NT5TU64M8DE / NT5TU32M16DG V
512Mb DDR2 SDRAM MNANLIA
Feature
CAS Latency Frequency
-3C/3CI* -AC/ACI* -BE* -BD*
Speed Bins Units
(DDR2-667-CL5) | (DDR2-800-CL5) | (DDR2-1066-CL7) | (DDR2-1066-CL6)
Parameter Min. Max. Min. Max. Min. Max. Min. Max. tCKavg))
Clock Frequency 125 333 125 400 125 533 125 533 MHz
tRCD 15 - 12.5 - 12.5 - 11.25 - ns
tRP 15 - 12.5 - 12.5 - 11.25 - ns
tRC 60 - 57.5 - 57.5 - 56.25 - ns
tRAS 40 70K 40 70K 40 70K 40 70K ns
tCK (avg)@CL3 5 8 5 8 5 8 5 8 ns
tCKavg)@CL4 3.75 8 3.75 8 3.75 8 3.75 8 ns
tCK (avg )@CL5 3 8 25 8 25 8 2.5 8 ns
tCK (avg )@CL6 - - 25 8 25 8 1.875 8 ns
tCK (avg)@CL7 - - - - 1.875 8 1.875 8 ns

*The timing specification of high speed bin is backward compatible with low speed bin

1.8V £ 0.1V Power Supply Voltage R Data-Strobes: Bidirectional, Differential

B

4 internal memory banks Support Industrial grade temperature -4 : ~95:

Programmable CAS Latency: Operating Temperature (-3CI/-ACl)

3, 4, 5 (-3C/-3CI/-AC/-ACI/-BD/-BE) R 1KB page size for x8

6 (-AC/-ACI/-BD/-BE) 2KB page size for x16

7 (-BD/-BE) s Strong and Weak Strength Data-Output Driver
Programmable Additive Latency: 0, 1, 2, 3,45 s Auto-Refresh and Self-Refresh

Write Latency = Read Latency -1 s Power Saving Power-Down modes
Programmable Burst Length: s 7.8 us max. Average Periodic Refresh Interval
4 and 8 Programmable Sequential / Interleave Burst X RoHS Compliance and Halogen Free

OCD (Off-Chip Driver Impedance Adjustment) , Packages:

ODT (On-Die Termination) 60-Ball BGA for x8 components

84-Ball BGA for x16 components
4 bit prefetch architecture
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512Mb DDR2 SDRAM NANYA
Description

The 512Mbit Double-Data-Rate-2 (DDR2) DRAMSs is a high-speed CMOS Double Data Rate 2 SDRAM containing
536,870,912 bits. It is internally configured as a quad-bank DRAM.

The 512Mb chip is organized as 16Mbit x 8 I/O x 4 bank or 8Mbit x 16 I/O x 4 bank device. These synchronous devices

achieve high speed double-data-rate transfer rates of up to 1066 Mb/sec/pin for general applications.

The chip is designed to comply with all key DDR2 DRAM key features: (1) posted CAS with additive latency, (2) write
latency = read latency -1, (3) normal and weak strength data-output driver, (4) variable data-output impedance

adjustment and (5) an ODT (On-Die Termination) function.

All of the control and address inputs are synchronized with a pair of externally supplied differential clocks. Inputs are
latched at the cross point of differential clocks (CK rising and C Kfalling). All I/Os are synchronized with a single ended
DQS or differential DQS pair in a source synchronous fashion. A 14 bit address bus for x8 organized components and

A 13 bit address bus for x16 component is used to convey row, column, and bank address devices.

These devices operate with a single 1.8V + 0.1V power supply and are available in BGA packages.
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Pin Configuration T 60 balls BGA Package (x8)

< TOP View>
See the balls through the package
X8
1 2 3 7 8 9
‘ VDD ‘ ‘ NU,/RDQS ‘ ‘ VSS ‘ A ‘ VSSQ ‘ ‘ DQS ‘ ‘ VDDQ ‘
‘ DQ6 ‘ ‘ VSSQ ‘ ‘ DM/RDQS ‘ B ‘ DQS ‘ ‘ VSSQ ‘ ‘ DQ7 ‘
‘ VDDQ ‘ ‘ DQ1 ‘ ‘ VDDQ ‘ c ‘ VDDQ ‘ ‘ DQO ‘ ‘ VDDQ ‘
‘ DQ4 ‘ ‘ VSSQ ‘ ‘ DQ3 ‘ D ‘ DQ2 ‘ ‘ VSSQ ‘ ‘ DQ5 ‘
‘ VDDL ‘ ‘ VREF ‘ ‘ VsS ‘ E ‘ VSSDL ‘ ‘ cK ‘ ‘ VDD ‘
Coe | [ w e[ | [ w | [ o |
‘ NC ‘ ‘ BAO ‘ ‘ BA1 ‘ G ‘ CAS ‘ ‘ Ccs ‘
‘ A10/ AP ‘ ‘ Al ‘ H ‘ A2 ‘ ‘ A0 ‘ ‘ VDD ‘
T [ m | m e[ m | [ m ]
‘ A7 ‘ ‘ A9 ‘ K ‘ All ‘ ‘ A8 ‘ ‘ VSS ‘
‘ VDD ‘ ‘ A12 ‘ ‘ NC ‘ L ‘ NC ‘ ‘ A13 ‘
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Pin Configuration T 84 balls BGA Package (x16)

< TOP View>

See the balls through the package

x 16
1 2 3 7 8 9
‘ VDD ‘ ‘ NC ‘ ‘ VSS ‘ A ‘ VSSQ ‘ ‘ UDQS ‘ ‘ VDDQ ‘
‘ DQ14 ‘ ‘ VSSQ ‘ ‘ UDM ‘ B ‘ UDQS ‘ ‘ VSSQ ‘ ‘ DQ15 ‘
‘ VDDQ ‘ ‘ DQ9 ‘ ‘ VDDQ ‘ c ‘ VDDQ ‘ ‘ DQ8 ‘ ‘ VDDQ ‘
‘ DQ12 ‘ ‘ VSSQ ‘ ‘ DO11 ‘ D ‘ DQ10 ‘ ‘ VSSQ ‘ ‘ DQ13 ‘
‘ VDD ‘ ‘ NC ‘ ‘ VSS ‘ E ‘ VSSQ ‘ ‘ LDOs ‘ ‘ VDDQ ‘
‘ DQ6 ‘ ‘ VSSQ ‘ ‘ LDM ‘ F ‘ LDQS ‘ ‘ VSSQ ‘ ‘ DQ7 ‘
‘ VDDQ ‘ ‘ DO1 ‘ ‘ VDDQ ‘ G ‘ VDDQ ‘ ‘ DQO ‘ ‘ VDDQ ‘
‘ DQ4 ‘ ‘ VSSQ ‘ ‘ DQ3 ‘ H ‘ DQ2 ‘ ‘ VSSQ ‘ ‘ DQ5 ‘
‘ VDDL ‘ ‘ VREF ‘ ‘ VSS ‘ J ‘ VSSDL ‘ ‘ (}2 ‘ ‘ VDD ‘
Cee ) [ w [ e ] [ & | [ e
T ) [ ) [ ][ @ | [ @
‘ AL0/ AP ‘ ‘ Al ‘ M ‘ A2 ‘ ‘ AO ‘ ‘ VDD ‘
‘ VSS ‘ ‘ A3 ‘ ‘ A5 ‘ N ‘ A6 ‘ ‘ A4 ‘
‘ A7 ‘ ‘ A9 ‘ P ‘ ALl ‘ ‘ A8 ‘ ‘ VSS ‘
‘ VDD ‘ ‘ AL2 ‘ ‘ NC ‘ R ‘ NC ‘ ‘ NC ‘
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Input / Output Functional Description

Symbol Type Function

Clock: CK and C Kare differential clock inputs. All address and control input signals are sampled
CK,CK Input on the crossing of the positive edge of CK and negative edge of C K Output (read) data is

referenced to the crossings of CK and C K(both directions of crossing).

