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[Abstract]

In this paper, we propose a Small Active Command scheme which reduces the power consumption
of the command bus to DRAM. To do this, we target the ACTIVE command, which consists of
multiple packets, containing the row address that occupies the largest size among the addresses
delivered to the DRAM. The proposed scheme identifies frequently referenced row addresses as Hot
pages first, and delivers index numbers of small caches (tables) located in the memory controller and
DRAM. I[-ACTIVE and I-PRECHARGE commands using unused bits of existing DRAM commands are
added for index number transfer and cache synchronization management. Experimental results show that
the proposed method reduces the command bus power consumption by 20% and 8.1% on average in

the close-page and open-page policies, respectively.
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I. Introduction

DRAM(Dynamic Random Access Memory)2 [T1CZ
e ds 1A 2 Qs DARAE whE F AR
£408 Ad 4] 1t Hidl HiRelE A-sh] $igh 719
R &2 25 AFRE] gt} ARE Y vn/d st
CMOS 57 719 4o 2 DRAMY| 717t A& S71st
+ FAlolt}. WpA DRAM Uioll A7 Hlol& 2] YR&
712)717] Slgh wlwa] £40] 37|17} S716HA H AL ol
DRAM AWMEE HE517] gt ¥4 H(bus width)o] =
= Q2 ot} ST, WA £S5 ZI77|H H2a] HE
212} DRAM 7t9] 114 QIE{mjo] Aof BRI G2 U]
A 4ot 24 HarT e Ot Ale £747%(signal
integrity)& RA15H7] 15t Bto]Y ohl(margin)o] Z4xst
AL AIREERRTE ofet HA E ZIte Qlgh A1 4] A
57t ol ®AIsH] sl LPDDR4(Low-power
DRAM)[1]2F HBM(High Bandwidth Memory)[2]¥} Z-& A
29| .82 DRAME AREl B4 Zo| 3712 SAlskaA
17I3Hpacketized manner) ¥ BA10 g DRAM HUMEES
of2] Aol 2ol AR F4ait

DRAM 7S 3 7V S 547488 Tashe 72
= ACTIVE AHui=o]c}, ACTIVE 7WiE: DRAMO] 152 A
QI E4o= <lsf| Zast AMER Hzaof] HojeE 3HA
U 2s A2 29671 A, Row HOJX|(LPDDR4:
IKB-2KB)Z 0]2] 24Js}517] 9Jo] DRAMO 2 H&sict,
utd o2 ACTIVE ZHWEL ) 16H]E 37]9] Row &
< &l 9Ith LPDDR49} HBMS 2% shte] ACTIVE
e H55 Al 88z & 719 mizle /st
Sotal QIX|T AE5h= Aol Afo]7} Qltt. LPDDR4=
Z(clock)?] J5 AX|(rising edge)oflRt T7lS F&-h=
Ao g 4 AfolZo ZA ACTIVE AMES A5t HBM

DDR(Double Data Rate) @202 2Afo]Zof ZAX
ACTIVE AWEES A&3itt 219 = DRAMOJA| 16H|E
Row %47} #5] DRAMSoIN 2.5 AL 7 917 T2
| &% 2Lt =I5k Yt ARl DRAMO]|
MO0 mj7lo] Had 4 Qloh

2 =M O mizle2 ACTIVE AWMES 235t
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+ 7189 ¥HE tiilsto] shel mj7loz ACTIVE 71
es 13s 4~ 9l= Small Active Command 7|H<
ARkt AQtEl 7192 [-ACTIVEZ}aL FYe A2 3
719] ACTIVE AME A&3 Sl vlee] B Ak &
ol HWE HA(Command bus)olA AH]H= AHS
TAAZIT o5 Yol A B2 mo]x] AlH(page

identification) ¥112]&58 £l A5 AFE-E= Row H|9]
A2 Hot HolAl2 #A B}, Aleisl Ho|x]o] Row
Fat vle] HESeel DRAMO] XI5 &k 7|
AR oldA WS (index number)Z AHE]= FHA]
o] 7} 552 oliF Row £45 ARt 1 &, DRAMO]
Row”} &gt &lojof & o, [-ACTIVE®= Row £4 tfj4l
7HAQ] QIElA WoOks &otste] A2 2719 [-ACTIVE
7AWt £ DRAMO 2 A&sict DRAME [-ACTIVEA W
EZ o]&sto] slig YA]9] 7HAl] A7 Row £4F ©]
&5t ACTIVE AMES Yot 412 oottt} 2 =&
oA A|9tsh= Small Active Command 7|2 7|&
DRAMS] ®Z%  JEDEC(Joint
Engineering Council) A®(specification)S $g5}HA]
0r7] wjol| 71E2] ACTIVE AWMES} SAlof] ARo] 7}
SOttt Atol2 ©9le FEEs Al¥sks AleelolEHE
ol g3t s &l A 71e0] ds da glo] HWE
¥A0] H vl A FAAIE 2S S

