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Features

• DDR 256M bit, die C, based on 110nm design rules
• Double data rate architecture: two data transfers per 

clock cycle
• Bidirectional data strobe (DQS) is transmitted and 

received with data, to be used in capturing data at the 
receiver

• DQS is edge-aligned with data for reads and is center-
aligned with data for writes

• Differential clock inputs (CK and CK)
• Four internal banks for concurrent operation
• Data mask (DM) for write data
• DLL aligns DQ and DQS transitions with CK transitions
• Commands entered on each positive CK edge; data and 

data mask referenced to both edges of DQS
• Burst lengths: 2, 4, or 8
• CAS Latency: 2/2.5(DDR333) , 2.5/3(DDR400)
• Auto Precharge option for each burst access
• Auto Refresh and Self Refresh Modes
• 7.8µs Maximum Average Periodic Refresh Interval
• 2.5V (SSTL_2 compatible) I/O
• VDD = VDDQ = 2.5V ± 0.2V (DDR333)
• VDD = VDDQ = 2.6V ± 0.1V (DDR400)
• Available in Halogen and Lead Free packaging

Description

NT5DS64M4CT, NT5DS32M8CT and NT5DS16M16CT, 
NT5DS64M4CS, NT5DS32M8CS and NT5DS16M16CS are 
256Mb SDRAM devices based using a DDR interface. 
They are all based on Nanya’s 110 nm design process.

The 256Mb DDR SDRAM uses a double-data-rate architec-
ture to achieve high-speed operation. The double data rate 
architecture is essentially a 2n prefetch architecture with an 
interface designed to transfer two data words per clock cycle 
at the I/O pins. A single read or write access for the 256Mb 
DDR SDRAM effectively consists of a single 2n-bit wide, one 
clock cycle data transfer at the internal DRAM core and two 
corresponding n-bit wide, one-half-clock-cycle data transfers 
at the I/O pins.

A bidirectional data strobe (DQS) is transmitted externally, 
along with data, for use in data capture at the receiver. DQS 
is a strobe transmitted by the DDR SDRAM during Reads 
and by the memory controller during Writes. DQS is edge-
aligned with data for Reads and center-aligned with data for 
Writes.

The 256Mb DDR SDRAM operates from a differential clock 
(CK and CK; the crossing of CK going high and CK going 
LOW is referred to as the positive edge of CK). Commands 
(address and control signals) are registered at every positive 
edge of CK. Input data is registered on both edges of DQS, 
and output data is referenced to both edges of DQS, as well 
as to both edges of CK.

Read and write accesses to the DDR SDRAM are burst ori-
ented; accesses start at a selected location and continue for 
a programmed number of locations in a programmed 
sequence. Accesses begin with the registration of an Active 
command, which is then followed by a Read or Write com-
mand. The address bits registered coincident with the Active 
command are used to select the bank and row to be 
accessed. The address bits registered coincident with the 

Read or Write command are used to select the bank and the 
starting column location for the burst access.

The DDR SDRAM provides for programmable Read or Write 
burst lengths of 2, 4, or 8 locations. An Auto Precharge func-
tion may be enabled to provide a self-timed row precharge 
that is initiated at the end of the burst access.

As with standard SDRAMs, the pipelined, multibank architec-
ture of DDR SDRAMs allows for concurrent operation, 
thereby providing high effective bandwidth by hiding row pre-
charge and activation time.

An auto refresh mode is provided along with a power-saving 
Power Down mode. All inputs are compatible with the JEDEC 
Standard for SSTL_2. All outputs are SSTL_2, Class II com-
patible.