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. CKE is asynchronous for
CKE Input Self-Refresh exit. After VRer has become stable during the power on and initialization sequence, it
must be maintained for proper operation of the CKE receiver. For proper self-refresh entry and
exit, VREF must maintain to this input. CKE must be maintained high throughout read and write
accesses. Input buffers, excluding CK, C K ODT and CKE are disabled during Power Down. Input

buffers, excluding CKE, are disabled during Self-Refresh.

Chip Select: Allcommands are masked when C Sis registered high. C Sprovides for external rank
CS Input
selection on systems with multiple memory ranks. C Sis considered part of the command code.

R A SC A SWE Input Command Inputs: R A SC A &nd WE (along with C § define the command being entered.

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
DM, LDM, UDM Input
of DQS. Although DM pins are input only, the DM loading matches the DQ and DQS loading. For

x8 device, the function of DM or RDQS / R Q D 1S enabled by EMRS command.

Bank Address Inputs: BAO and BA1 define to which bank an Active, Read, Write or Precharge
BAO T BAl Input command is being applied. Bank address also determines if the mode register or extended mode

register is to be accessed during a MRS or EMRS cycle.

Address Inputs: Provides the row address for Activate commands and the column address and
Auto Precharge or Read/Write commands to select one location out of the memory array in the
respective bank. A10 is sampled during a Precharge command to determine whether the
AOT A13 Input
precharge applies to one bank (A10=low) or all banks (A10=high). If only one bank is to be
precharged, the bank is selected by BAO-BA1. The address inputs also provide the op-code during

Mode Register Set commands.A13 Row address use on x8 components only.

DQ Input/output  [Data Inputs/Output: Bi-directional data bus.

Data Strobe: output with read data, input with write data. Edge aligned with read data, centered

with write data. For the x16, LDQS corresponds to the data on DQO - DQ7; UDQS corresponds to
DQS, (DQP

LDQS, (L DQsS Input/output

the data on DQ8-DQ15. The data strobes DQS, LDQS, UDQS, and RDQS may be used in single
ended mode or paired with the optional complementary signals D QSL D Q% D Q ® provide
UDQS,(U D QS
differential pair signaling to the system during both reads and writes. An EMRS(1) control bit

enables or disables the complementary data strobe signals.
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Symbol Type Function
Read Data Strobe: For x8 components a RDQS and R D Q fair can be enabled via EMRS(1) for
RDQS, (RD QS Input/output  |real timing. RDQS and R D Q 8 not support x16 components. RDQS and R D Q &e edge-aligned
with real data. If enable RDQS and R D Q then DM function will be disabled.
On Die Termination: ODT (registered HIGH) enables termination resistance internal to the DDR2
SDRAM. When enabled, ODT is applied to each DQ, DQS, DQ S RDQS, R D Q,%nd DM signal for
et ineut x8 configuration. For x16 configuration ODT is applied to each DQ, UDQS, U D Q$DQS,L DQ S|
UDM and LDM signal. The ODT pin will be ignored if the EMRS (1) is programmed to disable ODT.
NC No Connect: No internal electrical connection is present.
VDDQ Supply DQ Power Supply: 1.8V +0.1V
VssQ Supply DQ Ground
VbbL Supply DLL Power Supply: 1.8V 0.1V
VssbL Supply DLL Ground
VbD Supply Power Supply: 1.8V 0.1V
Vss Supply Ground
VREF Supply SSTL_1.8 reference voltage
6
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Ordering Information

Green
Standard Grade
Speed
Part Number Package
Clock (MHz) CL-Treo-Tre
NT5TU64M8DE-3C 333 5-5-5
60-Ball BGA
NT5TU64M8DE-AC 400 5-5-5
Organization
NT5TU32M16DG-3C 333 5-5-5
NT5TU32M16DG-AC 400 5-5-5
84-Ball BGA
NT5TU32M16DG-BD 533 6-6-6
NT5TU32M16DG-BE 533 7-7-7
Industrial Grade
Speed
Part Number Package
Clock (MHz) CL-Treo-Tre
NT5TU64M8DE-3CI 333 5-5-5
Organization 60-Ball BGA
NT5TU64M8DE-ACI 400 5-5-5
NT5TU32M16DG-3CI 333 5-5-5
84-Ball BGA
NT5TU32M16DG-ACI 400 5-5-5
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Block Diagram (64Mb x 8)

Notes: CK,
1. This Functiona Block Diagram isintended to facilitate user understanding of the operation of the device; it does 3 coL

o
=

CKE ® » Control Logic
CK o—»
K o—»
TS o—»
_ Command ]
WE & Decode
CAS &—> —I
RAS &—» |
I g _
Moce Iz o
Registers | a
| >§( DLL
17 l
14 I,
/ 16384
! Latch & JF (16384 %256 x32) bda
| Decoder Sense Amplifier g f o
l 14 8 MuX 2 >
| ME
8192 DQS >
| Generator §
> | 2 -5
7| g | g2 Dos
-8 —4 10Esiiiy coLoL pos
ﬂ -l 7 | | & DM Mask Logic
@ | |2 Bank Control
AOp A13, Q Lagic Input
BAOp BA2 | Register
| 5 2 2
- T s o R
+. Masg 2
A 2
4 7L
Write 2 2 §
FIFO 7
8 8 b
o 7, 8
rivers
Data 5 8 8
10 A %
\i: Column-Address B % /
Counter/Latch | / » COLOL 8: 8

not represent an actual circuit implementation.
2. DM isan unidirectional signal (input only), but it is internally loaded to match the load of the bidirectiona DQ
and DQS signals.

oDT

g

DQUp DQ7

!

DQS,
DQSs

—

RDQS, RDQS

[oauod 1do
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DM
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Block Diagram (32Mb x 16)
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CKE ® » Control Logic
CTK o—»
CK @&—»
TS o—»
— Commeand I
WE @—» D
CAS &—> |
RAS &—» |
P
I 3 CK, CK
Mode Iz ’
Registers | a
l % DLL
= | X
16
B, |
N
b 8192 opT
TV
| Laich & JF (8192 x 256 x 64) bda —. ]
| Decoder Sense Amplifier o 16, y g R
13 8 3 g 1
| 4, °
16384 DQS | 5 DQOp
| Generator § DQ15
> I |2
16| & | % 3 T UDQS, UDQS <->-l
- 8 74 1/0 Gating coLo1 LDQS LDQs o
ﬂ - 2 | | 8 DM Mask Logic 9 | upgs
@ | | & Bank Control 9 | UDQs
AOp A2, | ® Logic Input 2
BAOp BA2 [ — , Register , S 1
l— — — o &, 74 LDQS,
e LD
8 Y Mass |~ % 7|, s
H‘ A A
8 74
Write 2( 2 §
HFO
& 7164 19 3 = uom,
Drivers LDM
Daa 16, 16,
0 16, 16, 19
\ Column-Address /
14 Counter/Latch 64 15: 16,
Notes: CK, T
1. This Functiona Block Diagram isintended to facilitate user understanding of the operation of the device; it does CK coLol 4
not represent an actua circuit implementation.
2. DM isan unidirectional signal (input only), but it isinternally loaded to match the load of the bidirectional DQ
and DQS signals.
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512Mb DDR2 SDRAM MNAMNLANA

Functional Description

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

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 accesses (BAO and BA1 select the banks, AO-A13 select the row for x8
components, A0-A12 select the row for x16 components). The address bits registered coincident with the Read or Write
command are used to select the starting column location for the burst access and to determine if the Auto-Precharge

command is to be issued.

