MEMORIES

Until this moment ...
MEMORY =FLIP-FLOP

Data to store —|D a}— Stored data
Order to store —
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) — o O
. (@]
D [ X || x
clk | | 1
Q x L
Data to store
How to store more - A N
than one bit? B, B, B, B,
D 0O 0D 0 N b 0—
— _ == _ = _ == _
Order to Q ¢ @ .
store ) " i
. S S, s, S,
Ty

Stored data




How to store more than one
word?

T T ﬁ i
L D O D G D O oD o
8 = _ = _ = _ = _ Word 0
O a F a F a a
33 J
C 0 |
o S, 5, S, Sh
I e T I
L D Q oD o D O b O
= = = = | | Word1
] F ] F ] ]
-
| S, S S, Sh
i T ﬁ i
L D Q D O D 0 D Q
= F} - F} __‘ = Word m
] 1] 1] 0]
J -
S, S s, S

‘ How many pins should have an IC capable of storing 1024 bytes (W = 1B) \
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Concept of ADDRESS lines...

V)
3 al
o Ay
D - E
[a) t :
< ﬂfcgl’m} 4
7 :
Order to ™ ALA“
store RN ﬂ)—‘Df Word 0
'_T—DD_:D— Word 1
example...
i | — word2

Order to
store
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To reduce the number of IC pins often the I/O terminals are common...

Word 0

||
Voo
ol o
]
||
Voo
ol ©
]
||
Voo
ol o
|
||
=]
ol o

||
Voo
= -
]
||
YV o
ol o
]
| |
=
ol o
-
| |
=
ol o

g; Word m
‘&J Ay —| C D 0 D 0 D 0 D 0
D Al | o o s s s
yal 3 ]7 3 F 3 T 5 T 5
< AL S .

fa)
Order —
to store

—

By/S,
By/S,
B,/S,

B./S,

ible, at any given moment, change the k bit of wor
ead / write memory (RWM) but is not a RAM!
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RAM Memory (Random Access Memory)

- Random Access Memory

- Name assigned to RWM with the ability to index cell by cell

INTERNAL ORGANIZATION:

1-D
8X1 BIT
A2 A1 AD
FFO —/—
1 %3 |
! FF1 —/—
» i %:E |
FF2 —/—
Y 01“\ |
! FF3 _/_
» i o::}i |
| FF4 —/—
1 g“\ |
! FF5 _/_
4 - .
. FF6 _/_
Re—0
._O FF7 —/—
™y |
=

_________________

2-D
8X1 BIT

A1 AD . .
FFO —/:— FF4 — —

._:3 j: ‘ |
FF1 —/E—- FF& _/E_.

2 1] 5 |
E .:OID FF2 —f’i —u FF& —/E —n

I—Q : ‘ |
FF3 —/—- FF7 —/ —a

h\ * |

N N |

colunas |

The 2-D version requires less “hardware”

'VOd4'Vid 'dld saliowan



- Besides the RAM memories there are many other memory types...

Sgs

Meméria

(o] o)

—

DA SRAMA  NWRAM  Flash EEFROM  EFROM  PROM  Masked

RAM MEMORIES I

Requires constant power, in
contrary information is lost

~

ed Syetemz Glossary

aptado de _
Embedd

. L
Michael Barr's

It can read / write to any
memory cell

( Used in computer architectures for

\ temporary storage of variables

RAM

(Random Access Memory)
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SRAM

time-of-life

Simple
implementation
[ More complex

RAM family

Are distinguished in data

Based on bistable
multivibrators Greater speed (4X) ]
/ Higher €/bit ]

DRAM

{ Greater storage ability {

Allow higher integration
density
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MEMORIES DRAM

-Stores the individual bits in "capacitors”

.............
. .

