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Features
CAS Latency and Frequency

-37B/-37BI -3C/-3ClI -AD/-ADI -AC/-ACI .
Speed Sorts DDR2-533 DDR2-667 DDR2-800 DDR2-800 Units
Bin (CL-tRCD-TRP) 4-4-4 5-5-5 6-6-6 5-5-5 tck
max. Clock 266 333 400 400 MHz
Frequency
Data Rate 533 667 800 800 Mb/s/pin
CAS Latency 4 5 6 5 tck
trcD 15 15 15 12.5 ns
trp 15 15 15 12.5 ns
trc 60 60 60 57.5 ns

+ 1.8V £ 0.1V Power Supply Voltage » 1KB page size for x4 & x 8,

* 8 internal memory banks 2KB page size for x16

. Programmable CAS Latency: « Data-Strobes: Bidirectional, Differential

3, 4, 5(DDR2/533/667/800-CL5) » Strong and Weak Strength Data-Output Driver
4,5,6 (DDR2-800-CL6) + Auto-Refresh and Self-Refresh
* Programmable Additive Latency: 0, 1, 2, 3, 4 and 5 « Power Saving Power-Down modes
* Write Latency = Read Latency -1 + 7.8 us max. Average Periodic Refresh Interval
* Programmable Burst Length: 4 and 8 + RoHS Compliance
* Programmable Sequential / Interleave Burst « Packages:
* OCD (Off-Chip Driver Impedance Adjustment) 60-Ball BGA for x4 / x8 components

. ODT (On-Die Termination) 84-Ball BGA for x16 components

* 4 bit prefetch architecture

Description

The 1Gb Double-Data-Rate-2 (DDR2) DRAMs is a high- pair of externally supplied differential clocks. Inputs are
speed CMOS Double Data Rate 2 SDRAM containing latched at the cross point of differential clocks (CK rising and
1,073,741,824 bits. Itis internally configured as an octal-bank CK falling). All I/Os are synchronized with a single ended
DRAM. DQS or differential DQS pair in a source synchronous fash-

o ) ) ) ion. A 14 bit address bus for x4 and x8 organised compo-
The 1Gb chip is organized as either 32Mbit x 4 1/0 x 8 bank, nents and a 13 bit address bus for x16 component is used to

16Mbit x 8 I/0 x 8 bank or 8Mbit x 16 1/0 x 8 bank device. convey row, column, and bank address devices.

These synchronous devices achieve high speed double-data-

rate transfer rates of up to 800 Mb/sec/pin for general appli- These devices operate with a single 1.8V +/- 0.1V power sup-
cations. ply and are available in BGA packages.

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
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An Auto-Refresh and Self-Refresh mode is provided along with various power-saving power-down modes.
Pin Configuration - 60 Balls BGA Package (x4 / x8)
<Top View >
See the balls through the package.
x4
1 2 3 7 8 9
| wo | [ N~ ][ vss |a| wvssa | [ Das | [ wooa |
‘ NC | [ vssa | [ om |B| pbas | [ wssa | | NC ‘
| voa | [ pat | [ wopa Jc| wvooa | [ b | [ wvopa |
‘ NC | [ vssa | [ bas |p| pa2z | [ wssa | | NC ‘
| woo. | | wRer | | vss JE[ wssoL | | CcK | [ woo |
R - o e
| Ncea2 | [ Bao | [ Bat Je| cas | | ©s ]
| aomp || A1 R m | | AO | [ woo |
[ vss || M | | A5 S | | A4 ‘
o | | A9 koA ] A8 [ vss |
| wo | [ a2 ] [ nNeau || nNcas | [ Az ]
X8
1 2 3 7 8 9
| voo | [ numroas | [ vss A wvssa | [ pas | [ wopa |
| bas | | vssa | [ owroas |B| pas | | vssa | [ par ]
| woa | [ pat | [ voa Jc| woa | [ pa | [ wopa |
| b4 | [ vssa | | pes |p| paz | [ vssa | [ pbas |
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Coe | [ W Je[ ms ] [ & ] [ o |
| Nceaz | [ B | [ e |e| cs | | T ]
| atoap || A1 | H A2 | | A0 [ veo ]
[ vss ]| A3 | | A5 | 9 | A6 | | A4 ‘
| a | ] A9 koA ] A8 | [ vss |
| wo | [ a2 | [ nNeau | L[ nNeas | [ a3 ]
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Pin Configuration - 84 Balls BGA Package (x16)

<Top View >

See the balls through the package.

x 16
1 2 3 7 8 9
| wo | [ '~ | [ vss |a| wvssa | [ wpas | [ wopa |
| pae | [ vssa | [ uom [B| was | [ vssa | [ pats |
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Input/Output Functional Description

Symbol

Type

Function

CK, CK

Input

Clock: CK and CK are differential clock inputs. All address and control input signals are sampled
on the crossing of the positive edge of CK and negative edge of CK. Output (read) data is refer-
enced to the crossings 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 syn-
chronous for power down entry and exit and for Self-Refresh entry. CKE is asynchronous for Self-
Refresh exit. After VREF has become stable during the power on and initialization sequence, it
must be maintained for proper operation of the CKE receiver. For proper self-refresh entry and
exit, VREF must 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
buffers, excluding CKE, are disabled during Self-Refresh.

Input

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

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. For
x8 device, the function of DM or RDQS / RQDS is enabled by EMRS command.

BAO - BA2

Input

Bank Address Inputs: BAO, BA1, and BA2 define to which bank an Active, Read, Write or Pre-
charge 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.

A0 - A13

Input

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 Pre-
charge applies to one bank (A10=low) or all banks (A10=high). If only one bank is to be pre-
charged, the bank is selected by BAO-BA2. The address inputs also provide the op-code during
Mode Register Set commands.

A13 Row address use on x4 and x8 components only.

DQ

Input/Output

Data Inputs/Output: Bi-directional data bus.

DQS, (DQS)
LDQS, (LDQS),
UDQS,(UDQS)

Input/Output

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
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 DQS, LDQS, UDQS to provide dif-
ferential pair signaling to the system during both reads and writes. An EMRS(1) control bit enables
or disables the complementary data strobe signals.

RDQS, (RDQS)

Input/Output

Read Data Strobe: For x8 components a RDQS and RDQS pair can be enabled via EMRS(1) for
real timming. RDQS and RDQS is not support x4 and x16 components. RDQS and RDQS are
edge-aligned with real data. if enable RDQS and RDQS then DM function will be disabled.

oDT

Input

On Die Termination: ODT (registered HIGH) enables termination resistance internal to the DDR2
SDRAM. When enabled, ODT is applied to each DQ, DQS, DQS, RDQS, RDQS,_and DM signal
for x4/x8 configuration. For x16 configuration ODT is applied to each DQ, UDQS, UDQS, LDQS,

LDQS, UDM and LDM signal. The ODT pin will be ignored if the EMRS(1) is programmed to dis-

able ODT.

NC

No Connect: No internal electrical connection is present.

Vbba

Supply

DQ Power Supply: 1.8V +/- 0.1V

Vssa

Supply

DQ Ground

VbpL

Supply

VsspL

Supply

Vbp

Supply

Vss

Supply

DLL Power Supply: 1.8V +/- 0.1V
DLL Ground
Power Supply: 1.8V +/- 0.1V

Ground

VRer

Supply

SSTL_1.8 reference voltage
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Ordering Information

Green-Standard Grade

Speed
Org. Part Number Package
Clock (MHz) | CL-trcp-trp
NT5TU256M4DE-37B 266 4-4-4
NT5TU256M4DE-3C 333 5-5-5
256M x 4
NT5TU256M4DE-AD 6-6-6
400
NT5TU256M4DE-AC 5-5-5
60-Ball BGA
NT5TU128M8DE-37B 266 4-4-4
NT5TU128M8DE-3C 333 5-5-5
128M x 8
NT5TU128M8DE-AD 6-6-6
400
NT5TU128M8DE-AC 5-5-5
NT5TU64M16DG-37B 266 4-4-4
NT5TU64M16DG-3C 333 5-5-5
64M x 16 84-Ball BGA
NT5TU64M16DG-AD 6-6-6
400
NT5TU64M16DG-AC 5-5-5
Green-Industral Grade
Speed
Org. Part Number Package
Clock (MHz) | CL-trcp-trp
NT5TU128M8DE-37BI 266 4-4-4
NT5TU128M8DE-3ClI 333 5-5-5
128M x 8 60-Ball BGA
NT5TU128M8DE-ADI 6-6-6
400
NT5TU128M8DE-ACI 5-5-5
NT5TU64M16DG-37BI 266 4-4-4
NT5TU64M16DG-3Cl 333 5-5-5
64M x 16 84-Ball BGA
NT5TU64M16DG-ADI 6-6-6
400
NT5TU64M16DG-ACI 5-5-5
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Block Diagram (256Mb x 4)

=
4L
1018168y SsaIppy

AD—-A13,
BAO-BA2

OKE o Control Logic
K &—>
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CS &—»
J— Command ]
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g
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@
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=
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Vi
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8192 S DQO-DQB
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Notes:

device; it does not represent an actual circuit implementation.

2. DMis an unidirectional signal (input only), but it is intemally loaded to match the load of the

bidirectional DQand DQS signals.

R

1. This Functional Block Diagramis intended to fadilitate user understanding of the operation of the

s\ E
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QAR —»
:
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Block Diagram (128Mb x 8)

= o Control Logic
CK &—»
K &>
CS &>
_— Command ]
Ve o Decode
CAS —» —
RS> :
| |3
3
Mode &
Registers | 4
]
|| =
Fa~ c
| X
17
14 |

|
g

| Sense Anplifier §
| (=%
- 14 8 5
: 1 g DQO-DQ7
: || & 7 "
17| 3 § 3
Y\ | 2 74 1/O Gating o
| B || g DM Mesk Logic 9| oes,
O3 € | | 2 Bank Control o g DQS
—A13, 15 = jic n =
BAO-BA2 | | L] = 256,(32) “ Register 3
1
e — 74
8
3 ‘73'z vesc |71 1 ]
— 7 ;
7 1
4 74 A
Colum Wite ! Y
[e]
Decoder FIEO s s e l
Di 74 @ oM
vers
10 7 7'84 : 8
8 /
/ 8 8
Column-Address /
L 2 /7 ) 74
i: Counter/Latch | / 00L0/1 8 8
Notes: CK
1. This Functional Block Diagramis intended to fadilitate user understanding of the operation of the oK coLo1
device; it does not represent an actual circuit implementation.
2. DMis an uniirectional signal (input only), bt it is intemally loaded to metch the load of the
bidirectional DQand DQS signals.
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Block Diagram (64Mb x 16)

CKE &—» Control Logic
CK o—»
CK &—>
CS o—»
J— Command ]
WE ¢—> Decode
CAS &—»| —
RAS &—> :
| g
E _
Mode || Z CKCK
Registers | 3 l
4
- I = DLL
| | X
16
13
ya N
/ ! oot
Latch & (8192 x 256 x 64) - Deta
| Decoder Sense Amplifier g 16 y o <_T
Q =5 o
I 13 8 I 5 B g g > "’1
| 16384 a DaS 4 N DQO-
I l Generator § DQ15
: 2 a
16| 3 RESE T Das, 4—>-l
- 8 z 74 110 Gating coLoA bas S
- @ I | e DM Mask Logic S | ubas,
< | | 2 Bank Control ot 9 | Ubas
AO-A12, | & s Logic 2 npu =
BAO-BA2 [ — % (61) Register sl
| — — 8 & 7ZL 2 LDQS,
— 3 vesc |72 2 ) [DGS
‘ /
2
7 g
Column Wite 7.42 v Y
Decoder FIFO 1 f 8
& 72 3 — UDM,
Drivers 7}
Data 12 16, LDM
10 g/ L1/ 1 16
\i: Column-Address > 7 44 2
Counter/Latch | / » COLO,1 12 16,

Notes: CK,
1. This Functional Block Diagram is intended to facilitate user understanding of the operation of the
device; it does not represent an actual circuit implementation.

2. DMis an unidirectional signal (input only), but it is interally loaded to match the load of the
bidirectional DQ and DQS signals.

2
g
2
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Functional Description

The 1Gb DDR2 SDRAM is a high-speed CMOS, dynamic random-access memory containing 1,073,741,824 bits. The 1Gb
DDR SDRAM is internally configured as a octal-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, BA1, & BA2 select the banks, A0-A13 select the row for x4 and 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-VDDQI<=0.3 volts. Once the ramping of the supply voltages is complete (when
VDDAQ crosses VDDQ min), the supply voltage specifications in Recommanded DC operating conditions table.

- VDD,VDDL, and VDDQ are driven from a signle 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 unde-
fined, 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>=VDDQ 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 Recommanded 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.

- 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 >= VREF must be met at all time.

- Apply VTT.

2. Start clock (CK, &) 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 Recommanded DC operating conditions table, and stable clock, then apply NOP or Deselect
& take CKE HIGH.

4. Waiting minimum of 400ns then issue precharge all command. NOP or Deselect applied during 400ns period.
5. Issue an EMRS command to EMR(2). (Provide LOW to BAO and BA2, and HIGH to BA1).
6. Issue an EMRS command to EMR(3). (Provide LOW to BA2, and HIGH to BAO and BA1).

REV 1.3 9
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7. Issue EMRS to enable DLL. (Provide Low to AO, HIGH to BAO and LOW to BA1-BA2 and A13-A15. 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-BA2, and A13-A15.)
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

EMRS

: P 1st Auto Aut
ALL ALL refes| fresh
Command cMD Extended Mode Mode Register Set min. 200 cycles to Follow 0CD
Register Set hoi flowchart
with DLL enable With DLL reset lock the DLL
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Register Definition

Programming the Mode Register and Extended Mode Registers

For application flexibility, burst length, burst type, CAS latency, 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
CAS latency, driver impedance, ODT (On Die Termination), single-ended strobe and OCD (off chip driver impedance adjust-
ment) are also user defined variables and must be programmed with an Extended Mode Register Set (EMRS) command. Con-
tents 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 means reinitializa-
zion including those can be executed any time after power-up without affecting array contents.

Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It contorls CAS latency, burst
length, burst sequence, test mode, DLL reset, tWR and various vendor specific options to make DDR2 SDRAM useful for vari-
ous 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, BAO and BA1, while controlling
the state of address pins A0 ~ A13. 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 (tyrp) is required to complete the write oper-
ation 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 CAS latency 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 ~ A11 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 Filed

BAZ* BA1|BAO A13* Al12| A11{A10 | A9 | A8 | AT| A6 | AS | A4 | A3 | A2 | A1 | AO
—> Burst Length
MRS mode A2 [ A1 | A0 | BL
BA1|BA0O| MRS mode 0 1 0 4
0 0 MR 0 1 | g
0 1 EMR(1) L » BurstType
1 0 EMR(2) A3 Burst Type
1 1 EMR(3) 0 Sequential
Active povs:er down exit < | Interleave
time
Active power down
Al2 exit time L » /CAS Latency
0 | Fast exit (use tXARD) A6 | A5 | A4 | CAS Latency
1 | Slow exit (use tXARDS) 0 0 0 Reserved
Write recovery for autoprecharge «—— 0 0 1 Reserved
Al11|A10(| A9 WR(cycles) 0 1 0 Reserved
0 0 0 Reserved 0 1 1 3
0 0 1 2 n 1 0 0 4
on
i
0 1 0 3 21% |o 1 0 1 5
e
o 11 4 . 2| 1l 1] o 6
A |a
1ol o 5 = 1| 1| 1 | Reserved
1 0 1 6
» Mode
1 1 0 Reserved
A7 Mode
1 1 1 Reserved
0 Normal
DLL Reset <«
1 TEST
A8 DLL Reset
0 NO * BA2 and A13 are reserved for future use and must be
set to 0 when programming the MR.
1 YES
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EMRS(1) Extended Mode Register Set Programming

Address Filed

BAZ*BAI BAO A13*A12 Al11|A10 [ A9 | AB | A7| A6 | A5 | A4 | A3 | A2 [ A1 | AO

I" DLL

MRS mode A0 PLL
Enable
BA1|BAO| MRS mode 0 Enable
0 0 MR 1 Disable

0 1 EMR(1) L D.I.C

Output Driver
! 0 EMR(2) Al Impedance Control
1 1 EMR(3) 0 Full strength
Qoff «———— 1 Reduced strength
Al2 Qoff*3 N > > Rtt
0 Output buffer enabled A6 | A2 | Rtt (Nominal)
1 Output buffer disabled 0 0 | ODT Disabled
RDQS < 0 1 75 ohm
A1l | RDQS Enable*4| /DQS <+— 1 0 150 ohm
0 Enable Al0 /DQS 1 1 50 ohm
1 Disable 0 Enable ——> Additive Latency
! Disable A5 | A4 | a3 | Additive
Latency
0 0 0 0
OCD Program < 0 0 1 1
A9 | A8 | A7 |OCD Calibration Program 0 1 0 2
0 0 0 OCD Cal}bra_tlon mode 0 1 1 3
exit; maintain setting
0 0 1 Drive(1) 1 0 0 4
0 1 0 Drive(0) 1 0 1 5
1 0 0 Adjust mode *1 1 1 0 Reserved
1 1 1 | OCD Calibration default*2 1 1 1 Reserved

* BA2 and A13 are reserved for future use and must be set to 0 when programming the MR.
*1 When Adjust mode is issued. AL from previously set value must be applied.
*2 After setting to default, OCD calibration mode needs to be exited by setting A9~A7 to 000.

*3 Output disabled — DQs, DQSs, /DQSs, RDQS, /RDQS. This feature is used in conjunction with DIMM IDD
measurements when IDDQ is not desired to be included.

*4 If RDQS is enabled, the DM function is disabled. RDQS is active for reads and do not care for writes.
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Extended Mode Register Set (EMRS(1))

The extended mode register EMRS(1) stores the data for enabling or disabling the DLL, output driver strength, additive latency,
ODT, DQS disable, 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 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 reg-
ister set command cycle time (tyyrp) 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. AO is used for DLL enable or disable. A1 is used for enabling a half strength output driver. A3-A5 determine the
additive latency, A7-A9 are used for OCD control, A10 is used for DQS disable and A11 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, DQS, RDQS, RQDS which can be programmed by A10 & A11
address bits in EMRS(1). 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.

EMRS(1) Strobe Function Matrix
A1 A10 . _
(RDQS Enable) (D_QS Enable) RDQS/DM RDQS DQS DQs Signaling
0 (Disable) 0 (Enable) DM Hi-Z DQS Das 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 nor-
mal 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 tpqsck parameters.

Output Disable (Qoff)

Under normal operation, the DRAM outputs are enabled during Read operation for driving data (Q bit in the EMRS(1) is set to
0). When the Q4 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.

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 writeen 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.
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EMRS(2) Extended Mode Register Set Programming

[BA2] BA1[BAOJA12][AT1]A10] A9] AB] A7] A6] A5] A4d] A3] A2| AT1] AD| Address Field

v

v

v v oy

vy v

| 0" | y | 0 | 0 | SRF| 0 | PASR™ | Exte_nded Mode
Register
BA1 |BAO MRS mode A7 |High Temperature Self-Refresh Rate Enable
0 MRS 0 Disable
0 |1 EMRS(1) 1 Enable** (85C<Tcase<95C)
110 EMRS(2) |
1 1 EMRS(3):
Reserved
v
A2 | A1| AO Partial Array Self Refresh
0 | O | O [ Fullarray
0 | 0 | 1 | Half Array (BA[2:0]=000, 001, 010, &011)
0 | 1 | O | Quarter Array (BA[2:0]=000&001)
0 [1 |1 |1/8"™array (BA[2:0] = 000)
1 010 3 /4 array (BA[2:0]=010,011,100,101,110, &111)
1 | 0 | 1 | Halfarray (BA[2:0]=100, 101, 110, & 111)
1 | 1 | 0 | Quarter array (BA[2:0]=110&111)
1 1 1 1/8" array (BA[2:0]=111)

* The rest bits in EMRS(2) is reserved for future use and all bits in EMRS(2) except A0-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 bit [0].
*** Optional. If PASR(Partial Array Self Refresh) is enabled, data located in areas of the array beyond the
spec. location will be lost if self refresh is entered.

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 reg-
ister during initialization.

REV 1.3
10/2008
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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 followed by “OCD calibration mode exit” before any other command being issued. MRS should be
set before entering OCD impedance adjustment and ODT (On Die Termination) should be carefully controlled depending on

system environment.

—§— 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

Need Calibration

EMRS: OCD calibration mode exit

\

EMRS :
Enter Adjust Mode

v

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

Y

EMRS: OCD calibration mode exit

I

I EMRS: OCD calibration mode exit ﬁ‘i

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

ALL OK

\

Test

Need Calibration

EMRS: OCD calibration mode exit

v

EMRS :
Enter Adjust Mode

Y

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

Y

EMRS: OCD calibration mode exit

EMRS: OCD calibration mode exit

\

End

REV 1.3
10/2008
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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 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 nom-
inal 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 characteristics must specify A7~A9 as '000’ in order to 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 DQS low
0 1 0 Drive(0) DQ, DQS, (RDQS) low and DQS high
1 0 0 Adjust mode
1 1 1 OCD calibration default
REV 1.3 17
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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 acti-
vating 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 previ-
ously set value must be applied.

Off- Chip-Driver Adjust Program

4 bit burst code inputs to all Operation
DQs

Dto D14 Dro D3 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 tpg / tpy should be met as the following timing dia-
gram. Input data pattern for adjustment, DTO ~ DT3 is fixed and not affected by MRS addressing mode (i.e. sequential or inter-
leave).
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OCD Adjust Mode

OCD calibration
* OCD adjust mode mode exit *

CK-=2 /8 r——X r——X \——
CK_\ / w_/ w_/ w_/

CMD«<EMRS>—£—< NOP >—< NOP >—< NOP >—< NOP > < NOP > <EMRS> < NOP >7

WL Das - WR

< ») r'— ™\ r—
DQS /( \
\ w_J w_J

tDS,_ | tDH

<P

DQ \ DTO><DT1 >< DT2>< DT3>

DM \ /

Drive Mode

Drive mode, both Drive(1) and Drive(0), is used for controllers to measure DDR2 SDRAM Driver impedance before OCD imped-
ance adjustment. In this mode, all outputs are driven out to,7 after “enter drive mode” command and all output drivers are

turned-off tq 1 after “OCD calibration mode exit” command as the following timing diagram.

i : i : i i : i :
1 : ! : | H | :
CMD < EMRS(1) >—< NOP >—< >_< NOP >—< NOP >—< EMRS(1)>—< NOP >—< NOP >—<
lor: 4 : ! L
dl . 1 1 1 | | H |
Il | | | | q : H :
DQS_in — bas hi igh & DQS Iow for Drlve( ) DQS low & DG DQS high for Drive 0 i i
] 1 1
: | |_DQS high for Drive(1) : i i
—— : | DQS:h' hf: Dri :(0) | : I |
pQin | i— =2 udnjor Drvell) I ! !
fEnter Drive Mode ? OCD calibration
mode exit
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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, DQS,
RDQS, RDQS, and DM signal for x4/x8 configurations via the ODT control pin. For x16 configuration ODT is applied to each
DQ, UDQS, UDQS, LDQS, LDQS, UDM and LDM signal via the ODT control pin. The ODT feature is designed to improve sig-
nal 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.

Funtional Prepresentation of ODT

VDDQ VDDQ vDDQ
swi
Rval1 h Rval2 h Rval3
DRAM
Input Input
Buffer Pin
H Rval1 H Rval2 H Rval3
swi sw2 sw3
VSSQ VSSQ VSSQ

Switch sw1, sw2, or sw3 is enabled by the ODT pin. Selection between sw1, sw2, or sw3 is determined by “Rtt (nominal)” in
EMRS. Termination included on all DQs, DM, DQS, DQS, RDQS, and RDQS pins.
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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.

CMD

e
CK, CK
) [ |

o S B

EESSeEREDE.

CKE \

” tﬁ/IOD, max Iy
>
tAOFD tMOD, min i

Rit . Old setting | X 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 I/O 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
ODT. Following timing diagram shows the proper Rtt update procedure.

raised again to turned on the

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

oy
[ET)
R
sty

I

CMD

55
%
Nt

Seletetely

<

r=-

oese || XA

CKE

S -

tAON

D

\ 4

A

tMOD, max

\ 4

tAOFD

o
-

New setting

Rtt Old setting

Setting in this diagram is the Register and I/O setting, not what is measured from outside.

EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt(Nominal)
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ODT On/Off timings
ODT timing for active/standby mode
T-0 T-1 T-2 T-3 T-4 T-5 T-6
= OO Oee
[ S— ! _ [ S— v/ _ S
CKE ;
tis \v_’
ODT  —F 1% ! {AOND — tAOFD(2. 5tck) _
Internal : ? :
Term Res. Rtt
tAON, min 1 1AOF.mn
" I _tAON, max | " JAOF, max
ODT Timing for Power-down mode
TO T T2 T3 T4 T5 T6
e X L0 e
' AX__/ L_ o _ \__/ Lo _ !
e
CKE T S N AN S A NS NS A NN N N N
P o s
or T ; s —
: : | > tAOFPD,max | |
| | | | tAGEPDimin | o :| |
DQ | | : : . + ! — :
; : ; \ Ritt !
! '« tAONPD,min \!\ : : : : !
« tAONPD.max
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Bank Activate Command

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 BAO ~ BA2 are used to select the desired bank. The row addresses AO through A13 are used to determine
which row to activate in the selected bank for x4 and x8 organised 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-Pre-
charge) on the following clock cycle. If a R/W command is issued to a bank that has not satisfied the trcpmin 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 tgrcpmin 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 tgpg and tgp, respectively. The minimum time interval between successive
Bank Activate commands to the same bank is determined (tgc). The minimum time interval between Bank Active commands, to

any 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 sequen-
tial 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. Con-
veting 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 com-
mands 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: tgcp = 3, AL = 2, tgp = 3, trrp = 2, tcep = 2

T4

O &K /__\""/__\ /_HX /__\r"

Internal RAS CAS delay tRCDmm

< i
H '

Bank A Bank A Bank B Bank B

Address <Row Addr. ><Co| Addr. >><Row Addr. >><Col. Addr. }
| H 1

Bank A to Bank B delay tRRD
addmve Iatency AlL= 2 Read A

Tn+1 Tn+2 Tn+3

/ O X

Bank A Bank B } Bank A >7
< Addr. > NOP >< Addr. <RowAddr.

RAS RAS delay tRRD ! g"‘s

Command~{ BankA osted CAS Bank B osted CAS
Act|vate ead A Actlvate ead B

tRAS Row Actlve T|me (Bank A)

Bank A NOP Bank B Bank A
Precharge Precharge Activate

tRP Row Precharge Tlme (Bank.A) )

[

A

l

1 H 1 <
1] 1 :

tRC Row Cycle Time (Bank A) ACT
T T H

A
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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 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 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 set-
ting, 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. The minimum CAS to CAS delay (tccp) is @ minimum of 2 clocks for read or write

cycles.
Posted CAS

Posted CAS operation is supported to make command and data bus efficient for sustainable bandwidths in DDR2 SDRAM. In
this operation, the DDR2 SDRAM allows a Read or Write command to be issued immediately after the RAS bank activate com-
mand (or any time during the RAS to CAS delay time, tgcp, period). The command is held for the time of the Additive Latency
(AL) before it is issued inside the device. The Read Latency (RL) is the sum of AL and the CAS latency (CL). Therefore if a user
chooses to issue a Read/Write command before the 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 CAS latency (RL=AL+CL). If a user chooses to issue a Read command after the tgcpmin Period, the Read Latency
is also defined as RL = AL + CL.

Example of posted CAS operation:

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

1 1 1
| | | | | | '
| |
oo ERER)
I AL=2 !

|
DQS, | |
SYaY<) [ [l [ ] [
DQs | | >=tRCD |
>
| : L RL=AL+CL=
DQ 1 I Ml 1 1
| | | | |
| 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

I I | | QL':dO I I I L
CMD : | . Bank A : : : { Banicn )
| | | >=tRCD I CL=3 ~| |
E’ ! ! | ) !‘ : Ir y = 1
e R xilI_L
| | | 1 | 1
| | | 1 RL = AL + CL 3 |
DQ | | ) } I Douto) Dout1 {Dout2 | Douts Din0 Y Dint X Din2 | Din3
| | | | I I I | |
| | | | | | | | | | | PostC ASSI
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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. Seam-
less 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 “Burst Interruption “ section of this datasheet. A Burst Stop command is not supported on DDR2 SDRAM
devices.

