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1. Introduction 

1.1. Goals and Objectives 
This specification defines a standardized NAND Flash device interface that provides the means 
for a system to be designed that supports a range of NAND Flash devices without direct design 
pre-association. The solution also provides the means for a system to seamlessly make use of 
new NAND devices that may not have existed at the time that the system was designed. 
 
Some of the goals and requirements for the specification include: 

¶ Support range of device capabilities and new unforeseen innovation 

¶ Consistent with existing NAND Flash designs providing orderly transition to ONFI 

¶ Capabilities and features are self-described in a parameter page such that hard-coded 
chip ID tables in the host are not necessary 

¶ Flash devices are interoperable and do not require host changes to support a new Flash 
device 

¶ Define a higher speed NAND interface that is compatible with existing NAND Flash 
interface 

¶ Allow for separate core (Vcc) and I/O (VccQ) power rails 
 

1.2. References 
The specification makes reference to the following specifications and standards: 
 

¶ JEDEC SSTL_18 standard. Standard is available at http://www.jedec.org. 
 

1.3. Definitions, abbreviations, and conventions 

1.3.1. Definitions and Abbreviations 

The terminology used in this specification is intended to be self-sufficient and does not rely on 
overloaded meanings defined in other specifications. Terms with specific meaning not directly 
clear from the context are clarified in the following sections. 

1.3.1.1. address 

The address is comprised of a row address and a column address. The row address identifies the 
page, block, and LUN to be accessed. The column address identifies the byte or word within a 
page to access. The least significant bit of the column address shall always be zero in the NV-
DDR, NV-DDR2, NV-DDR3 or NV-LPDDR4 data interfaces.  
 

1.3.1.2. asynchronous 

Asynchronous is when data is latched with the WE_n signal for writes and RE_n signal for reads. 
 

1.3.1.3. block 

Consists of multiple pages and is the smallest addressable unit for erase operations. 
 

1.3.1.4. column 

The byte (x8 devices) or word (x16 devices) location within the page register. 
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1.3.1.1. CTT 

Acronym for Center Tapped Termination 
 

1.3.1.2. data burst 

A data burst is a continuous set of data input or data output cycles without a pause. Specifically, 
there is not more than a data cycle time of pause within the data sequence. 
 

1.3.1.2.1. data burst end 

The host issues a new command after exiting the data burst. This exits NAND read mode and 
ends the data burst. 

1.3.1.2.2. data burst exit 

The host brings CE_n, ALE or CLE high during the data burst. ODT is off (if enabled) when in exit 
state and warmup cycles are re-issued (if enabled) if the data burst is continued after exit.  

1.3.1.2.3. data burst pause 

The host stops DQS (input burst) or RE (output burst) during data burst. ODT (if enabled) stays 
enabled the entire pause time and warmup cycles (if enabled) are not re-issued when continuing 
the data burst from pause. 
 

1.3.1.1. DBI 

Acronym for Data Bus Inversion. 
 

1.3.1.2. DDR 

Acronym for double data rate. 
 

1.3.1.3. defect area 

The defect area is where factory defects are marked by the manufacturer. Refer to section 3.3. 
 

1.3.1.4. Deselected (ODT state) 

When on-die termination is used, the LUN may be in a Deselected, Selected, or Sniff state with 
associated actions for each. Refer to section 4.17. 
 

1.3.1.5. device 

The packaged NAND unit. A device consists of one or more NAND Targets. 
 

1.3.1.6. differential signaling 

Differential signaling is a method of transmitting information by means of two complementary 
signals. The opposite technique is called single-ended signaling. The RE_n and DQS signals may 
each have complementary signals enabled to improve noise immunity, refer to section 4.11.2. 
 

1.3.1.7. Dword 

A Dword is thirty-two (32) bits of data. A Dword may be represented as 32 bits, as two adjacent 
words, or as four adjacent bytes. When shown as bits the least significant bit is bit 0 and most 
significant bit is bit 31. The most significant bit is shown on the left. When shown as words the 
least significant word (lower) is word 0 and the most significant (upper) word is word 1. When 
shown as bytes the least significant byte is byte 0 and the most significant byte is byte 3. See 
Figure 1 for a description of the relationship between bytes, words, and Dwords.  
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1.3.1.8. Host Target 

A set of NAND Targets that share the same host CE_n signal. If CE_n reduction is not used, then 
a Host Target is equivalent to a NAND Target. 
 

