Memory Devices

 Read Only Memory (ROM)
— Structure of diode ROM
— Typesof ROMs.
— ROM with 2-Dimensional Decoding.
— Using ROMsfor Combinational Logic

 Read/Write Memory

(Random Access Memory, RAM):

— Typesof RAM:
« Static RAM (SRAM)
 Dynamic RAM (DRAM)

— SRAM Timing
— DRAM Timing
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Read-Only Memory (ROM)

e A combinational circuit with n inputsand b outputs:

Addr&ss n Ny b b Data
ROM

 Programmable % valuesdetermined by user
 Nonvolatile % contentsretained without power
e Uniform (Random) Access % delay isuniform for all addresses

EECC341 - Shaaban }
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Read-Only Memory (ROM)

Two views of ROM:
— ROM stores 2" words of b hits each, or

— ROM stores an n-input, b-output truth table

n=2 b=4
Example:. Al AO D3 D2 D1 DO
0O O 0O 1 0 1 Stores4 4-bit words, or
0 1 1 1 1 1 <4 stores4functionsof 2
1 0 0O 0 0 1 input variables
1 1 1 0 0 0

EECC341 - Shaaban
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|nternal Structure of 4 4 Diode ROM

0101 =<—1of nWord Lines

~_ w0 )K )K
)P‘/ )b‘/ )g 1111
/\r{

Al |
0 /Wl \K
2104
Ao | Decoder o /w2 0001
wa X 1000
S DO
Diode == 1 O D1
o D2
; o
No Diode 0 5 D3
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ooy TYPES Of ROMs

— Connections made by the semiconductor vendor
— Expensive setup cost, Several weeksfor delivery. High volume only
— Bipolar or MOS technology

PROM
— Programmable ROM
— Vaporize (blow) fusiblelinkswith PROM programmer using high voltage/current pulses
— Bipolar technology
— One-timeprogrammable

EPROM

— Erasable Programmable ROM
— Chargetrapped on extra“floating gate” of MOStransistors
— Exposureto UV light removescharge. Limited number of erasures (10-100)

EEPROM (E2ROM)

— Electrically Erasable ROM
— Not RAM (relatively dow charge/dischar ge)
— limited number of charge/dischar ge cycles (10,000)

Flash Memory

— Electronically erasablein blocks
— 100,000 erase cycles

— Simpler and denser than EEPROM EECC341 - Shaaban
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ROM Type Summary

Type Technology Read Cycle | Write Cycle | Comments

Mask ROM| NMOS,CMOS| 20-200ns | 4 weeks Write once; low power

Mask ROM | Bipolar <100 ns | 4 weeks Write once; high power ; low density
PROM Bipolar <100 ns | 5minutes \é\rllgrtgeeonce; high power; no mask
EPROM NMOS, CMOS 25-200ns | 5 minutes Reusable; low power; no mask charge
EEPROM | NMOS 50-200ns | 10 ne/byte 10,000 writes/location limit

FLASH CMOS 25-200ns | 10 nw/block | 100,000 erase cycles

EECC341 - Shaaban
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| nternal Structure of Transistor ROM

 Replacediodeswith MOStransistors
 Changedecoder to active-high outputs

w3

+5V
@)

Sre R Zm RO

Transistor [—> 1

No transistor — > 0

/D3 /D2 /D1 /DO

1000
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EPROM and EEPROM Structure
\LD_D

Floating gate % % o o o %
\ - - !

/Hvl Ml Ml
Ml Ml Ml g
i W bE
Active-low L{ - L{ - L{ )

pit lines Q i q
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64 x 1 ROM with 2-Dimensional Decoding

+5V
N
L B = | X
| 3tog plE o XL gxs
A3 Decoder I Diode Array
L w7 K ] S
O O O
'3\2 > O 4
A0 8 to 1 mux
v DO
—> Almost square chip

EECC341 - Shaaban
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AOQ
Al R
o ow \ Storage
o | decoder —/ array
© Power Power
Am-1 on — on
o L
Am Power
Am+1 e on
o Column
. multiplexer
An-l
Ics—Q °°°
JOE—C
(@) (@) (@)
Internal 2" x b ROM Structure
Db-1 Db-2 DO
EECC341 - Shaaban }
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Using ROMsfor Combinational Logic

Example A 3-input, 4-output combinational logic function:

| nputs
A2 Al AO
0 0] 0)
0 0 1
0 1 0)
0) 1 1
1 0 0)
1 0 1
1 1 0)
1 1 1

0

OCOORRRR

|0 —
11 —
POL—

8" 4ROM
A0 DO
Al D1
A2 D2

D3

— YO
— Y1

— Y2
— Y3

Function: 2-to-4 Decoder with Polarity Control

Outputs
D3 D2 D1 DO
1 1 1
1 1 0
1 0 1
0 1 1
0 0 0
0 0 1
0 1 0
1 0 0
A2 = Polarity
Al A0O=11,10

D3..D0=Y3..YO

(0 = active Low, 1= active High)
(2-bit input )

(4-bit decoded output)

EECC341 - Shaaban
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Read/Write Memory (RWM / RAM)

RWM = RAM (Random Access Memory)
Highly structured like ROMs
Can storeand retrieve data at (relatively) the same speed

Static RAM (SRAM) retainsdata in latches (while power ed)

Dynamic RAM (DRAM) stores data as capacitor charge; all
capacitors must berecharged periodically (refresh).