. .

o ,

i n EY i ¢ T T ' 1
-1t requires a refreshj_: circuit _/1 '_/1 _/1 _/1
each cell is visited periodically and its . ’ r " '
logical value is reset & e L7 L7 |
> LT L L] L
S <+ < < <
Y = =
g ' ' ' '
5 arrfarara
I I I T
BN DA DA
LT LT A L
5 = Z L L
K = =
S e 4
S e
wn
T:,) () (*) (*) (*)
s N
- K L L(*)Amplifier/sensw‘
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MEMORIES ROM

The cell content is

fixed

Used to store the
BIOS content on
PCs

ROM

(Read Only Memory)

Unlike RAM does not require
constant power supply

L

( It is also a random access

memory

|

ﬁ

PROM, EPROM, etc.

Available in various technologies:

|

-First type of manufacture
programmed ROM
(masked ROM’s)

"Firmware"
development
process

.
J

4 EPROM
Which can be
reprogrammed:

Write - electrical signal

\Delete -U.V.

programmed only once by

PROM (OTP)

Acquired 'virgin' and

the user.

/

-

LB 1
i EF
[l
P =d
28
ok et
—
-
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HYBRID MEMORIES

The advancement of technology has made blurring the boundary
between ROM and RAM

0

(such as ROM)

Brings together the best of both worlds...
-They can be read and written repeatedly (such as RAM)
-Keeps the same content stored even in the absence of power

{ FLASH J/
e

- High density

- Low cost

- Electrically
Programmable

- Contrary to
EEPROM can not
erase Byte by Byte
only sectors.

i

[ NVRAM

e U

- SRAM+Batery
- Strategy + costly

EEPROM

==

- Internally similar to
EPROM

- Deletes with electric
signal.

- High cost and long
writing cycles.
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MEMORIES ROM: Hardware Topics

- Any Boolean function can be written as a "sum of products" or as a "product

of sums"

-A ROM memory is a function that performs a mapping ADDRESS / DATA

-A ROM memory can be created as SdP or PdS

Ex. Create a memory ROM capable of storing 8 words of one nibble

Address = to each word => 8 addresses

3 bits necessary to distinguish 8 addresses

ADDRESS DATA
A2 | A1 | A0 | D3 | D2 | D1 | DO
:5; ololo ]| 1|1 |1]o0
Sloflofl 1 fofof1]o
E 0| 1] 0|1 1|10 o0
ol 1|1 ]o | 1|11
rlolo|l1]1]o0o]o0
rlol 1|1 ]1]o0o]o
11 ]ololo]|1]o
11t 1 ]loflo] ol

Az
L ]

[

Ay
L ]

[

A,

[

N

N

N
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From ROM to PROM...

Tﬂ
A_
[,
B—/}
=

C_
—proy /CJ/BUA Fo
y =
— "~ JcB A F
PT1 N —
.
o) /C.BUA F2
iy o
r—;ﬁ\ /C.B. A F3
-y o

Y

PT4 N —
iy
>, C.B.A FS

) P13 N

o

S F6

E @ C.B.JA F

—

= 5y CcBA F7

» .

I }
FIXED PROGRAMMABLE
“AND” “OR"
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Embedded system with uP...

"VOd4'V1d"'A1d SaLoWwa|

microprocessor +5 W 27256 27258 27256 -
{vpp L vpp VPP VPP
AD AD AD 10| a0 A0 ot
Al A AN Y A .
A2 A7 Az @ A2 A2 N
A3 A3 Az 7 A3 A3 o
Ad i Ad Ad i Al - A - "
AS AS AS A AC AG p’
AG AE A6 4fae AS e
AT AT Al 3 A7 A7 o
AB AR AR 25 AB AS v
AD AD A9 2 A9 AS o
A0 A0 A0 21 10 A10 o
AT a1 A1 23| a4 g a1
A12 A2 mz_2|,o a2 n
A13 1 a13 AT3 26|00 a1s TN
Al4 A4 A'M. 21 a14 Ald N
AlS cs 2 s cs o
A6 OF ﬂg oF o cs
U2 Ut
A1T
A8 A[19-0]
A19
Do D[7-0]
(0]
D7 |_P?
o3| A9 74x10 172 74x139
bd 12 HIMEM_L 1 4 SE0000_L
bs :j Qe 1O Sran00 L
D6 Le 2| :E & SF0000_L
b7 3 1B 1v3 G? SFB000_L
READ >

