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Chapter 4: Introduction to FPGAS

= FPGA Structure

= CLB Structure

= Application Specific Blocks in FPGA
= FPLD Programming Technologies

= FPGA Market and Examples

= Design Flow
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FPGA Structure

« Configurable Logic Blocks:
Also known as Logic Block(CB),
Log ¢ Cel I (IBI(:) " bl k f Input/Output [10B] [10B]
Programmable blocks to perform Bl
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Switch
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* Input/Output Blocks:

An interface for external connections
to FPGA

4-3/32

[10B] [10B] [10B] 10B




CLB Structure

« Each CLB is a PLD-like block.
» Plus some usefull elements like Flip-Flops.

« CLB architecture and design of each FPGA is exclusive (see data-sheets for
more information about blocks).

« They commonly use SoP-based, LUTSs, or multiplexers for programmable
logic implementation *,

CLB
| :

A > |

B Out
Tt L] FF >

'D—:—." " I
L :

Rst: :

Clk '

* See Chapter 3, Programmable Logic Basis.



Application Specific Blocks in FPGAs

» There are some pre-manufactured full-custom blocks instead of CLBs.
« These blocks are designed to perform an specific task.

« Examples: Memory Blocks, Processor Blocks, Arithmetic Blocks, Clock
Management Blocks, Gigabit Transceiver Blocks

AR TR
U Ty
000000000
0000000001
0000000001
0000000001
00000
1 00000!
88000000

Column of
dual-port RAM

Column of DSP48
(wide multiply- — |
accumulate) blocks

High speed serial J ‘ |

transceivers

Extemnal
memory
controllers

L L L L

Phase-locked loop (PLL)
clock generators

X13488
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Memory Blocks

* There are two types of memory in FPGASs:
— Blocked Memory
— Distributed Memory
» Blocked memories are desgined full-custom in companies and are ready to

be used by designers.

« Also, designers can use CLBs for implementing a memory (not sufficient

enough, but useful) which is called a distibuted memory.
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Processor Blocks

« A specific block to implement an Instruction Set Architecture (ISA) beside usual
digital designs.

« FPGA manufacturers define the instruction set.
« Each company has its own ISA (e.g. Microblaze for Xilinx, Nios Il for Intel).

« Despite these hard processor cores, designers can implement their own processor
using CLBs (also known as a soft processor).
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“Hard" Processor
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“Soft” Processor
= Core
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Arithmetic Blocks

 Implementing multipliers using CLBs |
needs a lot of recources and it will have a CARRY |
Hy— o6l r

slow operation. Therefore, hard design of = eimpu™ T o
these blocks in FPGAs helps designers &4 o5\ AN i
— TN
—

with better recource allocation.

e R e g

J,— -
EE: ﬁ-il‘lpul06 >D .
. . g:: LUT !
« Performing large-sized sum or sub needs a4 05 5 D af
a large carry chain. Routing these carries _
' ' - i i
using SBs will remarkably reduces_ the L < |
performance, so there are some direct &= wr | | L
. . A 05 E D QfF
connections between adjacent CLBs. Ks ' 4

B npu 82N
» The main use of these blocks is in digital &4 “" | @ K&

signal processing (DSP) that needs a lot «
of arithmetic operations.
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Clock Management Blocks

» Clock problems acccure due to noise or weakening over distance.
— Clock Skew

— Jitter
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Clock Skew

« A phenomenon in synchronous digital circuit systems in which the same sourced
clock signal arrives at different components at different times.

CLK1 1

CLK2

CLK3 —_— —_—

CLK4

—_— S
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Jitter

« Deviation from true periodicity of a presumably periodic signal (e.g. clock signal)
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Clock Management Blocks (cont.)

» Clock problems acccure due to noise or weakening over distance.

— Clock Skew
— Jitter

» Clock management block overcomes clock skew by monitoring signals with skew (as

feedback) and changing the phase of the source clock until the skew fades.

« Also, it solves the jitter problem.
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Clock Management Blocks (cont.)

« Since FPGAs recieve only one clock from external sources (e.g. an oscillator), one of
the other important functions of a clock management block is to generate clock
signals with different frequencies from the source clock (designers control the
frequency ratio and phase difference).

gk r - : ; : : : : L‘J

oo Fe TUUTUUUUULTUUUUL

Input Clock Management : ; i : : : : : i

r_’ Block ‘—95/2 r——_ | | | | _____j
| S N S RS RS U S B

Clk + 180 | ﬂ ]

= inlinliglinlinlinlinfint

Picture Source: Computer-Aided Digital Systems Design, Dr Morteza Seheb Zamani, page 125, with modifications
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Gigabit Transceiver Blocks

« Can be considered as an 1/O block.
» But supports high-speed data transmission (~Gbps)

« Transmits bits in serial (one bit per cycle — single-ended or differential)

Transmitter | | -, Receiver |

Further Reading: Data Communications and Networking, Dr. Forouzan 4-14/32



Gigabit Transceiver Blocks (cont.)

* Much better than parallel data communication (e.g. use of 64 1/O pins for 64
bits of data?)

