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T R,
Introduction

* There are two types of memories that are used in digital systems:
Random-access memory(RAM): perform both the write and read operations.

Read-only memory(ROM): perform only the read operation.

 The read-only memory is a programmable logic device. Other
such units are the programmable logic array(PLA), the

programmable array logic(PAL), and the field-programmable gate
array(FPGA).
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o NEEE————
Random-Access Memory

« A memory unit stores binary information in groups of bits called words.
1 byte = 8 bits
1 word = 2 bytes (or more)

e The communication between a memory and its environment is achieved through data input
and output lines, address selectiondines, and.control lines that specify the direction of
transfer.

l n data input lines

Kk address lines —— 3
Memory unit
Read ———> 2% words

Write »n bit per word

l n data output lines

Block Diagram of a Memory Unit
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o NEEE————
Content of a memory

an identification number, called an Binary decimal | |Memory content |
address, starting from 0 up to 2k_1’ 0000000000 0 1011010101011101
. 0000000001 1 1010101110001001

where k is the number of address

0000000010 2 0000110101000110
lines.

e The number of words in a memory

1111111101 1021 1001110100010100
with one of the letters K=21, 1111111110 1022 0000110100011110
M=220 or G=230, 1111111111 1023 1101111000100101
64K — 216 2M — 221 4G — 232 Content of a 1024 X 16 Memory
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.
Write and Read operations

 Transferring a new word to be stored into memory:

1. Apply the binary address of the desired word to
the address lines.

2. Apply the data bits that must be stored in memory
to the datainput lines.

3. Activate the write input.
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VS
Write and Read operations

. Transferring a stored word out of memory:
1.  Apply the binary address of the desired word to the address lines.
2.  Activate the read input.

. Commercial memory sometimes provide the two control inputs for reading
and writing in a somewhat different configuration.

Control Inputs to Memory Chip

Memory Enable Read / Write Memory Operation
0 b MNone
O Wirnte w selected word

1 Read from selected word
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Timing Waveforms (write)

The access time and cycle time of the
memory must be within a time equal

to a fixed number of CPU clock cycles. <— 20msec —-
Tl T2
The memory enable and the Clock
read/write signals must be activated address. X Address valid
after the signals in the address lines MR _ [
enable
are stable to avoid destroying data in  Reaw R
Write
other memory words. _
E;‘:; X Data valid
Enable and read/write signals must (a) Write cycle

stay active for at least 50ns.

NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES




VS,
Timing Waveforms (read)

e The CPU can transfer the

data into one of its _ i — -
. . . Clock
internal registers during ..., —¢ T — "
. . . address
the negative transitionof =~/ \
T3. e
Write
el X Data vatid X_
(b) Read cycle

Memory Cycle Timing Waveforms
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.
Types of memories

* Inrandom-access memory, the word locations may be
thought of as being separated in space, with each word
occupying one particular location.

* |In sequential-access memory, the information stored in
some medium.is notdimmediately accessible, but is
available only certain intervals of time. A magnetic disk
or tape unit is of this type.
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.
Types of memories

* Inarandom-access memory, the access time is always
the same regardless of the particular location of the

word.

* In asequential-access memory, the time it takes to
access a word depends on the position of the word with
respect to the reading head position; therefore, the
access time is variable.
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S
Static RAM

 SRAM consists essentially of internal latches that store the
binary information.

* The stored information remains valid as long as power is
applied to the unit.

* SRAM is easier to use and has shorter read and write cycles.
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.
Dynamic RAM

 DRAM stores the binary information in the form of electric

charges on capacitors.

* The capacitors are provided inside the chip by MOS transistors.

* The capacitors tends to discharge with time and must be
periodically recharged by refreshing the dynamic memory.
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.
Dynamic RAM

 DRAM offers reduced power consumption and larger storage

capacity in a single memory chip.

* High density, high capacity, low cost, low speed, low power

consumption.
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S
Types of memories

* Memory units that lose stored information when power
is turned off are said to be volatile.

e Both static and dynamic, are of this category since the
binary cells need external power to maintain the stored
information.