2 =9 e o 2o 9A o Adolke
DRAMe] #3123} 7|2} 231 9l /1% A75S ohEch
AN 2 =woli AtSks Small  Active
Command A2} o] et W82 AAISHt. 470i|A]
+ Ak ZRiol tigh A Wgat Aol oish Y&
7legtt Ao g SRoflM e 2 =Y Asd dF
AZZ 7]t

Electron  Device

II. Preliminaries

1. Related works

1.1 Low-power DRAMs

DRAM| A2j]t 2|28 RA) 52} Aulo] 2 o
= DIRP7] mizof oo oieh W2 Avt HefE|Qict
[3-5]. 7] A+L] thi-22 DRAMO|A A|¥st= A4
g Aoieh aatslog 85t DRAMOJA A8]E=
A3 A8l darle AS 51 ot 329 A
DRAMO] QW] Ao 5785 FAth 7|& DRAME
Td5h= A ofo(cell array) 25 © A2 1502
M-dsto ACTIVE 7mHEo] OfsiA &/dete]= Row T
o|A|9] F7|5 &oliL olUA] FJu|E &ol|7] Yt A7t
SegE|oict [6-8]. & Aol AlQtshe 72 A 2
719] I-ACTIVE AWMES o]&sfo] HWPE w2A0] A
AH[E garlle A FRE e FojlA Rloldo]
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=
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1.2 Hot/Cold page identification

m|o]x] AlH(page identification) ¥ | =2jof A&
H OolEPE R S eA| ARER]= %= %}ge o|-&5toq
mlo]x] o]F B WS F3l A2 He T H Y
AH] Z'AE 232 sh} A A7Hlatency), TjH=

(bandwidth) @ S-X]A]7Hretention time)oj]A] A= =
45 7 HRe] AxRE 286t G/ stojEe|e
(hybrid) ®l2a] AJARIA ot A7F AISYE] Qi
[9-12]. LyPAlog mo|x] AME 7| &9l A5 HRE=

mo]A]E Hote 2 &5 RAL= Ho]X|E Cold= #5
4 it} ¥ A-1{9)= PCM-DRAM 29 stojHz2|t o
La] A|IAELS ez 5tof Hot/Cold HOJR|7F A7l =
W22 ¢JX]E #astct. PCM(Phase Change Memory)-2
DRAMuCH 2 830] tl2e] AP} 75 sirlet A o 7]
3157} Astelo] Qo] vlale] 4:%o] k. Bl A7 {10)
< NVM-DRAM L%0] A|ARLS Ol o= gt} PCMat &
AFstA] NVM(Non Voltage Memory).. DRAMECH 2 84F
o] twa] AA}t 7FsotAt DRAMECH T 4527t 531
Che o] ict. ofefet £4S o]gstol A% AE
Hot m|o]x]-5 DRAMof| &5t Cold Ho|X& NVMOﬂ Ely
thsle] Al xjo]2 2EsICY

A5 AAEE molxE seXog A7 %’4% ot o
T ATt W A{11] ofld= THmulti
queue) 7125 OJ-g5to] Z17t] ol HHS %OEI‘P g
slaof W2} wo]x] £ o]&ste] Hot/Cold Ho]X|E 25t
v e Acbsid. H Aol A
(kernel-level)of|A] &2]st= m|o|x] Hlo]E A EZ]|(page
table entry)Q] dirty bitS o]8s}t0o] ZF §jo]X|9] 5| AEZ]
RNEE 7)25}1 Q1A W|o]X] 740 AR 31AE HAS5)
o] Hot/Cold Ho]X]& &8st} o A 10l LSTM
%S ol §stol 2L TolAlo] Fx 34 oSt
Hot/Cold H|o|X|& F-25h= W82 ARttt 7189 st
olH2|t t 2] A|ARIA AFRH F]AER] ]9 H|o]X]

