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Prerequisites

Digital Logic Circuit (%554
C language programming



Course Objectives

The course objective (1): establish the design thinking,
train the basic design ability, develop the creativity and
innovation ability, know the design techniques of the
modern digital systems and the verification techniques,and
address the economic globalization and the challenges of
the knowledge economy.

The course objective (2): use Verilog HDL/VHDL to design
the digital system based on understanding the general
concept of the EDA technology and by utilizing the basic
approaches and procedures of the EDA design.




Course Objectives

The course objective (3): use the EDA tool such
as Quartus II and the FPGA hardware
development system to design the relatively
complicated digital circuits and systems.

The course objective (4): have a good master of
the basic experimental skills, and teach the
students to make the experimental plan,
undertake the experiments and analyze and
explain the data.



Graduation requirement

1-4: understand the system concept and its reflection in
the circuit area; Can use the specialized knowledge to
fix the complicated problem of the electronics
information engineering.

3-1 can use the specialized knowledge and designing
index to confirm the design plan of the circuit and
system.

4-2 can choose the research route and design the
promising experimental solution.



Course Overview

Total Credit Hours: 48
Lecture Hours: 30

Experiment (Computer) Hours: 18
Credit: 3

Homeworks 9%
Class Attendance 6%
Experiment 15%

Final examination 70%
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Course Textbook and B

Reference Book

[1] Jiye Huang, Song Pan (EDA technology—
Verilog HDL) (Sixth Edition ) Science Press, 2018.

[2] Michael D.Ciletti. {Advanced Digital Design
with the Verilog HDL (2nd Edition)» Prentice Hall.
2010.

[3] Donald E.Thomas, Philip R.Moorby {Verilog
Hardware Description Language » . Kluwer
AcademicPublishers. 2002.




Experiment

For the miniproject, you will do

Experiment 1: half adder
and full adder

3 4
Experiment 2: The design
of modulus controllable 3 6
counter
Experiment 3: The signal
generator of sinusoidal 3 8
waveform
Experiment 4: The design
of VGA display control 3 10
circuit
Experiment 5: The design
of sequence detector 3 12

Experiment 6: The design
of music playing circuit 3 14



Lab Location

Use your own computer for the first
Experiment

Install the software-Quartus on your own
computer

2 Ak 237 after week 10
Where and when for the second and third

Experiment ?
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EDA Technology

Chapter 1

EDA

Introduction



EDA?

EDA: Electronic Design Automation



EDA°

IC
FPGA/CPLD
PCB



EDA development histroy

CAD :> CAE :1> EDA
Computer aided design Computer aided engineering Electronic Design Automation

.....




EDA Technology

EDA Technology
- ASIC Design N
4 SOPC/SOC N
N
Cate Array
FPGA/CPLD / wmixed \ Standard ell PCB
Programmable| ASIC & 11 custom Design
ASIC Design ASIC Design
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ASIC:

Application Specific Integrated Circuit
(T B B FE )

pl




FPGA - Field Programmable Gate Array
(Il m] g T 1R A1)

CPLD - Complex Programmable [Logic Device
(BRI wAE 2 iR e )




Welcome to the world of programmable
logic!
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Language

HDL.:
Hardware Description Language

VerilogHDL
VHDL
SystemC

SystemVerilog
Chisel




M Lab
Verilog HDL

It was created by Prabhu Goel, Phil Moorby and Chi-Lai
Huang and Douglas Warmke between late 1983 and
early 1984.

Chi-Lai Huang had earlier worked on a hardware
description LALSD, a language developed by Professor
S.Y.H. Su, for his PhD work.

The wording for this process was "Automated Integrated
Design Systems" (later renamed to Gateway Design
Automation in 1985) as a hardware modeling language.

Gateway Design Automation was purchased by Cadence
Design Systems in 1990.




Verilog HDL

Verilog-95

- With the increasing success of VHDL at the time,
Cadence decided to make the language available for
open standardization..

Verilog 2001

-In 2001, IEEE released the second standard version of
Verilog HDL (Verilog 2.0), i.e. IEEE Std 1364-2001, also
known as Verilog-2001.

Verilog 2005
SystemVerilog




Circuit description level

Electronic system level (ESL)/System level

Behavioral level
Register transfer level (RTL)

Gate Level
Transistor level/ MOS Level

Physical level
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HDL Synthesis

HDL Synthesis:
Transforming HDL description into gate
level circuit description



HDL Synthesis

Every step in the design process can be called a comprehensive
link.