1.3.1.9. latching edge 

The latching edge describes the edge of the CLK, RE_n, WE_n, or DQS signal that the contents 
of the data bus are latched on.  
 
For NV-DDR, the latching edge for data cycles is both the rising and falling edges of the DQS 
signal. For command and address cycles the latching edge is the rising edge of the CLK signal. 
 
For NV-DDR2 and NV_DDR3, the latching edge for data cycles is both the rising and falling 
edges of the DQS signal. For command and address cycles the latching edge is the rising edge 
of the WE_n signal. 
 

1.3.1.1. LTT 

Acronym for Low Tapped Termination 
 

1.3.1.2. LUN (logical unit number) 

The minimum unit that can independently execute commands and report status. There are one or 
more LUNs per NAND Target.  
 

1.3.1.3.  na 

na stands for ñnot applicableò. Fields marked as ñnaò are not used. 
 

1.3.1.4. NAND Target 

A set of LUNs that share one CE_n signal within one NAND package. 
 

1.3.1.5. O/M 

O/M stands for Optional/Mandatory requirement. When the entry is set to ñMò, the item is 
mandatory. When the entry is set to ñOò, the item is optional. 
 

1.3.1.6. on-die termination (ODT) 

On-die termination is a type of electrical termination where the termination is provided by the 
NAND device. On-die termination is commonly referred to by its acronym, ODT. Refer to section 
4.17. 
 

1.3.1.7. page 

The smallest addressable unit for read and program operations.  
 

1.3.1.8. page register 

Register used to read data from that was transferred from the Flash array. For program 
operations, the data is placed in this register prior to transferring the data to the Flash array. 
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1.3.1.9. partial page (obsolete) 

A portion of the page, referred to as a partial page, may be programmed if the NAND Target 
supports more than one program per page as indicated in the parameter page. The host may 
choose to read only a portion of the data from the page register in a read operation; this portion 
may also be referred to as a partial page. 
 

1.3.1.10. read request 

A read request is a data output cycle request from the host that results in a data transfer from the 
device to the host. Refer to section 4.3 for information on data output cycles. 
 

1.3.1.11. row 

Refers to the block and page to be accessed. 
 

1.3.1.12. Selected (ODT state) 

When on-die termination is used, the LUN may be in a Deselected, Selected, or Sniff state with 
associated actions for each. Refer to section 4.17. 
 

1.3.1.13. single-ended signaling 

Single-ended signaling is when a one signal is used to transmit information. The opposite 
technique is differential signaling.  
 

1.3.1.14. Sniff (ODT state) 

When on-die termination is used, the LUN may be in a Deselected, Selected, or Sniff state with 
associated actions for each. Refer to section 4.17. 

 

1.3.1.15. source synchronous 

Source synchronous is when the strobe (DQS) is forwarded with the data to indicate when the 
data should be latched. The strobe signal, DQS, can be thought of as an additional data bus bit. 
 

1.3.1.16. SR[ ] 

SR refers to the status register contained within a particular LUN. SR[x] refers to bit x in the 
status register for the associated LUN. Refer to section 5.13 for the definition of bit meanings 
within the status register. 
 

1.3.1.17. target  

This term is equivalent to a NAND Target. When there is no potential confusion between NAND 
Target and Host Target, the shorter term of ñtargetò is used. 
 

1.3.1.18. Uncorrectable Bit Error Rate, or ratio (UBER) 

A metric for the rate of occurrence of data errors, equal to the number of data errors per bits read. 
Mathematically, it may be represented as: 
 UBER = cumulative number of data errors / cumulative number of bits read 
 
Note: The cumulative number of bits read is the sum of all bits of data read back from the device, 
with multiple reads of the same memory bit as multiple bits read. For example, if a 100GB device 
is read ten times then there would be about 1TB (8x1012 bits) read. The cumulative number of 
data errors is the count of the physical pages for which the device fails to return correct data.  
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1.3.1.19. Volume 

A Volume is an appointed address to a NAND Target. Volumes are used as part of Volume 
addressing, refer to section 2.21. 
 

