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1 Introduction
1.1 General Description

The devices listed in Table 1 are Kioxia S5E+BiCS5 MCP Electrically Erasable and Programmable
Read-Only Memory (E2PROM) of 64Gbytes, 128Gbytes, 256Gbytes, 512Gbytes and 1Thytes.

These devices are composed of BiCS5 512Gbits TLC 2plane Die, and these TLC (3bit per cell) devices
are supposed to be operated with TLC mode. Here it is allowed to use these devices with SLC (1bit
per cell)/TLC mixed condition and the density and capacity of them is depend on the ratio of usage
between SLC and TLC in a device. Then the density and capacity is defined by the size based on
logical address area with TLC 100% usage mode in this document. As for the restrictions, conditions
and reliability related to SLC/TLC mixed usage, please refer to the chapter of 2.2 Reliability of
Internal Raw NAND.

A Kioxia S5E+BiCS5 MCP device includes:
® A S5E Controller
® One or more BiCS5 512Gb TLC 2plan dies
® One lane of PClIe interface
® Hardware (HW) bypass, SPI, and JTAG interfaces only for KIOXIA’s internal test purpose.

Operational Firmware (FW) is installed in Kioxia S5E MCP NAND device, and the operation of the
FW is guaranteed by S5E Controller Supplier.

Note: The Memory density to the number of DP is rounded down to the nearest integer in
this document.

B BiCS5 512Gb TLC 2plane die
64 GBytes indicates the rounding result of calculation of (512Gbits/8bits) *1DP.
128 GBytes indicates the rounding result of calculation of (512Gbits/Sbits) *2DP.
256 GBytes indicates the rounding result of calculation of (512Gbits/Sbits) *4DP.
512 GBytes indicates the rounding result of calculation of (512Gbits/8bits) *SDP.
1024 GBytes indicates the rounding result of calculation of (512Gbits/8bits) *16DP.

*DP is short for Die stacked Package. And the notation of “nDP” means # of die stack.

S5E+BiCS5 MK2 MCP 5/ 57 Rev.1.0 2022-2-2
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1.2 Definitions and Abbreviations
This chapter defines terminologies and abbreviations used across this document.

ANI: Apple NAND Interface between S5E controller and BiCS5 raw NAND
ASI: Apple Storage Interface

ASPM: Active State Power Management. Power management protocol of PCle.
P/E: Program / Erase

SOL: Start Of Life. It is initial device status at shipment from Kioxia.

EOL: End Of Life. It is device status at maximum program/erase cycles which is defined by
Endurance P/E cycles in Chapter 2.2

EFR: Early Failure Rate. Failure rate up to 10% of EOL P/E cycles in Chapter 2.2.

PTS: Production Test System (A test program provided by Apple and run by KIOXIA as a
part of KIOXIA outgoing test)

S5E: Memory controller designed by Apple

S5E Controller Supplier: Apple

TCM: Test Coverage Matrix

GBB(s): Grown Bad block(s)

ESF: Erase Status Failure

PSF: Program Status Failure

UECC: Uncorrectable ECC. Uncorrectable read error.

Verify-UECC: UECC occurring during the 1st block read which is performed immediately
after full block program completion.

Latent-UECC: UECC occurring during any other (non-verify) read
DPPM: Defective Parts Per Million
Shall: The term “shall” describes mandatory item

Should: The term “should” describes optional item

SLC 1P0V: 1 Program pulse 0 Verify that is SLC program without verify mode

S5E+BiCS5 MK2 MCP 6 / 57 Rev.1.0 2022-2-2
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1.3 Parts Number
Table 1 Kioxia S5E+BiCS5 MCP device Part Number List

Part Number Part Number NAND DP Package Wafer Substrate | Assembly
for MP (15digit) for Qual (16digit) Die Type Fab Type Fab
THGBY8G9A15LFAN1 YOK X PTI
THGBY8G9A15LFANB Y AMK
THGBY8G9A15LFAN 1
THGBY8G9A15LFANK KIW X PTI
THGBY8G9A15LFANS Y AMK
THGBYS8TOA25LFAN1 X PTI
Micro YOK
THGBYS8TOA25LFANB Y AMK
THGBYS8TOA25LFAN 2 Package
THGBY8TOA25LFANK X PTI
, Type 1 KIW
THGBY8TOA25LFANS BiCS5 Y AMK
THGBY8T1A45LFAN1 | 512Gbits X PTI
TLC YOK
THGBY8T1A45LFANB Y AMK
THGBY8T1A45LFAN 2plane 4
THGBY8T1A45LFANK KIW X PTI
THGBY8T1A45LFANS Y AMK
THGBY8T2A85LFAN1 X PTI
Micro YOK
THGBY8T2A85LFANB Y AMK
THGBY8T2A85LFAN 8 Package
THGBY8T2A85LFANK X PTI
Type 2 KIW
THGBY8T2A85LFANS Y AMK
Mini
THGBY8T3AB5LFAP THGBY8T3AB5LFAPB 16 YOK Y YOK
Package
S5E+BICS5 MK2 MCP 7 | 57 Rev.1.0 2022-2-2
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Table 2 Relation between Apple Part Number (APN) and Kioxia Part Number

APN

Engineering

Part Number

Configuration Code for MP (15digit)

Part Number
for Qual (16digit)

335500542

1260

THGBY8G9A15LFAN

THGBY8G9A15LFAN1

THGBY8G9A15LFANB

THGBY8G9A15LFANK

THGBY8G9A15LFANS

335500551

1265

THGBY8TOA25LFAN

THGBY8TOA25LFAN1

THGBYS8TOA25LFANB

THGBYS8TOA25LFANK

THGBYS8TOA25LFANS

THGBYS8TAA35LFANK

335500552

1266

THGBY8T1A45LFAN

THGBY8T1A45LFAN1

THGBY8T1A45LFANB

THGBY8T1A45LFANK

THGBY8T1A45LFANS

THGBY8TBAS5LFANS

335500553

1267

THGBY8T2A85LFAN

THGBY8T2A85LFAN1

THGBY8T2A85LFANB

THGBY8T2A85LFANK

THGBY8T2A85LFANS

335500561

17M2

THGBY8T3ABSLFAP

THGBYS8T3ABSLFAPB

S5E+BICS5 MK2 MCP
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1.4 Absolute Maximum Ratings

Table 3 Absolute Maximum Ratings

Symbol Rating Value Unit
VDD Controller digital logic power supply voltage 0 to 0.96 \Y%
0 to 1.95
VCCQ_IO Controller 10 voltage © \Y
0to 1.3
VCCQ_ANI ANI voltage 0to 1.3 A%
VQPS (*1) Fuse burn supply voltage 0to 1.85 A%
VCC Raw NAND power supply voltage -0.6 to 4.6 \Y
VPP (*2) Raw NAND power supply voltage 0to 16 \Y
Viv (VDDIO=1.8V) -0.3 to 1.95 \Y%
Input voltage for SS5E Controller
Vix (VDDIO=1.23V) -0.3 to 1.3 \
Vin Input voltage for Internal raw NAND (WP_N
. -0.2t0 1.5 v
(VCCQ_ANI=1.23V) | pin)
TSsoLDER Soldering temperature 240 °C
Tstr Storage temperature -15to 85 °C
Torr Operating Temperature -15to 85 °C

(*1) VQPS shall be tied to 1.8V only for fuses burn. For all other uses pin shall be connected to GND.
(*2)  S5E+BiCS5 MCP device doesn’t support VPP function.
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1.5 Recommended Operating Conditions

Table 4 and Table 5 show operation modes and recommended operation conditions for SSE+BiCS5

MCP device, respectively.

Table 4 Operation Modes
Operation VDD VeeQ IO | VeeQ_ANI VCC BCM N PCle ANI Frequency
Mode vl vl vl vl — Gen [MHZz]
1 0.9 1.8 1.23 2.5 “0” 3 266/600
2 0.835 1.23 1.23 2.5 “1” 4 600
[Note] BCM_N (EXT_DQS) pin is used as a bootstrap for indicating IO supplies voltage for S5E
controller.
Table 5 Recommended Operating Conditions
Symbol Min Typ Max Unit Notes
1.7 1.8 1.95 \Y% High VCCQ_IO operation mode

VCCQ_IO (*1)

1.14 1.23 1.3 Low VCCQ_IO operation mode
VCCQ_ANI (*1) 1.14 1.23 1.3 A% Low VCCQ_ANI operation mode
vQPS Connected to GND \Y Fuse burn supply voltage

0.845 0.9 0.94 A% High VDD operation mode
VDD (*1)

0.78 0.835 0.9 A% Low VDD operation mode
VCC 2.35 N/A 2.75 A% VCC rail is supplying NAND dies only
VPP(*2) Opened or connected to v VPP rail is supplying NAND dies only

GND

Tcask -15 N/A 85 °C | MCP Package surface temperature

(*1) PTS is performed at typical voltage for VDD, VCCQ_IO and VCCQ_ANTI according to an
instruction of S5E Controller Supplier. Other tests over Operational FW are performed at min /
max voltage for VDD, VCCQ_IO and VCCQ_ANI.

(*2) Kioxia S5E+BiCS5 MCP device doesn’t support VPP function.

