Digital Logic Design |
(SS3023)

Course Overview

Instructor: Chi-Kuang Chao
Department of Space Science and Engineering

National Central University

February 26, 2021




Syllabus

Instructor: Chi-Kuang Chao
Course type: elective course
Classrooms: $4-805 electrical shop

Lecture time: 3 hours/week

Lecture hours: 10:00 - 12:50 (FRI)



Objectives

® A comprehensive coverage of basic to advanced digital concepts

with an emphasis on problem solving, troubleshooting, and
applications.

® Fundamental knowledge to build space payload.



Space payload

Environ. tests Electronics & circuits

Intro to space payload Digital logic desig

Plasma diagnostics Mechanics & drafting




Course outline

® Digital fundamentals

Introductory concepts

Number system, operations, and codes
Logic gates

Boolean algebra and logic simplification
Combinational logic analysis

Functions of combinational logic

Latches, flip-flops, and timers



Course outline (cont.)

® Digital fundamentals

Counters

Shift registers

Memory and storage
Programmable logic and software
Signal interfacing and processing
Computer concepts

Integrated circuit technologies



Course outline (cont.)

® Basic Verilog topics

Overview of digital design with Verilog HDL
Hierarchical modeling concepts

Basic concepts

Modules and ports

Gate-level modeling

Dataflow modeling

Behavioral modeling

Tasks and functions

Useful modeling techniques



Course outline (cont.)

® Advanced Verilog topics

Timing and delays

Switch-level modeling
User-defined primitives
Programming language interface
Logic synthesis with Verilog HDL

Advanced verification techniques



Course materials

® J[extbooks

® Floyd,Thomas L., Digital
Fundamentals, | 0/E, Pearson
Education, Inc.,2010. ISBN-10:
0-13-814646-2.

® Palnitkar Samir,Verilog HDL: A Guide
to Digital Design and Synthesis, 2nd
ed., 2003.
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54-805 electrical shop

5 x NI ELVIS, 5 x NI ELVIS lI+,and 10 x NI ELVIS 1l

® 10 x NI myRIO-1900
® 10 x Digilent ZYBO Zynq-7000

5 x NI USRP 2900
10 x ASUS Desktop PC
|0 x anti-static pads

PCB prototyping: circuit board plotter, through-hole
conductivity/plating, multilayer prototyping, surface mount
technology/finishing, screen printing and solder-resist masks,
SMT solder paste printer, pick and place assembly system, and
lead-free reflow oven.



Devices for learning

® NI myRIO-1900

® NI LabVIEW Academic Site License - Department Teaching
License: Control and Embedded Systems Software Option

® Digilent ZYBO Zynq™-7000 Development Board

® XilinxVivado Design Suite: System Edition University Licenses
25 Licenses




NI myRIO-1900

® Featuring NI industry-standard reconfigurable /O (RIO)
technology, the enclosed version of myRIO (myRIO-1900) places
three I/O connectors, wireless capabilities, a dual-core ARM real-
time processor, and a customizable Xilinx FPGA in the hands of
students. With its onboard devices, seamless software
experience, and library of courseware and tutorials, myRIO
provides an affordable tool that helps students and educators
“do real engineering” in one semester. Box contents
® Driver and software evaluation DVDs

USB cable

Power supply with international adapters

| MXP protoboard accessory

NI screwdriver and MSP screw-terminal connector




NI myRIO starter accessory kit

® The NI myRIO starter accessory kit includes everything you
need to get started connecting to and programming the 1/O of
NI myRIO. NI myRIO starter accessory kit contents:

Barrel connector with leads
Assorted capacitors

Diodes ,
7-segment display W 7N
Mechanical rotary encoder

Photo interruptor (light sensor with LED)

Assorted op-amps
Assorted LEDs

Small DC motor (|1 VDC to 3VDC, no load speed: 6600 rpm)




NI myRIO starter accessory kit (cont.)

Microphone with audio ® Assorted switches (DIP,
jack slide, and rotary)

MXP Breadboard ® Thermistor (NTC: 10 kQ),
Accessory 25 degrees)
Potentiometer (500 k(J) ® Assorted transistors
Relay ® Force sensing resistor
Assorted resistors ® Wire kit

Piezoelectric sensor

Photocell

2 Hall effect sensors v , $ """._
(latch and switch) POV
Buzzer



NI myRIO embedded systems
accessory kit

® The NI myRIO embedded systems accessory kit contains
common sensors, devices, and a display.