WRITE




PROGRAMMABLE LOGIC

-Multiplexer as versatile way to implement arbitrary Boolean functions

-ROM's can also be used for this purpose

-Other strategies may involve, in addition to combinatorial logic, sequential
logic

IC family that have a set of logic

Programmab|e Logic elements (eg. Logic gates) that can
be set arbitrarily

They have a predetermined
architecture
SPLD :
| )
PLA

U

One or more circuits sets
GAL PAL with AND gates and
configurable OR )
- Analog and / or Digital
Functions ~
- Set by the manufacturer from Other more comp'ex devices
a draft CPLD || FPGA have macrocells flip-flops etc.
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Unlike classical digital IC, where its function was rigid, in the PLD's the same
|IC can perform an infinite humber of functions!

1960s
SSI/MSE

1970s
LSI

19505
VLS

1990
Programmable
Logic

Conmprortenis

Logic. Resistor
I'ransistor ¢lements

B-bil puprocessor,
memaory, ROM

32-bil pprocessor.

gale arrays

O4-bil pprocessor.
PALs, FPGAS

Complexity Level

I o sales)

1Mk

RIXLETS

I miallion

LS o
millions

Pervasive

Connpentenis

I'TL 7400 Series

Iniel SOOK, ROM

Intel 086,
Motorola GEROOO,
eale arrays, PALs

Pentium 1, 11, 111,
FPCiAs,
Complex PLDs

Dyartrinsartt Trernd

standard catalog of
components

larger. general-
purpose

components, .2,

MICTOPTOCEsSOrs
and random

ACCESS Memones

application-
specific integrated

circuits

field programmable
Components

SPLD

In sharp decline, they are already few manufacturers who still produce SPLDs

-Lattice
-Cypress
-AMD
-PHILIPS
-Tl
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PAL’s

PAL...

-Programmable Array Logic

entation of the disjunctive

v \/\}4

-Only the each minimum term variable
can be programmed Fo

PTO

PTH

]
—

1 ““—pr2
"
"

PROGRAMMABLE FIXED
“AN D‘! “DH”
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PLA...

-Programmable Logic Array

-It has both programmable AND and OR
terms

-Greater flexibility

-Typically they have feedback between the
output of each OR and the input of set AND

-It can implement asynchronous state
machines

examples
iEC
111
F,=4BC MK 5C
=} A
|
F,=4=B=C Ha D B
It IS ¢
- - — ) 4
F.=[AEC) =31 +E - C = H
"l =
o a®, c__
F,=(A+B+Cl =4 B C = 1B C
E At sl 1B C
{ ::-A_BE
- CTE reTEF - R - L 480
F,=A®B®C=A5 C+41 BC +4B5 C +4BC D AR T
1 ABT
F,=iA®B®C =4ABC +4 BC+4B Cc+i1 B C THH L 4EBC
¥Hk 5&55

FyF F3F FFy

|
S
-

)
PLA’s
, ——- A
LDE ——- A
. -—-B
L> ’ . ——- /B
Fo| F1| F2| F3 F4I Fs| Fe| F7
L L] L L L L J
119 !
A R,
m
= F8
= L
< Fo (A/B +/A.B)
P $
8 F10
% IEDG AP
(A./B) (YA.B)
4 E ¢ Before programming After programming
1lrllr1lr
bt bt P 4 B C
,J_,,J.,,#,
— = Gl i
S D=
% e BB o
S 4
5 - D -
: = I?
-l
%) Y Y
S ottolic F, F, F,
5  — —
v Fp=AB+BC
3 1]
(]
g
o)
ES
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22 Generation of PAL’s: GAL’s

GAL (Generic Array Logic)...

