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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)

— HEFiEE8EROM (Read-Only Memory)
« ApMF (storage, Auxiliary/External/secondary memory)

- ER{TIHI0fFERR, EENREESS

« RTIRIE: FERR, BEZAT
— SRAM, DRAM, SDRAM, DDR SDRAM, Flash (EEPROM)
. IZRGHBL
- 7 (WE) . BF (UMF) . &fF (Cache)
— &% (online) . BZ: (offline)
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— ¥SPRHARE, BARINEERBISCH
— U= BFRN, ThEE(E, FHURIEZE
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— 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
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- Bt {FfiE22RAM (Random Access
Memory)

— FiERPEAEER TR S EREEREN1FEY
- FHUEE SR TTRIIR L ETX.

- MEEHE=S
— E::IE/IT'EYJEIEE’.‘IKI_.I N R PFSRAMHIENE
« SRAMLAft&Z =3 [RIRSHFER
. DRAMDJ%&EBSZ@.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
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. iﬁﬂ?ﬁ*ﬁrzt, BRI EEICRECHPR, —BFIITTESE

- AIHRIERIEF#EREPROM (Programmable ROM)

— BJEIR T IR RiEFEZSEPROM (Erasable i |
Programmable ROM)
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Erasable Programmable ROM)
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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
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Word lines =V

Bit lines

Column muxes

Sense Amps

e

Comparators

Output Driver

Decoder

Mux Drivers

Cache Memory organization

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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Simplified Read-Modify-Write Cy
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Sense Amplifiers

o TR, UK
— AN AT FiE HAA RS
S EE = R R VA S A == WA

I/ N34k %ﬁ&ﬁﬁié&%ﬁ

» Precharge: ?ﬁ?ﬁ I

N . - PRECHARGE CONTROL LINE
,L L BLEREE S

* recharge: 4+ el P .
— FUE NBIR Lﬂc& *E o >0
» Refresh: Jil#r e |

* row buffer Tj‘iif%{ﬁ'd-..,...ifiﬁéﬁamﬁﬁﬂjzﬁ ﬂjﬁ_ﬁ

BITLINE
BITLINE #
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Fita=E, HBikssE

Schematic Memory Map
Memory Type  Memooy Address
Processo: 000000
T Address Bus 0x0001Fh
_ * *
| Deata Bus Ox00040h
'? f ] ‘ | 0x0103Fh
RAM Flash ROM Ox10000h
Ox1FFFFN
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Turning Bits Into Bytes: WNA¥5%

 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).
« DIMM
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5 10 15 20 25 0 35 40 45 50 55 by 70

Address Bus Data Bus
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— Bank Arch: Bt
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0 A,

) BYiENtE, RV$5.2.

existing row

1980 64 Kibibit $1,500,000 250 ns 150 ns
1983 256 Kibibit $500,000 185 ns 100 ns
1985 1 Mebibit $200,000 135 ns 40 ns
1989 4 Mebibit $50,000 110 ns 40 ns
1992 16 Mebibit $15,000 90 ns 30 ns
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 5 ns
2007 1 Gibibit $50 45 ns 1.25 ns
2010 2 Gibibit $30 40 ns 1ns
2012 4 Gibibit $1 35ns 0.8 ns

. R

— Cacheline size
— Non-Block Cache

RV[4|5-5

Average column
access time to
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CLK

CL=2

Command

cL=23

CAS Latency
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CPU knows when data will be ready, does not have to wait!



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
data transfers on command must run before the READ.
both edges (DDR).

--------------------------------------
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- \\ CL=3 (AL=0) \ -
CAS latency el
DRAM is controlled \ "Z‘i%
via commands Synchronous [~— =

(READ, WRITE, data output. —0
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Unified Cache

Instruction  Data

oy

b B Cache gl 4L, )

Split Cache Multi-Banked Cache

Instruction Data Address: x, x+2, x+4, ... Address: x+1, x43, ...
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, %—, 4, multiBanked
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