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LEGAL DISCLAIMERS
Samsung Electronics Co., Ltd.

SAMSUNG ELECTRONICS CO., LTD. RESERVES THE RIGHT TO MAKE CHANGES TO THE INFORMATION PROVIDED IN THIS DOCUMENT, THE
SPECIFICATIONS OF THE PRODUCT (AS THE TERM IS DEFINED IN THIS DOCUMENT), INCLUDING RELATED HARDWARE AND SOFTWARE,
WITHOUT NOTICE.

Samsung Electronics Co., Ltd. (“Samsung”) continually works to improve the Product’s quality and reliability but the Product cannot be completely fail-
safe as all semiconductor products have inherent failure rates and limited useful lives. IT IS CUSTOMER'S SOLE RESPONSIBILITY TO DETERMINE
WHETHER THE SAMSUNG PRODUCT IS SUITABLE AND FIT FOR CUSTOMER'S OWN DESIGNS, SYSTEMS, APPLICATIONS, AND/OR END-
PRODUCT, THE APPLICABILITY OF ANY INFORMATION PROVIDED BY SAMSUNG RELATING TO THE PRODUCT, AND THE VALIDATION OF ALL
OPERATING PARAMETERS FOR ITS DESIGNS AND/OR APPLICATIONS.

Customer is solely responsible for complying with all safety standards and incorporating safety design measures into Customer's applications and end-
product to ensure that a malfunction or failure of the Samsung Product component will not result in loss of human life, bodily injury or severe property and
environmental damage. It is Customer’s sole responsibility to provide adequate designs for its end-product that includes or incorporates the Product as
component in compliance with the latest state of scientific or technical knowledge, the latest versions of all relevant information provided by Samsung,
including but not limited to, the specifications and/or instructions regarding the Product, the data sheets, qualification reports and notes for the Product,
and precautions and conditions relating to the Product. SAMSUNG ASSUMES NO LIABILITY FOR ANY DAMAGES OCCURRING AS A RESULT OF OR
RELATED TO CUSTOMER’S END-PRODUCT DESIGNS.

The Product is not warranted for use in equipment, systems and/or applications in which a malfunction or failure of the Samsung Product component
could result, directly or indirectly in death, personal injury, or severe property or environmental damage. Customer shall not use or otherwise make avail-
able the Product or related software, hardware and/or technology for any military purposes, including without limitation, for the design, development, use
or manufacturing of weapons. The Product is not designed or intended for use in automotive applications unless specifically designated in writing by Sam-
sung as automotive-grade. The Product is neither designed nor intended for use in nuclear facilities, aerospace, satellite, medical, elevator/escalator and/
or other safety-related equipment. Customer shall assume the sole risk and liability for and shall indemnify and hold Samsung harmless against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, from any use of the Product for such unintended pur-
poses.

SAMSUNG DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF THE PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF
INFORMATION (PROVIDED ONLY AS GUIDANCE FOR THE PRODUCT USE), OR NONINFRINGEMENT OF ANY THIRD PARTY RIGHTS THAT MAY
RESULT FROM THE USE OF THE PRODUCT.

Samsung assumes no liability for damages or losses occurring as a result of or related to Customer’s noncompliance with applicable laws and regula-
tions.

This document and all information discussed herein remains the sole and exclusive property of Samsung. No license of any patent, copyright, mask work,
trademark or any other intellectual property right is granted by Samsung to Customer under this document, whether express or implied, by estoppel or
otherwise.

Absent a separate written agreement signed by both Samsung and Customer, Samsung assumes no liability, to the maximum extent permitted by law, for
indirect, consequential, special, punitive, exemplary and/or incidental damages or loss, including but not limited to, loss of profits, loss of use/opportuni-
ties, business interruption, corruption or loss of data, procurement of substitute goods and/or services, however caused and on any theory of liability,
whether in contract, strict liability, or tort (including negligence or otherwise) arising in any way out of or in connection with the use of the Product, even if
advised of the possibility of such damage.

The Product and related technology may be controlled under the applicable export laws and regulations. Export or re-export of the Product and related
technology are strictly prohibited unless in compliance with all applicable export laws and regulations.

The terms and conditions of the parties’ transaction involving the Product, including but not limited to, all of the above, reflect good faith negotiations by
and between Samsung and Customer each as a business entity, and shall not be construed more strictly against Samsung. For more details and addi-
tional information, please contact your Samsung business representative.
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1.0 INTRODUCTION
1.1 Product List for S5E

1.2 Features

Part Number Density Interface VCC Range VCCQ Range Organization PCIe Gen. PKG Type

KLBCG1R5DB-E0U3 64 GB

Toggle DDR
2.5V

(2.35V ~ 2.75V)
1.2V

(1.14V ~ 1.3V)
x8 4

315-LGA
EMI

Shielded

KLBDG2R5DB-E0U3 128 GB

KLBEG4R5DB-E0U3 256 GB

KLBFG8R5DB-E0U3 512 GB

 Voltage Supply 
  - VCC: 2.5V (2.35V ~ 2.75V)