Prior to normal operation, the DDR2 SDRAM must be initialized. The following sections provide detailed information

covering device initialization, register definition, command description and device operation.

Power-up and Initialization

DDR2 SDRAMs must be powered up and initialized in a predefined manner. Operational procedures other than those

specified may result in undefined operation.

The following sequence is required for POWER UP and Initialization.

1. Either one of the following sequence is required for Power-up.

While applying power, attempt to maintain CKE below 0.2 x VDDQ and ODT at a Low state (all other inputs may be unde-
fined) The VDD voltage ramp time must be no greater than 200ms from when VDD ramps from 300mV to VDD min; and
during the VDD voltage ramp up, IVDD-VDDQIj 0.3 volts. Once the ramping of the supply voltages is complete (when
VDDQ crosses VDDQ min), the supply voltage specifications in Re-commanded DC operating conditions table.

- VDD, VDDL, and VDDQ are driven from a signal power converter output, AND

- VTT is limited to 0.95V max, AND

- Vref tracks VDDQ/2; Vref must be within £300mV with respect to VDDQ/2 during supply ramp time.

- VDDQ>=VREF must be met at all times.

While applying power, attempt to maintain CKE below 0.2 x VDDQ and ODT at a Low state, all other inputs may be
undefined, voltage levels at I/Os and outputs must be less than VDDQ during voltage ramp time to avoid DRAM latch-up.
During the ramping of the supply voltages, VDD VDDL/BVDDQ must be maintained and is applicable to both AC and
DC levels until the ramping of the supply voltages is complete, which is when VDDQ crosses VDDQ min. Once the
ramping of the supply voltages is complete, the supply voltage specifications provided in Re-commanded DC operating
conditions table.

- Apply VDD/VDDL before or at the same time as VDDQ.

- VDD/VDDL voltage ramp time must be no greater than 200ms from when VDD ramps from 300mV to VDDmin.

- Apply VDDQ before or at the same time as VTT.
10
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- The VDDQ voltage ramp time from when VDD min is achieved on VDD to when VDDQ min is achieved on VDDQ must
be no greater than 500ms. (Note: While VDD is ramping, current may be supplied from VDD through the DRAM to
VDDQ.)

- Vref must track VDDQ/2; Vref must be within £300mV with respect to VDDQ/2 during supply ramp time.

- VDDQ /b VREF must be met at all time.

- Apply VTT.

2. Start clock (CK, C K and maintain stable condition.

3. For the minimum of 200us after stable power (VDD, VDDL, VDDQ, VREF, and VTT are between their minimum and
maximum values as stated in Re-commanded DC operating conditions table, and stable clock, then apply NOP or

Deselect & take CKE HIGH.

4. Waiting minimum of 400ns then issue pre-charge all command. NOP or Deselect applied during 400ns period.
5. Issue an EMRS command to EMR (2). (Provide LOW to BAO, and HIGH to BAL).

6. Issue an EMRS command to EMR (3). (HIGH to BAO and BAL).

7. Issue EMRS to enable DLL. (Provide Low to AO, HIGH to BAO and LOW to BA1 and A13. And A9=A8=A7=LOW must

be used when issuing this command.)

8. Issue a Mode Register Set command for DLL reset. (Provide HIGH to A8 and LOW to BAO and A13)
9. Issue a precharge all command.

10. Issue 2 more auto-refresh commands.

11. Issue a MRS command with LOW to A8 to initialize device operation (i.e. to program operating parameters without

resetting the DLL.)

12. At least 200 clocks after step 7, execute OCD Calibration (Off Chip Driver impedance adjustment). If OCD calibration
is not used, EMRs to EMR (1) to set OCD Calibration Default (A9=A8=A7=HIGH) followed by EMRS to EMR (1) to exit
OCD Calibration Mode (A9=A8=A7=LOW) must be issued with other operating parameters of EMR(1).

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

* To guarantee ODT off, VREF must be valid and a low level must be applied to the ODT pin.

Example:

CK, CK
-

. 400ns tRP b }M&p sle L MRD RP i tRF\C e tR'I\:\C e
NOIP H ZTLE m EMRS \ M MRS \; \ ;’Ef E\\ :j([reAsu}:o i \ f:ll:e/:ﬁw é } \ MRS
Command cMD i};’é‘:ﬁgﬁ}g; Mosv?( h%EiLS:Z; eslc-n In;i:nk. tZr?eo B{(ﬂes to :TSEtha?tCD
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Register Definition
Programming the Mode Registration and Extended Mode Registers

For application flexibility, burst length, burst type, C A Satency, DLL reset function, write recovery time (tWR) are user
defined variables and must be programmed with a Mode Register Set (MRS) command. Additionally, DLL disable
function, additive C A Satency, driver impedance, ODT (On Die Termination), single-ended strobe and OCD (off chip
driver impedance adjustment) are also user defined variables and must be programmed with an Extended Mode Register
Set (EMRS) command. Contents of the Mode Register (MR) and Extended Mode Registers (EMR (#)) 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. MRS, EMRS and DLL Reset do not affect
array contents, which mean re-initialization including those can be executed any time after power-up without affecting

array contents.

Mode Registration Set (MRS)

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It controls C A $atency,
burst length, burst sequence, test mode, DLL reset, tWR 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 C SR A C A SWE, BAO and
BA1, while controlling the state of address pins A0 ~ A13. The DDR2 SDRAM should be in all banks precharged (idle)
mode with CKE already high prior to writing into the mode register. The mode register set command cycle time (turp) is
required to complete the write operation to the mode register. The mode register contents can be changed using the
same command and clock cycle requirements during normal operation as long as all banks are in the precharged state.
The mode register is divided into various fields depending on functionality. Burst length is defined by A0 ~ A2 with options
of 4 and 8 bit burst length. Burst address sequence type is defined by A3 and C A $atency is defined by A4 ~ A6. A7 is
used for test mode and must be set to low for normal MRS operation. A8 is used for DLL reset. A9 ~ Al11 are used for

write recovery time (WR) definition for Auto-Precharge mode.
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MRS Mode Register Operation Table (Address Input for Mode Set)

Address Field

BA2|BA1|BAO|A13|A12| A11|A10 | A9 | A8 | A7| A6 | A5 |A4 | A3 | A2 | AL |AD

L Burst Length
MRS mode A2 | A1 | A0 | BL

BA 1|BAO| MRS mode 0 1 ol a
0 0 MR 0 1 1 8
0 1 EMR(1) L » BurstType
1| 0| EMR(? A3 | Burst Type
1| 1| EMR(3 0 Sequential