1.6 PCle Interface Feature

PCle interface is configurable as either Genl x1, Gen2 x1, Gen3 x1 or Gen4 x1.

Note: PCle interface is used in KIOXIA’s outgoing test. However, PCle function itself is
guaranteed by S5E Controller Supplier.
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1.7 Test Interfaces
Kioxia S5E+BiCS5 MCP device is comprised of the following interfaces.

® Hardware Bypass Mode Interface
® SPI Interface
® JTAG Interface

[Note]: These interfaces are used only for Kioxia’s internal test purpose. Kioxia S5E+BiCS5 MCP
device does not support the functionality of these test interfaces.

[Notel: As for detailed description of each test interface, please refer to Chapter 3 in “S5E Vendor
Product Specification”.

1.8 Controller HW & FW Version
Table 6 Controller HW & FW Version

KIOXIA’ M Controll
Part Numlfer Dizlfll‘;;}; DP HV(;nV:;'sf:n FW Version
THGBY8G9A15LFAN* 1 Al 11.0
THGBYS8TOA25LFAN* 2 Al 11.0
THGBY8T1A45LFAN* 5125{1)051;03 4 Al 11.0
THGBYS8T2A85LFAN* 8 Al 11.0.1
THGBYS8T3AB5LFAP* 16 Al 11.0

* means a single character variable that shall be given a specific value

[Note] Both Production FW (PFW) and Operational FW (OFW) are used in KIOXIA outgoing test, and
OFW is deleted before shipping from KIOXIA. The operation of those FWs are guaranteed by
S5E Controller Supplier.
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2 Internal Raw NAND Key Features

This chapter describes the internal raw NAND die key features.

2.1 Internal Raw NAND Organization
Table 7 Internal Raw NAND Key Organization

It BiCS5 Unit
em 512Gb iTLC3 o
Page size 18,336 Bytes
Number of pages per block 1,344 Pages
Block size 21M Bytes
Max number of Blocks 1,662 Blocks
Number of plane per die 2 Planes
2.2 Reliability of Internal Raw NAND
Table 8 Reliability of Internal Raw NAND
BiCS5 .

Ttem 512Gb iTLC3 Unit

SLC Endurance 100,000 P/
cycles

TLC Endurance 3,000 /B
cycles

VCC

Power Cycling Endurance 10,000,000 ON/OFF

cycles

Boot Block Endurance 100 P/E
cycles

[Note] These reliability specifications cannot be guaranteed for all shipment Kioxia S5E+BiCS5
MCP devices because Kioxia S5E+BiCS5 MCP devices may have a damage by those
endurance tests. Therefore, those specifications are evaluated by sampling and are

guaranteed with average failure rate.

Kioxia S5E+Bi1CS5 MCP device does not allow to use SLC more than 15% of full media
which is Apple’s definition.

If a block is used by SLC/TLC mix mode, TLC endurance specification shall be applied.
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2.3 Quality of Internal Raw NAND

Table 9 Quality of Internal Raw NAND

Cell P/E cycle Allowable Cumulative Failure Rate

Mode Condition Bevond allowable Uncorrectable Data Caused by
yGBBs *1) Loss classified as any defects in
fatal error events (*2) peripheral circuits
SLC . .
30 P/E Cycle 200 ppm/die 50 ppm/die
TLC y pp pp
Total ' gRR (+3) 1,000 ppm/die 100 ppm/die

100% of supported
endurance (EOL)

300 ppm/die

300 ppm/die

(*1)  This valid block specification is defined in Table 10.

(*2) Uncorrectable fatal error events are classified in Table 11 and Table 12.

(*3) BiCS5 512Gb TLC die : 300 P/E Cycle for TLC and 10,000 P/E Cycle for SLC

[Note] These 30 P/E cycle / EFR / EOL failure rate specifications cannot be guaranteed for all
shipment Kioxia S5E+BiCS5 MCP devices because Kioxia SS5E+BiCS5 MCP devices may have a
damage by 30 P/E cycle / EFR / EOL tests. Therefore, those specifications are evaluated by
sampling and are guaranteed with average failure rate.

Table 10  Allowable GBBs for Internal Raw NAND
10% of 100% of
Item BiCS Cell supported supported .
Die Type Mode I Gyl Endurance Endurance e
(EFR) (EOL)
Maximum BiCS5 TLC 1 2 16 Blocks/die
GBB 512Gb 20% of _
S ITLC3 SLC 1 2 costed blocks | Blocks/die
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Table 11 Data Loss Classification for TLC and SLC 1P1V mode

E # of failing WLs L
vent — - Classification
Failing plane Any adjacent plane
ESF - - ESF
Any 0-2 (*1) PSF — Correctable
PSF
>1 >1 PSF — Uncorrectable
Any (Detectable(*2)) 0
Time zero — Correctable
Verify-UECC 0-2 (Sequential) 0
>0 >0 Time zero — Uncorrectable
1 0 Latent — Correctable
Latent-UECC
Any other case Latent — Uncorrectable

(*1) In case adjacent planes include a failing word line, it must be the word line for which the PSF
event was reported.

(*2) “Detectable” -at least 1 failing WL is among the list of 8 physical word lines with middle page
for TLC mode and 4 physical word lines for SLC mode defined as follows.

—TLC mode : WL 1, 7, 13, 32, 56, 79, 94, 111

— SLC mode : WL 0, 55, 56, 111

Table 12 Data Loss Classification for SLC 1P0OV mode

E # of failing WLs L
vent -~ : Classification
Failing plane Any adjacent plane
ESF - - ESF
Any 1 Time zero — Correctable

Verify-UECC

Any other case Time zero — Uncorrectable

1 0 Latent — Correctable

Latent-UECC

Any other case Latent — Uncorrectable

[Note] Kioxia S5E+BiCS5 MCP device does not allow to switch between SLC 1POV and SLC 1P1V
mode in the period from SOL to EOL.
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2.4 Performance of Internal Raw NAND

Table 13  Performance of Internal Raw NAND (BiCS5 512Gb iTLC3)
. Value
Description Operational Parameter Unit
Mode SLC mode | TLC mode
N 1 40 60
Data Transfer Time from raw NDND orma
cell to raw NAND register Fast tR tR N/A 52 ps/page
typical f .
(typical case of page ave.) Longer tR N/A 175(*2)
Block Erase Time N/A tBERS 15/ 30 15/ 30 ms
(the worst case of die ave. / timeout)
Normal 60(*1) 330(*1)
P Ti
rosram 1m§ Low Peak tPROG 65(*2) 360(*2) ps/page
(the worst case of die ave.)
SLC 1P1V 110(*1) N/A
(*1) “Tcase” range is from RT(25°C) to 85°C.
(*2) These value is based on measured data in raw NAND TCM.
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2.5 Valid Blocks of Internal Raw NAND
Table 14  Valid Blocks of Internal raw NAND

KIOXIA’s Memory ) .

Part Number Die Type Density EOL SOL Unit
THGBYS8G9A15LFAN 64GB 3,140 3,156 Blocks
THGBYS8TO0A25LFAN 128GB 6,280 6,312 Blocks

THGBY8T1A45LFAN BiCS5 256GB 12,560 12,624 Block
256Gb iTLC3 ’ ’ ocks
THGBY8T2A85LFAN 512GB 25,120 25,248 Blocks
THGBYST3AB5SLFAP 1TB 50,240 50,496 Blocks

[Note] These values are the number of valid blocks in a package.
The number of valid blocks @SOL is guaranteed by Kioxia’s outgoing test. However, the
number of valid blocks @EOL cannot be guaranteed for all shipment Kioxia S5E+BiCS5
MCP devices, because Kioxia cannot perform EOL tests which could damage Kioxia
S5E+BiCS5 MCP devices. Therefore, the specification of the number of valid blocks @EOL
is evaluated by sampling and are guaranteed with average failure rate.
More than 70% of valid block per plane is guaranteed at Kioxia’s outgoing test.

2.6 Boot Blocks of Internal raw NAND
Table 15 Boot Blocks of Internal raw NAND

Applicable Dies in Blocks Remark
Package
Channel 0 — Die 0 Block#0 + 9blocks/Block#1~#15

Boot blocks are guaranteed by

Channel 0 —Die 1
Channel 1 — Die 0 3blocks/Block#0~#15
Channel 1 —Die 1

Kioxia’s outgoing test.

