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RAS J =) e Jurp dEss Abo]29] ol wEt MAdE 5 . dE 501, d AA] delA, = 20 =
Al Ak ol Al Jhel AYE FEol &k WAE A9, RAS F= FH A= 3 AllEe Fel ddd
T vk o A, RAS v GE) JH= 15 HES] ARG x9% 5 vk, oE s AVE A5 85
A7E the AAL delA, RAS I = e AR 16 HES] FHE x4 9lal, RAS = GH JuE
AEst7] Sl | FH ARE dddhs WES] e

i)
4
30,
+
"
N
X
(o
f

E 1S 8% WAR oA A AdE BES Tase 44 ol dF A gust §% WFE o8 A9 A
g W5e wget A4 ool d@ tEAe AuE noEr. £x A4 Ay 05| gd FAH A
B OAGES AAAoR B WAAY AnE Q8H A% v 94 BAEY VI US 62/303,319)F A=
sl AlZd 5 ek,
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[0029]

[0030]

[0032]

[0033]

[0034]

[0035]

[0036]

SSS0dl 10-2712052

me® e FAHA Wl AR

e BEY & 4

LA
(=]

o 5 ODT[1}, CEE[1], C8 n[l}, CK
HE®W Y BEN Wk X | oDT[1]. CKE[1]. CS n[l], CK_ 8 - 5 i
] N[1]. CK P[i]. RFU[144], RFU
HIE "= N[] CE P[]
[205]. RFUR07]
=T SDE(Single Data Rate) SDR{Smngle Data Rate)
¥ #Ho|=A{Latency) 3 cycles 2 cycles
B3 o= Ao tiei 2% B | [cs2n C0] — [CS1_n, CO]

[CS3_n, €1] — [CS1_n, C1]

H2E @ [C83_n C1] — [CS2_n, C1]
€2 — [CS3 n, C2]

C2 — [CS3_n, C2]

No DDP Support No DDP Support
4 Rank/Channel 4 PRank/Channel
2 $HLimitation) Maxmmum 2 Logic B/C Maximum & Logic B/C
Support: Support:
1 Rank x 14 Stacks | Fank x 14 Stacks
14 Fank x 1 Stacks 1-4 Bank x 1 Stacks
Can have up to & B/C with cha | Can have up to 8 B/C with cha
I E(Comment) nges m JEDEC 3D stack orgam | nges m JEDEC 3D stack orgam

zation zation

= 3ax= 2 W o] AA] oo whE) wWRe] EEo] ¢l EE(in-module) #EZHA TFE St wtE 2 %
X (coordination)S #|F3sl7] fg vEg AEEZHS} wEeE] BEE Alole] A% A2 (sequence)(300)E H.o]
T 2"l

3hiz & Rl vE AA del me vRe] REe] ¢ ®E fZYA we sl uE 8 =245 A
MR AEEZ et vie] Ba Afolo] AT AJAA(310)E BojFs ot

st
1o
A
N
s
>
fato)
=
x
2
)
N
)
of
ol
o
®
K
w
o

sttt. o= wliE] REEol
EEe e @A

Tr(issue)dh=tl T 21 AZto] A Hoju},
2]

ot o lo

=)
P
%)
kS
4,
[
Ac)
=
i
2,
)
ol —

[ e
M > |8 2
A )

=

=
Ak, = 3a9] 301904, WZe] EEo] 9 &
A8 HEACDHS Wry & 4
F, & B2 FAEI, YA T2 FHEA FErh. 303004, WEY RES 9l &
28 gka sl 304904, WRE RELS wRe 2Eo] ¢)7] WH(RD)Y tE F=u] = hE RAS

ol Nﬂlﬁ
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[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

S5S0dl 10-2712052

ANAE ST 305004, WMEY AEEE 97 BHe Wme wEed ASdTh 0604, Wre mEe
ool Sitato] 4218 217] HHel EH%Q—E— HolEE Ha),

T 3bellAl, 9 FEelAeE vEE AESHOMOZFE R REMD dE5FHE ASE B WAAEY] =
A= Aet. Qi) ol FReAE HEy REERFEH v AEEZHC AFEe ASE B8 AAE] &
AlE AT, & 3bo] 3114, wlRe EES Ql BE XA 52& Fdett. 312004, WRE AEEHE &
Azt WHACDHS WEe =g dEert. 313904, wWEe RES WXy Ego| XY F2& st
UL M2 HEZe ] tiste] gy Al s&to] ¢uE o|F o AAET FE& FASHE RAS =W AFE A
A& AFgrt. wr2y REO 4% 2487 fa, Wiy HEEZFHE fZgA 4o dnd wriA e
8AE /e 545 W/EE HY2E(context)d] Z29XE 2AEE 4 Urh. RAS =W A wAA=
YA FFo] yHE= wEeEe WA/ ¥ (identification)d} %@% AHE X3 4 Q.
31404, ¥rng BES < BE ZA 528 R, 315004, WEe BEd fZA s3] gE

U= RAS = A wAAE dEE

&

e

9] *—1‘%(1dent1f1cat1on)3’+ #eEd Zéive— xge = 9l 316904, o

WA= gz A Fate] ghud iR =/
= g

w22 EEo AEsieh, 31744, WEE] =
e HAAE 1%6&@ 318041, WiRe AEEZFHE 817
2 BE2 oo 3t FAlE ¢17] wWHEel vsHE doleHE &89y

(e
2
o
Ac)
o)
(m
i
T
gLy

27 o BE

ol
oL

o

2 o o l'ﬂ
iz,
=
N
rO -

ki

4acll A, 9] F-EolA = wRe AEZH M0 ZHE w2
ATk, §HHo] ol F- Oﬂ/ﬂ% HEe REE5y HE

> >
R

HAIAE AEet. RAS v = G WA A= o7t
CHEe HEEE o Xé

o Hy o o
3e
o

=
)
e
N
N

ki

dboll A, 9 F-Eell A dEe HE

> >

o oo o

mlm[;grxo;g;g
oo
o O
o
4N'
N
N
Y
0
HU
§
w
L
é‘:
0?
uj
=,
>
N

g Ji Al *01]*1, ECC7}
= Oh’-“r}D}. ]Er‘ﬂ «1 A5
At 7
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o,

o2 s e ol oy fa
X
g
)

e N
T,
)
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>
>
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o
)
kD
=2
I
K
i
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o
Lo,
i
nqn

o
i
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Nz
—
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%
=,
b
AC)

b
|
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b
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oxl
to
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ATk, = 4ad] 401914, FRE] AEEYE @43 FHACDHS W= 1301] Al v 5
& ool gslel BC Fatel AN 6 FHEeN ot TAGUGE A ehIs 1S 3=
x3