Active power down exit time <« 1 Interleave

Active power down

AL2 e>2t time L /CAS Latency
0 |Fastexit (usetXARD) A6 | A5 | A4 | CASLatency
1 | Slow exit (usetXARDS) 0| 0|0 Reserved

Write recovery for autoprecharge <«— 01011 Reserved

Al1l| A10| A9 | WR (cycles) 0 1 0 Reserved
0 0 0 Reserved 0 1 1 3
0| o1 2 1/ 0|0 4

O
0| 1|0 3 % S 1] 0] 1 5
AL
0 1 1 4 & % S 1 1 0 6
1] o] o 5 > S § 1]1]1 7
1 0 1 6 §
» Mode
1 1 0 7
A7 Mode
1 1 1 8
0 Normal
DLL Reset <«
1 TEST

A8 | DLL Reset
0 NO * BA2 and A13 are reserved for future use and must be set to
1 YES "0" when programming MR.
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Extended Mode Register Set -EMRS (1) Programming

Address Field

BA2|BA1|BAO|A13]A12| A11|A10| A9 | A8 | A7|A6 | AS | A4 | A3 | A2 | AL |AO

L’ DLL
MRS mode DLL
A0 Enable
BA1|BAO| MRS mode 0 Enable
0|0 MR 1 Disable
0| 1| EMR() L DIC
Output Driver
1] 0| EMRQ) Al Impedance Contrg
1 1| EMR(3) 0 Full strength
Qoff «———- 1 | Reduced strengt
Al2 Qoff *5 N > > Rit
0 | Output buffer enabled A6 | A2 | Rtt(Nomina)
1 | Output buffer disabled 0 | 0 | ODT Disabled
RDQS < 0|1 750hm
All| RDQS Enableg DQS «— 1|10 1500hm
0 Disable A10 DQS 1 1 500hm*2
1 Enable 0 Enable ——> Additive Latency
1| Disable A5 | A4 | A3| Additive
Latency
o|0f| O 0
OCD Program < 0|0 1 1
A9 | A8 | A7 |OCD Calibration Program 0 110 2
ol o 0 OCP Calllbra.tlon mpde 0 1 1 3
exit; maintain setting
0|01 Drive(1) 11 0|0 4
0 1 0 Drive(0) 1 0 1 5
110 0 | Adjust mode*3 1 110 6
1 1 1 | OCD Calibration defauid 1 1 1 Reserved

*

BA2 and Al3are reserved for future use and must be setviten programming the EMB).

*2 Mandatory for DDR-1066

*3 When Adjust mode is issuehiL from previously set value must be applied

*4 After setting to defaulOCD calibration mode needs to be exited by sett&rgAto 000

*5 Qutput disabled DQs DQSs DQSs RDQS RDQS This feature is used in conjunction with DIMM IDD
measurements when IDDQ is not desired to be included

*6 If RDQS is enabledhe DM function is disabledRDQS is active for reads and do not care for writes

14
02/2013 © NANYA TECHNOLOGY CORP . All rights reserved
NANYA TECHNOLOGY CORP. reserves the right to change Products and Specifications without notice.



NT5TU64M8DE / NT5TU32M16DG V

512Mb DDR2 SDRAM MNAMNLANA

Extended Mode Register Set i EMRS (1)

The extended mode register EMRS(1) stores the data for enabling or disabling the DLL, output driver strength, additive
latency, ODT, D Q Slisable, OCD program, RQDS enable. The default value of the extended mode register EMRS(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 C SR A SC A SWE 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 (twrp) Must be satisfied to complete the write operation to the
EMRS (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. A0 is used for DLL enable or disable. Al is used for enabling a half
strength output driver. A3-A5 determines the additive latency, A7-A9 are used for OCD control, A10 is used for DQ S
disable and A1l is used for RDQS enable. A2 and A6 are used for ODT setting.

Single-ended and Differential Data Strobe Signals

The following table lists all possible combinations for DQS, D Q SRDQS, RDQS which can be programmed by A10 & A1l
address bits in EMRS(1). RDQS and R D Q &e available in x8 components only. If RDQS is enabled in x8 components,

the DM function is disabled. RDQWites. s active for reads and do

EMRS (1) Strobe Function Matrix
All A10
RDQS/DM | RDQS| DQS DQS Signaling
(RDQS Enable) | (D Q Enable)
0 (Disable) 0 (Enable) DM Hi-Z DQS DQS differential DQS signals
0 (Disable) 1 (Disable) DM Hi-Zz DQS Hi-Z single-ended DQS signals
1 (Enable) 0 (Enable) RDQS RDQS| DQS DQS differential DQS signals
1 (Enable) 1 (Disable) RDQS Hi-Zz 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 entering Self-Refresh
operation and is automatically re-enabled and reset upon exit of Self-Refresh operation. Any time the DLL is reset,
200 clock cycles must occur before a Read command can be issued to allow time for the internal clock to be
synchronized with the external clock. Less clock cycles may result in a violation of the tac or tposck

parameters.
Output Disable (Qoff)

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

measure Ipp currents during Read operations, without including the output buffer current and external load currents.
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EMRS (2) Extended Mode Register Set Programming

[BA2] BATBAO[ AI2[AI1[AL0] A9] A8] A7] A6] A5] A4] A3[ A2 AL] A0] Address Field

v ¢ Extended Mode
L o] 1] o o* |_srA o | PASR™ Register
BA1|BAO MRS mode A7 |High Temperature Self-Refresh Rate Enablg

010 MR S 0 | Disable

0 1 EMRS (1) 1 Enable™

110 EMRS (2)

1| 1 EMRS (3):

Reserved
v
A2| Al| A0 Partial Array Self Refresh (Reserved

Full array

Half Array (BA[2:0]= 000.,001,010,&011)
QuarterArray ( BA[2:0]=000&001)

1/8t" array (BA[2:0] = 000)

3/4 array (BA[2:0]=010,011.100.101,110,8111)
Half array ( BA[2:0]=100 ,101,110, &111)

Quarter array (BA[2:0]=110& 111 )
1/8" array ( BA [ 2:0]=111)

RPlIFRP|FP|IP|IOlIOC|IO|O
PP O|O|FRP|FL|O|O
PO FR|O|FR|O|FL]|O

*Therest bitsin EMRS (2) is reserved for future use and all bitsin EMRS (2) expect AO-A2,
A7, BAO, and BA1 must be programmed to 0 when setting EMRS(2) during initialization.

** DDR2 SDRAM Module user can look at module SPD field Byte 49 hit [0].

***Optional, if PASR (Partial Array Self Refresh) is enabled, datalocated in areas of the array

beyond the spec. location will belost if self refresh is entered.

Extended Mode Register Set EMRS (2)

The Extended Mode Registers (2) controls refresh related features. The default value of the extended mode register(2) is
not defined, therefore the extended mode register(2) is written by asserting low on CS, RAS, CAS, WE, BAO, high on BA1,
while controlling the states of address pin A0-A13. 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 (tMRD) 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 the precharge state.
EMRS(3) Extended Mode Register Set Programming

All bits in EMRS(3) expect BAO and BA1 are reserved for future use and must be programmed to 0 when setting the mode

register during initialization.
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Off-Chip Driver (OCD) Impedance Adjustment

DDR2 SDRAM supports driver calibration feature and the flow chart below is an example of the sequence. Every

calibration mode command should be follow e d

by

nOCD

cal i

brati on

mode

exi

t o

MRS should be set before entering OCD impedance adjustment and ODT (On Die Termination) should be carefully

controlled depending on system environment.