1.3.1.20. VREFQ 

Input reference voltage. 
 

1.3.1.21. Vtt 

Termination voltage. 
 

1.3.1.22. word 

A word is sixteen (16) bits of data. A word may be represented as 16 bits or as two adjacent 
bytes. When shown as bits the least significant bit is bit 0 and most significant bit is bit 15. The 
most significant bit is shown on the left. When shown as bytes the least significant byte (lower) is 
byte 0 and the most significant byte (upper) is byte 1. See Figure 1 for a description of the 
relationship between bytes, words and Dwords. 
 

1.3.2. Conventions 

The names of abbreviations and acronyms used as signal names are in all uppercase (e.g., 
CE_n). ñ_nò is used indicate an active low signal (i.e., an inverted logic sense). It is acceptable to 
use the overbar, trailing slash (\), or # symbol rather than ñ_nò to indicate an active low signal. ñ_tò 
is used to indicate the true signal and ñ_cò is used to indicate the complementary signal when 
using differential signaling for a signal pair (e.g., RE_n or DQS). 
 
Fields containing only one bit are usually referred to as the "name" bit instead of the "name" field. 
Numerical fields are unsigned unless otherwise indicated. 
 

1.3.2.1. Precedence  

If there is a conflict between text, figures, state machines, timing diagrams, and tables, the 
precedence shall be state machines, timing diagrams, tables, figures, and then text. 
 

1.3.2.2. Keywords 

Several keywords are used to differentiate between different levels of requirements. 
 

1.3.2.2.1. mandatory 

A keyword indicating items to be implemented as defined by this specification. 
 

1.3.2.2.2. may 

A keyword that indicates flexibility of choice with no implied preference. 
 

1.3.2.2.3. optional 

A keyword that describes features that are not required by this specification. However, if any 
optional feature defined by the specification is implemented, the feature shall be implemented in 
the way defined by the specification. 
 



 

 

6 

1.3.2.2.4. reserved 

A keyword indicating reserved bits, bytes, words, fields, and opcode values that are set-aside for 
future standardization. Their use and interpretation may be specified by future extensions to this 
or other specifications. A reserved bit, byte, word, or field shall be cleared to zero, or in 
accordance with a future extension to this specification. The recipient shall not check reserved 
bits, bytes, words, or fields.  
 

1.3.2.2.5. shall 

A keyword indicating a mandatory requirement. Designers are required to implement all such 
mandatory requirements to ensure interoperability with other products that conform to the 
specification. 
 

1.3.2.2.6. should 

A keyword indicating flexibility of choice with a strongly preferred alternative. Equivalent to the 
phrase ñit is recommendedò. 
 
 

1.3.2.3. Byte, word and Dword Relationships 

Figure 1-1 illustrates the relationship between bytes, words and Dwords. 
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Figure 1-1 Byte, word and Dword relationships 

 

1.3.2.4. Behavioral Flow Diagrams 

For each function to be completed a state machine approach is used to describe the sequence 
and externally visible behavior requirements. Each function is composed of several states to 
accomplish a set goal. Each state of the set is described by an individual state table. Table 1-1 
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below shows the general layout for each of the state tables that comprise the set of states for the 
function. 

 

State name Action list 

 Transition condition 0  Next state 0 

 Transition condition 1  Next state 1 

Table 1-1  State Table Cell Description 

 
 
Each state is identified by a unique state name. The state name is a brief description of the 
primary action taken during the state. Actions to take while in the state are described in the action 
list. 
 
Each transition is identified by a transition label and a transition condition. The transition label 
consists of the state designator of the state from which the transition is being made followed by 
the state designator of the state to which the transition is being made. The transition condition is a 
brief description of the event or condition that causes the transition to occur and may include a 
transition action that is taken when the transition occurs. This action is described fully in the 
transition description text. Transition conditions are listed in priority order and are not required to 
be mutually exclusive. The first transition condition that evaluates to be true shall be taken. 
 