27E2)E o]&sto] HolX|g Tt & sh5H LSTMZ
AM85te] B2 mo]X]9] 25 Ax Sl4E of|E5fo] Agh

g v|ejo] Holx|Z olzsts Wl

B Apo) Agtsks molx] W& JpMe wolx|o]
ACTIVE 7J9lE by 3120} s|AE2] JHE Ao
ZIHeE 9] At 74AIZ o] 8ol Hot/Cold Holx|S
BRsRe ol 71Ee] Anet Alol} ok,

2. Background
2 oj|A= DRAM?] 7|32 &A%t 7o) sl ThEd-

DRAMY9] =X+9 Activation, Precharge,

Read/Write, Refresh2 G238 4 It} Activation2 ]
22]0f] Read/WriteZ 5385}17| A 9FEA] AldhE]ojof 5=
=Xr0 2 5l £49] Row H|o]X]E sense amp(=2-2 row
buffer)2 A1%Jsto] HmQt o] tza] A] go|ElE A%
She SAFE 98t 1 2, row bufferof] &/gstelof
L RowS E8f] Read/WriteS 4238 &F 4~ 9Jr} 5h}e] Row
aro o] fjze] Al mekska 911 Activation SAHS
st vl-&o] B ] TEofl & 7] row buffer 2]
RS A8 ste] Activation $AH 913t 2191 AR U A1)
8] & (overhead)s ¢efetty.
WA, Open-page g2 th& Row’| &/det & W7HA|
SRl row buffero] 23 RowsS X|cfst SX|stct 243}
=] Rowo]] "Z5h= Read ¥ Write 2802 row buffer
hit7} 2AsHA Z271A191 Activationg J3H D35 A HA]
H A AHE AAT 4 QU T2 Open-page 784
o ggma Iy el A2 Ho] &L Hole Ao
’J(data locality)s Hol= 3¢ #-83stt}. 22y Hj2+=
2] o] AR Z/de} Hol = Row?} ofd A%
Open-page AABL.  Gipdolx] Arh T2 RowzZ
Read/Write7} B @3t 742 21X &/d2he Rows 27] 3l
Precharge®} Activationo] B35t} Precharge A
row bufferof] 23%]o] Q)= RowS THA| Hl22] A2 A%t
o= A 8t l2e] 45 A7d(remapping)
sto] Al &7dst =o 9l Rowd] AAMEAdS =o0l3e
A7t 1oy ict [13-14]. Close-page A2 U5 T2
2] QXS #H|517] 95l Read/Write & ZA] Precharge
= _/'\_30§_q C}E Row HjZg] A2 Q_;ﬂo] HT—}\HOP 74 o
Open-page 7JAo|A= Precharge?l BQgH| vlsf,
Close-page A2 Flit2= wl22] o] ojflut the
Rowd 73%- R|HAIE ZHfA] o]Alo] Qltt. 15 HE|R
o] ZEAAME U] S-&L 2 T310] FA|of 3T O
L2} A mifo] W2 A|9dg Bole 4= Bolr| tie
of Close-page J*Ho] #-2]3ict.

7128

h o g rlr

Command CA2 | CA3 | CA4 | CA5
Active-1 R12 | R13 | R14 | R15

ctive-
R10 | R11

. R8 R9
Active-2

_RO_| RI

Precharge

Fig. 1. DRAM Command Truth Table of LPDDR4

(ACTIVE, PRECHARGE) [1]
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Hwa] HEZ2{oA DRAMOZ HFEl= W=
JEDECOj|A 2rmet AWME A2 T2Ed Fig. 1
=20 =Q tj49l LPDDR4 DRAMCQ] AHui= Xlg|
(truth table)g UEPHTE 2 =7 WAsHA ¥+ 3l
ACTIVEQ} PRECHARGE AU EZE Fig. 1o EA|5IiCH
LPDDR40{|4] ACTIVE AHUWES E5f A& L+ Row &4
9] F7|= XA 16H]E(RO-R15)o]xL ACTIVE-1x+
ACTIVE-22 & 7]9] 7102 Lo} Z2io] A ox]
(rising edge) Efo]o]l & 4 23 Afo]Zof] 24 AEH
T} ACTIVE-12 ti4) 83 (bank) Z42t 419 Row F4
n3kska 9o ACTIVE-2 W= 58] Row 4
et} V(valid) 2 BAIH B2 AWES oA
(decode)d W AMBEIA] Of= 202 0 22 19 3a
Ueldct PRECHARGE FHult:= AB(CARAISE Edf
all bank precharge®} per bank prechargeS &3t
C}. per bank precharge: s Bi39] &A45te Rows
1 all bank precharge= 4% 813 = A0} AMLA
o] DRAMO] 2= &/dete Rowg Pttt 2 =wolMe
2]9] ACTIVE®} PRECHARGE #HuitZ o]&sto] o
mj7lo] AX MeE= ACTIVE AWMES Ak 37|2 74
Astz] gt 712 ARttt

