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Motivation

• There is variety among NAND flash vendor designs

• NAND flash commands can require dedicated hardware for vendor differences

• Over 200 vendor specific commands!

ONFI Spec 5.0 



3 | ©2022 Flash Memory Summit. All Rights Reserved. 

What is a Flash Controller Instruction Set?

• Instructions to be executed by a NAND Flash Controller Module (NFCM)

• The instruction set should account for variation among vendors and forward compatibility with 

ONFI

• Allows CPU to write a series of instructions and continue execution

CPU NFCM NAND Flash

NFCM 
Instructions

Flash 
Sequences
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NFCM Sequence Instructions (NSQI)

• Goal: Interoperability between major NAND flash vendors

• Abstract flash sequences into sequences of NFCM instructions

• Four main formats of instruction
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NSQI – User Instructions

• Flexibility

• Allow FW controlled timing

• Toggle GPIO pins 

• Utility

• Interrupt NFCM processing

• CODEC and scrambler/descrambler operations
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Vendor A

• SLC Mode – 0xDA

• Address Mode – 6 cycles

• Timing Parameters

Vendor B

• SLC Mode – 0x2A

• Address Mode – 5 cycles

• Timing Parameters

• TLC operations prefixed by 

0x01, 0x02, 0x03

NAND chips from Two Flash Vendors

C1 C2 R1 R2 R3C1 C2 R1 R2 R3 R4



10 | ©2022 Flash Memory Summit. All Rights Reserved. 

Producing Instruction Sequences

• Two TLC program sequences for different vendor chips using NSQI

CMD ALE x6 Loc 0Delay

Command User Cascaded Indirect

Loc 1

Cascaded Indirect

Loc 2

Indirect

CMD ALE x5 01 Loc 0

02 Loc 1 03 Loc 2

Command Direct Cascaded Indirect

Direct Cascaded Indirect Direct Indirect

Vendor A

Vendor B
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Benefits from an instruction set like NSQI

• Offloads firmware work by forming sequences out of instructions

• Universal support among NAND flash vendors

• Designed for forward combability
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NSQI: A Universal Flash Controller Instruction Set

Thank you for listening!

Q&A