Burst Length and Sequence

Starting Address

Burst Length (A2 A1 A0) Sequential Addressing (decimal) Interleave Addressing (decimal)

x 00 0,1,2,3 0,1,2,3
x 01 1,2,3,0 1,0,3,2

! x 10 2,3,0,1 2,3,0,1
x 11 3,0,1,2 3,2,1,0
000 0,12 3, 45,6,7 0,12 3, 4,5,6,7
001 1, 2,3, 0,5 86,74 1,0, 3,25 4,7, 6
010 2,3 01,6,7, 4,5 2,30 1,6,7, 45
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 4,56,7,0 1,2, 3
101 56,7, 4,12 3,0 5 4,7,6,1,0, 3,2
110 6,7, 4,5, 2 30,1 6,7, 4,5 2 3,0, 1
111 7, 4,5, 6, 3012 7,6,5 4,3 2 1,0

Note: 1) Page length is a function of I/O organization
256Mb X 4 organization (CA0-CA9, CA11); Page Size = 1kByte; Page Length = 2048
128Mb X 8 organization (CA0-CA9 ); Page Size = 1kByte; Page Length = 1024
64Mb X 16 organization (CA0-CA9); Page Size = 2kByte; Page Length = 1024
2) Order of burst access for sequential addressing is “nibble-based” and therefore different from SDR
or DDR components
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Burst Read Command

The Burst 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 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 syn-
chronous 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))

Basic Burst Read Timing

CLK, CLK
Das,
DQS
—»
DQ Dout g
tpasamax
~Mmaxy, —
toasamax] ¢
tan taH
DO-Read
Examples:
Burst Read Operation: RL=5 (AL=2,CL=3,BL=4)
TO T T2 T3 T4 T5 T6 T7 T8

__ \ / \
CK, CK
| SR —_—

i :
CMD Post CAS NOP NOP NOP NOP NOP NOP
< READ A >—< NoP NoP

! : : : | : | <=tDQSCK , : |
\ | | | | —P | " | : | |
! | | | | : " : i |
s . ' ' EEIEa |
DQS i ! ! ! :\ 1 ; i : | / !
3 AL=2 o CL=3 | g | | |
> | i | | > : | |
P \ =5 : | [ | |
DQ E‘ ! n n ! >’\Dout A0 { Dout A1 X Dout A2 | Dout A3>‘, .
| I I I I I I
Il | | | | | | | |
BRead523
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Burst Read Operation: RL=3 (AL=0,CL=3,BL=8)

TO

o L X \r_/ X /L_J\ / \r_/ X /iL \'__X__\:_j)i’__}("
CMD<READA>—< NOP H H Nor H — H — H v H - :H — :>

i ! ! ! K I

DQs, | : |/ r VT VT T
Das ; "\ oAt ho AP A VA A T T

J BT N AN BN L D D R R

' : RL = : :: / . : ' \ : ' H 1

DQ's ; ! L ': \Dout A0 XDout A1 X Dout AZX Dout A3 /< Dout A4 XDout ASX Dout AGX Dout A7 : :

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

' ' ' : ' BRead303

Burst Read followed by Burst Write : RL =5, WL = (RL-1)=4,BL =4
Tn+1 Tn+2 Tn+3 Tn+4 Tn+5

/_4\ / X/_f/ R /_4\ /_ \r_ﬂ/ K /L_d\ / \ / L
oo @E%XASH

>_< NOP PostedCA5>_< NOP >_< NOP >_< NOP >_< NOP >_< NOP >7
WRITE A

/———I\

[l [l [l
E i tRTW(Read to erte turn around tlme)l ' ! !
+ | | I I
%‘ : : \ \ : :’ |' ' i ! / 1RV HE ST
Das : : . \ oo i bR EA N | A |
! | ! i | WLZRL-1-4 R :
: : RL = |‘ | ' : : 7 :
[ ! ' | [y
ba |‘ i I i i |<D°UI AO 1 Dout A1 X Dout AZX Dout A3>:;7<Dm A0 XDin Al X Din A2 XDin A3
| ) | | s K il il —
BRBW514

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.
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Seamless Burst Read Operation : RL=5,AL=2,CL=3,BL=4

TO

oo ] K \r_ﬂ/ X /L_J\ /__,\r_ﬂ/ X /L_J\ K__\_/ X

P
CMD-{ Post CAS NOP Post cAs NOP NOP NOP NOP NOP
READ A READ B

] ] ]
| | |
| | |
I : | : ! : 1
Das, ; ) A L R A A
bas ! Voo h A TR A R |
’ A=2 i oL=3 : A
< >« + #. | | : |
-_— } ] 1 1
o0 « RL=5 : >
|
|

/ Y \’ y v

'\Dom A0 XDout A1 X Dout AZX Dout A3/<Dout BO XDout B1 X Dout BZX Dout B3>_
b | b

| H H

' SBR523

The seamless burst read operation is supported by enabling a read command at every other clocks for BL=4 operation, and
every 4 clock for BL=8 operation. This operation is allowed regardless of same or different banks as long as the banks are acti-
vated.
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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 “write recovery time” (WR) .

DDR2 SDRAM pin timings are specified for either single ended mode or differential mode depending on the setting of the EMRS

“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.

Basic Burst Write Timing

tDQgH tDQSL

DS,
DQS

Example:.

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

TO T9

e [ / \f‘“/ X /L_A\ /__,\‘/ X /L_J\ x
m@w T e = o ) m

L
\_
Precharge>>

[ [ [ H ; T
.4 ' ' \ <= tDQSS Completion of |
. | | | r — : s i the Burst Write : |
DQS, ! ! I i . ! / \‘\ o ! |
DQS | ! ; ! ; ! - P A ! : !
: C WL=RL-1=4 | AL tWR i |l
S SRIRUELLE S e O " L At
: 1 : 1 : 1 / \ 1 1 : \ 1
bQ : i ; : DIN AOXDIN A1><D|N A2><D|N A3 i : '
| I I I \ _ [ I ; l ‘I
\ l l 1 1 : l l : 1
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Burst Write Operation : RL=3 (AL=0,CL=3), WL=2,BL=4

TO

oo [ / \r_/ X /L_J\ X__\_/ X /L_J\ /__\f// 1

. BankA .
Post CAS
CMD<V&>F§|TEAH NOP >_< NOP >_< NOP >—< NOP >—< NOP >_< NOP >—<Precharge Activate >—

| i .L <= tDQ SI § i Completlon of | i i i
bas, E‘ i 5 J= Lr At :l ; ;L‘/the Burst \Ierte i i i
DQs : ' \_:_/ \ i / i \X\ i / i f i i ]
SRS N e L e B Y O At
WL RL 1= 2 ' 1 :‘ : : : : :
DQ . : : \ow A0><D|N A1><D|N A2><D|N A3 | | i i |
b ! ; : . ! ! ! ! ! :
' ' BW322
Burst Write followed by Burst Read : RL=5 (AL=2,CL=3),WL=4,tWTR=2,BL=4
T3 T5 T6 T7 T8 T9

\ I /__\r_ﬂ/ X_X_J\ K__,\F_Y !

Write to Read = (CL 1)+ BLI2 +HWTR(2

' al
I

I

|

I

I

I

I

- s

ouo (oo H = o HP"“’*SH oo H{ver H{Cvor Mo

READ A 1

|

I

I

pgs, | | | e | | | I |
bas  — e / \ ) : : : X !
A SO e e ey L : CL=3 A
WL=RL-1=4 | < tAV\;;; o= | | >
DQ i i <DIN A0><D|N A1><D|N A2><D|N A3> :< : =: : : : ;
I e e Y ! | RL=5 | ! ,

BWBR

The minimum number of clocks from the burst write command to the burst read command is (CL - 1) +BL/2 + ty1R
where tyTR is the write-to-read turn-around time tyytr expressed in clock cycles. The tygr is not a write recovery
time (tyr) but the time required to transfer 4 bit write data from the input buffer into sense amplifiers in the array.
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Seamless Burst Write Operation : RL=5, WL =4,BL =4

TO T6 T7 T8

wer [ 1. x \"/ X /L_A\ / \”‘“/ 0 ”/\ 1

CMD Post CAS Post CAS
: : | : : :
DIN AO><D|N A1><D|N A2><D|N A3XD|N BO><DIN B1Mﬁ>—‘7

I H I H I H I H I SBR

4=

—

DQ@s,
DQS

[

V___E__\_-

Rt it S

TS
R
ezt

DQ

—

=
-
]
Py
—
RN S O
]
N

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 SDRAMs, consistent with the imple-
mentation 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

tpasH  toasL

I—==A -———=
DQS,
bas
twesT
<«
DQ
DM

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

T0

oo |1 / \r_j/ X /L_J\ X__,\_/ X /L_J\ /__\/// X
CMD<WRITEA>—< NOP >_< NOP >_< NOP :H NOP H NoP H NOP HPrecharge Aztr:\ll(a?e >—

| 1 | |
| 1 | | I
| 1 | | |
Das, . | i i i
DQS ' / ; ' | | |
1 E ] : 1 : | |
| PtWR b | |
MEEE R :
DQ 1 1 I I |
| 1 | | |
| 1 | | |
| 1 | | |
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.

© 0O N O O

A Read Burst of 8 can only be interrupted by another Read command. Read burst interruption by a Write or Precharge
Command is prohibited.

A Write Burst of 8 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.
. Read or Write burst with Auto-Precharge enabled is not allowed to be interrupted.
. Read burst interruption is allowed by a Read with Auto-Precharge command.
. Write burst interruption is allowed by a Write with Auto-Precharge command.

. All command timings are referenced to burst length set in the mode register. They are not referenced to the actual burst. For

example, Minimum Read to Precharge timing is AL + BL/2 where BL is the burst length set in the mode register and not the
actual burst (which is shorter because of interrupt). Minimum Write to Precharge timing is WL + BL/ 2 + tyyr, where tyr starts

with the rising clock after the un-interrupted burst end and not form the end of the actual burst end.

Examples:

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

TO

e |1 / \r_/ X /L_J\ /__\_/ X /L_J\ /__\r_/__\
v (reron | ror Wi s W vor W v W o W wor W v W )

T T T
\ |
| | |
| | | ! !
DQS, : E I/ : \ / It L
bas ] < AN P : ,-
: i | i | i i i
| | | | | | | |
| i i | | | |
1 ! ! / \
DQ : : : ‘\ Dout AO | Dout A1 | Dout A2\ Dout A3/| Dout BO | Dout B1 | Dout B2) Dout 83‘ Dout B4 | Dout B5 | Dout B6
: : : : : | | | |
\ | | | | | | | |
| I I I I I I I I
| | | | | | | | |
RBI
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Write Burst Interrupt Timing Example : (CL =3, AL=0, WL =2, BL=28)
TO T T2 T3 T4 T5 T6 T7 T8
_ 1= -0 — )\ /™ ]
CK, CK ) (
- I__l I\__ IL__I | 1 IL__‘ 1 1
CMD < NOP H WRITE A >—< NOP >—<WRITE B >—< NOP >—< NOP >—< NOP >_< NOP >_< NOP >[
bgs, | | A VTNV y i ;
DQS : : : ] ; -“ |
| | | —
DQ : ! ! X Din B2 X Din B3 /<Dout B4 XDin B5 X Din B6 X Din B7 >
I
WBI
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Precharge Command

The Precharge Command is used to precharge or close a bank that has been activated. The Precharge Com-
mand 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, BA1, and BA2 are used to define which bank to precharge when the command is issued.

Bank Selection for Precharge by Address Bit

A10 BA2 BA1 BAO Péeacnhka(;%e
LOW LOW LOW LOW Bank 0 only
LOW LOW LOwW HIGH Bank 1 only
LOW Low HIGH LOwW Bank 2 only
LOW LOwW HIGH HIGH Bank 3 only
LOW HIGH LOwW LOwW Bank 4 only
LOW HIGH LOwW HIGH Bank 5 only
LOW HIGH HIGH LOwW Bank 6 only
LOW HIGH HIGH HIGH Bank 7 only
HIGH Don’t Care 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 precharge, the Precharge command may be issued on the rising edge which is “Additive Latency (AL)
+ BL/2 clocks” after a Read Command, as long as the minimum tgag timing is satisfied.

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.

REV 1.3 36

10/2008 © NANYA TECHNOLOGY CORP. All rights reserved.
NANYA TECHNOLOGY CORP. reserves the right to change Products and Specifications without notice.



NT5TU256M4DE / NT5TU128M8DE / NT5TU64M16DG -/\
v §

NANUAN

1Gb DDR2 SDRAM

Examples:

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

oK / \m/ By /L_d\ /__\m/ L /L_d\ _X__\m/ \("/L_d\
CMD {P}S};;%Aﬁ H NOP H NOP >—<Precharge H NOP H NOP >_< NoP H Eiﬁliﬁc >—< NOP >

i‘ AL + BL/2 clks - P S=IRP
| L -
DQS. A { i
DQS 4 §
AL=1 P CL=3 ~
<«——>la i >
_ RL=4 >
DQ — Ll Dout AO 3 Dout A1 | Dout A2\ Dout A3
>=tRAS Iy CL=3 .
>=tRC h :
>
>=RTP .
: Ll

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

e Y O
oo EZE) e (b (b o) (e ) e )

AL + BL{2 clks

o -
- Ll

ALi=1 CL=3
<+—Fr i« |
. RL = 4 Y
DQ — = Dout A0 } Dout A1 j\ Dout A2} Dout A3 <Dout A4 XDout A5X Dout Af X Dout AV
>£tRAS > < CL=3 >
>=tRC ¢
>
>=tRTP ~
A A
. BR-P413(8
first 4-bit prefetch second 4-bit prefetch ®
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Burst Read Operation Followed by Precharge: RL =5 (AL = 2, CL = 3), BL = 4, tgrp <= 2 clocks

/ \’_“/ \ /L_HX / \r"/ \ /L_AX / \’"/ \'"/L_A

CMD _/ Post CAS NOP NOP NO Precharge NOP NOP Bank A NOP
READ A Activate

P AL + BL/2 clks _ >=tRP
- H > ‘
DQs, y i 1 i
bas \ : \
AL=2 CL=3
ol ] L (] |-
. : : Ll | : Ll
RL=5
>l : .
bQ — — <Doul A0 } Dout A1 | Dout A2} Dout A3
N 1l
>=tRAS =3
b iq CL=3 >
>=tRC _
H Ll
>=IRTP > BR-P523

Burst Read Operation Followed by Precharge: RL = 6, (AL = 2, CL = 4), BL = 4, tg1p <= 2 clocks

CMD Post CAS Pnechmge BankA
{ROEADA H NOP >—< NOP >—< NOP >—< >—< NOP >—< NOP >—< e NOP

_/ \r_ﬂ/ L /d\ / \r"/ L / X / \r"/ \ /_HX

P + BL/Z clocks nia >—tRP
| L |
DQS, } j
DQS \ . 1
AL =2
< »
< > CL=4 "
_ RL=6 « 4
DQ — H = Dout A0 XDout A1 | Dout A2\ Dout A3>77
>=tRAS > CL=4 >
>=tRC ~
>
>=tRTP . BR-P624
i L
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Burst Read Operation Followed by Precharge: RL =4, (AL =0, CL = 4), BL = 8, tgTp > 2 clocks

<o e

CMD { READ A >——< NOP >—< NOP >—<

op >—< NOP >—<Precharge >—< op >—< NOP >—< Bank A >
\ctivate
P AL + BL/2 clks + 1 P >={RP
| Lot |
DQS, ; i 3 i
DQs 4 ] 4 H §! 4 H /
< CL44 >
_ RL$4 g
DQ — ~{ bout A0 { Dout A1 ¥ Dout A2] Dout A3 <Dou1 A XDout AéX Dout A X Dout Ab>7
>3tRAS »
>
S=tRTIP
f Lt
) ) BR-P404(8)
first 4-bit prefetch second 4-bit prefetch
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Burst Write followed by Precharge

Minimum Write to Precharge command spacing to the same bank = WL + BL/2 + tyyg. 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 (tyr) referenced from the completion of the burst write to the Precharge

command. No Precharge command should be issued prior to the tyr delay, as DDR2 SDRAM does not support
any burst interrupt by a Precharge command. tygr is an analog timing parameter (see the AC table in this
datasheet) and is not the programmed value for t\\g in the MRS.