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

CAS Latency and Frequency 

CAS 
Latency 

Maximum Operating Frequency 
(MHz)

DDR400
(5T)

DDR333
(6K)

2 - 133
2.5 166 166
3 200 -

This synchronous DDR SDRAM device is manufactured
using the advanced process and fab of Nanya Tehcnology
Corporation.
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Ordering Information 

Org. Part Number Package
Speed

Comments
Clock (MHz) CL-tRCD-tRP

64M x 4
NT5DS64M4CT-5T

TSOP2
200 3-3-3 DDR400

NT5DS64M4CT-6K 166 2.5-3-3 DDR333

32M x 8
NT5DS32M8CT-5T

TSOP2
200 3-3-3 DDR400

NT5DS32M8CT-6K 166 2.5-3-3 DDR333

16M x 16
NT5DS16M16CT-5T

TSOP2
200 3-3-3 DDR400

NT5DS16M16CT-6K 166 2.5-3-3 DDR333

64M x 4
NT5DS64M4CS-5T TSOP2

Green Packing

200 3-3-3 DDR400

NT5DS64M4CS-6K 166 2.5-3-3 DDR333

32M x 8
NT5DS32M8CS-5T TSOP2

Green Packing

200 3-3-3 DDR400

NT5DS32M8CS-6K 166 2.5-3-3 DDR333

16M x 16
NT5DS16M16CS-5T TSOP2

Green Packing

200 3-3-3 DDR400

NT5DS16M16CS-6K 166 2.5-3-3 DDR333

Note: 
1. At the present time, there are no plans to support DDR SDRAMs with the QFC function. All reference to QFC 
are for information only

Green Packing are Lead and Halogen free products
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Pin Configuration - 400mil TSOP II (x4 / x8 / x16) 
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VDD

DQ0

VDDQ

NC

DQ1

VSSQ

VDDQ

NC

DQ3

VSSQ

NC

NC

NC

DQ2

VDDQ

NC

NC

VDD

NU

NC

WE

CAS

RAS

CS

NC

BA0
BA1

VSS

DQ7

VSSQ

NC

DQ6

VDDQ

VSSQ

NC

DQ4

VDDQ

NC

NC

NC
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VSSQ
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NC
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DM*
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CKE

NC
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A10/AP

A0

A1
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VDD
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VSS
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Column Address Table

Organization Column Address

64Mb x 4 A0-A9, A11

32Mb x 8 A0-A9

16Mb x 16 A0-A8

*DM is internally loaded to match DQ and DQS identically.

64Mb x 4

32Mb x 8

66-pin Plastic TSOP-II 400mil

16Mb x 16
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DQ9
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DQ8

NC

DQ12

DQ11

VSSQ

UDQS

NC

VREF
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UDM*

CK
CK

CKE

NC
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
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, CKE0, CKE1 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. CKE must be maintained high throughout read and write accesses. Input buffers, 
excluding CK, CK and CKE are disabled during Power Down. Input buffers, excluding CKE, are 
disabled during self refresh. The standard pinout includes one CKE pin. Optional pinouts might 
include CKE1 on a different pin, in addition to CKE0, to facilitate independent power down control 
of stacked devices.

 CS, CS0, CS1 Input

Chip Select: All commands are masked when CS is registered high. CS provides for external 
bank selection on systems with multiple banks. CS is considered part of the command code. The 
standard pinout includes one CS pin. Optional pinouts might include CS1 on a different pin, in 
addition to CS0, to allow upper or lower deck selection on stacked devices.

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

DM 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. Dur-
ing a Read, DM can be driven high, low, or floated.

BA0, BA1 Input
Bank Address Inputs: BA0 and BA1 define to which bank an Active, Read, Write or Precharge 
command is being applied. BA0 and BA1 also determines if the mode register or extended mode 
register is to be accessed during a MRS or EMRS cycle.

A0 - A12 Input

Address Inputs: Provide the row address for Active commands, and the column address and 
Auto Precharge bit for 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 precharged, 
the bank is selected by BA0, BA1. The address inputs also provide the op-code during a Mode 
Register Set command.

DQ Input/Output Data Input/Output: Data bus.

DQS, LDQS, UDQS Input/Output
Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered 
in write data. Used to capture write data. For the x16, LDQS corresponds to the data on DQ0-
DQ7; UDQS corresponds to the data on DQ8-DQ15

NC No Connect: No internal electrical connection is present.

NU Electrical connection is present. Should not be connected at second level of assembly. 

VDDQ Supply DQ Power Supply: 2.5V ± 0.2V.

