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CapapiKaj

 TexHonoruja nspape
 WHTepHa opraHusauuja
 Luknycu Ha marucTtpanu
 [loTpowHa cTpyje memopuje
 TunoBu memopwmje



TexHonornja nspage

« SRAM

— [1oTpebHo je mano CTpyje 3a oapxaBate BPeaHOCTH
— [1oTpebHo je 6 TpaH3ucTopa no buty
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TexHonoOrunja uspage
« DRAM

— [lopgartak ce mopa npenucmBaTy HAKOH YnTaka
— [lopartak ce mopa nepnognyHoO ocBeXxaBaTu
* Ha npubnmxHo ~ 8 ms (wito je Ha 5% BpemeHa)
« CBaku pef ce MOXe OCBEXUTU NCTOBPEMEHO

— JenaH TpaH3ncTop rno outy
Y Word |

Data
;:JD
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UHTepHa opraHusauuja DRAM

* AQpecHe nuHuje ce MynTunmnekcupajy:
— Buwa nonoBuHa agpece — Agpeca pega
— Hwxa nonoBuHa agpece — Agpeca KornoHe

Row decoder

" Memory arra
4] Word line
S
© ©
g Row buffer e
Address I'nes‘,x L =L I
i
Column decod

Column address

<Data lines

eoma crnopa onepaymjal



UHTepHa opraHusauuja DRAM
* [[Mywensge 1] npuctyn peny

AKA: OPEN a DRAM Page/Row

unu . 1l
ACT (Activatd a DRAM Page/Row) 58 S
unu g 3
RAS (Row Afldress Strobe) 3
2

—7 Rowvbuffer

(7]

[ | [ |
Addresslline
BUS Column decoder
CPU e \Vemory

T Column address
W

__— lataliges

Beoma cnopa onepauuja!



UHTepHa opraHusauuja DRAM

* [lpucTtyn KonoHwu

READ Command
Unun

CAS: Column Address Strobe

CPU

BUS
e \Vemory

controller

Addresslline

<Data lir]
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ROW
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I Row buffel
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UHTepHa opraHusauuja DRAM

* [lpebaumBar-e nogartaka

Data Out
... CA ONUMHUM AO0AATHUM

CAS: Column Address Strobe
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Kawrwerwe memopuje

F
-‘
CPU o /}.r’/j‘;; Mem o
— /77 " |Controller | — £/ /
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VA e
ﬁ
5 D
C

A: 3axTeB 3a NpUCTyrnom (Moxe 4ekatun y peay)

B: 3axTeB ce wWarbe MEMOPUjCKOM KOHTPOSiepy

C: 3axTeB ce TpaHcopmuLLe Yy cekBeEHLY Hapeabu (Moxe YyekaTtu y peay)
D: Hapenba nocnata DRAM

E1: MNMoTpebHo je nocnatn camo CAS nnu

E2: MNoTtpebHo je nocnatn RAS + CAS nnu
E3: MNoTtpebHo je nocnatn PRE + RAS + CAS
F: Bpaharwe nogatka npouecopy

Kawrwerwe memopunje DRAM Latency=A+B+C+D+E+F




UHTepHa opraHusauuja DRAM

[Row decoder
Row decoder

Row address
Row address
Row decoder

Row address
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atdlines
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UHTepHa opraHusauuja DRAM

Bank I
Column

Rd/Wr
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UHTepHa opraHusauunja DRAM

Command bus >
Address bus > VvV VvV VvV VYV VvV VvV VvV Vv

\
Data bus (z?( ¢8 ¢8 ¢8 ¢8 \\¢8 ¢8 ¢8 ¢8

DRAM "\ ClBamknl o o oo oo,
- Chip 1 —JdBanke _ _ ________ :
Dual inline memory modules (DIMM:s) Sl 1 Banko : |
O —
*PA3INYNTU NPUK/BYYLM ca obe cTpaHe . ks : 3 P
Command bus O
* 64 6UTHW NoaaTak 212 >3 L
: ¢ 2
*HOBMWja El ' s g Lo
S . | Row buffer |& | I
Address bus : § 1 1 1 1
Single inline memory modules (SIMMs) | cotomm aqqrecseelumn decoder] f 4 |
-
*PeayHOaHTHM NPUK/bYYLM ca 0be CTpaHe Databus <l l :_ :
7 |
*32 6MTHM NoaaTaka 8 — o — — — —————— |