REV 1.8
02/2013

—

—~— MRS should be set before entering OCD impedance adjustment and ODT should
be carefully controlled depending on system environment

( Start )

EMRS: Drive (1)
DQ & DQS High; DQSLow

@ ALL OK

* Need Calibration

| EMRS: OCD calibration mode exitl

Y

EMRS :
Enter Adjust Mode

v

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

v

| EMRS: OCD calibration mode exit

]

ALL OK

| EMRS: OCD calibration mode exit }jﬁ

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

Y

\

@

+ Need Calibration

| EMRS: OCD calibration mode exit |

v

EMRS :
Enter Adjust Mode

v

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

Y

| EMRS: OCD calibration mode exit

| EMRS: OCD calibration mode exit

\

End

L
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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 EMRS (1) bit enabling RDQS operation. In Drive (1) mode, all DQ, DQS
(and RDQS) signals are driven high and all D Q Sand R D Q)Signals are driven low. In Drive (0) mode, all DQ, DQS (and
RDQS) signals are driven low and all D Q Sand R D Q)Signals are driven high. In adjust mode, BL = 4 of operation code
data must be used. In case of OCD calibration default, output driver characteristics have a nominal impedance value of 18
Ohms during nominal temperature and voltage conditions. Output driver characteristics for OCD calibration default are
specified in the following table. OCD applies only to normal full strength output drive setting defined by EMRS (1) and if half
strength is set, OCD default driver characteristics are not applicable. When OCD calibration adjust mode is used, OCD
default output driver characteristics are not applicable. After OCD calibration is completed or driver strength is set to default,
subsequent EMRS( 1) commands not intended to adjust OCD <char

maintain the default or calibrated value.

Off- Chip-Driver program

A9 A8 A7 Operation
0 0 0 OCD calibration mode exit
0 0 1 Drive(1) DQ, DQS, (RDQS) high and D Q $ow
0 1 0 Drive(0) DQ, DQS, (RDQS) low and D Q $igh
1 0 0 Adjust mode
1 1 1 OCD calibration default
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OCD impedance adjust

To adjust output driver impedance, controllers must issue the ADJUST EMRS (1) command along with a 4 bit burst code to

DDR2 SDRAM as in the following table. For this operation, Burst Length has to be set to BL = 4 via MRS command before

activating OCD and controllers must drive the burst code to all DQs at the same time. DTO is the table means all DQ bits at

bit time 0, DT1 at bit time 1, and so forth. The driver output impedance is adjusted for all DDR2 SDRAM DQs

simultaneously and after OCD calibration, all DQs of a given DDR2 SDRAM will be adjusted to the same driver strength

setting. The maximum step count for adjustment can be up to 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.

4 bit burst code inputs to all DQs Operation
DTO DT1 DT2 DT3 |Pull-up driver strength |Pull-down driver strength

0 0 0 0 NOP (no operation) NOP (no operation)
0 0 0 1 Increase by 1 step NOP

0 0 1 0 Decrease by 1 step NOP

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

Other Combinations

Reserved

For proper operation of adjust mode, WL = RL - 1 = AL + CL -1 clocks and tps / ton should be met as the following timing

diagram. Input data pattern for adjustment, DTO ~ DT3 is fixed and not affected by MRS addressing mode (i.e. sequential or

interleave).
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OCD Adjust Mode

* OCD adjust mode

OCD calibration
mode exit

J ‘\__./ v

NOP
DOS
r== r—-
DOS
\_ M_yJ w_J
tDS tDH

- A
DM

oK \ / -t - w_J
CMD~<EMR3>—ﬁ—< NOP >—< NOP >—< NOP >—<
WL

- —
>—< NOP
WR
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Drive Mode

Drive mode, both Drive (1) and Drive (0), is used for controllers to measure DDR2 SDRAM Driver impedance before OCD
impedance adjustment. In this mode, all outputs are driven outtora f t er fi e rotdeerd ccroimmeannd and all o

are turned-offtoraf t er A OCD cali bration mode exito command as the f ol

e [ OO O 00
oo (omm) (o (o (o ) oo o J o -

ors | : | o b
DQS_in — DQS high & DQS low for Drive(1), DQS low &DQ DQS hlgh for Drive 0 ; ; ;
i : ; *_DQS high for Drive(1) : ' E E E
. ” l : : 1 1 1
DO_in ! : : : _DQS high for Drive(0) . : : : : . : :
fEnter Drive Mode fOCD calibration
mode exit

On-Die Termination (ODT)

ODT (On-Die Termination) is a feature that allows a DRAM to turn on/off termination resistance for each DQ, DQ, DQS,
D Q SRDQS, R D Q &nd DM signal for x8 configurations via the ODT control pin. For x16 configuration ODT is applied to
each DQ, UDQS, UD Q 3DQS, L D Q §DM and LDM signal via the ODT control pin. The ODT feature is designed to
improve signal integrity of the memory channel by allowing the DRAM controller to independently turn on/off termination

resistance 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.

Functional Representation of ODT

szl
Rvall Rval2 Rval3
DRAM
Input Input
Buffer Pin
Rvall Rval2 Rval3
swl
VSSQ VSSQ VSSQ
Switch swl, sw2, or sw3 is enabled by the ODT pin. SelectiSn between
Termination included on all DQs, DM, DQS, D Q SRDQS, and R D Q ins.
21
REV 1.8
02/2013 © NANYA TECHNOLOGY CORP . All rights reserved

NANYA TECHNOLOGY CORP. reserves the right to change Products and Specifications without notice.



NT5TU64M8DE / NT5TU32M16DG V

512Mb DDR2 SDRAM MNAMNLANA

ODT related timings

MRS command to ODT update delay
During normal operation the value of the effective termination resistance can be changed with an EMRS command. The
update of the Rtt setting is done between tMOD, min and tMOD, max, and CKE must remain HIGH for the entire duration of

tMOD window for proper operation. The timings are shown in the following timing diagram.

[ WY o
CcMD e\ T\

]
]
]
]
]
1

” i ¥IMOD, max g

} >

tAOFD; tMOD, min i

Y i

i !

Ritt i Old setting : >< Updating X New setting

EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt((Nominal)
Setting in this diagram is the Register and IO setting, not what is measured from outside.

However, to prevent any impedance glitch on the channel, the following conditions must be met.
- tAOFD must be met before issuing the EMRS command.

- ODT must remain LOW for the entire duration of tMOD window, until tMOD, max is met.

Now the ODT is ready for normal operation with the new setting, and the ODT may be raised again to turn on the ODT.

Following timing diagram shows the proper Rtt update procedure.