VSSQ Supply DQ Ground

VDD Supply Power Supply: 2.5V ± 0.2V.

 VSS Supply Ground

VREF Supply SSTL_2 reference voltage: (VDDQ / 2) ± 1%.
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Block Diagram (64Mb x 4) 
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Note:  This Functional Block Diagram is intended to facilitate user understanding of the operation of 
the device; it does not represent an actual circuit implementation.

Note:  DM is a unidirectional signal (input only), but is internally loaded to match the load of the bidi-
rectional DQ and DQS signals.
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Block Diagram (32Mb x 8) 
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Note:  This Functional Block Diagram is intended to facilitate user understanding of the operation of 
the device; it does not represent an actual circuit implementation.

Note:  DM is a unidirectional signal (input only), but is internally loaded to match the load of the bidi-
rectional DQ and DQS signals.
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Block Diagram (16Mb x 16) 
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Note:  This Functional Block Diagram is intended to facilitate user understanding of the operation of 
the device; it does not represent an actual circuit implementation.

Note:  DM is a unidirectional signal (input only), but is internally loaded to match the load of the bidi-
rectional DQ and DQS signals.
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Functional Description

The 256Mb DDR SDRAM is a high-speed CMOS, dynamic random-access memory containing 268, 435, 456 bits. The 256Mb 
DDR SDRAM is internally configured as a quad-bank DRAM.

The 256Mb DDR SDRAM uses a double-data-rate architecture to achieve high-speed operation. The double-data-rate architec-
ture is essentially a 2n prefetch architecture, with an interface designed to transfer two data words per clock cycle at the I/O 
pins. A single read or write access for the 256Mb DDR SDRAM consists of a single 2n-bit wide, one clock cycle data transfer at 
the internal DRAM core and two corresponding n-bit wide, one-half clock cycle data transfers at the I/O pins.

Read and write accesses to the DDR SDRAM are burst oriented; accesses start at a selected location and continue for a pro-
grammed number of locations in a programmed sequence. Accesses begin with the registration of an Active command, which is 
then followed by a Read or Write command. The address bits registered coincident with the Active command are used to select 
the bank and row to be accessed (BA0, BA1 select the bank; A0-A12 select the row). The address bits registered coincident 
with the Read or Write command are used to select the starting column location for the burst access.

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

Initialization

Only one of the following two conditions must be met.
• No power sequencing is specified during power up or power down given the following criteria:

VDD and VDDQ are driven from a single power converter output
VTT meets the specification
A minimum resistance of 42 ohms limits the input current from the VTT supply into any pin and
VREF tracks VDDQ /2

or
• The following relationships must be followed:

VDDQ is driven after or with VDD such that VDDQ < VDD + 0.3V
VTT is driven after or with VDDQ such that VTT < VDDQ + 0.3V
VREF is driven after or with VDDQ such that VREF < VDDQ + 0.3V 

 The DQ and DQS outputs are in the High-Z state, where they remain until driven in normal operation (by a read access). After 
all power supply and reference voltages are stable, and the clock is stable, the DDR SDRAM requires a 200µs delay prior to 
applying an executable command.

Once the 200µs delay has been satisfied, a Deselect or NOP command should be applied, and CKE must be brought HIGH. 
Following the NOP command, a Precharge ALL command must be applied. Next a Mode Register Set command must be 
issued for the Extended Mode Register, to enable the DLL, then a Mode Register Set command must be issued for the Mode 
Register, to reset the DLL, and to program the operating parameters. 200 clock cycles are required between the DLL reset and 
any read command. A Precharge ALL command should be applied, placing the device in the “all banks idle” state

Once in the idle state, two auto refresh cycles must be performed. Additionally, a Mode Register Set command for the Mode 
Register, with the reset DLL bit deactivated (i.e. to program operating parameters without resetting the DLL) must be performed. 
Following these cycles, the DDR SDRAM is ready for normal operation.