*CTapuja



UHTepHa opraHusauuja DRAM

Command bus >
Address bus > VYV VYV VYV VYVVvI|Ivy VvV VvV WI

Chip O] |Chip 1] |Chip 2| |Chip 3}Jj||Chip 4] |Chip 5| |Chip 6] |Chip7

Data bus €€ 9s 9s Qs s s ¢s ¢s [

Csanu 610k (DIMM) noapxaBa jeAHY Uan BuLe rpyna.
[pyna je ckyn 6n0KkoBa (DRAM) unnoBa Koju page ycknaheHo Kako 6u ogpaannm
nojegunHayHe Hapeabe Kojy je n34a0 MEMOPUjCKN KOHTPOIEP
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TexHonoruje

 AmMaganoBo npaBwuno:

— Memopujcku kanayuTteT Tpeba nnuHeapHo Aa pacTte ca Op3vHOM
paga npouecopa

— HaanocrT, kanaunteT MeMmopuje 1 keHa 6p3nHa HUCY NpaTUnu
KapaTepucTuke npowlecopa

« Ontnmmnsauuje:
— BuwecTpyku npuctyn Uctom peay
— CuHxpoHn DRAM
« [lopart je Takt DRAM unHTepgejcy
* [lakeTckn Moa 1 KpUTUYHa ped NpBo
— LWwupu nutepdejc
— [lBocTpyka bp3nHa crnawa - Double data rate (DDR)
— Bwuwe rpyna Ha ceakom DRAM ypehajy




TexHoOnoruje

Sing data rate ‘ ‘ ‘ ‘
SDR

Double data rate ‘ ‘ ‘ ‘
DDR
Quad data rate ‘ ‘ ‘ ‘ ‘ ‘ ‘
QDR
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OcHoBe

 Luknyc yntawa ctraHgapaHor DRAM moayna

RAS I:l Row Access
l J \ [ |:| Column Access
CAS
\ [ \ p |:| Data Transfer
Address

< Row )_<COIumn\ ," Row Column‘\

Address Address _x’ \\Address Address 'f
DQ ,‘ Valid \ Valid
\ Dataout | Dataout
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EBonyuuja umKknyca

 Luknyc yntawa ctraHgapaHor DRAM moayna

I:l Row Access

I:l Column Access
- Transfer Overlap
|:| Data Transfer

B

] [

Row Column \, ,{ Row Column ‘\
Address Address ’,‘ \Address Address ,,l

DQ [ wvalid Valid
\ Dataout | Dataout

0
P
(1)
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DRAM: Architectures,Interfaces, and SystemsnRuToRSINERUTENE cJbrantiDavichVanZI—

EBonyuuja umKknyca

° U,VIKnyC UATAbA BULUE NoAaTaKa U3 UCTUT peaa
FaSt Page MOde |:| Row Access

|:| Column Access
- Transfer Overlap
|:| Data Transfer

/
—

RAS

CAS

Address
Row Column
Address Address

DQ

Column

-
Valid
Dataout

Valid
Dataout

Valid
Dataout
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EBonyuuja umknyca

° U,VIKHyC YNTalba 3ad NPOoAYXHO Clialbe NoAaTakKa

|:| Row Access

I:l Column Access
- Transfer Overlap
I:l Data Transfer

:

CAS

Column Column
Addres Address

Address

Row Column
Address Address

DQ

DRAM: Architectures,Interfaces, and SysteRSHRUTCHSINBRUTENE C GloramGEDEVICIVYSINSII 00—
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EBonyuuja umKknyca

* Umknyc wmTtawa 3a cuHXpoHun DRAM

Row Access

Clock
[ L L] | | | | | Column Access
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| | | - Transfer Overlap
l | | Data Transfer
L | [ ]
CAS ! |
| | |
| | |
Command |
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;" Valid Valid Valid Valid
“l Data Data Data Data
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EBonyuuja umKknyca

* [llpeknanawe npuctyna ESDRAM
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KapaKrepucruke memopuje