[Note] Block number in this table is defined by the definition based on raw NAND block number.
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2.7 00h Address ID of Internal Raw NAND die

2.8 Unique ID of Internal Raw NAND die

Table 16 00h Address ID definition table of Internal Raw NAND
.. BiCS5
Cycle Description 519Gb iTLC3 Comment
1st Data Maker Code 98h
* © W .
2nd Data Device Code 3Eh or 48h (*) (*)3Eh: without CE sharing

48h: with CE sharing

(*)98h: without CE sharing

rd Dat 11t te. h h(*
3rd Data Cell type, etc 98h or 99h(*) 99h: with CE sharing
4th Data Page Size, etc. 03h
(*)76h: without CE sharing
th *
5th Data Plane Number, etc. 76h or 7TAh(*) 7AR: with CE sharing
6th Data Technology Code E4h

Table 17  Unique ID of Internal Raw NAND

]_’g:e Description Value Comment
0 Maker Code 01h
1 Wafer Number (binary) 01h | Ex. Wafer =1
2 Chip Location X (binary) 0Fh | Ex.X=15
3 Chip Location Y (binary) 12h | Ex. Y =18
4 9th digit of Lot Number (ASCII) — 20h 16h Ex. CS0123456 36h, then 36h-20h=16h
5 8th digit of Lot Number (ASCII) — 20h 15h Ex. CS0123456 35h, then 35h-20h=15h
6 1st digit of Lot Number (ASCII) 43h | Ex. CS0123456 43h
7 | 2nd digit of Lot Number (ASCID 53h | Ex. CS0123456 53h
8 3rd digit of Lot Number (ASCII) 30h | Ex. CS0123456 30h
9 7th digit of Lot Number (ASCII) — 20h 14h Ex. CS0123456 34h, then 34h-20h=14h
10 6th digit of Lot Number (ASCII) — 20h 13h | Ex. CS0123456 33h, then 33h-20h=13h
11 5th digit of Lot Number (ASCII) — 20h 12h Ex. CS0123456 32h, then 32h-20h=12h
12 4t digit of Lot Number (ASCII) — 20h 11h Ex. CS0123456 31h, then 31h-20h=11h

13-15 | Vendor use Vendor use area
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3 Physical Interface
3.1 Block Diagram

Kioxia S5E+BiCS5 MCP device is equipped with 1 lane of PCle interface. Additionally, only for
Kioxia’s internal test purpose, Kioxia SSE+BiCS5 MCP device is equipped with HW bypass interface,
SPI, and JTAG interface. HW bypass interface is used to access internal Raw NAND. Figure 11is a
block diagram of Kioxia S5E+BiCS5 MCP device. Up to 16 raw NAND dies are connected to S5E
controller.

External components (resisters and capacitance) shown in Figure 1 shall be followed because these
are defined by S5E Controller Supplier. Please refer to “S5E Vendor Product Specification”.

(*1) Kioxia S5E+BiCS5 MCP device does not support VPP function. VPP shall be connected to GND.
(*2) Kioxia S5E+BiCS5 MCP device uses internal VREF mode. Therefore, ANIx_VREF pins shall be
opened.

(*1) GND
083V 1231 8V e 18V 2.5V
el 20 £ 10% @
AAA ' ‘ I ' L
Wi r--
4TuF oL IOnFJ— J_mf J_aL?uF | l
1 =
sox T oo | Sol| T | T
= = =| = = |
|
FCIEVDD  VDD_PLL WDDIO.Z AVDDIY_FLL  VDDKO_t PCIE_AVDD_H voPs = I3
VDD
BOCTWEXT DO ——————
BOOTLET D1 ——————
SPINAND_SCLK/SF_SCLKWBOOT2EXT D2 |——
SPINAND_MISO/SFI_MISO/SWD_UIDOEXT D3 +—
(*2) shall be opened—] amio_vREF sPlcoENTDl L VDDIO_1
SPIMAND_MOSVSP_MOSUSWD_UIDVEXT DS |—
BOOTAVEXT DG —— 10K = 10%
SPFN/EXT_DT
(*2) shall be opened— ANI1_VREF SSE M CP BCGM_W/EXT_DQS [———
- ves JTAG_TDOVEXT_RNB —————
JTAG_TDVEXT_GLE ————
TRETN ————
S5E Gontroller JTAG_TME/EXT_NRE
JTAG TCHEXT MWE |—
JTAGSELENTAME |
200
3000 £ 1% %
= RESETN |——
201 CLK_N F——
3000 £ 1%
WPNI——
FERSTN/EXT_NCE
VDDIO_1
vDDI_1 CHO - 4x NCE CH1 - 4x NCE
Togagle 204 Toagls 214 10KQ = 10%
266MHz/B00MHz DDR 266MHz/B00MHz DDR *
10K < 10% PCIE_CLKREQ_M
DROCP_N
PGIE_REF_CLK P ———
PGIE_REF_GLK_N ——————
PCIE_RX0_P
0.22uF + 10%
FCIE_TO P ———
VSE R FCIE_RXD_N
- 0.220F = 10%
1 FCIE TN ———
- PCI_RESREF
I Ves 20082 10pF
= +0.5% I + 5%

.

Figure 1  Physical Interface and Block diagram of Kioxia S5E+BiCS5 MCP device
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Figure 2 shows the pin assignment of Kioxia S5E+Bi1CS5 MCP device.

KIOXIA

3.2 Pin Assignment (Top View)

2022-2-2
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3.3 Pin Names

Table 18 shows the pin location, name and description for Kioxia SSE+Bi1CS5 MCP device.

Table 18 Pin names and description
Pad
Pin Location Signal Name Type Type Description
1
P9,P10 PCIE_AVDD_H Power - PCle 1.8V voltage supply
G5,G11,H5,H11,P5, VDDIO_1 Power Ext | interf. !
P11.R5R11 xternal interface supply
G4,G12,H4,H12,K4, VDDIO_2 Power
K12,1.4,1.12,M4,M12, NAND IF IO Supply
P4,P12,R4,R12
N6 AVDD1X_PLL Power PLL voltage supply
He6 vVQPS Power Fuse burning supply. VQPS should be
connected to GND.
P7,R7,R9 PCIE_VDD Power PCIE digital supply
M6 VDD_PLL Power PLL digital supply
J7,J9,K7,K9,M7,M9, VDD Power Core digital 1
N7,N9 ore digital supply
E11 VPP Power NAND supply
S5E+BiCS5 MCP device doesn’t support
VPP function. VPP should be connected to
GND.
E4,E12,F4,F12,T4,T12, | VCC Power
U4.U12 Power supply to the NAND array
S5E+BICS5 MK2 MCP 20 / 57 Rev.1.0 2022-2-2
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Pin Location

Signal Name

Type

Pad
Type

Description

A1,A2,A3,A4,A5,A6,AT7,
A8,A9,A10,A11,A12,
A13,A14,A15,B1,B2,
B3,B4,B5,B6,B7,B8,B9,
B10,B11,B12,B13,B14,
15,C1,02,C3,C4,C12,
C13,C14,C15,D1,D2,
D3,D13,D14,D15,E1,
E2,E3,E13,E14,E15,
F1,F2,F3,F5,F11,F13,
F14,F15,G1,G2,G3,
G13,G14,G15,H1,H2,
H3,H7,H8,H13,H14,
H15,J1,J2,J3,J4,J5,
J8,J11,J12,J13,J14,
J15,K1,K2,K3,K8,K13,
K14,K15,L1,L.2,L3,L7,
L8,1.9,L.13,1.14,L15,
M1,M2,M3,M8,M13,
M14,M15,N1,N2,N3,
N5,N8,N12,N13,N14,
N15,P1,P2,P3,P8,P13,
P14,P15,R1,R2,R3,
R6,R8,R10,R13,R14,
R15,T1,T2,T3,T5,T7,
T9,T11,T13,T14,T15,
U1,U2,U3,U5,U7,U9,
U11,U13,U14,U15,V1,
V2,V3,V4,V5,V6,V7,V8,
V9,V10,V11,V12,V13,
V14,V15,W1,W2,W3,
W4,W5,W6,W7,W8,W9,
W10,W11,W12,W13,
W14,W15,Y1,Y2,Y3,Y4,
Y5,Y6,Y7,Y8,Y9,Y10,
Y12,Y13,Y14,Y15,AA1,
AA2,AA3,AA4,AAS,
AAB,AAT,AA8,AA9,
AA10,AA11,AA12,
AA13,AA14,AA15

VSS

GND

(*1)

Global chip ground

P6

PCIE_CLKREQ_N

PCle clock request

U10

PCIE_TXO0_P

T10

PCIE_TX0_N

Differential Tx lane 0

Us

PCIE_RXO0_P

T8

PCIE_RX0_N

Differential Rx lane 0

T6

PCIE_REFCLK_P

U6

PCIE_REFCLK_N

Differential PCle PHY reference clock

N10

PCIE_RESREF

N| DN D DN N| DN D —

Reference pin. Requires 200Q resistor in
parallel to 10pF (*2).