« What about electromagnetic effect on these 64 wires

« Synchronization of these 64 connections with one clock is much challenging

4-15/32



Single-ended vs Differential

» Both refer to the reference for a voltage

 Single-ended is referred to ground while differential is referred to some other

voltage

i ¥
., NN
I> AN AL >

Differential
l> T A D
! ¥
3% o

Single-ended
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Gigabit Transceiver Blocks Structure

FPGA
S _-__.ﬁr_-._.::-.?._“i s _-]-. .._...___..t" —
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::.:t: FIFO __:14 Decoder .._._j De- i .E i Jr--—<—~-D(RXP)
| [ Buffer = ! 10to8 p= !serializer! ] qualizerq - _—
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-

Picture Source: Computer-Aided Digital Systems Design, Dr Morteza Seheb Zamani, page 92, with modifications
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Data Encoder

» Several continuous ‘0’s or ‘1’s will
disturb direct current (DC) balance
after serialization 6 1 1.1 1 0 1 0

« In an 8 to 10 data encoder, series of
bits will be encoded in a way that
there are no 5 continuous ‘O’s or ‘1°s

in the final sequence /\/\

« Scrambling is another method for N
increasing the number of states and M

error reduction
LI OO

Picture Source: Computer-Aided Digital Systems Design, Dr Morteza Seheb Zamani, page 94, with modifications
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Pre-emphasis
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Picture Source: Computer-Aided Digital Systems Design, Dr Morteza Seheb Zamani, page 100
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FPLD Programming Technologies

« FPLDs use one of the following technologies for programming:
— SRAM
— Flash
— EEPROM

— Anti-fuse

m SRAM Antifuse = Flash EEPROM = Others
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SRAM

Advantages: WL
— Unlimited times of programming
— Chip is tested by manufacturer {>c
. . MS__ __MG
— Runtime programming T =
0 Q
Disadvantages: OQ
i BL BL
— \olatile
— High area
— Low security WL
Voo
M, M,
Ms | :II°_ _°|I: | Mg
T _TT
el
AL My Mg BL
=
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Flash and EEPROM

Advantages:
— Non volatile
— Low area

— High security (due to floating gate tansistors) Contro| gate

Gate oxide Floating gate

Disadvantages:

— High cost of manufacturing (due to FGTS)

— Slower programming compared to SRAM

Flashes and EEPROMSs are completely similar; however, in
flashes, data is removed in blocks, whereas in EEPROMs it

Is removed in words.
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Anit-fuse

Advantages:
— Non volatile
metal layer
— |
— Low area [ NON-CONDUCTING

= nen-crystalline silicon
{amorphous silicon)

— High security (surgery required for stealing!)

— Low pOWEF silicon substrate

metal layer

Disadvantages:

is "grown"

|
CONDUCTING
/Q-—"’j poly=ilicon via

— Not reprogrammable

silicon substrate
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FPGA Market

Xilinx

20 10 49%

QuickLogic
1%

Microsemi
. (Actel)

4%,
b ; :
N Lattice Semi
N 6%
Altera
40%

source: http://www.fpgadeveloper.com
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FPGA Examples: Xilinx Virtex-11

(AN X Y N v Y et e o o ,

Block SelectRAM™ -saz EEEEjEE mejEssmjans /O Blocks (I0Bs)

S ERCE [ (e | |
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EOO||oooo o |EEEE | EED
BE00|0000 llnln-n Programmable
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) siEjEEEEjEE EEjEEREjEEE

Dedicated o o o ll | ]

multipliers O [EEEE (EEREE (EEEE (EE
snplmEpelinE EEiiEmEElimC® _
{EGMELEIEE ESlRualeed - Corfourabl
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Virtex ™-|| architecture’s

core voltage Clock Management
operates at 1.5V (DCMs, BUFGMUXes)
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FPGA Examples: Xilinx Virtex-1V

RocketiO™
Multi-Gigabit Smart RAM
i G e G - New block RAM/FIFO

622 Mbps-10.3Gbps

’I' (1]

- Ill :.:@ aes

Xesium Clocking

Advanced CLBs o i b T | Technology
200K Logic Cells = habd : 500 MHz

Tri-Mode
Ethernet MAC
XtremeDSP™ 10/100/1000 Mbps
Technology Slices
256 18x18 GMACs 1 Gbps Select/O™

PowerPC™ 405 ChipSync™ Source synch,

with APU Interface XCITE Active Termination
450 MHz, 680 DMIPS
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FPGA Examples: Altera Cyclone V

5-Gbps Transceivers ——HPS 1/O

ALMs and
Distributed Memory ARM Cortex-A9 MPCore HPS
PLLs M10K Embedded
Memory Blocks
5-Gbps Transceiver
PCS Variable-Precision
Digital Signal Processing
(DSP) Hard IP Blocks
Hard IP Blocks for —— Up to 560 User I/O Pins
PCle Gen2 and
PCle Gen1
Two Core/Transceiver

External Memory Power Regulators Required
Interface Controllers (1.1V,2.5V)
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Design Flow

Design conception

]

DESIGN ENTRY J

. . Physical design
1

4 Timing simulation
Synthesis |

|

L

Timing requirements met?

Functional simulation

No
< esign correct” Chip configuration

Yes L




Physical Design

Break the circuit up into
Partitioning smaller segments
Placement/
: Place the seoments on
Floorplanmng e 8
1e chip
Routing Layout out the
wire paths

Picture Source: CEIT483 at Amirkabir U. ofTech., Lecture 2, by Dr Saheb-zamani, with modifications
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Further Reading

[1] Computer-Aided Digital Systems Design, Dr Morteza Seheb Zamani
Chapter 1 - 3
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Any Question?
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