A oJHlE (event)E 715 4= ). 403904, |
< zd%‘" Fob. 404004, WEE REEe ¢ WEHd Eﬁ%ﬁ}% ] J81& E83t}t. olglst A5 A|d2olA,
|22 g 98] 5= vhdd, CPU/MCE ditad WHoez ¢7] 9 27 YHES o]peit),

EZHMOREYE W2y ZaDol AsEs AE
Tk REHC, ofg) FEoAes wRe REESH R AEEZ AFHE S
T = 4b9] 41104, Wz AEZ = dWEg Bgd 43 D“ﬂ(A(:T)E Zd%
olo &w3te] ECC Eﬂol é_‘iﬂﬁ}%iil ol 27} A==

ECC §2he Fastn 1 A3t ole B3 Av7h 24

= s 2}
Ao e & 28-S ATr] g R AEEHS miEE BEE A]Y] As AEEE HAFE 1

FzolA, 1 BF o2 g4 2ol vxe] EEo o Fhdn. = 4be] AT AJFzA,
FEvk. vk, dF = 4be] *1§ Ao A=, ol A

12 et 9 A4

Rl = Ae
HAIA o] 54 A'l == UﬂE’_E] REe] %73} AlF el A

g ZEQMDY ALHE= ATE B= dA)ASo]
2 AEZY ALHE= ANTE T fA A S0
@

o). 40290 A,

ARG H = -?4?1 of g F4 ARE
= E

= mAAEe]
= HAAEO]
tot. 412641, o =g

0} o}r) =
LEIVN

rlr s

2389 (scrubbing) F&& Fadte] e 3 =
A% A|F2(500) 5 HoFE 1ol

5E 230 $A4% FIP BE B4 24 A



[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

S5S0dl 10-2712052
sob7] 91 vie] Bad vie] AEEY Ato]d AE AJFEA(510)E BT adolt
& Se & W B uE AA do] wet vEe] BEo] ¢ BE AFHW we s nE 8 24s
Aestz] AR vz ZEd) v AEEY Alo]o] AF AJEA(520)8 BolFs ¥l
A A e, = 5a WA = 5co] AE AlEA 7z v o] 27]8F AR AY Thestth. = ba
of AT AlFzA, =AE Ql B 238 42 vy REo] 238y o] 1§ Foja g A4
Ay Szto] gnHe wWE vehs duw A dAAE Algshs Vi BAe BolErh. &= 5hel Als AlH
oA, BE Aael S22 AW wFe] A8 TR As dehle = FE wAAE 2.
Ay T2 dRE Az o) Fad ¢ vk, AFN S22 AN Szbo]l FHE AR A
war, s szbo] J& Folghs As WEhl= RAS v|=w AEf wAA7E dSEn

2

T Az A, Ql BE 23 T gyt dA2HY & M F9E e 2F8W 54
S o 3}
T =4

%= 5¢9 Al ol 7} 2}
o] 218 Folgte AS Yetdle Il A dA Ao SHste], @43 WHe] dsHE AE VIvye <
iz AEEHE v 2AHE 9/EE 535 2/EE AYAE 29XE AAETE 4 Ak, A A o9
A, 9l BE gy s dEE e e wA X B4 ARxk Bg wikE] BEEY 7|8t Al-dA
A8 7 4

T badlAl, ¢ FioAe vWEy AESHMOZRTH HEY EEQMDA dsHE ASE e wAAE] &
AHATE. HhdHol, o FoAe Hky EEEAEH HEY AESH ASHE AEE v AR Ee] &
AH AT & 5a9] 501eA, HlEE EES A3 F4o] A dvke AE el RAS 3= wA]A]
S R AEZY AFst., 238y 2 Fd, WEE EES FUIHoR WEg e Yo E HolH

S ¢laL, ECCE o] &3te] ofufdt ol gAstar, e doleE wxee s gl A 71dgnt.

ol# 3t AT AlPxe] A oo e, 23 T2 ¢4 £HE Y, 238 SEbo] F¥EHE Fob
W AEZHE 2989 oHMEES =8 ¢+ vt Wig AEZHE 2389 5% Fo g 2HE 2/
EE 545 /e AY2E ~9AE 2AEY 5 Ak, 5020041, Wl RES A3 s3] 4R
ATh= RAS I =W WAIXE wRE AEZHd ALy, wreF RAS F =W wiAX) 7t 238 H FEbo] $EH
L B ool olert AEHJAN AHEHA Gdvhs AL wI FAISIAL RAS H =W WA x]7} ofl# v AE
d 47 F25 Yehle %, dEe AESYE 443 248 3T 5 .

% 5bollA, 9] FEoME HEe AEZHWNCO)ZERYTH W2 ZEOMDA AFHE AEE T vAXE] ©
AlEdet, ghde) ) obg] HEAME HEE REZYH HED] AEEHA AEEe AEE T HARE] &
A=At & 5be] 51104, WRe EE2 A3 F2o] £ ke S YERE RAS J =9 wAA]
2 mre AEZelo] AFsth, 512004, vy AESHE 2329 528 Fusts @43 HES Hwe
BEO AEt. 51304, WREe RELS wRy REo] ¢17] WHRD)o i) =7l HdrkE RAS w=w A
B wWAZE dEgTh. 514004, HWEe] AEZe= 7] ¥RS R REC W& 515904, HEe =B
H2 ool §Hete] FalE ¢y WEe t&ske dHolHE EEeth. 516004, WRE EES AW FEol
SOE fAdA a3y S-S Ak, 23 2ol M Folehe S UERE RAS =W AE]
AAE WRe AES AEFcl. 512 2 5130 EAE A} o], WRe AESYE A3 F3HS T
T ot 51794, WlEE EES ~38W 3ol AR EHITE RAS FEW HAXE WRE AEEY
of M&ghrh. wheF RAS I =W wA[X| 7} g2 FFfo] R H AL St o]de] ot AZFHJAR HAH
A gdrkE As BASHAL RAS H=W HAIA] 7} o7t HER A FAF UEhle A5, WEe dEEY
= A 225 FIPT 5 Qo).