N11

CLK_IN

—_

24MHz Reference clock

J6

RESETN

Power on reset and Global reset

S5E+BICS5 MK2 MCP
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Pad
Pin Location Signal Name Type Type Description
*1)
K11 ANIO_VREF Reference 3 ANIO voltage reference source.
Voltage Output (Internal VREF)
S5E+BiCS5 MCP device uses only
internal VREF mode, and S5E Controller
generates ANIO/ANI1 voltage references
internally. Therefore, these pins shall be
opened.
M5 ANI1 VREF Reference 3 ANTI1 voltage reference source.
Voltage Output (Internal VREF)
S5E+BiCS5 MCP device uses only
internal VREF mode, and S5E Controller
generates ANIO/ANI1 voltage references
internally. Therefore, these pins shall be
opened.
K5 7Q_1 Calibration 3 ANI1 controller & NAND_ZQ calibration.
Pin Use an on-board 300Q pull-down (*2).
Mi1 7ZQ_0 Calibration 3 ANIO controller & NAND_ZQ calibration.
Pin Use an on-board 300Q pull-down (*2).
E5 WP_N 1 NA Write protect. Connected to NAND
N4 DROOP_N 1 In functional mode, used as droop
indication to SW.
G10 EXT_D7/ /0 1 EXT _D7: Data for HW Bypass mode
SPF_N 1; SPF N: Sudden Power Fail notification
F9 EXT D6/ /0 1 EXT_D6: Data for HW Bypass mode
BOOT3 1.1 Bootstrap3: Input enabled by default- for
1.2 SW read.
E9 EXT_D5/ /0 1 EXT_D5: Data for HW Bypass mode
SPINAND_MOSI / 1.1 SPINAND_MOSI: SPI_MOSI in
SPI_MOSI/ 1.2 SPINAND mode
SWD_UID1 SPI_MOSI: SPI_MOSI pin in SPI mode
SWD_UID1: Proprietary GPIO Unique
ID1
G9 EXT_D4/ /0 1 EXT_D4: Data for HW Bypass mode
SPI_CS 1; SPI_CS: SPI Chip Select
E8 EXT_D3/ /0 1 EXT_D3: Data for HW Bypass mode
SPINAND_MISO / 1.1 | SPINAND_MOSI: SPI_MOSI in
SPLMOSI / 1.2 | SPINAND mode
SWD_UID1 ..
SPI_MOSI: SPI_MOSI pin in SPI mode
SWD_UID1: Proprietary GPIO Unique
ID1
F8 EXT D2/ 1/0 1 EXT_D2: Data for HW Bypass mode
BOOT2/ 1.1 Bootstrap2: Input enabled by default for
SPINAND_SCLK/ 1.2 SW read
SPI_SCLK .
SPINAND_SCLK: SPI_SCLK in
SPINAND mode
SPI_SCLK: SPI_SCLK pin in SPI mode
S5E+BICS5 MK2 MCP 22 | 57 Rev.1.0 2022-2-2
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Pin Location Signal Name Type 'I(I‘);I::e Description
*1

H9 EXT_D1/ 1/0 1 EXT _D1: Data for HW Bypass mode
BOOT1 1; Bootstrapl: Input enabled by default

G8 EXT_DO/ 1/0 1 EXT _DO: Data for HW Bypass mode
BOOTO 1; Bootstrap0: Input enabled by default

E10 EXT_DQS/ I/0 1 EXT_DQS in HW_BYPASS (DDR) mode.
BCM_N 1.3 | BCM_N (Backward Compatibility Mode)

bootstrap

F10 EXT _NCE/ I 1 EXT_NCE: NCE for HW Bypass mode

PERSTN PERSTN: In functional mode, PCle side
reset event. SW handled.

G6 EXT RNB/ (0] 1 EXT_RNB: RnB for HW Bypass mode
JTAG_TDO JTAG_TDO: JTAG Test Data Output

E6 EXT _NRE/ I 1 EXT_NRE: NRE for HW Bypass mode
JTAG_TMS JTAG_TMS: JTAG Test Mode Select

E7 EXT_ALE / I 1 EXT _ALE: ALE for HW Bypass mode
JTAG_SEL JTAG_SEL: JTAG Select

G7 EXT CLE/ 1 1 EXT_CLE: CLE for HW Bypass mode
JTAG_TDI JTAG_TDI: JTAG Test Data In

Fe6 EXT _NWE / I 1 EXT_NWE: NWE for HW Bypass mode
JTAG_TCK JTAG Clock

F7 TRSTN I 1 JTAG Test Reset

C5,C6,C7,C8,C9,C10,
C11,D4,D5,D6,D7,D8,
D9,D10,D11,D12,H10,
J10,K6,K10,L5,1.6,1.10,
L11,M10,Y11

NC

Non Connect (Floating individually)

(*1) Pad type 1 refers to all potential functional modes of the pad excluding bypass mode.
Pad type 1.1 refers to bypass mode SDR @1.23V.
Pad type 1.2 and 1.3 refer to bypass mode DDR @1.23V.

(*2) Electrical components specification for external connection shall be followed because these are
defined by S5E Controller Supplier. Refer to “S5E Vendor Product Specification”.
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4 DC Characteristics

4.1 1IH/NIL Pin Leakage Current specification

Table 19 ~ Table 24 show the IIL/ITH pin leakage current specification.

Table 19

ITH/TIL Pin Leakage Current Specification

Pin Name

Min [pAl

Max [pA]

Test Condition

Input voltage [V]

EXT NWE

EXT_CLE

EXT_NRE

-70.91 @1.8V
-29.05 @1.23V

EXT_ALE

TRSTN

IS

63.21@1.8V
32.80@1.23V

EXT_DQS

4

EXT_NCE

EXT_RNB

EXT_DO

EXT D1

EXT_D2

EXT D3

EXT D4

EXT_D5

EXT_D6

EXT_D7

PCIE_CLKREQ_ N

RESETN

CLK_IN

DROOP_N

SN S S I IS SO N0 (NN NG IS RS () IR NS IS

NG I NG NG VNG (YN (S (SO SO S O O VNG VNG IS

0/1.230r1.8

WP_N

-
o

—_
=)

0/1.23
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Table 20  ITH/IIL Pin Leakage Current Specification (ANIO_VREF pins)
Pin Name D[eéli;i]ty Min [pAl Max [pAl I::it S;)II;:::O[?/.]
S5E+BiCS5 512Gb iTLC3 MCP
64 -4.06 4.06
128 -4.06 4.06
ANIO_VREF
256 -4.13 4.13 0/1.23
512 -4.25 4.25
1024 4.5 4.5
Table 21  ITH/IIL Pin Leakage Current Specification (ANI1_VREF pins)
Pin Name Dfél;i]ty Min [pAl Max [pA] I::zt ‘(73(())11‘::::0[:17]
S5E+BiCS5 512Gb iTLC3 MCP
64 -4.00 4.00
128 -4.06 4.06
ANI1_VREF
256 -4.13 4.13 0/1.23
512 -4.25 4.25
1024 4.5 4.5
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Table 22  ITH/IIL Pin Leakage Current Specification (ZQ_0 pins)
) Density ) Test Condition
Fin Name [GB] Min [pAl Max [pAl Input voltage [V]
S5E+BiCS5 512Gb iTLC3 MCP
64 -1.63 1.63
128 -1.63 1.63
7Q 0
256 -2.25 2.25 0/1.23
512 -3.5 3.5
1024 -6.0 6.0
Table 23  ITH/IIL Pin Leakage Current Specification (ZQ 1 pins)
. Density . Test Condition
Pin N M A M A
10 amme [GBI in [pAl ax [ual Input voltage [V]
S5E+BiCS5 512Gb iTLC3 MCP
64 -1.00 1.00
128 -1.63 1.63
7Q 1
256 -2.25 2.25 0/1.23
512 -3.5 3.5
1024 -6.0 6.0
Table 24  ITH/IIL Pin Leakage Current Specification (PClIe IF pins)
) Temperature ) Test Condition
Pin N M M
in Names c] in [pAl ax [pAl Tnput voltage [V]
PCIE_REFCLK_P
-10 10
PCIE_REFCLK_N
PCIE_TXO0_P 5 5
PCIE_TXO0_N -15
PCIE_RX0_P 20 20
PCIE_RX0_N
PCIE_RESREF -10 10 0/0.835 or 0.9
PCIE_REFCLK_P 20 20 ooeor
PCIE_REFCLK_N
PCIE_TXO0_P
PCIE_TX0_N 85 20 20
PCIE_RXO0_P )
PCIE_RXO0_N 40 40
PCIE_RESREF -20 20
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4.2 DC Characteristics except for IIH/IIL Pin Leakage

Table 25 shows DC characteristics for digital pins of Kioxia SSE MCP device except for ITH/IIL pin

leakage.
Table 25  Other DC Characteristics except for ITH/IIL Pin Leakage
Parameter Min Typ Max Unit Description
VIL -0.3 0.3*VDDIO_1 \Y Input low voltage
VIH @1.23V 0.7*VDDIO_1 1.3 Input high voltage @1.23V
VIH @1.8V 0.7*VDDIO_1 1.95 \Y Input high voltage @ 1.8V
VOL 0.2*VDDIO_1 \Y Output low voltage
VOH 0.8*VDDIO_1 \Y Output high voltage
IOL @1.23V 2.4 4.6 7.5 mA Low level output current
@VOL(max). Pad type 1
IOH @1.23V 2.0 4.0 6.8 mA | High level output current
@VOH(min). Pad type 1
IOL @1.8V 4.7 8.3 13.0 mA | Low level output current
@VOL(max). Pad type 1
IOH @1.8V 4.9 8.9 14.2 mA | High level output current
@VOH(min). Pad type 1
IOL @1.23V 8.0 14.9 24.0 mA | Low level output current
@VOL(max). Pad type 1.1
IOH @1.23V 6.3 12.3 20.9 mA | High level output current
@VOH(min). Pad type 1.1
IOL @1.8V 15.0 26.7 41.4 mA | Low level output current
@VOL(max). Pad type 1.1
IOH @1.8V 15.0 27.0 43.2 mA | High level output current
@VOH(min). Pad type 1.1
IOL @1.23V 5.0 9.4 15.2 mA Low level output current
@VOL(max). Pad type 1.2
IOH @1.23V 4.1 8.1 13.7 mA High level output current
@VOH(min). Pad type 1.2
IOL @1.8V 9.5 18.9 26.3 mA Low level output current
@VOL(max). Pad type 1.2
IOH @1.8V 10.0 18.0 28.7 mA | High level output current
@VOH(min). Pad type 1.2
IOL @1.23V 3.5 6.5 10.5 mA Low level output current
@VOL(max). Pad type 1.3
IOH @1.23V 2.8 5.6 9.5 mA | High level output current
@VOH(min). Pad type 1.3
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Parameter Min Typ Max Unit Description
IOL @1.8V 6.5 11.7 18.3 mA Low level output current
@VOL(max). Pad type 1.3
IOH @1.8V 6.9 12.5 20.0 mA | High level output current
@VOH(min). Pad type 1.3
RPU @1.23V 49.1 79.5 148.3 k< Pull up resistor @1.23V
RPD @1.23V 42.7 72.8 140.3 kQ Pull down resistor @1.23V
RPU @1.8V 26.9 40.3 68.8 kQ Pull up resistor @1.8V
RPD @1.8V 30.4 40.1 72.7 kQ Pull down resistor @1.8V
Cin - 3 pF | Input capacitance (Controller’s pad
only)

[Note] These values are guaranteed by S5E Controller Supplier.
Pad types are defined in Table 18.