I/ CLK D—[DDS

CLK

-Developed by LATTICE

PEEL

"AND"
ARRAY

-Able to implement both combinatorial and
sequential functions (counters, registers,

X
40 INPUTS

ﬂ

G4TERMS |13 MACRO

etc.)

-Its speed competes with the 74xx series of

I
I
I
I
I
I
I
I
I
I
I
I
OF

it

TTL
-Can be reprogrammed (~ 100X)

-Use of "macro-cells" at output

AR —asynchronous RESET )
SP — synchronous PRESET |

MUX 4:1
E3

EO

E1
c1

| AR
S0 and S1 are “fuses” : <—* |

- . | \ D +—
REGISTERED MODE S % N

1 L ]
o - ®) —

S1=0 S0=X g | CLK—I> QP
COMBINATIONAL MODE <Et B ; |

MUX 2:1

S1=1 S0=X

S0

e e—2

Q‘ E0
NOTE: The outputs can also be i

inputs (how?) c

v

E2 —)0—4—@
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Application Example: PAL 16L8

x(A,B,C,D) = %(7,8,9,10,11,12,13,14,15) x(A,B,C,D) = A+ BCD
y(A,B,C,D) = ¥(0,2,3,4,5,6,7,8,10,11,15) y (A,B,C,D)=AB + CD + B'D'
z(A,B,C,D) = ¥(1,2,8,12,13) — z(A,B,C,D) =w + AC'D' + AB'C'D
wW(A,B,C,D) = £(2,12,13) after simplification... | W (A,B,C,D) =ABC' + A'B'CD’

o [1]
0 - :
i ]
-
) &“ [15] o7
T = ]
w231 ’
| S
ﬂ [
— &_
-
- by B
) (18] 86
13 - '
. EH{> g
16 W,
j I &O—«
-
—) > B
23 - '
s [ 2 <
24 [
j II &‘»—4
B ' By
M —
32 0
- ] &L
»
I~ 4
- ', H Ba
39 - ]
I5 : |—|L > < ]7
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x(A,B,C,D):K-§+K-6+K-5

z(A,B,C,D) = (w ‘D-A+w-A-B+w-D-B+

w(A,B,C,D)=B-A+C-A+A-B+C-B+A-C+B-C+A-D+B-D+C-D

Al
[ | \
Eaan =1
T — 18] X
7 = —
B> <
8 - [
= T . = ]
——I:! t -4 g ] ¥ &:— Y
13 - '
clH= SH————
18 - r
[ i [ ]
ZT“I py i. z 3 ) Y $0—4 z
23 » }
D3 —
24 L d [ -
— ¥ o
3;ﬂ ;! t s *—*‘f & W
OE[=Z S
32 i [ -
= = e
i} [ ]

'VOd4'Vid 'dld saliowan



How do PLDs store information?

In a PLD the memory is used for storing the pattern which is given to the IC during
programming. The methods used for programming may be of the following type

- Silicon Anti-fuses (PROM)

- SRAM

- Cells EPROM, EEPROM

- Flash memory

CPLD’s

The PALs and GALs are available only in small sizes, equivalent to a few hundred logic
gates.

For additional logic circuits can be used Complex PLD or CPLDs.
It contains the equivalent of some PALs connected by programmed interconnections.

CPLD
(Complex PLD)

Ability to increase the terms AND for each
fixed term OR

"Steals" adjacent AND
gates or uses an
additional matrix
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The internal PLDs are DDD 0000 EH:IEIIZIIZII:IIIH:H:IEl
designated FB's or = - oo | oo | B
o L
CFB’s (Configurable 3 5
Functional Bocks) = =
Programmable InMerconnect

