw N
- —
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9 Package Dimensions
12.5
14 x (0.8 =[11.2]
&0 0.18 MAX
; Co
33823388858383 5
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< ! I
s o -+ =
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omomom0odbO000000
V2R v

loC]

20.46 0.05

20.15M c A[B] SEATING PLANE

€

1.2 MAX.
0.31 MIN

1) Dummy pads without ball m
2) Middle of packages edges
3) Package orientation mark A1
4) Bad unit marking (BUM)

5) Die sort fiducial

Figure 69 Package Pinout PG-TFBGA-84-3 (top view)
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