4.3 |IDLE Power Current Specification

Table 26  IDLE Power Current Specification (Operation Mode 1)

IDLE Deep Power Gated [mA]
IDLE Clock Gated [mAl IDLE Power Gated [mAl]

Density Temp (*1)

185 = Vop ‘i:(C)Q Y:;; Vee Vbp \j:(C)Q j]:;i Vee Vop \j:s)Q j:;(; Vee
S5E+BiCS5 512Gb iTLC3 MCP

85 65 2.5 0.95 0.15 18 0.4 0.2 0.15 18 0.58 0.2 0.15
64 -15 11 1 0.95 0.15 1.6 0.2 0.2 0.15 1.6 0.38 0.2 0.15
85 65 2.5 0.95 0.26 18 0.4 0.2 0.26 18 0.58 0.2 0.26
128 -15 11 1 0.95 0.26 1.6 0.2 0.2 0.26 1.6 0.38 0.2 0.26
85 65 2.5 0.97 0.36 18 0.4 0.22 0.36 18 0.58 0.22 0.36
256 -15 11 1 0.97 0.36 1.6 0.2 0.22 0.36 1.6 0.38 0.22 0.36
85 65 2.5 0.97 0.48 18 0.4 0.22 0.48 18 0.58 0.22 0.48
o1z -15 11 1 0.97 0.48 1.6 0.2 0.22 0.48 1.6 0.38 0.22 0.48
85 65 2.5 1.09 0.8 18 0.4 0.34 0.8 18 0.58 0.34 0.8
1024 -15 11 1 1.09 0.8 1.6 0.2 0.34 0.8 1.6 0.38 0.34 0.8

(*1) IDLE power current specification at “IDLE Deep Power Gated” state is measured in TCM.
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Table 27  IDLE Power Current Specification (Operation Mode 2)

IDLE Deep Power Gated [mA]
IDLE Clock Gated [mA] IDLE Power Gated [mA]

Density Temp (*1)

(GB] el Vop ‘i:(C)Q Y:;; Vce Vbp \j;(c)Q f:l(\;lQI Vce Vbp \j:s)Q j:;(; Vce
S5E+BiCS5 512Gb iTLC3 MCP

85 60 1.2 0.95 0.15 16 0.4 0.2 0.15 16 0.52 0.2 0.15
64 -15 10 0.6 0.95 0.15 1.5 0.2 0.2 0.15 1.5 0.32 0.2 0.15
85 60 1.2 0.95 0.26 16 0.4 0.2 0.26 16 0.52 0.2 0.26
128 -15 10 0.6 0.95 0.26 1.5 0.2 0.2 0.26 1.5 0.32 0.2 0.26
85 60 1.2 0.97 0.36 16 0.4 0.22 0.36 16 0.52 0.22 0.36
256 -15 10 0.6 0.97 0.36 1.5 0.2 0.22 0.36 1.5 0.32 0.22 0.36
85 60 1.2 0.97 0.48 16 0.4 0.22 0.48 16 0.52 0.22 0.48
b1z -15 10 0.6 0.97 0.48 1.5 0.2 0.22 0.48 1.5 0.32 0.22 0.48
85 60 1.2 1.09 0.8 16 0.4 0.34 0.8 16 0.52 0.34 0.8
1024 -15 10 0.6 1.09 0.8 1.5 0.2 0.34 0.8 1.5 0.32 0.34 0.8

(*1) IDLE power current specification at “IDLE Deep Power Gated” state is measured in TCM.
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5 AC Electrical Characteristics

This section describes AC electrical characteristics for each 10 pad in the Kioxia S5E+BiCS5 MCP
device. These specifications are guaranteed by S5E Controller Supplier

5.1 Digital Pins AC Characteristics (In HW Bypass Mode)

For AC characteristics of bypass mode pins, please refer to Chapter 3.1.3.4 in “S5E Vendor Product
Specification”.

5.2 Analog Pins AC Characteristics

Table 28 shows the AC characteristics of SSE+BiCS5 MCP device analog pins.

Table 28  AC Characteristics of SSE+BiCS5 MCP device for Analog Pins

Parameter Min | Max | Unit Description
t_up_WR_VREF - 4 us Ramp time of ANIx_VREF when VDDIO_2 = 1.23V
@1.23V
t_dis WR_VREF - 10 us Discharge time of ANIx_VREF with load in [*1]

[*1] Assuming load capacitance <65pF (S5E+BiCS5 MCP device, board, tester etc.)

5.3 JTAG IF AC Characteristics

Please refer to Chapter 2.7.3 in “S5E Vendor Product Specification”.

5.4 SPI IF AC Characteristics

Please refer to Chapter 2.7.4 in “S5E Vendor Product Specification”.
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6 Power

6.1 Device Power Rails Partitioning

Table 29  Device Power Rails Partitioning

Symbol Description System rail
PCIE_AVDD_H PClIe High voltage 10 supply VCCQ_IO
VDDIO 1 External interface GPIOs supply VCCQ_IO
AVDD1x_PLL PLL analog supply VCCQ_IO
VDDIO_2 NAND IO VCCQ_ANI
VQPS (*1) Fuse burn supply VQPS
VDD Digital voltage domain for all Controller VDD

components

VDD_PLL PLL voltage supply VDD
PCIE_VDD PClIe supply VDD
VCC NAND power supply VCC
VPP (*2) NAND power supply VPP
VSS Global chip ground VSS

(*1) VQPS shall be tied to GND except for fuses burn.

(*2) Kioxia S5E+BiCS5 MCP device doesn’t support VPP function.

6.2 Internal VREF Specification
For detailed description, please refer to Chapter 2.8.3 and 2.8.4 in “S5E Vendor Product
Specification”.
Table 30  Internal VREF Specification
Symbol Parameter Condition Min Typ Max Unit
0.49 x 0.51 x
VREFQ(DC) | Reference Voltage VCCQ ANT VOCQANI A%

[Note] S5E controller generates ANIO/ANI1 voltage references internally.

For testing purposes, VREF used by each of the controller IOs is output on VREF pins (One at a time).

The expected DC level shall be (VecQ_ANI/2)/3 = 20mV (VecQ_ANI = 1.23V).
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6.3 Power Up Sequence

Figure 3 and Figure 4 show the power up sequence for Kioxia SSE+BiCS5 MCP device. Table 31
defines power up sequence timings.

*S5E+BiCS5 MCP device doesn’t support VPP function.

Therefore, (PP pin shall be connected to GND.
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Figure 3

Power Up Sequence — VCCQ first
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*S5E+BiCS5 MCP device doesn’t support VPP function.

Therefore, VPP pin shall be connected to GND.
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Figure 4  Power Up Sequence — VDD first
Table 31  Power Up Sequence Timing
Time Description Min Max Note
TO Time from RESETN low till first Supply ramp start 0 - (*)
T1 Vee@Q_ANI/IO supply ramp up 33.3 ps 4 ms
T2 VDD supply ramp up time 16.7 ps 4 ms (*)
T3a Time from VDD supply ramp end till Vee supply ramp 0 ) *)
start
T3b Time from Vee@Q_ANI/IO supply ramp end till Vee 0 ) *)
supply ramp start
T4 Vce supply ramp up time 12.5pus 25 ms
T5 Time from Vce supply ramp end till VPP supply ramp 0 ) (*)
start
T6 | VPP supply ramp up time TBD TBD (*)
Time from VDD & Vee@Q_ANI/IO supplies are up till
T 1 - *
7 RESETN de-assertion 00 s )
T8 | Time from VPP till CLK_IN starts toggling 0 - (*)
Ti LK_IN i i ESETN de-
T9 ime C _IN to be active before RES de 32 CLK_IN ) *)
assertion
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Time Description Min Max Note
Time from PCle REFCLK starts toggling until

110 | pERSTN de-assertion e 100 s ' )

1 Time BOOTI[3:0], BCM_N & MISO/MOSI have to be 0 ) *)
stable before RESETN de-assertion

T12 Time from RESETN de-assertion till BOOTI[3:2,0], 5 ms ) *)
BCM_N, MISO/MOSI can be floated

(*) These values are guaranteed by S5E Controller Supplier.
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6.4 Power Down Sequence

Figure 5 and Figure 6 shows the power down sequence for KIOXIA S5E MCP device. Power down

sequence shall be initiated only when there are no pending commands.

