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55979 W9
ATE1

3yt o]Ate] PCM(Phase Change Memory: W3l wWlRg]) REES ¥ 33l DIMM(Dual Inline Memory Module:

A
[e]
T QlEkel Wy BE);

A7) Az=Eo] Aapd oz AZAEE WEE] B Z(memory bus) - 7] PCM EEELS A7) WEg w2 HHAR
)

A7 PO REEC testes 3 EHES H A (naintaining) 33 4% BIOS(Basic Input/Output System:
&

Al1gel SlolA,

A7 FHEHES A7) PO REEY ojtEE  #o]'A(additive latency)S 93+ Fh(value) =
CAS(Column Address Strobe) #ol®AIZ €3+ 7S

3T 3
A1l 3ho1A,

A7) PO REES, A7) DIMMCE 2% oJ=#X(row address)7} Al&E 3 Zul=, A7) DIMORE AY o=
A2 (column address)7F AlF=E 4= QA 3= SN E R goldA 9} ARAEE= A~

o

T4
AlLgel SlolA,

27) DIMMe] 54 ol=dzgel tgak= 227] dolE (write data)E 7HA](cache)dh= DRAM 7HA] =] %2] (DRAM
cache memory)E U ¥&3}+= A=

i o

A% 5
Aol QoA ,

W= oj=g 2 HES(bank address bits)> Tha9 7] shuh o9 PO EEEC 42X b5 WEY BHas
(multiple memory banks)oll ™-&&i= A|~HEl.

A7 6

A1kl Slol A,

371 DIMMS 7] Al=Elo] £ w22 (main memory)E ¥E33He Al~H,
377

A1gke] Aol

A7 st o)Akl PO RESS DRAM 2= #HA AE S (DRAM mode registers) 2/ DRAM 21| o] 2~ (DRAM
A< el

interface) & ¥ gl Al2H.

A7 8
3t o] o] PO BEES X &3l DIMOl &43) W H (activate instruction)s A|Fshs WA,
7] POM BEE 2% ojmgdxg AlTss v 2



A7) PO REE] e =9 oj=g ~(subsequent row address)E A|F37] Ao, tF A o=g2rE5S

A&l SholA,

o

F7] DIMMel 29 A=H2E AFst & IR, V] bds 48 A=d2s 5 stUE 7] DIMe Al&3he=

AE o E3tske AL

rd

373 10
Aggell loiA,

EEd vt HEEHES AFY Z2DE(computing platform)] BIOSO] EAH3IE ©HAS o

B

A10F g1eIA,

47) seplE e 3] PO REES] AUEn dolRAE A% % £ P,
37 12

AgZl gloiA,

EX o=y 2S5 ugats 7] dHolElE DRAM Al W= 7§ (caching) 3o =4, 47] PCM
BEE9 Alo]&d d(cycling limit)E ¥#](managing) st GAS Y ¥t WHE.

Aol HEHor 47 PN ZEES 545l 7I&stel 471 DRAM 7HA] wliZelE #13 wlie] Alo]=E A1

A8l AIA,

W =g HEE (bank address bits)& ©]83to] 7] st o2 PCOM REEC A3 tF wWxEe W=

S MM 2(accessing) sl SAE ¥ Eeshs Wy,

et

A7 15
A10Fe] lofA,
471 DI 371 HFE ZFAF9 = vEE(nain memory) & X33l W,

A7 16

A6l A1A,

AFE Al="(computing system)ol] AAA R AAHESR F4H wxe] H(memory bus)E W X8t 4
7] PO EEEe 7] vae wad HER dador ddH e vie] FA.
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[0002]
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7% 18
A16&] oA,

371 DIMS] A o=#2Ed oigste 227 dHolEHE AAlstE DRAM Al WEEZE o E23sh= WEE

A7l Slol A,

PN REES *&71 DIMMO.Z2 229 A= xrl AlFdd & Futz, 47] DIMeZ Ay od=dgx2rt Aled

= 7] dolEE DR AN Hmele] AYTFORA, 7] PN BEEe

2 outge wng X9 #a (management)o] T3 Ao wA | TS AAMEAE s = 1 o] PCM(Phase
Change Memory: W3} wl=e]) REES zr= DIMM(Dual Inline Memory Module: #< <lgtel wH=EE ZE)S
E3H5he AlzEe) #3F Ao|t),

v 4 7] &

HRg X o2 So], WFE, FuUE, PDA, dHolEo]@7|=7](data logger), A7, @A S3 g
2 F38 AR FAEdd HEgdArt. A&Es A FAE Jhed, g 39 Wz FAE, dE 591,