CMD // <EMRSX:X NOP NOPX:X NOPX:X OPX:X NOP

N
R e e
CKYCKI il = \—— p— [ \__! \__l [S—— \
CKE \ tis

” | - {AOND _

tMOD, max o
P tAOFD
<

—

A
A

Rtt Old setting

New setting

——

EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt(Nominal)
Setting in this diagram is the Register and YO setting, not what is measured from outside.
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ODT On/Off timings

ODT timing for active/standby mode

T-0

T-1 T

T-3

T

T-6

2
— Tr- 1 r—- -
cKTk |\ N

L3

RS

IS

tis
CKE
s
oDT s |t AOND N tAOFD(2.5tck)
Internal : | :
Term Res Rit
tAON, min i tAOF, min

ODT Timing for Powalown mode

T4 T5 T6
- - N __
BN
CKE | | T R T S E N R N R
| | | e | | |
oot i T e S R S
: : .| i, [ tAOFPDmax i . &
I I L e | tAOFPDmin' . |
DQ | | | § : ' : — |
! ! 5 ! : ‘ Ritt >*—
I '« tAONPD,min ) | T : o
« AONPD max
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Bank Activate Command

The Bank Activate command is issued by holding C A &nd WE high plus C Sand R A $ow at the rising edge of the clock.
The bank addresses BAO ~ BA1 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 and x8 organized components. For x16 components row
addresses A0 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 an RW command is issued to a bank that has
not satisfied the trcomin Specification, then additive 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 trcomin is satisfied. Additive
latencies of O, 1, 2, 3, 4, 5, and 6 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 tras and tre,
respectively. The minimum time interval between successive Bank Activate commands to the same bank is determined

(trc). The minimum time interval between Bank Active commands, to other bank, is the Bank A to Bank B delay time (trrp).

In order to ensure that 8 bank devices do not exceed the instantaneous current supplying capability of 4 bank devices,
certain restrictions on operation of the 8 bank devices must be observed. There are two rules. One for restricting the
number of sequential ACTcommands that can be issued and another for allowing more time for RAS precharge for a

Precharge All command. The rules are list as follow:

* 8 bank device sequential Bank Activation Restriction: No more than 4 banks may be activated in a rolling tFAW window.
Conveting to clocks is done by dividing tFAW by tCK and rounding up to next integer value. As an example of the rolling
window, if (tFAW/tCK) rounds up to 10 clocks, and an activate command is issued in clock N, no more than three further
activate commands may be issued in clock N+1 through N+9.

*8 bank device Precharge All Allowance: tRP for a Precharge All command for an 8 Bank device will equal to tRP+tCK,
where tRP is the value for a single bank pre-charge.

Bank Activate Command Cycle: trep = 3, AL = 2, trp = 3, trrp = 2, tcep = 2

TO T1 T2 T3 T4 Tn Tn+l Tn+2 Tn+3

CK, CK

Internal RAS CAS delay tRCDmm

i
Bank A Bank A Bank B Bank B Bank A Bank B Bank A
Address <RowAddr >’<cm Addr. > <RowAddr > <cm Addr. >' < Addr, > NoP < Addr. >—<ROW Addr.>
Bank A to Bank B delay tRRD .
! additive Iatency AL=2 Read A
P e

RAS RAS delay IRRD Beglns

!
Command{ BankA osted CAS Bank B osted CAS Bank A NOP Bank B Bank A
Actlvate ead A Actlvate ead B Precharge Precharge Activate

tRP Row Precharge Tlme (Bank-A)

'i‘ ; :
!

tRAS Row Actlve TII‘I‘IE (Bank A)

A

A

tRC Row Cycle T|me (Bank A) ) ACT
; :
1 i 1 i | i
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Read and Write Commands and Access Modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting R A $igh, C Sand
CASow at t he cl| dMEdskalso be definedyat tlestignesto determine whether the access cycle is a read
operation (WE high) or a write operation (WElow). The DDR2 SDRAM provides a fast column access operation. A single
Read or Write Command will initiate a serial read or write operation on successive clock cycles. The boundary of the burst
cycle is restricted to specific segments of the page length.

A new burst access must not interrupt the previous 4 bit burst operation in case of BL = 4 setting. However, in case of
BL=8 setting, two cases of interrupt by a new burst access are allowed, one reads interrupted by a read, the other writes
interrupted by a write with 4 bit burst boundary respectively, and the minimum C A So C A Slelay (tccp) is minimum 2

clocks for read or write cycles.

Posted CA S

Posted C A Soperation is supported to make command and data bus efficient for sustainable bandwidths in DDR2
SDRAM. In this operation, the DDR2 SDRAM allows a Read or Write command to be issued immediately after the R A S
bank activate command (or any time during the R A $0 C A Slelay time, trcp, period). The command is held for the time of
the Additive Latency (AL) before it is issued inside the device. The Read Latency (RL) is the sum of AL and the CA S
latency (CL). Therefore if a user chooses to issue a Read/Write command before the tRCDmin, then AL greater than 0
must be written into the EMRS (1). The Write Latency (WL) is always defined as RL - 1 (Read Latency -1) where Read
Latency is defined as the sum of Additive Latency plus C A Satency (RL=AL+CL). If a user chooses to issue a Read

command after the trcomin period, the Read Latency is also defined as RL = AL + CL.

Example of posted C A Speration:

Read followed by a write to the same bank:
AL=2and CL=3,RL=(AL+CL)=5 WL=(RL-1)=4,BL=4

| |
| |
oo B~
| [ Al = |

DQS, | M£2>>‘\C
nNAc [l [l 1

|
|
D S [l | } }
Q | | >=tRCD |
: : | RL=AL+CL=5|
DQ } !
| |
| I | I
PostCAS1
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Read followed by a write to the same bank:
AL=0,CL=3,RL=(AL+CL)=3,WL=(RL-1)=2,BL=4
1 0 1 2 3 4 5 6§ 7 8 9 10 1 1
I | | I I | | I | | | | [ I
| i i i - | | | i i i i | |
I I | I f;'—,:do I I | L | | I I I
CMD :_@ : : Bank A : : : /_\\E\"grrmllt&\/ L ! : : :
| | | >=tRCD i N CL=3 | I “WL=RLil=2 | [ [
Dos. | ;e S i B e i g T
bos i i ; ; N ?, ______ L o A |
I I I I I I I I I I I I [ I
I I I I ¢ RL=AL+CL=3'| | I | |
DQ } } ) } } } } Douto) Doutt {Dout2 {Dout3 oino Y pin1 { bin2 Y D3
I I I I I I I I [ I
| | | | | | | I | | | PostCASSl
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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 type, either sequential or interleaved, is programmable and defined by the address

bit 3 (A3) of the MRS. 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 = 8i s used, see the fABur st I nterruption
command is not supported on DDR2 SDRAM devices.