* Nonvolatile memory, such as magnetic disk, ROM, retains
its stored information after removal of power.
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Memory decoding
* The equivalent logic of a binary cell that stores one bit of information is
shown below.
Read/Write = 0, select = 1, input data to S-R latch
Read/Write = 1, select = 1, output data from S-R latch

Select

Select

h ; Input BC Output
b )= f
“— Read/Write
,/
o< /,/ Read/Write
,
,7(a) Logic diagram (b) Block diagram

] Memory Cell

SR latch with NOR ggtes
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———
4X4 RAM

Input data

. . . . Word 0
» There is a need for decoding circuits to select : - > L
| BC | ¢ BC |- | BC | v BC
the memory word specified by the input - ! I ! f
dd inputs Word 1 1 1 7 )
a ress. 2% 4 > BC ¢ BC [ > BC > >~ BC
) . ) decoder X T % 3
e During the read operation, the four bits of o - . . . y
the selected word go through OR gates to - ic | BC | B: N Bf
. Memoryiﬁ.N 1
the output terminals. O Word 3 . . . .
. g . —| BC - BC > BC > ' BC
* During the write operation, the data Read/Write I 1 I f
available in the input lines are transferred [2 Q Q Q
into the four binary cells of the selected Output data
WOFd 5 Diagram of a 4 X 4 RAM

® A memory with 2X words of n bits per word requires k address lines that go into kx2* decoder.
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...
Coincident decoding

address

5 X 32 decoder

* Two decoding in a two-dimensional 012w
selection scheme can reduce the
number of inputs per gate. 0

2 A_

. o : binary address

* 1K-word memory, instead of using a [} « ot ] 01100  1oo0
single 10X1024 decoder, we use :

two 5X32 decoders. ™

Two-Dimensional Decoding Structure for a 1K-Word Memory

e A decoder with k inputs and 2*
outputs requires 2* AND gates with } |
k inputs per gate.

Y
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Address multiplexing
 DRAMs typically have four times the density of SRAM.

 The cost per bit of DRAM storage is three to four times less than
SRAM. Another factor is lower power requirement.
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.
Address multiplexing

* Address multiplexing will reduce the number of pins in the IC
package.

* Inatwo-dimensional array, the address is applied in two parts at
different times, with the row address first and the column address
second. Since the same set of pins is used for both parts of the
address, so can decrease the size of package significantly.
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Address multiplexing for 64K DRAM

Column Address Selection

After a time equivalent to the CAS | fbit column

register

settling time of the row selection,

8 X 256

RAS goes back to the 1 level. decoder

Row Alddress Selection
RAS

Registers are used to store the

addresses of the row and column.

address row decoder memory <— Read/Write
register cell array

CAS must go back to the 1 level
before initializing another memory

Data Data

operation. in out

Address Multiplexing for a 64K DRAM

1 NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES



Error detection and correction

* Itis protecting the occasional errors in storing and

retrieving the binary information.

* Parity can be used to check the error, but it can’t be

corrected.

* Anerror-correcting code generates multiple parity check
bits that are stored with the data word in memory.
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.
Hamming Code

* One of the most commonly used in RAM was devised by R. W.
Hamming (called Hamming code).

* |n Hamming code:
k = parity bits in n-bit data word,

forming a new word of n + k bits. Those positions numbered as a
power of 2 are reserved for the parity bits.

the remaining bits are the data bits.
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.
Hamming Code

Ex. Consider the 8-bit data word 11000100. we include four parity bits with it and arrange the 12 bits
as follows:

Bit position:1 2 3 4 5 6 7 8 9 10 11 12
P, P,1P,100P;0 1 0O

P, = XOR of bits(3,5,7,9,11) =1 1D 0D 0D 0=0
P, = XOR of bits(3,6,7,10,11) =1 0D 0D 1P 0=0
P, = XOR of bits(5,6,7,12) =1 0D 0D 0=1

P, = XOR of bits(9,10,11,12) =0 D 1 B 0B 0=1
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.
Hamming Code

 The datais stored in memory together with the parity bit as 12-bit composite word.
Bit position: 123456789 10 11 12
0011100101 00
* When read from memory, the parity is checked over the same combination of bits
including the parity bit.
C, = XOR of bits(3,5,7,9,11)

C, = XOR of bits(3,6,7,10,11)
C, = XOR of bits(5,6,7,12)
Cg = XOR of bits(9,10,11,12)
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o S,
Error-Detection

A O check bit designates an even parity over the checked bits and
a 1 designates an odd parity.

e Since the bits were stored with even parity, the result,
C = C;C,C,C, = 0000, indicates that no error has occurred.

