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Integrated Circuits

ASICE FPGAS SOC




SN Integrated Circuits High Level View
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SN Integrated Circuit ApClasification

ASICapplication specific IC.

PLD Programmable Logic Device.
FPGAField Programmable Gate Array
SoC System on a Chip.
PSoCProgrammable System on a Chip.
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What 1s an ASIC ?

Anapplicationspecific integrated circuitASIQ is an integrated circu{iC) customized
for a particular use, rather than intended for genepalrpose use.

blocksand other large building blocks. SuchA81ds usually named as a
So(Systemon-a-Chip).

Modern ASIC®ften include entire microprocessors, memadpcks, interface ’

Description Language (HDL), such as Verilog

'l Designers of digital ASICs often use a Hardware
or VHDL, to describe the functionality of ASICs.

. Semiconductor
Silicon Wafer Device
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S What is an FPGA ?
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Field Programmable Gate Array

Afield-programmable gate arrayFPGAis an integrated circuit (I@gsigned to be
configuredoy a customer or a designer after manufacturing (that is the reason of the
term field programmablé

FPGAare not made to be applicatiespecific IC as opposed ASICs

FPGAconfiguration is generally specified usimmgHDL language (either Verilog or VHDL
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N FPGA ~ Lego Bricks
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S FPGA Basic Architectural View
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S What Is a SoC ?

A Systemon-a-Chip (SoC) Is antegrated circuithat integrates most or
all components of a computer or other electronic system.

A SoCQusually includes a Central Processing Unit (CPU), Memories, |/
Interfaces, Digital Signal Processing ([Eks, digitannalog mixed
signals components, et@ll on a single IC.
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Systemon-a-Chip (SoC)

System on a Board
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SN What Is anEmbedded System ?

Anembedded systems acomplete computing system, hardware + softwarat is
designed to perform a&ery specific function or set of functions

Key Features: Components:
V' Combinesardware and software (firmware) Cc Processor o60C
V' Often runs aeal-time operating system (RTOS) ¢ Memory (RAM, ROM/Flash)

y ;f Pla;’e m9t3_|f_‘30de-k N ¢ Input/output interfaces
uilt for specific tasksnot generajpurpose c Software

computing.
V' Examples:
\/ Microwave control board

V' Car engine control unit (ECU)
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A SIMPLE/iew of an Embedded System

Peripheral
A

SoC/ Interconnection Bus

Processor

Interconnection Bus Peripheral
C

In/Out
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PSoC: Software Systektardware System

/ Applications

Zyng - AMD PSoC
VHDL/ Verilog

Peripherals - ]
Peripheral] Peripheral 4_"-I_hwd = Pal‘ty IPS

e

Hardware Interfacing

n
Software Stack Processor . ‘ HLS
(High Level Synthesis) o
4—’- HDL Coder Ellosmg the
(MatLab ) __ ADbstraction
Level

B e Core Generator
Logic (Simulink)

System Verilog

CA3dzNB FTNBY (GKS a¢KS eyl

PSoC & FPGA. Sisterna ICTPMLAB



SN Embedded System

Embedded System

PSoC
f

Operating System —_—————
Peripheral.
Hardware Interfacing erpherals

Software Stack
Processor 1T 3

Programmable
Logic

\_
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N O

Embedded System & SoC

Embedded System System on a Chip (SoC)

A chip integrating components ¢
a system

Concept
Form
Includes
Scope

Usage

PSoC & FPGA. Sisterna

A functional system for a specific tas

Can include multiple Chips (including _ _
SoC chip) Usually a single chip

Software + Hardware Mainly hardware

Broader (includes SoC, memories, I/

etc Narrower (hardware platform)

In phones, tablets, embedded

In cars, phones, medical devices
systems
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SN ASICS0oCG/sPSoC

ASIC SoC PSoC
Great flexibility

@

o Development Time
Fast time -to-market

@

o Cost

@

o Lack of flexibility Upgrade -ability in the field

0 Great performance o Availability of IP cores

o Tiny size o Cheap and easy to use development tools
o Very large amount of logic o Lower performance

o Power Efficient o Power hungry

0 Support analog and mixed SmartFusion2 (Microchip)

signal designs

Zyng/Ultra Scale (Xilinx -AMD) Stratx (Intel)
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SN ASIC SoCPSoC

ASIC FPGA + ASIC = PSoC







FPGA 0 PSoC Applications

Aerospace .
. & Defense e . Medical ‘

. Applications of .°-. Digital
Data : Signal .
‘ Center t FPGAS Processing

N — & Video and
‘ Automotive Image .