Volatile Memory: Both Static and Dynamic RAM

Nonvolatile Memory: Data retained when power lost
= ROMs, NVRAM (w/battery), Flash Memory

EECC341 - Shaaban }
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Basic Structure of SRAM

2"x b RAM

Ao
Ay

An-l

—DIN, DOUT, ——
DIN, DOUT, ——

DIN,; DOUT, —

CS
OE
WE

D

e Address/Control/Data Out lineslikea ROM (Reading)

+ Write Enable (WE) and Data In (DIN)
(Writing)

1_

EECC341 - Shaaban
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One Bit of SRAM

IN D O “‘L ouT

| | —IN OUT—
—  — |SEL
/SEL— — |WR
WR—4d ) C
SEL and WR asserted ® [N datastored in D-latch (Write)

SEL only asserted ® D-latch output enabled (Read)

SEL not asserted ® No operation

EECC341 - Shaaban }
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DIN3 DIN2 DIN1 DINO
0
IN ouT IN ouT IN ouT IN ouT
L1 O sEL L O sEL L O sEL L1 O sEL
L —+—C WR 3 WR 3 WR O WR
8 X 4 IN ouT IN ouT IN ouT IN ouT
SEL SEL SEL SEL
{ H—{ WR A WR < WR O WR
SRAM 2
IN ouT IN ouT IN ouT IN ouT
L SEL L SEL L < SEL L SEL
H— O WR A WR O WR O WR
3-t0-8 IN ouT IN ouT IN ouT IN ouT
Decoder SEL SEL SEL SEL
4 H WR —J WR —J WR — O WR
ﬁi i IN ouT IN ouT IN ouT IN ouT
Ad 0 —1+— SEL —+— SEL —1—J SEL —— SEL
c H—f WR A WR < WR O WR
IN ouT IN ouT IN ouT IN ouT
SEL SEL SEL SEL
5 H— O WR A WR O WR O WR
IN ouT IN ouT IN ouT IN ouT
SEL SEL SEL SEL
. H— WR A WR < WR S WR
IN ouT IN ouT IN ouT IN ouT
—[ SEL L (3 SEL L SEL | SEL
L WR - WR - WR L wWR
WE ——
aQs ——-d
A 2 yd yd
/C@ POLTS sevr—— EECGo34L - Shaabazfa)qu-
|
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SRAM Timing

During READ, outputs are combinational functions of ADDR,
CS, OE (like ROM)

— Inputs can freely change without problems (except for
propagation delay from last input change to output)
During WRITE, data stored in latches, NOT FF’s.
— Thus, Setup & Hold on Data [N relative to trailing edge of
IWR
Address must be stable
— for setup time before /WR asserted, and
— for hold time after /WR deasserted
. toprevent “spraying”’ datato multiplerows

/WR asserted when BOTH /CS and /WE asserted
/WR deasserted when EITHER /CS or /WE deasserted

EECC341 - Shaaban
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READ Timing (SRAM)

max(taa tacs)

APDR ><><><> stable ><X><><X>L stable W stable W
> tan > —»> M <
IS /
t
< OI_-b
s >
IDE
t t tOZ 1:OE
«PA ) 0z toe <—>’
A
DOUT| KOO X valid > M valid valid XX
Primary Spec
for SRAMs

EECC341 - Shaaban }
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WRITE Timing (SRAM)

(WE-controlled write)

ADDR X\ ]

stable

D S

(CS-controlled write)

(OO sable IR

CSW <« 1:AS 1:CSW >
ICS
<t > 1,
— s wp > @t WP AH
WE NI X
t t
t t DS | DH
PRI PLUIN «—> <>
DIN JOOUUVOUUPK_valid QOO0 _valid X

