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Semiconductor Memory Classification

Volatile Non-Volatile Non-Volatile
Read-Write Memory Read-Write Memory Read-Only Memory

Random Access | Non-Random Access

EPROM Mask-Programmed
E*PROM Programmable (PROM)
FIFO FLASH
SRAM LIFO
DRAM Shift Register
CAM
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Memory Timing: Definitions

Read cycle
READ
| . Write cycle
Read access | Read access < >

WRITE | i

! ! i Write access

| Data "n.-“a|id| R‘L ’|

I | |

DATA f??\
Data written
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Memory Architecture

M bits M bits
r 5o - -
—>» Word 0 Word 0
S
' Word 1 A4, Word 1
S
2 Word 2 Storage oy Word 2 Storage
cell 1 cell
< . .
ﬁyorgls > 4
Ny 2 ' r
— Word N7 2 Word N7 2
San
| Word N} 1 Word N7 1
Input-Output Input-Output
(M bits) (M bits)

Decoder reduces the number of select signals K = |092N

Problem: ASPECT RATIO or HEIGHT >> WIDTH
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Array-Structured Memory Architecture

2L2K Bit line
T Storage cell
/—3"‘ | P
Aki1| 8 Pr--—--1 o Word line
- g N |
— 2 :
= -
A =] |
LE_L. X | I
\—}-

EEENLENT,

Sense amplifiers/ Drivers

R X CZETE

Column decoder - Selects appropriate
Ak21 = word

Amplify swing to
rail-to-rail amplitude

Input-Output
(M bits)

Better ASPECT RATIO
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Hierarchical Memory Architecture

Block 0 Block i Block P2 1

re ===/

|
Row I
address !
-
NJ IS
Column :
address '
Block i : _______ % ____ % i
a“"LF—»F——F—»F

_ ¢ Global data bus
Control Block selector Global
circuitry amplifier/driver
/O

Advantages.
1. Shorter wires within blocks
2. Block address activates only 1 block => power savings
4/30/2022 6

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Hierarchical Memory Architecture

Global word-line

L : LN N ]
—’| L
N Subglobal word-line
_/ L Local Wo/rd—line L
D Block
D | 0.0
select *

Block group
select
Column Memory cell Column Memory cell Column Memory cell

select Block 0 select Block 1 select Block n-1

Advantages:
1. Shorter wires within blocks
2. Block address activates only 1 block => power savings
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6T SRAM

Write bit bit_b
word

» Drive one bitline high, the other low

» Then turn on wordline

> Bitlines overpower cell with new value

> Writability

»Must overpower feedback inverter

»N2 >>P1

Ex:A=0,A b=1,
bit=1, bit b=0
Force A_b low, then A rises high

\
0 100 200 300 400 500 600 700

time (ps)
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Read

» Precharge both bitlines high
» Then turn on wordline
» One of the two bitlines will be pulled
down by the cell
» Read stability
» A must not flip
»N1>>N2

Ex: A=0,A b=1
bit discharges, bit_b/stays high
But A bumps up slightly

ELECTRICAL ELECTRONICS

6T SRAM

bit

bit_b

word

L P1 P2,

1.51

1.0

0.51

0.0

0

100 200 300 400 500 600
time (ps)
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6T SRAM

SRAM Sizing

High bitlines must not overpower inverters during reads
But low bitlines must write new value into cell

bit bit_b
word
weak
med | _|med
N 1
A A Db
g strong E
Ve
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6T SRAM

SRAM Sense Amplifier

VDD

DD

SAE D—IE{P3 Pj:H— - ‘PZ P4‘\E||—<] SAE

\ § A% 3 = D VOUTB

ouT

P3
BL/Vout BL/Vout Nt JE N2

BL D—{; N3 N4 JF<JBLB

SAE D—{[_ N5

Vss
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3-Transistor DRAM Cell

BL1 BL2
wwi L
RWL _T_ L/ N
WL, 2 S
M| X H;I-_ s /’
Cs Bl / O\
T e BL2 —~—

No constraints enwdevice ratios Reads are non-destructive
Value stored-at node X when writing a “1” =V, -V+,
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1-Transistor DRAM Cell

WL Write 1 Read 1

_L WL /N YAPRAN

JMTLL X GND N
CS i

BL;.—""—\_,J*’:”'—\_

|

_L_. sens{ng
Car T - L

Write: CS is charged or discharged by asserting WL and BL.
Read: Charge redistribution.takes places between bit line and storage capacitance

Voltage swing is small; typically around 250 mV
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1-Transistor DRAM Cell

» 1T DRAM requires a sense amplifier for each bit line, due to charge redistribution
read-out

» DRAM memory cells are single-end in contrast to. SRAM cells.

