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s IZEFENR
- ¥O{KFiERS, WREFMERR, MICTRiEEs, JCRFiEES
- IZFEGT, (read/write, load/store. access) .

« W% (memory, main/primary/internal memory)
— FE11Z#E28RAM (Random Access Memory)

— RiFEFEEEROM (Read-Only Memory)
« ApMF (storage, Auxiliary/External/secondary memory)

- BR{TH0fFERR, BEEDaEEss

« RTIRIE: FERR, BEZAT
— SRAM, DRAM, SDRAM, DDR SDRAM, Flash (EEPROM)
. IZRGHBL
- 7 (WE) . BF (UMF) . &fF (Cache)
— &% (online) . BZ: (offline)




| RIS R RN

. RS
— ¥SPRHARE, BARINEERBISCH
— U= BFRN, ThEE(E, FHURIEZE
- R=: HiFEK, FMFEEHBMERIESX, BF—MZKME (volatile)
— PR DNEL (TTL) ESHFMERE, EER; MOSESBTF(EES,
EnEEBthSREE. kA EE. FEd, [iZRA.

- EREFMERS
- EEREEHEFHRER L—EEEEHEDCRNE.
— IREHTEIRNAR, DAME. e,
- JERFERS
- NEFMHEEMANSECRNER (WMEXHES) LHETESHE
fgss, RREIEmXENRES.
- XRICRFES. WAMY. TREESHITEREESFHRESS.




FhESRRS K IRTFHEN R

o FTFfESE (Core memory)

— BGSRERRA RSV RITH, RO PEFEIREIZ (BFER) FliEd
2, XIHERTLAHTIESIRME (U5EAdIA): 10ms)

- BOSETHMERREL, AEZKIE (Non-Volatile)

- PIREZ KHRAGCHEER: AMRER. TZ8%% (by hand) HITFEKX, EFH

Sense i%\
o X ' |
\_‘%agneﬁc Flux

—
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USSR A S AR
{1 Ea¢ 1N \

Drive Line

3 OF THE 192 | 16
SENSE LINES <4 2
12 WORDS

SET/RESET LINE
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Magnetic drum storage (193275‘H
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* IBM 650F5iTEHHRIEFFESE, 1953 ~ 1962

— BiEYIK1255~), 12500%%/S, B3ZAlLMRIFIANFRI(
AZ10K),




| SRS R EESR

- fEHNTEi&EERAM (Random Access
Memory)

- FifzePEAFERTAIA S EREEREHNFEY
- FEVEI A STFER AR EEX,

- MEEHE=S
— E::IE/IT'EWEIEE’.‘IZ;I_.I N R PFSRAMHIENE
« SRAMLAft&Z =3 [RIRSHFER
. DRAMDJEeEB&@.E,iﬁT‘ B85
- SDRAM?
- SSRAM?

— DRAM was patented in 1968 by Robert
Dennard at IBM
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- DLEFEEEROM (Read Access Memory)
- HEEHEFERNAFIZEY, FeeHERSANEE

Ao
— {EIEB DS EEREMROM (Masked ROM)
. iﬁﬂ?ﬁ*ﬁrzt, BRI EEICRECHPR, —BFIITTESE

- AIHRIERIEF#EREPROM (Programmable ROM)

— BJEIR T IR RiEFEZSEPROM (Erasable i |
Programmable ROM)

— HBnERTIwIZRI JIEfFEESEEPROM (Electrically
Erasable Programmable ROM)

— RIBBEEREFlash Memory
- E&HwIE, EELLEEPROMEIRES
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Fh#=s ( )< AES=EPROM
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%ﬁ SRAM Cache
DRAM HHEINEEESE AR
ROM EERF , FiE =
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EPROM B RSHESEEREmit Sk EBRiRERF
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Flash Memory BEE (). ICE
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FFHMCPU (Cache) BYIEL