 IfC#0,then the 4-bit binary number formed by the check bits
gives the position of the erroneous bit.
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.
Example

Bit position:1 2 3 4 5 6 7 8 9 10 11 12
0011100101 O O Noerror
1011100101 0O O Errorinbitl
0011000101 O 0O Errorinbits

e Evaluating the XOR of the corresponding bits, get the four check bits

For no error: 0 0 0 0
with error in bit 1: 0 0 0 1
with error in bit 5: 0 1 0 1
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o NEEE————
Hamming Code

e The Hamming Code can be used for Range of Data Bits for k Check Bits

data words of any length.
Number of Range of
Check Bits, k Data Bits, n

* Total bit in Hamming Code is n + k
bits, the syndrome value C consists

of k bits and has a range of 2Xvalue 3 24
between 0 and 2% - 1. The range of 4 5-11
k must be equal to or greater than S 12-26
n + k, giving the relationship 6 27-57
1 58-120

2k1>n+k
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Single-Error correction, Double-Error detection

* The Hamming Code can detect and correct only a single error.

* By adding another parity bit to the coded word, the Hamming Code can be
used to correct a single error and detect double errors. Becomes
001110010100P 5.

001110010100 P,, — 001110010100 1
P=XOR( 001110010100 1 )

if P =0, the parity is correct (even parity), but if P = 1, then the parity over
the 13 bits is incorrect (odd parity).

the following four cases can occur:
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Single-Error correction, Double-Error detection

1. IfC=0andP =0, no error occurred

2. IfC#20andP =1, asingle error occurred that can be
corrected

3. IfC#0andP =0, adouble error occurred that is
detected but that cannot be corrected

4. IfC=0andP =1, an error occurred in the P; bit
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o NEEE—————
Read-Only Memory

 Ablock diagram of a ROM is shown below. It consists of k address

inputs and n data outputs.

 The number of words in a ROM is determined from the fact that k
address input lines are needed to specify 2% words.

k inputs (address) ——> 2K X n
ROM

——> 1 outputs (data)
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O VEE——
Construction of ROM

 Each output of the decoder represents a memory address.
 Each OR gate must be considered as having 32 inputs.
e A 2%X n ROM will have an internal k X 2% decoder and n OR gates.

(0]
1
2
3

fo

7y

5 > 32

7
2 decoder

/3

28
29
30
31

4

wivivivlwlwlwl

A~z Ag As A4 Az Ao A Ao

Internal Logic of a 32 < 8 ROM
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O VEE——
Truth table of ROM

A programmable connection between two lines is logically equivalent to a
switch that can be altered to either be close or open.

* Intersection between two lines is sometimes called a cross-point.

ROM Truth Table (Partial)

Inputs Outputs
[ F: 8 12 12 11 1o AT AG AS A A3 AR AT AD

O O 0 O O 1 O 1 1 0 1 1 0
O L 0 O 1 O ] 0 1 1 1 O 1
O L 0 1 O | 1 O 0 ] 1 L) 1
O Ly L] 1 1 O 1 1 ] L0 ] 1 O
1 1 1 o] 0] 0 O L8] 0] 1 L] 0 1

1 1 1 8] 1 1 1 1 8] (8] L8] 1 8]
1 1 1 1 (8] 0 1 8] 0] 1 L8] 1 0
1 1 1 1 1 L) O | 1 O L) 1 1
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.-
Programming the ROM

In Table, 0 = no connection
1 - connection
Address 3 =10110010 is permanent storage using fuse link

(6]
1
Io 2
7y 3
5 x 32 \ , )
12 decf)dcr .|. () I. ]. () ‘) ]. 0
13 28
Iy 29
. 30
X : means connection 31
Azg Ag As Ay As Ao Aq Ag
1 Programming the ROM According to Tabl 3
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Combinational circuit implementation
The internal operation of a ROM can be interpreted in two way: First, a

memory unit that contains a fixed pattern of stored words. Second,
implements a combinational circuit.

