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Revision History

Revision No. History Draft Date Remark Created by Review by

0.5 1. Initial issue Sep.11, 2018 Preliminary K.M Song K.M Song
0.6 1. Modifies Product Number of 1TB. Nov.06, 2018 Preliminary S.JOh S.JOh
1.0 1. Deleted 2TB capacity. .

2. Changed Random Read performance from TLC to SLC. Nov.16, 2018 Final S.J Oh S.J Oh
11 1. Added 2TB capacity (Preliminary) Jan. 29, 2019 Final S.JOh S.JOh
1.2 1. Power/Performance value addition

2. Dynamic Thermal Throttling addition [Table 6] newly Feb. 8, 2019 Final N.R Kim N.R Kim

3. Changed the Power Specification word from L1.2 to Sleep

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS.
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PART NUMBER
MZVLB256HBHQ-000L2/L7
MZVLB512HBJQ-000L2/L7
MZVLB1TOHBLR-000L2/L7
MZVLB2TOHALB-000L2/L7

FEATURES

Capacity

1)

256GB
512GB

o PCle Gen3 8Gb/s Interface, up to 4 Lanes

e Compliant with PCI Express Base Specification Rev. 3.0

o Compliant with PCI Express M.2 Specification Rev. 1.1

o Compliant with NVMe Express specification Rev. 1.3

e Power Saving Modes:
- Supporting APST
- Supporting L1.2 Mode

e Support Admin & NVM Command Set

¢ ROHS Compliant

* Hardware based AES-XTS 256-bit Encryption Engine for SED

e TCG OPAL (v2.0) Compliant for SED

Drive Configuration
Capacity

From Factor

Interface

Bytes per Sector
Performance Specifications )

Data Transfer Rate (128KB)

Sequential Read

Sequential Write

Data I/O Speed (4KB)

Random Read

Random Write

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

256/512GB/1/2TB
M.2

PCI Express Gen3 x4
512Byte

(256GB) Up to 3,500 MB/s
(512GB) Up to 3,500 MB/s

(1TB) Up to 3,500 MB/s
(2TB) Up to 3,500 MB/s

(256GB) Up to 2,200 MB/s
(512GB) Up to 2,900 MB/s
(1TB) Up to 3,000 MB/s
(2TB) Up to 3,000 MB/s

(256GB) Up to 240K IOPS
(512GB) Up to 460K IOPS
(1TB) Up to 580K IOPS

(2TB) Up to 600K IOPS

(256GB) Up to 480K IOPS
(512GB) Up to 500K IOPS

(1TB) Up to 500K IOPS
(2TB) Up to 500K IOPS

HEADQUARTERS OF SAMSUNG ELECTRONICS.

1TB
2TB

Reliability Specifications
UBER
MTBF
Environmental Specifications
Temperature

Operating®

Non-operating
Humidity (non-condensing)

Non-operating

LBA?
500,118,192
1,000,215,216
2,000,409,264
4,000,797,360

< 1 sector per 10'® bits read
1.5 Million Hours

0°C to 70°C

-40°C to 85°C

5~ 95%

Linear Shock (0.5ms duration with 1/2 sine wave)

Non-operating

Vibration

Non-operating (20 ~ 2,000 Hz, Sinusoidal)

POWER SPECIFICATIONS
Supply Voltage / Tolerance
Voltage Ripple/Noise (max.)
Active® (Typ, RMS)

- Read

- Write

1d1e®?) (Typ.)
Sleep”® (Typ)
PHYSICAL DIMENSION
Width
Length
Height
- Single Side
Weight

1,500 Gpeak

20 Gpeak

3.3V£5%
100mV p-p

5.1wW
5.6W
30mw

5mw

22.00 £ 0.15 mm
80.00 + 0.15 mm

Max. 2.38 mm
Max. 9.0g

Specifications are subject to change without notice.

1) 1MB = 1,000,000 Bytes, 1GB = 1,000,000,000 Bytes, Unformatted Capacity.
User accessible capacity may vary depending on operating environment and

formatting.

2) 1 Sector = 512Bytes, Max. LBA represents the total user addressable sectors

in LBA mode and calculated by IDEMA rule

3) Actual performance may vary depending on use conditions and environment. Perfor-
mance measurements based on TurboWrite technology.

4) Measured by SMART Temperature. Proper airflow recommended.

5) Active power is measured on sequential write and read.

6) Idle Power is measured on Idle status with L1.2+APST/ASPM on.

7) Actual measurements result may vary depending on use conditions and environment.

8) Sleep means PS4 (Lowest Power State)
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1.0 INTRODUCTION

1.1 General Description

This document describes the specification of PM981a SSD which uses PCle interface.

The PM981a is fully consist of semiconductor device and using NAND Flash Memory which has a high reliability and a high technology in a small form
factor for using a SSD and supporting Peripheral Component Interconnect Express (PCle) 3.0 interface standard up to 4 lanes shows much faster perfor-

mance than previous SATA SSDs.

The PM981a provides 256GB, 512GB,1TB and 2TB capacities. It's sequential performance is up to 3,500MB/s for read operation and 3,000MB/s for write

operation by 4 lanes. It's random performance is up to 600k IOPS for read and 500k IOPS for write operation by
tures with an extreme environment with a high MTBF.

1.2 Product List

[Table 1] Product Line-up

4 lanes. It could also provide rugged fea-

Type Capacity Part Number
256GB MZVLB256HBHQ-000L2/L7
512GB MZVLB512HBJQ-000L2/L7

M2 1TB MZVLB1TOHBLR-000L2/L7
2TB MZVLB2TOHALB-000L2/L7

1.3 Ordering Information

MZXXXXXXXXXX-XXXXX

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1. Memory (M) 10. Flash Generation
B: 3rd Generation
2. Module Classification A: 2nd Generation

Z: SSD

11~12. NAND Density
HQ: 1T QDP 4CE
JQ: 2T ODP 4CE
LR: 4T HDP 4CE

. Form Factor
V: PCleM.2 (22*80, PCle x4)

4. Line-Up LB: 8T HDP 4CE
L: Client/SV (VNAND 3bit MLC)
13."-"
5. SSD CTRL
B: Phoenix 14. Default
g
6~8. SSD Density

15. HW revision

256: 256GB 0: No revision
512: 512GB

1T0: 1TB 16. Packaging type
2T70: 2TB 0: Bulk

17~18. Customer
L2: Lenovo LBG
L7: Lenovo SED

. NAND PKG + NAND Voltage
H: BGA (LFHF)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS.
-5-
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2.1 Capacity
[Table 2] User Addressable Sectors
Capacity? Max LBA?
256GB 500,118,192
512GB 1,000,215,216
1TB 2,000,409,264
2TB 4,000,797,360
NOTE:
1) Gigabyte (GB) = 1,000,000,000 Bytes, 1 Sector = 512Bytes
2) Max. LBA shown in Table 1 represents the total user addressable sectors in LBA mode and calculated by IDEMA rule.
2.2 Performance®
[Table 3] Drive Performance
Gen3
Parameter Unit Queue Depth 256GB 512GB 1TB 2TB
. 2)
Sequential Read MBI/s QD =32 3,500 3,500 3,500 3,500
(Up to)
Sequ?ﬂ?j"tlo\;vme MB/s QD =32 2,200 / 400 2,900 / 800% 3,000/ 1,600% | 3,000/ 1,540%
= 4 4 4 4
Random Read 3 IOPS QD=1 16K / 11K¥ 18K / 12KY 18K / 12K¥ 18K/ 12K¥
(Up to) IOPS QD =32 240K / 135K% 460K / 270K% 580K / 400K® | 600K / 380K
Random Write? IOPS QD=1 54K / 50K% 55K / 53K 56K / 55K%) 56K / 55K
(Up t0) IOPS QD =32 480K / 100K¥ 500K / 200K% 500K / 400K% | 500K / 400K?
NOTE:

1) Performance measured using CDM 5.0.2 on Windows 10 64bit. Actual performance may vary depending on use conditions and environment.
2) Sequential performance measured using 128KB data size. (QD=32 by Thread=1)

3) Random performance measured using 4KB data size. (QD=32 by Thread 4, QD=1 by Thread 1)

4) Performance without TurboWrite technology

2.3 Power

[Table 4] Maximum Ratings

Parameter Specifications
3.3V+5%

100mV p-p or less

Allowable voltage
Supply Voltage

Allowable noise/ripple

[Table 5] Power Consumption for M.2 (3.3V Supply)

Parameter Specifications
Active? (Typical, RMS) Reéd >
Write 5.6W
Power Consumption® idie?) (Typical) 30mw
Sleep34°) (Typical) 5mwW

NOTE:

1) Active power is measured on sequential write and read.

2) Idle Power is measured on Idle status with L1.2+APST/ASPM on.

3) If Sleep time logging option is enabled, Sleep Power could be 5SmW.

4) Actual measurements result may vary depending on use conditions and environment.
5) Sleep means PS4 (Lowest Power State)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS. 6. S’\ M s u N G
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[Table 6] Dynamic Thermal Throttling for PM981a

Model PM981a
Dynamic Thermal Throttling Level SMART (=NAND Tc) Power State
TO ~82°C Full performance (PS0)
Stepping DTT T1 82°C Light Throttling (PS1)
T2 83°C Heavy Throttling (PS2)
Thermal Protection T3 85°C 1%

NOTE:

This drive has an automatic thermal control, which utilizes an on-board thermal sensor to monitor the NAND flash temperature, to protect from overheating.
The performance is reduced by the temperature threshold level shown in Table 6.
The device returns to full performance when the temperature is lower than TO.

2.4 Reliability

This chapter provides the information for the reliability features of the SSD.

2.4.1 MTBF

MTBF is Mean Time Between Failure, and is the predicted elapsed time between inherent failures of a system during operation. As same word,
AFR (annual failure ratio) is 0.4%. MTBF can be calculated as the arithmetic average time between failures of a system.

