., éCual de todos es el chip del Lab 2021?
Introduccidn a la

Tecnologia Xilinx a
través de la Practica 1 « XC = Xilinx Commercial

* 7Z = Familia Zynqg
010 =“Tamafio” (cantidad de diversos bloques

* “capacidad” (no la de los pF)
* “puertas equivalente”

« XC72010CLG400-1C

Eduardo Boemo * CLG400 = encapsulado y numero de “patas”
Universidad Auténoma de Madrid * -1 ="“Velocidad”
e C="“Comercial”
eduardo.boemo@uam.es
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Nomenclatura Xilinx NGEET000:SoCFamity

Imired Devices Mid-Range Devices
Device Name| Z-70075 270125 770145 | Z-7010 Z-7015  Z-7020 | 2-7030 Z-7035 2-7045 Z-7100
Part Number | XCTZ0075 XC7Z0125 XC720145| XCTZ010 XCTZ015 XCTZ020 ) XC7Z030 XCTT035 HCTI045 NCTZ100
Single-Core Dual-Core ARM Dusal-Core ARM
Processor Core| ARM® Cortex™-A9 MPCore™ Cortex-A9 MPCore Cortex-A9 MPCore
™ - & - Up to 766MHz Up to 866MHZ Up to 1GHz™
Zynq®-7000 Fam||y Device Orde ring Information Pracessor Extensi 'NEGN™ SID Enging and Single/Double Précision Fioating Point Unit per processor
L1 Cache 32KB Instruction, 32KB Data per processor
L2 Cache| 512KB
On-Chip Memory| 256KB
External Memaory Support™ DOR3, DDA3L, DDR2, LPDOR2
External Static Memory Support'™ 2x Quad-5P1, NAND, NOR
A N DMA Channels & (4 dedicated to PL)
Peripherals | 2x UART, 2x CAN 2.08, 2x 12C, 2x 5P1, 4x 32b GPIO
Peripherals w/ built-in DMA™ 2x USB 2.0 (OTG), 2x Tri-mode Gigabit Ethernet, 2x SD/SDI0

RSA Authentication of First Stage Boot Loader,

"
Fook Security’ AES and SHA 256b Decryption and Authentication for Secure Boot
—_— 2x AXI 32b Master, 2x AXI 32b
Processing System to ety il 3‘“5""'
Programmable Logic interface Ports AX1 B4b ACP
xc 7 Z ### S _1 FF G ### C (Primary Interfaces & Interrupts Only) it Rk
7 Series PL Arti®-7  Artin-? A7 | A7 Aftic? A7 | Kintex®-7  Kintex-7 Kintex-7 Kintex-7
Logic Celis] 23K 55K B5K 28K TAE B5K 125K 275K 350K 434K
Mo Series  Zymg Value Sngle Core  Speed Grade  CL: Wire-bond Molded  V: RoHS 6/6 Package Temperature Look-Up Tables (LUTs)| 14,400 34,400 40,500 17,600 46,200 53,200 78,600 171,900 218,500 277,400
Commercisl Index indicator  -1: Slowest |-Bmm) G{OLG) = RoHS 6/ Pin Count Grade Fip-Flops| 28800 68800 81,200 35,200 92,400 106,400 157,200 343,800 437,200 554,800
R0} ot Lo Power - S CEin O 5, G LG, K06, Pk Lol TotalBlock RAM| 1.8Mb  25Mb  3.8Mb | 2IMb  33Mb  45Mb | 93Mb 17.6Mb 19.2Mb 26.5Mb
S Ll it Rkt Compliant (# 36Kb Blocks)|  (50) (72) (107) (60) (95) (140) (265) (500) (545 (755)
Rt e b e d DS siices| 66 120 170 80 160 220 400 900 900 2,020
' FF Flip-chip Lidded € = Commereial (T] = 0°C to +85°C) PCIExpress®| — Gen2 x4 - — Gen2 x4 - Gen2xd  Gen2 8 Gen2 x8 Gen2 x8
{3mm) E = Extended (Tj = 0°C to +100°C) Analog Mixed Signal (AMS) / XADC™ 2x 12 bit, MSPS ADCs with up to 17 Differential Inputs
| = Industrial (T} = ~40°C to +100°C) En:‘;;?:: - AES & SHA 256b Decryption &lnumemicahon flor Secure Frogrammar;re Logic Config -
i - - K -
Refer o 5190, Zypng- 7000 500 Overview for sdadions) information Speed Grades Extended | -2 -1,-3 -2,-3 -2
4 Inustrial -1-2 =1, -2, -1L =1,-2, -2 =1, -2,-2L 5




Product Attributes

Package

Part Status
Architecture

Core Processor
Flash Size

RAM Size
Peripherals
Connectivity
Speed

Primary Attributes
Operating Temperature

Package / Case

DESCRIPTION

XC72010-1CLGA400C (Lab UAM)

Integrated Circuits (ICs)
Embedded -

System On Chip (SoC)

Xilinx Inc

ZynqE-7000

Tray

Actwve

MCU, FPGA

Dual ARME Cortex®-A9 MPCore™ with CoreSight™ _ ('2 ARMS? f,NO era una FPGA?
296K8 _ ¢Poca memoria?