Keypad

Digital temperature sensor (12C)
Character LCD (12C, SPI, and UART)
Digital potentiometer (SPI)
Bluetooth interface (UART)
EEPROM (SPI)

LED matrix




Digilent ZYBO Zynq™-7000
Development Board

® The ZYBO (Zynqg Board) is a feature-rich, ready-to-use, entry-
level embedded software and digital circuit development
platform built around the smallest member of the Xilinx
Zyng-7000 family, the Z-7010. The Z-7010 is based on the
Xilinx All Programmable System-on-Chip (AP SoC) architecture,
which tightly integrates a dual-core ARM Cortex-A9 processor
with Xilinx 7-series Field Programmable Gate Array (FPGA)
logic. When coupled with the rich set of multimedia and
connectivity peripherals available on the ZYBO, the Zyng
Z-7010 can host a whole system design. The on-board
memories, video and audio |/O, dual-role USB, Ethernet and SD
slot will have your design up-and-ready with no additional
hardware needed.



Z-7010

650Mhz dual-core Cortex-A9 processor

DDR3 memory controller with 8 DMA channels
High-bandwidth peripheral controllers: | G Ethernet, USB 2.0,
SDIO

Low-bandwidth peripheral controller: SPl, UART, 12C
Reprogrammable logic equivalent to Artix-7 FPGA
28K logic cells

240KB Block RAM

80 DSP slices

On-chip dual channel, 12-bit, | MSPS analog-to-digital
converter (XADC)



ZYBO

ZYNQ XC7Z010-1CLG400C

512MB x32 DDR3 w/ 1050Mbps bandwidth
Dual-role (Source/Sink) HDMI port

| 6-bits per pixel VGA output port

Trimode (1Gbit/100Mbit/10Mbit) Ethernet PHY
MicroSD slot (supports Linux file system)

OTG USB 2.0 PHY (supports host and device)

External EEPROM (programmed with 48-bit globally unique EUI-48/64 ™
compatible identifier)

Audio codec with headphone out, microphone and line in jacks

| 28MDb Serial Flash w/ QSPI interface

On-board JTAG programming and UART to USB converter

GPIO: 6 pushbuttons, 4 slide switches, 5 LEDs
Six Pmod connectors (| processor-dedicated, | dual analog/digital)
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Product PN Description

Unit Price QTY. Amount
[TWD] [TWD]

1 - NI MyRIO-1900 ®1& AFTRH &R A Sl &

One set of --—---- includes the following items:

782692-01 NI myRIO-1900. Includes WIFI and MSP
Connector.

783068-01 NI myRIO Kits: Starter Kit Includes 5 MXP
protoboard x5, Basic sensors, Battery
holder, and parts

783070-01 NI myRIO Kits: Embedded Kit - Includes
display, VGA/HDM]I, audio codec

33,333 1 33.333

SUBTOTAL [TWD]: 33,333

VAT [TWD]: 1,667

TOTAL [TWD]: 35,000



ce —TLRMHAT AR A E DATE:  2015/1/9

E-Elements Technology Co., LTD

At B LR I 76561551 TEL:(02) 2791-8139
SF—wmIR 27729833 FAX:(02) 2792-6942
TO: BRIr A2 RZERIEIHZEET OUR REF: €j2015010903
ATTN: BIEE ZZED QUOTED BY: #5ZE Jason Lin
TEL: 03-4227151x65754 Mobile : 886-988810039
FAX: 03-4224394 Email : jason.lin@e-elements.com.tw
QUOTATION
ltem Vendor PART NUMBER QTY UNIT/NTD$ TOTAL/NTD$ DELIVERY
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Resources provided by SPL

LabVIEW for

control & Vivado

embedded Design
systems Suite

software option

ZYBO

myRIO-1900 =0 0q

NTD35,000 NTD5,200 NTD40,200

NTD52,800 for

new option and

NTD16,200 for
renewal

s | NTD350,000 NTD52,000 0 NTD418,200




NCU undergraduate tuition
for one semester
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Our cost: NTD40,200 > Your payment: NTD28,440



Features

® | ecture a two-semester course in one semester. = Pre-study
and self-learning are required.