NAND Z#A] Wy NOR Z2iA] wle], SRAM(Static Random Access Memory), DRAM(Dynamic Random Access
Memory), PCM(Phase Change Memory: ‘%3l wlRz]) Go] AL&HY. 2 £ 2 J|A] 21 Alo]Z(cache
line size)? Z7tol A-&3to], vixg FXEL DIM(Dual Inline Memory Module: <4 <lebel vwixe] 2&)
T4 el g71Ad=E 4 Ak, dE 59, AFY Z#FE(computing platform)olA] ol Wzgz o= 4
A< DI 7] DIMMOl M2 A== the] DRAM dl=eS 238 = k. wabd, 47 DIMeR
c”7]/*/’\7] Q3 (read/write request)S HE DRAM RESC Z2x 28" 4 2, 2o wat 7H719 DRAM &
H/\] ¢l 2% (total cache line request)?] 39 3 (subset)S A& F A}k, <53 DRAM FA
o7 Jd=F =91, 97]/2A7] Elo]W (read/write timing), ™ XEE H oA Alo]Z(memory page size),
g X ZEF(addressing protocol)d A#E EAT v I2}v]E]E(intrinsic parameters)<

O

SN wE ot gt o e
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ol ﬁ rlo rlo
rlr
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e
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%

A mraey magss Wue 35 9
d ARE P (retrieve)sty] 918 o] &dth. AFE FH= e FA o dF E= BF
AA - 2~

7] = AEE A7) el o] &%= whd,
A7
1 M#“ﬂ N2 AR7F vEe] FAo] dF EE BT
A
h

N
[
g
T>

4z
i)
e
2

d|(program-erase) %/ T2 IW-AxX 2T /\]-O]ﬂE(program—re—program cycles)< PCMQ]

ich

H
uls“z _IZi

A (physical integrity)g @ojm=d 4= Qt}. oS £of, PCNE 53 DIMMol H-35 =3 7o =
2HA] APO)1EES 7] DI AFAES AAAID F QT

fU M lo
(&
fit
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ELEREE R

B g Aad FY 7lse] e BAEE dAcr] 9% Aol

PREREEpe
Hodld o] o gjoke] wpE A)AElSe Fl} il 1 o)Al PCM(Phase Change Memory: AHH3f #Ey]) REESS
tet= DIMM(Dual Inline Memory Module: & <Q12HQl Wlig] RE); 7] Al=gd HMAHow Adww, 4

HEEo HERE AAH R AAs= WEE W 2(memory bus); R 7] POM EEE o-&ste dheiv
¥ 38Fsl= BI0S(Basic Input/Output System: 7|3 & Al=wl)E ¥ F3lc},

4N ko
i mo
mlo =

HHN‘

i x3

A7 SEEHELS 7] PN EEEC YE X #ol'Al(additive latency)E g Fh(value) E&
CAS(Column Address Strobe) d@olHAIE $3t k& & 4 AT},

A7 PO EEES, A7) DIMMCE 29 o=d A(row address)”} AT & ZulZ, A7) DIMCE A o=
g2 (column address)”} A&= F AA 3= el B oA A (additive latency)2} ATHT},

A7) Azge A7) DI 54 o=gdxEo] t-&ds 7] tlolE(write data)E # % (cache)3H= DRAM 7] A]
] 2] (DRAM cache memory)Z U X388k <= Qlt}.

7] Alzdlel Wg o=~ HEE(bank address bits)e thael A7] s T 2 o)) PN REE ZH
Z o3 W2y WA E(multiple memory banks)ol] t)-$-3kc).
%37] DI 7] Al2=®'lo] 5= W E 2] (main memory)E 23 4 2

A7) sy e 2 o] POM EEES DRAN 2= #| A ~FE(DRAM mode registers) /XS DRAM S1E]#| o]~
[e)

(DRAM interface)Z 3t

ES
2 oabgol o glfo] wpE WS sy = 1 o]Ake] PCM(Phase Change Memory: W3} Wlmg]) REE8 X
3efi= DIMM(Dual Inline Memory Module: 7¢& <12}l wlRg EE)d &/43} W= (activate instruction)$
AFEE GA; A7) PO ZREE 2% o= (row address)E A|&3h= ©A; 2 A7) PO BREE] W
29 ol=# X(subsequent row address)E AFE7| FA, TF HAY o= 2E(multiple column
addresses) < A|Fste SGAIE EFSH).

A7) R 27] DIl 29 o=dAE Aled F 2uie, A7) vs dY o=das T shE 7] DI
of Algshs dAE o 23 5 o

A7) e 37 PO BEEEC usste dHvHES HFH ZHE(computing platform)e] BIOS(Basic
H &Y Al~d")o] XA (maintaining)dhsE ©AE o xSk = Q).