Examples:

Burst Write followed by Precharge : WL=(RL-1)=3,BL=4,tyg=3

0 6 7 8

/__\,_,/__\ /_d\ /__\”"/ L / J BN

CMD <P0%t CAS >_< NOP >_< NOP >_< NOP >_< NOP >_< NOP >_< >_< NOP >_< Prcchargc
WRITE A >

Completlon of

. the Burst Write
B Ty
DQS oA kA :
3 WL =3 _ < >=tWR >
o i EERE

BW-P3

Burst Write followed by Precharge : WL=(RL -1)=4,BL =4, tyg=3

T0

—/\ / \F_ﬂ/ X /L_J\ / \F_ﬂ/ X /L_J\ /__,f/ A

CMD _{ Post CAS NOP NOP NOP NOP NOP NOP NOP Precharge
WRITE A

&

1 : 1 I 1 1 1
l : | | 1 l 1
i ! : ! ! ' ! Completlon of '
DQs, ! ! : ! ! [ o ; 4/ the Burst Write !
DQS T | ; | | . A / ! i V\/I :
| ! H | | \ ! A ! |
1 i 1 1 | | l tWR \ \ 1
< } W=4 | > : e ; >
h | | | . ' : g
I
bQ ; ] ] i <DIN Ao><D|N A1><D|N A2><D|N A3> i i i
| | | | : : | | |
Il I I I I . I . I I I
) ) BW-P4
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Auto-Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the Pre-charge Command
or the Auto-Precharge function. When a Read or a Write Command is given to the DDR2 SDRAM, the CAS timing accepts one
extra address, column address A10, to allow the active bank to auto-matically begin precharge at the earliest possible moment
during the burst read or write cycle. If A10 is low when the Read or Write Command is issued, then normal Read or Write burst
operation is executed and the bank remains active at the completion of the burst sequence. If A10 is high when the Read or
Write Com-mand is issued, then the Auto-Precharge function is enabled. During Auto-Precharge, a Read Command will exe-
cute 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 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 thepprecharge operation until the array restore operation has been completed so that the Auto-Precharge
command may be issued with any read or write command.

Burst Read with Auto-Precharge

If A10 is high 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 tgag(min)

and tgrp are satisfied. If tgag(min) is not satisfied at the edge, the start point of Auto-Precharge operation will be delayed until
tras(min) is satisfied. If tryp(min) is not satisfied at the edge, the start point of Auto-Precharge operation will be delayed until
trTp(min) is satisfied.

In case the internal precharge is pushed out by tgtp, trp 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 Auto-Precharge to the next Activate
command becomes AL + tgrp + tgrp. For BL = 8 the time from Read with Auto-Precharge to the next Activate command is AL +

2 + tg7p + trp Note that both parameters tgrp and tgp have to be rounded up to the next integer value. In any event internal pre-
charge 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 (trp) has been satisfied from the clock at which the Auto-Precharge begins.

(2) The RAS cycle time (tgc) from the previous bank activation has been satisfied.
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Examples:
Burst Read with Auto-Precharge followed by an activation to the Same Bank (tgrc Limit)
RL =5 (AL =2, CL = 3), BL =4, tgTp <= 2 clocks
TO T T3 T4 T5 T6 T7 T8

CK, CK X__X_/ )\ / >\_\/(L_)\__X_/

- z
CMD osted CAS NOP NOP NOP NOP NOP NOP NOP Bank
EAD w/AP, Activate

A’iO "hlgh" E E i E

u‘ : AL +'BL/2 ! Auto Precharge Beglns ! ! : ! :

DQs, € ! : | : ! : ';/ : i T O N ! é

Das ! — ! ! o :/ \ '/ A
| AL=2 e CL=3 5 tRP : >
L i RL=5 | i g j . ; \: |
bQ = T : i : T 7 : = pout AOXDout Al X Dout AZX Dout A3 ;
: | | ! ! \ /: !
- || IRAS! ! S !
! | ! tRCmin. | g : | : | : | o

| I : I I I : I I I 7l :

H [ | | [ : l [ [ 1 :

BR-AP5231

Burst Read with Auto-Precharge followed by an Activation to the Same Bank (tRAS Limit):
RL=5 (AL =2, CL =3), BL =4, tRTP <=2 clocks

TO
CK’CK/\/\/X/\/\/X/\/\/X
U U L _ ——
L I R S S S
MD ted CAS Bank
c <ER0ESA6D W/AP>_< NOP >—< NOP >—< NOP >—< NOP >—< NOP >_< NOP >_< Adivate>—< NOP }
A10 ="high" i i i ! !
i ! tRAS m|n) ! Auto Precharge Begins ! : :
pas. : . : > VI g :
R =
» AI:'= 2 :;: CL:= 3 < =I RP | > |
< i RL=5 | | q i : \: |
DQ = T i T 7 = Dout A0 } Dout A1 X Dout A2 Dout A3 :
: | | | | \ /: \
H 1 1 1 1 i T 1 1
H 1 1 1 1 1 1 1 1
! i G i i i i o i
| [ : [ [ I [ I 1 |
H 1 l l 1 1 1 1 l
BR-AP5232
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Burst Read with Auto-Precharge followed by an Activation to the Same Bank:

RL=4 (AL =1, CL = 3), BL =8, tgyp <= 2 clocks

T0

o [ x \"“/ X /L_A\ x \f‘/ X /L_A\ 7 Lm

CMD osted CAS NOP NOP NOP NOP NOP NOP B‘i‘“k
READ w/AP, Activate
E f 4 f f f

] I
A10 "hlgh" AL +BLI2 g P j § tRP

| | : | E

| | H | H

i i 5 > < : HE :

! ' . | Auto Precharge B(_B_gj[1§ : | :

DQs, ! i | i / & i Mo i : i g

DQsS ' i : i : \ i T i) it | : i : i :

. | H | H | { " + t 0 1 T + T + H

A=t ¢ CL=3 | R

,4_:_71‘ T T Ll H | H | : | : | :

DI RL=4 | o

DQ ' N N N | :
: : | | | | Dout A0 XDOLIIA‘] X Dout AZX Dout A3/<D0ut A4XDOU1 A5X Dout A6X Dout A7>‘:

: | | | | 4 1 L :

A ! ! s=tRTP =+ ¢ 4 4 i

| : l l : ' : ' ; ' ;

Il B 1 ] | | |

T

first 4-bit prefetch second 4-bit prefetch

—

BR-AP413(8)2

Burst Read with Auto-Precharge followed by an Activation to the Same Bank:

RL=4 (AL =1, CL = 3), BL = 4, tg7p > 2 clocks

TO T3 T4 T5 T6 T7 T8

w | u__D___

o g e ) (1 (0 ) H et H o )
READ w/AP) Actlvate
v | H

—_n " ‘ | : ‘ | | | 1
A10 ="high . AL +{RTP +tRP' N i ‘E i
! | 5 | ' Autci-Precharge Begins | | o i
DQs, ! : | | E :‘ W / S | |
S P P R e s s e A R O
| = = H H h
> — : i : i i i
' | RL=4 | P ' : i \: | |
DQ — ' ' ' : | Dout AOXDOU!M X Dout AZX Dout A3 /: X X
[} i H
I H | | | : | 3 {l 4 1 1 |
I H | | | : | : | : | | |
| TP . wRP | § |
| : | | | o ] : | ] g I
T BR-AP4133
first 4-bit prefetch
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Burst 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 auto-
matically begins precharge operation after the completion of the write burst plus the write recovery time delay (WR), pro-
grammed in the MRS register, as long as tgag 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 (tpp. = WR + tgp) has been satisfied.

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

Examples:

Burst Write with Auto-Precharge (tgc Limit) : WL =2, tpp, =6 (WR=3,tgp=3),BL=4

TO T4 T5 T6 T7

wex [ / }e / X /L_Jx

CMD <V‘(N'7/LTPE H NOP >_< >_< NOP >—< NOP >—< NOP >_< NOP

Bank A
Activate

A10 ="high’ ; ! : '

i ; : ’_____i ' JICompletlon of;‘he Bur.st erte: Au o- Precharge Beglns i

DQs, N R N O A A S A : S S M

pas T N SO N S | W O WR e || |

| WL=RL1=2 é v 1< : : > P

: : / i , DAL L

DQ . E \DIN A0><DIN A1><D|N A2><D|N A3/ E‘ E ' E E \TE

: ! T - ! ! ! | |

! | P P i tRCmin. | | |

| | L | >=tRASmin. | ) i

\ | | | | : | : | Ll |

BW-AP223
REV 1.3 44

10/2008 © NANYA TECHNOLOGY CORP. All rights reserved.

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



NT5TU256M4DE / NT5TU128M8DE / NT5TU64M16DG

1Gb DDR2 SDRAM

8>

NANYANA

Burst Write with Auto-Precharge (tygr *+ tgrp Limit) : WL =4, tpp. =6 (tywr =3, tgp =3), BL=4

/ i / X / \"“x W_dx

: N | :
CMD <Posted CAS NOP >_< NOP >—< NOP >_< NOP >_< NOP >_< NOP >_< pop Bar_'kA >
WRITE w/AP ] . ] ] ] ] ] Activate
A1 0 ="high" | _ Completion of the Burst Write I : {
! : ] i Auto-Precharge Begins
DQS, H i 4 " #‘.“ E
oS ) / e
WL = ‘_|_-1=4 < ;tWR . =:= :
D ) \ \ /Dlli\l DI;\I DIE\I DIEN | i< tD:AL \\;
Q |20 Xm ><A2 ><A3 | :
H H P
i >=tRAS >
) BW-AP423
Precharge & auto precharge clarification
From Command To Command Minimum Dizlay“between Frc:m Units  Note
command” to “to command
Precharge (to same Bank as Read) AL + BL/2 + max(RTP,2) - 2 tCK 1,2
Read
Precharge All AL + BL/2 + max(RTP,2) - 2 tCK 1,2
Precharge ( to same Bank as Read wAP) AL + BL/2 + max(RTP,2) - tCK 1,2
Read w/AP
Precharge Al AL + BL/2 + max(RTP,2) - 2 tCK 1,2
Precharge (to same Bank as Write) WL + BL/2 + tWR tCK 2
Write
Precharge Al WL + BL/2 + tWR tCK 2
Precharge (to same bank as Write w/AP) WL + BL/2 + WR tCK 2
Write w/AP
Precharge Al WL + BL/2 + WR tCK 2
Precharge (to same bank as Precharge) 1 tCK 2
Precharge
Precharge Al 1 tCK 2
Precharge 1 tCK 2
Precharge All
Precharge Al 1 tCK 2

Note:
1) RTP[cycles] =

RU{tRTP(ns)/tCK(ns)}, where RI stands for round up.

2) For a given bank, the precharge period should be counted from the latest precharge command, either one bank pre-
charge or precharge all, issued to that bank. The precharge period is satisfied after tRP or tRPa depending on the latest

precharge command issued to that bank.
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Refresh

SDRAMSs require a refresh of all rows in any rolling 64 ms interval. Each refresh is generated in one of two ways : by an explicit
Auto-Refresh command, or by an internally timed event in Self-Refresh mode. Dividing the number of device rows into the roll-
ing 64 ms interval defined the average refresh interval tgeg|, which is a guideline to controlles for distributed refresh timing. For

example, a 512Mbit DDR2 SDRAM has 8192 rows resulting in a trgp; of 7,8 ys.

Auto-Refresh Command

Auto-Refresh is used during normal operation of the DDR2 SDRAMs. This command is nonpersistent, 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 inter-
val of tggr| (maximum).

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. Al
banks of the SDRAM must be precharged and idle for a minimum of the precharge time (tgp) before the Auto-Refresh Com-

mand 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 (trrc).

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 * trgp.

T

o {0y,

:"high"é i

: A

:;: = ?tRFC \Q
. : |

AUTO AUTO
CMD:(PrechargeH NOP >;< NOP >—<REFRESH>{ NOP {REFRESHH NOP H NOP H ANY >_

| B [ " [ i [ ) [ ) [ ; 1 i
| : | : | : | : | : 1 : l H | H |

CKE

I
|
|
L
| |
| |
| |
| |
L » g
1 Ll |
| |

t:RP

Y
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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. When the DDR2 SDRAM has entered Self-Refresh mode all of the exter-
nal control signals, except CKE, are disabled. The clock is internally disabled during Self-Refresh Operation to save power. The
user may change the external clock frequency or halt the external clock one clock after Self-Refresh entry is registered, how-
ever, the clock must be restarted and stable before the device can exit Self-Refresh operation. Once Self-Refresh Exit com-
mand is registered, a delay equal or longer than the tygngr Or txgsrp Must be satisfied before a valid command can be issued to
the device. CKE must remain high for the entire Self-Refresh exit period (tygnr OF txsrp) for proper operation. NOP or DESE-
LECT commands must be registered on each positive clock edge during the Self-Refresh exit interval. Since the ODT function
is not supported during Self-Refresh operation, ODT has to be turned off tyorp before entering Self-Refresh Mode and can be

turned on again when the tygrp timing is satisfied.