Conversion from natural language to Verilog algorithm is the
natural language synthesis;

Conversion from the algorithm expression to the register transfer
level (Register Transport Level, RTL) expression, which is the
synthesis from the behavior domain to the structural domain, is the
behavior synthesis;

Conversion from RTL level expression to logic gate (including
trigger) expression, is the logic synthesis;

Conversion from logic gates to layout level (such as ASIC design)
or conversion to FPGA’s configuration netlist file, is the layout
synthesis or structural synthesis. With the layout information, chips
can be manufactured. With the corresponding configuration files, the
corresponding FPGA can be turned into a circuit device with special
functions.



HDL Synthesis

Conversion from natural language to Verilog
algorithm

Conversion from the algorithm expression to
the register transfer level (Register
Transport Level, RTL) expression

Conversion from RTL level expression to
logic gate (including trigger) expression

Conversion from logic gates to layout
level (such as ASIC design) or conversion
to FPGA’ s configuration netlist file

Natural language
2 .
synthesis

imm=) Behavior synthesis

mm=) Logic synthesis

Layout synthesis or
I

structural

synthesis



wbxb
Running process for HDL

synthesizer

Verilog/VHDL
Code File

HDL
Synthesizer

Netlist

Technology Constrain@
' File




Compiler vs. Synthesizer

Software progrem

Compiler J

(a) Software design flow

VHDL/Verilog Hardware description
Input language synthesizer

)

(b) Hardware design flow

/Y\

CPU instruction/data
010010 100010 1100

TTjJ

> >

Circuit netlist file for ASIC or FPGA

il




FPGA / CPLD Design Flow

Y

FPGA/CPLD
Devices
System Test

\ 4

(Schem atic/H

o)

/

A

Y

Synthesis

Y

Functional Simulation

Y

Logic synthesis

Fitter

Gate Level Simulation
Timing Analysis

Y

A

Physical synthesis

A 4

Timing Simulation

Download

1. Programming
2. Configuration
3. Configuration Device Programming




PLD Design Flow EDR

- > @ Design.Entry/RTL Coding
; - BehavioralorStructiral" Descrptionorbesign

RTL Simulation

L) L L] - Functional Simulation

I oo wr| - Verify Logic Model & Data Flow
(No Timing Delays)

Synthesis
- Translate Design into Device Specific Primitives
- Optimization to Meet Required Area & Performance Constraints

Place & Route

- Map Primitives to Specific Locations inside
Target Technology with Reference to Area &
Performance Constraints

- Specify Routing Resources to Be Used

47



PLD Design Flow

Timing Analysis

- Verify Performance Specifications Were Met
- Static Timing Analysis

Gate Level Simulation
- Timing Simulation
- Verify Design Will Work in Target Technology

PC Board Simulation & Test
- Simulate Board Design
- Program & Test Device on Board

48



Lab

Counter

module cnt4(clk,q);

input clk;

output [3:0] q;

reg q,

always @(posedge clk) begin
q=q+1;

end

endmodule



wbxb
Counter

module cnt4(input clk,output reg[3:0] q);
always @(posedge clk) g =q + 1;
endmodule

q[3..0]




wbzb
CMOS IC Design Alternatives

T

STANDARD
ASIC IC
FULL LS'E'M"-_ PRgg;& .
CUSTOM |, CUSTOM | MABLE

STANDARD GATE ARRAY,
CELL |/ | SEAOFGATES | FPGA CPLD

Field Programmable Gate Array (FPGA) — a hardware
device with programmable logic, routing, memory, and I/O

51



EDAr

Synopsys
Cadence
MENTOR GRAPHICS(Siemens)



FPGA/CPLD Tools

1. Intel: Quartus Prime
2. XILINX: Vivado. ISE

3. MicroChip: Libero

4. Lattice Semi: lispLever
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Graphics and
HDL Editor
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FPGA - Field Programmable Gate Array
CPLD - Complex Programmable Logic Device
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Fig. PLD diagram
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PLD

Programmable Logic
Device (PLD)