[Table 7] MTBF Specifications

Capacity MTBF
256GB
512GB
1,500,000 Hours
1TB
2TB

2.4.2 UBER
UBER is Uncorrectable Bit Error Rate.
[Table 8] UBER Specifications

Parameter

Specification

UBER

< 1 sector per 10%° bits read

2.5 Environmental Specification

[Table 9] Temperature, Humidity, Shock, Vibration

Parameter Mode Specification
Operating? 0°C to 70°C
Temperature
Non-operating -40°C to 85°C
Humidity? Non-operating 5% to 95%
Shock® Non-operating 1500G
Vibration® Non-operating 20G

NOTE:

1) Temperature is measured by SMART Temperature. Proper airflow recommended over 70°C

2) Humidity is measured in non-condensing

3) Test condition for shock: 0.5ms duration with half sine wave

4) Test condition for vibration: 10Hz to 2000Hz

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION

IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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3.0 MECHANICAL SPECIFICATION
3.1 Physical dimensions and Weight
[Table 10] Physical dimensions and Weight
Parameter Value
Width 22.00 £ 0.15 mm
Length 80.00 + 0.15 mm
Thickness Max. 2.38 mm
Weight | 256/512GB/1/2TB Max 9.0g
3.2 Form Factor
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[Figure 1] M.2 Package

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS.
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4.0 INTERFACE SPECIFACION

4.1 Connector Dimension and Pin Location

[TOP VIEW]

Fin 1

[BOTTOM VIEW]

Fin 75 Pin 74

Fin 2

-

UL LR

p—_

mm |

ollo

L —

[Figure 2] M.2 Signal and Power pins

4.2 Pin Assignments and Definition

[Table 11] Signal Assignments

LT

Pin# Assignment Description Pin# Assignment Description
1 GND Return current path 2 3.3v 3.3V source
3 GND Return current path 4 3.3V 3.3V source
5 PETn3 PCle TX 6 N/C N/C
7 PETp3 PCle TX 8 PLP_INIT# PLP Control Signal
9 GND Return current path 10 LED1# Device Active Signal (Refer to [Table 11])
11 PERN3 PCle Rx 12 3.3V 3.3V source
13 PERp3 PCle Rx 14 3.3V 3.3V source
15 GND Return current path 16 3.3V 3.3V source
17 PETN2 PCle TX 18 3.3V 3.3V source
19 PETp2 PCle TX 20 N/C N/C
21 GND Return current path 22 N/C N/C
23 PERN2 PCle Rx 24 N/C N/C
25 PERp2 PCle Rx 26 N/C N/C
27 GND Return current path 28 N/C N/C
29 PETn1 PCle TX 30 PLP_FBCK# N/C
31 PETpl PCle TX 32 N/C N/C
33 GND Return current path 34 N/C N/C
35 PERN1 PCle Rx 36 N/C N/C
37 PERp1 PCle Rx 38 N/C N/C
39 GND Return current path 40 SMB_CLK (|/o)2) DNU (Do Not Use)
41 PETNO PCle TX 42 SMB_DATA (|/Q)2) DNU (Do Not Use)
43 PETpO PCle TX 44 ALERT# (o)l) DNU (Do Not Use)
45 GND Return current path 46 N/C N/C
47 PERNO PCle Rx 48 N/C N/C
49 PERpO PCle Rx 50 PERST# PCle Reset
51 GND Return current path 52 CLKREQ# PCle Device Clock Request
53 REFCLKN PCle Reference Clock 54 PEWake# N/C
55 REFCLKP PCle Reference Clock 56 | Reserved forMFG_- DNU (Do Not Use)
57 GND Return current path 58 Reser"cefof%rKMFG—' DNU (Do Not Use)
67 N/C N/C 68 SUSCLK DNU (Do Not Use)
69 PEDET N/C 70 3.3V 3.3V source
71 GND Return current path 72 3.3V 3.3V source
73 GND Return current path 74 3.3V 3.3V source
75 GND Return current path

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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NOTE:
1) Not support: open drain with pull-up on platform (1.8V), active low.
2) Not support: open drain with pull-up on platform (1.8V).

[Table 12] Simple Indicator Protocol for SSD LED States (Optional)

ASPMY LED Status
Active State Blinking
(Host send CMD to SSD)
Idle Low Power standby OFF
State Deep Sleep Power savings OFF

NOTE:
1) ASPM (Active State Power Management)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS. . s,‘ M s U N G
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5.0 PCl and NVM Express registers
5.1 PCI Express Registers
5.1.1 PCI Register Summary
[Table 13] PCI Register Summary
Start Address End Address Name Type
00h 3Fh PCl Header PCI Configuration Header Space
40h 47h PCI Power Management Capability PCI Capability
50h 67h MSI Capability PCI Capability
70h A3h PCI Express Capability PCI Capability
BOh BBh MSI-X Capability PCI Capability
100h 12Bh Advanced Error Reporting Capability PCI Extended Capability
148h 153h Device Serial Number Capability PCI Extended Capability
158h 167h Power Budgeting Capability PCI Extended Capability
168h 17Bh Secondary PCI Express Capability PCI Extended Capability
188h 18Fh Latency Tolerance Reporting Capability PCI Extended Capability
190h 19Fh L1 Sub-states Capability PCI Extended Capability

5.1.2 PCI Configuration Header Space Registers Detail

5.1.2.1 PCI Configuration Header Space Registers

[Table 14] PCI Header Space Summary

Start Address End Address Symbol Description
00h 03h IDTF Identifiers
04h 05h CMD Command Register
06h 07h STS Status Register
08h 08h REVID Revision ID
09h 0Bh cC Class Codes
0Ch 0Ch CLS Cache Line Size
0Dh 0Dh MLT Master Latency Timer
OEh OEh HTYPE Header Type
OFh OFh BIST Built in Self Test
10h 13h MLBAR (BARO) Memory Register Base Address (lower 32-bit)
14h 17h MUBAR (BAR1) Memory Register Base Address (upper 32-bit)
18h 1Bh IDBAR (BAR2) Reserved
1Ch 1Fh BAR3 Reserved
20h 23h BAR4 Reserved
24h 27h BARS Reserved
28h 2Bh CCPTR CardBus CIS Pointer
2Ch 2Fh SS Subsystem Identifiers
30h 33h EXPROM Expansion ROM Base Address
34h 34h CAP Capabilities Pointer
35h 3Bh R Reserved
3Ch 3Dh INTR Interrupt Information
3Eh 3Eh MGNT Minimum Grant
3Fh 3Fh MLAT Maximum Latency

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 15] Identifier Register

Bits Type Default Value Description
31:16 RO A808h Device ID
0:15 RO 144Dh Vendor ID
[Table 16] Command Register
Bits Type Default Value Description
15:11 RO Oh Reserved
10 RW 0 Interrupt Disable
9 RO 0 Fast Back-to-Back Enable (N/A)
8 RW 0 SERR# Enable
7 RO 0 IDSEL Stepping/Wait Cycle Control (N/A)
6 RW 0 Parity Error Response Enable
5 RO 0 VGA Palette Snooping Enable (N/A)
4 RO 0 Memory Write and Invalidate Enable (N/A)
3 RO 0 Special Cycle Enable (N/A)
2 RW 0 Bus Master Enable
1 RW 0 Memory Space Enable
0 RW 0 1/O Space Enable
[Table 17] Status Register
Bits Type Default Value Description
15 RW1C 0 Detected Parity Error
14 RW1C 0 Signaled System Error
13 RW1C 0 Received Master Abort
12 RW1C 0 Received Target Abort
11 RW1C 0 Signaled Target Abort (N/A)
10:9 RO oh DEVSEL Timing (N/A)
8 RW1C 0 Master Data Parity Error Detected
7 RO 0 Fast Back-to-Back Transaction Capable (N/A)
6 RO 0 Reserved
5 RO 0 66MHz Capable (N/A)
4 RO 1 Capabilities List
3 RO 0 Interrupt Status
2:1 RO Oh Reserved
0 RO 0 Reserved
[Table 18] Revision ID Register
Bits Type Default Value Description
7:0 RO 00h Controller Hardware Revision 1D
[Table 19] Class Code Register
Bits Type Default Value Description
23:16 RO 01h Base Class Code
15:8 RO 08h Sub Class Code
7:0 RO 02h Programming Interface

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 20] Cache Line Size Register

Bits Type

Default Value

Description

7:0 RW

Oh

Cache Line Size (N/A)

[Table 21] Master Latency Timer Register

Bits Type

Default Value

Description

7:0 RO

Oh

Master Latency Timer (N/A)

[Table 22] Header Type Register

Bits Type Default Value Description
7 RO 0 Multi-Function Device (N/A)
6:0 RO Oh Reserved
[Table 23] Built In Self Test Register
Bits Type Default Value Description
7:0 RO oOh Built In Self Test (N/A)

[Table 24] Memory Register Base Address Lower 32-bits (BARO) Register

Bits Type Default Value Description
31:14 RW Oh Base Address
13:4 RO Oh Reserved
3 RO 0 Pre-Fetchable
2:1 RO 2h Address Type (64-bit)
0 RO 0 Memory Space Indicator (MEMSI)

[Table 25] Memory Register Base Address Upper 32-bits (BAR1)

Bits Type

Default Value

Description

31:0 RO

Oh

Base Address

[Table 26] Index/Data Pair Register Base Address (BAR2) Register

Bits Type Default Value Description

310 RO Oh N/A
[Table 27] BAR3 Register

Bits Type Default Value Description

31:0 RO Oh N/A
[Table 28] Vendor Specific BAR4 Register

Bits Type Default Value Description

31:.0 RO Oh N/A
[Table 29] Vendor Specific BAR5 Register

Bits Type Default Value Description

31:.0 RO Oh N/A
[Table 30] Cardbus CIS Pointer Register

Bits Type Default Value Description

310 RO Oh N/A

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 31] Subsystem Identifier Register

