ISSN: 1226-7244 (Print)

ISSN: 2988-243X (Online) j.inst.Korean.electr.electron.eng.Vol.18 No0.4,509 ~516,December 2014
=EH S 14-04-10 http://dx.doi.org/10.7471/ikeee.2014.18.4.509
68

14 SDRAMPIA AA17F Matrix® CRC
Real-time Matrix type CRC in High-Speed SDRAM
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Abstract
CRC feature in a high-speed semiconductor memory devices such as DDR4/GDDR5 increases the data
reliability. Conventional CRC method have a massive area overhead and long delay time. It leads to
insufficient internal timing margins for CRC calculation. This paper, presents a CRC code method that
provides error detection and a real-time matrix type CRC. If there are errors in the data, proposed method
can alert to the system in a real-time manner. Compare to the conventional method(XOR 6 stage ATM-8 HEC
code), the proposing method can improve the error detection circuits up to 60% and XOR stage delay by 33%.

Also the real-time error detection scheme can improve the error detection speed to agerage 50% for the entire
data bits(UI0~UI9).
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Fig. 1. the configuration of 8Ul DQ data and the CRC
for DDR4
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¥2. 7 DQY HAVE 279 499 5
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DQ0  all Ul Ui=oP’f1(UID) = 10
DQL  allul Ugi=oP°f1UI) = 10
DQ7  allul Uti=oP°f*(UD) = 10

Total(all DQ, all UI) Upg=o{UZi=oP°f1(UD}(DQ) = 8X10 = 80

& 29 9 HESF o]ee] o]F HIELF 3|
30l Azlste] YepATh ¥ 39 Type 1o z+7he]
UlelA =& DQel tsl olF/7 24 7Hsa 73
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Table 3. number of double-bit errors per each DQ

E 3. 72 DQYE o]FHE 259

Number of Combination for Double Bit Errors

o=

Ao

Upe=1P*f*(0,DQ) = 7,
Udi=o{Upe=1P°f2(0,DQ)}(UD) = 10X7
UDo=2P®f*(1,DQ) = 6,
Udi=o{Upe=2P°f2(1,DQ)}(UI) = 10X6
UJo=3P®f?(2,DQ) = 5,
Udr=o{UDe=3Pf2(2,DQ)}(UI) = 10X5
Upo=4P°f*(3,DQ) = 4,

# Type 1
1 p%2((0,1),(0,2), ..., (0,7))
2 pof2((1,2),(1,3),..,(1,7)
3 por(23),2,49),.,2,7)
4 pf (34,35, ..67)

5  p°f*((4,5),4,6),47)
6 P°f%((5,6),(5,7))

7 p°f*((6,7)

Total(all DQ, all UI)

Type 2
UJg=ofU31=1P%£2(0,UD}(DQ)
Upo=o{Udi=2p®f>(1,UD}(DQ)
Upo=o{Ui=3P®f(2,UD}(DQ)
Upo={Ui=4P®f>(3,UD}(DQ)
UT)Q:O{U?II:S Pf2(4, U’)}(DQ)
Upo=olUpi=P®f2 (5, UD}(DQ)
Ubo=lUt=7P*f*(6,UN}(DQ)
Uho=o{Up1=sP®f2(7,UN}DQ)
UJo=o{Ud1=oP®f?(8,UD}(DQ)

UDg=e{C(10,2)} =
8X45 = 360

©W 0 N O U A W N R #®

Total

Type 4
Ugr=2{Uho=17°f*(0,U1,DQ)}
U?n:z{U;xFo,ﬂ p°f*(1,U1,DQ)}
Ugl:z{U;aw,az p°f2(2,U1,DQ)}
Uzi={Ubg=03P°f*(3,UL,DQ)}
U?}l:Z{U17)0=O,=4p6fz 4, UI,DQ)}
U%I:z{uzuw,ss pof2(5,Ul, DQ)}
UBi=2{Upg=06P°f*(6,UL,DQ)}
Ugi=o{Ubg=0,27p°f2(7,UL, DQ)}

8X{Up={C(7, D))=
8X{8X7)=448

O 00 N O U A W N R #®

Total

Type 10
Udi=a{Ubg=1P°f*(0,UL,DQ)}
U?]l:B[UZJQﬂ),tl Pﬁfz (1,01, DQ)]
Ugl:s{U;)Q:o‘szPﬁfz (2,U1,DQ)}
U?]I:Q{Ul710=0,=3 p°f*(3,U1,DQ)}
Ur=s{Ubg=0-4P°f*4,UL,DQ)}
Ubi=e{Upg=025P°f*(5,UL,DQ)}
Ur=s{Ubg=0.6P°f*(6,UL,DQ)}
U%::s{Uf;q:n,st“F (7,U1,DQ)}