Previous figure may be considered as a combinational circuit with eight
outputs, each being a function of the five input variables.

A1, 15, 1, 15, 1)) = £(0,2,3...,29)

\ Sum of minterms

In Table, output A,

; NPTEL ONLINE
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o NEE————
Example

* Design a combinational circuit using a ROM. The circuit accepts a 3-bit number and
generates an output binary number equal to the square of the input number.

Derive truth table first

Truth Table for Circuit

Iinputs Outputs
Ay Aqg Ag Bg By B B B, Bg Decimal
0O 0O O O 0 O 0 0 0O L0
0O 0O 1 O 0 O 0O O 1 |
8 1 O 0 L8] O 1 O 0 4
8 1 1 8] L 1 L8 0 | O
1 0 O O 1 0 0O 0 O 16
1 O 1 O 1 1 O O 1 25
1 1 0 1 L8] O | O O 36
1 1 1 1 1 O O 0 1 49
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.
Example

By Az Ay Ag | Bs By Bz B>

0 B O O O|0 O o0 o

0] 0] 1 0] 0] 0] 0]

A B> O 1 o|0 O o0 1

0

B o 1 110 o0 1 0

Aq 8 X 4 ROM ” 1 O O | O 1 0 0
B4 1 0] 1 0] 1 1 0]

A2 1 1 ol1 o o 1
Bs 1 1 1 11 1 0 ©

(a) Block diagram (b) ROM truth table

. ROM Implementation
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.
Types of ROMs

. The required paths in a ROM may be programmed in four
different ways.

1. Mask programming: fabrication process
2.  Read-only memory or PROM:‘blown fuse /fuse intact

3.  Erasable PROM or EPROM: placed under a special ultraviolet light
for a given period of time will erase the pattern in ROM.

4.  Electrically-erasable PROM(EEPROM): erased with an electrical
signal instead of ultraviolet light.
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S
Combinational PLDs

e Acombinational PLD is an integrated circuit with programmable
gates divided into an AND array and an OR array to provide an AND-
OR sum of product implementation.

* PROWM: fixed AND array constructed as a decoder and
programmable OR array.

* PAL: programmable AND array and fixed OR array.

PLA: both the AND and OR arrays can be programmed.
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O VE——
Combinational PLDs

Inputs

Inputs

Inputs

IIT KHARAGPUR

Fixed

Y

AND array

(decoder)

Y

programmable
OR array

——» Outputs

(a) Programmable read-only memory (PROM)

programmable

Y

AND array

Fixed
OR array

—— > Outputs

(b) Programmable array logic (PAL)

programmable

AND array

programmable
OR array

— Outputs

(c) Programmable logic array (PLA)
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CERTIFICATION COURSES

Basic Configuration of Three PLDs




o NEEE—————
Programmable Logic Array
* The decoder in PROM example can be replaced by an array of

AND gates that can be programmed to generate any product
term of the input variables.

* The product terms are then connected to OR gates to provide the
sum of products for the required Boolean functions.

* The output is invertéd when the XOR input is connected to 1

(since xQ1 = x’). The output doesn’'t change and connect to O
(since xE0 = x).
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———
PLA

F1=AB+AC+A’'BC’

F2 = (AC+BC)’

A—IS

) PLA Progromming Table

¢ pE— Outputs
D, A Inputs M ©
@ AC Product Term ' W - F, F
B, e AB’ | 1 0 1 -
[ +) A'BC AC 2 1 - | I I

CoBBAA Ej(& | BC 3 - 1 1 - 1
) > A'BC’ 4 o 1 0 !

PLA with 3 Inputs, 4 Product Terms, and 2 Outputs

NPTEL ONLINE

. IIT KHARAGPUR 4 CERTIFICATION COURSES



.
Programming Table

1.  First: list the product terms numerically

2. Second: specifiy the required paths between inputs
and AND gates

3. Third: specify the paths between the AND and OR gates

4. For each output variable, we may have a T(ture) or
C(complement) for programming the XOR gate
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.
Simplification of PLA

e Careful investigation must be undertaken in order to
reduce the number of distinct product terms, PLA has a
finite number of AND gates.