T 5colA, ¢ FRoAME WEE AEZHMOZEEH HED ZEQMDA AFHE 4A8E e fAXE] &
Al det, ghde | obg] HEAME HEE REZYH WED AEEHA AEEe AEE T WAXE] =
A=Atk & 5c9] 52144, WEe EE2 238 F2o] 3 Folgte AS e RAS I=Y WAIXE
W AEZe | AFgc},

ojg et 2ls AlEze A oo A, 2TEW] A 4 95 AN, 238 o] FIHE o HE
g AEZH = 238y oMEE 7|5 £ i b2 8L Y/Ee 5AE E/Ee AYrE 29XE ~
A& F Ak, 522014, Wiy AEEHE @435 W ACDS W2y BEo A}, 523004, Wy =
Fe 238 w2 £33 Folghs RAS Frw AE wAXE WEe] HEZe | H43Th, RAS =] A
A A= 28y 2ol ¢i 57 A A7 Aol (Latency) S YENE ARE 3 5= vt wze HE
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[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

S5S0dl 10-2712052

got BAE ol J1zdtel el AY RUAE 29AF & 5 A 52404, vlne REe 239
W pe] SRR RAS W= XS Ee) AEEeld AW, web RAS SI=u AR 2ze)
Fapo] SEHAT St o) oelzt AEAAAT FAHA W AL BASL RAS A= AAH7} of
97 AFE Zzte] FAE Uil 49, dne ARt 448 2A% F9% 5 Ak 525004, Hme
A=zt B3 PRADS el mE AFaTh. 526004, vlEe) BES vnd wgo] ¢7] Wi
el FH7h HQdeks RS A= ge WAAE AF@ch. s2eld, Wme A= 97 BHER)S W
o el A%k, 5204, vl REE ol Sustel £AH g1/ Wl Bk volHE Y.

T fas B Adwo] AAl o ug wEg ZEo] Q EE o] Y (vear-leveling) S ] 2 =
Z2Ae AFsr] 93 Mg REy Wi AEED Alole] AT A|FA(600)E HolFE 1fo|t),

T 6b 2 Wyl g2 AA o wE wWEeE BEo] ¢ EE o d¥@HES ST 2 52 24S AT
37] fgk vRe REd viEe AEED Alel9 Ag Al[EA(610)E HoFE 9ot

A AA] oA, & 6a E = 6bo AF AFx e wry BEO %7]3 AlFHdA A8 75Eith. & 6al
AT Az, TAE 0 EE o] #iE 522 Adnk dAAAEHT 5L A4 £HE e dRy =
S g #HEE s J Folge AS Yehlle o e WARE dEeta, WEE HEESHE &
st gyo] gaFEE AL VthEE B¢ tE 8AHE H/EE 5E Y/EE HHAE 2XE AAET
T Ao,

% 6be] AE A|FEEoA, o BE o #HEY 522 A3t o SEsle] o] #EY F2o] M Fo
ATE S YehdE I AE |ARAE AFsoh. AR, o] dEE 542 94 £9E A, 4
gilsy 4L FuEA gGert. A=y AEd Sdste], Wiy AEZEYH= @43 dEo] dEHE AL V)
gEs o v eHE 9/ke 5 Y/EE AYAES AXE AAEFT § vk, F= AJEH wA]X
= o HEE T e g WEE EEd o dFHa, wWEY AEELE G dAXE ALE
T Ak, A AA] doA, 9l BE 9 3 2o FHEE F=w A WA EA Ad=Es Wiy 2
59 %

T GaollAl, 91 FRoAe vEYy AEZHUOZRFEH WEE EeliDd AFHe AE5E £ WAAEe] =
AE Q). g of) FEdA e wEY EERFEH Wi FEZH AFHe AsE B XA EC] =
AHATEH. = 6a] 601004, #lEe RES o H¥E Fxo] 3 Folgte AS YEE RAS I = HA]
g WEY AEZH st do] HEE & Foll, dE 5o, WXy EES EIEA AR U9 4
ol(wear) & WA 2Asy] 98] wEE FHolAEE wEIEF 7] JFEE(write-count) HolE H
2 W (remap) HoJES ©]&ste] E3Ad wRele] wRe] HolXEE 23 (remapping) 3Het. o]t A5 Al
Ao AA oo dis), o d@¥E 42 4 SHE 7T do] dElE s3] £ S, Wiy AE
el do] HEH oWIEE 7|E5F & vk, FUHHoR, WEEY FAEFZHE oE 8HE 9/Ee FHES
2~AET 7 Ak, 602004, HEY RES o Py o] S5 HITE RAS FE=H wAAE HEYy HE
Eejo MFetrt.

5 6bollAl, 9 FRolAe HEy AEZHUOZRFEH Wiy EeliDd AFHe AEE =5 WAAEe] =
AE (k. g ofg) FEdAE wEY EERFEH Wi EZH AFHe A5E B HARAEC] =
AHATEH. = 6be] 611004, #lEe RES o] HEE 2ol F3 Folgte AS UEUE RAS I =W e
HAIAE HEy AEZe dFert. ofdt As Al AA] oo iz, o #HEy 42 SHASHE
7HAH o] Wy F2be] 8 HiE Bt v AEEHE do dHEy oWMEE V& 4 9, tE &
AE B/Ee 55 W/EE AY2EY 29X E 2AEE & vk, 61204, WEe AEEHE 493 ¥E
< W2y BEEd dAFet

61314, MREE EE2 o #EE T 73 Folal o] UMY Txlo] dmH o]Fo AAET AS
BRI RAS T =9 e wAAE HEE AEEHY WSS, RAS = e wAAE o] HEE 3o
95 H7] A9 AZF doj(Latency) S YEHE AHEZ ¥3st 5 Q. HE Y HAEEYHE ZTAE @olvlA¢
Z1z3t 71T AY HEAE 2425 & F Ut ol g As AA~S 614004, HEY EES fo] #E
Y 2ol R HJTHE RAS Fuw wiAxE WEe AEEH A5, 615004, WEe AESHE SA3
HHS Mrg ZEd JdEIth. 6160, WEe ZES wRe ZEo] 27 WHo dis] FH7F HAtk= RAS
e A HAXE AFect. 617004, WEE HEEZHE ¢7] WHRD)E HEe EEo| dEdrh. 6180
A, HEE] ZEL oo $gdle] Saw ¢l7] W $she dHolHE 33y



[0060]

[0061]

[0062]

[0064]

[0065]

[0066]

[0068]

SS50dl 10-2712052

3 2%+ CPU/NMC (el

g | s #9859 AA WS BAED G RS = A A
AE el 239 e A9 Hn

- HAl 2|2 0|20 7| QIBHSAE AM:NVM AN AS
7|t

- B|zaAlo] F|QIBH(SAE O4M: B|maA| Y= £
NVM A5 7]Ctz)

T2 829 98 - Ao A 7] (= AE BH: NVDIMM
(notification of invalid A (spedified) A|ZF 0|= THA| )
access) - ZHH|A| SHHE0| 7| 2= A E 4 NVDIMM X| &=

AlZt O] FYAIE)

- 0 G (spared) M2 2| 22| H|0|E| 0|5 (migration)0]|
7|QIBHZAE HM: NVDIMM K& A7 0|2 FjA|5)