» The read-out of the 1T DRAM cell is destructive; read and refresh operations are
necessary for correct operation.

> Unlike 3T cell, 1T cell requires presence of an extra capacitance that must be
explicitly included in the design.

» When writing a “1” into a DRAM cell, a threshold voltage is lost. This charge loss
can be circumvented by boatstrapping the word lines to a higher value than Vg,
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Read-Only Memory

Internal Logic 32 X 8 ROM

A
B
C
D

(a) Conventional symbol 0
I 1
] ETE TP
' 2
Iy — 3
5x32
I
. ) B decoder
(b) Array logic symbol /
/ v L o -; meeme EH
Iy 29
30
31

In General for 2 X n ROM QQQQQQQQ

K x 2¥Decoder and n OR gates As  As Az Ay AL Ag

Each OR gate has 2K inputs

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Programming the ROM

Address 3 =10110010 is permanent storage using fuse link

N = O

5 X 32
decoder

I3 — 28
29 Rk
30
31

X 1 means connection
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Programming the ROM

1. Masking During Metallization

Global

Metal line interconnects

Local
interconnects

Transistors
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Programming the ROM

2. Fuse (PROM)

C2000 How ST Works

PROM
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Programming the ROM

3. EPROM

Control gate

‘ Floating gate

Oxide

Source Drain

P substrate

=

Bulk
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Programming the ROM

3. EPROM
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Programming the ROM

4. EEPROM

Gate
—ource | Crain
e

"
"I:l o0
II oy 20V
ILl GMD F'rugram*z'&
i

oy 20V
e el
|
::| By
“ v 5

N A Sy gy

e Oiffusion
Bit 0 Bit_1 Bt 2 Bit3 B Folysilicon
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MOS OR ROM

BL[0] BL[1] BL[2] BL[3]

WL[0] 1
S e Voo
WL[1] } I
e rt o
| |
WL[2] | |
3 = v
DD
WL[3]
V.. = In 1 Im
bias I|:|_ II:I_ I|:|_ I|:|_
) Puli-duwn In:;ds )
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MOS NOR ROM

1 1 — Vo
I: I: Pull-up
IR e T R e T I SR
_|—' _]—" |—'l Logic 0
wL[3]—| i I w2
} ] GHND
1 1)y
= oy
. ' P[]
} + GND
7o —i I 4y WL[0]
_l—I _]_!l | ]-_.D'gll.'.‘-l
BI[3] BI[?)] BI[1] BI[0]
. | A Ay | Ry Rp Rg Ry
Ay —— Ry
Row [ Ry | Wordlines 0 0 1000
A Decoder ——— Ry } (to ROM array) 0 1 01 00
: R 1 0| 0010
Address ¢ 1 1] 00 0 1
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MOS NAND ROM

T T Vop
Pull-up
‘ | ‘ | devices
= = = = BL[3] BL[2] BL[1] BL[0]
$— BL[3] +— BL[2] $— BL[1] +— BL[0]
WL[3] i —_— .
WL[2] i
WL[2] 2
WLl | | :_
[ ] 1 1 :‘ : ]'__..;,51..: 0 H?I.[l]
WL[O] | i _—_ WL[0] .
gic
(a)
Aj Ay | Ry Ry Rg Ry
0 0 0 1 1 1
0 1 1 0 1 1
1 0 1 1 0 1
1 1 1 11 0 |
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Pre-charged MOS NOR ROM

f pre 4_I :1 ] :1 m :;il:l vﬂﬂ'
| g —I] f ] ‘ 424 Precharge devices
WL 0] | { EESEEdaiat: (e
= b \ GND
WL[1] I ‘ |[|_r
5
I'_r. I
WL[2] |
l.__l \ II_]. GND
WL[3]

BL[0] BL[1] BL[2] BL[3]