Upon entry to a state, all actions to be executed in that state are executed. If a state is re-entered 
from itself, all actions to be executed in the state are executed again. 
 
It is assumed that all actions are executed within a state and that transitions from state to state 
are instantaneous. 
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2. Physical Interface 

2.1. TSOP-48 and WSOP-48 Pin Assignments 
Figure 2-1 defines the pin assignments for devices using 48-pin TSOP or 48-pin WSOP 
packaging for 8-bit data access. Figure 2-2 defines the pin assignments for devices using 48-pin 
TSOP or 48-pin WSOP packaging for 16-bit data access. The package with 16-bit data access 
does not support the NV-DDR, NV-DDR2, NV-DDR3 or NV-LPDDR4 data interfaces. The 
physical dimensions of the TSOP package is defined in the JEDEC document MO-142 variation 
DD. The physical dimensions of the WSOP package is defined in the JEDEC document MO-259. 
The physical dimensions of the BGA-100, BGA-132, and BGA-152 packages are defined in the 
JEDEC document MO-304. The physical dimensions of the BGA-316 and BGA-272 packages are 
defined in the JEDEC document MO-210. 
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Figure 2-1 48-pin TSOP/WSOP pinout for 8-bit data access 

 
NOTE: For a NV-DDR, NV-DDR2, NV-DDR3 or NV-LPDDR4 capable part, pin 35 is not used when configured in the asynchronous data 
interface. Specifically, VSP2 is present for SDR only parts. 
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Figure 2-2 48-pin TSOP/WSOP pinout for 16-bit data access 
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2.2. LGA-52 Pad Assignments 
Figure 2-3 defines the pad assignments for devices using 52-pad LGA packaging with 8-bit data 
access. An option is specified for two independent 8-bit data buses. Figure 2-4 defines the pad 
assignments for devices using 52-pad LGA packaging with 16-bit data access. The physical 
dimensions of the package are 12mmx17mm or 14mmx18mm. Figure 2-5 defines the pad 
spacing requirements for the 52-pad LGA package for both package dimensions. These LGA 
packages do not support the NV-DDR, NV-DDR2, NV-DDR3 or NV-LPDDR4 data interface.  
 
 

  

Figure 2-3 LGA pinout for 8-bit data access 
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Figure 2-4 LGA pinout for 16-bit data access 
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Figure 2-5 LGA-52 pad spacing requirements (bottom view, dimensions in millimeters) 

 
 

2.3. BGA-63 Ball Assignments 
Figure 2-6 defines the ball assignments for devices using 63-ball BGA packaging with 8-bit data 
access for the SDR data interface. Figure 2-7 defines the ball assignments for devices using 63-
ball BGA packaging with 8-bit data access for the NV-DDR data interface. Figure 2-8 defines the 
ball assignments for devices using 63-ball BGA packaging with 16-bit data access for the SDR 
data interface. The 63-ball BGA package with 16-bit data access does not support the NV-DDR, 
NV-DDR2, NV-DDR3 or NV-LPDDR4 data interface. Figure 2-9 defines the ball spacing 
requirements for the 63-ball BGA package. The 63-ball BGA package has two solder ball 
diameter sizes: 0.45±0.05mm and 0.55±0.05mm post reflow. 
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Figure 2-6 BGA-63 ball assignments for 8-bit data access, SDR only data interface 
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Note that WE_n is located at ball H7 when a NV-DDR capable part is used in SDR mode. 

 

Figure 2-7 BGA-63 ball assignments for 8-bit data access, NV-DDR data interface 
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Figure 2-8 BGA-63 ball assignments for 16-bit, SDR only data interface 
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Figure 2-9 BGA-63 ball spacing requirements (top view, dimensions in millimeters) 

 

2.4. BGA-100 Ball Assignments 
Figure 2-10 defines the ball assignments for devices using 100-ball BGA packaging with dual 8-
bit data access for the SDR data interface. Figure 2-11 defines the ball assignments for devices 
using 100-ball BGA packaging with dual 8-bit data access for the NV-DDR, NV-DDR2, NV-DDR3 
or NV-LPDDR4 data interface. Figure 2-12 defines the ball spacing requirements for the 100-ball 
BGA package. The 100-ball BGA has two package sizes: 12mm x 18mm and 14mm x 18mm and 
two solder ball diameter sizes: 0.45±0.05mm and 0.55±0.05mm post reflow for both package 
sizes. 
 