A7) dEtuEELS 7] PO ZEEY ofgEld #o]'A|(additive latency)E 93 F(value)S T 4= U

rlr

271 HPRe A7) DIMMY B oJ=g A St 227 HolE (write data)Z DRAM 7HA] ™ =2 (DRAM cache
memory)oll A (caching)dt= Aol g, 7] PN BREEY Alo]EH % (cycling limit)E #¥](managing)
= vAE 9 xEs 4 9

A7) W Holk BEHo=R AUV PCOM BREES 54ES 7IxZ 7] DRAM Al WREE fg vxe] Alo]
25 Agstes dAE 9§ 23 5 ).

A7) WS W oj=d|2 M EE(bank address bits)S o]&38te] 7] s} e 2 o]Ae] PON BEEC 2
F 9% Wry WA E(multiple memory banks)& A~ (accessing) st ©AIE o E3st 5= Qo

Ak npel e B odtgo] wl2w| =2 g 9-2k7] Alo]EE (program-erase cycles) Wi "Alo]EF# "ol wbAy
MNEE AeAY Fol=t Fest7] wiel, DIMY 21Z4ES A A JaHez 2 de] ds V&eE5S
FitelE A A5 AFAHQ o] &S AT 7 A& olHe] U,

3l Uﬂ+£] SR i?ﬂ%%]( memory process scheduling)S &3A17]17] Y3 Ht]ElH #o]©A](additive
29 o=z A9 =gyt Adol T (issue)E 4 o], & dlolE el
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[0022]

[0023]

[0024]

[0025]

[0026]
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ojA el Elolw Y (timing gap)S T F A= o]Ho] Ut}
w3, FA43t Wy eyl W Alolo] o E o], dh EE 1 o]Ake] FE Alo]EE(clock cycles)o]
S 4ar, CAS #ol¥1A](Column Address Strobe latency) Z/FEE o E|H #o]HA|S o] &alo] A3}
S, ZukE 9j7] wWHEe] waE = glo], ¢y WEHE AYHy] d, vE AAdE N5 2 Aol El
FHog Add vt flvk. Eg, gloly ZIAMA7F F7hHQ WHE S glol F3ET] g,
22 P¥E(memory instructions) Ako]e] FES H& 4 & o]Ho]
A 2 e w2 ZFEgagdhg T oolee] E yge] gE 5

2 % olsle AHs Bl oS wWEgsd Ao,

10 oF ¥
S off o

o
=
)

ol

o

o
5

oliEe Hrd

b1

HE

o

s hefel dwehy, mE WSk ¥E 3, EWE MAe Z2A $Y =HRIEe

5d 2258 Y

12 B ouwge A Aol wE Wi o] shEfeoltt,

T 2E & aye vE AAdel we mEE] 749 fEfeoltt.

T3S & oadel o Axdo] mtg HEY Aol Tz glel® thelo] 13 (timing diagram)o]th.
T4 B oyl A Aade w2 WRze] Aol Z2A|xe] EFZol).

T 5% E ol o Axjdel] wpE HFY A2 (computing system) 2 W& x| sfgFrolt},

vy A7) e A g
A AAde] gloiA, mREeE FX+E= PCM(Phase Change Memory: A3l wiRg) REES ¥33k= DIMM(Dual
Inline Memory Module: w4 <1gh¢l WX EE)S X33 4 Uk, 7] PN EEES A7) DIl ®E= A
Ao s AANEE e F vk, A Fdd oA, dF B A
22 (main memory)?] FHolE 2 3

B 2 (memory bus)S ¥88 4 v, A& HE

371 DIMMel 2= PCM

i)

He vry AEEYE Ak

o
GO
i
o
12
=
[>
=
o
o
()
w
&
et
4 &
A
=

A AAele] lojAl, A7) DI Aok FRAOZ DR REES 7MtoR AjAHon AFsins F4d 5
ATk, A= 59, 47 DI 3hu T 2 o]e PO EEES W] 93 s T o1 o]4e] DRAM AAE

Kot < ofyth. tE oo A9, 7] sk
e ol PO EEES DRANS 98 A8d AAES ¥3eh= DR 2= HIAZEE (DR mode
registers) Z/%+ DRAM QUEIFH o] 22(DRAM interface)E XTT & Ut 37] PN ZEEL o A $F&
He wpel o], AHAg wrg-wd g/Ee Axd-gde] ZRAAE Y/EE IEEHES o] &N,
Asek vhel 22 DIMCl 32 F Atk & Eol, FAFE AI&FE PN EEE d$ste derEHES B
A (maintain)3F= BIOS(Basic Input/Output System: 7] < 282 x3e = 9t} A<d meiug
52 9= 59, glo]W(timing), delHA]E(latencies) Z/%EE PCM &
T k. 53 Fdo) 9dojA, BIOSE AlaEl HEA PN REES HAE
= PN BEE5S ZsA71es 74 29-u =dold(low-level driver)E& EFE 4 vh. =, A=d
vpeb ZH2 BIOSE POM B Al whesA] vhgabm, PO BE IDE ¢l7] 913 Aa7sst
o oE 4 AS, 7] PO ZEES, 7] DIMC] 25 oJ=# A (row address) & FAlgH
B0, "rg AEEZH o AAPE) A oJ=#X(column address)7F 7] DIMEeZ A|&E 4 AA 3}
otJE]B. Ho]'A|(additive latency)$} A#E 4= Stk A& dfEr HoldAr=, & &9, A4A glo],
=3 dloJge) ElolW AME(timing gaps)S =% (introducing)dte= A ¢lo], PCMOE HUR = A5 9] ¢}
HHE(read commands)o] S4H o7 AWML E 47| PO REEY Elo]™W A8 (timing scheme)d] =JE
5