Bust Length and Sequence

Starting Address Sequential Addressing Interleave Addressing
Burst Length
(A2 A1 AQ) (decimal) (decimal)
x 0 0 0 1, 2, 3 0, 1, 2, 3
x 0 1 1, 2, 3, 0 1, 0, 3, 2
‘ x 1 0 2, 3 0 1 2, 3, 0, 1
x 11 3, 0 1, 2 3, 2,1, O
0 0O 0O 1, 2, 3, 4 5 6, 7 0O 1, 2, 3, 4 5 6, 7
0 01 1, 2, 3, 0, 5 6, 7, 4 1, 0, 3, 2, 5 4 7, 6
010 2, 3 0, 1, 6, 7, 4 5 2, 3 0,1 6, 7, 4 5
011 3, 0 1, 2, 7, 4 5 6 3, 2,1, 0, 7, 6 5, 4
° 1 00 4, 5 6, 7, 0, 1, 2, 3 4, 5 6, 7, 0, 1, 2, 3
1 01 5 6, 7, 4 1, 2, 3, 0 5 4 7, 6, 1, 0, 3, 2
110 6, 7, 4 5 2 3 0 1 6, 7, 4 5 2 3 0 1
111 7, 4, 5 6, 3 0 1, 2 7, 6,5 4 3 2 1, 0
Note: 1) Page length is a function of 1/O organization
64Mb X 16 organization (CA0-CA9); Page Size = 2K Byte; Page Length = 1024
128Mb X 8 organization (CA0-CA9 ); Page Size = 1K Byte; Page Length = 1024
256Mb x 4 organization (CA0-CA9, CA1l); Page Size = 1K Byte; Page Length = 2048
2) Order of burst access for sequential addressing is "nibble-based" and therefore different from SDR or
DDR components
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Burst Read Command

The Burst Read command is initiated by having C Sand C A $ow while holding R A &nd 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 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 C A $atency (CL). The
CL is defined by the Mode Register Set (MRS). The AL is defined by the Extended Mode Register Set (EMRS (1))

Basic Burst Read Timing

__ A
CLK, CLK X
\_ [E—
DQS,
DQS

—
I
N

f

o0 oo | Joon [ oou | Jom
tDQSQmax. L )
tDQSQmax -

DO-Read

Examples:
Burst Read Operation: RL=5 (AL=2, CL=3,BL =4)

TO T3 T6

o &K LJ/ VYX_L)/ VVX_L)/ VV\

CMD <P£élA|C3AAS>—< NOP >_< >—< NOP >—< >—< NOP >—< NOP >—< NOP >_< NOP >>

! : : : ' : <= tDQSCK
! : : ! LT : : :
DQS, ! : ! | T h o\ Lo §
DQS : ! 1 1 l\ : H
I 1 1 1 1 T B i
> AL=2 i C=3 : g : oo
< : NeE ! ! g : o :
[ ! =5 ! ! »/ : ! :
DQ = i i : 1 1 "\Dout A0 XDUU( AlX Dout AZX Dout A3>—f:7§
| | | : | | : |
| 1 1 1 ' 1 ' : ' : ' :
BRead523
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Burst Read Operation: RL =3 (AL =0, CL = 3, BL =8)

TO T3

ox. &R /L_J\ / \r_ﬂ/ A _\/L_J\ / \r_ﬂ/ X /L_J\ / \r_ﬂ/ K
CMD<READA H NOP H >_< NOP H >_< or >_< >_< — >_< — 1>

1 1 1

1 1 1

1 1 1
Y Franeaees ; ' . ' s
DQS | A -r' H L | ;
DQsS : "\ i it A AL [T ' :
: - | | ; i : | s N : : : :
: L, ' S : A
s RL= : > | V) e
DQ S X : : : \Dout A0 1 Dout A1 | Dout A2\ Dout A3/ Dout A4 )\ Dout A5 | Dout A6 Dout A7 :
| | | A P .

1 1 1 . .

1 H 1 H 1 H 1 H
BRead303

Burst Read followed by Burst Write: RL =5, WL = (RL-1)=4,BL =4
The minimum time from the burst read command to the burst write command is defined by a read-to-write-turn-around

time(tRTW), which is 4 clocks in case of BL=4 operation, 6 clocks in case of BL=8 operation.

T1 Tn Tn+l Tn+2 Tn+3 Tn+4 5

o oK /\/{ X_X Jo X /L_AX Lo / B
o BN | s:;::m« o e e T e —

i \ tRTW(Read to erte turn around tlme)

1 1 1
1 ' 1 . 1
1 ! ' : [l
< : S S S S
DQS, ' , : , ' YA h / \ . / \
T 1 : I | -
pos ! : : : : SO, WY U B Y 0 LA
: : ' ! » : .
, ' RL=5 i : | : j : . : \ :
P ' ' - | ! H :
DQ :‘ 1 1 : 1 = ‘<Dout A0 XDOU( AlX Dout AZX Dout A3>:—;<D|n A0 XDlnAl X Din A2 Xom A3 >—
: : : : : H 1 H : 1 B 1 B
BRBW514
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Seamless Burst Read Operation: RL=5,AL=2,CL=3,BL=4

TO T1 T2 T3 T4 T5 T6 T7 T8

: : : : :
CMD-{ Post CAS NOP POS‘ CAS NOP NOP NOP NOP NOP
READA_ READ B

Dos. _! | T i { """" ] ﬁ IS
bQs ! \ oAk Ak AT o |
3 A=2 . cL=3 : R
) : "RL=5 ! : G B A B
DQ = I I | | "\Dom A0 XDout Al X Dout AZX Dout A3 <Dout B0 Xoom B1 X Dout BZX Dout Ba>—
| | | | | —) — |

" SBR523

The seamless burst read operation supported by enabling a read command at every clock for BL=4 operation, and every

4 clock for BL=8 operation. This operation allows regardless of same or different banks as long as the banks activated.

Burst Write Command

The Burst 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 tWPRE 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

tDQSS specification must be satisfied for write cycles. The subsequent burst bit data are issued on successive edges of the

DQS until the burst length is completed, which is 4 or 8 bit burst. 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 fAwr
DDR2 SDRAM pin timings are specified for either single ended mode or differential mode depending on the setting of the

EMRS fiEnabl e DQS0 mode bit; timing advantages of differentia
the DDR2 SDRAM pin timing measured is mode dependent.

Basic Burst Write Timing

tDQSH tDQSL
<P
/I~ == ---"
DQS n / X Y
DQS \___ S——
twpsT
DmX XDinX ><Din XDIH><
| \
tps tpH
30
REV 1.8
02/2013 © NANYA TECHNOLOGY CORP . All rights reserved

NANYA TECHNOLOGY CORP. reserves the right to change Products and Specifications without notice.



NT5TU64M8DE / NT5TU32M16DG v
512Mb DDR2 SDRAM LA™
Example:

Burst Write Operation: RL=5(AL=2,CL=3), WL=4,BL=4

u / \f‘“/ X /L_A\ / u X /\/\///x
%*%’fﬂ oo ) O ) o o)

¢ ! ! ! <= tDQSS ' Completion of : :
! : : : : . ¥ the Burst Write : '
DQS, ' 1 1 1 : i . ' : '
boes E : : : L \ !
: ! =RL-1= ! : tWR |
E‘ ' W= RL- 1°4 | . : : :‘ j \ \
DQ : : : : <DIN Ao><D|N A1><D|N A2><D|N A3> : ; i
| | | | e )
BWS43
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Burst Read followed

by Burst Write: RL =5, WL = (RL-1)=4,BL =4

The minimum time from the burst read command to the burst write command is defined by a read-to-write-turn-around

time(tRTW), which is 4 clocks in case of BL=4 operation, 6 clocks in case of BL=8 operation.

Burst Write followed by Burst Read: RL =5 (AL =2,CL =3), WL=4,tWTR=2,BL=4

TO

ane to Read = (CL 1)+ BL/2 +tWTR(2) 6, '

cMD <

NOP NOP POSt cas NOP NOP NOP NOP
READA_

Dgs, E ; Ny b R
DQS : ! -} : 1 : 1 .
R Al : i cL= N

WL = R'—‘1:4 AL e ——— N

+ T + d : ' : ' ;tWTR ' : ' ' : '

R S ey : L

| : | B ' B L ! ERLZSf ! k!