The functionality of balls H7 and K5 is overloaded. If CE_n pin reduction is supported, then these 
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balls are used as R/B1_1_n and CE1_0_n. In the case of CE_n pin reduction, only two CE_n 
balls are used for the package and thus re-purposing the functionality of these balls does not 
cause an issue.  
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Figure 2-10 BGA-100 ball assignments for dual 8-bit data access, SDR data interface 
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Figure 2-11 BGA-100 ball assignments for dual 8-bit data access, NV-DDR, NV-DDR2 or 
NV-DDR3 data interface 
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Figure 2-12 BGA-100 ball spacing requirements (top view, dimensions in millimeters) 

 

2.5. BGA-152 and BGA-132 Ball Assignments 
Figure 2-13 defines the ball assignments for devices using 152-ball BGA packaging with dual 8-
bit data access. Figure 2-14 defines the ball assignments for devices using 132-ball BGA 
packaging with dual 8-bit data access. Figure 2-15 defines the ball spacing requirements for the 
152-ball and 132-ball BGA package.  There are two package sizes: 12mm x 18mm (132-ball) and 
14mm x 18mm (152-ball) and two solder ball diameter sizes: 0.45±0.05mm and 0.55±0.05mm 
post reflow for both package sizes.  Note: If the 12mm x 18mm package size is used, then outer 
columns are not present, and the package is a 132-ball BGA. For the 132-ball BGA, the columns 
are re-enumerated to begin at column 1 (i.e. BGA-152 column 2 becomes BGA-132 column 1). 
Depending on the data interface selected, balls may have different usages and/or meanings. 
Refer to for the specific use for each ball in each data interface. 
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Figure 2-13 BGA-152 ball assignments for dual 8-bit data access 
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Figure 2-14 BGA-132 ball assignments for dual 8-bit data access 
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Figure 2-15 BGA-152 and BGA-132 ball spacing requirements (top view, dimensions in 
millimeters) 

 

2.6. BGA-272, BGA-252, and BGA-316 Ball Assignments 
Figure 2-16 defines the ball assignments for devices using 272-ball BGA packaging with quad 8-
bit data access. Figure 2-17 defines the ball assignments for devices using 252-ball BGA 
packaging with quad 8-bit data access. Figure 2-18 defines the ball assignments for devices 
using 316-ball 16 CE_n BGA packaging with quad 8-bit data access. Figure 2-19 defines the ball 
assignments for devices using 316-ball 32 CE_n BGA packaging with quad 8-bit data access. 
Figure 2-20 defines the ball spacing requirements for the 272-ball and 252-ball BGA packages. 
Figure 2-21 defines the ball spacing requirements for the 316-ball BGA package. The package 
size for the 272-ball and 316-ball packages is 14mm x 18mm while the package size for the 252-
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ball package is 12mm x 18mm. The 252-ball package removes the outer columns from the 272-
ball package resulting in a smaller package size. The 252-ball ball assignment is also re-
enumerated to begin at column 1 (ie. BGA-272 column 2 becomes BGA-252 column 1). 
Depending on the data interface selected, balls may have different usages and/or meanings. 
Refer to for the specific use for each ball in each data interface. 
 

 

Figure 2-16 BGA-272 ball assignments for quad 8-bit data access 
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Figure 2-17 BGA-252 ball assignments for quad 8-bit data access 
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Figure 2-18 BGA-316 ball 16 CE_n assignments for quad 8-bit data access 
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Figure 2-19 BGA-316 ball 32 CE_n assignments for quad 8-bit data access 
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Figure 2-20 BGA-272 and BGA-252 ball spacing requirements (top view, dimensions in 
millimeters) 
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Figure 2-21 BGA-316 ball spacing requirements (top view, dimensions in millimeters) 

 
 

