Embedded Systems Design: A Unaified

Hardware/Software Introduction
el

Chapter 5 Memory

Introduction
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» Embedded system’s functionality aspects
— Proceszzmg
= PIOCRSIOrs
= trapzformation of data
— Storagze
. memory
= retention of data
— Communication
* buses
= trapzfer of data
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Outline
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= Memory Write Ability and Storage Permanence
= Common Memory Types
*» Composing Memory
= Memory Hierarchy and Cache
Advanced RAM
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Memory: basic concepts

= Stares larze number of bits s
— mxr mwords ofm bits each
— k=Log{m) addres: input ziznals 1
— ar m=1"k wardz
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w 32,750 ot S
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=  Memory access _:_ L
— W selects read or wriie R
— erable: read or write anly when assemad B
— nmitipart moltiple accessss to differset locations <
sirmlfeeously Rl
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Write ability/ storage permanence
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Storage permanence
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* Fargs of storass pemmansnce
- Figh and
v cxmentedly ren koo i
v op., meak-progeemmed RO
— Mhddle renge
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MNoevolatile memorny
— Holds it after poover is no lonper wapplicd
— High end and middle rmes of storaze pamemancs
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Write ability
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ROM: “Read-Only” Memory

e
» Nonvelatile memory
*» Can be read from buf not wrnitten to, by a
proceszor in an embedded system
* Tradihonally wriften to, “programmed”,
before mnzerting to embedded system

* Uses

— Store software prozram for general-parpese
processor

* program instractions ca be one or more ROM
wards

— Store constant data needed by system
— Implement combinational circuit
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Example: 8 x 4 ROM

PP PPN |
* Honzontal hines = words

» Verfical lines = data e i

+ Lines connected only at circlez 5=2 ROM

* Decoder zets word 2's lime to 1 1if = m::‘:"___‘ :]_:
addrezs mput 1z 010 A M B e iy LT

+ Data lines ()3 and Q1 are zetto 1 x _:::ﬁ
because there 13 2 “programmed™ __,-a-"‘: i —
connection with word 27z lme s TP wen

» Word 2 is not connected with data T & &
lines Q2 and Qo

* Qutput 1z 1010
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Mask-programmed ROM

* Connactions “programmed” at fabnication
— et of masks
+ Lowest write ability
— anly once
+ Highest storage permansnce
— bits never changs unless damaged
* Typically used for final design of gh-volume systems
— spread out WEE cost for 2 Low anit cost
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Implementing combinational function

S PP S PP PSPPI
+ Any combmational cirewit of n funchions of same £ vanables
can be done with 27k x n KOM
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OTP ROM: One-time programmable ROM

L e I R ===
» Connections “programmed” after manufacture by user

— user prevides file of desired contents of EOM

— file input to machine callad ROM programmer

— each programmable connection is 2 fuze

— ROM prozrammer blews fuses where connections should not exist
* Very low write abihity

- tyrpically written anly ance and reguires ROM programmer device
» Very high storage permanence

— bitz dom’t change anless reconnected to programmer and mare fuses
blowmn

» Commonly uzed in final products
— chkeaper, harder to madvenently modify
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