DB

HE SdAl et

MEEX S I3 87 2EE = 0/Ss 88 2/ ¥ I8 o7

Power Optimization Method Using Peak Current Modeling for NAND Flash—based Storage Devices

M Xt
(Authors)

E£x
(Source)

28

(Publisher)

URL

APA Style

|Q.x‘|

(Accessed)

AN, 3ogH
Samkyu Won, Eui-Young Chung

MX2sts ==Xl 53(1), 2016.1, 43-50 (8 pages)

IEIE(Journal of the Institute of Electronics and Information Engineers) 53(1), 2016.1, 43-50 (8

pages)

CHstE X283l

THE INSTITUTE OF ELECTRONICS ENGINEERS OF KOREA

http://www.dbpia.co.kr/Article/NODE06601479

o
o
Il
]
rz
1
val

Sart, ol (2016). HE SeHAl D18 MEEHXQ 012 87 22 | &3t I

O
A XBEE =24, 53(1), 43-50.

o1 AICHS! T
165.132.59.95
2016/04/04 11:31 (KST)

A ”i—l OtLY

OI—ALl EI.

CEME2SY MAH2 FMATUA A2H, F2l0llie 2 ME=22 WES 2oL A2 XX

Ol HIZE 2MAAAS 2 Q10 REAN & B2, MY & 2SN Oet 8, Ao BYs & = ASLICH

Copyright Information

The copyright of all works provided by DBpia belongs to the original author(s). Nurimedia is not responsible for contents
of each work. Nor does it guarantee the contents.

You might take civil and criminal liabilities according to copyright and other relevant laws if you publish the contents
without consultation with the original author(s).


http://www.dbpia.co.kr/Publication/PLCT00002220
http://www.dbpia.co.kr/Issue/VOIS00246876
http://www.dbpia.co.kr/Publication/PLCT00002220
http://www.dbpia.co.kr/Issue/VOIS00246876
http://www.dbpia.co.kr/Publisher/IPRD00010074

Journal of The Institute of Electronics and Information Engineers Vol.53, NO.1, January 2016 http://dx.doi.org/10.5573/ieie.2016.53.1.043

ISSN 2287-5026(Print) / ISSN 2288—159X (Online)

== 2016-53-1-6

= A 7k A= e] v3 A
A= #4435 7 ?i?

( Power Optimization Method Using Peak Current Modeling for
NAND Flash-based Storage Devices )

2 o|§3

=20

A4, o 9T

( Samkyu Won and Eui-Young Chung® )
e o

AETAA A APEAE A FEL A8 0F AL, 0 Aol TRE B ) W ool 9Y EA7L
SIEk, S 54 Bk WS Tlulelag) 7t ofuba g 4w EAF AT o, o] tivho] 2 T

2 Afik A2 SAAA 5o AL o dlE Ny Asd gl 2 JgL dAn sl £ ek
q
[e]

g clielzolq A$7], 2], 971 S0l A AR AYE 29, 0% Z2AYYSol A2 diiol AT Aels) 2y
& A, Uobh el el A G5 S8 AEE ALAG £0 Ana Agel TIM ARde 5% sl
Gk ABACIE AU E Fstel A2 AR FH @S BA Otk ® 47 AuelAds =g 91 F ) aye A
G 4 e au Ael de WE Asdel A0 4% S4% And 85 0 AE Hua oF 54 45 A9
Hrste 49 A2 F3 0& A

Abstract

NAND flash based storage devices adopts multi-channel and multi-way architecture to improve performance using
parallel operation of multiple NAND devices. However, multiple NAND devices consume higher current and peak power
overlap problem influences on the system stability and data reliability. In this paper, current waveform is measured for
erase, program and read operations, peak current and model is defined by profiling method, and estimated probability of
peak current overlap among NAND devices. Also, system level TLM simulator is developed to analyze peak overlap
phenomenon depending on various simulation scenario. In order to remove peak overlapping, token-ring based simple
power management method is applied in the simulation experiments. The optimal peak overlap ratio is proposed to
minimize performance degradation based on relationship between peak current overlapping and system performance.