2.7. BGA-178, BGA-154, and BGA-146 Ball Assignments 
 
Figure 2-22 defines the ball assignments for devices using 178-ball BGA packaging with dual 8-
bit data access. Figure 2-23 defines the ball assignments for devices using 154-ball BGA 
packaging with dual 8-bit data access. Figure 2-24 defines the ball assignments for devices using 
154-ball BGA packaging with dual 8-bit data access. Figure 2-25, Figure 2-26, Figure 2-27 define 
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the ball spacing requirements for the 178-ball, 154-ball and 146-ball BGA packages. The package 
size for the 178-ball package is 13.5mm x 13.5mm. The package size for the 154-ball package is 
either 11.5x13.5mm or 12.8x13.5 mm. The package size for 146-ball package is 10x18mm.  
The 154-ball package removes the outer columns from the 178-ball package resulting in a 
smaller package size. The 154-ball package ball assignment is also re-enumerated to begin at 
column 1 (i.e. BGA-178 column 2 becomes BGA-154 column 1). The 146-ball package 
transposes the rows and columns from the 178-ball package and removes the 2 outer columns 
on each side. The 146-ball package ball assignment is also re-enumerated to begin at column 1 
(i.e. BGA-178 row N becomes BGA-146 column 1). Depending on the data interface selected, 
balls may have different usages and/or meanings. Refer to for the specific use for each ball in 
each data interface. 
 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

A NC NC NC NC               NC NC NC NC 

B NC NU NU NU               NU NU NU NC 

C NC NU NU VCCQ VSS VPP VSS VCC VSS VCCQ VSS VCCQ NU NU NC 

D NC NU VCCQ VCC RFU VPP 
PSL_0 
ZQ_0 

VREFQ_0 RFU VSP VSP VCC VCCQ NU NC 

E NC NU VSS DQ5_0 VCCQ DQ7_0 CE1_0_n CE0_0_n 
WP_1_n 
ODT_1_n 

DQ0_1 VCCQ DQ2_1 VSS NU NC 

F NC NU VCCQ DQ4_0 VSS DQ6_0 CE2_0_n R/B0_0_n ALE_1 DQ1_1 VSS DQ3_1 VCCQ NU NC 

G   NU VCC 
RE_0_n 
W/R_0_n 

RE_0_c 
WE_0_n 
CLK_0 

CE3_0_n R/B1_0_n CLE_1 
DBI_1 
or NU 

DQS_1_c DQS_1_t VSS NU   

H                               

J   NU VSS DQS_0_t DQS_0_c 
DBI_0 
or NU 

CLE_0 R/B1_1_n CE3_1_n 
WE_1_n 
CLK_1 

RE_1_c 
RE_1_n 
W/R_1_n 

VCC NU   

K NC NU VCCQ DQ3_0 VSS DQ1_0 ALE_0 R/B0_1_n CE2_1_n DQ6_1 VSS DQ4_1 VCCQ NU NC 

L NC NU VSS DQ2_0 VCCQ DQ0_0 
WP_0_n 
ODT_0_n 

CE0_1_n CE1_1_n DQ7_1 VCCQ DQ5_1 VSS NU NC 

M NC NU VCCQ VCC VSP VSP RFU VREFQ_1 
PSL_1 
ZQ_1 

VPP RFU VCC VCCQ NU NC 

N NC NU NU VCCQ VSS VCCQ VSS VCC VSS VPP VSS VCCQ NU NU NC 

P NC NU NU NU               NU NU NU NC 

R NC NC NC NC               NC NC NC NC 

Figure 2-22 BGA-178 ball assignments for dual 8-bit data access 
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 1 2 3 4 5 6 7 8 9 10 11 12 13 