)

tis | tAGFD | 1

>=tXSRD

v

S I I
<
wn
pd
Ay

CKICKmay  CK/CK must
be halted be stable

1

1

! , !

T

| Self Refresl Non-Read Read
CMD| i <Entry "> ) < NoP ><Command <Command> |

| T T T . H '

1

* = Device must be in the “All banks idle” state to entering Self Refresh mode.
ODT must be turned off prior to entering Self Refresh mode.
tXSRD (>=200 tCK) has to be satisfied for a Read or a Read with Auto-Precharge command.

tXSNR has to be satisfied for any command except a Read or a Read with Auto-Precharge command,
where tXSNR is defined as tRFC + 10ns.

The miminum CKE low time is defined by the tckgmin. iming parameter.

Since CKE is an SSTL input, Vrgg must be maintained during Self Refresh.
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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 IDD 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.

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 referred
as “standard active power-down mode” and a fast power-down exit timing defined by the tyarp 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 tyarps 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 tREFI 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, typ, txarp OF txarps, after CKE goes high. Power-down exit

latencies are defined in the AC spec table of this data sheet.
Power-Down Entry

Active Power-down mode can be entered after an activate command. Precharge Power-down mode can be entered after a pre-
charge, 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 ty rp 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.

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 + tWTR 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 case the DDR2 SDRAM
enters the Precharge Power-down mode.
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Examples:

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

Valid
Command

NoP >—< NOP >—< P NOP

1 1 N 1
| | H | |
oe T e —f s s

1 | | R 1 1S |
) | | : | |
! | | i , '
! ! ! L >

T T ActPD 0

Active Active

Power-Down Power-Down
Entry Exit

Note: Active Power-Down mode exit timing tXARD (“fast exit”) or tXARDS (“slow exit”’) depends on the programmed
state in the MRS, address bit A12.

Active Power-Down Mode Entry and Exit after a Read Burst: RL=4 (AL=1,CL =3), BL=4

TO T T2 T3 T4 T5 T6 T7 Tn+2

. ! h_ _t
H 1

: ! ! :

READ > < Valid >

CMD <READ w/AP>—< NOP NOP Command
: : : : :
CKE T T . v 1S 0
L = |
o ! ) ! | I
DQs, H | T i i |
bas | A | | = |
I AL=1 ! ' ! ! ! tXARD or '
< -« —p
i« “ : : : : tXARDS *) |
DQ < ; ; | ; ; : :
1 ! ! I | |
| I I ! — f $ | |
H | 1 | | H | H | . | |

Active Active
Power-Down Power-Down ActPD 1
Entry Exit

Note: Active Power-Down mode exit timing tyarp (“fast exit”) or tyarps (“slow exit”) depends on the programmed
state in the MRS, address bit A12.
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Active Power-Down Mode Entry and Exit after a Write Burst: WL =2, tWTR=2,BL =4
TO T T2 T3 T4 T5 T6 T7 n Tn+1 Tn+2
\ r= _\I I - : P
e | Cr
\__ (W h_ ]
CMD< WRITE > < r } C;/na'lllri:and
CKE EgltIQ N
WL + BL/2 + tWiR i — */{’ Hs
pas ]
WL=RL-1= : tWTR P tXARD or
e BN \ON DN \/OIN tXARDSl *)
A0 A1 A3 |
H H H A ] 1;
Active Active
Power-Down Power-Down ActPD 2
Entry Exit

Note: Active Power-Down mode exit timing txarp (“fast exit”) or tyarps (“slow exit”) depends on the programmed
state in the MRS, address bit A12.

Precharge Power Down Mode Entry and Exit

y

Tn+2

L
A AP

WD {Progae vor e wor )
i : : : . ' ' b
_ ; H H H ;
oke 1 W e | 1S 3\/ «— : :
! L ‘ ‘ 2 | tIS i i i
1 i i i ; | | |
> RP | g T I o :
N T i i« T > |
| f | | f | | |
Precharge Precharge
Power-Down Power-Down
Entry Exit
*) "Precharge" may be an external command or an internal PrePD
precharge following Write with AP.
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No Operation Command

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

Deselect Command

The Deselect Command performs the same function as a No Operation Command. Deselect Command occurs when CSis
brought high, the RAS, CAS, and WE signals become don’t care.

Input Clock Frequency Change

During operation the DRAM input clock frequency can be changed under the following conditions:
a) During Self-Refresh operation
b) DRAM is in Precharge Power-down mode and ODT is completely turned off.

The DDR2-SDRAM has to be in Precharged Power-down mode and idle. ODT must be allready turned off and CKE must be at
a logic “low” state. After a minimum of two clock cycles after tRP and tAOFD have been satisfied the input clock frequency can
be changed. A stable new clock frequency has to be provided, before CKE can be changed to a “high” logic level again. After
txp has been satisfied a DLL RESET command via EMRS(1) has to be issued. During the following DLL re-lock period of 200

clock cycles, ODT must remain off. After the DLL-re-lock period the DRAM is ready to operate with the new clock frequency.

Example:

Input frequency change during Precharge Power-Down mode

\X_\ i
[ S— :
] H
] H
| :
! NOP NOP RESET %JP Command
: ! ! ! ! \\ ! ! ! ! : : il :
T | | ' ' ' ' T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 \ 1 1 1 1 1 | 1 1 1 1 1
! i 1 1 i i i i i i i i i
i {RP: ' : : : : : : - - - :
H . P | | | | ' ' 1 ) i )
. __tAOFD | : N Lo : Lt e 200cideks |
! ! '~ Minimum 2 clocks ' E ! ch ! ISt bl -T . T > < it >
required before requencyh ange bef able newdc oc it ODT is off during
changing the frequency oceurs here efore power-down exi DLL RESET
Frequ.Ch.
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Asynchronous CKE Low Event

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 DRAM is not guaranteed to preserve the contents of the memory array. If this event occurs, the
memory controller must satisfy a time delay ( tyelay ) 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 the initialization sequence (section
2.2.1, step 4 thru 13). DRAM is ready for normal operation after the initialization sequence. See AC timing parametric table for
tyelay Specification.

Asynchronous CKE Low Event
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NANYUANA
Truth Table
Command Truth Table
CKE BAO
Function Previous Current CS RAS CAS WE - A13-A11 A10 A9-A0 Notes
Cycle Cycle BA2
(Extended) Mode Register Set H H L L L L BA OP Code 1,2
Auto-Refresh H L L L H X X X X 1
Self-Refresh Entry H L L L L H X X X X 1,8
Self-Refresh Exit L H H X X X X X X X 1,78
Single Bank Precharge H H L L H L BA X L X 1,2
Precharge all Banks H H L L H L X X H X 1
Bank Activate H H L L H H BA Row Address 1,2
Write H H L H L L BA Column L  Column | 1,23
Write with Auto-Precharge H H L H L L BA Column H  Column 1,2,3
Read H H L H L H BA Column L Column | 1,23
Read with Auto-Precharge H H L H L H BA Column H  Column 1,23
No Operation H X L H H H X X X 1
Device Deselect H X H X X X X X X 1
Power Down Entry H L . X X X X X X X 1,4
L H H H
Power Down Exit L H . X X X X X X X 1,4
L H H H

N

. AllDDR2 SDRAM commands are defined by states of CS, WE, RAS, CAS, and CKE at the rising edge of the clock.

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

3. Burst reads or writes at BL = 4 cannot be terminated. See sections “Reads interrupted by a Read” and “Writes inter-
rupted by a Write” insection for details.

4. The Power Down Mode does not perform any refresh operations. The duration of Power Down is therefore limited by
the refresh requirements outlined .

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

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

. Self refresh exit is asynchronous.

8. Vref must be maintained during Self Refresh operation.

~
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Clock Enable (CKE) Truth Table for Synchronous Transistions
CKE
) Command (N) 3
Current State? Previous  Current o Action (N) 3 Notes
Cycle 1 Cycle1 S, CAS, WE, CS
(N-1) (N)
L L X Maintain Power-Down 11,13, 15
Power-Down .
L H DESELECT or NOP Power-Down Exit 4,8,11,13
L L X Maintain Self Refresh 11, 15, 16
Self Refresh .
L H DESELECT or NOP Self Refresh Exit 4,59, 16
Bank .
ank(s) H L DESELECT or NOP Active Power-Down Entry  4,8,10,11,13
H L DESELECT or NOP Precharge Power-Down Entry | 4,8,10,11,13
All Banks Idle
H L AUTOREFRESH Self Refresh Entry 6,9, 11,13
Any State other H H Refer to the Command Truth Table 7

than listed above

. 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.

. Current state is the state of the DDR2 SDRAM immediately prior to clock edge N.

. Command (N) is the command registered at clock edge N, and Action (N) is a result of Command (N).

. All states and sequences not shown are illegal or reserved unless explicitely described elsewhere in this document.

. On Self Refresh Exit DESELECT or NOP commands must be issued on every clock edge occuring during the tXSNR
period.

Read commands may be issued only after tXSRD (200 clocks) is satisfied.

. Self Refresh mode can only be entered from the All Banks Idle state.

. Must be a legal command as defined in the Command Truth Table.

. Valid commands for Power-Down Entry and Exit are NOP and DESELECT only.

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

. 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 section 2.8 “Power Down” and section 2.7.2 “Self Refresh Com-
mand” for a detailed list of restrictions.

11. Minimum CKE high time is 3 clocks, minimum CKE low time is 3 clocks.

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

13. The Power-Down Mode does not perform any refresh operations. The duration of Power-Down Mode is therefor limited by

the refresh requirements.

14. CKE must be maintained high while the device is in OCD calibration mode.

15. “X” means “don’t care (including floating around VREF)” 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)).

16. Vref must be maintained during Self Refresh operation.

abhwON =

O O©Woo~N®

Data Mask (DM) Truth Table

Name (Function) DM DQs Notes
Write Enable L Valid 1
Write Inhibit H X 1

1. Used to mask write data; provided coincident with the corresponding data.
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Operating Conditions
Absolute Maximum Ratings
Symbol Parameter Rating Units Notes
Voo Voltage on Vpp pin relative to Vgg -1.0 to+2.3 Y, 1,3
Vbba Voltage on Vppq pin relative to Vgg -0.5t0+2.3 Y, 1,3
VoL Voltage on Vpp, pin relative to Vgg -0.5t0 +2.3 Y, 1,3
Vin: Vour | Voltage on any pin relative to Vgg -0.5t0+2.3 Y, 1
Tste Storage Temperature -55to + 100 o°C 1,2

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 reli-
ability.

2. Storage Temperature is the case surface temperature on the center/top side of the DRAM.

3. When Vpp, Vppq, and Vpp, are less than 500mV, Vref may be equal to or less than 300mV.

DRAM Component Operating Temperature Range

Symbol Parameter Rating Units Notes

0 to 85 (Standard Grade) °Cc 1,2
Toper | Operating Temperature

-40 to 95 (Industrial Grade) °Cc 1,3

Note:
1. Operating temperature is the case surface temperature on the center/top side of the DRAM.

2. The operation temperature range are the temperature where all DRAM specification will be supported. Outside of this temperature
range, even if it is still within the limit of stress condition, some deviation on portion of operation specification may be required. During
operation, the DRAM case temperature must be maintained between 0-85 degree C under all other specification parameter. However,
in some applications, it is desirable to operate the DRAM up to 95 degree C case temperature. Therefore, two spec may exist.

Supporting 0-85C with full JEDEC AC & DC spec. This is the minimum requirements for all operating temperature options.
This is an optional feature and not required. Supporting 0-85C and being able to extend to 95C with doubling auto-refresh command in
frequency to a 32ms period (tRFI=3.9us)

Currently the period Self-Refresh interval is hard coded within the DRAM to a vendor specific value. There is a migration plan to support
higher temperature Self-Refresh entry via the control of EMRS(2) bit A7.

3. The operation temperature range are the temperature where all DRAM specification will be supported. Outside of this temperature
range, even if it is still within the limit of stress condition, some deviation on portion of operation specification may be required. During
operation, the DRAM case temperature must be maintained between -40-85 degree C under all other specification parameter. How-
ever, in some applications, it is desirable to operate the DRAM up to 95 degree C case temperature. Therefore, two spec may exist.
Supporting -40C-85C and being able to extend to 95C.
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AC & DC Operating Conditions
DC Operating Conditions
Recommended DC Operating Conditions (SSTL_18)
Rating
Symbol Parameter Units Notes
Min. Typ. Max.

VDD Supply Voltage 1.7 1.8 1.9 v 1
vDDDL  Supply Voltage for DLL 1.7 1.8 1.9 Y 5
vDDQ  Supply Voltage for Output 17 1.8 1.9 Y, 1,5
VREF Input Reference Voltage 049*Vppgq 05*Vppg @ 0.51*Vppq Y, 2,3

VTT Termination Voltage VREF - 0.04 VREF VREF + 0.04 \% 4

1. Vppq tracks with Vpp, Vppp tracks with Vpp. AC parameters are measured with Vpp, Vppq and Vppp,_ tied together.

2. The value of VREF may be selected by the user to provide optimum noise margin in the system. Typically the value of Vrgp is
expected to be about 0.5 x Vppq of the transmitting device and Vggg is expected to track variations in Vppq.

3. Peak to peak ac noise on Vrgr may not exceed +/- 2% Vggr (dc).

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

5. vDDQ tracks with VDD, VDDL tracks with VDD. AC parameters are measured with VDD, VDDQ, and VDDL tied together.

ODT DC Electrical Characteristrics:

Parameter / Condition Symbol min. nom. max. Units Notes
Rtt eff. impedance value for EMRS(1)(A6,A2)=0,1; 75 ohm Rtt1(eff) 60 75 90 ohms 1
Rtt eff. impedance value for EMRS(1)(A6,A2)=0,1; 150 ohm | Rtt2(eff) 120 150 180 ohms 1
Rtt eff. impedance value for EMRS(1)(A6,A2)=1,1; 50 ohm Rtt3(eff) 40 50 60 ohms 1
Deviation of VM with respect to Vppq / 2 deltaVy; -6.00 +6.00 % 2

1) Measurement Definition for Rtt(eff):
Apply VIHac and VILac to test pin seperately, then measure current I(VIHac) and I(VILac) respectively.