- B3 4= gl= 950 7ozt

- AXE 9ol =

- FEE oz =

gEE 7|= - 7| Mool

(reports log) - Aot 39| 4=

- fo A oM ES| 4

- 7HH|X| SiM O[HIEO| ==

- RAS e Hue] of-

A e AE dEe] § dAE A s v sk, vl e S wAdE AdE sl o) A
g S 9la 4 Ao 2 AMgEE clAF el RS F =) ) wiAAL E 3] AR AT ol AE & 9l
o,
¥ 3
Bit 4 3 2 1 0

Cyele 0 Syne TID{5:4] Success Parity

Cyele 1 TID[3:0] Parity

Cycle 2 Status Code Type [1:0] Status Code [5:4] Parity

Cycle 3 Status Code [3:0] Parity

- RAS ¥ =w) Al wjA]A] e of -

3ol =AlE RAS = ALE] WA Q] ool A, 'Sync'E RAS AE] WAIX 7} Aj RS H=m 37 (packet ) o] 2t
A& UEdT. 'TID'E o=d29 §AME ¢ d= EWAM(transaction) ID(identification)&
etk g€l (parity)E RAS =9 A WAXE BIsed AHEE £ s ARE et = 39
RAS ¥ e A A el s & WAE v JHe] WE5e] ID(Identification) Welel] whel Ageojd 4 9l

g A f4A o8E g A 4O]E]r

2oL

i
Hh
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[0069] ¥ 4UX %

2 RAS T= ] WA Ao ek

Success

AMEY [T OEpQ
Stams Code
Tyvpe [1:0]

A mE

Status Code (Opetations)
[5:31

AEf B E
Status Code
(Retryv) [2:1]

4 B
='.= -
Diescription

=0

(=00

0x000

=00

E¥ TD g nae |
LEe] X digy
(Fatal error m the
Memory with specific
1)

001 - 0x]1

RFUI

Ox00 - Ox11

RFT

0000

000 — 0x11

RFU

0x001

0x00

Actrvation Fathire
with uncorrectable
Error

Ox01 - Ox11

jiisieg

0x010

(=00

Activation Failure
after GC
(Capacity Failure,
fatal)

Ox01

RFU

Ox10

GC Oy OjgF gl
Oy, BE
HUBEAZ A=
{Activation Falure
because of GC, retry
weith small latenes)

Oxl11

Activation Failure
because of GC,
retry with largs
latepcy

000

Activation Failure
after WL
(Capacity Failure,
fatal)

(=1

RFUY

x10

Activation Failure
becanse of WL,
refry wath amall
latency

Oxl1

Actrvation Faslure
because of WL,
retty with larze
latency

Ox100

Um0 = (im0l

RFU

0x10

Activation Failure
because of
Refresh, retry with
small latency

Oxll

Activation Faiilure
because of .
Refresh, retry with
large latency

Oxl01 —0x11

O30 — O] 1

RFU

[0070]

[0071]

- RAS T =) Abe] Al AR of-
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oin
J
Jm
Qﬂ

5
Success WE] ZE EPY HE| E= HE} ZE 0
Status Code Status Code Status Code Description
Type [1:0] (Operations) [3:3] (Betrv) [2:1]
O=000 Ox00-0x11 RFU
0x00 Wnte Failure with
0001 Uncomectable Error
Ox01-0x11 RFUJ
Wrnte Failure after
GC
0x00 (Capacity Failure,
fatal)
Ox01 EEFLI
Write Failure
0x010 0x10 because of GC,
® retry with small
latency
Wnte Failure
because of GC,
Ox11 retry with large
latency
Write Failure after
=00 WL (Capacity
0x10 Failure, fatal)
0x01 EFU
Write Failure
00 because of WL,
AR ot retry with small
latency
Write Failure
0x11 because of WL,
retry with large
latency
0x00-0x01 | RFU
i T
ecause of Refresh,
Gein retry with small
0100 latency
Wnte Failure
011 because of Refresh,
retry with large
lateney
Oxl101-0x111 (=00-0x11 | RFU
0000 ox00-0x11 | REU
Act+;-_‘ll."rite Failure
0= 00 with Uncorrectable
Oxl11 Ox001 Erior
Ox01-0x11 | RFU
[0072] Ox010-0x111 0x01-0x11 | RFU
[0073] - RAS =) AE) wiAlA] HHO| o-
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[0074]

[0075]

[0076]

[0077]

[0079]

[0080]

SS90 10-2712052

£ 6
AE 3 C ERY Hef A Aoy
Success Status [(i'-(:)éi]e Type StatFJSs; 1(]?0-:1:: Description
£ TID 2| HjEe|7}
0x00000 ZHIE
0x00 " (Memory with
specific TID is ready)
0x00001-0x11111 | RFU
0%00000 Activation Success
wio Error
Activation Success
Ox1 0x00100 with Correctable
Error
Activation Success
0x01 0x01000 after GC
Activation Success
0x01100 after WL
Activation Success
010000 after Refresh
Others RFU
- RAS T =) AE] wAA] AR of-
Z7
o] FE EfY e IS o
Sucecess Status Code Type Status Code =
[1:0] [4:0] Description
0%00000 E’rite Success w/o
ITor
Write Success with
0x00100 Correctable Error
Write Success after
0x10 0x01000 GC
Write Success after
0x01100 WL
Write Success after
O0x1000 Refresh
0x1 Others RFU
Ox 00000 ACT + Write Success
ACT + Write Success
0x00100 wiCorrectable Error
ACT + Write Success
- 0x01000 after GC
0x01100 ACT + Write Success
after WL
ACT + Write Success
0x1000 after Refresh
Others RFU

- RAS I =) Abe] Al RO of-

T 78 B outyge] AAl oo upE DQ(HlelE) WAE Fa RAS v=w Al wAX] 7} AEE= CPU/MC(701) 9}
mliLe] RE(702) Abele] QIEFH0]2(700)E HolFw= adelth. & 82 ¥ wge] AA] oo mE D BAE
=3 RAS F = AE WA A7} AEEE S HolF = £ X2 (800)°]t).

ol21gk therZ el (alternative) AA] oo, = 89 S801 wAlA, €% HAF A 1 AV AL vjew A5
(D_RDY)E AE3== A1gd 4 dul. =9 A5 (D_RY)E CPU/MC(701)E—‘?—E1 ZQ](attention)% 2 A 3s}7]
el WxE ZE(702)0 o) ARgETh, CPUMC(701)7F =] A& (D_RDY)E A8t W+ 3 S802 whAoll A