Bits Type Default Value Description
31:16 RO A801h Subsystem ID
15:0 RO 144Dh Subsystem Vendor ID

[Table 32] Expansion ROM Register

Bits Type Default Value Description
31:17 RW Oh Expansion ROM Base Address
16:1 RO Oh Reserved

0 RW 0 Expansion ROM Enable/Disable

[Table 33] Capabilities P

ointer Register

Bits

Type

Default Value

Description

7:0

RO

40h

Capability Pointer

[Table 34] Interrupt Information Register

Bits Type Default Value Description
15:8 RO 01h Interrupt Pin
7:0 RW FFh Interrupt Line

[Table 35] Minimum Grant Register

Bits

Type

Default Value

Description

7:0

RO

Oh

Minimum Grant

[Table 36] Maximum Latency Register

Bits Type Default Value Description
7:0 RO Oh Maximum Latency
5.1.3 PCI Capability Registers Detail
5.1.3.1 PCI Power Management Capability
[Table 37] PCI Power Management Capability Summary
Start Address End Address Symbol Description
40h 40h PCIPM_ID PCI Power Management Capability ID
41h 41h NEXTCAP Next Capability Pointer
42h 43h PCIPM_CAP PCI Power Management Capabilities
44h 45h PCIPM_CS PCI Power Management Control and Status
46h 46h PCIPM_CSR_BSE PMCSR_BSE Bridge Extensions
47h 47h PCIEPM_DATA Data
[Table 38] PCI Power Management Capability ID Register
Bits Type Default Value Description
15:8 RO 50h Next Capability
7:0 RO 1h Capability ID

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 39] PCI Power Management Capability Register

Bits Type Default Value Description
15:11 RO Oh PME Support (N/A)
10 RO 0 D2 Support (N/A)
9 RO 0 D1 Support (N/A)
8:6 RO Oh AUX Current (N/A)
5 RO 0 Device Specific Initialization (N/A)
4 RsvdP 0 Reserved
3 RO 0 PME Clock (N/A)
2:0 RO 3h Version (Support for PCI Bus Power Management Interface Spec R1.2)

[Table 40] PCI Power Management Control and Status Register

Bits Type Default Value Description
31:24 RsvdP Oh Data register (N/A)
23 RO 0 Bus Power/Clock Enable (N/A)
22 RO 0 B2, B3 support (N/A)
21:16 RsvdP Oh Reserved
15 RO 0 PME_Status (N/A)
14:13 RO Oh Data Scale (N/A)
12:9 RO Oh Data Select (N/A)
8 RWS 0 PME enable (N/A)
74 RsvdP Oh Reserved
3 RO 1 No Soft Reset
2 RsvdP 0 Reserved
1:0 RW Oh Power State

5.1.3.2 Message Signaled Interrupt (MSI) Capability

[Table 41] Message Signaled Interrupt Capability Summary

Start Address End Address Symbol Description
50h 51h MSI_ID Message Signaled Interrupt Capability ID
52h 53h MSI_MC Message Signaled Interrupt Message Control
54h 57h MSI_MA Message Signaled Interrupt Message Address
58h 5Bh MSI_MUA Message Signaled Interrupt Upper Address
5Ch 5Dh MSI_MDATA Message Signaled Interrupt Message Data
60h 63h MSI_MMASK Message Signaled Interrupt Mask Bits
64h 67h MSI_MPEND Message Signaled Interrupt Pending Bits

[Table 42] Message Sign

aled Interrupt Capability ID Register

Bits Type Default Value Description
15:8 RO 70h Next Capability
7.0 RO 05h Capability ID

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.

-15-

SAMSUNG




MZVLB256HBHQ-000L2/L7
MZVLB512HBJQ-000L2/L7

MZVLB1TOHBLR-000L2/L7
MZVLB2TOHALB-000L2/L7

For Lenovo

SAMSUNG CONFIDENTIAL

NVMe PCle SSD

[Table 43] Message Signaled Interrupt Control Register

Bits Type Default Value Description
15:9 RsvdP Oh Reserved
8 RO 0 Per Vector Masking Capable (N/A)
7 RO 1h 64-bit Address Capable
6:4 RW Oh Multiple Message Enable
31 RO 5h Multiple Message Capable
0 RW 0 MSI Enable
[Table 44] Message Signaled Interrupt Address Register
Bits Type Default Value Description
31:2 RW Oh Address
1:0 RO Oh Reserved
[Table 45] Message Signaled Interrupt Upper Address Register
Bits Type Default Value Description
31:0 RW Oh Upper Address
[Table 46] Message Signaled Interrupt Message Data Register
Bits Type Default Value Description
31:16 RsvdP Oh Reserved
0:15 RW Oh Data
[Table 47] Message Signaled Interrupt Mask Bits Register
Bits Type Default Value Description
31.0 RW Oh Mask Bits (N/A)

[Table 48] Message Signaled Interrupt Pending Bits Register

Bits Type Default Value Description
31:0 RO Oh Pending Bits

5.1.3.3 PCI Express Capability

[Table 49] PCI Express Capability Summary

Start Address End Address Symbol Description

70h 71h PCIE_ID PCI Express Capability ID
72h 73h PCIE_CAP PCI Express Capabilities
74h 77h PCIE_DCAP PCI Express Device Capabilities
78h 79h PCIE_DC PCI Express Device Control
7Ah 7Bh PCIE_DS PCI Express Device Status
7Ch 7Fh PCIE_LCAP PCI Express Link Capabilities
80h 81h PCIE_LC PCI Express Link Control
82h 83h PCIE_LS PCI Express Link Status
94h 97h PCIE_DCAP2 PCI Express Device Capabilities 2
98h 9%h PCIE_DC2 PCI Express Device Control 2
9Ah 9Bh PCIE_DS2 PCI Express Device Status 2
9Ch 9Fh PCIE_LCAP2 PCI Express Link Capabilities 2
AOh Alh PCIE_LC2 PCI Express Link Control 2
A2h A3h PCIE_LS2 PCI Express Link Status 2

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 50] PCI Express Capability ID Register

Bits Type Default Value Description

15:8 RO BOh Next Pointer

7:0 RO 10h Capability ID

[Table 51] PCI Express Capabilities Register

Bits Type Default Value Description

15:14 RsvdP Oh Reserved

13:9 RO Oh Interrupt Message Number

8 Hwinit 0 Slot Implementation (N/A)

74 RO Oh Device/Port Type

3.0 RO 2h Capability Version

[Table 52] PCI Express Device Capabilities Register

Bits Type Default Value Description
31:29 RsvdP Oh Reserved
28 RO 1 Function Level Reset Capability
27:26 RO Oh Captured Slot Power Limit Scale
25:18 RO Oh Captured Slot Power Limit Value
17:16 RsvdP Oh Reserved
15 RO 1 Role-based Error Reporting
14:12 RO Oh Reserved
11:9 RO 7h Endpoint L1 Acceptable Latency
8:6 RO 7h Endpoint LO Acceptable Latency
5 RO 0 Extended Tag Field Supported
4:3 RO Oh Phantom Functions Supported
2:0 RO 1h Max Payload Size Supported

[Table 53] PCI Express Device Control Register

Bits Type Default Value Description
15 RW 0 Initiate Function Level Reset
14:12 RW 2h Max Read Request Size
11 RW 1 Enable No Snoop
10 RWS 0 Aux Power PM Enable (N/A)
9 RW 0 Phantom Functions Enable (N/A)
8 RW 0 Extended Tag Enable
75 RW Oh Max Payload Size
4 RW 1 Enable Relaxed Ordering
3 RW 0 Unsupported Request Reporting Enable
2 RW 0 Fatal Error Reporting Enable
1 RW 0 Non-Fatal Error Reporting Enable
0 RW 0 Correctable Error Reporting Enable

[Table 54] PCI Express Device Status Register

Bits Type Default Value Description
15:6 Rsvdz Oh Reserved
5 RO 0 Transactions Pending
4 RO 0 Aux Power Detected

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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3 RwWi1C 0 Unsupported Request Detected
2 RwiC 0 Fatal Error Detected
1 RwWiC 0 Non-Fatal Error Detected
0 RwW1C 0 Correctable Error Detected
[Table 55] PCI Express Link Capabilities Register
Bits Type Default Value Description
31:24 Hwinit Oh (Port 0) Port Number
23 RsvdP 0 Reserved
22 Hwinit 1 ASPM Optionality Compliance
21 RO 0 Link Bandwidth Notification Capability (N/A)
20 RO 0 Data Link Layer Link Active Reporting Capable (N/A)
19 RO 0 Surprise Down Error Reporting Capable (N/A)
18 RO 1 Clock Power Management
17:15 RO 6h L1 Exit Latency
14:12 RO 7h LOs Exit Latency
11:10 RO 2h Active State Power Management Support
9:4 RO 4h (x4 link) Maximum Link Width
3:0 RO 3h Max Link Speeds

[Table 56] PCI Express Link Control Register

Bits Type Default Value Description
15:14 RW/RsvdP Oh Reserved
13:12 RsvdP Oh Reserved
11 RsvdP 0 Link Autonomous Bandwidth Interrupt Enable (N/A)
10 RsvdP 0 Link Bandwidth Management Interrupt Enable (N/A)
9 RW 0 Hardware Autonomous Width Disable
8 RW 0 Enable Clock Power Management
7 RW 0 Extended Sync
6 RW 0 Common Clock Configuration
5 RsvdP 0 Retrain Link (N/A)
4 RsvdP 0 Link Disable (N/A)
3 RW 0 Read Completion Boundary (N/A)
2 RsvdP 0 Reserved
1:0 RW Oh Active State Power Management Control