Production year Chip size Dram type RAS time (ns) CAS time (ns) Total (ns) Total (ns)
2000 256 M bit DDR1 21 21 42 63
2002 512 M bit DDR1 15 15 30 45
2004 1G bit DDR2 15 15 30 45
2006 2G bit DDR2 10 10 20 30
2010 4G bit DDR3 13 13 26 39
2016 8G hit DDR4 13 13 26 39
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KapaKrepucruke memopuje

Memory Clock rate (MHz) 1o C(levtl);I;)rate Trazafre/;)rate DRAM name Bandwidth (MB/s) DIMM name

DDR1 DDR266 2128 PC2100
DDR1 150 150 300 DDR300 2400 PC2400
DDR1 200 200 400 DDR400 3200 PC3200
DDR2 133 266 533 DDR2-533 4264 PC4300
DDR2 166 333 667 DDR2-667 5336 PC5300
DDR2 200 400 800 DDR2-800 6400 PC6400
DDR3 133 533 1066 DDR3-1066 8528 PC8500
DDR3 166 666 1333 DDR3-1333 10664 PC10700
DDR3 200 800 1600 DDR3-1600 12800 PC12800
DDR4 333 1333 2666 DDR4-2666 21300 PC21300
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KapaKrepucruke memopuje

Standard Memory Clock rate (MHz) I/O Clock rate (MHz) Vo(l;[/e;ge Prefetch

DDR1
DDR2
DDR3
DDR4

 GDDRS5 je rpaguyka memopuja 3acHoBaHa Ha DDR3

Copyright © 2019, Elsevier Inc. All ri

100-200
100-266
100-266
200-400

100-200
200-533
400-1066
800-1600

2.5-2.6
1.8

1.35-1.5

1.05-1.2

4n
8n
8n
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UHTepHa cTpyKTypa DDR memopuje
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UHTepHa cTpyKTypa DDR2 memopuje

Pankaj Khodifad
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UHTepHa cTpyKTypa DDR3 memopuje
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UHTepHa cTpyKTypa DDR4 memopuje

 8Gx8

Control
Logic

4 Groups of | I

4 banks (16) | L

Row

Row address
MuUX | latch &
decoder

]

Bank
control

Address
register

LT

10 gating

Global 10
gating

Column
Address
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decoder

Cold,1,and 2

http://www.qdpma.com/ServerSyst TSRS om0
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MoTpowra cTpyje

600 -
500 -
400
300 -
200 -
100 -

Power in mW

0

B Read, write, terminate
power

@ Activate power

B Background power

powe-r
mode

Typical
usage

Fully
active
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YnakosaH/yrpaheH DRAMs

« [lakoBaw-€e MemMopuje 1 npoLecopa Ha UCTU Ynn
— High Bandwidth Memory (HBM)

Vertical stacking (3D) Interposer stacking (2.5D)

Copyright © 2019, Elsevier Inc. All riginReSESE I I 0
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dnew memopwmja - Flash Memory

 Tunosn EEPROM
 NAND (rywhe) n NOR_(bpxe)

D lin

Bit selector —| Floating gate

O
Q)

a line

Word line —II% \

/

U UL
\ﬁl:)rdlineo

Word line 1 —
Word line 0 —

Ground selector

\ﬁl’ﬁ)rd line 2

\dfﬁ)rd line 3
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NMayrtajyhu rent - Floating gate

FG =_r

F
CG q cc | I(f:
-
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dnew memopuja - NAND

Untame je cekBeHuujanHo
YBeK ce 4uTa Yntaea ctpaHuua (0,5 - 4 KB)

bp3uHa npuctyna 25 us 3a npsu 6ajT n 40 MB/s
3a npeocrtane bajtToBe

SDRAM: 40 ns 3a npBu 6ajT n 4,8 GB/s 3a
npeocrarne bajToBe

[Tpumep: TpaHcdep 2 KB:
— 75 us Hacnpam 500 ns 3a SDRAM, 150X cnopwuje
300 — 500 nyTa Obp>Xe Hero MmarHeTH” gmuck
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dnew memopuja - NAND
* Mopa ce obpucaTtn yntas OSIOK Npe HEro WTo ce
ynuile HoBa BPEeaOHOCT
* He rybu BpegHOCT, BeOMa Mano TPoLUU
* OrpaHunyeH 6poj ynuca (~100 000)
* LleHa:
— NAND - 2%$/GB
— SDRAM - 20-40%$/GB
— MarHetHu guck - 0,09%/GB

