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Introduction

* Multi-Level Cell (MLC) technology
— MLC,,: N bits stored in one memory cell

— Pros: higher capacity and lower price
— Cons: lower performance and worse endurance
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Background

 Write constraint of MLC NAND flash memories

— Each block needs to be sequentially written from its first page

* A basic MLC programming scheme is to sequentially program each word line

— Cells on the same word line are pushed to their desired V, levels

— A word line can be programmed only when its previous word lines finish the programming

— It results in the programming disturbance issues
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Background (cont’d)
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Coarse-fine programming scheme
— Coarse programming is used to program the high page of a word line
— Fine programming is used to program the low page of a word line
Incremental step pulse programming (ISPP) method
— TBP pages are programmed and verified in turn for multiple iterations

— Memory cells’ Vt distribution are gradually pushed to pass through their target program verify voltage
* Vpem Will be increased by a fixed step voltage, i.e., AV
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Issues of Conventional Programming Methods

Sudden-power-loss when programming could ¢ Conventional approaches also encounter an
raise the need of the crash recoverability embarrassment of data unreadability issue

Naive or intuitive solution — It happens when any power failure occurs before the
two pages of the same word line are programmed

— Backup the data before the disturb occurs
4P 1 " — Read voltage VR1 can not be used to identify the high

* Decreasing space utilization

page data
* Increasing time latency
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Key Concept: Stride-away Programming

The narrow V, window disables the readability of the high page and causes the needs of backup
operations as well

To create the wide fault-tolerable V, window range for the high page data in the coarse
programming stage

— Enable the readability while power-fail occurs while the low page is programming
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BSA: Basic Stride-Away Program Strategy

* To keep the disturbance-tolerable property of fine programming scheme and to improve the long
latency caused by the above-mentioned 1P3V policy, the fine programming stage is divided into two
stages so as to limit the number of verify voltage shots

l Modified MLC flash
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Programming Disturbance Issue of BSA

* Programming disturbance issues could be raised on the cells’ V, distribution on the programmed state
1 and state 2

— The program voltage V., used to program cells belonging to state 4 is larger than that of cells in state 2
— Cells belonging to states 1 and 2 on the same word line will be disturbed by the larger program voltage Vo
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Programming Disturbance Issue of BSA (Cont’d)

* Programming disturbance issues could be raised on the cells’ V, distribution on the programmed state
1 and state 2

— The program voltage V., used to program cells belonging to state 4 is larger than that of cells in state 2
— Cells belonging to states 1 and 2 on the same word line will be disturbed by the larger program voltage Vo

* Programming disturbance issues can be easily improved by changing the programming order
— Separate state 3 and state 4 in the 1% stage of low page programming
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Programming Disturbance Issue of BSA (Cont’d)

* Programming disturbance issues could be raised on the cells’ V, distribution on the programmed state
1 and state 2

* Programming disturbance issues can be easily improved by changing the programming order

— Separate state 3 and state 4 in the 15t stage of low page programming
— Reliable stride-away 'gro ram. strategy. (RSA) with considering the programming order is proposed
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RSA: Reliable Stride-Away Program Strategy

Reliable stride-away program strategy (RSA) with considering the programming order is proposed

— Similar to procedures of the BSA programming strategy
— It first programs cells belonging to state 4 in the first low page programming stage
— Then it programs cells belonging to state 2 in the second low page programming stage
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Experimental Results:

Number of Program & Verifty Shots

The low page programming can be efficiently programmed with smaller numbers of program and

verify shots under the BSA and RSA strategies

The high page program latency of the proposed BSA and RSA strategies are longer than those of MLC

w/0 backup and MLC w/ backup

MLC Programming MLC Programming
_ w/o backup w/ backup BSA/RSA

High Page Read Latency 100 us 100 ps 100 s
Low Page Read Latency 200 ps 200 ps 200 pus
High Page Program 500 pus 500 ps 2000 ps
Latency (5P5V) (5P5V) (20P20V)
Low Page Program 12000 ps 12000 ps 4000 ps
Latency (60P180V) (60P180V) (40P40V)
Erase Latency 100000 ps 100000 ps 100000 ps
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Experimental Results:
Program Performance

* The proposed stride-away programming strategy can achieves the best improvement

of program speed by at most 1.8x

— It can efficiently reduce the numbers of program and verify shots in the two low page

programming stages
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Summary

* In this work, the stride-away programming scheme 1s proposed to resolve

issues caused by the conventional coarse-fine programming scheme and
ISPP method.

* With the support of the stride-away program schemes, the programming
performance and flash reliability can be optimized by relaxing the
programming constraints and overheads caused by the conventional ISPP
strategy.

* A series of evaluation experiments shows that the proposed stride-away
program scheme could effectively reduce the numbers of program and
verify shots, and improve the programming speed
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