  - VCCQ: 1.2 (1.14V ~ 1.3V)

 Organization of Single Die 
  - Page Size: (16K + 2K) x Byte 
  - Data Register: (16K + 2K) x Byte 
  - Block Size: 48.375M Byte
  - Unit Device Capacity: 48.375M Byte x 1,458

 Products
  - KLBCG1R5DB-E0U3 : 1 x Single NAND die
  - KLBDG2R5DB-E0U3 : 2 x Single NAND die
  - KLBEG4R5DB-E0U3 : 4 x Single NAND die
  - KLBFG8R5DB-E0U3 : 8 x Single NAND die
  
 Automatic Program and Erase
  - Page Program: (16K + 2K) Byte
  - Block Erase: 48.375M Byte

 Page Read Operation
  - Random Read: 55s (Typ.)
  - Data Transfer Rate: up to 1.2Gbps (VCCQ: 1.2V) 

 Write Cycle Time
  - Page Program Time: 420s (5σ)
  - Block Erase Time: 6.5ms (Typ.)

 Command / Address / Data Multiplexed DQ Port

 Toggle Mode DDR Data Interface

 Hardware Data Protection
  - Program / Erase Lockout During Power Transitions

 Reliable CMOS Floating-Gate Technology
  - ECC Requirement: LDPC Engine

 Command Driven Operation

 Scalable DQ Driver

Randomizer function is required by controller

 Package
  - KLBCG1R5DB-E0U3 : 315-LGA
  - KLBDG2R5DB-E0U3 : 315-LGA
  - KLBEG4R5DB-E0U3 : 315-LGA
  - KLBFG8R5DB-E0U3 : 315-LGA
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2.0 PHYSICAL INTERFACES
In this section, all physical interface will be described (top-level block diagram, assignment and description of each pin, connectivity of the external pins).

2.1 Block Diagram
This section presents reference block diagram that describes S5E 8DP to NAND physical interface.

Figure 1. Block Diagram Description
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2.2 Pin Configuration (315-LGA)
This section includes a top view figure on MCP level. Each pin is placed in its physical location and with its logical assignment.

Figure 2. S5E LGA315 Pin-out Assignments
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2.2.1 Package Dimensions

2.2.1.1  S5E Package Size

This package dimension drawing refers ‘210825_POD_S5E_9.0x13.3x0.87.pdf’
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The S5E package dimensions (X, Y, Body THK Norminal / Z Max including warpage and excluding pre-bump) for shielded.

NOTE :
1) Max Z(THK) is 0.87mm (including warpage and excluding pre-bump).
2) Max Z(THK) is 0.9mm (including warpage and excluding pre-bump).

Part Number Capacity X (mm) Y (mm) Z (mm) Body THK (mm)

KLBCG1R5DB-E0U3 1 die 13.3 9 0.871) 0.77

KLBDG2R5DB-E0U3 2 die 13.3 9 0.871) 0.77

KLBEG4R5DB-E0U3 4 die 13.3 9 0.871) 0.77

KLBFG8R5DB-E0U3 8 die 13.3 9 0.92) 0.8
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2.3 Pin Description
This section contains a table with names, direction and functionality description of all external pins.

[Table 1]  S5E Signal Description (TBD)

Pin Name Pin Function

VDDIO_2_DP NAND IF IO supply

VDDIO_2_L_ANI NAND IF IO supply

VDDIO_1 External interface supply

PCIE_AVDD_H PCIE voltage supply

AVDD1X_PLL PLL voltage supply

VQPS Fuse burning supply (Only). Otherwise, connect to VSS

PCIE_VDD PCIE digital supply

VDD_PLL PLL digital supply

VDD Core digital supply

VCC Power supply to the NAND array (Not connected to controller)

VPP NAND supply (Not connected to controller)

VSS Global chip ground

PCIE_CLKREQ_N[1] PCIe clock request. Active low.

PCIE_TX0_P
Differential TX lane 0

PCIE_TX0_N

PCIE_RX0_P
Differential RX lane 0

PCIE_RX0_N

PCIE_REFCLK_P
Differential PCIe PHY reference clock

PCIE_REFCLK_N

PCI_RESREF Reference pin. Requires 200Ω resistor. Should not be connected to lower resistance.

CLK_IN 24MHz reference clock

RESETN Power-On-Reset and global reset, active low

ANI0_VREF [8] ANI0 voltage reference source. May be an output (Internal VREF) or 
input (External VREF generated from on-board resistor ladder)

ANI1_VREF [8] ANI1 voltage reference source. May be an output (Internal VREF) or
input (External VREF generated from on-board resistor ladder)

ZQ_0 [8] ANI0 controller & NAND_ZQ calibration. Use an on-board 300Ω pull-down.