DMA

CAN

Supplier Device Package 40

Number of 'O

Base Product Number

bus, EBI/EMI, Ethemet, FC, MMC/SD/SDIO, 5P

1, UART/USART, USB OTG
_ ¢Reloj? ¢Sistema?

_ ¢Qué es Tj? ¢Funcionara el dia que en Madrid
lleguemos a 85° en Julio? éCarnot?

_ ¢400 patas y s6lo 130 1/0? ¢Y el resto?

«~ £ €< CH DTV ZEr X I OTMOOD D>
-O00PE00OHOCODEOOOH® -
- OHO0SST0SSONOCSOPSSO ~
- 0000HO0CePeCOOHOVOOD -

Encapsulado CLG400
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Zynq-7000 SoC
Packaging and Pinout
Product Specification
£ MILINE
User /O Pins Dedicated Pins Other Pins | PS MIO Pins | PS DDR Pins
O oo B - ® rron o
@ oo m qO e B
o (@) Posmsrn E}
Multi-Function Pins | [ " @ rosmo v ) o
N v O romo 0
[E] mecs | I £}
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@ wer @ v )
@ oo &
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@ e [ *
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o] PE.00R. 008
& Papon vee
& s.oon v
(4 racon
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Migracidn para aumentar légica manteniendo I/0 (n2 patas

constante)

Zyng®-7000 Family Device Migration Table

QG225

16400

G484

CLGa8s

SBGABS

FBGETE

FEGETE

FRGO00

FFGL156

* Ejemplo:

* Un disefio procesa
16 bits de entrada y

L0078 1701 7048 1010 17015 TR0 17000 17085 17045 17100

] saca 16 de salida.
—as—s—3a
- = * PCB fabricado y de
. . .
- prgnto se requiere
. mas
B W W procesamiento.
—a—a
i * ¢Qué hacer?

Migracion para aumentar légica manteniendo 1/O (n2 patas
constante). Concepto de circuito pad / core limited

200K
System
Gates

5X
Density
Range

1 Million
System
Gates

®vce & GND Ouser 110

* Los encapsulados son
compatibles entre sub-
rangos de FPGAs para
facilitar el disefio de

sistemas “core-limited”.

< Figura: ejemplo Spartan 3




. Primer diseno FPGA
Introduccion a la

Tecnologia Xilinx a

¢G15, P15, M14...7?

, , . wo I ...-.......___.‘: . ('-Vcc?
través de la Practica 1 b TSIl e eswe

Y.VVY.

3 i — G4 | L Iy . )
Parte 2: La Practica 1 e e =D e ¢LD?
»— } H
o e F_ 1 - =
Eduardo Boemo — |
Universidad Auténoma de Madrid V. V.
eduardo.boemo@uam.es
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Tarjeta de desarrollo EPS 2021 XDC = Xilinx Design Constraints (file)

DASE2021_DIE_P1/2021_DIE_P1 srcsiconstrs_1impens®1_EIBNab1 xde
Q L B B X UV E O
Tarjeta de desarrollo: s ;

Tt

* Bajo coste. set_property BA [get_ports swt[0]]
* Prototipo para facilitar pruebas e st poree mot

set_property PACER
* Disefios de referencia set_property I0STANDARD
: | set_property EM
* Incluye planos. set_property 10!
11| set_property FM

set_property IOST

[get_ports swe[l1]]
[get_ports awt[l]]
[get_ports swt[2]]
[get_ports swt[2]]
[get_ports awt[3]]
[get_ports mwt[3]]

« Digilent: originariamente
orientada al mercado
universitario

[get_ports led[0]]
[get_ports led[0]]
[get_ports led[l]]
[get_ports led[l]]
[get_ports led[2]]
[get_ports led[2]]
[get_ports led[3]]
[get_ports led[3]]

set_property IO
1 | set_property EM




XDC = Xilinx Design Constraints (file)

Vivado Design Suite Tutorial

Using Constraints

UGS (v 19.) Decemter & 2013

£ XILINX

Introduccion a la
Tecnologia Xilinx a

Eduardo Boemo

eduardo.boemo@uam.es

Parte 3: EDA Tools

Universidad Auténoma de Madrid

través de la Practica 1

Masked-ASICs & FPGA Design Flows

A

lel— Design Verification
Entry -l

Design

Functional

[ in-Cireuit
| Werification

Aos37

FPGA # Masked-ASIC

FPGAs = platform
chips.

Es decir, chips
donde estan
predisefiados
muchos bloques
tales como:

* VCCyGND (core
y pines)

+ Arbol de reloj.

* Memorias.

* Drivers.