* Both the true and complement of each function should
be simplified to see which one can be expressed with
fewer product terms and which one provides product
terms that are common to other functions.
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o NEE————
Example

Implement the following two Boolean functions with a PLA:
Fl(Al B) C) = Z(Or 11 2; 4)
FZ(Al B) C) = Z(OI 5; 61 7)

The two functions are simplified in the maps shown.

B8C B BC B
00 01 ~ 11 10 00 01 ~ 11 10
A A
1 1 0 1 1 0 0 o
0 0
A [1 1 0 0 0 A ll 0 1 1 1
I c c
lelements—/p _ o5 4 a0 + BC Fy<AB + AC I A'B'C’
0 elements —#F1 = + BC)' F3=(A'C+ A'B+ ABR'C")’
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PLA table by simplifying the function

 Both the true and complement of

the functions are simplified in sum mpmﬁmfﬁ;uﬁ
of products. Product  Inpur  (C) (T)

* We can find the same terms from erm ABFC 5 F
the group terms of the functions of 4% N
F,, F,,F, and F,” which will make the 4¢ LS
minimum terms. BC 3 -11 1 -
A'B'C 4 0 0 0 - 1

F1=(AB + AC + BC)’
F2=AB +AC+A'B'C’
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PLA implementation

a—%
B %
c—3
AB
P o O
—© @ 2 )@ O AC
— O 3 ) > BC
m— _
T? T 4 }—@ ABC
c B’ A

' IIT KHARAGPUR
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Hrogrammag‘e xrray Eoglc

The PAL is a programmable logic device with a fixed OR array and a programmable

AND array.

' IIT KHARAGPUR

Product
term

1

AND gates inputs

2 3 4 5 o6

7 8 9 10

; =S
s >
7 =1  —
+ L O
s o
1 . =
Y
: =
o D_,—l_/
7 =
=
12 Lo
1, =

1 2 3 4 5 6 7 8 9 10

£y

PAL with Four Inputs, Four Outputs, and Three-Wide AND-OR Structure
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PAL

 When designing with a PAL, the Boolean functions must be
simplified to fit into each section.

* Unlike the PLA, a product termcannot be shared among two
or more OR gates. Therefore, each function can be simplified
by itself without regard to common product terms.

* The output terminals are sometimes driven by three-state
buffers or inverters.
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.
Example

w(A, B, C, D) = 5(2, 12, 13)

x(A, B, C,D)=5(7,8,9,10, 11, 12, 13, 14, 15)
v(A, B, C,D)=5(0,2,3,4,5,6,7, 8,10, 11, 15)
2(A, B, C,D) =5(1, 2, 8, 12, 13)

Simplifying the four functions as following Boolean functions:

w = ABC’ + A’'B’'CD’

x=A+ BCD

y=A'B+CD +B’'D’

z=ABC'+ A’B'CD’ + AC'D’ + AB'C’'D=w + AC’'D’ + A’B’'C’'D
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.
PAL Table

e 7z has four product terms, and we can replace by w with two product terms,
this will reduce the number of terms forz from four to three.

PAL Programming Table

AND Inputs

Product Term A B C D w Outputs
1 1 1 O — — w = ABC’
2 O 0 1 L] - + A'B'CD’
3 = = s = =
4 1 — — — - x = A
5 — 1 1 1 — -+ BC D
“ N - —_— — e
7 o 1 - = - vy = A'B
s — — 1 1 — + CD
< - O — O — + B'D
10 — — — - 1 T =
11 1 — O L) - + AC D"
12 O 0 0 1 — + A'B'C'D

1 NPTEL ONLINE
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.
PAL implementation

AND pates inputs
Product 123 45678910

YV R
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L NE——_—_a.
Fuse map for example

ANID gates inputs
Product A AT L2 R CC L LY v v
term 3

B oL . .
3 ><

S — =3
4t —
_ R Y
s > < | ] X
6 ><
V=1 4'} Al fuses intact

(always = 0O)