ZQ_1 [8] ANI1 controller & NAND_ZQ calibration. Use an on-board 300Ω pull-down.

WP_N Write_Protect_N – Pin connected to NAND only

DROOP_N DROOP_N – In functional mode, may be used as droop indication to SW.

EXT_D7 ＼
SPF_N

EXT_D7 in HW_BYPASS mode.
The host channel 7th-bit, bidirectional port for transferring address, command, and data to and from the device 
SPF_N – Sudden Power Fail notification

EXT_D6 ＼
BOOT3

EXT_D6 in HW_BYPASS mode.
The host channel 6th-bit, bidirectional port for transferring address, command, and data to and from the device
Bootstrap3 – Input enabled by default- for SW read.

EXT_D5 ＼
SPINAND_MOSI ＼
SPI_MOSI ＼
SWD_UID1

EXT_D5 in HW_BYPASS mode.
The host channel 5th-bit, bidirectional port for transferring address, command, and data to and from the device.
SPINAND_MOSI – SPI_MOSI pin in SPINAND mode SPI_MOSI – SPI_MOSI pin in SPI mode 
SWD_UID1 - Proprietary GPIO Unique ID1

EXT_D4 ＼
SPI_CS

EXT_D4 in HW_BYPASS mode.
The host channel 4th-bit, bidirectional port for transferring address, command, and data to and from the device.
SPI_CS – SPI Chip Select

EXT_D3 ＼
SPINAND_MISO ＼
SPI_MISO ＼
SWD_UID0

EXT_D3 in HW_BYPASS mode.
The host channel 3rd-bit, bidirectional port for transferring address, command, and data to and from the device.
SPINAND_MISO – SPI_MISO pin in SPINAND mode SPI_MISO – SPI_MISO pin in SPI mode
SWD_UID0 - Proprietary GPIO Unique ID0

EXT_D2 ＼
BOOT2 ＼
SPINAND_SCLK ＼
SPI_SCLK

EXT_D2 in HW_BYPASS mode.
The host channel 2nd-bit, bidirectional port for transferring address, command, and data to and from the device.
Bootstrap2 – Input enabled by default- for SW read.
SPINAND_SCLK – SPI_SCLK pin in SPINAND mode SPI_SCLK – SPI_SCLK pin in SPI mode
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EXT_D1 ＼
BOOT1

EXT_D1 in HW_BYPASS mode.
The host channel 1st-bit, bidirectional port for transferring address, command, and data to and from the device.
Bootstrap1 – Input enabled by default- for SW read.
GPIO – GPIO used as proprietary FW indication

EXT_D0 ＼
BOOT0

EXT_D0 in HW_BYPASS mode.
The host channel 0th-bit, bidirectional port for transferring address, command, and data to and from the device.
Bootstrap0 – Input enabled by default- for SW read.

EXT_DQS ＼
BCM_N

EXT_DQS in HW_BYPASS (DDR) mode.
The data strobe signal that indicates the data valid window for the source synchronous data interface. Complementary signal
is not in use.
Pad disabled in bypass SDR mode BCM_N (Backward Compatibility Mode) bootstrap

EXT_NCE ＼
PERSTN

EXT_NCE in HW_BYPASS mode.
The Chip Enable signal selects the target. When the Chip Enable is high and the target is in the Normal Ready mode, the tar-
get goes into an IDLE mode. When Chip Enable is low, the target is selected.
PERSTN – In functional mode, PCIe side reset event. SW handled.

EXT_RNB ＼
JTAG_TDO

EXT_RnB in HW_BYPASS mode. Ready/Busy signal indicates the device status when the device executes legacy commands
(read, erase, program and reset). When low, the signal indicates that one or more operations are in progress.
JTAG_TDO – JTAG Test Data Out bit

EXT_NRE ＼
JTAG_TMS

EXT_NRE in HW_BYPASS mode.
The Read Enable signal enables data output. 
JTAG_TMS – JTAG Test Mode Select bit

EXT_ALE ＼
JTAG_SEL

EXT_ALE in HW_BYPASS mode.
The Address Latch Enable signal is one of the signals used by the host to indicate the type of bus cycle (command, address,
data). 
JTAG_SEL – JTAG Select bit

EXT_CLE ＼
JTAG_TDI

EXT_CLE in HW_BYPASS mode.
The Command Latch Enable signal is one of the signals used by the host to indicate the type of bus cycle (command,
address, data). 
JTAG_TDI – JTAG Test Data In bit

EXT_NWE ＼
JTAG_TCK

EXT_NWE in HW_BYPASS mode.
The Write Enable signal controls the latching of input data in the asynchronous data interface. Data, commands, and
addresses are latched on the rising edge of WE#.
JTAG_TCK – JTAG Clock bit

TRSTN JTAG_TRSTN – JTAG Test Resetn.

RFU_2 Reserved for Future Use

Dummy Dummy pin

VSF Vendor Specific Function
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