_18_



[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

S5S0dl 10-2712052

CPU/MC(701)+= Al 2 €% WAE AJE 3 oA A3 (D SEND)E AE3le], S803 wANA WEE] KEE(702)
ZHE RAS HE A ARE GALEE b A e = WAE dEo] TIDE AF3str] fd AEHT).
ol &k thetA el (alternative) AA] oo A, RAS 3= *‘EH uﬂAWt DQ M2=E T3 AFHTh. D W= 3
& ¢l (relative) Alo]ZE thre] AW H|ESo] W2y REZHE (PU/MCE ALHES 3},

-IHU )

tE AA deA, T2E(dE 5ol A% (PUMO)E 5% MRS(Mode Register Set) W#-& FAlate] Aol
mxe] BEe] RAS dEY E ARES 2 £ Su. = 9u B IEe] AA] o ‘I]rE RAS v =w) e v
AAE Q=S MRS AMES o] &ste] Hie] REs TS WS HolFe £A%=(900) 0t

MRS %& EH o= DDR4 DIMMl whal gejslo] gk, wrb, i dwje) HA] oo wEw, MRS WE el At
54 &2 MESS HEy REo] 5Wd REd AYstes Ass WA EfA(trigger) T 5 Ut
o714, 543 mE= PR ¢V REZ AHE £ glar, MR ¢7] REE 3 542 o= DDR4 DIMMO] )
Aolgeh. S901 GAlC A, F2E= MRSOR3) W& S wlig] REo] dEdrh. $902 dAA, S2EE 97

FRRD)E wEE] Hge] A&t S903 AN, W] HEe Awk dlolE wiale] F&(Invalid) + 271
(Log) ®IAAE HPﬁ‘r(return)f&Tﬂr. S904 TACA, CPUMC E2Ew e EEo] 5HE MPR R=olA kA
He =g s Al HUAY B2 A (trigger) st 4% & MRS BB =

g o] A oo whe} DQ WAt v=w Al FR(1000)E AEshr] A8 AMEEE 52 RAS
WA X o] wWjdS HoFE ado|th. & 100 =AJE ue} ol oEl o] 64 HIES) %C(WD0~WD
Q W2 Aol mEe] RERRE EFolal, ol 10012 FEAHJCH. Yl 7je 3 HE Y= vng
25E &89 TIDHY & (Invalid) "WAIXola, o]& 10022 EAEATH. 3 HIE Y= &5 WAEE AYE

S8 AFd 5+ Ao

0 o -

ol 3
o

Ae F MY 64 HIE Y=(WD0, WD HIE[6:0] Z+zF ¥ & o|f(Invalid Reason) = 2 AAIZE A
(Retry Time) FE=F XEFgITE. F& off Z=9 HE g7} FAS=A 55 YEdY. Fa o
Fe9 M E[4]= o] (migration)o] TASUEA] -5 Yepdtt. F& olf FE9] HIE[3]S 7M[A] F
A(GC) FFFo] A=A o F-5 Yepdt. F& olf Z=e| HE[2]+= Ao dEFE (L) s2Fe] L3S
A oF-E Yepd. Fa olf :m=e HE[1]lx= gZYAl F2te] BASNEA oF-E Yehdt. Fa o
F=ol HE[0]E va(miss) 7 BAEREA 55 Yk,

E
o
2
N

B = 3o

AAIZ AZEe] Ml E[5:2]= o] (binary) 7]¥-(base) & (multiplier)E YERNI, A= A]ZFe] HIE[1:

0= 71% ol o8 FalAl= Ak @9 E vebdth. o AA] oA, o]zl '00'9] T FE== 100ns]
718 AIZHS YERLE. o] '01'e] w9 FEE lus9] 7]E AIZES YERATE. o] '10'9] w9 ZE=E 10us9
718 AIZES YERATE, o]zl '11'9] @] FEE 100use] 7]E AIZES YERATE. dlE B, AAE A7 2=
o HE[5:2]7}F o]X '0100' (&, Al 4)olar, w9 ZE=T} o|x '00'¢l A5, AAE AZF ZE=E 400ns9]
AA = AZES YERATE

T2 Al dellA], 7]Ee] AdE F(ALERT_n)ol| ElolY A& F7iste] wW=e] REC] NVDIM-P R=of 9l
A%, A9E F(ALERT_n)S A1Z(D_RDY)ZEA AFEE 4= 9lt}. 29 DDR4 Al (specification)oll A, 4l
(ALERT n)= F 7FA B4 o2 (227] CRC(Cyclic Redundancy Check) o2, CA(Command Address) 3|2 E]
ofe])e] WAlS A|1d® (signaling)dl’] 913 AMgdTh. olglsk F 717 oflglE AE(ALERT_n)o] A Zo ¢
d FEE ¢ ). dF 5o, 227] CRC o7} HASE 49, DDRA-2400 AtFe] wEe] RE-2 4% (ALERT n)
E iEF 6 A 10 25 Afo]E Alo] w9t 24 292 ZHdtt. CA HEE o7t 2 75, DDR4-2400 Ak
ool WRe RES AE(ALERT n)E ek 72 UX] 144 = Alo]|F o] H¢t 27 297 Zsir), 1 dyg
o] A dleof mE, 2E(ALERT_n) <] tigf 2 Ale]& 3} 3 Alo]F Atole] &2 Hx~ X2 A5 (DRY)E HER

£ S ). oo wl, AZ(ALERT_n)E 227] CRC 2 CA F&jE] Ao th&F DDR4-2400 A}Sko| w2
7% et o AA o)A, AZ(ALERT_n)7F A2 (D_ROY)ol thal AHeHE 4%, AE(D_RV)E &4 7}
A 95 M Aola, wEbd 227] (RC B CA o] &Ao] HEo] s},

(e}
] |
I 8o E=AE upe} o], wWlEg REo] DRAM DIMM ==¢1 7-9-, A (ALERT_n*) (A 208)< )

£ 8 3l 2 b2 DRAM DIMM ®= 92 NVDIMM-P RE=9] HEg i digt AVH A5S B
SER= 45 R AE
99 #FHAA AF(Tx) & FARx) 7I5E ATHEs 2 °L€%ZJ o s FAgkrt, ®=g, 421s(CSnl1])
(B 89), AZ(ODT[1D)(H 91), AZ(CKE[1]1) (A 203)= HHxF % o] AN AF 7lsE ATt

zZ g o g Ezsth, wRe EEo] NDIMM-P R 73%,

=<
Aol AE(Tx) 2 FARx) 7s B5FE Al

ol rH ﬂll'ﬂl

=5
(208)& 215 (ALERT_n/D_RDY)Z A 2] =
soh. # (89, 91, 203)L MSC[2:0]o.=

Ko
=
3l
)
[m
it
)
o,
oy
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[0088]

[0089]

[0091]

[0093]

[0094]

[0096]

[0097]

[0098]

[0099]