Rtt(eff) = (VIHac - ViLac) /( I(VIHac) - I(VILac))
2) Measurement Defintion for VM:
Measure voltage (VM) at test pin (midpoint) with no load:

delta VM =(( 2* VM / VDDQ) - 1) x 100%
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DC & AC Logic Input Levels

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 VREF. In differential mode, these timing relationships are measured relative to the
crosspoint of DQS and its complement, DQS. This distinction in timing methods is guaranteed by design and characterisation.
In single ended mode, the DQS (and RDQS) signals are internally disabled and don’t care.

Single-ended DC & AC Logic Input Levels

DDR2-533 DDR2-667/800
Symbol Parameter Units
Min. Max. Min. Max.
VIH (dc)  DCinput logic high  Vggg +0.125 Vppq + 0.3 Vger + 0.125 Vppq *+ 0.3 v
VIL (dc)  DCinput low -0.3 VRer - 0.125 -0.3 Vger - 0.125 v
VIH (ac)  AC inputlogic high  Vgge +0.250 - Vrer + 0.200 - \Y
VIL (ac)  AC input low - VRer - 0.250 - VRer - 0.200 \Y;
Single-ended AC Input Test Conditions
Symbol Condition Value Units | Notes
VRer Input reference voltage 0.5 * Vppag \Y 1,2
VSWING(max) Input signal maximum peak to peak swing 1.0 \Y 1,2
SLEW Input signal minimum slew rate 1.0 V/ns 3,4

1. This timing and slew rate definition is valid for all single-ended signls execpt tis, tih, tds, tdh.

2. Input waveform timing is referenced to the input signal crossing through the VREF level applied to the device under test.

3. The input signal minimum slew rate is to be maintained over the range from VIL(dc)max to VIH(ac)min for rising edges
and the range from VIH(dc)min to VIL(ac)max for falling edges as shown in the below figure.

4. AC timings are referenced with input waveforms switching from VIL(ac) to VIH(ac) on the positive transitions and VIH(ac)
to VIL(ac) on the negative transitions.

Start of Falling Edge Input Timing Start of Rising Edge Input Timing

- tr—-—-n—-—n-—n——n—n—n——4—-—-— - VDDO
V1K (ac) MIN
YOI dg) MIN
f
SWING.MAX V Rer
VOIL (dloy . MAX
V1L jac) .max
Vv =i
defta TF -— delta TR~ ~l—
v - VL jac) V IHiac MIN ¥
Falling Slew = v REF IL (ac).MAX Rising Slew = IHizc) MIN ¥ REF
delta TF delta TR
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Differential DC and AC Input and Output Logic Levels
Symbol Parameter min. max. Units Notes
Vip(ac) AC differential input voltage 0.5 Vppq + 0.6 \Y 1
Vix(ac) AC differential cross point input voltage 0.5*Vppq -0.175 0.5 * Vppq +0.175 \ 2
Vox(ac) AC differential cross point output voltage 0.5* Vppq - 0.125 0.5* Vppqg +0.125 \Y 3

Notes:
1)V D(ac) specifices the allowable DC execution of each input of differential pair such as CK, &, DQS, DQS, LDQS, LDQS, UDQS, and

uDQS.

2) Vix(ac) specifices the input differential voltage IVTR-VCPI required for switching, where VTR is the true input (such as CK, DQS,
LDQS, or UDQS) level and VCP is the complementary input (such CK, DQS, LDQS, or UDQS ) level. The minimum value is equal to
VIH(DC) - VIL(DC).

3) The typical value of VOX(AC) is expected to be about 0.5VDDQ of the transmitting device and VOX(AC) is expected to track varia-
tions in VDDQ. VOX(AC) indicates the voltage at which differential signals must cross.

Crossing Point

SSTL18_3
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Output Buffer Levels
Output AC Test Conditions
Symbol Parameter SSTL-18 Class Il Units Notes
Vorr  Output Timing Measurement Reference Level 0.5 *Vppq \Y 1
1. The VDDQ of the device under test is referenced.
Output DC Current Drive
Symbol Parameter SSTL-18 Units Notes
loH(de)  Output Minimum Source DC Current, nominal -13.4 mA 1,34
loLe)y  Output Minimum Sink DC Current, nominal 134 mA 2,3,4

1.VDDQ =1.7V; Voyr = 1.42 V. (Vou7-VDDQ) / IOH must be less than 21 ohm for values of Vot between VDDQ and

vDDQ - 280 mV.
2.VDDQ =1.7V; Voyt= 280 mV. Vgyr/IOL must be less than 21 ohm for values of VOUT between OV and 280 mV.

3. The dc value of VREF applied to the receiving device is set to VTT

4. The values of Igy(dc) and Ig_(dc) are based on the conditions given in note 1 and 2. They are used to test drive current capa-

bility to ensure VIHmin. plus a noise margin and VILmax. 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.

OCD Default Setting Table

Symbol Description Min. Nominal Max. Unit Notes
- Pull-up / Pull down mismatch 0 - 4 Ohms 6
i Ou'tput .Impedance step size for OCD 0 - 15 Ohms 123
calibration
Sour  Output Slew Rate 1.5 - 5.0 Vins 14578

1) Absolute Specification: Topgn; Vppg = 1.8V £ 0.1V; Vpp = 1.8V £ 0.1V,

2) Impedance measurement condition for output source dc current : Vppg = 1.7V, Voyr = 1420 mV;

(VOUT-VDDQ)/IOH must be less than 23.4 ohms for values of VOUT between VDDQ and VDDQ-280mV. Impedance mea-
surement condition for output sink dc current : VDDQ = 1.7 V; VOUT = -280mV; VOUT / IOL must be less than 23.4 ohms for
values of VOUT between 0V and 280 mV.

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

4) Slew rates measured from Vil(AC) to Vih(AC) with the load specified in Section 8.2.

5) 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 guaranteed by design and characterisation.

6) This represents the step size when the OCD is near 18 ohms at nominal conditions across all process parameters and rep-
resents 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.

7) DRAM output slew rate specification applies to 533MT/s, 667MT/s, 800MT/sspeed pin.

8) Timing skew due to DRAM output slew rate mis-match between DQS / DQS and associated DQ's is included in tDQSQ and
tQHS specification.
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Default Output V-l Characteristics

DDR2 SDRAM output driver characteristics are defined for full strength default operation as selected by the EMRS(1) bits
A7~A9 =111’ The driver characteristics evaluation conditions are:a) Nominal Default 25C (Tcase), VDDQ=1.8V, typical pro-
cess. b) Minimum TOPER(max), VDDQ=1.7V, slow-slow process. ¢) Maximum 0C (Tcase), VDDQ=1.9V, fast-fast process

Full Strength Default Pullup Driver Characteristics

Voltage (V) Minimum Nomal Default low = Nomal Default high Maximum
(23.4 Ohms) (18 Ohms) (18 Ohms) (12.6 Ohms)

0.0 0.00 0.00 0.00 0.00

0.1 -4.30 -5.65 -5.90 -7.95

0.2 -8.60 -11.30 -11.80 -15.90
0.3 -12.90 -16.50 -16.80 -23.85
0.4 -16.90 -21.20 -22.10 -31.80
0.5 -20.05 -25.00 -27.60 -39.75
0.6 -22.10 -28.30 -32.40 -47.70
0.7 -23.27 -30.90 -36.90 -55.55
0.8 -24.10 -33.00 -40.90 -62.95
0.9 -24.73 -34.50 -44.60 -69.55
1.0 -25.23 -35.50 -47.70 -75.35
1.1 -25.65 -36.10 -50.40 -80.35
1.2 -26.02 -36.60 -52.60 -84.55
1.3 -26.35 -36.90 -54.20 -87.95
1.4 -26.65 -37.10 -55.90 -90.70
1.5 -26.93 -37.40 -57.10 -93.00
1.6 -27.20 -37.60 -58.40 -95.05
1.7 -27.46 -37.70 -59.60 -97.05
1.8 - -37.90 -60.90 -99.05
1.9 - - - -101.05

The driver characteristics evaluetion conditions are:

Nominal Default 25°C (Tcase) , VDDQ = 1.8 V, typical process
Minimum Toger(max.), vDDQ = 1.7V, slow-slow process
Maximum 0 °C (Tcase). VDDQ = 1.9 V, fast-fast process

0 T \l\” T T T T T T T T T T T T T T T T T T
0 07O 040506070809 1 1112131415161.71.81.9
_20 i
<
E 40 —
= - —m— Minimum
2 60 Nominal Default Low
3 Nominal Default High
_% -80 4 —x— Maximum
S
o
-100
-120
VDDQ to VOUT (V)
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Full Strength Default Pulldown Driver Characteristics

Voltage (V) Minimum Nomal Default low = Nomal Default high Maximum
(23.4 Ohms) (18 Ohms) (18 Ohms) (12.6 Ohms)

0.0 0.00 0.00 0.00 0.00

0.1 4.30 5.65 5.90 7.95

0.2 8.60 11.30 11.80 15.90
0.3 12.90 16.50 16.80 23.85
04 16.90 21.20 22.10 31.80
0.5 20.05 25.00 27.60 39.75
0.6 22.10 28.30 32.40 47.70
0.7 23.27 30.90 36.90 55.55
0.8 2410 33.00 40.90 62.95
0.9 24.73 34.50 44.60 69.55
1.0 25.23 35.50 47.70 75.35
1.1 25.65 36.10 50.40 80.35
1.2 26.02 36.60 52.60 84.55
1.3 26.35 36.90 54.20 87.95
14 26.65 37.10 55.90 90.70
15 26.93 37.40 57.10 93.00
1.6 27.20 37.60 58.40 95.05
1.7 27.46 37.70 59.60 97.05
1.8 - 37.90 60.90 99.05
1.9 - - - 101.05

The driver characteristics evaluetion conditions are:

Nominal Default 25°C (Tcase) , Vppq = 1.8 V, typical process
Minimum Toger(max), VDDQ = 1.7V, slow-slow process
Maximum 0 °C (Tcase). VDDQ = 1.9 V, fast-fast process

120
< 100 A
E
‘g 80 - —m— Minimum
£ Nominal Default Low
o 60 ) .
c Nominal Default High
_§ 40 —x— Maximum
3 20
0 0.10203040506070809 1 1112131415161.7181.9
VvDDQ to VOUT (V)
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Calibrated Output Driver V-l Characteristics

DDR2 SDRAM output driver characteristics are defined for full strength calibrated operation as selected by the procedure out-
lined in the Off-Chip Driver (OCD) Impedance Adjustment. The following tables 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 rep-
resent the range that can be achieved with a maximum 1.5 ohms step size with no calibration error at the exact nominal condi-
tions only (i.e. perfect calibration procedire, 1.5 ohm maximum step size guarantedd by specification). Real system calibration
error needs to be added to these values. It must be understodd that these V-l 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 a system specific phenom-
ena, it cannot be quantified here. the values in the calibrated tables represent just the DRAM portion of uncertainty while looking
at one DQ only. If the calibration procedure is used, it is possible to cause the device to operate outside the bounds of the
default device characterisitcs tables and figure. in such a situation, the timing paramters in the specification cannot be guaran-
teed. 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, the it is recommende that only the default values to be used. The nominal maximum ad minmum values repre-
sent the change in impedance from nominal low and high as a result of voltage and temperature change from the nominal con-
dition 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.

Full Strength Calibrated Pulldown Driver Characteristics

Voltage (V) Nominal Minimum Nomal Low Nominal Nomal High Nominal Maximum
(21 Ohms) (18.75 Ohms) (18 ohms) (17.25 Ohms) (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

The driver characteristics evaluetion conditions are:

Nominal 25°C (Tcase) , Vppq = 1.8 V, typical process

Nominal Low and Nominal High 25°C (Tcase), Vppq = 1.8V, any process
Nominal Minimum Toger(max), Vppq = 1.7 V, any process

Nominal Maximum 0°C (Tcase), Vppg = 1.9 V, any process

Full Strength Calibrated Pullup Driver Characteristics

Voltage (V) Nominal Minimum Nomal Low Nominal Nomal High Nominal Maximum
(21 Ohms) (18.75 Ohms) (18 ohms) (17.25 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

The driver characteristics evaluetion conditions are:

Nominal 25°C (Tcase) , VDDQ = 1.8 V, typical process

Nominal Low and Nominal High 25°C (Tcase), VDDQ = 1.8V, any process
Nominal Minimum Toger(max), VvDDQ = 1.7 V, any process

Nominal Maximum 0°C (Tcase), VDDQ = 1.9 V, any process
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ANANU A
Input / Output Capacitance
DDR2-533 DDR2-667 DDR2-800
Symbol Parameter Units
min. max. min. max. min. max.
CCK Input capacitance, CK and CK 1.0 20 1.0 2.0 1.0 20 pF
CDCK Input capacitance delta, CK and CK - 0.25 - 0.25 - 0.25 pF
Cl Input capacitance, all other input-only pins 1.0 2.0 1.0 2.0 1.0 1.75 pF
CDI  Input capacitance delta, all other input-only pins - 0.25 - 0.25 - 0.25 pF
Input/output capacitance,

CIO DQ, DM, DQS, DQS, RDQS, RDGS 25 4.0 2.5 3.5 25 3.5 pF
cDIO Input/output capacitance delta, ) 05 i 05 i 05 oF

DQ, DM, DQS, DQS, RDQS, RDQS

Power & Ground Clamp V-l Characteristics

Power and Ground clamps are provided on address (AO~A13, BAO, BA1, BA2), RAS, CAS, CS, WE, CKE, and
ODT pins. The V-l characterisitcs for pins with clamps is shown in the following table :

Minimum Power Minimum Ground

Voltage across clamp Clamp Current (mA)  Clamp Current (mA)

(V)

