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English Description

This subject covers hardware technologies in Internet of Things (loT) nodes at the component
level, with particular focus on the possibilities offered by miniaturisation and nanotechnology.Being
able to open the 'component boxes' and become familiar with current miniaturised technologies
and their capabilities and limitations is a crucial requirement for meaningful design of an loT system
and for anticipating the next technological advances to unlock radical innovation. Students learn
about the diverse electronic and photonic components required in a miniaturised system. They
achieve a basic command of semiconductor physics and technologies, the working principles of
miniaturised logic, communication and sensing devices, their performance windows/specifications
and how they are fabricated and Packaged. Students are also able to discern the concepts of
performance, quality and reliability, and overall, they are able to select a class of components and
electronic/photonic approaches to build a miniaturised system for a solving a given real life

problem.
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% 1% Introduction

(1] %R

(1) Moore's Law of nanotechnology.

(2) CMOS transistor principle.

(3) Miniaturized devices and systems.
(2] &3 H¥p:

T fi#:Course overview and its requirements.

CEEEHEE B br 1-1,1-2,1-3,2-1,2-2,2-3,3-1,3-2)

Hilf#:Moore's Law of nanotechnology.

% J2:CMOS transistor miniaturization device and system.
[3] ERANE:

(1) Moore's Law of nanotechnology.

(2) CMOS transistor principle.

(3) Miniaturized devices and systems.
(4] ERAE:

(1) CMOS transistor principle.

(2) Miniaturized devices and systems.




[5]1 BERHA:

Study of nanochip technology and semiconductor process methods deeply to solve the technical

problems of "stuck neck" by foreign countries.
% 2%F: Semiconductor theory (SZH##%%HAx 1-1,1-2,1-3,2-1,2-2,2-3,3-1,3-2)
(1] &R A
(1) Transistors.
(2) Semiconductors.
(3) Intrinsic semiconductor.
(4) Basic concepts and connotations of bandgap and Fermi levels.
(2] %> Hp:
Tfi#: Transistor, semiconductor, intrinsic semiconductor.
PHf#: The basic concept and connotation of band gap and Fermi level.
#4&: Principle of diode, basic principle of rectification p-n junction.
[3] ERHE:

Principle of diode.

Basic principle of rectification p-n junction.
(4] #ERAR:

Basic concept and connotation of band gap.

The basic concept and connotation of Fermi level.
(5] BBEH:

Learning the practical theoretical basis of semiconductor physics is conducive to the development
of innovative capabilities and is useful for China’s innovative research in scientific.
% 3F: MOS devices and manufacturing (GZEEHEH bR 1-1,1-2,1-3,2-1,2-2,2-3,3-1,3-2)

(1] AR A
(1) Intermediate band, semiconductor p-n junction.
(2) MOS field effect transistor and CMOS technology.
(2] %> Hp:

T f#: Intermediate bandgap semiconductor p-n junction.

FEfi#: MOS FET CMOS technology.

#42: The application of MOSFET in a NAND gate silicon logic
Technologies

[3] ERHE:
MOS FET CMOS technology.
(4] RAA:
The application of MOSFET in a NAND gate silicon logic.
% 4 F: Optoelectronics and LEDs (Z#£#%% Hbx 1-1,1-2,1-3,2-1,2-2,2-3,3-1,3-2)
(1] &R A
(1) Emission spectrum of an LED (Light emitting diodes)
(2) Methods of injection Semiconductor lasers GaAsP LEDs
(2] %> Hp:

T f#: Emission spectrum of an LED.

PHf#: Methods of injection Semiconductor lasers GaAsP LEDs.

%14#: The principle of emission spectrum of an LED.

[3] ERHE:
Methods of injection Semiconductor lasers GaAsP LEDs.

[4) BESAE:



The principle of emission spectrum of an LED.
%8 5 %: Introduction to MEMS (0% Hbr 1-1,1-2,1-3,2-1,2-2,2-3,3-1,3-2)
(1] &R A
(1) MEMS type transducers.
(2) main parameters of sensor
(2] %> Hp:
T f#: MEMS type transducers.
PHf#: Examples of MEMS sensor system.
#4%: Sensor performance indicators.
[3] ERHE:
Examples of MEMS sensor system.
(4] ERAE:
Sensor performance indicators.
% 6 F: Advanced electronic devices (CGZHEH HFF 1-1,1-2,1-3,2-1,2-2,2-3,3-1,3-2)
(1] &R A
Advanced electronic devices
(2] &3 H¥p:
T f#: Basic concepts of advanced electronic equipment.
FRf#. Basic principles of advanced electronic devices.
#4%: Basic connotation of advanced electronic equipment.
[3] ERHE:
The principles of advanced electronic devices.
(4] ERAE:
The connotation of advanced electronic equipment.
% 7%: MEMS and Electronic Systems (SZ##0% H¥x 1-3,2-1,2-2,2-3,3-1,3-2,3-3)
(1] &R A
(1) MEMS actuation mechanisms.
(2) The digital micro-mirror device and other MEMS examples
(2] %> Hp:
T f#: MEMS examples.
PHf#: The digital micro-mirror device.
#¥4%8: MEMS actuation mechanisms.
[3] ERHE:
MEMS actuation mechanisms.
(4] ERAE:
The digital micro-mirror device, MEMS examples
% 8 F: Packaging and Reliability (GZI##52 Hbr 1-1,1-2,1-3,2-1,2-2,2-3,3-1,3-2)
(1] &R A
(1) Electronic packaging,packaging steps,chip capping and bonding methods.
(2) Reliability concepts,accelerated Reliability test standards, agreed worldwide.
(2] %> Hp:
Tf#: Accelerated reliability worldwide agreed standards test.
HFEfi#: chip capping and bonding methods.
HJ2. Electronic packaging,packaging steps,chip capping and bonding methods.
[3] ERA%:
Electronic packaging,packaging steps,chip capping and bonding methods.
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(4] #ERAR:
Chip cover bonding method Steps.
% 9 FE: Software Defined Radios (Z3%#%% Hbp 1-3,2-1,2-2,2-3,3-1,3-2,3-3)
(1] AR A
(1) The basic concepts of Software defines microwave.
(2) The basic principles of Software defines microwave.
(3) The basic connotation of Software defines microwave.
(2] %> Hp:
T f#: The basic concepts of Software defines microwave.
PHf#: The basic connotation of Software defines microwave.
% 4&: The basic principles of Software defines microwave.
[3]1 ERAA:
The basic concepts and principle of Software defines microwave.
(4] RAA:
The basic principles of Software defines microwave.
(5] BBEH:
Learn foreign advanced technology and work hard for the rise of China.
%8 10 Z: Introduction to Laser (SCI¥#°% Hbx 1-3,2-1,2-2,2-3,3-1,3-2,3-3)
(1] &R A
(1) The basic concepts of laser.
(2) The basic principles of laser.
(3) The basic connotation of laser.
(2] &3 H¥p:
T f#: The basic concepts of laser.
P : The basic connotation of Software defines microwave.
#42: The basic principles of Software defines microwave.
[3] ERA%:
The basic concepts and principle of laser.
(4] #ERAR:
The basic principles of laser.
% 11 Z: 3D Printed Electronic Devices for 5G and Space Applications (SZ##(%% H bx
1-3,2-1,2-2,2-3,3-1,3-2,3-3)
(1] &R A
(1) The basic concepts in 3D Printed Electronic Devices for 5G and Space Applications.
(2) The basic principles in 3D Printed Electronic Devices for 5G and Space Applications.
(3) The basic connotation in 3D Printed Electronic Devices for 5G and Space Applications.
(2] &3 H¥p:
T f#: The basic concepts in 3D Printed Electronic Devices for 5G and Space Applications.
Pif#: The basic connotation in 3D Printed Electronic Devices for 5G and Space Applications.
#4&: The basic principles in 3D Printed Electronic Devices for 5G and Space Applications.
[3] ERA%:
The basic concepts and principle in 3D Printed Electronic Devices for 5G and Space Applications.
(4] #ERAR:

The basic connotation in 3D Printed Electronic Devices for 5G and Space Applications.
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The project names and the related information of class hours allocation for experimental teaching
are shown in Table 2.

R2 KBHFEER

iy | w4 LI
F5 SEIO TR H AR . LI RRY
FR | ASK JBi
Diode I-V Characteristics; Transfer
1 characteristics and Drain Characteristics for 2 1 Design Required
NMOS and PMOSTransistors
Tutorial 2: TransientAnalysis of a CMOS . .
2 2 1 Design Required
Inverter
Tutorial 3: Logic Gates: NAND/AND, . .
3 4 1 Design Required
NOR/OR,XOR/XNOR
Tutorial 4: Design a Combinational Circuit . .
4 i 4 1 Design Required
Using the Gates
Tutorial 5: An Automated System Using ) )
5 4 1 Design Required
the Gates
Tutorial 6: Frequency Response of CMOS i i
6 . . 4 1 Design Required
Operational Amplifier (op amp)
7 Tutorial 7: MEMS 1-Lateral Resonator 2 1 Design Required
g Tutorial 8: MEMS 2-Rotary Side Drive 5 . Desi Reduired
Electrostatic Motor —— equire
Tutorial 9: Photonics/Optics AC Small Signal ) )
9 . 4 1 Design Required
Analysis of Interferometer