e

O

¥
e

b og 7] T2 Asy Tz TaAAE WEE ZFXE ARE A7) Q) olgE 4 dxe
ZEA2E AFE ARE HAA(retrieve)dtr] a8 o849 = At AGE AHE vWEE X

REEEE A" 7 i, NEE JRVF AR FRe] dF EE B 2Aod FE Q. A

o

=
o] g g@-2AA (program-erase) W/E IR -2 729 Aol ZE(program-re—program

o 4 2 1o
%o,
N
Koo

1



[0027]

[0028]

[0029]

[0030]

cycles)< PCMe] &84 FZA(physical integrity)S Eojrd 4 it} A&
e s e ZRIOYP-AA AL S ES 7] DIME] AEAS % 2
I R ﬂil%]—éhﬂ AR EE E "/‘]-01 el A Af

weha] A AAAe 9le]A, DIMMel = POM EEES] Ate]&® & #Elste 7€ 227] dlolH(write data)
= JIA18= FH(caching)S X3 4= 9}‘:}. E3], DRAM 7HA] X2 (DRAM cache memory)9} &2 wlxag A
= PCM DIMMS] 54 A=daEd H$she 227] dlolHE Alsted o]&d 4 vt W&k vl -2 DRAM
NA wmale] WEg Apo]lzi Ho 2o 2 PCM DIMME E sl PON BEES 5L 71zt A9
3 5 vk de=d 5452 oE 59, PO DIM Ate]=2E 3 + Advk. A= S48 o5 59, PO
o] Afol&® AAAFE(cycling specifications), PCM A& (PCM failure rate), PCM 227] &=(PCM write
speed), PCM DIMME E3tele Ala®le] 227] &¥ Ed(write usage model), F/E+= o]&F &= POM 227] o
gy 715 (PCM write wear leveling techniques)S ¥3& 4= tt. EF oo|a], A7) DRAM 7iA] H =2
o] Ato]=& oF 100 AEuPO|E UIX] 4 WZho]Ee] RAM HHIE 71 4 oy, £ wygo] d&dk o= A
gy = AL oYt}

d o] elA, PCM DIMM-E- =71 ME} 0% #xag thol~(multiple memory dice)E Zi= 7] HZFH
T AUtk & , A3 YA A7A A 1, 2, 4 = e /EY 9EsS 4
4 L= 8719 E}o]’\(dlce)‘é EFE 7 Ut "dEd 7Y AHE, oF B, FIHAYU PO

=3 =glo]WE(output drivers)ol 57} ZH(extra loading)S AF3h= A Qlo] o] &d 4 v}, =3
DIMMell ©]-&% PCMe]l DRAM Rt} ©] #& 429] WA E(banks) (FEJHE)S 2Hs A, o AASHA F55E nt
9} o], ttF POM FAE0 AR vha WA E(multiple banks)S ‘ﬂ/‘ﬂi(access)’a}ﬂ s WA o=y vHE
£ (bank address bits)o] o]&2 4= St}

N

O

o d&
X‘]E

o

k‘r( m°"

T 12 2 il o Aifee] wE DRAM 7w <lehel wl®e] X5(DRAM DIMM: 100, ©]3} 'DRAM DIMM' o=
)9 711@501::1, %4+7] DRAM DIMM(100), = 1o T=A]® upe} Zo], DRAM(110), DRAM(120), DRAM(130)&
+ TFF DRAM EE(multiple DRAM module)& 233ttt WS, 8702 DRAM EEE°] 574 AAdo] x3=
Ak, AF7] DRAM DIMM(100)2 th2 7§4=2] DRAM EEES 38 4= Jut. dF 59, 9H# DRAN EEo]
#] AA(error correction)S Yo AFT=E 4 o}, 1813 AA R E dHo] Aty E AL ot}