Processing

Source: Logic Fruit Technology
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A Track Record of Innovation

‘.uv-‘

World’s First
FPGA

|
1984

FPGA to PSoC Evolution

First High-End
High-Capacity
FPGA

|

1999

First FPGA with
Integrated SerDes
and Processor

\

First 3D FPGA

and Zynq Dual HW
Programmable SoC

A

ALVEO™
Data Center
Accelerator Card

\‘/
VERSALE
First Adaptive

Compute Acceleration
Platform

-
i ——
ALVEO SN100 KRIA SOM
First Adaptive System
Composable, on Module with
Adaptable First Embedded
SmartNIC App Store

XILINX

HLx™

Editions

SISE  VIVADO™

DESIGN SUITE

S Dx P

Programmability
for SW Developers

VITIS.

Next-Gen Development Unified Software Platform

Environment

C, C++ & System
C Enabled
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What is an FPGA ?

-
B84 Dyal-Port
BRAM
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AMD 7-Series FPGAs Architecture

A Common elements enable eas/ IPreuse for quick
desgn portability acdoss all 7-series families

0 Design salability from low-cost to high-performance
0 Quickest timeto market
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Logic Fabric Precise, Low Jitter Clocking
LUT6 CLB MMCMs -
ntex-7 FPG
. BElEEEEN NN
On-Chip Memory Enhanced Connectivity E 8 ECE R R RRRNE RN
36Kbit/18Kbit Block RAM PCIe® Interface Blocks S8 8c8 8 8 8 8 8°E 88
SR E'R R R RN
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DSP Engines Hi-perf. Parallel /O Connectivity : : :: : : : : :: : :
DSP48E1 Slices SelectlO™ Technology B E'FE R R RN RRS
SRR R R RRRNR RS
SRHARERRH RS
Hi-performance Serial If/O Connectivity B EFEE R EENRS
Transceiver Technology R atetet detetatates
B 8 BCF BE B R E NER R D,
Virtex-7 FPGA
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Logic Resources -CLB

Fabric
Routing

COuT COouT

ConfigurationLogicBlock

A Primary resource for deson
0 Combinatorial logic

0 Sequential logic l{p-flops)

A Connected teswitch matrixfor 8§
routing to other FPGA resources

0 Carry chain runs vertically in a column fron
one slice to the one above
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AMD-FPGA SLICE

couT

Flip-Flop

Sequential logic

Look-Up Table (LUT)

Combinational logic

PSoC & FPGA. Sisterna
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7-Series FPGA - Inputs/Outputs

A Wide range of voltages
0 1.2V to 3.3V operation

A Many different /0 standards
0 Single ended and differential

0 Referenced inputs
0 3-state support

Digitally controlled impedance
Low power
Slew control
Current strength
Bus hold

D> > > v D

A Very high performance
0 Up to 1600 Mbps LVDS
0 Up to 1866 Mbps singlended for DDR3

A Easy interfacing to standard
memories

o Hardware support for QDRI+ and DDR3
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Most Common I/ Os Standards Available

3.3 na

Singleended

LVTTL

LVCMOZ35, -18, -15 2.5,1.8,1.5 na GeneralPurpose
LVDS3, 25, 18 3.3,25,1.8 na LowVoltageDifferential
PCI33/66 MHz,3.3V 3.3 na PCBus