Simple PLD

'Complex PI.D

PROM

PLA

PAL

GAL

CPLD FPGA




PLD

Fig. symbol
NOT GATE AND GATE OR GATE XOR GATE
IEEE 1991
A- A A
Standard logic | A—{>—A B )=17 B:D F BjD F
symbols
IEEE 1984 AT AL AL
H 1K =1 Lo = Lo - Lo
Standard logic A—{"—A 5 F 5 F 5 F
symbols
Logical _ _
expression A =NOT A F=A. B F=A+B F=A®B
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PROM
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PROM

Fig. PROM
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General Array Logic Device

EPLD
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CPLD @ﬁ Lab
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CPLD

(1) Z#E %53 (Logic Array Block, LAB)

MAX71288S
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CPLD

(2) ZH.Jtmacro

units
3) BB e
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Figure:
Parallel
Extension
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CPLD

(4) Al g ELEPE 5 Programmable Interconnect Array

(5) ARIKLABIE IS £ ] Wi L 5 (PIA) A&k, DU EL%E
B ﬁﬁﬁﬁ F1iZ% . Different LAB wires are connected to the
Programmable Interconnect Array (PIA) to form the required logic.

& =

_p EEPRON
7 EReT

PIMES
Figure The way of PIA signal wiring to LAB
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5. FPGA/CPLD Download

CPLD { isp --IN-SYSTEM-PROGRAMMERBALE
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SRAM 2. ROM
FPGA 3. FAROM (analog ROM)
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@ﬁLab
ALTERA's USB Blaster!l Download

(n

10-pin Female Connector
(connects to target pn‘nmd\\-‘
cireuit board 10-pin male

header) _
\
< > )




USB Blaster

USB
Altera USB-Blaster
PC—USB—FPGA/CPLD JTAG
LPT (FTEIHLE. FHH D
Altera ByteBlasterII
Altera ByteBlasterMV

Ethernet
Altera EthernetBlaster
TCFE 2K



FPGA

LUT

FPGA LUT:

w Lab

16 X1
RAM

i N1 —
N2 —
i N3 —

i N4 —

"R
LUT

—> fi

A % \B

T

[ L]

BINC  HIND

2RI FEA

| BEkE
farth

S

T

Figure Internal structure of FPGA

LUT unit



Structural module EDA Lup
based on lookup table
LUT?

An N-input lookup table (LUT) can implement any logic function of N
input variables, such as N-input AND, N-input XOR, etc.

Functions and equations with more than N inputs must be implemented
separately with several lookup tables (LUTs).

input1

input2

output
input3

input4




16x1
RAM

Input A Input B
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Input C Input D
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FPGAMCPLDA & A 4 X 7 ?
Is there any difference between FPGA and
CPLD?
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LE structure diagram of Cyclone 4E

Carry input from

. LAB
the previous LE simultaneous LleB
: taneous
LE carry mput load simu
r resct bypass channel
y ¢ ¢ Programmable
data 1 d . register @—P>
data 2 »| Look-up simultaneous
data 3——6— table Carty } Jdead | piD Q1o
chain /simultaneous
(LUT) reset logic — >
CENPUIR
Register feedback signal
labelr
labclr2
Asynchronous
Global reset clear logic
(DEV_CLRnN)
Clock /
Enable select — >
A\
LE carry labclki—®{ ™
output
labclk2 | —
labclkenal——#{ )
Iabclkenaz——b/

ow/ column
routing

Row/ column
routing

load
routing

Register
output
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Cyclone 4E LE General Model
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Cyclone 3 LAB structure
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Lab

Interconnection between
LAB arrays

B FAMLAB, MOKTEfiE2E XBTAHAMLAB., MIKTEfi&zS
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Control Signal Generation of
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B The relevant structure diagram of JTAG BST
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Figure: The Selection Command Mode
Sequence of JTAG BST
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IP Core

IP(Intellectual Property)

synthesizable RTL

Soft cores

gate-level netlists

Hard cores

analog IP (SerDes, PLLs, DAC, ADC,
PHYs, etc.) are provided to chip makers in
transistor-layout format (such as GDSII).
Digital IP cores are sometimes offered in
layout format, as well.
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Hard Copy

Once an FPGA design is verified, validated and

used successfully, there is an option to migrate
it to structured ASIC

This option is known as Hard Copy

Using hard copy, FPGA design can be migrated
to hard-wired design removing all configuration
circuitry and programmability so that the target
chip can be produced in high volume

Hard copied chip uses 40% less power than
FPGA and the internal delays are reduced
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