DDR SDRAM’s may be reinitialized at any time during normal operation by asserting a valid MRS command to either the base 
or extended mode registers without affecting the contents of the memory array. The contents of either the mode register or 
extended mode register can be modified at any valid time during device operation without affecting the state of the internal 
address refresh counters used for device refresh.
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Register Definition

Mode Register

The Mode Register is used to define the specific mode of operation of the DDR SDRAM. This definition includes the selection of 
a burst length, a burst type, a CAS latency, and an operating mode. The Mode Register is programmed via the Mode Register 
Set command (with BA0 = 0 and BA1 = 0) and retains the stored information until it is programmed again or the device loses 
power (except for bit A8, which is self-clearing).

Mode Register bits A0-A2 specify the burst length, A3 specifies the type of burst (sequential or interleaved), A4-A6 specify the 
CAS latency, and A7-A12 specify the operating mode.

The Mode Register must be loaded when all banks are idle, and the controller must wait the specified time before initiating the 
subsequent operation. Violating either of these requirements results in unspecified operation.

Burst Length

Read and write accesses to the DDR SDRAM are burst oriented, with the burst length being programmable. The burst length 
determines the maximum number of column locations that can be accessed for a given Read or Write command. Burst lengths 
of 2, 4, or 8 locations are available for both the sequential and the interleaved burst types.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result. 

When a Read or Write command is issued, a block of columns equal to the burst length is effectively selected. All accesses for 
that burst take place within this block, meaning that the burst wraps within the block if a boundary is reached. The block is 
uniquely selected by A1-Ai when the burst length is set to two, by A2-Ai when the burst length is set to four and by A3-Ai when 
the burst length is set to eight (where Ai is the most significant column address bit for a given configuration). The remaining 
(least significant) address bit(s) is (are) used to select the starting location within the block. The programmed burst length 
applies to both Read and Write bursts.
DOC # 14-02-044 Rev A ECN # 01-1116
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Mode Register Operation 

A8 A7 A6 A5 A4

CAS Latency

A3 A2 A1 A0

Burst LengthBT

Address Bus

CAS Latency

A6 A5 A4 Latency

0 0 0 Reserved

0 0 1 Reserved

0 1 0 2

0 1 1 3 (Option)

1 0 0 Reserved

1 0 1 1.5 (Option)

1 1 0 2.5

1 1 1 Reserved 

Burst Length

A2 A1 A0 Burst Length

0 0 0 Reserved

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 Reserved

1 0 1 Reserved

1 1 0 Reserved

1 1 1 Reserved

BA1 BA0 A11 A10 A9

0* 0* Mode RegisterOperating Mode

* BA0 and BA1 must be 0, 0 to select the Mode Register
(vs. the Extended Mode Register).

A12 - A9 A8 A7 A6 - A0 Operating Mode

0 0 0 Valid Normal operation 
Do not reset DLL

0 1 0 Valid Normal operation
in DLL Reset 

0 0 1 VS** Vendor-Specific 
Test Mode

− − − Reserved

A3
Burst 
Type

0 Sequential

1 Interleave

VS** Vendor Specific

A12
DOC # 14-02-044 Rev A ECN # 01-1116
The specifications of this device are subject to change without notice.  For latest documentation, see http://www.nanoamp.com  

10



NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Notes:  

1. For a burst length of two, A1-A i selects the two-data-element block; A0 selects the first access within the block.

2. For a burst length of four, A2-A i selects the four-data-element block; A0-A1 selects the first access within the block.

3. For a burst length of eight, A3-A i selects the eight-data- element block; A0-A2 selects the first access within the block.

4. Whenever a boundary of the block is reached within a given sequence above, the following access wraps within the block.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved; this is referred to as the burst type 
and is selected via bit A3. The ordering of accesses within a burst is determined by the burst length, the burst type and the start-
ing column address, as shown in Burst Definition on page 11.

Read Latency

The Read latency, or CAS latency, is the delay, in clock cycles, between the registration of a Read command and the availability 
of the first burst of output data. The latency can be programmed 2 or 2.5 clocks.

If a Read command is registered at clock edge n, and the latency is m clocks, the data is available nominally coincident with 
clock edge n + m.