GTU GTL+ na 0.80 BackPlane

HSTH, HSTHII 1.5 0.75 SRAM

SST8, -ll, SSTe-I 3.3 0.90,1.5 SDRAM

PSoC & FPGA. Sisterna ICTPMLAB



7-Series Block RAM and FIFO

A All members of the -8eries families have
the same Block RAM/FIFO

A Fully synchronous operation

0 All operations are synchronous; all outputs are
registered

A Optional internal pipeline register for higher
frequency operation

A Two independent ports access common dal

o Individual address, clock, write enable, clock
enable

0 Independent data widths for each port

v

A Multiple configuration options
0 True duaiport, simple duajport, singleport

A Integrated control for fast and efficient FIFO

PSoC & FPGA. Sisterna ICTPMLAB



7- Series DSP48E1 Slice
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XADC and Analog Mixed Signals (AMS)

A XADC is a high quality and flexible analog interface new to-tezi&s

0 Dual 12bit 1Msps ADCs, echip sensors, 17 flexible analog inputs, and track & holds with
programmable signal conditioning R e

0 1V input range (unipolar, bipolar and differential) 'C g [ TR
0 12-bit resolution conversion :
o Built in digital gain and offset calibration
0 Onchip thermal and Voltage sensors

0 Sample rate of 1 MSPS

A Analog Mixed Signal (AMS) PoL R

0 Using the FPGA programmable logic to customize the XADC and replace other external
analog functions; for example, linearization, calibration, filtering, and DC balancing to
Improve data conversion resolution

12-Bit 1 MSPS
ADCB ;r

https://henryomd.blogspot.com/2015/06/bareénetalcodeto-read-adcon-zyng.html
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Maximum Capability

Logic Cells
Block RAM
DSP Slices
Peak DSP Perf.
Transceivers

Transceiver
Performance

Memory
Performance

I/0O Pins

I/0O Voltages
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7-Series FPGA Families

Lowest Power
and Cost

y&:.T

Industry’s Best

Industry’s Highest

Price/Performance [|System Performance

Extensible
Processing Platform

20K — 355K

70K —-480K

285K — 2,000K

30K — 350K

12Mb

34 Mb

65 Mb

240KB - 2180KB

40-700

240- 1,920

700 - 3,960

80— 900

504 GMACS

2,450 GMACs

5,053 GMACS

1080 GMACS

4

32

88

16

3.75Gbps

6.6Gbps and
12.5Gbps

12.5Gbps,
13.1Gbps and 28Gbps

6.6Gbps and
12.5Gbps

1066Mbps

1866Mbps

1866Mbps

1333Mbps

450

500

1,200

372

3.3V and below

3.3V and below
1.8V and below

ICTPMLAB

3.3V and below
1.8V and below

3.3V and below
1.8V and below
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AMD Zyng PSoC




A Simple View of théAMD Zynq PSoC

Zynq

Peripheral
PS ‘ ’ Peripheral PL
- Operating | Peripheral 1P Core - High speed
System ‘—> logic
- Bare Metal - Parallel

(C code)

processing
: Soft_ware Peripheral - Flexible logic
iterations IP Core

- HS memory




Programmable System on Chip (PSeZynq

A PSoC family integrates in a single chip the software programmability of
ARM®based processor with the hardware configurability of an FPGA

Static Memory Controller Dynamic Memory Controller Programmable
Logic:
y = 7l

es,

& High Speed 1.8V)
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Zynq -7000 Main Features

NXe Z

YILINK®

Z NQTM

) CTZOAS" , _

A Complete ARM@ased FrUIBKER ﬁ \ Flexible array of 1/O
processing system Lo ' o Wide range of external muistandard

0 Application Processor Unit (AF | — - e _ _

0 Dual ARM Corte%-A9 | o Highperformance integrated serial

transceivers

r r i i
Processors o Analogto-digital converter inputs

o Caches and support blocks
o Fully integrated memory

controllers A Tightly integrated
0 I/O peripherals Programmable Logic

0 Used to extend the processing
system

0 Scalable density and performance

PSoC & FPGA. Sisterna ICTPMLAB




Zynq PS Main Components

m Application processing unit (APU)
oDMA
oTimers
0 Public and private
oGeneral interrupt controller (GIC)
oOn-chip memory (OCM): RAM
oDebug controller.CoreSight

R 1/O peripherals (IOP3
oMultiplexed 1/0O (MIO), exterided mwii

&® Memory interfaces
&® PS interconnect

v
e | "'mmwﬁ

Quad-SPI, NAND, NOR

v
Dynamic Memory Controller

PSoC & FPGA. Sisterna ICTPMLAB

DDR3, DDR2, LPDDR2
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Zynq PL Main Components