4/30/2022 25

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Row Decoders

Example 8 bit Decoder

WL, = A, A A A A A, A4,
WL,ss = A, A A A, A4, A 4,

1. Implementation 8 Inverters + 256 NAND

ITLy

M7,

L L

2. Implementation 8 Inverters + 256 -NOR

L
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Row Decoders

Multi-stage implementation improves performance

WL

D

AP AAIAA|AAL  [A2A3AAG A A
Q @ 9 é @ @ é é NAND decoder using
- L = 1 2-input pre-decoders
AAg  Ag Ay AzAy;  Aj As
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Row Decoders

Precharge devices -y GND V'EILE
-4 — il TTT TTT P-.
oy e, ! Bl
_:I'_. .—'|=_ il JTL_TI7T -—
O +—+ 0 w, M ha WL,
.y = — —=
+ T_Lf:l_ WL, | TTT TTLC vrb_. WL 4
Nl i dk WL %)P"
'” 1:=I' J:zL—L—Mﬂ
Voo & Ay A A Ay Ag Ay Aq A, ¢
2-input NOR decoder 2-input NAND decoder
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4-t0-1 tree based column decoder

T

Number of devices drastically reduced. Delay increases quadratically with # of sections;
prohibitive for large decoders
Solution : Buffers
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Flash Storage

« Most prominent solid state storage technology
— No other technology is available at scale

 NAND- and NOR- flash types available
— NOR-flash can be byte-addressed, expensive
— NAND-flash is page addressed, cheap
— Except in very special circumstances, all flash-storage we see are NAND-flash
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Flash Storage

Flash memories store information in memory cells made from floating gate transistors.

Bit Source Bit
Line Line Line

° )
Word Line —I—{—— Bit Line Select —I F'Oatlng
| gate
@1—— Word Line I G
Memory Cell ' ° ‘

l ° Memory Cell\\ /
1 \
i i
GND Line Select——|
| Source Line °

NOR Flash Architecture NAND Flash Architecture

NOR flash is faster to read than NAND flash, but it's also more expensive.
NAND has a higher memory capacity than NOR.
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Flash Storage

NOR flash

BL(0) BL(1) BL(2) BL(3)
Programmed
N

lll_l_ lll—I— url— III‘IA \{ Jd‘ J)d—‘ J{
WL(0) —HE—HE——HE—HE — 0 l . : "

m‘l_ nrr m'l— nrJ—

Jl‘_l— Jlrl— Jlrl_ lkl_r
e e e TR TE RN 0 ;d_ :ﬁ_ »d_ w{

Z]
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Flash Storage

NOR flash All row
values
destroyed O open O 0
\
0 JU—I_ %ll_l_ Jll_l_ "C\r_
] 9 Vpp
__— vé— AJIN
ll\_l | lll_l Ill_‘ 0
O Jrl_ Jll—l_ Jll_l_ Jﬂ_l—
Hl_l Il]j Ill_l lle 0

NOR FLASH memories are very fast to program and read. Erasure through tunneling is

much slower. However, this kind of array suffers from low density due to the same
reason that impacts NOR ROM density the need for multiple grounds.
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Flash Storage

NAND flash

vad Vpp  Vpp ¥ep 0 ?

Vdd _1 Vdd _1 IEl;dd _1 ) i "I e —l e ‘”Er
i e vas T UCUC
D | S ST T
T N o -y
[ [ [
- - —

vad —|[ vad—{[ vaa— va —|[_vaa —[_vaa —HEL
0 Vpp Vpp 0 0 0
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Content Addressable Memory (CAM)

« Extension of ordinary memory (e.g. SRAM)
— Read and write memory as usual

— Also match to see which words contain a key

adr  data’key

v

CAM —\—» match

read —»

write —»
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CAMSs

10T CAM Cell

« Add four match transistors to 6T SRAM

— 56 x 43 A unit cell
bit bit_b

word T

}_.

80

1 Q118

E =

match [J| < l
v
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CAMSs

* Read and write like ordinary SRAM

CAM cell

* For matching: — o e
— Leave wordline low w2 g g i g {Rﬁﬂ_ matcho
— Precharge matchlines : & - matent
— Place key on bitlines a CEHICHER R e
— Matchlines evaluate . —%{}:i Ew{}ﬁf F—— matcns

e Miss line oata
— Pseudo-nMOS NOR of match lines
— Goes high if no words match
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Thankyou
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