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Random I/O Codes (RIO Codes)
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16 level NAND- 4 Pages or 4 bpc

1 01 100

PAGE 0PAGE 1 PAGE 1

Need 1 sensing from NAND for Page 0, 2 senses for Page 1
4 senses for Page 2, 8 senses for Page 3
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RIO Codes

• Strobes for 4 bpc
– Page 0- 1 strobe
– Page 1- 2 strobes
– Page 2- 4 strobes
– Page 3- 8 strobes

• For 4 bits per cell NAND, average reads to read 
one page is 3.75

• Read latency increases as levels increase
• To improve performance for MLC NAND, use 

Random I/O Codes
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16 level NAND- 4 Pages

PAGE 0

PAGE 2

PAGE 1

Every page can be read with a single sense
15 pages, redundancy across cells
Upper Limit- 4 bpc
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WOM code

2 bits to 
write

1st write in SLC 
NAND

2nd write in 
SLC NAND

00 000 111

01 001 110

10 010 101

11 100 011
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Three-level NAND RIO Code

• Read page 1 by putting a strobe between level 1 
and level 2

• Read page 2 by putting a strobe between level 0 
and level 1

Page 1Page 2
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Scope of this work 
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Table with entries for the two 
pages
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• 4 cells imply that there are 16 possibilities for bits 
read

• Combine 16 possibilities read for each page into 8 
groups 

• Each group is either a column (for Page 1) or a 
row (for Page 2)

• Any one possible read combination can occupy 
atmost one row or column
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Enumerate Program states for Page 1
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Page 2
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How many programming levels 
cannot be used
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How many programming states 
are not allowed? 
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How many programming states 
are out?
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Algorithm to check existence 
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Construction by filling table

= Φ
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Generalized RIO Coding
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Generalized RIO code with 1.5 
bpc for t=2
• 4 cells store 6 bits -> 1.5bpc
• 2 pages with 3 bits each

Strobe
L1 | L2
L0 | L1

1111 1110 1101 1011 0111 1100/
1010

1001/
0110 
1000

010/10
100/
0011

UP/LP 000 001 010 011 100 101 110 111

1110/0001 000 0001 0002 1120 1210 2110 0122 1220 2210

1101/0010 001 0010 1102 0020 1201 2101 1202 2102 2201

1011/0100 010 0100 1012 1021 0200 2011 1022 2012 2021

1001/0110 011 0110 1002 0120 0210 2001 1122 2002 2121

0111/1000 100 1000 0112 0121 0211 2000 0212 0221 2122

0101/1010 101 1010 0102 1020 0201 2010 0202 1222 2020

0011/1100 110 1100 0012 0021 1200 2100 0022 1221 2200

0000/1111 111 0000 1112 1121 1211 2111 1212 2112 2211
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Mappings for minimizing RBER
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Impact of RIO coding on tI/O
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Generating soft information on 
input bits
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Summary and Conclusions
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