[Table 57] PCI Express Link Status Register

Bits Type Default Value Description

15 RW1C Oh Link Autonomous Bandwidth Status (N/A)
14 RW1C 0 Link Bandwidth Management Status (N/A)
13 RO 0 Data Link Layer Link Active

12 Hwinit 1 Slot Clock Configuration

11 RO 0 Link Training (N/A)

10 RO 0 Reserved

9:4 RO 1h Negotiated Link Width

3.0 RO 1h Current Link Speed

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 58] PCI Express Device Capabilities 2 Register

Bits Type Default Value Description
31 Hwinit 0 Reserved
30:24 RsvdP Oh Reserved
23:22 Hwinit Oh Max End-End TLP Prefixes (N/A)
21 Hwinit 0 End-End TLP Prefix Supported (N/A)
20 RO 0 Extended Format Field Supported (N/A)
19:18 Hwinit Oh OBFF Supported (N/A)
17:16 RsvdP Oh Reserved
15:14 Hwinit Oh LN System CLS (N/A)
13:12 RO Oh TPH Completer Supported (N/A)
11 RO 1 Latency Tolerance Reporting Supported
10 Hwinit 0 No RO-enabled PR-PR Passing (N/A)
9 RO 0 128-bit CAS Completer Supported (N/A)
8 RO 0 64-bit Atomic Op Completer Supported (N/A)
7 RO 0 32-bit Atomic Op Completer Supported (N/A)
6 RO 0 Atomic Op Routing Supported (N/A)
5 RO 0 ARI Forwarding Supported (N/A)
4 RO 1 Completion Timeout Disable Supported
3.0 Hwinit Fh Completion Timeout Ranges Supported

[Table 59] PCI Express Device Control 2 Register

Bits Type Default Value Description
15 RsvdP 0 End-to-end TLP Prefix Blocking (N/A)
14:13 RW/RsvdP Oh OBFF Enable (N/A)
12:11 RsvdP Oh Reserved
10 RW 0 Latency Tolerance Reporting Mechanism Enable
9 RW 0 IDO Completion Enable (N/A)
8 RW 0 IDO Request Enable (N/A)
7 RW 0 AtomicOp Egress Blocking (N/A)
6 RW 0 AtomicOp Requester Enable (N/A)
5 RW 0 ARI Forwarding Enable (N/A)
4 RW 0 Completion Timeout Disable
3.0 RW Oh Completion Timeout Value

[Table 60] PCI Express Device Status 2 Register

Bits Type

Default Value

Description

15:0 Rsvdz

Oh

Reserved

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 61] PCI Express Link Capabilities 2 Register

Bits Type Default Value Description
31 RO 0 Reserved
30:24 RsvdP Oh Reserved
23 HWinit 0 Reserved
22:16 HWinit Oh Lower SKP OS Reception Supported Speed Vector (N/A)
15:9 HWinit Oh Lower SKP OS Generation Supported Speed Vector (N/A)
8 RO 0 Cross-Link Supported (N/A)
7:1 RO 7h Supported Speeds Vector
0 RsvdP 0 Reserved

[Table 62] PCI Express Link Control 2 Register

Bits Type Default Value Description
15:12 RWS/RsvdP Oh Compliance De-emphasis
11 RWS/RsvdP 0 Compliance SOS
10 RWS/RsvdP 0 Enter Modified Compliance
9:7 RWS/RsvdP Oh Transmit Margin
6 Hwinit 0 Selectable De-Emphasis (N/A)
RWS/RsvdP 0 Hardware Autonomous Speed Disable
4 RWS/RsvdP 0 Enter Compliance
3.0 RWS/RsvdP 3h Target Link Speed

[Table 63] PCI Express Link Status 2 Register

Bits Type Default Value Description

15:6 RsvdP Oh Reserved
5 RW1CS 0 Link Equalization Request 8.0GT/s
4 ROS 0 Equalization 8.0GT/s Phase 3 Successful
3 ROS 0 Equalization 8.0GT/s Phase 2 Successful
2 ROS 0 Equalization 8.0GT/s Phase 1 Successful
1 ROS 0 Equalization 8.0GT/s Complete
0 RO 1 Current De-Emphasis

5.1.3.4 MSI-X Capability

[Table 64] MSI-X Capability Summary

Start Address End Address Symbol Description
BOh B1h MSIX_ID MSI-X Capability ID
B2h B3h MSIX_CAP MSI-X Message Control
B4h B7h MSIX_TBL MSI-X Table Offset and Table BIR
B8h BBh MSIX_PBA MSI-X PBA Offset and PBA BIR

[Table 65] MSI-X Identifier Register

Bits Type Default Value Description
15:8 RO 00h Next Capability
7:0 RO 11h Capability ID

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS. 2. S’\ M s u N G
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[Table 66] MSI-X Control Register

Bits Type Default Value Description
15 RW 0 MSI-X Enable
14 RW 0 Function Mask
13:11 RsvdP Oh Reserved
10:0 RO 20h Table Size
[Table 67] MSI-X Table Offset Register
Bits Type Default Value Description
31:3 RO 600h Table Offset
2:0 RO Oh Table BIR
[Table 68] MSI-X Pending Bit Array Offset Register
Bits Type Default Value Description
31:3 RO 400h Pending Bit Array Offset
2.0 RO Oh Pending Bit Array BIR

5.1.4 PCI Extended Capability Details

5.1.4.1 Advanced Error Reporting Registers

[Table 69] Advanced Error Reporting Capability Summary

Start Address End Address Symbol Description
100h 103h AER_ID AER Capability ID
104h 107h AER_UCES AER Uncorrectable Error Status
108h 10Bh AER_UCEM AER Uncorrectable Error Mask
10Ch 10Fh AER_UCESEV AER Uncorrectable Error Severity
110h 113h AER_CES AER Correctable Error Status
114h 117h AER_CEM AER Correctable Error Mask
118h 11Bh AER_CC AER Advanced Error Capabilities and Control
11Ch 12Bh AER_HL AER Header Log

[Table 70] AER Capability ID Register

Bits Type Default Value Description
81:20 RO 148h (Points to Secondary PCI Ex;,)\lrz)s(tsPEcigs(ried Capability Header Offset)
19:16 RO 2h Capability Version
15:0 RO 1h Capability ID
[Table 71] AER Uncorrectable Error Status Register
Bits Type Default Value Description
31:27 Rsvdz Oh Reserved
26 RW1CS 0 Poisoned TLP Egress Blocked Status (N/A)
25 RW1CS 0 TLP Prefix Blocked Error Status (N/A)
24 RWI1CS 0 Atomic Op Egress Blocked Status (N/A)
23 RWI1CS 0 MC Blocked TLP Status (N/A)
22 RWI1CS 0 Uncorrectable Internal Error Status
21 RW1CS 0 ACS Violation Status (N/A)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS.
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20 RW1CS 0 Unsupported Request Error Status
19 RWI1CS 0 ECRC Error Status
18 RWI1CS 0 Malformed TLP Status
17 RWI1CS 0 Receiver Overflow Status
16 RWI1CS 0 Unexpected Completion Status
15 RWI1CS 0 Completer Abort Status
14 RWI1CS 0 Completion Timeout Status
13 RWI1CS 0 Flow Control Protocol Error Status
12 RW1CS 0 Poisoned TLP Status
11:6 Rsvdz Oh Reserved
5 RWI1CS 0 Surprise Down Error Status (N/A)
4 RW1CS 0 Data Link Protocol Error Status
31 Rsvdz Oh Reserved
0 Undefined 0 Undefined
[Table 72] AER Uncorrectable Error Mask Register
Bits Type Default Value Description
31:26 Rsvdz Oh Reserved
25 RWS 0 TLP Prefix Blocked Error Mask (N/A)
24 RWS 0 Atomic Op Egress Blocked Mask (N/A)
23 RWS 0 MC Blocked TLP Mask (N/A)
22 RWS 1 Uncorrectable Internal Error Mask
21 RWS 0 ACS Violation Mask (N/A)
20 RWS 0 Unsupported Request Error Mask
19 RWS 0 ECRC Error Mask
18 RWS 0 Malformed TLP Mask
17 RWS 0 Receiver Overflow Mask
16 RWS 0 Unexpected Completion Mask
15 RWS 0 Completer Abort Mask
14 RWS 0 Completion Timeout Mask
13 RWS 0 Flow Control Protocol Error Mask
12 RWS 0 Poisoned TLP Mask
11:6 Rsvdz Oh Reserved
5 RWS 0 Surprise Down Error Mask (N/A)
4 RWS 0 Data Link Protocol Error Mask
31 Rsvdz Oh Reserved
0 Undefined 0 Undefined
[Table 73] AER Uncorrectable Error Severity Register
Bits Type Default Value Description
31:27 RsvdP Oh Reserved
26 RWS 0 Poisoned TLP Egress Blocked Severity (N/A)
25 RWS 0 TLP Prefix Blocked Error Severity (N/A)
24 RWS 0 Atomic Op Egress Blocked Severity (N/A)
23 RWS 0 MC Blocked TLP Severity (N/A)
22 RWS 1 Uncorrectable Internal Error Severity
21 RWS 0 ACS Violation Severity (N/A)
20 RWS 0 Unsupported Request Error Severity