(o))
2

rlo

%

wj

III. The Proposed Scheme

1. Overview

B =204 A|QIsH= Small Active Command 7]
o o7l ACTIVE AWMEZS AlQtsto] tlwe] F4
HUE WA A 4HlE FaA7]e Je SRE
t}. o5 %5l Ak /et == Row HOJX| & AlEet
< t2e] ZAEE2{et DRAMO $JAIt AR 7HAlof s
HEE ARt 7HA9] IHAS o]gste 7]ES ths
17l ACTIVE AMER e 54 FHO V|15 &
AAI7IT

rlo

M
i)

or - 19k

Memory Controller

Index
CMD queue Table
Hot page Table (Per
(Per Bank) bank)
Dedicated
routing

Input queue

DRAM

DRAM DIMMs

Output queue & Physical

1/0 Interface
clocking
network

Arbiter Datapath

el

Controller

Fig. 2. Overall Structure of Small Active Command

Memory Controller DRAM

Hot Page Table

Row Address | History Index | Row Address Index | Row Address

I
I
|
Index Table |
I
I
(12bit) (4bit) (2bit) (12bit) | (2bit) (12bit)
I
I
|
I
:
I
I

Index Table

FFF 1010 00 FFF 00 FFF
182 0101 01 182 01 182
17A 0000 10 373 10 373
B23 0000 11 5B1 " 581

Fig. 3. Table Structure of Hot Page Table and Index Table

Fig. 2+= Small Active Command 7]%o] A&=
DRAM AlAElo] AAIHQl 52 Uepdc) 7]50] ojw
2] ZIEZ2iet DRAMO| 71 &5 Moz BA|SH
¥t Hot Page Table2 DRAMOJA] At AARE]= Row
Ho]x|(Hot) & A'85P7] sl Bagh Activation 3|AE
2] MY S XA} Index Table2 HotO 2 E25 Row
Fa0 7HA 9A oS AR, Index Table2 U
2e] ZAEE2]e} DRAM ¥ZFof $AI5H=t] DRAMO] 9
At Index Table 7HA] Q1A & & Row F42 ¥
bt AMREH wlwe] AEE O] YR Hol=at
&71ste]of Hejet). w2 1 EE2{e DRAMY Index
Table =713} @ ACTIVE HUl=of Row F4AE TjAISH
of  7hA] J&st7] ol Small  Active
Command 7§04+ M2 DRAM AMES F7}51)
o}, 7k ElolZ, AWE A2l 2 Hot solx] Ag &

1250 thatiM= olojRl= oA AMAIS] HhETt.

olgA=
v

2. Table Structure

Small Active Command 7|®HS 13l517] 95l & &
72 HolE(7iA)S #7151t Hot Page Table
Activation 49| s|AE2] FHE A7Ysto] AR AR
Tl= mjo] XS AlE5] 95l AFR-E] AL Index Table 74
Al9] A §l 20} sl Row 4 LE-5 A7Yst7] 9lsl]
ARgET) Fig. 32 & Ho|29 #&F Uehdth 9A],
Hot Page Table 47§9] 9EZ](entry)=2 FA4E0] Q1O
7} AE2]= Row F4 RO-R11Z A7AJsh7] Y3t 12-H|E
o AR s|AER] JEE AR5 gt 4-v]= g
Index Table JA] 47119] A E=|=2 J/d%lof glonf 7} ol
Eg|= YA Y5 AAJ5H7| 95t 2-bite} Row 45
A7shz] Ygh 120 Eg /d =Tt Hot Page Table U
Ta] ZAEZ2|ogt Yx|otaL Qo0 Index Tabled QIE!
2§99 AE A sig AYAF 0|83t Row Fa HEt
= 9ol vl22] ZAE-Z2{e} DRAM ¥Zo] 25F EAfsi.
7b Hlolg2 ¥Wade =Rl SAS £985h] gzl

TH 1w o1a T LN
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DRAM ®§30] 7)4(LPDDR4: 87J)gt= Hjo|Eo] A=
tt.