2 N e

A0S DRAM 252, ZHF o= (column address)”} AAE T, 29 o=z X(row address)E WA A A3}
= Aol s AAAEE= AJ=gAsE dZE A5 (addressable memory cells)] WlEZ X~ (matrix)E X F
ATt AR (150)F =82 W 2=(address bus)E YERH, 7] =g H2E S WEE AEE (M
TEANE $71/227] oj=# ~(read/write address)E “+7] DRAM DIMM(100) o2 A|3& 4 Ui, 54 - 2
oA, Hdadk ve} e ojuy 2~ HAaE 16H|ERNE & F qivh. 3R (160)+= dloly B (data bus)E YHEF
U™, 7] diolH 25 F3 DRAN REES %’ tlolE (read data)E 7] W=y AEFe] 9/%+ HAFE
A 2Bl (computing system)(P]|EA])2] TFE AZeAY E= 227] ol (write data)':i 371 M=
AEZe] 9/%Ee AFE Al=H9 & l‘%*ftgiljrﬂ S g ok 54 S QlojA, e vieh 22 b
olf W2v HWYER dZH 8719 8¥E DRAM EEES A7) 8 4HENE & O]O‘/} Awdt 5=

AsE = AL ofyth. A7) DRAM DIMM(100)o] 54 X (particular location)E o]=#|2(address)st=5,
o AAEHA FaEE vkel e @843} W3 (activate command)S A& Eo], 34 (140)9] o tHEHE B

g

2ol 9= vl ZAEZ o] o8] DRAM EEE(110, 120, 130)& A|FH= 29 o=@ 2=(row address)ell 2|3
s 4= 9tl. AE3 vie) e 29 oj=# A B A(row address bus: 140)= 7l70e] DRAM EEEo] HHER
AdE F Ut 29 o=dAE AT g, WEY AEEYE SAEAT0) 93] Uiy e= HAE F3
ZN70e] DRAM EEEZ AF== AH of=ize o8] FutsE = ¢17]1/227] W# (read/write command)S A4

=l

, gk uke} 2 DRAM DIMME] EAE 9 AF UEEL WA oEd Bdsiy, & U 53
Agtsl= A2 ofytt.

T 2% B o] 2 A4 uE PCM(Phase Change Memory: W3l wWxe]) F4d <lgkel wRe RE(PCM
DIMM: 200)¢] 7H2Fm=o]™  AF7] PCM DIMM(200)S PCM(214), PCM(218), PCM(224), PCM(228)% zt&= ©th% POM =
E(multiple PCM module)& ¥3F3lt}y. A7) PCM DIMM(200)& AHojx HEZAH o=z DRAN REES 7|¥te =z Az}t
o ZEsted: FAE 4 Ark. 19 B AS, Ao FEAHoR S PO EEE

(memory bank)2] 7W&=ell whe}, s}ihe] DRAM E& whil sfurch @e PON EEo] AMHEE 4 k. weEkA], 7]
PCM DIMM(200)& &}i}e] DRAM RE thal PCM(214) Z/FEE PCM(218)0] AMEEE ®WE# Alo]E(memory site:
210) % T 3i}o] DRAM EE thal PCM(224) H/HE= POM(228)0] AM&H = wRe] Alo]E(220)2 X3dte 4= gl



[0031]

[0032]

[0033]

on
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714, wWlEg] Ale]E= A7) PCM DIMM(200) 3} DRAM Hi+= PCM EEE Alole] HAAA AAo] o]Fojzd &=
CM DIMM(200)9] 91XE 71871t} &4 Fdo] YojA, PO 252 DRAMN REXHY ¢ B [Axd 45
Fsk = 9t} o|E &9, A7) PCM DIMM(200)2 4702 ¥ =& (banks)3 (8702 WA EZA] =gy &
3H]E WA (3-bit bank) =B AES 2t PO EESES X & Uk, ooz, 747 479 WA o
£ (4 bank addresses)s zti= 2719 PON FXEo] A" 4 vt webA], 54 FH| dojA], PCM
DIMMOﬂt‘ o POM A S 44 v w2 WAE(multiple memory banks)oll th-33l= WA o= HE
E(bank address bits)e] wa€ 4 vk, &, Aseh vie} L2 w2 A]EELS E o AIHQ1 AAldd 7]
&5 =AE PO REERT B/ =5 A2 5] PO BEES T F k. vRR7AR, 4] PO
DIMM(200)2 & SA]A Q] Aol 7|5l BAE w2 Ao]EERHT WA Ee AL o vk Alo]