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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19 RWS 0 ECRC Error Severity
18 RWS 1 Malformed TLP Severity
17 RWS 1 Receiver Overflow Severity
16 RWS 0 Unexpected Completion Severity
15 RWS 0 Completer Abort Severity
14 RWS 0 Completion Timeout Severity
13 RWS 1 Flow Control Protocol Error Severity
12 RWS 0 Poisoned TLP Severity
11:6 RsvdP Oh Reserved
5 RWS 1 Surprise Down Error Severity (N/A)
4 RWS 1 Data Link Protocol Error Severity
31 RsvdP Oh Reserved
0 Undefined 0 Undefined
[Table 74] AER Correctable Error Status Register
Bits Type Default Value Description
31:16 Rsvdz Oh Reserved
15 RW1CS 0 Header Log Overflow Status
14 RW1CS 0 Corrected Internal Error Status
13 RW1CS 0 Advisory Non-Fatal Error Status
12 RW1CS 0 Replay Timer Timeout Status
11:9 Rsvdz Oh Reserved
8 RWI1CS 0 Replay Number Rollover Status
7 RW1CS 0 Bad DLLP Status
6 RW1CS 0 Bad TLP Status
5:1 Rsvdz Oh Reserved
0 RW1CS 0 Received Error Status
[Table 75] AER Correctable Error Mask Register
Bits Type Default Value Description
31:16 RsvdP Oh Reserved
15 RWS 1 Header Log Overflow Mask
14 RWS 1 Corrected Internal Error Mask
13 RWS 1 Advisory Non-Fatal Error Mask
12 RWS 0 Replay Timer Timeout Mask
11:9 RsvdP Oh Reserved
8 RWS 0 Replay Number Rollover Mask
7 RWS 0 Bad DLLP Mask
6 RWS 0 Bad TLP Mask
5:1 RsvdP Oh Reserved
0 RWS 0 Received Error Mask

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 76] AER Capabilities and Control Register

Bits Type Default Value Description
31:11 RsvdP Oh Reserved
10 RWS 0 Multiple Header Recording Enable
9 RO 1 Multiple Header Recording Capable
8 RWS 0 ECRC Check Enable
7 RO 1 ECRC Check Capable
6 RWS 0 ECRC Generation Enable
5 RO 1 ECRC Generation Capable
4:0 ROS Oh First Error Pointer

[Table 77] AER Header Log Register

Bits Type Default Value Description
127:120 ROS Oh Header Byte 0
119:112 ROS Oh Header Byte 1
111:104 ROS Oh Header Byte 2
103:96 ROS Oh Header Byte 3

95:88 ROS Oh Header Byte 4
87:80 ROS Oh Header Byte 5
79:72 ROS Oh Header Byte 6
71:64 ROS Oh Header Byte 7
63:56 ROS Oh Header Byte 8
55:48 ROS Oh Header Byte 9
47:40 ROS Oh Header Byte 10
39:32 ROS Oh Header Byte 11
31:24 ROS Oh Header Byte 12
23:16 ROS Oh Header Byte 13
15:8 ROS Oh Header Byte 14

7:0 ROS Oh Header Byte 15

5.1.4.2 Device Serial Number Capability

[Table 78] Device Serial Number Capability Summary

Start Address End Address Symbol Description
148h 14Bh DSN_ID Device Serial Number Capability ID
14Ch 14Fh DSN_LR Serial Number Register (Lower DW)
150h 153h DSN_UR Serial Number Register (Upper DW)

[Table 79] Device Serial Number Capability Register Header

Bits Type Default Value Description

31:20 RO 158h Next Capability Offset

19:16 HwiInit 1h Capability Version

15:0 HwiInit 3h PCI Express Extended Capability ID

[Table 80] Serial Number Register Header (Lower DW)

Bits Type

Default Value

Description

31:0 RO

Oh

Serial Number register (Lower DW)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 81] Serial Number Register Header (Upper DW)
Bits Type Default Value Description
31:.0 RO Oh Serial Number register (Upper DW)
5.1.4.3 Power Budgeting Capability
[Table 82] Power Budgeting Capability Summary
Start Address End Address Symbol Description
158h 15Bh PB_ID Power Budgeting Extended Capability ID
15Ch 15Fh PB_SR Data Select Register
160h 163h PB_DR Data Register
164h 167h PB_BCR Power Budget Capability Register
[Table 83] Power Budgeting Capability Header
Bits Type Default Value Description
31:20 RO 168h Next Capability Offset
19:16 RO 1h Capability Version
15:00 RO 4h PCI Express Extended Capability ID
[Table 84] Data Select Register
Bits Type Default Value Description
31:8 RsvdP Oh Reserved
7:0 RW Oh Data Select
[Table 85] Data Register
Bits Type Default Value Description
31:21 RsvdP Oh Reserved
20:18 RO Oh Power Rail
17:15 RO Oh Type
14:13 RO Oh PM State
12:10 RO Oh PM Sub State
9:8 RO Oh Data Scale
7:0 RO Oh Base Power
[Table 86] Power Budget Capability Register
Bits Type Default Value Description
7:1 RsvdP Oh Reserved
0 HwiInit 1h System Allocated

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.

-25-

SAMSUNG



MZVLB256HBHQ-000L2/L7

SAMSUNG CONFIDENTIAL

MZVLB512HBJQ-000L2/L7 For Lenovo Rev. 1.2
MZVLB1TOHBLR-000L2/L7 NVMe PCIe SSD
MZVLB2TOHALB-000L2/L7
5.1.4.4 Secondary PCl Express Capability
[Table 87] Secondary PCI Express Capability Summary
Start Address End Address Symbol Description
168h 16Bh SPE_ID Secondary PCI Express Capability
16Ch 16Fh PCIE_LC3 PCI Express Link Control 3
170h 173h PCIE_LE PCI Express Lane Error Status
174h 175h PCIE_LOEC PCI Express Lane 0 Equalization Control
176h 177h PCIE_L1EC PCI Express Lane 1 Equalization Control
178h 179h PCIE_L2EC PCI Express Lane 2 Equalization Control
17Ah 17Bh PCIE_L3EC PCI Express Lane 3 Equalization Control

[Table 88] Secondary PCI Express Capability ID Register

Bits Type Default Value Description

31:20 RO 188h Next Pointer

19:16 RO 1h Capability Version

15:0 RO 19h Capability ID (Secondary PCI Express Extended capability)

[Table 89] PCI Express L

ink Control 3 Register

Bits Type Default Value Description
31:16 RsvdP Oh Reserved
15:9 RW Oh Enable Lower SKP OS Generation Vector (N/A)
8:2 RsvdP Oh Reserved
1 RW 0 Link Equalization Request Interrupt Enable (N/A)
0 RW 0 Perform Equalization (N/A)

[Table 90] PCI Express L

ane Error Status Register

Bits Type Default Value Description
31:4 Rsvdp Oh Reserved
3:0 RW1CS Oh Lane Error Status Bits

[Table 91] Lane 0 Equalization Control Register

Bits Type Default Value Description
15 RsvdP 0 Reserved
14:12 HwInit/RO 7h Upstream Port 8.0T/s Receiver Preset Hint
11:8 HwInit/RO Fh Upstream Port 8.0T/s Transmitter Preset
7 RsvdP 0 Reserved
6:4 HwiInit/RsvdP Oh Downstream Port 8.0T/s Receiver Preset Hint (N/A)
3.0 HwInit/RsvdP Oh Downstream Port 8.0T/s Transmitter Preset (N/A)

[Table 92] Lane 1 Equalization Control Register

Bits Type Default Value Description
15 RsvdP 0 Reserved
14:12 HwInit/RO 7h Upstream Port 8.0T/s Receiver Preset Hint
11:8 HwInit/RO Fh Upstream Port 8.0T/s Transmitter Preset
7 RsvdP 0 Reserved
6:4 HwiInit/RsvdP Oh Downstream Port 8.0T/s Receiver Preset Hint (N/A)
3:0 HwiInit/RsvdP Oh Downstream Port 8.0T/s Transmitter Preset (N/A)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 93] Lane 2 Equalization Control Register

Bits Type Default Value Description
15 RsvdP 0 Reserved
14:12 HwInit/RO 7h Upstream Port 8.0T/s Receiver Preset Hint
11:8 Hwinit/RO Fh Upstream Port 8.0T/s Transmitter Preset
7 RsvdP 0 Reserved
6:4 Hwinit/RsvdP Oh Downstream Port 8.0T/s Receiver Preset Hint (N/A)
3:0 HwInit/RsvdP Oh Downstream Port 8.0T/s Transmitter Preset (N/A)

[Table 94] Lane 3 Equalization Control Registerr

Bits Type Default Value Description
15 RsvdP 0 Reserved
14:12 HwInit/RO 7h Upstream Port 8.0T/s Receiver Preset Hint
11:8 HwInit/RO Fh Upstream Port 8.0T/s Transmitter Preset
7 RsvdP 0 Reserved
6:4 HwInit/RsvdP Oh Downstream Port 8.0T/s Receiver Preset Hint (N/A)
3.0 HwInit/RsvdP Oh Downstream Port 8.0T/s Transmitter Preset (N/A)

5.1.4.5 Latency Tolerance Reporting Capability Registers

[Table 95] Latency Tolerance Reporting Capability Summary

Start Address End Address Symbol Description
188h 18Bh LTR_ID Latency Tolerance Reporting (LTR) Capability ID
18Ch 18Dh LTR_SLR LTR Max Snoop Latency Register
18Eh 18Fh LTR_NSLR LTR Max No-Snoop Latency Register

[Table 96] LTR Extended Capability Header

Bits Type Default Value Description

31:20 RO 190h Next Capability Offset

19:16 RO 1h Capability Version

15:0 RO 18h PCI Express Extended Capability ID

[Table 97] LTR Max Snoop latency Register

Bits Type Default Value Description

15:13 RsvdP Oh Reserved

12:10 RW Oh Max Snoop latency Scale
9:0 RW Oh Max Snoop latency Value

[Table 98] LTR Max No Snoop latency Register

Bits Type Default Value Description

15:13 RsvdP Oh Reserved

12:10 RW Oh Max No Snoop Latency Scale
9:0 RW Oh Max No Snoop Latency Value

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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5.1.4.6 L1 Substates Extended Capability
[Table 99] L1 Substate Capability Summary
Start Address End Address Symbol Description