3. I-ACTIVE, I-PRECHARGE Command
H Hoj|A= Small Active Command 7]§9] 3RAl Z=xF
< 7¥5P7] sl 71 DRAM 7sieo] sl tH2ct. Fig.
L 84 %719 [-ACTIVEQ} [-PRECHARGE 7{gi =]
A2|B5 YERA, 7F AWMEE= Fig. 10 BAISH 71&E 7
Eolx] & 51| 2349] CA3 valid(V) B]EE o]-&slo] 18
g0 g | E7} Hol® 7HzF [-ACTIVES} I-PRECHARGE
7uic2  ojojstz  Lo|W  7]&9]  ACTIVE-1ut
PRECHARGE 7{ui=2 o]njsic}. [-ACTIVE HME: 7|2
9] ACTIVE Huic = thAlste] Index Tableo]] A= Row
= L/dR1717] Yol ARgshe Aies A §IA 220
Row?] 49| #4(R12-R15)5 Aot = ¥ 2o 53
H(bank) 40} G2 & H]E(CA4, CAL)E o|§slo] QlH
2 8.2 DRAMO] gt} DRAM UjH 472 Am{EH,
A K] 22o]A ACTIVE-1 HWMES 5f4(CA0-CAL)ZH
T F2-of2fol(sub-array)®] wordlines &/dstst7]| ¢
5l Row?] 9] F47F ARSE7] Tjzof] [-ACTIVE AME
+ 71&9] ACTIVE-1 AMES ARA)] 229 A3 JBs
2 Sx|5teict. [-ACTIVE AHuie: 7]&9] ACTIVE-1
7igiee} ge] 84 AWert B askK] ko she] mizl
< o]&sto] & Afo]Zo] ZA Activation Aol Qg
AES A 4 Qo
[-PRECHARGE 7{9i== 0 22]71 E-2219} DRAMO|| 2]
At Index Table 7to] &7]8} A2 $°8gtct. Hot m|o]
A2 7% Row Ho]X]= 7]E9] ACTIVE HHEE o]&-
3to] &4st © & [-PRECHARGE #HUE=2 mo]x] &7
A2 88617 A 45 Row F4(R0O-R11)7F DRAMO]| 9]
|8} Index Tableo]] A|&}=Ic}. I-PRECHARGE Hui=o] &
= 3 e BE9 H2-H|E)o] AgHo)7] wiEo per
bank precharge®] 74209t QIFA ZJ Hofl Tieh 57]ets

3ygict.

ol
1%

Command | CS | CAO | CA1 | CA2 | CA3 | CA4 | CA5

. H H L R12 | R13 | R14 | R15
I-Active
L BAO | BA1 | BA2
H L L L
|-Precharge
L BAO | BA1 | BA2

Fig. 4. I-ACTIVE, I-PRECHARGE Command Truth Table

PRECHARGE

Yes Mo

I-PRECHARGE
S

PRECHARGE
s

No Yes L

Index Table
tored iy e
No EENE H Precharge =8 ‘
Yes

¥

I-ACTIVE

&

Index Table

A
ACTIVE
o=

rE
riok

Row T4

Activation =2

L4
Y

Fig. 5. Sequential Diagram of Small Active Command

B =00 AQFsH= Small Active Command 7]
© 71& ACTIVE-13} PRECHARGE HMEOf|A] AL5}7]
OF= V(valid) W] ES ol g3lo] A2 AMES F715%
7] fZoll LPDDR49] HWE 1412 $JUISHA] of=tt.

Fig. 5= [-ACTIVE®Q} [-PRECHARGE Hult=g m3kst
Small Active Command 7]H9] A¥tAQl =& AE U
Bhdich t2e] HEE2 A9 542 Ao 2 DRAMO
Ao] =Are sjAho 2 AT ACTIVE #Ui=r} Hot
Page Tableof|A] Hot Ho]X| 2 AHE|H 5id Row mo]
A5 H2e] 71E=229] Index Tableo] A&}t 7]&9]
ACTIVE Huic & X435t DRAMOJA] Activation =&F
= Fo8eitt. sig Rowd] ARgo] 24 [-PRECHARGE
HMEE AlE5to] DRAMO] Index Tabled]| i Row &
AZFstct. o]% Inex Tableof| AAFE Row?} THA]
Mz 4% tze HEZ2{o RIS Index Table]
Row Z4AE5 Atxsto] DRAMO 2 [-ACTIVE AHUWES &
3] A4S FYC). DRAMS o QA WSS A%

:I
5to] Row A4S H3I6t1 Activation SAHS 48Ysich

i)

