Lecture 24: Memory technology

= Memory landscape
= Yolatile memories
= Non-volatile memaories

Announcements

+ HW2 will be assigned this week end

* There will be a quiz on memory next week

Basic categories of memory

=  Read-Only Memory |ROM]
— Can only be read {scoessed)

— Cannot be written {modified)

— Contents are oft=n s=t befare
ROM = placed into the system

=  Random-Access kemony |Rak)

— Can b= reed feritt=n
— Termi us=d for hestorical ressans

— Technically, RO#s are alza
randsm access

= Volatile memory
— Lose contents when power i lost

— Often stores program state, stEck,
and he=ap

— In desktap/s=rver systems, alsa
stores program =xecutable

= Non-volatile memory

— Retzin conternts when power is
last
— Used for boot code in almost

=Ery SysheEm

Memory technologies landscape
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Volatile: Static RAM

Basic cell

— Bistable core

= AT: uses pullup resistors for B2, Md

* BT wses B-FET for B2, d
— Access transistors K
— BL, BL# are provided to improwve noise margin

6T is typically used [(but has poor density)

Fast access times Q{10 ns)
Read/write speeds are symmetric
Read/'write granularity is word

Volatile: Dynamic RAM

Requires only 1T and 1C per cell

Curtstanding density, low cost, and cost
advantage compared to SRAM

"
small charges invalved = relatively show ¥ .
— Bt lin=s must be pre-charg=d to detect bits 4

— R=ads sr= destructies; mb=rmal writ=backs
resded

velues must be refreshed pericdically
— Prevents charge from k=aking away
— Complicates control circuitry sightly Lo

Non-Volatile: Mask ROM

The “simplast” memory technolosy

Presence,zbsence of diode at each call denote valus
Pattern of dicdes defined by mask used in fab process

Comtents are fixed when chip is made; cannot be —
changed s - | ——
T —x e
High upfront setup costs -1 2 : W
Small recurring marginal costs 1" “-‘ ~| 3
1* MY
Good for applications where :'_l A .
» Cast sensitivity drives design BT

* Upgrading cant=nts nat an issue _
» =z boot ROM, (U microcade Ll 4] 4

= Mot used much these days

Non-Volatile: EPROM

Er=sable Programmable B=ad-0nly Memory
Constructed from floatang g=te FET=

.
_—
| —

=
Charge trepoed an thee FG esmses ozl
High vottage {13% +) applied to the control gate >
= “Wmites” the cell with 2 0 T

= Allows FG cherge to be dissipated
Writing means changing from 1 2 0
Erasing means changing form 02 1
Uses UV light [not electricaiy?
— Erase= unit is the whole device
Retains data for 10-20 years
Costly because
Use of guartz window [U transperent)
Use of o=mmic peckage
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Non-Volatile: Flash Storage

* Semiconductor storage

— 100 — 1000 faster tham disk

— Smaller, lower power, more robust
— But more 5/GB [between disk and DRAM)

Two types:

* MOR flash: bit cell like a NOR gate

— Random read/write acoess

— Used for instruction mermory in embedded systems

* MAND flash: bit cell like a MAMND gate
— Denser (bits/area), cheaper per GE, but block-at-a-time access
— Cheaper Usad for USE keys, media storags, .

Flash Access

Electrically erasable (like EEPROM, unlike EFROM)
Erase size is block {not word); can't do byte modifications
Reads ars like standard RAN
Can ™write” bits/words (actually, changs from 1 = 0]
¥ Writs cycle is O[micrasacands)
#* Slower then RAM but faster than EEFROM
¥ Ta [refwrite from @ =2 1, must sxplicitly erase =ntire block
» Erasze is time consuming Ofmilliseconds to secands)
Floating gate techmology
s Erzzefwrite oycles are limited (10K to 100K, typiczliy)
a Flash bits wears out after 1000's of acresses
* Weor levefing: remop dota to less used blocks
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Non-Volatile: Disk Storage

* Rotating magnetic storage

Each sector records

Sector 1D
Data {512 ~ 40585 bytes)
Error cormecting code (ECC)
*  Hide dedects and recording errors
Synchronization fields and gaps
Cyeei
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Disk Access

Access to a sector involves

— Cuwsswing delay if other acoesses ans pending

— Szek: move the heads

— Rotational latency

— Data tramsfer

— Conftroller overhead

Manufacturers gquote average sesk times

— Based on all possible sseks

— Locality and OS5 scheduling lead to smaller actual average seek
times

amart disk contraller allocate physical sectors on disk

— Present logiczl sector interface to host

Disk drives include caches

— Prefetch sectors in anticipation of acoess

— Avoid seek and rotationz| delay
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