10 ) D—l—r\
11 < II ) =
12 L ~ f—t

D —~= = Fusc intact
+ Fuse blown

A AT BB C C DD w ow’

Fuse Map for PAIL as Specitied in Table
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Field Programmable Gate Array
(FPGA)

Santanu Chattopadhyay

Electronics and Electrical Communication Engineering
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Evolution of implementation technologies

* Logic gates (1950s-60s) ::en;d tcl>wal|‘d
igher levels

e Regular structures for two-level logic (1960s-70s) of integration

— muxes and decoders, PLAs

* Programmable sum-of-products arrays (1970s-80s)
— PLDs, complex PLDs

* Programmable gate arrays (1980s-90s)

— densities high enough to permit entirely new
class of application, e.g., prototyping, emulation,
acceleration
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VS
Gate Array Technology (IBM - 1970s)

. Simple logic gates

— combine transistors to
implement combinational )
and sequential logic

e Interconnect —p
- wirestom\ . T ...

outputs to logic blocks L L

. 1/0 blocks .

— special blocks at periphery - -
for external connections

J Add wires to make connections

— done when chip is fabbed

*  “mask-programmable”
— construct any circuit

1 NPTEL ONLINE
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.
Field-Programmable Gate Arrays

. Logic blocks

— to implement combinational
and sequential logic

. Interconnect

outputs to logic blocks EI_
. I/0 blocks

— special logic blocks at periphery
of device for external connections

[
[
— wires to connect inputs and D_
s
L=

. Key questions:

— how to make logic blocks programmable?
— how to connect the wires?
— after the chip has been fabbed
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R
CPLD vs. FPGA

* CPLD has a somewhat restrictive structure consisting of one or more programmable sum-of-
products logic arrays feeding a relatively small number of clocked registers.

* Results in less flexibility, with the advantage of more predictable timing delays and a higher
logic-to-interconnect ratio.

* The FPGA architectures are dominated by interconnect. This makes them far more flexible (in
terms of the range of designs that are practical for implementation within them) but also far
more complex to design for.

* In practice, the distinction between FPGAs and CPLDs is often one of size as FPGAs are usually
much larger in terms of resources than CPLDs.

* Typically only FPGA's contain more advanced embedded functions such as adders, multipliers,
memory and other hardened functions.

* Another common distinction is that CPLDs contain embedded flash to store their
configuration while FPGAs usually, but not always, require an external flash
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Programmability of FPGAs

* User programmability of CPLDs and FPGAs 1s achieved
via user-programmable switch technologies.

* For CPLDs, floating-gate transistors are used like EPROM
or EEPROM. On the otherhand, FPGAs normally use
SRAM (static RAM) or antifuse technology.

* Properties of the switches, such as, size, on-resistance, and
capacitance dictate trade-offs 1n architecture.

* In SRAM based FPGAs, there 1s an SRAM bit
corresponding to each of the programmable points within
the device.
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* When the device is powered-on or reset, 1t reads a configuration
program from an off-chip memory and loads it into on-chip SRAM.

* The configuration program defines the logic function realized by
individual logic blocks and interconnections.

* Devices using SRAM based switching can be reprogrammed easily
by just changing the configuration program.

* FPGAs belonging to Xilinx, Plassey, Algotronix, Concurrent Logic,
loshiba, etc. are SRAM based.

* SRAM provides fast reprogrammability at the cost of large area (at
least five transistors for cell and one for switch).
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SRAM controlled switching
o




Antifuse based programming

* Antifuses are originally open-circuit, offering very high resistance. However, on
programming (applying a 11-20V across terminals), the resistance becomes very low,
thus, establishing electric connections.

» Antifuses can be made very small using modified CMOS technology, thus offering very
high device density, compared to SRAM.

* However, once programmed, they cannot be reused. Thus, the device is one-time
programmable.

* The structure is commonly known as PLICE (Programmable Low-Impedence Circuit
Element).

* PLICE uses Poly-Si and n+ diffusion as conductors and ONO (silicon diOxide - silicon
Nitride- silicon diOxide) as an insulator.

* The advantages include small size (little more than the cross-section of two metal wires)
and low series resistance.

