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SRAM semiconductor memory 0.5-2.5ns $500-%1000

ﬁ * DRAM semiconductor memory 50-70ns $3-%6
Flash semiconductor memory 5,000-50,000ns $0.06-%0.12
Magnetic disk 5,000,000-20,000,000ns $0.01-%0.02

- XENFAEES, WERETFAERS, MO FiERS, SCRTFMERS
YIFEA T, (read/write, load/store. access)

- NE (memory, main/primary/internal memory)
— PEVIFE2ERAM (Random Access Memory)

— HiEF#EEEROM (Read-Only Memory)

- 9MF (storage, Auxiliary/External/secondary memory)
— BITIHIFERE, BEEnnfFiEes

BIEE: FiERR, B2 BT

— SRAM, DRAM, SDRAM, DDR SDRAM, Flash (EEPROM)
e -
e S LAY

X (W) . B (MF) . BfF (Cache)
— &% (online) . B%: (offline)
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- ¥ =R
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- i 5, TIFE(E, fZENAYIEZE
- R BIFEHX, FERBERNEXR, BF—MZEXEME (volatile)
- FE: WREB (TTL) ¥SBFER, BEERS: MOSESIBFEER,
SRNERHEGISRHE. RAEER. Ny, iZRA.
- EREFMERS
- EEEXEREBINRER L—EREAEHERICRNE.
~ IREEETIANAR, DAME. BEHHE.

. KBTS

- RREFHSEMNAENECHRTE (WMEHES) LH{TESHE
fgz%, ERIERXIENES.
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- FLCMEESS (Core memory)

- BGGEERREM PR HEAATTY, ERVOREF RIS (BREIA) AR
e, XIHERTLIHTIEEIRE (J5EAdIE): 10ms)

— W ETEER R, JEZLME (Non-Volatile)
— PFERE KBEAGCER: MR RK. TZEZ¢ (by hand) BINEKX, EFH
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Magnetic drum storage (1932EH
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* IBM 650&R 5 I TEHNAEFMESS, 1953 ~ 1962

- BAER K125, 12500%/S, BXPILMRFLA TR
AZ10K),
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- fEtNTZEf&s2RAM (Random Access
Memory)

— FiEE R EEEERE TR R S EPaEREH11=EY
- FENHY A STEEER AR B TTX.
- MNE=FhEES

— éﬁmﬁﬂﬂlﬁﬂﬂgﬂﬁl. XA PERESRAMIENTES
- SRAMLAfit A& FERFFER

- DRAMEAEB A ZEHYER ;_‘%ﬁ.:. 5|
- SSRAM?

« SDRAM?

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

- QN HEFMHIASTIEL, AENEERSANFHEES.
— EIERDEFESEMROM (Masked ROM)
- RBBIRETSZ, BRRERICRECHP, —BHIEMTEERN,
- TJ9RIEIEFEZRZEPROM (Programmable ROM)

— OB umiE iEFEESEPROM (Erasable
Programmable ROM)

— BRI RIERI RiEFEBEEEPROM (Electrically
Erasable Programmable ROM)

— (RIBBIF(ESEFIash Memory
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— RS HRY e R REE

ESERMEREEIERE . . n 0w
 SRSEAEEE pEpEpEpEaly
 DDR SRAM

— RIS _EFHART R RS S — R e

. QDR SRAM

—E5RZIHN7 ;. aJEMHTES



In%ut

Word lines =V

Decoder

Bit lines
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Mux Drivers

Cache Memory organization

Data Array

Output Driver
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- DRA Mitr 4464

TI TM54464 DRAM (64K X 4):

—_— u -
"6‘ é E :'}3 Pin(s) Function
1 i
DQ,M3 F 16WCAS Ag-Ag Address
l{i 4 J I5 EQJ DQy-DQy| Data In/Data Out
ot P2 e =y RAS | Row Address Strob
AsE6 E 13 A A oW ress strobe
is ; — 1121 i:—: CAS  |Column Address Strobe
V mi; 9 1 A? G Output Enable
W Write Enable
64K x 4 DRAM

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

— The row address (A0 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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Address Wy — i o ]
Vi —
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oE Vip= o
ViL - ©
Vig —
Y= leac
W
Dﬂﬂ uai: Hi-~ "g
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How DRAM Works
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Column Address Decoder

Sense Amplifiers

o KM, JBUK
— R e N AR Sl H A7 GG
B L N i A R VA i)

ISR EI’JMI/ VAL, R R

i&%,f «1» EZ ((O» ]
* Precharge: Fi7F

PRECHARGE CONTROL LINE
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‘ WE | T
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Schematic Memory Map
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Turning Bits Into Bytes: WAF4%k

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

« DRAMs 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,
4M 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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Address Bus Data Bus
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depending on its configuration.
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— %12'_( 9% 2018 16 Gibibit $6 25 ns 0.4 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
data transfers on command must run before the READ.

both edges (DDR).

--------------------------------------
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\ CAS latenc 1 O ———
DRAM is conirolled ' \ ———
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BANFEBE Cache L. 48, 4ME)

Unified Cache Split Cache Multi-Banked Cache

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