SSS0dl 10-2712052

Ao, F(89, 91, 203)2 wEy AEEZH THd
(ALERT_n/D_RDY) 2 MSG[2:0]% SDR(Single Data Rate) w20
(ALERT_n/D_RDY) = MSG[2:0]% DDR(Double Data Rate) WAoo &

X

4
e
N

Ir

~ NIO

Asder. A AA delA, 2l
ATk, w2 AAl delA, Al

for fok

X8
— DRAM DIMM Mode NVDIMM-P Mode
Name Tx,Rx Name Tx,Rx
89 CS n[1] Tx
91 ODT[1] Tx MSG[2:0] Rx
203 CKE[1] Tx
208 ALERT n* TxRx ALERT nD RDY TxRx

~ DRAM DIMM == 2 NVDIMM-P R=9] Wxg REo| s Ay AES-

F 9 ¥ e AA] ool whE NVDIMM-P ELE=ol A ALERT_n A ¥ o] D_RDY A& 2 AREH = 4,
F(ALERT_n)ell w3t Efely E wAIX] FoE HoJFErh. NVDIMM-P EEoflA, #A4E F(ALERT_n)<e] 3
215 (D_RDY)oll thall oF 2 Ale]Z B 3 Alo]Z Alo] 2 Agojett. oF 6 Ato]F E °F 10 Alo]E Alele] #H
s, AYE W(ALERT_n)-> 2~7] CRC ofl2fo] WA o= Agojer), wgh, oF 72 Alo]E Bl of 144 Alo]F Ajo
A Zo|| vis 714 E] W(ALERT_n)-& CA sielE] olele] wgow Aojdr},

71

<= v

o 2 o T

Ea
Eal

)

£ 9
ALERT n Pulse Width Definition
2~3 D RDY (for NVDIMM-P Mode)
6~10 Write CRC error
72~144 CA parity error

- NVDIMM-P X.=ollA] ALERT_n A4E Fo] DRIY AE2 A}EE= AL ALERT.n AYE Ao tig goly 2
WA A A o]~

A Al oo A, AZ(D_RDY)ZM AFEE 7] Aol A E B (ALERT_n)& 43k 3lue] Alo]& ot 237 slo]=
Z8eor v}y, Frldor, A4kl AE(DRDY) o)Fo] AYE H(ALERT_n)L HA3 slue] Alo]E 9o 23

FYstel BB A2Ye od 948 & QRS dof Bk,

F

5 118 B wgo] A do wel D_RDY AEZA AFREE ALERT.n AE 93 A3 %(1100)0]th. & 1144,
AT ZEL WEY EE(1102)94 #HEZ AEZE(1101)E T Ao

2
r o
A
1=
o

o120 ZAlE mpek o] Al Afe] oA H(0DT[1], CKE[1], CS_nl1)& Al 8] HEE HEF
AESee ASHES §E WAHUG. ¥ 2o A o] wet vne wES vE AdE BEe] A A
o 4ug vne AES AFHES % WFE £ drke AL 97 olE £ Ark BE A4 a4,



[0100]

[0101]

[0102]

[0104]

[0105]

SSS0dl 10-2712052

o A Q1 AE A(ODT[1], CKE[11)2 zHzh MSGIO] % NSGl1]e.=A Al e FRrE dEet=d AREH L
1l LE}E} uﬂ}\]z]# o H]Eiﬂ Zo] g}, thyk, wA]#]= DDR(Double Data Rate)©] 7F&dles ah= wAIA] 2~

(]

d A G A, Mg B2 D_SENDe| thall AFE ¥R 2Erh. thalell, D_SENDe| thd A o)¥ x| 252 DDR4 o]
F&531, o37]A o] TB(Transaction Burst) &8 o2 AT}, TB(Transaction Burst) HWHE 71F¢ 7
LURSEERSL °1C€ﬂ ANES ALY 593 )5S AFsty] Ys) EdaAA dole B AE(transaction data
burst)E 7iAEct. TB M-S NV thol B E(direct) 2= 2 DRAMKNVM 7HA] REoA F23ich. % 102 B
gyl FoE HoFE),

>~

Ss
oH, o

2 10
Transaction Burst Function
Lst clock CKE Previous Cycles
H CKE Current Cycles
H ACT n
H RAS n / Al6
I CAS n/Al5
H WE n/ Al4
H BG0O - BG1
L BAO - BAIL
L Co-C2
H BC n/ Al2
RFU Al17, Al3: All, AlQ

- EAdAA B]AE #AWE=(transaction burst command)-

% Hodbg ol AA] oo ubE TB(Transaction Burst) WHES HoFE 23 3E5(1300)°]t). = 139
 owpe} o], 13039141, EAE(1301)% CA W2 AollA F 71e] TRD AWEE wWHa] RE(1302)d A%
ATk, 1304004, wWlxE] RE(1302)& olo] $wate] ¥ 7o ¢17)7t Jﬂil fetch)2 17} Fdch= A

FAETH. o]F ) 130504, TAE(1301)E ¥ A9 dHolHE E¥eE ¥ WA E(burst)(lBOG)E PASE

= Hre 2E(1302)0] AASE TB AN=ES ALy, JREE 7hzhe) tﬂola_ F(V: Valid) WES} 3

F IDRID)E Egsrh. vhoF S 2E7F 2S(DRIY)E FAISHA &5 49, E2E+ B ANEE o|qrshA &

2

5 1o
=tk TB A=s} dlo[Eje] whgk Apo]e} ARk wAE o gla, o A] eell A o] AlZk2 'tSND's} TAT

r>4

F::

i

2]7] el (RS: Read Status) WIAAE HAFE A5 TFE(1400)0|th. &=

| 2| L 140l mAlE ke o], TAEE Aol WRe] RERYH ¢
7] E ARE ¢ojs § 3, EE UﬂEE] E(1402)2 ALAo] tSND HIAIA S o] &3l T AE(1401) ZH-E
F9(attention)E 2332 AH AEE TAE(140D) ] A4 4= k. 1403004, T2E(1401)7) W2 =
E(1402)9] JdHE ¢ A9, E2E(M40DE RS HHS AFgrt. wEz] RE(1402)0] $2E
(140D 2HE ] Fo2 date 249, W= EE(1402)S AS(DRIY) (= 1404 mEAg)S ALsvt, 17

o Hl
>
4,
{1
>
2
o &
4o fu
>
D
é
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[0106]

[0107]

[0108]

[0109]

[0110]

[0112]