« It has disadvantages, such as, large size of programming transistors, need of isolation
transistors, and one-time programmablhty

* FPGAs from Actel, Quicklogic, Crosspoint, etc. support antifuses.
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Antifuse structure

Oxide Dielectric
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Floating gate

* FPGA devices from Altera, Plus Logic, AMD, etc. use floating gate programming
technology.

» While Altera and Plus Logic use ultraviolet erasable EPROM, AMD uses
electrically

* erasable EEPROM.

It contains a control gate and a floating gate. The transistor can be disabled by
applying a high voltage between control gate and drain. This injects charge on the
floating gate, increasing the threshold voltage of the transistor — disabling it.

* Charge can be removed by exposing floating gate to ultraviolet light or by erasing
electrically. It provides reprogrammability and unlike SRAM, no external memory is
needed to program the chip on power-up.

* However, EPROM technology requires additional processing steps, high ON
resistance and high static power consumption due to pull-up resistor.
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Floating gate programming

Word line
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Comparison between programming techniques

Name Whether reprogrammable | Whether volatile | Technology
Fuse no 10 Bipolar
EPROM yes, out of cireuit 10 UVCMOS
EEPROM yes, I cireuit 10 EECMOS
SRAM yes, I cireuit Ves CMOS
Antifuse no 10 CMOS+
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FPGA Logic Blocks

* There are wide variations in the logic block structure of
FPGASs available from different vendors.

* They vary in number of inputs and outputs, amount of
area consumed, complexity of logic functions that they
can realize, total number of transistors needed, and so
on.

* The logic blocks can broadly be classified into the
following two categories — Fine Grain, Coarse Grain

'~ NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES



S
Fine Grain Logic Block

* The block contains a few transistors that can be interconnected via
programming.

* Crosspoint FPGA uses a single transistor pair for each Boolean variable in
the logic block.
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Coarse Grain Block — XC
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Coarse Grain Block — ACT1 from Actel
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Trade-offs

* Alarge logic block can implement more logic within a single block, requires
lesser number of logic blocks to realize a given functionality on the FPGA.

*  On the other hand, a large logic block consumes more space of FPGA.

* 4-input look-up table gives best result in terms of logic synthesized and area
consumed.

* A higher granularity level results in lesser delay between system input and
output.

* With the increase of granularity level, average fanout increases, number of
switches also increases as each block has more pins.

* Also, the length of wires increases with increase in size of logic block.
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FPGA Design Flow
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o V.
Modern FPGAS

* In addition to the basic blocks (such as, logic blocks, I/O blocks and interconnects), modern
FPGAs have additional units that make the design process simpler and more efficient.

* The two major system components, difficult to implement in FPGAs are embedded memories
and blocks for arithmetic calculations.

* Amongst the various calculations, multiplication is the most widely used one. Most of the
modern FPGAs contain embedded logic blocks for multiplication and memories to hold data.
DSP functionalities are highly facilitated by the availability of these.

* In many applications, FPGAs need to communicate with microprocessors. This has motivated
many FPGA vendors to embed soft processor cores within FPGAs. This reduces the latency of
communication between the microprocessor and the FPGA.
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Xilinx Virtex-6 and Virtex-7 FPGA

* Each CLB of a Virtex-6 FPGA can be configured as one 6-input LUT or two 5-input LUTs.
* The LUT can also be used as a 64-bit RAM or two 32-bit RAMs.

* Apart from this, every Virtex- 6 FPGA has 156-1064 (depending upon the subfamily) dual port
block RAMs, each storing 36 Kbits.

* They also possess many dedicated, full-custom, low-power DSP slices. Each slice contains 25,
18-bit, 2’s complement multiplier and a 48-bit accumulator.

» Each Virtex-6 device has a 17-channel, 10-bit ADC and 8-72 Gbps transceiver.
* The next advanced version, Virtex-7 is a 3D IC with many improved features.
* The peak transceiver speed varies between 12.5-28.05 Gbps with 36-96 transceivers.

* It can perform 2756-5314 giga multiply accumulates (GMACS) and contains 46.5-85 Mb
block RAM, PCI express bus interface, and upto 1200 I/O pins.
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