22

Xilinx Vivado

https://reference.digilentinc.com/vivado/getting_started/start
The Navigator is broken into seven sections:

* Project Manager
. AIIosz for quick access to project settings, adding sources, language templates, and the IP
catalog
¢ IP Integrator
* Tools for creating Block Designs
* Simulation
« Allows a developer to verify the output of their design prior to programming their device
* RTL Analysis
* Lets the developer see how the tools are interpreting their code
* Synthesis
* Gives access to Synthesis settings and post-synthesis reports
* Implementation
* Gives access to Implementation settings and post-implementation reports
* Program and Debug
* Access to settings for bitstream generation and the Hardware Manager

Fow Havgator 7 o
o =
4 Project Manager
B} Propect Settrgs
¥ A Senrees
V Language Terplaies
Ok Carslog
o B nsgra
7, Create Biack Desgn
B e Bch e
o e
+ Smusten
EY Srudaten Settrga
@ R Smuiston

# RTL Ansiyen
T} Baboration Setargn
1&* Open Haborated Desgn

+ Syt
[ r—
P RunSeess
i coo

4 Lrglementaton
B Irplementaton Settngs
[ Bur Implementasen
Y S—"-

B T
[T —
¥, Gererate Bisiear
2 Open vardmare Manager

23




Sintesis: un texto VHDL (Verilog) - Primitivas HW (transistores,

puertas, LUTs, etc. Pasos de la Sintesis

Fuente: https://forums.xilinx.com/t5/Synthesis/what-exactly-is-elaborating-a-design/td-p/682043

* Elaboration: “Reading in your RTL file (which is text) and recognizing bits of
code that represent real hardware structures. Once recognized, these are
converted (in Vivado synthesis case) into "generic technology cells" -
abstract things like registers, adders, comparators, multiplexers, arbitrarily
wide gates, etc...

Specification Q Xilinx incluye sintesis y

simulacién

VHDL description
Functional simulation

r:>—'—',——|'_'—

* Apply constraints to the design: “This step is necessary since the next steps
(high and low level optimizations) are timing driven, and hence need

Post-synthesis simulation constraints. But, constraints cannot be applied to your RTL (which is text) -

v they need to be applied to a netlist. So elaboration creates the netlist of
Hi g L generic technology cells.”
vy, = | L
= >
* Do high level optimizations of the design.
24 25
7 H ~ Synth Design {vivado)
Pasos de la sintesis > Opciones de sintesis
tcl.post
-flatten_higrarchy rebuilt
-gated_clock_conversion off
1. Load technology library into database -bufg 12 S ——
2. Analyze design — directive Defauk ivado Design Sui
Load HDL models into database, check for \;1 -tetiming User Guide
synthesizable models I WL’V ] :m:_w____ - I -fsm_extraction auto Synthesis
3. Elaborate design T 1 -keep_equivaleni_registers
Technology-independent circuit (random & " ! — 3 -resource_sharing auto
structured logic) Crmn A lﬂ"h—”‘ -control_set_opt_threshold auto =
4. Specify design constraints (timing, area) -no_lc
5. Compile/optimize design [o—— ]——’j*m | e, T -no_sriextract
Optimize for the loaded technology library ~ -~ -shreg_min_size 3
Repeat as necessary to meet constraints -max_bram -4
6. Generate technology-specific netlist(s) -man_uram -1
7. Generate simulation timing data (SDF file) ) -max_dsp -4 £ MILINK
8. Generate reports (cells, area, timing) -man_bram_cascade_height -1
-max_uram_cascade_height -1
-cascade_dsp auto
-asser
More Options

Source: http://www.eng.auburn.edu/~nelson/




Ejemplo de flujo de disefo sobre una FPGA educativa (pizarra)

library ieee;
use ieee.std_logic_1164.all;

entity labl is

port (

swt :in std_logic_vector (3 downto 0);
led : out std_logic_vector (3 downto 0)
)i
end labl;

architecture rtl of lab1 is
signal ledSig : std_logic_vector (3 downto 0);
begin

ledSig(0) <= not swt(0);
ledSig(1) <= swt(1) and not swt(2);

ledSig(2) <= (swt(1) and not swt(2)) or (swt(2) and swt(3));

ledSig(3) <= swt(2) and swt(3);
led <= ledSig;

end architecture;

28

Introduccion a la
Tecnologia Xilinx a
través de la Practica 1

Parte 4: CLB e I0B Zynq

Eduardo Boemo

Universidad Auténoma de Madrid

eduardo.boemo@uam.es

PL (program. logic = FPGA) Zynq: Componentes basicos

programmable Configurable
intercannects Logic Block (CLB)

(W slice)

Input / Output
Blocks (10Bs)

4

switch

f— ]

L}
¢:

Logic
Fabric

The Zyng Book

EXUNK e

Zynq Configurable Logic Block (CLB)

Slice 1

wr| [rr]

Lut]

LT

Source:

e Zama Boak

Switch Matrix

Slice 0

30

H

£ HILINK ==

* Estructura
repetitivay
jerarquica.

* Similar a Virtex
7 (yaVe)

* LUTs de 6
entradas (MUX
de 64 entradas)

LUT = LE=LOGIC ELEMENT (LUT + FF) = SLICE (Conjunto de LEs) = CLB (Conjunto de Slices)
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