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(T)n_(fhip Components --------------------- ;-;-:-;-:-;---’f-:---.
ContrOI - - ’E eDRAM
. Secondary
_ Main Memory
Datapath| 0 Memory | : (Disk)
& (DRAM) | :
T
Speed (ns): .1's 1's 10’s 100’s 1,000’s
Size (bytes): 100’s K's 10K’s M’s Ts

Cost: highest lowest
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Memory Timing: Definitions

Read cycle

READ

Write cycle
~Read access ~Read access < >
WRITE
Write access

/ Data valid \(‘ >

DATA

T

Data written
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:LMOS'??T% ZEHIZT &

s MOSH# B2 & 94 A KL
s A AU IR 4% & (Random Access Memory,
RAM) « LM Gk, 0L HEMA XA £
s 2% 44 % (Read Only Memory, ROM) .

FEL NG, BHARTUAENENE, 25
1E=#10F 34 L o

= R # A5 M A IR A B (FeRAM, MRAM)
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P BB 5T 285 RAM=S 35

NASPHENLFEEF(EES (Dynamic Random Access Memory,
DRAM) :

ﬁ%@ﬁ~&§@ﬁﬁ% 145 at R 42, o R = R R
. 22 BHEL, Gitd, HAA FRSENEE
 BRES. HHAA, ELHTHENGAR

%u»&,iﬂﬁiﬁﬂﬁiﬁﬁﬁﬁ (Static Random Access

Memory, SRAM) :

Bk BRI, BREOLKRGH, PERAKCLGEHAELREAE £,
# b ORI R SARPK, £XEF4DRAME .
Bl TEEEW®E, THRAEREZ LS YR EZ (cache) o
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2. T Mg 22 Bl I I 22 ) O] gt R e fifiae (
programmable ROM, PROM) - J?-fv#f*l ad A~
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A R A ] 2 £

2 A iEss (erasable and

programmable ROM, EPROM) :<TilM ik 5, &Rk

o G A K, B K, F4RAM&G 5 F1E,
B suya Rk G R A

(1) 249032 UVEPROM (ulraviolet EPROM)

POl RT A/ h—H B
(2) B#% EEPROM (electrical EPROM) :

BEBRIKE
Flash Memory - A] & B A |
EEPROM
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s FeRAM (ferroelectric RAM) |,
s MRAM (magnetic RAM) |,
s RRAM(Resistive RAM)

s 5. AADRAMGE & & F«RAME 4148/
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—YETF R AR

m bits m bits
(So.| Wordo So,| Word 0
Si,| Word1 Si,| Word1
S2.| Word 2 Storage A, S2.| Word 2 Storage
s | S 1/ Cell A_| 5| S, 1/ Cell
$<
c Aci|
Sﬁ. Word n-2 Sn-z . Word n-2
KS% Word n-1 Sn . Word n-1
Input/Output Input/Output

Decoder reduces # of inputs

n words — n select signals
9 k=log, n 14
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f bit line

)

2k

A 4

word line

A 4

A 4

storage

i — (RAM) cell

A 4

Row Address
234

/Qow Decoder\

A 4

A A A A A A

c z), Yy V.V y y v m2]
£ o Ay, — = ‘ —~selects appropriate word
=3 A ™_Column DeGC’d/e'/from memory row
& < Aj-1
Sense Amplifiers amplifies bit line swing

Read/Write Circuits

o

»
Input/Output (m bits) 15
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4x4 SRAM Memory

bit line precharge

BL !'BL

WLI[0]

WL[1]

read
precharge
enabI97/ ,
A—"—» 5 >
2 bit words A, R

WL[2]

/ROW Decod

&

clocking and
control

A\ 4

WL[3]

A A A A

A A

A

y A 4

v

v

BL[i]

BL[i+1

!

il

yolumn Decod%

sense amplifiers

write circuitry
17
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4x4 SRAM Memory

read o
precharge' bit line precharge
enable R
;Lh BL IBL WLI0]
ALl S5,
o g WL[1]
O
i QO
2 bit words A, g . WLE2]
o
{ g WL[3]

A 4 \ 4

yolumn Decod%

\ 4 v

&

clocking and
control

sense amplifiers

BL[i] |BL[i+1 write circuitry

b
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Collection of 2M complex logic gates
Organized in regular and dense fashion

(N)AND Decoder
WLy = ApAd14243444546474849

Wigyy = Agdqdodad sl gdadedg

NOR Decoder

WLO = AO +A1 +A2+A3 +A4+A5 +A6 +A7 +A8 +A9

WLSII = A0+;11 +z’-'_12 +;13 +f_14 +f—15 +f_16 +;17 +;18 +f_19
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2 JERY

WL,

alefele

AA3AA AL AN,
T
As

D

NAND decoder using
2-input pre-decoders

24



SURAN
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4x4 SRAM Memory

read

—>

precharge

bit line precharge

enabI97/

A,

er
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»

BL !'BL

WLI[0]

2 bit words

A\ 4

WL[1]

A,

—

A\ 4

WL[2]

/ROW Decod

&

clocking and
control

A\ 4

WL[3]

A A A A

A A

A

y A 4

v
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FPEAS % 4-input pass-transistor

BL, BL,; BL, BL,

SN

A, S, ll:

2-input ! o—o—T—o—o

D

Advantages: speed (t,; does not add to overall memory access time)
Only one extra transistor in signal path
Disadvantage: Large transistor count

27
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4-to-1 tree based column decoder

BLo BL1 BL2 BL3

T

>
T
1

*—

T

D

Number of devices drastically reduced
Delay increases quadratically with # of sections; prohibitive for large decoders
Solutions:buffers

progressive sizing

combination of tree and pass transistor approaches

28
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WLy = Apd14243444546474849

Wl = Aod 4434454647454

WLO = A0+A1 +A2+A3 +A4+A5 +A6+A7+A8+A9

WL

511 = A0+;11 +f_12 +f_13 +f_14 +z;5 +‘:16+;17 +;18 +}_19
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Static Pull-up Precharge L J

clock O g
L | Jl

1L

BL IBL

BL IBL

equalization transistor
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precharge bit line precharge
enable , WLo
. BL 'BL [0]
A, [ 3 X
8 g WLI[1]
2 bi 1)
bit words A, g . WLE2]
o
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&

clocking and
control

&olumn Decod%

\ 4 v

sense amplifiers

BL[i] |BL[i+1 write circuitry
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* Sense Amplifiers

make AV as small
— Y as possible

large small

34
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Sense Amp Operation

*

BL

— V(1)

[oven

V(0)

Sense amp activated t
Word line activated
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Differential Sense Amplifier

-

_|

Directly applicable to
SRAMs
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Differential Sensing — SRAM

Vb — Vb
T PC T
[ |k l 4
EQ
WL, l l
::lp C||

SRAM cell i

Diff.
X Sense?(-

Amp

l

Output

A

(a) SRAM sensing scheme

Voo Vb
y M3 brd M, b'TCl ?
AWMy My |2 A %
SE[M. — SE
_é_SE
i I I
Vb —
y bT-CI Output
R — L
SE- =

(b) two stage differential amplifier

37



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Latch-Based Sense Amplifier (DRAM)
| EQ
BL | |BL

L |

.E..]'
H 4

I_ ]

SE—| |

1
1

Initialized in its meta-stable point with EQ

Once adequate voltage gap created, sense amp enabled with SE
Positive feedback quickly forces output to a stable operating point.
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