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Abstract

CRC function has been built into the high-speed semiconductor memory device in order to increase the
reliability of data for high—speed operation. Also, DBI function is adopted to improve of data transmission
speed. Conventional CRC(ATM-8 HEC code) method has a significant amounts of area-overhead(~XOR 700
gates), and processing time(6 stage XOR) is large. Therefore it leads to a considerable burden on the timing
margin at the time of reading and writing of the low power memory devices for CRC calculations. In this
paper, we propose a CRC method for low cost and high speed memory, which was improved 92% for
area-overhead. For low-cost implementation of the CRC scheme by the DBI function it was supplemented by
data bit error detection rate. And analyzing the error detection rate were compared with conventional CRC
method.
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Table 1. configuration of 8Ul DQ data and CRC for DDR4
E 1. DDR42| 8UI DQ HlolE{et CRCe| +4

Pin UIO | UT1 | UI2 | UI3 | U4 ?TZ,IIS Ule | UI7 | UI8 | UI9
DQO | dO | d1 d2 | d3 d4 | d5 | d6 | d7 |[CRCO| 1
DQ1 | d8 | d9 |d10|dll [d12]|d13|dl4|dl5|CRCL| 1
DQ2 | d16 [d17 | d18 | d19 [d20 | d21 |d22 | d23 |[CRC2| 1
DQ3 | d24 | d25 | d26 | d27 [ d28 | d29 | d30 | d31 [CRC3| 1
DQ4 | d32|d33 | d34 |d35[d36|d37|d38|d39 |[CRC4| 1
DQS5 | d40 | d41 | d42 [ d43 | d44 | d45 | d46 | d47 |CRC5| 1
DQG | d48 | d49 | d50 | d51 [ d52 | d53 | d54 | d55 [CRCo| 1
DQ7 | d56 | d57 | d58 [ d59 | 60 | d61 [ d62 | d63 |CRC7| 1
DBI |dbiO|dbil [dbi2|dbi3 |dbi4 | dbi5 [dbi6 | dbi7 1 1
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d35 ¢ d34 @ d31p d30 @ d28 @ d23 @ d21 @ d19 P d18 P
d16 @ d14 @ d12 @ d8 @ d7 @ d6 @ d0 @ CRCO
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Table 4. configuration data frame of the proposed method
E 4. Mgrst dhalof HjofE =ajgl 7M

= x8
Lim UTO |UT1 |UI2 | UI3 | UT4 | UIS |UI6 | UT7 | UIS | UI9

DQO | dO | d1 dz ds3 d4 ds doe d7 |CRCoO| DB
DQ1 | d8 d9 |d10o|d11 |d12|d13|dl4 |dl5 |CRC1| DB
DQ2 [d16|d17 | d18 | d19 | d20 | d21 | d22 | d23 |CRC2| DB
DQ3 [ d24 | d25 | d26 | d27 | d28 [ d29 | d30 | d31 |[CRC3| DB
DQ4 | d32|d33 | d34 | d35|d36|d37|d38|d39 |CRC4]| DB
DQS | d40 | d41 | d42 | d43 | d44 | d45 | d46 | d47 |[CRCS5| DB
DQG6 | d48 | d49 | d50 | d51 | d52 | d53 | d54 | d55 |CRC6| DB
DQ7 [ d56 | d57 | d538 | d59 | GO | d61 | d62 | d63 |CRC7| DB
DBI |dbiO|dbil [dbi2|dbi3 [dbi4 |dbi5 [dbi6 |dbi7 1 1
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Table 10. error detection capability of proposed CRC scheme
E 10. ® kst CRC scheme?l

o=EHXLZ

ZTaESH
CRC Number of undetectable Bits Error
Size CRC
(bit) 1bits | 2bits | 3bits | 4bits | Sbits | 6bits | 7bits | 8bits
12 CRC-12 0 0 0 575 0 [28809
8 DARC-8 0 66 0 2039 (13122 [124248]
8 CRC-8 0 0 0 2984 0 [253084] - -
8 |Proposed CRC 0 1197 0 2358 0 306 0 9
7 CRC-7 0 0 216 | 2690 | 27051 [226856)
A& WAL & T0AGE olakel Rriszs) 2ad
W Aok A SoAlolEs) okgte] RrlzAew
FAT & Aok wmepd A wAe sz
HHE 92% Mdste] An]E CRCTAC] 7FeES
staich g AlolE AAAZE 33% EUSEA AL
& WA vRAFANA T PVTR Qg tCKe}
aaw geuee e AN ¢ AL st

References

[1] D. Graham-Smith, “IDF: DDR3 won’'t catch up
with DDR2 during 2009,” in PC Pro, Aug. 2008.

[2] Kibong Koo, et al., “A 1.2V 38nm 2.4Gb/s/pin
2Gb DDR4 SDRAM with Bank Group and x4
Half-Page Architecture” IEEE International Solid
State Circuits Conference, pp. 40 - 41, Feb. 2012.

[3] S. Yoon, B. Kim, Y. Kim, B. Chung, “A Fast
GDDR5 Read CRC Calculation Circuit with Read
DBI Operation,” IEEE Asian Solid-Sate Circuits
Conference, pp. 249-252, November, 2008.

[4] Seung-Jun Bae, Kwang-Il Park, “An 80 nm 4
Gb/s/pin 32 bit 512 Mb GDDR4 Graphics DRAM
With Low Power and Low Noise Data Bus
Inversion,” IEEE Journal of Solid-State Circuits,
Vol.43, pp. 121-131, January, 2008.

[5] J. Moon. “Fast Parallel CRC & DBI Calculation
High-speed Memories:GDDR5 and DDR4”
(ISCAS), 2011 IEEE
International symposium, pp. 317 - 320, May. 2011.
[6] J. Moon. “Fast Parallel CRC & DBI Calculation

for

Circuits and Systems

(294)

13
for High-speed Memories:GDDR5 and DDR4”
Circuits and Systems (ISCAS), 2011 IEEE

International symposium, pp. 317 - 320, May. 2011.
[7] Kyomin Sohn, et al, “A 1.2V 30nm 3.2Gb/s/pin
4Gb DDR4 SDRAM With Dual-Error Detection and
PVT-Tolerant Data-Fetch Scheme” Solid-State
Circuits Conference Digest of Technical Papers
(ISSCC), 2012 IEEE International Conference Vol.48,
pp. 168-177, Jan. 2013.

[8] Koopman, P. and Chakravarty T. “Cyclic
Redundancy Code(CRC) Polynomial Selection For
Embedded 2004
Conference on Dependable Systems and Networks,
pp. 145-154 28 June-1 July 2004.

[9] Joongho, Lee, ’"Matrix type CRC and
XOR/XNOR for high-speed operation in DDR4 and
GDDR5” Journal of IEEK(Institute of Electronics
Engineers of Korea, Vol.50, pp. 136-142, Aug. 2013.
[10] JEDEC STANDARD, "DDR4 SDRAM”, JEDEC
JESD79-4,

Networks” International

Solid State Technology Association,
September 2012.

BIOGRAPHY

Joong-Ho Lee (Member)
1988 : BS degree in Electronics &

Computer Engineering, Ulsan

University.

1990 : MS degree in Electronics &
bW Computer Engineering, Ulsan

| University.

1994 : PhD degree in Electronics &
Computer Engineering, Ulsan University.

199472012
research engineer.
2012 Present :
University

SK-Hynix Semiconductor Inc. Senior

Professor, Computer Science, Yongin