O I ES 2=
EE2 XYY F vk

e oo
553 5 £

I 30 o xo G
l> ~

o

&3 DRAMN ZEEEF vpR7IX 2, /A2 PO EEES 498 oJ=dX(column address)”7F A AH F, 29 of
=2 (row address)E WA ]@5}‘: Foll 93] AM2="E 5 e A=YAE #Ee AE(addressable memory
cells)?] MEHA(matrix)E E33 4= Jut. 32E(240)E o =8~ Bl ~(address bus)S YERH, A7) o
T Wag B ARy AEEHEADE ¢71/27] ol=#H(read/write address)E 7] PCM DIMM(20
0)o= AT 4 Avk. A Fdol qdofA, HEst vie} 2L ot Maye oF 5o, IHETE F F
Atk SHAFE(250)%= vlolE WM (data bus)E WERH, 7] dHolE HaE S PN 2
(read data)E 7] vlZg AEZY 2/ AFH A== (computing system) (W] EA])<]
SHAY T 227] dolH(write data)E 7] WEE AEEY 9/Ee HFH AJ=ge 5
S F Uk, 54 o doA, &g viel e diojE Bas ¥EHR d4dd (HE 8
BE IFES A3l 98 64vERNE ZF 5 Joy, dAEd dEE AsEH= Ae ofY
DIMM(200)°] &7 <X (particular location)E o=@ (address)dt==, o AAsHA FxH+=

Eal

o

3

=< 27l diold

mlm L
ke
v nqn

e
s

-

d8} # (activate command)> A& £, HAE(230) o8l = B2dd A HEE

PCM EEE(214, 218, 224, 228)% Al&¥ e 29 o= X(row address)ol & utd 4= 9l

2 o= 2~ B 2(address bus: 230)& 7H7le] POM REEC HEZ AZE 4 . 2% 9

e HEY AESHE B A(230)F & Ji/le] WEE AFO]EE(210, 220) % AlFH

) FutE s ¢917)/227] W¥(read/write command)S AT = k. 7)/27] HH

2o Ay oj=gae =3 S E(260)0] o) HEHE HMAaE F3 A PO REE(214, 218, 224, 228)
ot

2
1
o

¢

2 AdE & Aok, B, A& vkl 22 POM DIMNS] 5AHE % AR UEES ©X o Ed =i, & &
Ho] 53 HTHAE ATdste AL ol

T 38 B oo o AAde mE wEze] Ao Z2A2(300)2 Eleld tholo]i# (timing diagram)o]i, %
4= B A d AAde] w2 Rz Ao TEA2(400)9] sEXo|t. TEHE AAdE Y] HEe Al
of ZEA2(300) B 19 Y ZEZAMAE 23Sk WEE Aol ZRAM(400)00 71ZF Ao, E uH o]
EATHAE ARER AdEE AL ofyth. = 3o Z=AE wke} o], Fg 4l (clock signal: 305)% W
ny TAAE oW £y £ vl EF 4100014, HRE HEESHE o B9, = 20 =AE PN

RE(214)3 7S POM 259 HolAy g WA (memory bank)E GA 3t A3t W#H (activate command:
310)% e = ok, a9k 22 #43} YA (activate phase) F¢F, PON BES B3 4200049 Zo], H®
2 AEEYZHEEH 29 =g 2(row address: 315)E 418 4 vt E5F 430 9 EF 440014, WX A
EZ8E 9)7] #WEH(read instruction: 32003 AH o= ~(325)F Wl (issue)ste], dlolEl7} g1&AA =
v e 11 oo]ge] wWEY AEe HEE AqEHXA(ES E AH o= H)E AT ¢ vk, 54 7o
JojA, HWREE ZR2AM2 ~AEFH (memory process scheduling)S 4A17]17] ¢80 ot E] B #lo]®A](additive
latency)7F o]&4d = qvh. 225 oJ=wxet A7 ojuy 2yt ddol al(issue)d F L, 1o wat d&
o], &9 dlolgd ojA 9] Elel™ A(timing gap) S & 5 k. 28y, HdEd oy 2 9E o
ZA o] & (applications)ol] olA= vpgFAled = glovy, £ 4] EFAFHLI 19 o] Ast = AL
ofyth, & 3o ZAIEY A= LA, Y] st WE 31007 ¢r] WE(320) Alolel A& Eof, s ®
= o)) F8 AtolEE(clock cycles)ol A& 4 Aok, AAEHAIE=, CAS @lol & A](Column Address Strobe
latency) H/HE= otJE| B Ho|”HAIE o] &ale], A8t WE §, IR ¢)y] WHo] wadd 4 ). d&g
vhel 22 ¢o7] WS Adyr] A, vg AAR ey S AlEE(mEA oidEE del'ADe o) o
FAoR AAd "’Qﬁ 7b itk desk vhel 22 ElolW ZRAAE FURAQ WEd g 87 glo] FH7
wj Fol], W27 WEHE(nemory instructions) Afele &S & 4= v},

H =, of7]ol A diHe sh e 2 o] AXAES A8 &7HE A2 ofyARE, oYE R feldAE



[0034]

[0035]

[0036]

on

£501 10-1504781

93+ Zh(value)o] PCM BE9 2= #A2E(mode register)o]l ®A=E 4 v}, wrebd, @A 450004, tCCD

(Zg oj=dart A7kE F AAEE Azbhel A F wA 460014, T shbe] 7] % (330)]
=]