*S5E+BiCS5 MCP device doesn’t support VPP function.
PP pin shall be connected to GND.

Therefore, V|
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Figure 5

Power Down Sequence— VDD first
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*SEE+BICS5 MCP device doesn’t support VPP function.

Therefor1%,0¥PP pin shall be connected to GND!
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Figure 6  Power Down Sequence— VCCQ first
Table 32  Power Down Sequence Timing
Time Description Min Max
To Time from RESETN assertion till VPP Supply ramp down TBD
start
T1 Time from any supply down (0V) till next supply starts 0
powering down
[Note] This value is guaranteed by S5E Controller Supplier.
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6.5 RESETN Sequence

Figure 7 shows the RESETN sequence. RESETN sequence initializes entire SSE+BiCS5 MCP device
same as power on reset, and shall be initiated only when there are no pending commands.

*S5E+BiCS5 MCP device doesn’t support VPP function.
Therefore, VPP pin shall be connected to GND.
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Figure 7 RESETN Sequence

Table 33  RESETN Sequence Timing

Time Description Min Max
TO Time CLK_IN should toggle before RESETN may be de-asserted 100 ps
T1 Time from REFCLK starts toggling till PERSTN can de-assert 100 ps
T9 Time 'BOOT[BZO] & BCM_N have to be stable before RESETN de- 0
assertion

Time from RESETN de-assertion till BOOT[3:2,0] BCM_N, MISO/MOSI

T3
can be floated [1]

5 ms

[Note] This value is guaranteed by S5E Controller Supplier.
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6.6 Boot Up Power Mode

Kioxia S5E+BiCS5 MCP device has the following boot modes:

1. Low Power — S5E+BiCS5 MCP device boots to reduced frequencies using 24MHz CLK_IN and
100MHz PCIE_REFCLK. ANI is starting at 12MHz DDR and switching during the boot to 33MHz
DDR.

2. Normal — S5E+BiCS5 MCP device boots to nominal frequencies using 24MHz CLK_IN and 100MHz
PCIE_REFCLK. ANI is starting at 122MHz DDR and switching during the boot to 266 MHz/600MHz
DDR.

3. Boot From Host (BFH) — S5E+BiCS5 MCP device boots from PCle host. Boot ends in Low Power
mode.

4. Test Mode 1 — S5E Controller in Idle
5. Pads Test Mode — Enables external pads leakage measurement (Without FW need)

6. HW Bypass — SDR mode 1.23V — Enables direct access to internal raw NAND in SDR while ANI is
working @1.23V (VecQ_ANI)

7. HW Bypass — DDR mode 1.23V — Enables direct access to internal raw NAND in DDR while ANI is
working @1.23V (VecQ_ANI)

Table 34 Boot Mode Selection

BOOTI3] BOOTI2] BOOTI1] BOOTI0] Boot Mode

X 0 0 0 Low power boot

X 0 0 1 Normal boot

X 0 1 X Boot from Host

0 1 0 1 Test Mode 1

0 1 1 0 Pads test mode

1 1 1 1 HW bypass — SDR
mode 1.23V
H - DD

1 1 0 1 W bypass R

mode 1.23V

[Note] Boot mode transition and its transition time is measured in TCM.
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6.7 Power Modes

S5E+BiCS5 MCP device has the following power modes:

Table 35  Power Modes
Power Mode Interna%l ANI PClIe Link Con.troller’s
frequencies frequency state login state

OFF N/A N/A N/A N/A
Reset N/A N/A Reset Reset
LP Mode Low 33MHz DDR Genl + Ll.ss (*1) Active
Normal Mode High 266MI—]I)Z]/)€;:SOMHZ Gen3/(éi ;—) Ll.ss Active
Boot From Host Low 33MHz DDR Genl + Ll.ss (*1) Active
Clock Gated N/A N/A L1.2 Clock Gated
Power Gated N/A N/A L1.2 Power Gated
Deep Power Gated N/A N/A L2/L3 Power Gated
HW Bypass N/A (*2) N/A Power Gated
Pads Test Mode N/A N/A N/A Power Gated
Test Mode 1 N/A N/A N/A Idle

(*1) Host is responsible to limit PCIe link to Gen1.
(*2) Please refer to Chapter 3.1 in “S5E Vendor Product Specification”.

[Note]
[Note]

Power mode transition and its transition time is measured in TCM

If host supports L1 only (without its sub-states) SS5E+BiCS5 MCP device will not be able to

enter Clock/Power Gated modes. S5E+BiCS5 MCP device will remain in the same power
mode it was in and PCle link will go to L1.

[Note]

Controller Datasheet”.

L1.ss, L1.2, L2, and L3 are defined as link power state levels of PCle. Please refer to “S5E
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6.8 Power Mode Transition Flow

Figure 8 shows boot flow and transition between various power states.

OFF
VCC, VCCQ, VDD, VPP:
OFF

Power up

RESET
VCC, VCCQ, VDD, VPP:
ON

RESETN assertion
From any power state

RESETN de-assertion

Boot Mode
BOOT[3:0]=0101 |BOOT[3:0]=0110 |BOOT[3:0]=1111 /1101 BOOT[3:0]=X001 BOOT[3:0]=X000| BOOT[3:0]=X01X|
Boot
From Host
[Test Iﬂode] [Pa&z(}:“] [Sgg/gg; J Normal Mode Szzﬁ:‘o:‘x:;:‘e LP Mode
delz Jdels g |z
Deep Idle Idle J
PG PG CG
Figure 8 Power Mode Transition Diagram
Table 36  Target Transition time for Power Mode

Beginning State Target State Max
Off LP mode TBD

Off Normal mode TBD

LP mode Normal mode (*1)
Normal mode Idle CG TBD
Normal mode Idle PG TBD
Normal mode Deep PG TBD
Idle Clock Gated (CG) Normal mode (*1)
Idle Power Gated (PG) Normal mode (*1)
Deep PG Normal mode (*2)

(*1) Power mode transition and its transition time is measured in TCM. Please refer to Table 37

and Table 38.
(*2) Deep PG = Normal latency is mainly dependent on PCIe host enumeration time.
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Table 37  Target Transition time for Power Mode in Operation Mode 1 (Measured in TCM)

Density LP > CG~> PG > Unit
(GBI Normal Normal Normal
S5E+BiCS5 512Gb iTLC3 MCP

64 1433.6 43.8 294.8 us
128 1903.4 44.1 308.1 us
256 2833.7 45.3 320.3 us
512 4671.5 44.4 343.4 us
1024 8306.9 (*) 45.3 388.3 ns

(*) The target value is 8ms for 1024GB. A waiver was granted by Apple

Table 38  Target Transition time for Power Mode in Operation Mode 2 (Measured in TCM)

Density LP > CG > PG > Unit
(GBI Normal Normal Normal
S5E+BiCS5 512Gb iTLC3 MCP

64 1438.6 45.4 2934 us
128 2582.0 59.1 468.1 us
256 4001.9 59.2 485.2 us
512 6846.3 59.5 513.5 us
1024 12436.3 59.2 572.2 us
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7 Operational FW features

The operation of the FW is guaranteed by S5E Controller Supplier. As for Register & Command

definitions, please refer to “ASI Specification” document.

7.1 Device Parameter Table

Table 39  Device Parameter Table
Offset Size
Field N Val Not
© ame [Bytes] [Bytes] ate oves
P ter P Header “ASI Device Info”, Padded
arameter rage 0 16 “ASI Device Info” ?a er "ASI Device Info”, Padde
Header with zero
Defines the revision of ASI protocol
Protocol Revision 16 3 “1.5.19” in the following format —
<Major>.<Minor>.<Revision>.
Padding 19 1 0 Padded with zeroes
Vendor specific designator for
Interface Revision 20 4 130 Interface revision. If not used,
returns zeroes
2-bit chip ID, padded with zeroes to
SWD ID 24 1 0 byte. The default is set by the
bootstrap I/0
Padding 25 3 0 Padded with zeroes
2 bytes describing the maximum
number of commands that can be
Max Num Commands 28 9 447 h'andled by the controller
simultaneously. Same as the
MAX_NUM_COMMANDS register
on the bar
Reserved 30 1 0 Padded with zeroes
MAX _DEBUG_ 31 1 1 1 byte describing maximum number
BUFFERS of the debug buffers.
1DP: 1, 2DP: 2, 4DP: 2, 1 byte describing the number of
Ch Is/Pack 32 1
annelsitackage 8DP: 2, 16DP: 2 channels per package
Maximum Chip 33 1 1DP: 1, 2DP: 1, 4DP: 2, 1 byte describing the number of
Enable/Channel 8DP: 4, 16DP: 4 chip enable signals per channel.
Maximum 34 1 1DP: 1, 2DP: 1, 4DP: 2, 1 byte describing the number of
Dies/Channel 8DP: 4, 16DP: 8 dies per channel.
Planes/Die 35 1 9 1 byte c?lesc?"lblng the number of
planes in die
Blocks/Plane 36 9 512Gb: 1662, 2 bytes describing the number of
blocks/plane
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Offset