1404014, E2E(1401) &

FehE 9

el A, RAS v = g AR
e gE

K

9 A4

sj=u g gue dstel, 4

- w olel upet,

D A= o3 271w

f& %L QA oy Be TFgY 5
=

Zko]
] 2= hjr

[e]
=2 T X

o
Al

>~

]_

IAE(1401)=  “NSGLo],
MSG[0]” HIEZF 24 0
MSGLO]” WEZ 22 '1'20 A

el A, ¢

QAL

[e]
o7,

2 A

7] 918l B ANEES viEe] 2E(1402)°0 %

=7 WA = 95 Fxsle] dAdyE nke} LS £ .
HA A= EE WC(Write Credit) 2 227] ID(Write ID) =

o] Ao w

e REe A7) AJHe] W JEE v Aoln. dE

rite)7h &=

cycle 17 & 919§
FLE(UO)E 34171%

7] 2l (RS: Read Status) HAA= &

SS50dl 10-2712052

A3t

Eol, 227] el g
AR, NCE AAste] FA4HR 2] dolHE F4F
ok g AA] oA, (RCE AR FAA (integrity) HEE

32

A dlolE] AR5

* 11

Read Status Function
H CKE Previous Cycle
H CKE Current Cycle
H ACT n
L RAS n/Al6
H CAS n/Al5
H WE n/Al4
L BGO - BG1
H BAO - BA1
L Co-C2
BC n/Al2
RFU Al7. Al3, All, AlO
A9 - A0

- ¢}7] Al (Read Status) HIAIA|-

¥ 12& B dgo] AA] o mE Ayl

97] 4 A Gl melFh,
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[0113]

[0114]

[0116]

[0117]

[0118]

[0119]

[0120]

S5S0dl 10-2712052

#£ 12
Transaction Packet — “Read Status”
Cycle 1 Cycle 2 Cycle 3 Cycle 4
DQ[63:0]
e WIDO ~ WID7, RAS, CRC
MSG[0] 1 WC[5] WC[3] WC[1]
MSG{1] WC[6] WC[4] WC[2] WC[0]
MSG[2] CRC CRC CRC CRC
- ¢}7] 37 (Read Packet) - “¢17] “J8](Read Status)” -

A AA oo A, ¢l7] AEIRS) AMEE v BEo FEHE 7] 98] AH8d 5 k. WEE 2Eo
= WC(Write Credit)e} Wl=e] 28 S9 ARE X3}, ¢7] e AWM= N tho] g E =9} DRAMNVM
NA BEA ALE 7HsE = gk, &= 156% 2 o] AA] oo wE RS(Read Status) #E® HAIA 9] vldS
Rl gyl

ich
ol
il
tlo
o
1%
QL
e r
=L o

o

. TRk, oo AlFkE =
=9 A(1620), wWEE F(1630), 2L Fd QIEF ]2 (1640)8 EFE F k. dE 5o, ¥4=Y
2)(1620)= 7] =, 71RE=, taEge], Ee HA 237 fafdels ¥FE £ Ak, vk, =Y
(1620)2] o= oo ASdH = ZHo] olytt, dE 5o, AEZH (16100 Holk 3hte] wlo]aza Z=A
(microprocessor), Aoj%® sk txd Alad E=EZA A (digital signal processor), ZAolx 3o mfo]
2 AEZ(microcontroller) 5& Xea = vk, wxe] FX(1630)= AEZ(1610)0] o8 2142 #A
= FZ=Y fA4 HoHE AFSES FAAE k. A AA delA, wEE FX(1630)F & el A4

of W& < EE A VITE, I EE ECC 2E 239y, 9/EE Ql EE o ddEy s

E X % o

o =2 RE
AosAt Adsta 5 2L Fa

(o]
o)l
2 = U X N ooN 0 ¥ e

o}
35 ol&ste] A T MEHARZFE deolHE FAlsAY FAA FA HESIR
B FA AE o] 2 (1640) 5 ]88 4= ATk, <& Eof, A QlEH 0] 2 (1640)= <t
S EFT F Ak AR AA1600)= S4 Al=He] B QlEAo] s TREFR ALE
2 5 9drh. = B9, B4 9HHolA TREFL (DMA(Code Division Multiple Access), GSM(Global
System for Mobile Communications), NADC(North American Digital Communications), E-TDMA(Extended Time
Division Multiple Access), WCDMA(Wideband CDMA), CDMA2000, Wi-Fi, Muni Wi-Fi(Municipal Wi-Fi), &%%
2= (Bluetooth), DECT(Digital Enhanced Cordless Telecommunications), Wireless USB(Wireless Universal
Serial Bus), Flash OFDM(Fast low-latency access with seamless handoff Orthogonal Frequency Division
Multiplexing), IEEE 802.20, GPRS(General Packet Radio Service), iBurst, WiBro(Wireless Broadband),
WiMAX, WiMAX-Advanced, UMTS TDD (Universal Mobile Telecommunication Service - Time Division Duplex),
HSPA(High Speed Packet Access), EVDO(Evolution Data Optimized), LTE-Advanced(Long Term Evolution -
Advanced), MMDS(Multichannel Multipoint Distribution Service) %5 ¥aa 4 Qu}. thuk, Sl <lg o]
2 ZREZO] o= ofl AFE = Ao] ofytt,

FO172 2 e AA o mhE 9l BE e Ve
®E do] @ s AosAY NYsta B 24E T

04~
=
2
ot
EL
e
=,
td
o
td
i
tlo
xs
RO
e
I e



[0121]

[0122]

[0123]

s==4

10-2712052

Qi e AAW700)E ol Fi SRmelt,

HlolE =

=
}-1:1

g Al 2=¥(1700) &
T A, 5=
Bl E YAY wWEE X (1710)°
(1720)= EX2E1730)(AE & wup

de)

(1710)¢] =¢] Faol wjgat7] g o= v

44 A9l e ol

g gz VeE

Al sl A4d npep o], & WA Yed dA4 i

ga 5

o}, weh,

E1730)9] ¢171/227] 2.3
oJHE 2% wEE

(e}
i p i=i <)
ATE 71e FAA9 He= e ojud 54 1A (teaching)el

Atz AR vEE] %

SHetel, MRy AE
<

$2(1710) ¢} WRe] HEEH (172008 X33
E9(1720) = w2 FX](1710)°] Ag= o
A (171005 AT = gdvk. vz AEEY
2HHEHYH ATH dJuEgzs vy ZA

A FH EE AFE A
H

ol %8 TR & g, AR FAQT0E B wg)
L9 BE BC /1, 9 BE Aae, 9/EE Q 2E Ao 40y
BAE AR AFee vy RES EFE 5 A,

A9 8 Hopol A WAHT W
AREE o

)

o, theel A7 Welel ole) Ao,

Heo H

100 : A|2"=

102 : CPU

104 : Q9 EE AEEY 105 :

106 : gz A] 23
108 : 7IeHE 109 :