Keywords : NAND Flash Memory, Peak current, Power consumption, Multi-Channel, Multi-way
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Fig. 2. Current waveform of erase operation.
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Fig. 3. Current waveform of program operation (a) LSB

(b) MSB.

grg uys Bk

W= 2 (Operation) A A-%-7]|(Erase),
271(Read) Al 7HA1 2 25w, MLC ¥

# o] Z]

/31\7]

22, LSB #o]#] 227]¢} MSB
27|12 Uy, v R ¢7] 4% LSB o)A
2171, MSB #Ho]A] ¢17]2 vt o] uwf 221 o]
o diEle] wehA, 00 Y T FF A" 72 o
doh 29 28 A9 sAA Y AR 3, 18 3
LSB % MSB #Ho|#| 227]ol|xe] W d3do|n
Held 7] T ] AR S o] ¥
ZE UrEM Zloltt,

o7 mgg# HA
%*ﬂo

9
W

N
rir

ol
¥ 2
=

N

o
pou

[o
[
)

z=

T O o) X~
'_‘742 ELT%]\

AF7h Sole=s
gﬁaog 2
FF ¢
Hit 30mA o] =& AFIt 52

.
. olN ot M
2
o

o
“ o ©H
o o N
—(0 ;,:, X,
fr B
r'O
i
o
N
offt
Lo
1o
o
—10
i
-
>}L r
to =2

e £ % o2
2
>

X

=~ 9_|

(45)

READ_LSB_00 command READ_LSB_FF command

e ) VAR
PN A
S "]
’ Time [lic] * 0 o » 1;13me [us]m * ¢
(a) (b)
READ_MSB_00 . READ_MSB_FF command
@ ) " Va A
- i N T At W
r SN A
5 / N 5, N S !
, Ny N
() )
O 4. ¢f7] & R/ mE (a) LSB 00 TE () LSB
‘FF Zi& () MSB ‘00" i (d) MSB ‘FF &
Fig. 4. Current waveform of read operation (a) LSB '00’
pattern (b) LSB 'FF pattern (c) MSB ‘00" pattern
(d) MSB 'FF pattern.

s T Ala" A Ve wel feAes 4

J%i AF +3F (PZ:
DE Aojwy,

Peak

(1

ol

L2 93 AF FelM 5228 AFE 9y

Tps ¥ A7 739 A& ARbE o di,

e,

-

ot I3 ®E 7o) 2y
=F A= peak thresholdE
duration lpsec® 7H7} Ad7d 3l
o, Alz=g] A7 7]E
= LSB 7] S04 AR
o 9o va AF Rl
Aojgk oh;}

il 9= A
EREEE

a1 =

T

40mA, peak

wdgs QY3

o
%T

GMCHEER | 1P: 165.132.59.95 | Accessed 2016/04/04 11:31(KST)



46

v

e

1. e Hyd o3 F2Hd|E

Table 1. Peak zone ratio of each NAND command.
W= g Top(us) | Tnpz(us) | Tpz(us) | Rpz(%)
A §-7 322216 | 319768 | 2448 0.76
) LSB 45696 | 432.48 24.48 5.36
o MSB 2069.28 | 1989.76 | 7952 3.84
LB ‘00| 36.80 36.80 0.00 0.00
1) ‘FF'| 6872 44.40 24.32 35.39
. ‘00| 5328 | 5328 | 0.0 0.00
MSB —
FF'| 56.16 4528 10.88 19.37
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Fig. 5. Example of peak current zone in LSB progra
m command.
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Table 2. Internal parameters of proposed simulator.
F3uT EERC) AE Ao Ak
channel & 1413 }% way
# of ways @ 4,8 . X) 2,4, 8 16
| QFE W= Y F g (%)
Command type/ratio (7], 2711 = [X, (100-X)) [100, 0] [0, 100]
. Fa/dolEl AE AR (s)
Address/Data transfer time X +a (7}'r /\] oF 33 20, 40, 80, 100 5, 10, 20
# of commands o7kt Y= e 4 1000
PM scheme A B ¥ fY EZ F 7Nk A" 3 7)Y
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Fig. 8. Total peak zone overlap probability.
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