A NC NC NC               NC NC NC 

B NU NU NU               NU NU NU 

C NU NU VCCQ VSS VPP VSS VCC VSS VCCQ VSS VCCQ NU NU 

D NU VCCQ VCC RFU VPP 
PSL_0 
ZQ_0 

VREFQ_0 RFU VSP VSP VCC VCCQ NU 

E NU VSS DQ5_0 VCCQ DQ7_0 CE1_0_n CE0_0_n 
WP_1_n 
ODT_1_n 

DQ0_1 VCCQ DQ2_1 VSS NU 

F NU VCCQ DQ4_0 VSS DQ6_0 CE2_0_n R/B0_0_n ALE_1 DQ1_1 VSS DQ3_1 VCCQ NU 

G NU VCC 
RE_0_n 
W/R_0_n 

RE_0_c 
WE_0_n 
CLK_0 

CE3_0_n R/B1_0_n CLE_1 
DBI_1 or 

NU 
DQS_1_c DQS_1_t VSS NU 

H                           

J NU VSS DQS_0_t DQS_0_c 
DBI_0 or 

NU 
CLE_0 R/B1_1_n CE3_1_n 

WE_1_n 
CLK_1 

RE_1_c 
RE_1_n 
W/R_1_n 

VCC NU 

K NU VCCQ DQ3_0 VSS DQ1_0 ALE_0 R/B0_1_n CE2_1_n DQ6_1 VSS DQ4_1 VCCQ NU 

L NU VSS DQ2_0 VCCQ DQ0_0 
WP_0_n 
ODT_0_n 

CE0_1_n CE1_1_n DQ7_1 VCCQ DQ5_1 VSS NU 

M NU VCCQ VCC VSP VSP RFU VREFQ_1 
PSL_1 
ZQ_1 

VPP RFU VCC VCCQ NU 

N NU NU VCCQ VSS VCCQ VSS VCC VSS VPP VSS VCCQ NU NU 

P NU NU NU               NU NU NU 

R NC NC NC               NC NC NC 

 

Figure 2-23 BGA-154 ball assignments for dual 8-bit data access 
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 1 2 3 4 5 6 7 8 9 10 11 

A NC NC NC NC       NC NC NC NC 

B NU NU NU NU NU   NU NU NU NU NU 

C NU VCCQ VSS VCCQ VSS   VCC VCCQ VSS VCCQ NU 

D VCCQ VCC DQ2_0 DQ3_0 DQS_0_t   
RE_0_n 

W/R_0_n 
DQ4_0 DQ5_0 VCC VCCQ 

E VSS VSP VCCQ VSS DQS_0_c   RE_0_c VSS VCCQ RFU VSS 

F VCCQ VSP DQ0_0 DQ1_0 
DBI_0 or 

NU 
  

WE_0_n 
CLK_0 

DQ6_0 DQ7_0 VPP VPP 

G VSS RFU 
WP_0_n 
ODT_0_n 

ALE_0 CLE_0   CE3_0_n CE2_0_n CE1_0_n 
PSL_0 
ZQ_0 

VSS 

H VCC VREFQ_1 CE0_1_n R/B0_1_n R/B1_1_n   R/B1_0_n R/B0_0_n CE0_0_n VREFQ_0 VCC 

J VSS 
PSL_1 
ZQ_1 

CE1_1_n CE2_1_n CE3_1_n   CLE_1 ALE_1 
WP_1_n 
ODT_1_n 

RFU VSS 

K VPP VPP DQ7_1 DQ6_1 
WE_1_n 
CLK_1 

  
DBI_1 or 

NU 
DQ1_1 DQ0_1 VSP VCCQ 

L VSS RFU VCCQ VSS RE_1_c   DQS_1_c VSS VCCQ VSP VSS 

M VCCQ VCC DQ5_1 DQ4_1 
RE_1_n 

W/R_1_n 
  DQS_1_t DQ3_1 DQ2_1 VCC VCCQ 

N NU VCCQ VSS VCCQ VCC   VSS VCCQ VSS VCCQ NU 

P NU NU NU NU NU   NU NU NU NU NU 

R NC NC NC NC       NC NC NC NC 

 
 
 

Figure 2-24 BGA-146 ball assignments for dual 8-bit data access 
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Figure 2-25 BGA-178 ball spacing requirements (top view, dimensions in millimeters) 

 



 

 

34 

 

Figure 2-26 BGA-154 ball spacing requirements (top view, dimensions in millimeters) 
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Figure 2-27 BGA-146 ball spacing requirements (top view, dimensions in millimeters) 

 
 
 
 












































































































































































































































































































































































































































































































































































































































































