D, FAlol, G 470014, E shube] ZY o= avh g 5

Ak, odE 59, 7] dHeldAl(read

latency) 2 AY o= 4 HolEA|(column addressing latency)$} #S 3} T 1 o]Ato] HolHAIE o]
5, dle]E(340) 2 ©lo]E1(350)7F 42F ¢17] WE(320) 9 ¢17] W (330) omNH HRd # Atk A Tl

oM, AP ofEUsES AFekn, Fehe ojsuzEd gt wﬂae g ZaAsE dE S, Wi
1809120 AAHE s} ol AR Aol v Aol 0% Al R F At WS WS B
$oll gloA, E ste] HolAE @il &) 98 the B4 Yol uﬂ_ea Asgeld os 29E = Ak

£2 /Mo ARHOR ABHET THHE

A<k npel Zo] PN REES o= HEZXHOZ DRAN F
DIMMel F3E 4= v}, A&k nie} e PN REES
of ZREAAE F/EE g Ee] FEE F . dE

o
%
e
Jg
2

|

2
>
>
o

4

A wry-ge /= A Ad-ga

o] A, BIOS(Basic Input/Output

= |
System: 7]¥ 94&8 Al2eh)7} PON EEE X U2 vrgo BAE s TE o olAte e #AAHE
(mode registers)Z5E FHvEHES A (retrieve)d = A}, o= 5o, ¢17] do]®A|(read latency),

»7] dolEl X (write latency), CAS #OJEIA(CAS latency), 3 WA dHole B (first data time)ol] thdk W
F 9]7] W& (internal read command), W4 ¢]7]/227] A< (internal read/write delay)el thst &3} 2L/

= oldEE AA(additive delay) S 913 #FES X3l A= dvHE

Se A7) PO ZES U ¢

o]q,_

T 5 WxE FA (51008 EFshe B B A Ao whE HFW A="(500)9] AFeeltt. AFE
A (504) = 7] WEE FX (561005 Y= F FAAE F e 999 JA, 71, FA TS Uxste A
A Ak A7) dRE FX(510)= Wy AEEZe(515) B WEF(522)E i?}% g Adok. A oAy
oJALE A= AL obd)EA, A7V AFE FA(504)E H~A" 7SﬁEi(desktop computer), HE HFEH
(laptop computer), I ~Eo]A (workstation), A¥ X (server device) T3 & s} = 1 o)At #A
FH AXE W/rE ZWEE; PDA(Personal Digital Assistant), ©]5E5A1%x 54 2 3y e 1 o)
o il HFY T A FAEolY 7IGHE; tlolEHlo]x T HolE A AB|Aa AFR/A|AHE T3 g

471 AFE A=R(G00) 0 Sl T FAES] ARy BF B 2 HAA '1“7]' g

HEL sl=go], A (firmvare), 2ZESY]
3k o

jof i
tomd TRE 4 Ak mekd, 9 d(zey oo

=

2 (bus: 540)S oH ] (522)¢ AFHer ARy TAEL WEe
Hie AHojm s ZaA §3(5200S 28 4 Aok ] T2 A FY
ZRA|2~ Holr dFE FIYEFE FAHE F e FY B 1 oY IRES EHE%JU}. d
AL oP)EA, A7 ZEAY FH(520)2 s EE 1 o] o] ZRAA, ZIEED], wlo]

ARIZAA, wlo]ARAEZE, ASIC(Application Specific Integrated Circuit), ©Xd A& =
PLD(Programmable Logic Device), FPGA(Field Programmable Gate Array) Solu ©]E2] ol =3 *x3}
T oAtk AV ZEAY FH(520)2 dE B0, dee WEE 28 Z2 AN ofye, ¢, 7] 2/
Ao 22 WEYy #A AEel g Z2AAE Far] 98 WEy PEES(515)¢ B4
I

o]Ao 7 ATy =

7] Z2A FR(520)2 wlEe] MEEH(GI5)% AT & d=F TAHE
S o]

3 5 Q). Zj%?} HHEL dE o], Q7|/2A7] HHEE (read/wrlte instructions)<
)=, DIMMo] =9 oJ=#|~(row address)E G413 & Zulz, (o=

7—]%:5] z](50
(515)° ols] WA A) AY oJ=# ~(column address)”} DIMMO.ZE A& % A
dolH Al (additive latency)®} AFAE F A= PM EEE W3t
BIOS(Basic Input/Output System)Z ¥ 4

o 1Ea(522)h tole A AXE dmeth. 7] iz (622)E dE

9 AA= W(bus: 540)E Fd R HEZH (5152 BUoA= 9

=
A
o
AFY Asg W/EE B Aus B4 5 /EE olSe] o] £ EFE F vk,

ZiE%Ei (515 9} 25
2l
=

5

=

Ak A

=9 AAE x3 F do. dE
% E (commands) S A

EZF 4 k. A7)

s MRy AEEFY

3l AE 7FssHl sk clbE R

HeHES B A (naintain)3hE

S0, F w2 (primary memory:

524) H/%= K v 2E] (secondary memory: 526)5 ¥ = dul. EF AAdo] i, Ar] wH =2 (522)
A= vk 22 POM DIMME 2 5 v, 58], A7) F viRe(524)= dE 5o, WE AL vEe
(RAM: Random Access Memory), #17]74-8 =2 (ROM: Read Only Memory) 5= X3at 4= Qt}. 7] AA]dof
A ZRAY FU(520) 025 #EE Aow AYEgloy, 7] F wRe](524)8] - e BFE 4] =
ZA FH(520) el mpEAEAVY 28] kS A A7) ZRAE 52002 A wix/AdE Al



[0037]

[0038]

[0039]

[0040]

on
J
Jm

61 10-1504781

Fol ok gk,
A A R, ) ARG sht i o olgel e ) MEadGmel 54 4

(particular state)o] 9l THEF = dloly Z/EE AHE YESE= ANILES AZS F Jg. d5 ,
7] "HolH R/E= ARE gixste A AEe 4] dHolH W/Es ARE 23 FHR(4E 9, 1 ‘3% 0)=
EABIES A7) WEE(522)9 dAwgt FEE9 AHo] d%s U]X] A WA oz 7] w2 (522) 9
oA Fdol "AgE ok webA 54 7 oA, A7) dHelE 2/EE JRE EHJé‘C A5 E A7)
7] 91gk e vie} 2 wReel o REo A ¥ste wEe(522)9] tE A = g o= Wik

A7 F mEE(526)= oAE B, A7) F v Y Exe AR F3] R B/EE d4F 59, tx
A Edolr, 33 gamg =gto)r | EHolXZ teolB . mAE wWEy =glolB(solid state memory drive)
T 2 s e 1 o] dHolH A B ALRES XFE F vk, 54 T qlolAl, A
5o 28 (526)E AFE-B571s WA (computer-readable medium: 528)E 94} & wolS o] Ay 3% oF
< A5 A7) HAFE-RETEs A628)0 AAEEE F4E 5 k. Y] AFEH-B57Ms wA(528)= 4
S 59, A7 AFE A=EG00)d JE Sy EE 1 ol AXES e HUbse dolE, 2= 9/E
= BEAES EAY 2/EE AT £ e vAE 28+ Q.

27 A" AAG)E dE o, 9/5Y FAG32)E XFT & AT A7) 4/EY X (632)= A 2/
EE A 9EES PolEoAY a%8A &S AS EYSEE 749 ¢ e s e 3 o) AR50
U EAE, 2/Ee A W/EE A FYES Ay 324 &2 AS AvsEs 782 e sk
T O o] AAEY EAES Rt A d(Zey ojALE AT A ofd)RA, AV 4/EY
A (632)= FA7FsEA TAE "HasEdel, A9, 7RE, vk, EdE(trackball), HA 237, o
B XE & ¥ 5 At

Ae7tA 2 g veFst AAdEe] AAE] A EAA T, 2 o] &3l ViR e A4S 7kl
FAATH 2 Aoz RE Hojux e tkdt g2 Wy S wEA £ i FUMEEE UAE & U
& olaE & A& Flolvh. 3, HAsd 2 wHe] FA e REH Hojus o glo], & el Al o
g 5% AE SRS B FAEC] WEAE vk webA, 2 dHe dss 54 AAdER A
gEA] gom, ooy HYFE SSATHIY FFEdEd mE 2 % 29 553 A5 ®e] el &3t
RE ANdES st 02 A Eoof & Aotk
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10-1504781

£ol

M
ulo

23
=
o

|

305

who wmo
coxo p2fpa3fp4D %&o&c&o 1o N*Umxo%gomxcﬂ”
_.|.|||>_. ————Data Axcslnllv_l_uam E§I|v_

Clocks from RD to Data=—————3>

l« tRCD >

| e——————————tRL 1A = Addr to Data Latency >

H_ < tRL Clocks fram RD to Data »
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ol 22

(Open page)
40— |

A

¥
22 oA AF

420; (Prowdg row address)

~off |

g7l 59 =29

430_5—-__ (ssue Read instruction

v
4y o B~ A2

440_5._.._ (Provide column address)

el
tCCh 7| Tk

450—> | (Wait for tCCD)

¥
o 27 e 4

50 e (ssue next read instruction

!

A9 o=y A Az

470_5'““— Provide column address)

¥

Holx] 287
(Page ended?)

o]

480

532

528

lcn

(e}
o
11\:
=
(41
¥
(o))

504 ' L Lo

_13_
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