EECC341 - Shaaban }
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Example: 16 X 1 SRAM ® 4x 4 Array

v D1
0
2-t0-4 IN  OuT IN  OuT IN  OuT IN  OuT
Decoder ——C SEL ——C SEL ——C SEL ——C SEL
1 —C WR O WR O WR O WR
Al 1 IN OUT IN OUT IN OUT IN OUT
AO 0 SEL SEL SEL SEL
2 —C WR O WR O WR O WR
IN OUT IN OUT IN OUT IN OUT
SEL SEL SEL SEL
3 —O WR O WR O WR O WR
IN OUT IN OUT IN OUT IN OUT
—C SEL ——SEL ——SEL ——SEL
A3-A2 | —C WR ——C WR ——C WR ——C WR
/IWE —oO v
/ICS ———oO
D 2-to-4
e Decode
JOE —O r
S
E 4-t0-1 Mux

v

D

@)
ECC341 - Shaaban
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9to 512
Decoder

64K x 8 RAM with 2-D Decoding

512

512 512 512
128 128 128
128 128 128
Y Y Y

128 128 128
tol tol tol
Mux Mux Mux

DO D1 D7

512

1024
Array

EECC341 - Shaaban
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Classic DRAM Organization

bit (data) lines

r
Each intersection represents
] al-T DRAM Cell
" -l
d RAM Cell
" Array
c
(o)
d - word (row) select
e A
r
* Column Selector &
row : = Col
I/O Circuits 'L oliumn
address Address

° Row and Column Address
data together:

« Select 1 bit a time

EECC341 - Shaaban }
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L ogical Diagram of A Typical DRAM

RAS_,,L¢ &CASHL WE",Ii &OE_L

A 256K x 8
7 DRAM - —» D

9 8

° Control Signals (RAS_L,CAS_L,WE_L, OE_L) are all
active low

° Din and Dout are combined (D):
- WE_L is asserted (Low), OE_L is disasserted (High)
- D serves as the data input pin

« WE_L is disasserted (High), OE_L is asserted (Low)
- D is the data output pin

° Row and column addresses share the same pins (A)
- RAS_L goes low: Pins A are latched in as row address
« CAS_L goes low: Pins A are latched in as column address

EECC341 - Shaaban }
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64K x 1 DRAM

ROW 256 x 256
— N array
decoder Y
Row ADDF\TT j E
8 Control  |COl ADDE
ADDR —— " Row register,
IRAS —(O Control Data mux/demux
ICAS ’
IWE (O .

-3,

bit line
word line

I

T
1-bit DRAM cell

64K x 1 DRAM

—— ADDR
Din

—( RAS
— CAS

Dout —
—C WE

EECC341 - Shaaban }
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Standard Asynchronous DRAM Read Timing

/
/

!
I ; |
- !
/CAS | \ i :
i i i
ADo12 X o X Sl i :
AWRITE | |
1 | |
JOE | E |
| \ _/ |
i JI r ! . \ !
DATA {ﬁutb L. Valid Data :
i i |
DATFA- i) f :
i ! !
i i i
) 'Rac —PI |
™ 1Hc T h

trac: Minimum time from RAS (Row Access Strobe) line falling to the valid data output.
Usually quoted as the nominal speed of a DRAM chip. For atypical 4AMb DRAM tgac = 60 NS

tre: Minimum time from the start of one row access to the start of the next.
trc = 110 nsfor a4Mbit DRAM with atgac of 60 ns

EECC341 - Shaaban }
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Four Key DRAM Timing Parameters

leac: Minimum time from RAS (Row Access Strobe) line

falling to the valid data output.
— Usually quoted asthe nominal speed of a DRAM chip
— For atypical 4AMb DRAM tgz,c =60 ns

lrc: Minimum timefrom the start of onerow accessto the

start of the next.
— trc =110 nsfor a4Mbit DRAM with atz,- of 60 ns

teac: mMinimum time from CAS (Column Access Strobe) line

falling to valid data output.
— 15 nsfor a4Mbit DRAM with at;,- of 60 ns

toc: minimum time from the start of one column accessto

the start of the next.
— About 35 nsfor a4Mbit DRAM with atg, of 60 ns

EECC341 - Shaaban }
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Simplified Asynchronous DRAM Read Timing

DRAM Read

Frech
L RAS Acae e RAS Active S
Prech Precharge
o TE T Er——

Bus ' i m—

WE

Data 1RAC m HRAC m
Bus

tCAC tCAC

EECC341 - Shaaban I_
Sour ce:  http://arstechnica.com/paedia/r/ram_guide/ram_guide.part2-1.html
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Modern DRAM Timing

 Fast-Page Mode, FPM DRAM (One RAS, multiple CAS)
— Multiple bits of arow can be written before rewrite
— Complex control, but much faster

 Extended Data Out, EDO DRAM (One RAS, multiple CAS)

— Latches the column address so that the next address can be prepared
while the output is read

— Saves ~10ng/read, and increase of 10-15%
— Even more complex control.

« SDRAM - Synchronous DRAM

— Unlikenormal DRAM, SDRAM isclocked.