Reserved states should not be used as unknown operation or incompatibility with future versions may result.

Burst Definition 

Burst Length
Starting Column Address Order of Accesses Within a Burst

A2 A1 A0 Type = Sequential Type = Interleaved

2
0  0-1 0-1

1 1-0 1-0

4

0 0 0-1-2-3 0-1-2-3

0 1 1-2-3-0 1-0-3-2

1 0 2-3-0-1 2-3-0-1

1 1 3-0-1-2 3-2-1-0

8

0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7

0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6

0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5

0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4

1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3

1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2

1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1

1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
DOC # 14-02-044 Rev A ECN # 01-1116
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
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Operating Mode

The normal operating mode is selected by issuing a Mode Register Set Command with bits A7-A12 to zero, and bits A0-A6 set 
to the desired values. A DLL reset is initiated by issuing a Mode Register Set command with bits A7 and A9-A12 each set to 
zero, bit A8 set to one, and bits A0-A6 set to the desired values. A Mode Register Set command issued to reset the DLL should 
always be followed by a Mode Register Set command to select normal operating mode.

All other combinations of values for A7-A12 are reserved for future use and/or test modes. Test modes and reserved states 
should not be used as unknown operation or incompatibility with future versions may result.

CAS Latencies 

NOP NOP NOP NOP NOPRead

CAS Latency = 2, BL = 4

Shown with nominal tAC, tDQSCK, and tDQSQ.

CK
CK

Command

DQS

DQ

Don’t Care

CL=2

NOP NOP NOP NOP NOPRead

CAS Latency = 2.5, BL = 4

CK
CK

Command

DQS

DQ

CL=2.5
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NT5DS64M4CT, NT5DS32M8CT, NT5DS16M16CT
NT5DS64M4CS, NT5DS32M8CS, NT5DS16M16CSNanoAmp Solutions, Inc.
Extended Mode Register

The Extended Mode Register controls functions beyond those controlled by the Mode Register; these additional functions 
include DLL enable/disable, bit A0; output drive strength selection, bit A1; and QFC output enable/disable, bit A2 (optional). 
These functions are controlled via the bit settings shown in the Extended Mode Register Definition. The Extended Mode 
Register is programmed via the Mode Register Set command (with BA0 = 1 and BA1 = 0) and retains the stored information
until it is programmed again or the device loses power. The Extended Mode Register must be loaded when all banks are idle, 
and the controller must wait the specified time before initiating any subsequent operation. Violating either of these requirements
result in unspecified operation.

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 disabled the DLL for the purpose of debug or evaluation. The DLL is automatically disabled when 
entering self refresh operation and is automatically re-enabled upon exit of self refresh operation. Any time the DLL is enabled, 
200 clock cycles must occur to allow time for the internal clock to lock to the externally applied clock before a Read command 
can be issued. This is the reason for introducing timing parameter tXSRD for DDR SDRAM’s (Exit Self Refresh to Read Com-
mand). Non- Read commands can be issued 2 clocks after the DLL is enabled via the EMRS command (tMRD) or 10 clocks after 
the DLL is enabled via self refresh exit command (tXSNR, Exit Self Refresh to Non-Read Command).

Output Drive Strength

The normal drive strength for all outputs is specified to be SSTL_2, Class II. 

QFC Enable/Disable

The QFC signal is an optional DRAM output control used to isolate module loads (DIMMs) from the system memory bus by 
means of external FET switches when the given module (DIMM) is not being accessed. The QFC function is an optional feature 
and is not included on all DDR SDRAM devices. 
DOC # 14-02-044 Rev A ECN # 01-1116
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Power Down Mode 
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Auto Refresh Mode 
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Self Refresh Mode 
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Read without Auto Precharge (Burst Length = 4) 
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Read with Auto Precharge (Burst Length = 4) 
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Bank Read Access (Burst Length = 4) 
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Write with Auto Precharge (Burst Length = 4) 
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Bank Write Access (Burst Length = 4) 
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Write DM Operation (Burst Length = 4) 
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Package Dimensions (400mil; 66 lead; Thin Small Outline Package)
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