190h 193h L1S_CID L1 Substate Capability ID

194h 197h L1S CR L1 Substate Capability Register

198h 19Bh L1S Ci1R L1 Substate Control 1 Register

19Ch 19Fh L1S C2R L1 Substate Control 2 Register

[Table 100] L1 Substates Extended Capability Header

Bits Type Default Value Description

31:20 RO 0 Next Capability Offset

19:16 RO 1h Capability Version

15:0 RO 1Eh PCI Express Extended Capability ID

[Table 101] L1 Substate Capability Register

Bits Type Default Value Description
31:24 RsvdP Oh Reserved
23:19 Hwinit 5h Port Power on value
18 RsvdP 0 Reserved
17:16 Hwinit Oh Port T_Power_on scale
15:8 Hwinit Ah Port Common_mode_restore_time
75 RsvdP Oh Reserved
4 Hwinit 1 L1 PM Substates Supported
3 Hwinit 1 ASPM PM L1.1 Supported
2 Hwinit 1 ASPM PM L1.2 Supported
1 HwiInit 1 PCI PM L1.1 Supported
0 Hwinit 1 PCI PM L1.2 Supported

[Table 102] L1 Substate Control 1 Register

Bits Type Default Value Description
31:29 RW Oh LTR L1.2 Threshold Scale
28:26 RsvdP Oh Reserved
25:16 RW Oh LTR L1.2 Threshold value
15:8 RsvdP Oh Common_mode_restore_time (N/A)
74 RsvdP Oh Reserved
3 RwW 0 ASPM PM L1.1 Enable
2 RwW 0 ASPM PM L1.2 Enable
1 RwW 0 PCI PM L1.1 Enable
0 RwW 0 PCI PM L1.2 Enable

[Table 103] L1 Substate Control 2 Register

Bits Type Default Value Description

31:8 RsvdP Oh Reserved

7:3 RwW 5h T_POWER_ON Value
2 RsvdP 0 Reserved

1.0 RwW Oh T_POWER_ON Scale

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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5.2 NVM Express Registers

5.2.1 Register Summary

[Table 104] Register Summary

Start Address End Address Name Type

00h 07h CAP Controller Capabilities
08h 0Bh VS Version

0Ch OFh INTMS Interrupt Mask Set
10h 13h INTMC Interrupt Mask Clear
14h 17h CcC Controller Configuration
18h 1Bh Reserved Reserved

1Ch 1Fh CSTS Controller Status
20h 23h NSSR NVM Subsystem Reset
24h 27h AQA Admin Queue Attributes
28h 2Fh ASQ Admin Submission Queue Base Address
30h 37h ACQ Admin Completion Queue Base Address
38h 3Bh CMBLOC Controller Memory Buffer Location (Optional)
3Ch 3Fh CMBSZ Controller Memory Buffer Size (Optional)
40h EFFh Reserved Reserved

FOOh FFFh Reserved Command Set Specific

1000h 1003h SQOTCBL Submission Queue 0 Tail Doorbell (Admin)

1000h + (1 * (4 << CAP.DSTRD)) 1003h + (1 * (4 << CAP.DSTRD)) CQOHDBL | Completion Queue 0 Head Doorbell (Admin)
1000h+ (2y * (4 << CAP.DSTRD)) 1003h + (2y * (4 << CAP.DSTRD)) SQyTDVL Submission Queue y Tail Doorbell
1000h + ((2y + 1) * (4 << CAP.DSTRD)) 1003h + ((2y + 1) * (4 << CAP.DSTRD)) CQYHDBL Completion Queue y Head Doorbell

5.2.2 Controller Registers

[Table 105] Controller Capabilities

Bits Type Name Default Value Description
63:56 RO Oh Reserved
55:52 RO MPSMAX Oh Memory Page Size Maximum (Maximum is 4KB)
51:48 RO MPSMIN 0 Memory Page Size Minimum (Minimum is 4KB)
47:45 RO 0 Reserved
Command Sets Supported
aa:37 RO css 1h 1h: NVM command set
36 RO NSSRS 1h NVM Subsystem Reset Supported
Doorbell Stride
35:32 RO DSTRD 0 0: Stride of 4 bytes
Timeout
3124 RO TO 3Ch 3Ch: 30 seconds
23:19 RO 0 Reserved
1817 RO AMS L Arbitration Mechanism Supported
(Weighted Round Robin with Urgent supported)
16 RO CQR 1 Contiguous Queues Required
Maximum Queue Entries Supported
15:00 RO MQES 3FFFh (16384 entries supported)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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[Table 106] Version

Bits Type Name Default Value Description

31:16 RO MJR 1h Major Version Number

15:08 RO MNR 3h Minor Version Number

7:00 RO Reserved 0 Reserved
NOTE:
Note: The PM981a supports NVM Express version 1.3
[Table 107] Interrupt Mask Set

Bits Type Name Default Value Description

31:00 RW1S IVMS 0 Interrupt Vector Mask Set
[Table 108] Interrupt Mask Clear

Bits Type Name Default Value Description

31:00 RW1C IVMC 0 Interrupt Vector Mask Clear
[Table 109] Controller Configuration

Bits Type Name Default Value Description

31:24 RO - 0 Reserved

1/0 Completion Queue Entry Size

23:20 RW IOCQES 0 (Configured as a power of 2)
(Should be set to 4 for a 16 byte entry size)

1/0 Submission Queue Entry Size

19:16 RW IOSQES 0 (Configured as a power of 2)
(Should be set to 6 for a 64 byte entry size)

Shutdown Notification
Oh: No notification
1514 RW SHN 0 1h: Normal shutdown notification
2h: Abrupt shutdown notification

3h: Reserved
CSTS.SHST indicates shutdown status.

Arbitration Mechanism Selected
13:11 RW AMS 0 Oh: Round Robin
No other values supported.

Memory Page Size

10:7 RW MPS 0 MPS is 2/(12+MPS)
Shall be within CAP.MPSMAX and CAP.MPSMIN ranges.

Command Set Selected

6:4 RW Css 0 Oh: NVM Command Set
No other values supported
3:1 RO - 0 Reserved
Enable

When set to 1, controller shall process commands.

When cleared to 0, controller shall not process commands.
This field is subject to CSTS.RDY and CAP.TO restrictions.

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
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[Table 110] Controller Status

Bits Type Name Default Value Description
31:6 RO - 0 Reserved
5 RW PP 0 Processing Paused
4 RW1C NSSRO 0 NVM Subsystem Reset Occurred
Shutdown Status
Oh: Normal operation, no shutdown requested
3:2 RO SHST 0 1h: Shutdown processing occurring
2h: Shutdown processing complete
3h: Reserved
1 RO CFS 0 Controller Fatal Status
o | ®o RDY 0 oh Controler shal ot process commands,
[Table 111] NVM Subsystem Reset
Bits Type Name Default Value Description
31:0 RW NSSRC 0 NVM Subsystem Reset Control

[Table 112] Admin Queue Attributes

Bits Type Name Default Value Description
31:28 RO - 0 Reserved
Admin Completion Queue Size
27:1 RW A
6 cQs 0 Max: 4096 (Value of 4095h - 0's based value)
15:12 RO - 0 Reserved
11:0 RW ASQS 0 Admin Submission Queue Size

Max: 4096 (Value of 4095h - 0's based value)

[Table 113] Admin Submission Queue Base Address
Bits Type Name Default Value Description
63:12 RwW ASQB 0 Admin Submission Queue Base Address
11:0 RO - 0 Reserved
[Table 114] Admin Completion Queue Base Address
Bits Type Name Default Value Description
63:12 RW ACQB 0 Admin Completion Queue Base Address
11:0 RO - 0 Reserved
[Table 115] Controller Memory Buffer Location
Bits Type Name Default Value Description
31:12 RO OFST 0 Offset
11:3 RO 0 Reserved
2.0 RO BIR 0 Base Indicator Register

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
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[Table 116] Controller Memory Buffer Size

Bits Type Name Default Value Description
31:12 RO Sz 0 Size
11:8 RO SzU 0 Size Units
75 RO 0 Reserved
4 RO WDS 0 Write Data Support
3 RO RDS 0 Read Data Support
2 RO LISTS 0 PRP SGL List Support
1 RO CQs 0 Completion Queue Support
0 RO SQS 0 Submission Queue Support

[Table 117] Submission Queue Tail y Doorbell

Bits Type Name Default Value Description
31:16 RO 0 Reserved
15:0 RW SQT 0 Submission Queue Tail

[Table 118] Completion Queue Head y Doorbell

Bits Type Name Default Value Description
31:16 RO 0 Reserved
15:0 RW CQH 0 Completion Queue Head

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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6.0 Supported Command Set

The Admin command sets and NVM I/O command sets of Samsung SSD PM981a are defined in compliant with NVM Express specification revision 1.3

6.1 Admin Command Set

The Admin command set is the commands that are submitted to the Admin Submission Queues. The detailed specifications are described in NVM
Express specification document.

[Table 119] Opcode for Admin Commands

Opcode (Hex) Command Name
00h Delete I/O Submission Queue
01h Create 1/0O Submission Queue
02h Get Log Page
04h Delete I/O Completion Queue
05h Create 1/0 Completion Queue
06h Identify
08h Abort
09h Set Feature
OAh Get Feature
0Ch Asynchronous Event Request
10h Firmware Activate
11h Firmware Image Download
14h Device Self-test
80h Format NVM
81h Security Send
82h Security Receive
84h Sanitize

COh — FFh Vendor Specific

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
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6.1.1 Identify Command
The Identify Command returns the data described below.