8X{Ug=(C(7, D))=
8X{2X7}=112

© ® N o u A W N R #

Total

Ui=o{UDo=4P°f(3,D@)}(UI) = 10X4
Upo=sP®f*4,DQ) = 3,
Ugi=o{U} g=s P°f*(4, DQ)}(UI) = 10X3
Uho=6P°f*(5,DQ) = 2,
Ui=o{Ubo=6P°f*(5,DQ)}WI) = 10X2
Upo=7P°f*(6,DQ) = 5,
Udr=olUg=7PoF%(6,DQ)}(UI) = 10X1
UDe=0{C(8,2)} = 10X28 = 280

Number of Combination for Double Bit Errors

Type 3
U?11=1{U177Q=1 p°f%(0,UL,DQ)}
Ug=af UI’)Q:D,slpﬁfz (1,U1,DQ)}
Ugi=1{UDg=0+2P°f*(2,UL,DQ)}
Ui=1{UDg=0,23P°f*(3, UL, DQ)}
U?II:I{U7DQ=D,=4—p6fZ (4,01, DQ)}
Ugl:x{U;(po,:s P°f*(5,U1,DQ)}
U?Il:l{U;Qﬂ),:G p°f2(6,U1,DQ)}
Ugi=a{UDg=0,27P°f*(7,UL,DQ)}

8X{Ug=1{C(7, D}}=
8X{9X7}=504
Type 5
Udi=3{Upg=1P°f*(0,UL,DQ)}
Upi=3{Ubg=0,1P°f*(1,UL,DQ)}
U?n=3{U§a=o,=z p°f2(2,U1,DQ)}
Ug1=a{Ubg=0-3P°f*(3,U1, DQ)}
U?/1=3{U17)Q=o,=4 p°f(4, UI,DQ)}
U3:=3{Ulq=u,as pef2(5,Ul, DQ)}
Ub=3{Ug=0,26P°f*(6,UL, DQ)}
U31=3{U$q=0;7 p°f2(7,U1,DQ)}

8X{Up;=(C(7, }}=
8X{7X7}=392

Type 11
Ubi=o{Uhg=1P°f*(0,UL,DQ)}
UZ::;{U:?Q:o,*lP“fZ (1,U1,DQ)}
U%I:Q{U;Q=O,=2 p°f2(2,U1,DQ)}
UBi=o{Ubg=0+3P°f*(3,UL,DQ)}
Ui=o{UDg=0,24P°f*(4,U1,DQ)}
Uti=o{Upg=0,25P°f*(5, UL DQ)}
UZI:Q{U1770=O,=6 p°f2(6,U1, DQ)}
U;r:e{U17w=o,=7P6f2 (7,U1,DQ)}

8X{Ug=o(C(7, D}}=
8X{1X7}=56
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Table 4. double-bit error detection rate for real-time scheme
I 4 AQEe AAIZE O]FHIE O/ AES

LRHE CRC Y UM QEHE 0|

= Type 5 Type 6 Type 7
SRAE AN RFHE HAMNU RHE  HAZH

, (CRC23), o (CRE34), (CRCAS), o
(8,9),.-.,(8,15) (8,9),.-.,(8,15) (8,9),...,(8,15)

, (RC24),  (CRG35), (CRCAE), o
(8,9),...,(8,15) (8,9),...,(8,15) (8,9),...,(8,15)

; (CRC25), o (CRE36), o (CRCAD), o
(8,9),.-.,(8,15) (8,9),.-.,(8,15) (8,9),...,(8,15)

4 (CRC28), o (CRG37), ,  (CRC4®),
(8,9),.-.,(8,15) (8,9),...,(8,15) (8,9),...,(8,15)

5 (RC27), o (CRE38), (CRCA9), o
(8,9),...,(8,15) 8,9).....(8,15) (8,9),...,(8,15)

¢ (CRC28), o (CRG39), ) i
(8,9),.-.,(8,15) (8,9),.-.,(8,15)

(CRC2,9),

7 89,615 ©

8 - - - - - -

% 12.40% 10.63% 8.86%

LEAZ CRC U UAZHRRZE R
Type 8 Type 9 Type 10 Type 11
SRHE HMY LRHE AN RAET HANT FFHE MM
(CRC5,6), (CRCS,7), (CRC7.9), (CRC8,9),

1 (CRC89), O (CRC89), O (CRC89), O (CRC89) O
-a(8,15) (8,15) +(8,15) (8,15)
(CRC5,7), (CRC6,83), (CRC7,9),

2 (CRC89), O (CRC89), O (CRC89), O - -
< (8,15) w(8,15) < (8,15)