ﬁﬂ 6-input lookup tableConfigurable logic blocks (C = .
0 (LUTS)
0 Memory capability within the LUT
0 Register and shift register functionality

m 36 KbBRAM

& DSP48E1 Slice

, 72010, 72015/2020 Artix
&" Clock management 72030, 72035, 72045, 721C Kintex

7

m Configurable Ds(HR/HP)
p High Speed Serial Transceivers
m Integrated interface for PCl Express

PSoC & FPGA. Sisterna ICTPMLAB



Zynq PS -PL Interface

AXI highperformance slave ports (HRAP3)
0 Configurable 32bit or 64-bit data width

0 Access to OCM and DDR only
o Conversion to processing system clock domai

0 AXI FIFO Interface (AFI) are FIFOs (1KB) to s
large data transfers

mr AXI| generaburpose ports (GPGP1)
o Two masters from PS to PL

o Two slaves from PL to PS
0 32-bit data width

o Conversion and sync to processing system clock
domain

PSoC & FPGA. Sisterna ICTPMLAB



Zynq PS -PL Interface

ﬁ One 64bit accelerator coherence port (ACP) AXI slave interface to CPU
memory

m DMA, interrupts, events signals
0 Processor event bus for signaling event information to the CPU
0 PL peripheral IP interrupts to the PS general interrupt controller (GIC)
0 Four DMA channel RDY/ACK signals

ﬁ'! Extended multiplexed 1/0O (EMIO) allows PS peripheral ports access to Pl
logic and device I/O pins

 Clock and resets
0 Four PS clock outputs to the PL with enable control
0 Four PS reset outputs to the PL

& Configuration and miscellaneous

PSoC & FPGA. Sisterna ICTPMLAB



Zynq Architecture

DDR3 DRAM
Controller

AXI|
Master

Snoop Contro

AXI DMA B8 Unit (SCU)
Slaves Contro

ller
AX] Interconect

VEREIS

{tLY /1 bZ {5% 90KSJ
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PS-PL AXI Interfaces

M_AXI_GPO
GeneralPurpose (AXI_GP)
M_AXI_GP1 PS PL

PSoC & FPGA. Sisterna ICTPMLAB



PS-PL Interface Performance

PL AXHP DMA A Highestthroughput A OC/DDR access only A HP DMA for large 1.200 MB/s
A Multiple interfaces A Complex PL Master datasets (per interface)
A Command/Data FIFO design

PL AXACP DMA A -Highestthroughput A Large burst might caust A HP DMA for smaller  1.200 MB/s

- Lowest latency cache trashing coherentdatasets
- Optional cache A Shares CPU A Medium granularity
coherency interconnect bandwidth  CPU offload
A Complex PL Master
design
PL AXGP DMA A Mediumthroughput A More complex PL A PL to PS control 600 MB/s
Master design functions
A PS 1/0O Peripheral
access
CPU A SimpleSw A Lowestthroughput A Control functions < 25 MB/s

Programmed I/C A Least PL resources
A Simple PL Slave

PSoC & FPGA. Sisterna ICTPMLAB




SR 0 C DeS|gl-.Re‘*—“|”em‘ Methodology

SpeC|f|cat|ons

f[ IP Cores

Software
Modules |

Software
Development &

Simulation

I

- s s e - e s

VIVADO!

|

XILINX
VITIS,

~
| ~~
-
S

- —_— —_— —_— —_— —_— — — —
/
4

\ — _— — _— — _— —_—

Placement &Timing ] Operating
Constraints 7 \ Systems )
N e e e e o e = - . -

Vivado IP Integrator Software Development Vitis
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N Hardware and Software Layers in a SoPC

Software Stack

elt 9 witis) -

Export
to
Vitis

Custom
bit 4 HardV\{are-FPG
(Vivado)

tF NI 2F FA3Idz2NBE F NP
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| Software Stack
(Vitis)

#0001 I APDPt p#R
access the Hw

OS (ex. FreeRTOS) or |
Bare Metal
BSP set the lower - level :
|
[ -
l

drivers and functions to
accessthe Hwfromthe Sw

I Export
Boarg Support Package to
== Vitis
Hardware Configuration H I
designed in  Vivado IP ' Base System I Hardware Design

Integrator | ——m—m—m—m—m—m—msm s s smsmemmm—- _
(Vivado)

tF NI 2F FA3Idz2NBE F NP
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Zynq SoPCZedBoard

Board to be used in the Labs

ZedBoard

v, 2ecboar d.