® Use myRIO and ZYBO Zyng-7000 with industrial development
tools, LabVIEWV andVivado, for intense practices during/after the

courses. = Hand-on practices are extremely important. |2
practices will be used for grading.

® The ugly truth is resources are limited. For best practice, each

student had better to use his/her own devices. = Only |0
students are allowed to participate this course. You shall pay
great attentions on this course to get a pass.



Grading

® |2 practices: 100%



Evaluation

Semester | 2009/09 [2010/03| 2010/09 [2011/03|2011/09|2012/03[2012/09|2013/03(2013/09| 2014/03 | 2014/09 [2015/03
. . . . Digital L

o Circuits | .. . - Digital . o Digital

Course N/A Clrclwts N/A I Clrclun:s Clrcl::uts Logic I;.:sgilcn Clrclmts N/A N/A Logic

(DLD I Design | — | Design |

Students | N/A 6 N/A 21 42 22 29 ¥ 47 N/A NA | 2811
Failed N/A 0 N/A 0 0 14 0 | | N/A N/A 0
Evaluation| NJ/A 4.15 N/A 4.38 4.3 3.91 4.15 4.19 4.14 N/A N/A 4.51

Semester | 2015/09 [2016/03| 2016/09 [2017/03| 2017/09 |2018/03| 2018/09 |2019/03 | 2019/09 |2020/03| 2020/09 [2021/03

o Digital o Digital L Digital

Course | NIA C"'cl"'ts NA | Logic | N/A c"'cl“'ts NA | Logic | N/A C"'cl"'ts NA | Logic

Design | Design | Design |
Students | N/A 7 NA [ is=10 | NA [ 16=10 | NA 9 N/A 10 N/A --
Failed N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A --
Evaluation| NJ/A 4.29 N/A 4.24 N/A 4.91 N/A 4.9 N/A 4.9 N/A --




My courses

Undergraduate core | Undergraduate selective | Graduate selective
Semester Hours
courses courses courses
Hands-on Satellite System (2/2)
: Digital Logic Design | (3/3) Plasma Measurement |l
Spring 2019 N Application and Practice of (3/3) 10
Space (2/2)
: : Space Environment and
Engineering L.aboratory (I71) Application and Practice of Exploration | (1/3)
Fall 2019 Introduction to Space o 8
Sci d Enei ing (1/2) Space (2/2) Calibration and Test for
clence ahd Engineering Space Instruments | (3/3)
: Hands-on Satellite System (2/2)| Calibration and Test for
Spring 2020 Circuits | (3/3) Space Instruments Il (3/3) 8




Week # | st session 2nd session 3rd session
| (2/26) Course overview Selection test - from Chapter | to 6 of Digital Fundamentals
2 (3/5) Digital concepts Number system, operations, and codes Practice |
3 (3/12) Logic gates Boolean algebra and logic simplification Practice 2
4 (3/19) Combinational logic analysis Functions of combinational logic Practice 3
5 (3/26) Latches, flip-flops, and timers Counters Practice 4
6 (Spring break, 4/2) Break
7 (4/9) Shift registers Memory and storage Practice 5
8 (4/16) Programmable logic and software Signal interfacing and processing Practice 6
9 (mid-term, 4/23) Break
10 (4/30) Computer concepts Integrated circuit technologies Practice 7
11 (5/7) Overview of digital design with Verilog HDL Hierarchical modeling concepts Practice 8
12 (5/14) Basic concepts Modules and ports Practice 9
13 (5/21) Gate-level modeling
14 (5/28) Dataflow modeling Practice 10
|5 (6/4) Behavioral modeling Tasks and functions Practice | |
16 (6/11) Useful modeling techniques Timing and delays Practice 12
17 (6/18) Switch-level modeling. User-defined primitives. Programming language

intorfacrao

18 (final, 6/25)

Break




For more information

® Please visit the course web page at http://athena.ss.ncu.edu.tw/

® Contact me

® By phone: 03-422715]1
® Ext.65754 at S4-804 (Office)
® Ext.6578| at S4-805-1 (Core facilities)
® Ext.36755 at S4-820 (Learning facilities)

® By e-mail: ckchao@)jupiter.ss.ncu.edu.tw



http://zeus.ss.ncu.edu.tw/~course/
mailto:ckchao@jupiter.ss.ncu.edu.tw