; :
XILINX ‘9500 O 0O

D FLD FLD FPLD PLD D
- Each CFB has 36 E g
entries and 18 macro- ooooooOoooooooog

cells [ = inputioutput block 36 sinais de entrada I
o E:B— - FuncCion

- The number of I / O — | e
pins is smaller than the oK o - . (18 macroceds)
total number of macro- oI — 18 saidas
cells - K v e
: Biocks | Matrix —
L] . L]
Vo L
o F —r _
WO E:B— - - - 1E‘»"’ - F ..'|l_t-'_f:ll
e E - e (18 |?'.I:.T'jrr;r- 5
+— |
- = \-— Functson
- = Biock 4
- # 18 macroCals)
NN T
Y
AN

Clock Global | ~ -
set/reset Global I
Controlo 3-state Global I

18 sinais
Habilita-Saida




FPGA’s
The device comprises a set of logic cells or logic blocks FPGA
allocated in the form of a matrix (Field Prog. Gate Arrays)

— ]/

-High Density of ports

-High performance It emerged in 1985 with Xilinx
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-High number of I/O Other companies:

-Flexible interconnection scheme Actel, Altera, Plessey, Plus, AMD, efc.

Internal Structure e f e B Y e O e f e B e e
— CLB'’s (Configurable Logic Block) D T 1] M T T 171 T 1]
— 10B’s (In/Out Block) ] [ ] [] [] [ ]

— SB’s (Switch Box) | | ! |

Switch Box (SB) gfﬁ\m = |—| |—| |— |

Each IOB can be configured as input,

output, I/O. (Buffered). =S O I u | a | o | .

Each CLB has programmable -
combinatorial logic and memory registers — - - = —

1 = = =] = |

| | | |
It has a CLB's matrix [configurable 1 E o= = = =R
logic blocks] surrounded by a ring of — — — - —
I/O blocks (IOB's) =~ -

[ ]
[ ]
[ ]
[ ]
[]




CLB’s

Xilinx XC3000

LOIRECT I FLUT

FFUT VA RWELES

\
a7 [ ]

b 1T

—b

EOOLEALT
FEICTICRT

(2 FHEsLUTY)

DM

b IF

H
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|IOB’s
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PROGRAM-CONTROLLED MEMORY CELLS Voo
ouT h—sra'rﬂ II'JUTPU']I SLEW bass::rj EE
INVERT INVERT SELECT RATE | |ruLL
2-STATE T )_)—
OUTPUT-ENABLE . —[
OUT a Jj } D Q OUTPUT
FLIP BUFFER
FLOP
IO PAD
R
I | I
DIRECT IN —
REGISTERED IN — Q D 4
o FLIF TTL or W,
FLOFP CHMOS
INPFUT
THRESHOLD -
R
0K IK I IGLOBAL RESET)
CK1
PROGRAM cxz
CONTROLLED

MULTIFLEXER O =PFROGEAMMABLE INTERCONECTION FOINT or FIF




Switch Box

Allows the interconnection between the CLB’s through the routing channels

1111
4]
m

11
h
m

|| o || :. Ll
Routing - HEmE HEMN

Interconnection between the blocks ™~ "™, i - G
is made through a network of two o F o
metal layers. T T S T
The physical connections between G L1 ¥ -
the wires are made: 3 ¥ %
.with pass transistors controlled by - - -
bits of memory (PIP), i [ iy

.with interconnect switches (Switch L [ L
Matrix). e - HEEI =L
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Programming SPLDs, CPLDs and FPGAs

While it is possible to design a simple PLD manually, in case of more complex
devices such as the CPLD's and FPGA's is mandatory to use CAD tools for
your project.

PAL’s:

Accept input in a known file format for file
“JEDEC" [Joint Electron Device Engineering
Council].

PLD -
Development
Software

Programming

Programming Fixture
(Programmer)

Several languages for logical compilers:
CUPL, ABEL, HDL e VHDL, etc.

*In CPLDs and FPGAs, due to the used encapsulation type, the programming
should be “in circuit".

*Each manufacturer has a proprietary name for this programming system.
Lattice Semiconductor calls it programming "in-system" (ISP).
«Standardization through the Joint Test Action Group (JTAG).
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