Size

Field N 1 Not
© ame [Bytes] | [Bytes] Value oves
2 bytes d ibing th ber of
Word lines/Block 38 2 448 Y e§ eScrbIng the numbero
word lines/block
2 bytes describing the number of
SLC block 40 2 448
Pages per bloc SLC pages per block
MLC/TLC/QLC pages 49 9 1344 2 bytes describing the number of
per block MLC/TLC pages per block
Bytes/Single Plane m 9 18336 2 bytes des.crlblng the number of
Page bytes per single plane page
. Number of sectors (Data +
Sectors/Plane in . . .
46 1 4 Metadata) in a single plane in
Normal Mode
normal mode.
N f Data +
Sectors/Plane in Raw umber o .secto?s (Data :
47 1 5 Metadata) in a single plane in raw
Mode
mode.
Number of sectors (Data +
Sectors/Plane in Metadata) in a single plane in
Normal Mode for 48 1 12 normal mode for joint programming
joint programming (all page types are accessed
together).
Number of sect Data +
Sectors/Plane in Raw Hmber o .sec 01.rs (Data )
. . Metadata) in a single plane in raw
Mode for joint 49 1 15 .. .
. mode for joint programming (all
programming
page types are accessed together).
1 byte describing the supported
bits/cell using a bitmap
Bit 0 — 1bit/cell
Bits/Cell 50 1 5 Bit 1 — 2bit/cell
Bit 2 — 3bit/cell
Bit 3 — 4bit/cell
Bit 7-4 — Reserved
Padding 51 1 0 Padded with zeroes
Die Density 52 2 512Gb: 512 Total number of Gbits per die
G teed Good Guaranteed number of good blocks
uaranteed Goo
Blocks/Plane (*1) 54 2 512Gb: 1570 per die (package average)
n
S throughout the device life
Max interface speed 56 9 Operation Mode 1: 266 Maximum interface speed
P Operation Mode 2: 600 supported by the device in MHz
. Minimum interface speed
0O tion Mode 1: 200
Min interface speed 58 2 peration Hode supported by the device in MHz in

Operation Mode 2: 480

Normal Mode
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Offset Size
Field N 1 Not
© ame [Bytes] | [Bytes] Value ores
Guaranteed number of good
SOL Guaranteed . . .
Good Blocks/Die (*1) 60 2 512Gb: 3156 b.locks/dle at the start the device
life
Guaranteed Good Guaranteed number of good
. 62 2 512Gb: 3140 blocks/die throughout the device
Blocks/Die (*1) .
life
NAND Vendor Id —
NAND Vendor ID 64 1 5
0x05 - KIOXTA
. NAND Lithography —
NAND Lithography 65 1 4 For BiCS FLASH NANDs -
Planar NAND -0
NAND Technology 66 1 1 BiCS FLASH NAND -1
0x2-0xFF - reserved
NAND Revision 67 1 0 Revision of the die
Revision of the data format written
Data F ¢ to the NAND. It is required to
ata Forma ..
.. 68 1 1 completely erase the device if the
Revision C
Data Format revision is changed
since it may be undecodable.
Padding 69 3 0 Padded with zeroes
“s5e.ofw.toshi 1 -
sbe.offw.tos Sﬂi_(t) ;‘2;1_0%5_213_512@ Get version of current FW running
FW Version 72 64 o on the device. All 00h or all FFh
8DP: “sbe.ofw.toshiba_tlc_3d_gb5_2p_512gb- R . .
indicates invalid FW
3.11.0.1.3.0”
Production FW 136 64 “3.11.0.0.22.0” ?etgrni}?n ID;f tt},le FV;’tllllse;l )
Version 8DP: “3.11.0.1.3.0” HHINS The DroQuction of the device.
If unused, returns zeroes.
Package A bl
ackage Assembly 200 16 0 Not used — returns zeroes.
Code
Uni identifier of th troll
Controller Unique ID 216 16 Depend on each devices dizlque raentiiier of the controfier
Controller HW ID 939 16 NG Controller ve'rs10n'descr1bed as an
alpha-numeric string
16 bytes for each die unique ID.
NAND die unique ID 248 256 Depend on each devices Unused dies shall be marked with
0xFF
0x00, 0x00, 0x98, 0x3E, 0x98, 0x03,
0x76, 0xE4
NAND die Chip ID 504 8 NAND die chip ID

(Only 16DP): 0x00, 0x00, 0x98, 0x48,
0x99, 0x03, 0x7A, 0xE4
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Offset Size
Field N 1 Not
ie ame [Bytes] [Bytes] Value otes
Reserved 512 16 0 Padded with zeroes
System Mode 3 Exit
ystet Afode o Bxd 528 4 1000 System Mode 3 Exit latency
Latency
Max Program/Read Maximum n}lmber of buffers that
Buffe 532 1 1 can be used in Program/Read
uffer
S to/from RAM commands.
Padding 533 3 0 Padded with zeroes
FW Size 536 8 0 FW Size in bytes
Bitmap vector of 256 entries that
defines which commands are
supported.
B i fi f
0xFB 0x0F 0xF3 0x00 0x0F 0x00 0x7F Coy;;o;f;tto ie om§§ Support o
c 4 Susoort 0x00 0x00 0x00 0x00 0x00 0x00 0x00 | ("7 gpd f.X o
Bf’tmman Hppor 544 32 0x00 0x00 0x00 0x00 0x00 0x00 OxE2 ynﬁn ’noll : e(;;lg; SUPPOLE O
map 0xFF 0xFF 0x01 0xDA 0x1D 0x3C 0x00 | <O and e
0x00 0x00 0x00 0x00 . .
x x x x Byte 7, bit 7 defines support of
command type Oxff
Value of 1 indicates that the
command is supported.
Programming Order .
) Number of programming order
Table Size 576 2 3584 .
: table size
Type=Native
NAND Physi i
ysical . 578 9 5384 Number of NANP physical
Structure Table Size structure table size
Number of times that the host shall
Native Read-Verify call Read-Verify command after
Commands/Block 580 2 448 TLC programming
Bitmap indicating dies failure as
detected by the controller —
BitO — channel 0, die 0 — 0 = Die
active, 1 = Die failure
Bit7- ch 10, die 7 -0 = Di
Failing Dies Bitmap 582 2 0 1 chanhel ® die le
active, 1 = Die failure
Bit8 — channel 1, die 0 — 0 = Die
active, 1 = Die failure
Bit15- channel 1, die 7- 0 = Die
active, 1 = Die failure
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Offset

Size

Field N 1 Not
© ame [Bytes] | [Bytes] Value ores
Number of bytes in Device Context.
Device Context Size 584 4 16384 The host shall read. this parameter
before Set/Get Device context to
obtain the command SIZE field
Maximam Noe SLC Maximum number o guaranicod
rown r di n
Guaranteed Grown 588 2 512Gb: 16 e Lo
Bad Blocks/Die (1) Viee 18 prog
mode
The fraction of the die density,
ified in Mbit i f -
Die Density fraction 590 2 0 .spec1 © .1n . ! 1.n case o n.O? .
integer size in Gbit ( as specified in
Die Density) field.
Con.flguratlon Vector 592 1 1 0-— Not. Valid
Validity 1—Valid
Padding 593 3 0
512Gb-1DP: 0x1B 0xA1 0x00 0x08 0x01
0x00 0x00 0x00
512Gb-2DP: 0x1B 0xA1 0x00 0x88 0x01
0x00 0x00 0x00
Conf tion Vect 596 8 512Gb-4DP: 0x1B 0xA1 0x00 0x88 0x51 Bi 1
onfiguration Vector 0%00 0x00 0x00 inary value
512Gb-8DP: 0x1B 0xA1 0x00 0x88
0xF1 0x00 0x00 0x00
512Gb-16DP: 0x1B 0xA1 0x00 0x88
0xF1 0x01 0x00 0x00
Reserved 604 2 0
SLC Pages per Boot Number of SL.C pages per boot
Block 606 2 448 block
Native Reduced Read Number of tln.les that the host shall
) call Read-Verify command after
Verify Commands Per 608 2 32 . .
Block Native mode programming
(reduced mode)
N f ti hat the h hall
SLC Read Verify umber o tl@es that the host sha
610 2 448 call Read-Verify command after
Commands Per Block .
SLC programming
SLC Reduced Read Number of times that the host shall
Verify Commands Per 612 2 16 call Read-Verify command after
Block SLC programming (reduced mode)
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Offset

