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Introduction 

In NAND flash memory, the program or erase (P/E) operations 

are non-suspendable. Therefore, the subsequent read requests 

have to wait until the time-consuming P/E operations to 

complete. This problem could increase the read latency by 2x. 

Inspired by the internal mechanism of NAND flash P/E 

algorithms, we propose a low-overhead P/E suspension scheme 

to reduce SSD read latency.   

Design 
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Conclusion 
Suspending P/E for read is achievable. 

Easy to implement. 

Significant read performance gain. 

Low overhead on write latency. 

 

RPS won’t help We are expecting:  

Background 

NAND Flash Erase 

 Guarantee the duration 

NAND Flash Program 
• Program pulse and verify is    

considered atomic 

• Suspend in the interval between 

program pulse and verify  

Suspend/Resume Erase 

Case 1: Read arrives when resetting wire voltage 

Case 2: Read arrives at Immediate Suspension Range 

Suspend/Resume Erase 
Case 1: Suspension happens at Verify phase 

Redo Verify phase. (overhead to erase latency) 

Case 2: Suspension happens at Erase phase 

Finish what is left before suspension. 

Suspend/Resume Program 
Choice 1: Suspend in the intervals – Inter-Phase-Suspension 

Choice 2: Cancel the current phase – Intra-Phase-Cancellation 

 

Suspend/Resume Program 
Resume from IPS 

 

 

 
 
 

Resume from IPC 

 

Evaluation 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

F1 F2 DAP MSN C3 C8 F1 F2 DAP MSN C3 C8 

N
o

rm
a
li
z
e
d

 R
e
a
d

 
L

a
te

n
c
y
 

RPS PER PE0 PES_IPC 

SLC MLC 

0.8 

0.85 

0.9 

0.95 

1 

1.05 

1.1 

F1 F2 DAP MSN C3 C8 F1 F2 DAP MSN C3 C8 

N
o

rm
a
li
z
e
d

 W
ri

te
 

L
a
te

n
c
y
 

FIFO RPS PES_IPS PES_IPC 

SLC MLC 