0.0 0 0
0.1 0 0
0.2 0 0
0.3 0 0
0.4 0 0
0.5 0 0
0.6 0 0
0.7 0 0
0.8 0.1 0.1
0.9 1.0 1.0
1.0 2.5 25
11 4.7 4.7
1.2 6.8 6.8
1.3 9.1 9.1
1.4 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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ANANGANA
IDD Specifications and Measurement Conditions
IDD Specifications
(vDDQ =1.8V+0.1V; VDD = 1.8V £ 0.1V)
DDR2-533 DDR2-667 DDR2-800 DDR2-800
Symbol Parameter/Condition 110 -37B/-37BI -3C/-3CI -AD/-ADI -ACI-ACI Unit Notes
max. max. max. max.
Ibbo  Operating Current All 85 100 115 115 mA 1,2
. x4/x8 80 90 105 105
Ibb1  Operating Current ¥16 107 120 145 145 mA 1,2
Ibb2p  Precharge Power-Down Current = All 9 9 9 9 mA 1,2
IbD2N  Precharge Standby Current All 60 65 75 75 mA 1,2
Ibp2@  Precharge Quiet Standby Current:  All 45 50 55 55 mA 1,2
Active Power- MRS(12)=0 All 26 28 30 30 mA 1,2
Ibbsp  Down Standby
- x4/x8 11 11 11 11
Current MRS(12)=1 x16 13 13 13 13 mA 1,2
IbD3N  Active Standby Current All 55 60 70 70 mA 1,2
. 4/x8 110 120 135 135
IDD4R  Operating Current Burst Read XX1)% 135 150 170 170 mA 1,2
' ] x4/x8 95 105 120 120
IbD4aw | Operating Current Burst Write x16 110 125 140 140 mA 1,2
x4/x8 160 160 175 175
IbpsB  Burst Auto-Refresh Current x16 160 165 175 175 mA 1,2
IbpsD  Distributed Auto-Refresh Current = All 12 14 15 15 mA 1,2
Self-Refresh Current for standard
IDD6 products All 9 9 9 9 mA 1,2
] x4/x8 135 185 205 205
Ibb7  Operating Current x16 185 220 245 245 mA 1
Note:

1. IDD specifications are tested after the device is properly initialized. IDD parameters are specified with ODT disabled.
2. Input slew rate = 1 V/ns.
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NANYANA

IDD Measurement Conditions
(VDDQ = 1.8V +0.1V; VDD = 1.8V £ 0.1V)

Symbol Parameter/Condition

Operating Current - One bank Active - Precharge .
Ibpo tCK =tCKmin.; tRC = tRCmin; tRAS = tRASmin; CKE is HIGH, CS is HIGH between valid commands.
Address and control inputs are SWITCHING; Data bus inputs are SWITCHING;

Operating Current - One bank Active - Read - Precharge
Ibp1 IOUT =0 mA; BL = 4, tCK = tCKmin, tRC = tRCmin; tRAS = tRASmin; tRCD = tRCDmin, CL = CLmin.;AL = 0;
CKE is HIGH, CS is HIGH between valid commands;Address bus inputs are SWITCHING,Data bus inputs are SWITCHING;

| Precharge Power-Down Current: All banks idle; CKE is LOW; tCK = tCKmin.; Other control and address inputs are STABLE,
DD2P  Data Bus inputs are FLOATING.

| Precharge Standby Current: All banks idle; CSis HIGH; CKE is HIGH; tCK = tCKmin.; Other control and address bus inputs
DD2N  gre SWICHTING; Data bus inputs are SWITCHING.

| Precharge Quiet Standby Current:All banks idle; CS is HIGH; CKE is HIGH; tCK = tCKmin.; Other control and address bus
DD2Q  inputs are STABLE; Data bus inputs are FLOATING.

| Active Power-Down Current: All banks open; tCK = tCKmin.;CKE is LOW; Other control and address inputs are STABLE;
DD3P(0)  Data Bus inputs are FLOATING. MRS A12 bit is set to “0”( Fast Power-down Exit);

| Active Power-Down Current: All banks open; tCK = tCKmin.;CKE is LOW; Other control and address inputs are STABLE;
DD3P(1)  Data Bus inputs are FLOATING. MRS A12 bit is set to “1”( Slow Power-down Exit);

| Active Standby Current: All banks open; tCK = tCKmin.; tRAS = tRASmax.; tRP = tRPmin., CKE is HIGH; CS is HIGH
DD3N  between valid commands; Other control and address inputs are SWITCHING; Data Bus inputs are SWITCHING.

Operating Current - Burst Read: All banks open; Continuous burst reads; BL = 4; AL = 0, CL = CLmin.; tCK = tCKmin.;
lppsar  tRAS =tRASmax., tRP = tRPmin., CKE is HIGH, CS is HIGH between valid commands; Address inputs are SWITCHING; Data
bus inputs are SWITCHING; IOUT = OmA.

Operating Current - Burst Write: All banks open; Continuous burst writes; BL = 4; AL = 0, CL = CLmin.; tCK = tCKmin;
Ippaw  tRAS =tRASmax., tRP = tRPmin.;CKE is HIGH, CS is HIGH between valid commands; Address inputs are SWITCHING; Data
Bus inputs are SWITCHING.

I Burst Auto-Refresh Current: tCK = tCKmin.; Refresh command every tRFC = tRFCmin interval; CKE is HIGH, CSis HIGH
DDSB  petween valid commands; Other control and adress inputs are SWITCHING; Data bus inputs are SWITCHING.

| Distributed Auto-Refresh Current: tCK = tCKmin.; Refresh command every tREFI interval; CKE is HIGH, CSis HIGH
DDSD  petween valid commands; Other control and adress inputs are SWITCHING; Data bus inputs are SWITCHING

| Self-Refresh Current: CKE <= 0.2V; external clock off, CK and CK at 0V; Other control and address inputs are FLOATING;
DD6  Data Bus inputs are FLOATING.

Operating Bank Interleave Read Current:

1. All bank interleaving reads; IOUT = 0 mA, BL =4, CL = CLmin., AL = tRCDmin. - 1*tCK; tCK = tCKmin., t{RC = TRCmin.;
tRRD = tRRDmin; tRCD = 1*tCK, CKE = HIGH, CS is HIGH between valid commands; Address bus inputs are STABLE
during DESELECTS.

Ipp7 2. Timing pattern:
- DDR2 -533 4-4-4: AORAOD A1 RA1TDA2RA2DA3RA3SDDDDD

- DDR2 -667 5-5-5: AORAODDA1TRATDDA2RA2DDA3RA3DDDDDD

- DDR2 -800 6-6-6: AORAODDA1RATDDA2RA2DDA3RA3SDDDDDDDDDD
- DDR2 -800 5-5-5: AORAODDA1TRATDDA2RA2DDA3RA3SDDDDDDDDD
3. Legend : A=Activate, RA=Read with Auto-Precharge, D=DESELECT

. IDD specifications are tested after the device is properly initialized.
. |DD parameter are specified with ODT disabled.
. Data Bus consists of DQ, DM, DQS, DQS, RDQS, RDQS, LDQS, LDQS, UDQS and UDQS.
. Definitions for IDD :
LOW is defined as VIN <= VILAC(max.); HIGH is defined as VIN >= VIHAC(min.);
STABLE is defined as inputs are stable at a HIGH or LOW level
FLOATING is defined as inputs are VREF = VDDQ / 2
SWITCHING is defined as:
Inputs are changing between HIGH and LOW every other clock (once per two clocks) for adress and control signals, and
inputs changing between HIGH and LOW every other clock (once per two clocks) for DQ signals not including mask or strobes
5. Timing parameter minimum and maximum values for IDD current measurements are defined in the following table.

A WN =
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NANYUANA
IDD Measurement Conditions (cont’d)
For testing the IDD parameters, the following timing parameters are used:
-37B/-37BI -3C/-3Cl -AD/-ADI -AC/-ACI
Parameter Symbol DDR2-533 DDR2-667 DDR2-800  DDR2-800 |, ..
4-4-4 5-5-5 6-6-6 5-5-5
CAS Latency CL 4 5 6 5 tek
Clock Cycle Time tCK 3.75 3 2.5 2.5 ns
Active to Read or Write delay tRCD 15 15 15 12.5 ns
Active to Active / Auto-Refresh command
period tRC 60 60 60 57.5 ns
Active bank A to Active x4 & x8 tRRD 7.5 7.5 7.5 75 ns
bank B command delay x16 tRRD 10 10 10 10 ns
tRASmiIn 45 45 45 45 ns
Active to Precharge Command
tRASmax 70000 70000 70000 70000 ns
Precharge Command Period tRP 15 15 15 12.5 ns
Refresh parameters
Parameter Symbol Component Type 1Gb Unit
Auto-Refresh to Active / Auto-Refresh
command period tRFC All 127.5 ns
0C<=Tcase<=85C Standard Grade 7.8 us
Average periodic Refresh interval tREFI
-40C<Tcase<=95C Industrial Grade 7.8 us
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NANYUANA
Electrical Characteristics & AC Timing - Absolute Specification
Timing Parameter by Speed Grade
(Vppg =1.8V+0.1V; Vpp = 1.8V £ 0.1V)
-37B/-38BI -3C/-3ClI -AD/-ADI -AC/-ACI
Symbol Parameter DDR2 -533 DDR2 -667 DDR2 -800 DDR2 -800 Unit
min max min max min max min max
Clock cycle time, CL=x 3750 8000 ps
fox Clock cycle time, CL=x, (Average) 3000 8000 2500 8000 2500 8000 | ps
tey  CK, CK high-level width 0.45 0.55 0.48 0.52 0.48 0.52 0.48 052  tck
to.  CK, CKlow-level width 0.45 0.55 0.48 0.52 0.48 0.52 0.48 052  tck
WL  Write command to DQS associated clock edge RL-1 RL-1 RL-1 RL-1 tck
tpqss | Write command to 1st DQS latching transition -0.25 +0.25 -0.25 +0.25 -0.25 +0.25 -0.25 +0.25  tek
tpss | DQS falling edge to CK setup time 0.2 - 0.2 - 0.2 - 0.2 - tek
tosy | DQS falling edge hold time from CK 0.2 - 0.2 - 0.2 - 0.2 - tck
toasL,n | DQS input low (high) pulse width (write cycle) 0.35 - 0.35 - 0.35 - 0.35 - tek
twpre | Write preamble 0.35 - 0.35 - 0.35 - 0.35 - tck
twpst | Write postamble 0.4 0.60 0.40 0.60 0.40 0.60 0.40 060  tck
tis Address and control input setup time 250 - 200 - 175 - 175 - ps
tiH Address and control input hold time 375 - 275 - 250 - 250 - ps
tow éda?;rr?isr?pi?)d control input pulse width 0.6 ) 0.6 } 0.6 _ 0.6 ) tex
tps DQ and DM input setup time  differential strobe 100 - 100 - 50 - 50 - ps
toy  DQand DM input hold time  differential strobe 225 - 175 - 125 - 125 - ps
toipw | DQ and DM input pulse width (each input) 0.35 - 0.35 - 0.35 - 0.35 - tck
tac DQ output access time from CK / CK -500 +500 -450 +450 -400 +400 -400 +400 ps
tpasck  DQS output access time from CK / CK -450 +450 -400 +400 -350 +350 -350 +350 ps
thz Data-out high-impedence time from CK /CK - taCmax - taCmax - taCmax - taCmax = PS
tizpas) DQS(/DQS) low-impedence time from CK/CK  tacmin  tacmax ~ tAcmin  tACmax = tAcmin = tACmax = tacmin = tAcmax  PS
tLlzpq) DQ low-impedence time from CK/ CK 2tacmin | tacmax | 2tacmin | tacmax | 2tacmin | tacmax | 2tacmin | tAacmax | PS
tbasq (23'868(81 Zkaes\t\;ociated DQ signals) ) 300 ) 240 ) 200 ) 200 ps
thp Clock half period min (tcr, top) min (tcy, teh) min (tL, tow) min (tcr, top) ps
tons | Data hold skew factor - 400 - 340 - 300 - 300 ps
ton  Data output hold time from DQS typ-tans - thp-taHs - thp-taHs - tup-tans - ps
trpre  Read preamble 0.9 1.1 0.9 1.1 0.9 1.1 0.9 1.1 tek
trpsT | Read postamble 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tek
e gctive bank A t°_ Active bank X4/x8 (1k page size) 7.5 - 7.5 - 7.5 - 75 - ns
command period x16 (2k page size) 10 - 10 - 10 - 10 - ns
x4/x8 (1k page size) ~ 37.5 37.5 - 35 - 35 - ns
teaw  Four Activate Window
x16 (2k page size) 50 50 - 45 - 45 - ns
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NANYUANA
-37B/-38BI -3C/-3ClI -AD/-ADI -AC/-ACI
Symbol Parameter DDR2 -533 DDR2 -667 DDR2 -800 DDR2 -800 Unit
min max min max min max min max
tcep CAS A to CAS B command period 2 2 - 2 - 2 - tek
twr  Write recovery time 15 - 15 - 15 - 15 - ns
tpaL  Auto-Precharge write recovery + precharge time WR+tgrp - WR+tgp - WR+gp - WR+tgp - tek
twtr | Internal Write to Read command delay 7.5 - 7.5 - 7.5 - 7.5 - ns
trtp  Internal Read to Precharge command delay 7.5 7.5 - 7.5 - 7.5 - ns
tcke | CKE minimum high and low pulse width 3 3 - 3 - 3 - tek
txsnr | Exit Self-Refresh to non-Read command trpct10 - trrct10 - trpct10 - trrct10 - ns
tysrp | Exit Self-Refresh to Read command 200 200 - 200 - 200 - tek
typ Exit precharge power-down to any valid com- 5 ) 2 ) 2 B 5 ) t
mand (other than NOP or Deselect) CK
tARD Exit power down to any valid command 5 ) 2 ) 2 B 5 ) t
(other than NOP or Deselect) CK
tARDS (ES>I<(|)t \Az,u;t)l(\:te lp;(m}eir;i(\nlvvg;)mode toReadcommand o, 7 AL } 8- AL ) 8- AL ) tex
taono | ODT turn-on delay 2 2 2 2 2 2 2 2 tek
taon | ODT turn-on tac(min) tAC(:?aX) tac(min) tACi((T?X) tac(min) tA?_(g?X) tac(min) tACJr(gj?X) ns
taonpp | ODT turn-on (Power-Down mode) tACf;in) 2(:;51’\10 tACi?in) 2(:513;()(’;;\10 tACJ(rr;in) 2(&:;()52\1(; tACigin) 2(:;52\10 ns
taorp | ODT turn-off delay 25 25 25 25 25 25 25 25 tek
taop | ODT turn-off tac(min) tACJr(S?gX) tac(min) tACi((TgX) tac(min) tAi(ggx) tac(min) tACJr(gjgx) ns
taorpp | ODT turn-off (Power-Down mode) tACf_r;in) ti?(tgs;r) tAC)(rg'in) tif(tri:;) tACJ(rr;in) ti.f(tgz;-) tACS;in) ti?(tgs;r) ns
+1 +1 +1 +1
tanep  ODT to power down entry latency 3 3 - 3 - 3 - tek
taxpp | ODT power down exit latency 8 8 8 8 tek
turp | Mode register set command cycle time 2 - 2 - 2 - 2 - tek
tvop | MRS command to ODT update delay 0 12 0 12 0 12 0 12 ns
tor  OCD drive mode output delay 0 12 0 12 0 12 0 12 ns
toELAY Minimum time clocks remain ON after CKE tisttek tisHek tis+tok tisttok ) ns
asynchronously drops LOW +y +Hiy iy +y
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Reference Loads, Setup & Hold Timing Definition and Slew Rate Derating

Reference Load for Timing Measurements

The figure 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 environ-
ment. 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 characterisation.

vDDQ
DQ
CK, CK DQsS
——— DUT DQS Vit=VDDQ /2
RDQS 25 Ohm Q
RDQS

-

Timing Reference Points

The output timing reference voltage level for single ended signals is the crosspoint with VTT.