Copyright © 2019, Elsevier Inc. All ri
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Mempucrop

Copyright © 2019, Elsevier Inc. All rigintsiR eSSt

KomMmnoHeHTe 3acHOBaHe Ha NMPOMEHU CTaka MaTepujana
(aMOpPdHO U KpUCTanHo) nog ytuuajem cTpyje

but ogroeapa npeceky y 4BOONMEH3NOHAITHO] MPEeXu

UnTtame ce obaBrba ogpehmnBaemM OTNOPHOCTUN N3Mehy
Tayaka x ny

He KopucTtn TpaH3ucTope wTo bun Tpebano ga omoryhu
Maky LEeHY 1 Behy ryctuHy nakoBaka Yy rnopehemwy ca
NAND.

Moryhe ybp3are oa 10 nyta npunmkom ynuca u 2 nyta
NPUMMKom Yymntawy y ogHocy Ha NAND.
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OTKnamame rpelwaka

 Memopuja je oceT/bMBa Ha KOCMUYKe 3pake

* [nHamunuke rpeluke Soft errors:

— [leTekTyjy nx n ucntaerbajy KoOgOBU 3a UCMNpaBH-ak-e
rpewaka error correcting codes (ECC)

« TpajHe rpewke Hard errors:
— KopucTte ce gogaTtHu peaoBu 3a 3aMeHe ollTeheHe

Copyright © 2019, Elsevier Inc. All riginReSESE I I 0
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ECC — Error Correcting Codes

* BepoBaTHONhe rpeLiaka:

P(6e3 rpewaka)>P(jegHa rpewuka)>P(aBe rpeluke)>>P(>a0Be rpeLuke)
« [leTekuuja rpewaka — obaBeluTaBake O rpeLlum

* lcnpaBrbate — Bpahate ncnpasHe BpegHOCTU

 Hajuyewhe
MapHocCT

— SED — oTKpuBaH€ jegHe rpeLuke
V:/SECDED — Ucnpasrbake jefHe rpeLllke, OTKpUBaHe ABe rpeLuke
XeMnHrosmKoao

BU 37




ECC 3a jenaH 6ur
bes 0,1 1 -

SED 00,11 2 01,10 rpewike
001,010,100 => 0
110,101,011 => 1

jeoHa jeguHuua => 0
SECDED 0000,1111 4 OBE jeQuHMLE => rpeLuKa
TpU jeanHuue => 1

SEC 000,111 3



ECC — Error Correcting Codes

Cmatbene gogartaka ca nosehambem BenmunHe pedn

bpoj buta SED popaTtak SECDED popaTtak

1 1 (100%) 3 (300%)

8 1(12,5%) 5 (63)

16 1 (6,3%) 6 (38%)

32 1 (3% 7 (22%

64 1 (1,6%) 8 (13%)

n 1 (1/n) 1+log2n+ ...

[lyKa pey => Beha BepoBaTHOha NojaB/bMBatba BULLE rpeLlakal



ECC — Error Correcting Codes

Command bus
Address bus

Data bus

Command bus
Address bus

Data bus

>
> VYV VV VV VV VV VV VV VvV
chip 0| |chip 1| |chip2]| |chip3| |chip4| |chips| |chips| |chip7
. ds ds s Os s Os s ¢s
64
>
€—/>
72
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ECC — Error Correcting Codes

Kog 64 OuTHMX nogaTtaka Kopuctu ce gogatHmx 8 buta

dddd.....d ccccccccc

DIMM ce cacTtoju n3 9 ocmooutHnx DRAM ynnosa
3awuTa je noTpebHo 72 buta

Buwe nmnnemeHTtaumja

— OpurnHanum XemunHros anroputam Hamming (72, 64)
— OnTnMmunsoBaHu anropmutam Hsiao (72, 64)

— OntummnsosaHu anroputam Marvel (72, 64)
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NMurtamwma?

EnekTpotexHnykn dakyntet
YHuBep3nTetT y beorpaay