S STM-5
W MV-0 BN

Note: more details on th2edBaoradn comingecture.
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Zyng Block Design in V

IvaddP

+

PSoC & FPGA. Sisterna

processing_system7_0

DDR#I\

\PL

Processor System Reset
xlconstant_0

dout[0:0])

PL

ICTPMLAB

\ {D DDR
P FIXED_IO 4 ||| [ FIXED_IO
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ZYNQ7 Processing System MO1_ACLK AX gpio_io_o[0:0» O DS3231_RSTN[0:0]
I _axi_aresetn -
MO1_ARESETN(0:0]
rst_processing_system7_0_100M \l AX1 GPIO
AXI'
lowest_sync_clk mb_reset | ki I0BUF_1
ext_reset_in bus_struct_reset(0:0) f |
|aux_reset_in peripheral_reset(0:0) L lo_in
% Y . 3 g jioen pad Q DS3231M _SDA
=mb_debug_sys_rst interconnect_aresetn(0:0 = -
—
=dcm_locked peripheral_aresetn(0:0 IOBUF_v1 0




Zynq Vievw Digital System Placed & Routed




2Zynqg PS Peripherals
and Connections




PS Avallable Peripherals

SPI(x2) SerialPeripheralinterface,either masteror slavemode.

12C(x2) I°Cbus Supportsmasterandslavemodes

CAN(X2) ControllerAreaNetwork CAN2.0A and CAN2.0B.

UniversalAsynchronoudfkeceiverlransmitter One UART

SRR, is usedfor terminal connectiongo ahostPC

General purpose Input/Output. There are four GPIC
banks,eachof 32 bits.

SDcardmemorycontroller

GPIO
SD(x2)
USB(x2) UniversalSerialBus Hostor OTHin-the-go) modes

Gigabit Ethernet MAC peripheral, supports 10Mbps,

GigE(x2) 100MBpsand 1Gbps

PSoC & FPGA. Sisterna ICTPMLAB



Multiplexed I/O d Internal / External

x Multiplexed input/output (MIO)
x Multiplexed output of peripheral and static memories
x Two I/O banks; each selectable: 1.8V, 2.5V, or 3.3V
x Configured using configuration

x Dedicated pins are used
x User constraints (LOC) should not be present
AThe BitGen process will throw errors if LOC constraints are |

x Extended MIO

x Enables use of the SelectlO™ interface with PS peripheral

x User constraints must be present for the signals brought ol
to the SelectlO pins

x The BitGen process will throw errors if LOC constraints
are not present

PSoC & FPGA. Sisterna ICTPMLAB

Static Memory

Controllers

2x SPI i

2% FC -

2x CAN -

2x UART -

2x GPIO -

2x GPIO -

2% USB wiDMA  [~t—

2% SDIO wiDMA  |--a—p

yyvevy

EMIO

2x GigE wiIDMA  |=t—ijp>

PL




Extended Multiplexed 1/0 (EMIO)

Zynqg Block Design
— B 143 Penpherals
Extended interface to PL 1/O peripheral ports 3 I
x EMIO: Peripheral port to PL e | Eﬂ_ a
x Alternative to using MIO | E%n 3
x Mandatory for some peripheral ports i e i
x Facilitates 1 E‘: 3
x Connection to peripheral in programmable logic 5 e
x Use of general I/O pins to supplement MIO pin usage (sz16) Mricen
x  Allows additional signals for many of the peripherals ‘ Z%Z
x Alleviates competition for MIO pin usage o suc g
R | || conamton
ol e
wio Emioy| | PSPL

PSoC & FPGA. Sisterna ICTPMLAB




Multiplexed I/O (MIO)