(CRC5,9), (CRC6,9),
3 (CRC8,9), O (CRC89), O - - - -
- (8,15) - (8,15)
(CRC5,9),
4 (CRC89), O . ; ) . . i
- (8,15)
5 = o = = - = = -
6 - - - - - - - -
7 - " = z = o » -
% 7.09% 5.32% 3.54% 177%
QE7E CRC U AAZH QTS o)
Type 1 Type 2 Type 3 Type 4
QRS MAT ORI HANT QRAST ANT QFAE HAT

(CRCO,1), (CRCO,1), (CRC1,2),

1 CRe&S X crco9) © ©9..615 © @9..615 °
(CRC1,2), (CRCO,2), (CRC1,3),

2 CRA10.1L X crcd) © @915 © ©9..@15 °
(CRC2,3), (CRCO,3), (CRC1,4),

3 CRAL1Z X cr29) © ©9..815 ° ©9..615 °
(CRC3,4), (CRCO,4), (CRC1,5),

4 RC1213 X rez9) © @961 © @9..@15 °
(CRC4,5), (CRCO,5), (CRC1,6),

B CRCES LT ...,(CRC4,9) © (8,9).....(8,15) © (8,9),...,(8,15) ©
(CRC5,6),... (CRCO0,6), (CRC1,7),

6 CRC14 15 X “cre5n) © @981 © ©9..615 °
(CRC6,7), (CRCO0,7), (CRC1,8),

7CRC1516 X R © @961 © @9..@15 °

8 _ (CRC7,8),( (CRCO,8), o (CRC1,9), o
CRC7,9) (89),--.(8,15) (8.9),-.(8.15)

(CRCO0,9),

9 - - (CRCS, 9) o] (8,9),...(8,15) o - -

% 8.86% 11.39% 15.95% 14.18%

A HE F7F #AE A9 £E5 YeEhoen,

2~9%e 97 XS WA AA U A UllA

3 HELFIL T F o 5 Yl Type

zrel w4 b



4

3 QFE EFIAUT. = Type 39 18L& DO 3
HE ef7F ngderw BAsn Uz DQI~7el
Al g HE S /7 uAs olu DQ1

759 ool

o) A UIL~UI9Atol ol 3t H]E SF7F HAT He-o
F7F 97FAlelH,  DQ2~TH Hafofstn e
9x7=637t41¢] 72 §-7F HAgeh Type3e] 282 1A
HE 979 9XE DQIOZ o]FA7|a &
2 gA 9x7= 637}X]4 B57F w09} e
2102 Type 3& & 9x7x8=5047}%1¢] 7$-2
77t} Type 4~Typell% Type 39 543 w4
2 g3t 499 £5 d=v AA Typed F
¢
280+360+504+448+92+336+280+224+168+112+56 = 3160
o= F 809 DQt 107H2] UlelA 2HE @ 77h &

o%

froox o

=

A Z23te] 40 C(8x10, 2)=3,16071< d A stc}. £ 7
g o]F ool tE AN o F AEE Z HAEEY
E X 40 YERSLT

4ol BHupAlT] dA o] Fagel Al Typele 4
= AN /P E] E7Mss 91.1%9 AAIZE
o AFe] 7hsstth AAE L {FAF] B4 A
FCRC8~16914 LFH%E°] 7Fe3steE ato] Hets)
Atk AFade 499 & C8x10, 3)=82,160 I
H AN L/HE] BT JHssttt

3 boll Ak Ao AN o/ HAE vES 7
LA P vlalste] JER AT Zoll A o] F i

&2 At w2 CRC8~CRCI5E F719 &

Table 5 error detection capability of proposed CRC scheme
E 5. HMotst MA|IZE matrix scheme2l & 2LFHESH

mTEaEEo =

CRC Bits Error0j LSt HE S5

Size

12 CRC-12 100% 100% 100% 99.96% 100%

8 DARC-8 100% 97.9% 100% 99.87% 99.95%

8 CRC-8 100% 100% 100% 99.81% 100%

16 AA[ZF matrix 100% 100% 100% 99.90% 100%

7 CRC-7 100% 100% 99.7% 99.83% 99.89%

ZzE

B =AM 71$£9 CRC ZEWAS A &
2= CRC HME FA4& $1% dolg =y dy} CRC
mEgAe Adedn, AAE OF AFel bl
=% Algrehelet
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7F& ® 59l YERSA N
E7F 10UI &% ¢85 o] % 57/
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Table 6. error detection rate and overhead of the

proposed scheme
I 6. Aot kAo o FASE £

overhead

— E’:*- SE | Area
or & Overhead
S ATM 8 HEC X 720 gates
Moon 6 X 700 gates
Mot AAIZH matrix 4 H50%7H M 272 gates
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