Size

Field N 1 Not
© ame [Bytes] | [Bytes] Value ores
Offset [0] — Number of dies in
Channel 0
Number of Dies per 614 1 1DP:1, 2DP: 1, 4DP: 2, o
Channel 0 SDP: 4, 16DP: 8 Offset [1] — Number of dies in
Channel 1
“Maximum Dies per Channel” field
is defined using these parameters.
For instance, if number of dies in
Number of Dies per 1DP: 0, 2DP: 1, 4DP: 2, channel zero is four and in channel
Channel 1 615 1 8DP: 4, 16DP: 8 one is eight, value of this
parameter is eight. Valid values
are 0 to 8
0-VCCQis 1.8v
NAND V Volt 616 1 1
CCQ Voltage 1-VCCQis 1.2v
1DP: 0x01 0x00 0x00 0x00 0x00 0x00 0x00 0x00 Mapping of controller chip enable
2DP: 0x01 0x00 0x00 0x00 0x01 0x00 0x00 0x00 signals to NAND. “Maximum Chip
CE Mapping 617 8 4DP: 0x01 0x01 0x00 0x00 0x01 0x01 0x00 0x00 Enable / Channel” field is defined
8DP: 0x01 0x01 0x01 0x01 0x01 0x01 0x01 0x01 as the maximum of these eight
16DP: 0x02 0x02 0x02 0x02 0x02 0x02 0x02 0x02 parameters
Strings per WL 625 1 4 Number of strings per WL
. 0x0 — Not Allowed
fluol": ed keepmdg iLtC 626 1 1 0x1 — Allowed
0cks Ih erased state 0x2-0xFF - Reserved
MCP-ID 627 40 Depend on each devices Reserved for future use
P i d
rogran‘lmmg Order Number of programming order table
Table Size 667 2 3584 size for SLC
Type=SLC .
P .
rogran‘lmlng Order Number of programming order table
Table Size 669 2 3584 size for Protected SLC
Type=Protected SLC 1 '
Programming Order
Table Size 671 2 0 Reserved
Type=Reservedl
Programming Order
Table Size 673 2 0 Reserved
Type=Reserved?2
Programming Order
Table Size 675 2 0 Reserved
Type=Reserved3
Block Scan - Number Number of Multi-Plane pages per
of pages in Native 677 2 1344 block to read for Block Scan in
mode Native mode
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Field Name

Offset
[Bytes]

Size
[Bytes]

Value

Notes

Block Scan - Number
of pages in SLC mode

679

448

Number of MP pages per block to
read for Block Scan in SLC mode

NAND Maturity

681

Depend on each devices

Trim identifier.

0x0 — Early (WS, ES, etc.)

0x1 — CS candidate

0x2 — CS Gf trim changes)
0x3..F — Reserved for late trim
changes

Other Values — Reserved

NAND Functionality
Revision

682

0x0 — Baseline functionality
0x1..F — Functional change #1, #2,..
Other Values — Reserved

Cross-MSP
Coherency ID

683

Depend on each devices

An ID uniquely describing a set of
coherency parameters.

This value should be used to verify
coherency across connected MSPs.

Block scan data size
1n sectors

687

Block scan data size in sectors for
Block Scan Pause/Resume
commands

Package Type

688

Only 16DP :1
2

Package form factor:
0 = Standard

1 = Mini

2 = Micro

(*1) These parameters are used by Apple's host for Apple internal purposes. Guaranteed good blocks

spec of internal BiCS5 is described in Table 14 and Table 15 .
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8 Package Dimensions (Rev.1.0)

1. P-VFLGA315-0914-0.50-002 (Micro Package 0.87mm Z-max)

Note: Adopting a proper underfill is strongly required in order to meet system board level

reliability.
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Package Dimension of P-VFLGA315-0914-0.50-002

Unit: mm
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2. P-VFLGA315-0914-0.50-001 (Micro Package 0.9mm Z-max)

Note: Adopting a proper underfill is strongly required in order to meet system board level
reliability.
Ledraly Unit: mm
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Figure 10 Package Dimension of P-VFLGA315-0914-0.50-001
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KIOXIA

P-FLGA315-1114-0.50-001 (Mini Package)

3.
Note:

Adopting a proper underfill is strongly required in order to meet system board level

reliability.

Unit: mm
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Table 40  Typical net weight of SSE+BiCS5 MCP device
KIOXIA’s Memory ) o Typical
Part Number Die Type Density zheight Net weight
THGBY8GY9A15LFAN 64GB 0.220 g/pc
THGBY8TOA25LFAN 128GB 0.87mm 0.220 g/pc
BiCS5
THGBY8T1A45LFAN 512G iTLCS 256GB 0.225 g/pc
THGBY8T2A85LFAN 512GB 0.9mm 0.225 g/pc
THGBYST3AB5SLFAP 1TB 1.3mm 0.400 g/pc
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9 Device Marking

Figure 12 shows the Kioxia S5E+BiCS5 MCP device marking image.

® K PPP §§$888 C CC YYWW @

M @

@ @ S (6

Figure 12 S5E+BiCS5 MCP Device Marking image

mnemonic described in Table 42.

Table 41  Device Marking Description
No. Item Comments
1 digit;
(1) | Vendor Name 8
K: KIOXIA
3 digits; Represents KIOXIA Part Number
THGBY8G9A15LFAN  (64GB/1DP) — 5A2
@ | Device Code THGBY8T0A25LFAN  (128GB/2DP) — 5A3
THGBYS8T1A45LFAN  (256GB/4DP) — 5A4
THGBY8T2A85LFAN  (512GB/8DP) — 5A5
THGBYST3AB5SLFAP  (1024GB/16DP) — 5A8
6 digits;
(3) | Key Number & _
KIOXIA internal control code
1 digit;
J (Japan)
(4) | Country of Assembly _
C (China)
T (Taiwan)
) 2 digits;
(5) Controller HW Version
Al
4 digits;
YY : YY means lower two digits of the year.
(6) | Weekly Code ,
WW : WW is weekly code.
(Weekly code complies with EIA standard)
17 digits;
(7) | 2D Barcode It can be expressed with PPPYWWDSSSSEEEERX by using
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Table 42 2D Barcode Description
mnemonic digit Description Format Arbiter Specification
PPP means Plant/Vender code. The value is depending on
the assembly site of samples.
Plant/Vender .
PPP 17th-15th code Alphanumeric Apple In case of YOK assembly the value shall be “DKG”.
In case of PTI assembly the value shall be “FRK”.
In case of AMK assembly the value shall be “FQ6”
Year of ) Y means the lower digit of the year.
Y 14th manufacture code Numeric KIOXIA | The value fall in the range of 0 to 9.
WW is weekly code.
Week of ) The value fall in the range of 01 to 53.
Ww 13th-12th | manufacture code Numeric KIOXIA | sunday shall be the start day of a week.
The value is reset to 01 on the first Sunday of January
Dav of D is the Day of the week code.
D 11th the Wegk code Numeric KIOXIA The value fall in the range of 1 to 7.
Sunday shall be 1. Monday is 2. Saturday will be 7.
SSSS means sequential count code.
Sequential . The value fall in 0000 to ZZZZ per day.
SSSS 10th-7th count code Alphanumeric KIOXIA | The sequential count code ensure the complete 17 digit
character serial number is unique.
EEEE means engineering configuration code.
Engineering Th;,\re _irshoneltc;_one ct;rretspf)rngilngzbetween MPN and this
EEEE 6th-3rd configuration Alphanumeric Apple code. The relations refer to Table
code This code plays a role of the unique counter for the
Sequential count code described above.
R means Revision code.
The value on the samples graded WS and ES shall be
numeric in specification. It starts from “0” and it shall be
incremented according to the customer’s request.
R 2nd Revision Alphanumeric Apple The increment rule is as follows. 0=>1=>2=>3 ---
The value on the samples graded CS, GS and MP shall be
alphabet in specification. It starts from “A” and it should be
incremented according to the customer’s request.
The increment rule is as follows. A=>B=>C ---
Checksum . X means Checksum Character.
X 1st character Alphanumeric KIOXIA | The algorithm is based on Modulo 34.
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Figure 13 and Table 43 show the S5E+BiCS5 MCP device 2D Barcode drawings and dimensions.

(D)
e (SR
(B)I ;
® K PPP $$$$88 C CC YYWW 3
(A)
Figure 13 S5E+BiCS5 MCP device 2D Barcode drawings
Table 43 2D Barcode Dimensions
Dimensions (typical)
No. Item
Micro Package Mini Package
A) 2D Barcode width 2.16 [mm] 2.16 [mm]
(B) 2D Barcode height 2.16 [mm] 2.16 [mm]
(©) Offset from left edge 2.56 [mm] 2.56 [mm]
(D) | Offset from bottom edge 8.60 [mm] 10.60 [mm]
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RESTRICTIONS ON PRODUCT USE

KIOXIA Corporation and its subsidiaries and affiliates are collectively referred to as “KIOXIA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o KIOXIA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from KIOXIA. Even with KIOXIA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though KIOXIA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the
Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions
of all relevant KIOXIA information, including without limitation, this document, the specifications, the data sheets and application
notes for Product and the precautions and conditions set forth in the "Reliability Information” in KIOXIA Corporation’s website and (b)
the instructions for the application with which the Product will be used with or for. Customers are solely responsible for all aspects of
their own product design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in
such design or applications; (b) evaluating and determining the applicability of any information contained in this document, or in
charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all
operating parameters for such designs and applications. KIOXIA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT
DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH
MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical
equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to
control combustions or explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE
PRODUCT FOR UNINTENDED USE, KIOXIA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your KIOXIA
sales representative or contact us via our website.

* Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

e The information contained herein is presented only as guidance for Product use. No responsibility is assumed by KIOXIA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF
SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, KIOXIA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES
OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION
AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS
RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

* Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the
U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly prohibited
except in compliance with all applicable export laws and regulations.

o Please contact your KIOXIA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. KIOXIA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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