110 : 7|54 +4 845

201, 202 @ W®g EE 203 :
701 : CPU/MC

1101 : ¥lxe AEZY 1102 :
1201 @ W= =g

1302 : #W=2y =g

1402 : W= g5

1610 : AEZEY 1620 :

1630 : wEg =X
1650 : B~
1710 @ =g &=

1730 : 3 2E

103 @ w=xe] AEEY
w3
7 Elo|HE
A =HE
200 : W= A
He] AEZY

702 @ WRE 2E

Wz 2E
1301 : S 2E
1401: & 2E

1600 : A=} F=X

qEH AA

1640 : QIE]Ho] 2
1700 : wWEa A]x~H=
1720 : HWlRg AESY
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k1

F1

)

g

201

Ndd

[
RESE 2old

Bleg

4
E
i

4aay/and

ro

4aav/and

|

_
‘$2E$
[m

Ml

i i

4aav/and

L0l

EW [2Elho
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10-2712052

s==4

200

]]
O — O — O— AN ™M O — [ ANOO OO <
[rra— [arr— [ [Arr— [Ar— s s a e — _._E._
= = L L c ccc == oo O MM~~~
oo < X< (SR (N (g ©uvr — H
SO (SRS NN NN ~ X — O
SRS NSRS SO OO O o o
ansa — O
.. a< u
——
S — M
R =
OO =
[ N J [ N J ® 0 00 [ 2N ] [ 2N ] ® 000
—— —— —r——— —— —— — e 22
o — o — O+~ ™ o — o — NP PPN
= = L c ccc == oo SN NN T Edp U
[ X N [ 1 1 I I O T T P D._
S oS SRS 1P R N%) X X X X T | Ddk
SRS RSRS) (SRS} (SRS} D hd X E P
A3 i -
- - D << H n
——
[ _ul_
— —
OO =
® ® ® 000 [ 2N ] [ 2N ] ® 000
N
N
o 00 e 000 00000 00 o000 o 000 o 0000 [ BN BN )
— e e — — e —— — e, e — e —— = = —
O+ ANM O+ ANM Or-rANMITWOLONMN Or-ANM O+ ANM 20000P_I__I_0
== == Ll ccccccccCc =Z=== 0000 O MM~~~ o Ll o
OO0 XXX X [T I o O Ll ¢ —
SO O NANNPNNDNNU XXX X XXX X [y LR (i
SOOI oo oo SO O <x »
awsa o] —
- o< = nl
O O D-_
R i il
[EXS) OO =
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318

EH3g
300
302 305

MC CMD/ADDR ACT RD

to

MM Data 304

MM Feedback STATUS 306

to STATUS =

MC Ready for RD
301 Data DATA

\ 303—
MMO| QI B & 2|Z2AlS
THE
2l Z2 Al 2t2
ZH3b
JEJO
312 ;?6 (}

NC CMD/ADDR ACT ACT RD

to

MM Data ?13 ?15 ?17

wy | Feedback STATUS | STATUS STATUS

to STATUS =  STATUS = STATUS =
311 MC Refreshing Refresh Ready for RD

Data Complete
314~——-0MP
MMO| QI 2& Z|ZHAIE THE

2 ZE Al 2t2

_27_
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319

DATA |




MC
to
MM

MM
to
MC

MC
to
MM

MM
to
MC

MC
to
MM

MM
to
MC

CMD/ADDR

Data

Feedback

Data

CMD/ADDR

Data

Feedback

Data

CMD/ADDR

Data

Feedback

Data

400
401 403 /
ACT RD
402
STATUS 404

STATUS =
ECC performed,
Ready for RD ;LHATA

410

/

411 413

ACT| CPU takes action

:12
STATUS

STATUS =
Error detected

500
501 502

| STATUS | STATUS
STATUS = STATUS =
Scrubbing Scrubbing
Complete

_28_
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SE546 10-2712052

EH5h
510
512 ;14 /
vc | CMD/ADDR ACT RD
to
M | pata 511 ;13 ;15 516 517
u | Feedback | STATUS STATUS DATA | [ STATUS | [ STATUS
to STATUS = STATUS = STATUS = STATUS =
MC D Scrubbing Ready for RD Scrubbing Scrubbing
ata Complete
EH5c
520
522 ;25 / ;27
vC | CMD/ADDR ACT ACT RD
to
M | pata 521 523 ;24 ?26

u | Feedback [ STATUS STATUS | [STATUS STATUS 508

to STATUS = STATUS = STATUS = STATUS =
MC Data Scrubbing Scrubbing Scrubbing Ready for RD DATA

Complete
EH6a
ffyo
MC CMD/ADDR
to
MM Data 601 602
MM Feedback STATUS STATUS
to STATUS = STATUS =
MC Wear leveling Wear leveling
Data Complete
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SE546 10-2712052

617

RD

E=H6b
/6*
612 615
MC CMD/ADDR ACT ACT
to
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1000
\)f\AOOA s\\
D[63:32]
63]62]61]60]59|58]57|56|55|54|53|52]51]50]49]48]47|46] 45| 44| 43] 42| 41]40] 39| 38|37 3635 34] 33] 32
RFU
RFU
# Errors Corrected
RFU T—# failed ranks
# Garbage Collections
RFU
RFU
RFU
\/\AQOA \/\Aoom
D[31:0] TID[2:0]
31[30]29]28[27|26]25]24|23][22]21]20[19]18]17[16]15[14[13]12[11][10] 9 [ 8| 7 |6 [5]4[3[2[1]o] 2 [ 1 | 0
RFU Invalid Reason v ol P
RFU Retry Time
# Errors Detected .
# Write Failures ID[5:4] P
# smmﬂﬂwmwm__:@m 7 7 ID[3:2] p
y [
Invalid Reason \
wol—8 4 3 2 1] 0
Error |Migration GC WL mm*ﬂmmjf Miss
Y
Retry Time
5 4 | 3 | 2 1 | o
W1 Base Unit
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1300
1303 1305 /
1301 / 1302
/ TRD | TRD B /
CA 1306
g
Current /
PR 1/F pa + EcC 1 DATA || DATA || m=z
: Vi V + RID[[V + RID ==
Message TID[0:2] -
| /F bRy |~— L[ 1|
R=3pY
;00
1/401 1403 1404 1/402
CA — RS J B
Current -— Transaction Status
<—» tSN\ND| Status tSND| Status o=
(info...) (info...) =
Message TID[0:2] | =— 1+ WC 1+ WC
|/F - 1
D_RDY -—
EHI5
;OO
cekl [ [ [0 0 0 0 J b 1
DQ[63:0] WC, WID, RAS
CB[7:0] X
MSG[ O] 1 RFU RFU RFU RFU RFU CRC CRC
MSG[1]| RFU RFU RFU RFU RFU RFU CRC CRC
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