BWBR

The minimum number of clocks from the burst write command to the burst read command is (CL - 1) +BL/2 + twtr Where

twTr is the write-to-read

time required to transfer

turn-around time twtr expressed in clock cycles. The twrr is not a write recovery time (twr) but the

4 bit write data from the input buffer into sense amplifiers in the array.

Seamless Burst Write Operation: RL =5, WL =4,BL =4

TO

T1 T2 T3 T4 TS5 T6 T7 T8

CMD _{ Post CAS
WRITE A

H Hvi‘éi%%“SH H H H H H F

DQS,

bQs

T
|
'
|

==
"
'
|
I
I
|

WL=RL-1=4'

DQ

ow A0] DIN A1><D|N Az><mN A3XD|N BO><D|N B1) DIN B2 DIN B3 :

The seamless burst 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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Write Data Mask

One write data mask input (DM) pin for each 8 data bits (DQ) will be supported on DDR2 SDRAMSs, consistent with the

implementation on DDR SDRAMSs. 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. DM of x4 and x16 bit

organization is not used during read cycles. However, DM of x8 bit organization can be used as RDQS during read cycles

by EMRS (1) setting.

Write Data Mask Timing

tpgsH  tposL

DQs,
DQS

<P

=== /___,/_
L \

DQ

DM

don't care

Burst Write Operation with Data Mask: RL=3 (AL=0,CL=3),WL=2,tyg=3,BL=4

T3

/L_J\ / \r_ﬂ/ A

T4 T5 T6

L\/\///X

I
Bank A >
CMD<WRITEA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—<Prechar9e Aitri]vate
1 N

33

< <=tDQSs | ! ! ! : : !
DQS, 1 T § RS T § : ! E E
DQS S S . . ;
 WL=RL1=2 rimo CtWR E
! : . ! : : 1 1 1 : !
DQ E : <DIN A0><DIN AlXDIN A2><D|N A3> : : : : : : : l ’:
om LT\ s e e e
DM
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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 of 8 can only be interrupted by another Read command. Read burst interruption by a Write or

Precharge Command is prohibited.

2. A Write Burst of 8 can only be interrupted by another Write command. Write burst interruption by a Read or

Precharge Command is prohibited.

3. Read burst interrupt occur exactly two clocks after the previous Read command. Any other Read burst

interrupt timings are prohibited.

4. Write burst interrupt occur exactly two clocks after the previous Write command. Any other Read burst

interrupt timings are prohibited.
5. Read or Write burst interruption is allowed to any bank inside the DDR2 SDRAM.
6. Read or Write burst with Auto-Precharge enabled is not allowed to be interrupted.
7. 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. All command timings are referenced to burst length set in the mode register. They are not referenced to the
actual burst. For example, Minimum Read to Precharge timing is AL + BL/2 where BL is the burst length set in
the mode register and not the actual burst (which is shorter because of interrupt). Minimum Write to Precharge
timing is WL + BL/ 2 + twg, Where twgr starts with the rising clock after the un-interrupted burst end and not form

the end of the actual burst end.
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Examples:

Read Burst Interrupt Timing Example: (CL =3, AL=0, RL = 3, BL = 8)

TO T1 T2 T3 T4 T5 T6 T7 T8

' [ | \_ _ [ S \_ _ [ _ \__I

CMD <READA >—< NOP >—<READ B >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >< NOP >
= \\ ; “ R oo : , . ;
i

DQS

DQ

B

L ! \ /

' P - T P
n 1 1 1
CMD < NOP >—<WRITEA>—< NOP >—<WRITEB>—< NOP >—< NOP >—< NOP >_< NOP >_< NOP >,< NOP >

DQS, ! ; \
DQS i ! ! :.
DQ 5 E E :
| i i i i i i i i |
WBI I
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Precharge Command

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-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.

Bank Selection for Precharge by Address Bit

Precharge
A10 BA1 BAO
Bank(s)
LOW LOW LOW Bank 0 only
LOW LOW HIGH Bank 1 only
LOW HIGH LOW Bank 2 only
LOW HIGH HIGH Bank 3 only
HIGH Don't Care | Don't Care all banks

Burst Read Operation Followed by a Precharge

Minimum Read to Precharge command spacing to the same bank = AL + BL/2 + max (RTP, 2) - 2 clocks.

For the earliest possible prechar g e ,

(AL) + BL/ 2 clocksbo

t he

Precharge

after a

command may be i ssued

R e ards tindiny nis rocdi Sfiedl., as | ong as t

The minimum Read to Precharge spacing has also to satisfy a minimum analog time from the rising clock edge that initiates

the last 4-bit prefetch of a Read to Precharge command. This time is call tRTP (Read to Precharge). For BL=4 this is the

time from the actual read (AL after the Read command) to Precharge command. For BL=8 this is the time from AL + 2

clocks after the Read to the Precharge command.
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Examples:

Burst Read Operation Followed by Precharge: RL =4 (AL =1,CL =3),BL =4,tgrp j 2clocks

CK, CK / < > x x
CMD <P051 CAS >—< NOP >—< NOP >—<Precharge>—< NOP >—< NOP >—< NOP >—< BankA >—< NOP >>
READ A Activate

o AL +BL2clks . P >-tRP
al | <
DQS F { j y
bQs L4
e s b
P RL=4 >
DQ \Dout A0 } Dout A1 | Dout A2\ Dout A3
>=tRAS P CL=3 o
>StRC | o
»
>=(RTP .
i »

BR-P413

Burst Read Operation Followed by Precharge: RL=4 (AL =1,CL =3),BL =8,tgrp j 2 clocks

TO T1 T2 T3 T4
\ re—- - —\ /_ - -—-
CK, CK
RENERSNeN
i
CMD { Pgi;ﬁs >—< NOP >—< lop >—< Jop >—< opP >—< P echarg5e>—< Nop >—< NOP >—< NOP >—
P AL + BLI2 clks .
- L
DQs, ; f i 1 i i }
oS o L L
| Lt | »
> RL = 4 o
DQ — — Dout A0 } Dout Al § Dout A2} Dout A3 DoutA4XDoutA§X Dout A X Dout A47>77
>=tRAS > < CL=3 >
>=tRC <
L
>=tRTP .
h A
first 4-bit prefetch second 4-bit prefetch BR-PALSE)
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Burst Read Operation Followed by Precharge: RL =5 (AL =2, CL =3),BL =4,tgrp j 2clocks

CMD<P051CAS>—< NOP >—< NOP >—< >—<Precharge>—< NOP >—< NOP >_< Bank A >—< NOP %
READ A Activate

P AL + BL/2 clks . >=tRP
- Ll i}
DQS, E i !
DQS i \
AL=2 CL=3
ol L - ld [} |-
P RL=5 ' >
DQ t \Doul A0 3 Dout Al | Dout A2 Dout A3
H H I
>=tRAS o cL=3 N
Ll Ll
>=tRC »
: »
H ‘tRTP » BR-P52;

Burst Read Operation Followed by Precharge: RL =6, (AL =2,CL =4),BL=4,tgrp j 2 clocks
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