— Multiple signals and banks (row-addressregisters) allow “ pipelined”
oper ation

EECC341 - Shaaban }
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Page Mode DRAM: Motivation

° Regular DRAM Organization: i;;“r':; S—
COLSs

+ N rows x N column x M-bit y

* Read & Write M-bit at a time +

« Each M-bit access requires DRAM

a RAS / CAS cycle 2 Row
= 2 Address
Fast Page Mode DRAM z
* N x M “register” to save a row * /

v /i M bits

M-bit Output

batl——— 15t M-bit Access —l betl—— 2nd M-bit Access—l
RAS L %\ /) ]

| | | |
CAS_ L 1 \ / I \ A

| | | |
A X Row Wddress X Col Address X Junkl! X Row ddress X Col Address X Junk X:
| | | | | | |

EECC341 - Shaaban }
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Fast Page M ode DRAM: Operation

° Fast Page Mode DRAM
+ Nx M “SRAM” to save a row

° After a row is read into the
register

+ Only CAS is needed to access
other M-bit blocks on that row

+ RAS L remains asserted while
CAS_L is toggled

Column

>

N cols

DRAM
Row

Address

£

Nx M*“SRAM”

4

M-bit Output¢

3rd M-bit

/'i M bits

4th M-bit

1st M-bit Access 2nd M-bit

R Bl caa]

foe-1ef

et
RAS L X\

— — l—
* 1 |

CAS_L
I I

A X Row !Address X Col Address X Col Address
| |

Col Address Col Address
X X

EECC341 - Shaaban }
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Simplified Asynchronous Fast Page M ode
(FPM) DRAM Read Timing

Fast Page Mode Read FPM DRAM speed rated usingtRAC ~ 50-70ns
RAS
Add = i T 7

WE

. 52
Bus

1CAC tCAC

tCAC tCAC

Typical timingat 66 MHZ : 5-3-3-3
For buswidth = 64 bits= 8bytes = Max. Bandwidth = 8x 66/ 3 = 176 Mbytes/sec

EECC341 - Shaaban I_
Sour ce:  http://arstechnica.com/paedia/r/ram_guide/ram_guide.part2-1.html
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Simplified Asynchronous Extended Data Out (EDQO)
DRAM Read Timing

 Extended Data Out DRAM operatesin asimilar fashion to Fast Page Mode
DRAM except thedatafrom oneread ison the output pinsat the sametime
the column addressfor the next read isbeing latched in.

EDO Read EDO DRAM speed rated usingtRAC ~ 40-60ns

s
‘Precharge Fre Pre Pre Pre Fre

CAS

Address
Bus m

WE

Uetn: - o — i — i ———
Bus HCAC c c C

Typical timingat 66 MHZ : 5-2-2-2
For buswidth = 64 bits= 8 bytes Max. Bandwidth = 8x 66/ 2 = 264 Mbytes/sec

EECC341 - Shaaban I_
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DO, .. DO7

e Diata QOut Drata In
CEE—f»
Buffer Buffer
CLE—p
D@ ® Control Logic
WE——1m- and Finite
CAS— pe]  State Machine E
RAS— =
All— — s Bank B
= DRAM
= (2M x 8)
¢ 4
S‘engt :L"::;I::;:{hﬁerﬁ T
Maode and /O Gating
» Register I A
Al ALD Column
—e  Address _ Burst Columm
Latch Counter I Decoder
Foowr
—e  Address
Latch —|_> '
Row Senge Amplifiers
, Sent plifiers|, .
_l" Multiplexer and 1/O Gating Latch
Refresh
Counter E
3 Bank B
5 DRAM
: (2M x 8)
[

Synchronous
Dynamic RAM
(SDRAM)
Organization

SDRAM speed israted at max.
clock speed supported:
66MHZ = PC66

100MHZ =PC100

133MHZ =PC133

150MHZ = PC150

EECC341 - Shaaban }
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SDRAM Read Simplified SDRAM Read Timing
Cock  A1| A2| A3| A4| A5| As| A7| As| A9| Ato
ras

Address m
Bus
wo— - ——

WE

Data s Data Data Data Data Data Data

Bus tCAC

DOM

Typical timingat 133MHZ (PC133 SDRAM) : 4-1-1-1
For buswidth = 64 bits= 8 bytes Max. Bandwidth = 133 x8 = 1064 Mbytes/sec

EECC341 - Shaaban I_
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RAM Summary
SRAM:
o Fast
o Simplelnterface

« Moderate bit density (4 gates® 4to6
transistors)

e Moderate cost/bit

DRAM (Dynamic RAM):
 moderate speed

o complex interface

* High bit density (1 transistor cell)
* Low cost/bit

/

/

Small systems
or
very fast
applications
(cache memory)

Large Memories:
PC's
Mainframes

EECC341 - Shaaban }
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