[Table 120] Identify Controller Data Structure

Bytes O/M Default Value Description
1:0 M 144Dh PCI Vendor ID
3:2 M 144Dh PCI Subsystem Vendor ID
234 M SHEAN#HHBHHH T Serial Number(ASCII), # :Variables
256GB: SAMSUNG MZVLB256HBHQ-000L2 / L7
) 512GB: SAMSUNG MZVLB512HBJQ-000L2 / L7
63:24 M| 1024GB: SAMSUNG MZVLB1TOHBLR-000L2 /L7 Model Number (ASCHI)
2048GB: SAMSUNG MZVLB2TOHALB-000L2 / L7
71:64 M HHHHEXHH Firmware Revision, #:Variables
72 M 2h Recommended Arbitration Burst
75:73 M 002538h IEEE OUI
Controller Multi-Path 1/0O and Namespace Sharing
Capabilities
Bit 2: 1h - Controller is associated with an SR-IOV
Virtual Function
76 o 0 Oh - Controller is associated with a PCI Function.
Bit 1: 1h - Device has Two or More controller
Oh - Device has One Controller
Bit 0: 1h - Device has Two or More physical PCI Express
ports
Oh - Device has One PCI Express port
77 M o9h Maxmum I?ata Transfer Slzg
Oh: No restrictions on trasnfer size
79:78 M 4h Controller ID (CNTLID)
83:80 M 00010300h Version
87:84 M 0x30D40 RTD3 Resume Latency (RTD3R)
91:88 M 007A1200h RTD3 Entry Latency
95:92 M Oh Optional Asynchronous Events Supported
255:96 Oh Reserved
Optional Admin Command Support
Bits 15:5 - Reserved
Bit 4: 1h - Device Self-Test
257:256 M 17h Bit 3: Oh - Namespace Management Attachment Not
Supported
Bit 2: 1h — Firmware Activate/Download Supported
Bit 1: 1h Format NVM Supported
Bit 0: 1h Security Send and Security Receive Supported
Abort Command Limit
258 M 7h (Maximum number of concurrently outstanding Abort
commands)
(0's based value)
Asynchronous Event Request Limit
259 M 3h (Maximum number of concurrently outstanding
Asynchronous Event Request commands)
(0's based value)
Firmware Updates
Bits 7:5 — Reserved
260 M 13h Bit 4 - 1h Support firmware activation without a reset
Bits 3:1 — Number of firmware slots
Bit 0 — Oh, "1" indicates Slot 1 is read only

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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Log Page Attributes
261 M 3h Bit1:1h - Supstl)trst th co':\r’r?;zrr\]/giffects log page
Bit 0: 0h SMART data is global for all namespaces
Error Log Page Entries
262 M 3Fh (Number of Error Information log entries stored by
controller)
(O's based value)
263 M ah Number(g}l‘sP;avizrdSvt;ts;Support
Admin Vendor Specific Command Configuration
Bits 7:1 — reserved
264 M th Bit 0 — Indicates Admin Vendor Specific Commands use
the format defined in NVM Express 1.0c Figure 8.
265 (0] 1h Autonomous Power State Transition Attributes (APSTA)
267:266 M 0x162 Warning Composite Temperature Threshold
269:268 M 0x163 Critical Composite Temperature Threshold
271:270 (0] Oh Maximum Time for Firmware Activation
275:272 (0] Oh Host Memory Buffer Preferred Size
279:276 (0] Oh Host Memory Buffer Minimum Size
2048GB: 1DCEEA56000h
1024GB: EE77A56000h
295:280 (0] Total NVM Capacity
512GB: 773C256000h
256GB: 3B9E656000h
311:296 (0] Oh Unallocated NVM Capacity
315:312 (0] Oh Replay Protected Memory Block Support
317:316 (0] 23h Extended Device Self-Test Time
318 (0] Oh Device Self-Test Options
319 LO 0x0 Firmware Update Granularity (FWUG):
321:320 LO 0x0 Keep Alive Support (KAS):
323:322 o ox1 Host Controlled Th?:rcl::i\lll\l;ll’:\)r?agement Attributes
325:324 (0] 0x160 Minimum Thermal Management Temperature (MNTMT):
307-326 o 0x162 Maximum Therma:hl;ﬂ)?_:_]sﬂg_;re)Tent Temperature
0x03 Sanitize Capabilities (SANICAP):
0x0 Bits 31:3
331:328 o 0x0 Bit 2 the Overwrite sanitize operation supported
0x1 Bit 1 the Block Erase sanitize operation supported
NoSnI;SDEngixO Bit 0 the Crypto Erase sanitize operation supported
511:332 0x0 Reserved NVM Command Set Attributes
Submission Queue Entry Size
512 M 66h Bits 7:4 — 6h Max SQES (64 bytes)
Bits 3:0 — 6h Required SQES (64 bytes)
Completion Queue Entry Size
513 M 44h Bits 7:4 — 4h Max CQES (16 bytes)
Bits 3:0 — 4h Required CQES (16 bytes)
515:514 0 Reserved
519:516 M 1h Number of Namespaces

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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Optional NVM Command Support
Bits 15:6 — Reserved
Bit 5 — 1h Reservations Supported
Oh Not support Reservations
Bit 4 — 1h Save field in Set Feature & Select field in Get
Feature Supported
Oh Not support Save field in Set Feature & Select
field in Get Feature
521:520 M 5Fh . .
Bit 3 — 1h Write Zeros Supported
Oh Not support Write Zeros
Bit 2 — 1h Dataset Management Supported
Oh Not support Dataset Management
Bit 1 — 1h Write Uncorrectable Supported
Oh Not support Write Uncorrectable
Bit 0 — 1h Compare Supported
Oh Not support Compare
Fused Operation Support
Bits 15:1 — Reserved
523:522 M Oh . . .
Bit 0 — Oh Compare/Write Fused Operation Not
Supported
Format NVM Attributes
Bits 7:3 — Reserved
Bit2 - 1h hic E i
oh for Non-SED it Cryptograp ic _rase is supprted
524 M 4h for SED Oh Cryptographic Erase is not supprted
Bit 1 — Oh Cryptographic erase and user data erase Per
Namespace
Bit 0 — Oh Format Per Namespace
Volatile Write Cache
Bits 7:1 - Reserved
525 M 1h Bit 0 -1h Volatile write cache is present
Oh No Volatile Write Cache present
527:526 M 3FFh Atomu': Write Unit Normal
(O's based value)
520:528 M oh Atomic Write Unit Power Fail
(0's based value)
NVM Vendor Specific Command Configuration
Bits 7:1 — reserved
530 M 1h Bit 0 — Indicates NVM Vendor Specific Commands use
the format defined
in NVM Express
531 M Oh Reserved
533:532 (0] Oh ACWU
534:533 M Oh Reserved
539:536 (0] Oh No SGL support
703:540 - Oh Reserved
I/0 Command Set Attributes
2047:704 ‘ - Oh Reserved
Power State Descriptors
2079:2048 M refer to 'ldentify Power Stat'e Descriptor Data Power State 0 Descriptor
Structure
fer to 'ldentify P State D iptor Dat .
2111:2080 (0] refer to "ldentify Power a'e escriptor Data Power Statel Descriptor
Structure
2143:2112 o refer to 'ldentify Power Stat'e Descriptor Data Power State 2 Descriptor
Structure
2175:2144 (0] refer to "ldentify Pg\:\:jzitse Descriptor Data Power State 3 Descriptor

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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2207:2176 o refer to 'ldentify Power Stat'e Descriptor Data Power State 4 Descriptor
Structure’
. oOh (N/A)
3071:3040 (0] Oh Power State 31 Descriptor (N/A)
Vendor Specific
3278:3072 - Samsung Specific Samsung Reserved
Security Feature Set
3279 o 5h for Non-SED Bit 2 — 1h TCG Supported
7h for SED Bit 1 — 1h SED Supported
Bit 0 — 1h ATA Security Supported
4095:3280 - Oh Samsung Reserved

[Table 121] Identify Power State Descriptor Data Structure

Bytes Description Power State 0 Power State 1 Power State 2 Power state 3 Power S_tate 4
Descriptor Descriptor Descriptor Descriptor Descriptor
255:184 Reserved
183:182 Active Power Scale(APS) Oh Oh Oh Oh Oh
181:179 Reserved
178:176 Active Power Workload(APW) Oh Oh Oh Oh Oh
175:160 Active Power(ACTP) Oh Oh Oh Oh Oh
159:152 Reserved
151:150 Idle Power Scale(IPS) Oh Oh Oh Oh Oh
149:144 Reserved
143:128 Idle Power(IDLP) Oh Oh Oh Oh Oh
127:125 Reserved
124:120 Relative Write Latency Oh 1h 2h 3h 4h
119:117 Reserved
116:112 Relative Write Throughput Oh 1h 2h 3h 4h
111:109 Reserved
108:104 Relative Read Latency Oh 1h 2h 3h 4h
103:101 Reserved
100:96 Relative Read Throughput Oh 1h 2h 3h 4h
95:64 Exit Latency Oh Oh Oh 4B0Oh 1F40h
63:32 Entry Latency Oh Oh Oh D2h 7D0h
31:26 Reserved
25 Non-Operational State Oh Oh Oh 1h 1h
24 Max Power Scale Oh Oh Oh 1h 1h
23:16 Reserved
15:00 Maximum Power 320h 276h 15Eh 2F8h 32h

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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[Table 122] Identify Namespace Data Structure

Bytes Oo/M Default Value Description

2048GB EE7752B0h
_ 1024GB 773BD2B0Oh Namespace Size
70 M 512GB 3B9E12B0Oh

256GB 1DCF32B0h
2048GB EE7752B0h

158 M 1024GB 773BD2B0Oh Namespace Capacity
512GB 3B9E12B0Oh
256GB 1DCF32B0h
2048GB 0
1024GB 0

23:16 M Namespace Utilization
512GB 0
256GB 0

Namespace Features
24 M Oh Bits 7:1 Reserved
Bit 0: Oh Thin provisioning not supported

25 M Oh Number of LBA Formats

Formatted LBA Size

2 M oh Bits 7:5 — Reserved

Bit 4: Metadata interleaved or separate (based on LBA format)
Bit 3:0 — Indicates LBA format