4. Hot Page Identification Algorithm

Ho]x] A dy2]E5 ARESH Row H|o]X]= AR
&= ¥leof o2t Hot mojx]et Cold HoJX]| 2 2-FHH.
Ho]x] AMES £ 4 Qe TRt ¥argjEo] Exfst
A9E [9-12] 2 =wollAe IR A E(Shift) A4t

53l Row Ho]X|S A2 4 e LI5S A=l
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Fig. 6. Memory Access Pattern of mix4

Fig. 62 SPEC2006 Hx|ut25 =HEstAl 188
(mix4)stal A7 47F &QF o5t &0 Wl [
S UERAch Aol thigh ApAleh Al o2 ZgollA]
e shr. Fig 69] X-%& A7 UER|D Y-5
2 DRAMQ] ZFeig 2 ™A= ACTIVE AHW=9] Row 3
A5 UERACE ZF2to] o2 Hi3ofA] Activation -5&}
2 533 Row 545 BAISIIC) tl2e] dloje Aoy
of £402 U¥ Row 547} AR 02 FREAY I
¥ AR ATEE S 0T 4 Qlok o]2{% Row
{o]X1§ Hot Ho]X] 2 7JoJstil sl Row HOJX|E &
72 & e PEE AR

Small Active Command 7|52 Hot Ho]X]& £&5}
7] 9lah ACTIVE AMES] s|Ag2] HuE o3 ¥a
Y252 ARERIT Fig. 30f] ¥.Q1 Zat ZHo] Hot Page
Table QE2]9] History HE=(4-H|E)7} m|o]x] Ao
AR TR, ACTIVE AWE A A] sl v§5.9] Hot
Page Tableo AAr=l History WEES B% QEX&0F
A|ZESHY} o] dfd Row Z47F Hot Page Tabled]|
e Q= 735 History BEO] 2|49 BIES 12 W
73stct gkl s Row Z47} Hot Page Tableof gich
H, M2 Row £4F5 LRUPA 02 QlEZ]0f] X746t
History BE9| Y BIES 12 WAt Tty
History BE0] 9] H|E+= Ao F27T =H93=
Ehdfic}. Hot Page TableQ] 91E2] & History HBE=9] 7t
o] 10(10102)0]/g<l 73%- Hot mo]x] = A7ttt Hot |
ojR|= ZAX= ACTIVE 7uico
(RO-R11)= Index Tableo] A7t=ch

ARk wo]x] AME dye]E-2> DRAMC 2 ACTIVE 7
e ASE] A H2e] AEE2Y CMD queuedi|A]
d7lske &9 2387 tieol ¥aeE pfe= Qlst

HNeFta2 OubsiR] obe

B 1

o

AF Row F4&

IV. Experiments

1. Experimental Methodology

B =2of| A A5t Small Active Command 7|99 A]
28] 45 st 9 ANE vao] Helgiag 2] Sl
GEM5[17]9F CACTI[18] A182]o]E]Z 0|83t AlB2]olA
7]8ro] AS 488519I}. Table 1.2 A3o] Al85 ARM
Z2A|A2F LPDDR4 DRAMO] m}etu]ElE LERHTY.

Table 1. System Environment

Feature Value
Processor ARM (4-Cores)
Clock 2GHz
L1 Data $ 32KB
L1 Instruction $ 32KB
L2 Unified $ 128KB
L3 Unified $ 2MB
DRAM LPDDR4
DRAM Size 2GB
Row Policy Open, Close
# of Bank 8
# of Rank 2
# of Channel 2
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Table 2. LPDDR4 DRAM Timing Parameters

Feature Value
tCK 1.25ns
tRCD 18ns
tCL 0.675ns
tRAS 42ns
tWR 18ns
tRTP 7.5ns
tRP 18ns

tBURST 5ns
tRFC 130ns
tREFI 3.9us
tXP 7.5ns
tWTR 10ns
tRTW 2.5ns
tCS 1.75ns
tRRD 10ns
tFAW 40ns
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2. Experimental Results
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Fig. 7. I-Active Command Portion of Mix Set
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Reduced parameter = Hot page rate *
(parameter - Zcycle) +
Cold page rate * parameter (1)
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Fig. 8. Execution Time of Mix Set
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Table 3. CACTI Simulation Results of Caches

Hot Page Table Index Table
Access Time (ns) 0.43 0.37
Access Energy (pJ) 0.31 0.22
Area (um?) 698.34 291.33
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Command Bus Power Consumption
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Fig. 9. Command Bus Power Consumption of Mix Set
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V. Conclusions
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