SEEO T H —: Diode I-V characteristics Simulation (GZZ%#HAs 1-1. 120 1-5. 2-1. 2-2. 2-3)
(1] SERAE:
(1) Be familiar with Tanner Tools method for designing, simulating.
(2) Diode I-V characteristic, Transfer characteristic and Drain characteristic simulation for NMOS
and PMOS transistors.
(2] sE% H K-
Simulate the diode I-V characteristic by tanner to understand deeply the working function of
NMOS and PMOS.
(3] #HFEER:
Each student completes the experiment independently and writes the experiment report.
[4] 2375 =
Drawing circuit diagram and simulating it,software debugging.
[5] LR 5 #4%:
Technology Building 6058, computer, soft Tanner software.
SEIGIIH —: Transient analysis of a CMOS inverter (GZ#%%HAR 1-2. 2-1. 2-2, 2-3)
(1] SERAAE:
(1) Draw inverter characteristic circuit diagram by S-edit.
(2) Layout the inverter with L-Edit;
(3) Simulation results of the inverter by S-edit.
(2] SE% H#:

Transient Analysis of an CMOS inverter, inverter layout by L-Edit. Deeply understand its working
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function.

(3] HFEKR:
Each student completes the experiment independently and writes the experiment report.
(4] 525675 -
Drawing circuit diagram and simulating it,software debugging.
(5] LRt 54
Technology Building 6058, computer, soft Tanner software.
SEIOTH =: Two-input logic gate experiment (SZIE#(2% Hbr 1-1. 1-5. 2-1. 2-2. 2-3)
(1] SERAE:
(1) Draw and simulate or non-gate NOR circuit diagram.
(2) Draw and simulate the NAND circuit diagram.
(2] L% H#:
Deeply understand the working principle of AND, OR, and NON-gate logic circuits, draw their
logic circuit diagrams and perform their transient analysis.
(3] #EER:
Each student completes the experiment independently and writes the experiment report.
[4] sE%675K:
Drawing circuit diagram and simulating it,software debugging.
[5] sERGH 5%
Technology Building 6058, computer, soft Tanner software.
SZIGTHEPY: Design a combinational circuit using the gates (3% Hix 1-2. 1-4, 1-5. 2-1,
2-2, 2-3)
(1] SERAAE:
(1) Create reverse, and , or gate symbols.
(2) Use the created inverter, and gate, or gate symbols to build an XOR gate and simulate it.
(3) Build the XOR gate layout using L-Edit.
(2] SE% H#:
Understand the fundamentals of XOR gates, design a composite circuit with logic gates symbols,
and build XOR gate layouts with L-Edit
(3] #EER:
Each student completes the experiment independently and writes the experiment report.
[4] sE%675K:
Drawing circuit diagram and simulating it,software debugging.
[5] sERGH 5%
Technology Building 6058, computer, soft Tanner software.
SEEO T H Fi: An automated system made by using the logic gates symbols (SZ4% 2% H {5 1-4. 1-5.
2-1. 22, 2-3)
(1] SERAAE:
(1) Construct XOR gate symbol and test it.
(2) ConstructNOR symbol and test it.
(3) A 4-bit comparator password detection system is constructed and simulated by using XOR and
NOR symbol components.
(2] sERHH:
A 4-bit password detection system is designed using comparator.

(3] #HEZEK:



Each student completes the experiment independently and writes the experiment report.
[4] sE%675K:
Drawing circuit diagram and simulating it,software debugging.
[5] =R 5 K%
Technology Building 6058, computer, soft Tanner software.
SEEO T H 75 : Frequency response of CMOS operational amplifier (SZ#£#(%% HFx 1-1. 12, 1-3. 2-1.
2-2, 2-3)
(1] SERAAE:
(1) Draw the schematic diagram of CMOS operational amplifier and generate its part symbols.
(2) Use the generated CMOS symbols to draw the operational amplifier schematic.
(3) Simulate CMOS operational amplifier analog circuit.
(2] SE% H ¥
Deeply understand the basic principles of CMOS operational amplifiers and analyse the simulation
result of the frequency response of CMOS operational amplifiers.
(3] #EER:
Each student completes the experiment independently and writes the experiment report.
[4] sE%675K:
Drawing circuit diagram and simulating it,software debugging.
[5] sERGH 5%
Technology Building 6058, computer, soft Tanner software.
SEEH-t: MEMS 1-Lateral resonator (SCHEZ(F H AR 1-20 2-1. 2-2. 2-3)
(1] SERAE:
(1) Load pzelec library.
(2) Drawing piezoelectric circuit diagram and setting parameters.
(3) Simulation piezoelectric circuit diagram.
(2] sERHHK:
Design MEMS 1-Lateral resonator.Understand the basic principles of piezoelectric circuits in
Micro-systems and learn how to use PZELEC library component to draw circuit schematic.
(3] #HFEER:
Each student completes the experiment independently and writes the experiment report.
(4] 525675 -
Drawing circuit diagram and simulating it,software debugging.
[5] =R 5 K%
Technology Building 6058, computer, soft Tanner software.
2RO H J\: MEMS 2-Rotary side drive electrostatic motor (SZ#EZ(ZHEr 1-2. 2-1. 22, 2-3)
(1] SEBAAE:
(1) Load the reason library and create a new unit cell.
(2) Plot the Resonator layout in L-Edit.
(2] sERHHK:
Fully understand the internal structure of the resonator, using Tanner's L-Edit MEMS software to
draw the layout of the resonator.
(3] #HFEER:
Each student completes the experiment independently and writes the experiment report.
(4] 525675 -
Drawing circuit diagram and simulating it,software debugging.

[5] SERGHERE
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Technology Building 6058, computer, soft Tanner software.
SEIGIR H fL: Photonics/Optics AC small signal analysis of Interferometer (7 3#2% Hbr 1-2.
-4, 1-5. 2-1. 2-2, 2-3)
(1] SERAE:
(1) Load the Optiwave library and create a new unit.
(2) Draw circuit diagram and set parameters.
(3) The Tannery waveform viewer was used for optical signal visualization.
(2] sERHH:
Understand the principle of optical interferometer and build optical interferometer with different
retardation.
(3] #HFEER:
Each student completes the experiment independently and writes the experiment report.
(4] 525675 -
Drawing circuit diagram and simulating it,software debugging.
(5] LRt 554

Technology Building 6058, computer, soft Tanner software.

T, FERHSERN O

The distribution of class hours is shown in Table 3.

K3 ENSER
I . e
PR | SEEe | BML | &t | 3RSk

W Introduction to Components 2 2 0 0 0
w0 Semiconductor Theory 4 4 0 0 0
w3 CMOS Devices and Fabrication 2 2 0 0 0
w4 Optoelectronics and LEDs 4 4 0 0 0
w5 Introduction to MEMS 2 2 0 0 0
w6 Advanced Electronic Devices 2 2 0 0 0
7 Frequency Response of CMOS 4 4 0 0 0
8= Packaging and Reliability 2 2 0 0 0
9 & Software Defined Radios 2 2 0 0 0
10 = Introduction to Lasers 2 2 0 0 0
11 = 3D Printed Electronic Devices for 5G 2 2 0 0 0

/N 28 28 0 0 0

it >0

Ny HEETTE

1. Multi-media-based lecturing

2. Combining theory with industrial practical problems.
3. Knowledge delivery with ethic education.

4. Problem-based learning.
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1. The examination form of this course is the final report, which is assessed according to the
percentage system. Combined with the Ordinary performance,little quiz,oral representation and
experimental performance.

(1) Test results and usual performance account for 10% of the final score.

(2) The score of the oral representation account for 10% of the final score.

(3) The result of the experiment report account for 10% of the final result.

(4) The final report score accounts for 70% of the final score.

2. Those who are missing more than 1/3 of the required amount of experiments and homework, or
who are missing more than 1/3 of the planned class hours, or who fail to pass the experimental
assessment, will be disqualified from the course assessment.

j\\ ﬁ@

1. Teaching syllabus

Assessment cycle: 4 years, revision cycle: 4 years.

Improvement measures: the course leader organizes all teachers in the course team to discuss and
put forward improvement suggestions, which are reviewed by the director of the Teaching and Research
Department and approved by the dean of teaching.

2. Performance assessment

Assessment period: 1 academic year, evaluation basis: comprehensive analysis of students' final
scores.

Improvement measures: According to the distribution of students' final scores, the corresponding
content adjustment and optimization, and improve the teaching method.
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