Metadata Capabilities

27 M oh Bits 7:2 — Reserved

Bit 1 — Supports Metadata as separate buffer
Bit 0 — Supports Metadata as extended LBA

End-to-end Data Protection Capabilities
Bits 7:5 — Reserved
Bit 4 — Supports protection information as last 8 bytes of Metadata
28 M Oh Bit 3 — Supports protection information as first 8 bytes of metadata
Bit 2 — Supports Type 3 protection information

Bit 1 — Supports Type 2 protection information
Bit 0 — Supports Type 1 protection information

End-to-End Data Protection Type Settings
Bits 7:4 — Reserved
Bit 3 — 1: Protection information transferred as first 8 bytes of metadata
Bit 3 — 0: Protection information transferred as last 8 bytes of metadata
Bit 2:0 — 000b: Protection information disabled
Bit 2:0 — 1h: Protection type 1 enabled

Bit 2:0 — 2h: Protection type 2 enabled
Bit 2:0 — 3h: Protection type 3 enabled

29 M Oh

Namespace Multi-path 1/0 and Namespace sharing Capabilities (NMIC)
Bits 7:1 - Reserved

30 ) Oh ) )

Bit O - 1 : Accessible by two or more controllers

Bit O - O : Private namespace

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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Reservation Capabilities (RESCAP)
Bits 7 - Reserved

Bits 6 - 1: Namespace supports the Exclusive Access (All Registrants
reservation type)

Bit 5 - 1 : Namespace supports the Write Exclusive (All Registrants
reservation type)

31 (0] Oh Bit 4 - 1 : Namespace supports the Exclusive Access (Registrants only
reservation type)

Bit 3 - 1 : Namespace supports the Write Exclusive (Registrants only
reservation type)

Bit 2 - 1 : Namespace supports the Exclusive Access Reservation type
Bit 1 - 1 : Namespace supports the Write Exclusive Reservation type

Bit 0 - 1 : Namespace supports the Persist Through Power Loss capability

32 (0] 80h Bit 7 - 1:Format Progress Indicator
33 - Reserved
35:34 (0] Oh Namespace Atomic Write Unit Normal
37:36 (0] Oh Namespace Atomic Write Unit Power Fail
39:38 (0] Oh Namespzce Atomic Compare & Write Unit
41:40 (0] Oh Namespace Atomic Boundary Size Normal
43:42 O Oh Namespace Atomic Boundary Offset
45:44 O Oh Namespace Atomic Boundary Size Power Fail
47:46 - Reserved
2048GB 1DCEEA56000h
1024GB EE77A56000h
63:48 © 512GB 773C256000h NVM Capacity
256GB 3B9E656000h
103:64 - Reserved

Namespace Globally Unique Identifier (NGUID)
119:104 (0] Oh #:Variables
*NGUID specifies data in a big endian format.

IEEE Extended Unique Identifier(EUI64)
127:120 (e} 002538 #HtHHH#Hth #:Variables
*EUI64 specifies data in a big endian format.

131:128 M refer to 'LBA Format O Data Structure' LBA Format O Support
135:132 (0] Oh LBA Format 1 Support
139:136 (0] Oh LBA Format 2 Support
143:140 (0] Oh LBA Format 3 Support
147:144 O Oh LBA Format 4 Support (N/A)
191:188 (0] Oh LBA Format 15 Support (N/A)
383:192 - Oh Reserved

Vendor Specific
4095:384 ‘ - ‘ Oh Samsung Reserved

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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[Table 123] LBA Format 0 Data Structure
Bits Name Default Value Description
31:26 - 0 Reserved
25:24 RP 0 Relative Performance
23:16 LBADS 9h LBA Data Size
15:00 MS 0 Meta data Size
6.2 NVM Express I/0 Command Set
[Table 124] Opcode for NVM Express I/O Commands
Opcode (Hex) Command Name
00h Flush
01h Write
02h Read
04h Write Uncorrectable
05h Compare
08h Write Zeroes
09h Dataset Management

NOTE:
1) Deallocate feature in Dataset Management command is only supported in the Samsung SSD PM981a.

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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6.3 SMART/Health Information

[Table 125] SMART/Health Information Log

Bytes Default Value Attribute Description
Critical Warning
Bit 7:5 — Reserved
Bit 4 — 1h: the volatile memory backup device has failed. (only valid if the controller has a volatile memory
backup solution)
0 0 Bit 3 — 1h: the media has been placed in read only mode
Bit 2 — 1h: the NVM subsystem reliability has been degraded due to significant media related errors or any
internal error that degrades NVM subsystem reliability
Bit 1 — 1h: a temperature is above an over temperature threshold or below an under temperature threshold
Bit 0 — 1h: the available spare space has fallen below the threshold
2:1 current temp. Temperature
3 100 Available Spare
4 10 Available Spare Threshold
5 0 Percentage Used
31:6 - Reserved
47:32 0 Data Units Read
63:48 0 Data Units Written
79:64 0 Host Read Commands
95:80 0 Host Write Commands
111:96 0 Controller Busy Time
127:112 0 Power Cycles
143:128 0 Power On Hours
159:144 0 Unsafe Shutdowns
175:160 0 Media and Data Integrity Errors
191:176 0 Number of Error Information Log Entries
195:192 0 Warning Composite Temperature Time
199:196 0 Critical Composite Temperature Time
201:200 current temp. Temperature Sensor 1
203:202 current temp. Temperature Sensor 2
205:204 0 Temperature Sensor 3
207:206 0 Temperature Sensor 4
209:208 0 Temperature Sensor 5
211:210 0 Temperature Sensor 6
213:212 0 Temperature Sensor 7
215:213 0 Temperature Sensor 8
511:216 - Reserved

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS.
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7.0 PRODUCT COMPLIANCE

7.1 Product regulatory compliance and Certifications

[Table 126] Certifications and Declarations

Category Certifications Region or Country Standard
EN55032:2012/AC:2013, Class B
CE E.U. (Europe) EN55024:2010
EN55035:2017
FCC u.s. CFR 47 Part 15 subpart B, Class B
EMC IC CANADA ICES-003, Issue 6
RCM Australia & New Zealand AS/NZS CISPR 32:2015, Class B
Morocco Morocco NM EN 55022
NM EN 55024
KC Korea KN 32, KN 35
VCCI Japan VCCI-CISPR 32:2016, Class B
BSMI Taiwan CNS 13438
c-UL-us America(U.S., CANADA) UL/CSA 60950-1
CE E.U. (Europe) EN 60950-1:2006
Safety
TUV-GS - EN 60950-1:2006
cB E.U. (Europe) IEC 60950-1:2005 (2"d Edition)
CE E.U. (Europe) EN50581:2012
RoHS
BSMI Taiwan CNS 15663

The three existing compliance marks (C-Tick, A-Tick and RCM) are consolidated into a single compliance mark - the RCM.

For more details are available at the following internet address:
www.samsung.com/semiconductor

MANUFACTURER'S DECLARATION FOR CE CERTIFICATION

Hereby, Samsung Electronics declares that the product above is in compliance with Directive 2014/30/EU, 2011/65/EU, 2014/35/EU.

EU Compliance Contact information
Samsung Service PO Box 12987, Dublin, Ireland

FEDERAL COMMUNICATION COMMISSION (FCC)

This device complies with Part 15 of the FCC Rules.

Operation is subject to the following two conditions:

(1) This device may not cause harmful interference, and

(2) this device must accept any interference received, including interference that may cause undesired operation.

Unique Identifier : Check the label on the product
Responsible Party : Samsung Electronics America QA Lab
19 Chapin Rd. Building D Pine Brook NJ 07058

Tel : 1-973-808-6362, Fax : 1-973-808-6361

Innovation, Science and Economic Development Canada ICES-003 Compliance Label

CAN ICES-3 (B)/NMB-3(B)

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
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Taiwan RoHS (Restriction of Hazardous Substances Directive)
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58 Jelnit " ;}e‘.- /%g] 7 ’Itﬁ i% ,% :‘.i\ HS-F jf_ .% fi{ = %th—-‘f
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[PLJ ’ (He) : c{ cd) t chromium| d biphenyls | diphenyl ethers
s ' (cr'™) (PBB) (PBDE)
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EROR-ELS DR - O O O O O
kEEmY @) @) Q @) O O

A2 =" RIBVAMAHE HPRRE -

AL O RS VERAYEZEa s A8 B T AEM -

Waste Electrical and Electronic Equipment
This symbol on the product or on its packaging indicates that this product must not be disposed of with your other
household waste. Instead, it is your responsibility to dispose of your waste equipment by handing it over to a desig-
nated collection point for the recycling of waste electrical and electronic equipment. The separate collection and
recycling of your waste equipment at the time of disposal will help to conserve natural resources and ensure that it is

recycled in a manner that protects human health and the environment. For more information about where you can

drop off your waste equipment for recycling, please contact your local city office, your household waste disposal ser-
vice, or the shop where you purchased the product.

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR
HEADQUARTERS OF SAMSUNG ELECTRONICS.
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8.0 References

[Table 127] Standards References

Item
PCI Express Base Specification Revision 3.0

Website

http://www.pcisig.com/specifications/pciexpress/base3/

PCI Express M.2 Specification Revision 1.1 http://pcisig.com/specifications

NVM Express Specification Rev. 1.3 http://www.nvmexpress.orag/

Solid-State Drive Requirements and Endurance Test Method (JESD218A) http://www.jedec.org/standards-documents/docs/jesd218a

Solid-State Drive Requirements and Endurance Test Method (JESD219A) http://www.jedec.org/standards-documents/docs/jesd219a

IF THERE IS ANY OTHER OPERATION TO IMPLEMENT IN ADDITION TO SPECIFICATION
IN THE DATASHEET OR JEDEC STANDARD, PLEASE CONTACT EACH BRANCH OFFICE OR

HEADQUARTERS OF SAMSUNG ELECTRONICS. . sn M s u N G
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