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.

Slewrate Measurements
Output Slewrate

With the reference load for timing measurements output slew rate for falling and rising edges is measured between VTT - 250
mV and VTT + 250 mV for single ended signals.For differential signals (e.g. DQS / DQS) output slew rate is measured between
DQS - DQS = - 500 mV and DQS - DQS = + 500 mV. Output slew rate is guaranteed by design, but is not necessarily tested on
each device.

Input Slewrate - Differential signals

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

Input Slewrate - Single ended signals

Input slew rate for single ended signals (other than tis, tih, tds and tdh) are measured from dc-level to ac-level: VREF -125 mV
to VREF + 250 mV for rising edges and from VREF + 125 mV to VREF - 250 mV for falling edges. For slew rate definition of the
input and data setup and hold parameters see section 8.3 of this datasheet.
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Input and Data Setup and Hold Time

Timing Definition for Input Setup (t;s) and Hold Time (t;4)

Address and control input setup time (i) is referenced from the input signal crossing at the V| ac) level for a rising signal and
VIL(acf for a falling signal applied to the device under test. Address and control input hold time (tIH) is referenced from the input
sigha

crossing at the V) (4c) level for a rising signal and V) for a falling signal applied to the device under test

Vbba
ViH(ac) min
ViH(dc) min
VRer
VL (dc) max
ViL(ac) max

DQS

Differential Input
Das Waveform
DAQS Single-ended Input

Waveform

VREF

Vbba
ViH(ac) min
VIH(dC) min
VRer

VIL(dC) max
VIL(ac) max

Vss

1. Data input setup time with differential data strobe enabled MR[bit10]=0, is referenced from the input signal crossing at the
VIH(ac) level to the differential data strobe crosspoint for a rising signal, and from the input signal crossing at the VIL(ac)
level tothe differential data strobe crosspoint for a falling signal applied to the device under test. Input waveform timing with
single-endeddata strobe enabled MR[bit10]=1, is referenced from the input signal crossing at the VIH(ac) level to the data
strobe crossing Vref for a rising signal, and from the input signal crossing at the VIL(ac) level to the single-ended data strobe
crossing Vref for a falling signal applied to the device under test.

2. Data input hold time with differential data strobe enabled MR[bit10]=0, is referenced from the input signal crossing at the
VIL(dc) level to the differential data strobe crosspoint for a rising signal and VIH(dc) to the differential data strobe crosspoint
for a falling signal applied to the device under test. Input waveform timing with single-ended data strobe enabled
MRIbit10]=1, is referenced from the input signal crossing at the VIL(dc) level to the single-ended data strobe crossing Vref
for a rising signal and VIH(dc) to the single-ended data strobe crossing Vref for a falling signal applied to the device under
test
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Slew Rate Definition for Input and Data Setup and Hold Times

Setup (tIS & tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VIH(dc)min and
the first crossing of VIH(ac)min. Setup (tIS & tDS) nominal slew rate for a falling signal is defined as the slew rate between the
last crossing of VIL(dc)max and the first crossing of VIL(ac)max, (fig. A) If the actual signal is always earlier than the nominal
slew rate line between shaded ‘dc to ac region’, use nominal slew rate for derating value. If the actual signal is later than the
nominal slew rate line anywhere between shaded ‘dc to 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.(fig.B)

Hold (tIH & tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VIL(dc)max and the
first crossing of Vref. Hold (tIH & tDH) nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of VIH(dc)min and the first crossing of Vref.(fig. A). If the actual signal is always later than the nominal slew rate line between
shaded ‘dc to Vref region’, use nominal slew rate for derating value. If the actual signal is earlier than the nominal slew rate line
anywhere between shaded ‘dc to Vref region’, the slew rate of a tangent line to the actual signal from the dc level to Vref level is
used for derating value.(fig.B)

I~ ™\ I— 7\
[r—— — —t | V.
t S tH t S tH
——————————————— --——4-—--—+-———-  Vppq Vbba
Gt = Vikac) min o Vik(ac) min
i Viki(do) min = Viki(de) min
dc to Vref dc to Vref
region region
VREF VREF
dc to Vref dc to Vref
region region \
s Vit (de) max T ViL(dc) max
region region
ViL(ac) mex ViL(ac) max
______ Iy el E e A Ay I H VSS A e N I A A R VSS
> > > > N P
Delta TFS Delta TRH Delta TRS Delta TFH Delta TFS Delta TRH Delta TRS Delta TFH
Setun Slew Rate = VIL(dc)max - VIL(ac)max falling signal tangent line [VIL(dc)max - VIL(ac)max] falling
etup Slew Rate = Delta TFS Setup Slew Rate = Delta TFS signal
Setun Slew Rate = VIH(dc)min - VIL(ac)min rising sianal tangent line [VIH(dc)min - VIL(ac)min]  rising
etup Slew Rate = Delta TRS g sig Setup Slew Rate = Delia TRS signal
VREF - VIL(dc)max o . tangent line [REF - VIL(dc)max] rising
Hold Slew Rate = rising signal Hold Slew Rate = signal
Delta TRH Delta TRH
Hold Slow Rate = H(dc)min - VREF falling signal tangent line [VIH(dc)min - VREF] falling
o ew Rate = Delta TFH Hold Slew Rate = Delta TFH signal
Fig. A Fig. B
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Input Setup (t;s) and Hold (t,y) Time DeratingTable

CK, CK Differential Slew Rate (DDR2-533)

2.0 Vins 1.5Vins 1.0 V/ns
D IS D tiH D IS D tiH D IS D tiH
4.0 187 94 217 124 247 154
35 179 89 209 119 239 149
3.0 167 83 197 113 227 143
25 150 75 180 105 210 135
2.0 125 45 155 75 185 105
15 83 21 113 51 143 81
o 10 0 0 30 30 60 60
% g 00 11 14 19 16 49 46
< 08 -25 -31 5 -1 35 29
2 % 0.7 43 -54 13 -24 17 6
E" o6 67 -83 -37 -53 -7 -23
8 o5 -110 125 -80 -95 -50 65
0.4 175 -188 145 -158 115 -128
0.3 -285 -292 -255 -262 -225 -232
0.25 -350 -375 -320 -345 -290 -315
0.2 525 -500 -495 -470 -465 -440
0.15 -800 -708 770 678 =740 -648
0.1 -1450 1125 -1420 -1095 -1390 -1065
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Command / Address
Slew rate

1. All units in ps.

4.0
3.5
3.0
25
2.0
1.5
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.25
0.2
0.15
0.1

Dts
150
143
133
120
100

-100
-168
-200
-325
-517
-1000

CK, CK Differential Slew Rate (DDR2-667/DDR2-800)

2.0 Vins

Dty
94
89
83
75
45
21
0

-125
-188
-292
-375
-500
-708
-1125

Dts
180
173
163
150
130
97
30
25
17

-138
-170
-295
-487
-970

1.5 Vins

Dty
124
119
113
105
75
51
30

-158
-262
-345
-470
-678
-1095

Dts
210
203
193
180
160
127
60
55
47
38
26
0
-40
-108
-140
-265
-457
-940

1.0 Vins
Dty
154
149
143
135
105
81
60
46

-128
-232
-315
-440
-648
-1065

2. For all input signals the total tIS (input setup time) and tIH (input hold time) required is calculated by

adding the individual datasheet value to the derating value listed in the previous table.
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1Gb DDR2 SDRAM

Data Setup (tDS) and Hold Time (tDH) Derating Table

DQS, DQS Differential Slew Rate (DDR2-533)
4.0 V/Ins 3.0 V/ns 2.0 Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins 0.8 V/ns

D D D D D D D D D D D D D D D D D D
tbs tbH tDS tbH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH

20 125 45 125 45 125 45 - - - - - o oo oo
15 83 21 83 21 83 21 95 33 - - - - - o oo o

@10 0O 0 0 0O 0 0 12 12 24 24 - - - - - - ..
% 09 - - 11 14 11 14 1 2 13 10 25 22 - - - - - -
‘g 08 - - - - 25 31 3 19 4 -7 11 5 23 17 - - - -
2o7 - - - - - - 31 42 19 30 -7 18 5 -6 17 6 - -
o6 - - - - - - - - 43 59 -31 -47 19 35 -7 23 5 -11

05 - - - - - - - - . . 74 89 -62 -77 -50 -65 -38 -53

04 - - - - - - - - . - - - 27 -140 -115 -128 -103 -116

1. All units in ps.
2. For all input signals the total tDS (setup time) and tDH (hold time) required is calculated by adding the individual
datasheet value to the derating value listed in the previous table.

DQS, DQS Differential Slew Rate (DDR2-667/DDR2-800)
4.0 Vins 3.0 Vins 2.0 Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins 0.8 V/ns

D D D D D D D D D D D D D D D D D D
tbs tbH tDS |tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH | tDS tDH

2.0 100 45 100 45 100 45 - - - - - - - - - - - -
16 67 21 67 219 67 21 79 33 - - - - - - - - - -

210 0 0 O 0O 0 0 12 12 24 24 - - - - - - - -
% 09 - - 5 14 5 4 7 -2 19 10 31 22 - - - - - -
g 08 - - - - 13 31 1 19 11 -7 23 5 35 17 - - - -
5 07 - - - - - - 10 -42 2 30 14 -18 26 6 38 6 - -
g 06 - - - - - - - - 10 59 2 47 14 35 26 -23 38 -1

05 - - - - - - - - - - 24 -89 12 77 0 65 12 -53

04 - - - - - - - - - - - - -52 140 -40 -128 -28 -116

1. All units in ps.
2. For all input signals the total tDS (setup time) and tDH (hold time) required is calculated by adding the individual
datasheet value to the derating value listed in the previous table.
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Overshoot and Undershoot Specification

AC Overshoot / Undershoot Specification for Address and Control Pins

DDR2 DDR2 DDR2 .
Units

Parameter 533 667 800
Maximum peak amplitude allowed for overshoot area 0.5 0.5 0.5 \%
Maximum peak amplitude allowed for undershoot area 0.5 0.5 0.5 \%
1.0 0.8 0.66 V.ns

Maximum overshoot area above VDD

Maximum undershoot area below VSS 1.0 0.8 0.66 V.ns

Maximum Amplitude
Overshoot Area

VDD

Volts (V)

VSS

. . Undershoot Area
Maximum Amplitude

»

Time (ns)

AC Overshoot / Undershoot Specification for Clock, Data, Strobe and Mask Pins

DDR2 DDR2 DDR2 .
Units

Parameter 533 667 -800
Maximum peak amplitude allowed for overshoot area 0.5 0.5 0.5 \Y
Maximum peak amplitude allowed for undershoot area 0.5 0.5 0.5 \%
Maximum overshoot area above VDDQ 0.28 0.23 0.23 V.ns
0.28 0.23 0.23 V.ns

Maximum undershoot area below VSSQ

Maximum Amplitude
Overshoot Area

vVDDQ

Volts (V)

VSSQ

. . Undershoot Area
Maximum Amplitude

»

Time (ns)
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Package Dimensions (x16; 84 balls; BGA Package)
84 Ball BGA
P 9.00+/-0.10 N
h " Pin A1 Index
< 6.40 »
. 0.80
A
00 e o 2
'YX eooo g
0@ e
Q09 (RO .7ﬁf
00 NN
eoe@ e0® .
(X X (X X n 2
ffffff eo-ee 00— o 8
- ™
CNC N 09 T
(NN C N Dia,
Min040
() Q09 \Max0.50
(NN ()
e Q00
0 e e
N ) (OO N 3
J 0. 40 Max.
0. 25 Min.
1.20 Max.
— -————————
Min0.10 LJ Min0.10
Unit: Millimeters
Note : All dimensions are typical unless otherwise stated
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Package Dimensions (x4/x8; 60 balls; BGA Package)
60 Ball BGA
P 9.00+/-0.10 =
N "l Pin Atindex
6.40 >
0.80 /
A
X N 00 y
eoe@ eoe@ %
00 000
0@ e Q—j o
(XX e0e@ . 2
000 0 — 2 g
[sp)
- X C NN -
Di
©0® o ®e Min|8f40
L X C NN \Max0.50
090 (O
e 00 Y
A 4
J 0. 40 Max
0. 25 Min.
N » 1.20 Max.
Min0.10 Min0.10
-
Unit: Millimeters
00 XN
Note : All dimensions are typical unless otherwise stated
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Rev Date Modification
0.1 01/2007 Preliminary Release
1.0 02/2008 Official Release
1.1 05/2008 Added Industrial Grade Items
1.2 05/2008 Modified Industrial Grade Specification
1.3 10/2008 Update IDD current
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NANYA TECHNOLOGY CORPORATION (NTC) reserves the right to make changes without notice. NTC warrants performance
of its semiconductor products and related software to the specifications applicable at the time of sale in accordance with NTC’s
standard warranty. Testing and other quality control techniques are utilize to the extent NTC deems necessary to support this
warranty. Specific testing of all parameters of each device is not necessarily performed, except those mandated by government
requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or severe property or
environmental damage (“Critical Applications”).

NTC SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTEND, AUTHORIZED, OR WARRANTED TO BE SUITABLE
FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of NTC products in such applications is understood to be fully at the risk of the customer. Use of NTC products in such
applications requires the written approval of an appropriate NTC officer. Question concerning potential risk applications should
be directed to NTC through a local sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating safeguards should be
provided by customer to minimize the inherent or procedural hazards.

NTC assumes no liability of applications assistance, customer product design, software performance, or infringement of patents
or services described herein. Nor does NTC warrant or represent that any license, either express or implied, is granted under
any patent right, copyright, mask work right, or other intellectual property right of NTC covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

NANYA TECHNOLOGY CORPORATION
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