Data lines

Data lines are

BoR &

i

| f—-

B & MO

EIBEHIL

are connected | Memory Memory disconnected
to the bus. — * 1 ) 4 from the bus. P e—
= % %
DATA | =
Micro- ADDRESS FEe || #
processor
CONTROL
0. N, 0] 0 > 9_1 Address
- Processor decode logic
5 = 0—5 g
2y ! >_/__ Address Bus
CS; =1
C33=l

=&




1 EBRAIEIT

e

s fiEssFBEFER _IHHIRAD /S 4L,
B2MRTTIA:

1) FETHFENSERIREL: bits
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FT5: Byte {i: bit 1B=8b
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SSRAM: FEI¥SRAM

« SDR SSRAM: Single Data Rate
- RIFAEE: (EERBERSEED, EEIR
HRERTS1F, HPRHIERTTMERERA
- TREERIREER nonomono

IR i e e i
SRR

- DDR SRAM
— R AR PR G =E M —IREUE
. QDR SRAM

- EBREIEN . OJENHITIES



H

Word lines =V

Bit lines

Column muxes

Sense Amps

e

Comparators

Output Driver

Decoder

Mux Drivers

Cache Memory organization

In%ut

Data Array

Valid Cutpul?

Output Driver

Dita Outplt
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- DRA Mitr 4464

TT TM54464 DRAM (64K X 4):

— u -

”6‘ 11, ig ;‘}Ba Pin(s) Function
1 i

DQ,M3 F 16mWTAS Ag-Ag Address
__WR4 g 1SEDQ; DQy-DQy| Data In/Data Out

Acll6 = 13WA, RAS Row Address Strobe

is ; — {21 i:—: CAS  [Column Address Strobe
V mi: 9 1 Aj G Output Enable

W Write Enable

64K x 4 DRAM

* |t has 64K addressable locations which means it needs 16 address
Inputs, but it has only 8.

— The row address (AO through A7) are placed on the address pins and
strobed into a set of internal latches.

— The column addres (A8 through A15) is then strobed in using CAS.
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How DRAM Works (E147)
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Address Drata

I Column Address Latch I
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Sense & Refresh amplifier
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Sense Amplifiers

o Farill, JHOK
— MEARKESFEBHFEESE
ey =N e VA S S

I/ N34k %ﬂﬁﬁﬁ%ﬁ

Amgilifiers
» Precharge: ?Dﬁ?ﬁ%

PRECHARGE CONTROL LINE

. recharge _ /54 ................ P 7—‘—;
: wE | T

— HUE ﬁﬁﬂ@& ;Eﬂmé >0
» Refresh: il e | T

TR ... SRR A2 % F—L

BITLINE
BITLINE #
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DRAMEATHERZNZTTH (E

(\I£5FhFeEE (Precharge)

cellBB4&£ (recharge, restore)

171518 (RAS)
« {TEEACtive
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REr (refresh) : 2~64ms
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Schematic

Address Bus

Data Bus
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mp

Memory Map
Memory Type Memooy Address

000000
Ox0001Fh

Ox00040h

Ox0103Fh

Ox 100000

Ox1FFFFh
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Turning Bits Into Bytes

 Larger DRAMSs are available which are organized as 1M X 1, 4M X
1, 16M X1, 64M X 1, 266M X 1......

« DRAMSs are typically placed on SIMM boards.
— Single In-line Memory Modules

— 30-pin SIMMs (8bits data) come in 1M X 8, 1M X 9 (parity), 4M X 8,
AM X 9.

— 72-pin SIMMs (32bits data) come in 1/2/3/8/16M X 32 or 1M X 36
(parity).
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1996 64 Mebibit $10,000 60 ns 12 ns
1998 128 Mebibit $4,000 60 ns 10 ns
2000 256 Mebibit $1,000 55 ns 7 ns

2004 512 Mebibit $250 50 ns 5ns

2007 1 Gibibit $50 45 ns 1.25 ns
2010 2 Gibibit $30 40 ns 1ns

2012 4 Gibibit $1 35ns 0.8 ns
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DDR(Double Data Rate) SDRA

A clocked bus: Note! This example is best-case!

200 MHz clock, To access a new row, a slow ACTIVE
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