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Resistor -1

 Description

 Resistance: the capacity of a 

material to resist or prevent 

the flow of current or, more 

specifically, the flow of 

electric charge within a circuit

 Conductance: representing 

the ability of a conductor or 

device to conduct electricity
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Resistor -2

 Ideal resistor

 Symbol: 

 Ohm’s Law, 𝑉 = 𝐼𝑅
 Unit: ohm (𝛺 = ஼௦)

 Power dissipation: P = ௏మோ = 𝐼ଶ𝑅
 In series:     𝑅௦௘௥௜௘௦ = ∑ 𝑅௞௡௞ୀଵ
 In parallel:   𝑅௣௔௥௔௟௟௘௟ = ଵ∑ భೃೖ೙ೖసభ
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Resistor -3

 Real resistor

 A more representative model

o 𝐶௣: Negligible for general mechatronics system; non-negligible in high-

frequency circuits (>1GHz)

o 𝐿௦: Negligible in carbon or film resistors; pay attention to this 

inductance when using wirewound resistors 
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Resistor -4

 Characteristics

 Resistance

 Power 

 Physical size (i.e. Package)

 Tolerance (precision): it does not make sense to add small resistors to 
large resistors in hopes of achieving higher precision

 Temperature coefficient

 Voltage coefficient

 Noise

 Frequency response

 Temperature rating

 Reliability
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Resistor -5

 E series resistors and their values
 EX:  Having X values in each decade

 E6 values (20% tolerance)
o 1.0, 1.5, 2.2, 3.3, 4.7, 6.8

 E12 values (10% tolerance)
o 1.0, 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 3.9, 4.7, 5.6, 6.8, 8.2

 E24 values (5% tolerance)
o 1.0, 1.1, 1.2, 1.3, 1.5, 1.6, 1.8, 2.0, 2.2, 2.4, 2.7, 3.0, 3.3, 3.6, 3.9, 4.3, 4.7, 

5.1, 5.6, 6.2, 6.8, 7.5, 8.2, 9.1

 E48 values (2% tolerance)  - different set of values
o 1.00, 1.05, 1.10, 1.15, 1.21, 1.27, 1.33, 1.40, 1.47, 1.54, 1.62, 1.69, 1.78, 

1.87, 1.96, 2.05, 2.15, 2.26, 2.37, 2.49, 2.61, 2.74, 2.87, 3.01, 3.16, 3.32, 
3.48, 3.65, 3.83, 4.02, 4.22, 4.42, 4.64, 4.87, 5.11, 5.36, 5.62, 5.90, 6.19, 
6.49, 6.81, 7.15, 7.50, 7.87, 8.25, 8.66, 9.09, 9.53
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Resistor -6

 Types of resistors

 Carbon resistor: a cheap general purpose resistor 

o Generally prefixed with a “CR” notation (eg, CR10kΩ )

o Available in E6 (± 20% tolerance), E12 (±10% tolerance) and E24 ( ±

5% tolerance) packages

o Power ratings: 1/4 Watt up to 5 Watts
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Resistor -7

 Types of resistors

 Film resistor: generally made by depositing pure metals onto an 

insulating ceramic rod or substrate

o Types: metal film (prefixed with a “MFR”), carbon film (prefixed with a 

“CR”) and metal oxide film

o Available in E24 (±5% tolerance), E48 (±2% tolerance), E96 (±1% 

tolerance) and E192 (±0.5%, ±0.25% & ±0.1% tolerances)

o Power ratings: 1/20 Watt up to 1/2 Watt
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Resistor -8

 Types of resistors

 Wirewound Resistor: winding a thin metal alloy wire onto an 

insulating ceramic former in the form of a spiral helix

 Only available in very low ohmic high precision values (from 0.01Ω 

to 100kΩ)
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Resistor -9

 Color code

 Yellow Violet Red = 4.7 𝑘𝛺
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Resistor -10

 Sizes & package
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Resistor -11

 Surface mount (SMD) resistors

 Very small rectangular shaped metal oxide 

film resistors designed to be soldered 

directly onto the surface of a circuit board

 Highly accurate low tolerance resistors, 

down to 0.1%

12shorting link 
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Resistor -12

 Sizes & package
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Resistor -13

 Sizes & package
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Resistor -14

 Voltage divider
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𝑉௢௨௧ = 𝑅ଶ(𝑖௜௡ − 𝑖௢௨௧)𝑅ଵ𝑖௜௡ ൅ 𝑅ଶ(𝑖௜௡ − 𝑖௢௨௧) 𝑉௜௡
𝑖𝑓 𝑖௢௨௧ → 0, 𝑉௢௨௧ → 𝑅ଶ𝑅ଵ ൅ 𝑅ଶ 𝑉௜௡
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Resistor -15

 Thermistor (熱敏電阻) Circuit

 Ex: 10KΩ at 25°C and 100Ω at 100°C
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Calculate the output voltage (𝑉௢௨௧) 
for both temperatures𝑉௢௨௧ = 𝑅ଶ𝑅ଵ ൅ 𝑅ଶ 𝑉௜௡ = 1𝑘10𝑘 ൅ 1𝑘 12 = 1.09𝑉

𝑉௢௨௧ = 𝑅ଶ𝑅ଵ ൅ 𝑅ଶ 𝑉௜௡ = 1𝑘100 ൅ 1𝑘 12 = 10.9𝑉
𝑡𝑒𝑚𝑝 ↑         𝑅ଵ ↓         𝑉௢௨௧ ↑
How to clamp 𝑉௢௨௧?  
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Resistor -16

 Variable resistor & potentiometer
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Real Measurement -1

 Voltage measurement
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“loading” – need 𝑅஽௏ெ ≫ 𝑅ଶ to reduce loading

𝑅஽௏ெ
Assume 𝑅ଶ = 100𝑘 → ଵଵଵ current diverted

If 𝑅ଵ = 𝑅ଶ = 100𝑘 → 𝑉௢௨௧ = భబభభଵାభబభభ = ଵ଴ଶଵ 𝑉௜௡ = 0.476𝑉௜௡ → 4.8% error

If 𝑅ଵ = 10𝑅ଶ = 1𝑀 → 𝑉௢௨௧ = భబభభଵ଴ାభబభభ = ଵଵଶ 𝑉௜௡ = 0.083 𝑉௜௡ → 8.3% error
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Real Measurement -2

 Current measurement
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“burden” – use shunt resistor: 𝑚Ω~Ω , 0.1~1%
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Capacitor -1

 Description
 A component which has the ability to store energy in the form of an 

electrical charge producing a potential difference across its plates

 Cannot pass an unvarying, steady current; can pass oscillating 
current

 Applications
 Timing: transient, time constant

 Filtering: Low-pass / high-pass filter

 Coupling: focusing on blocking DC while passing AC 

 Bypassing / decoupling
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Capacitor -2

 Capacitance of a parallel plate capacitor

 𝐶 = ఢೝఢబ஺ ௗ ; unit 𝑓𝑎𝑟𝑎𝑑 𝐹 = ஼௢௨௟௢௠௕ ௏௢௟௧
 𝜖଴ = 8.85 ൈ 10ିଵଶ ி௠: permittivity of free space

 𝜖௥: relative permittivity

o 𝜖 = 1 pure vacuum; 𝜖 = 1.0006 in air

 If 𝑛 plates, 𝐶 = ఢೝఢబ(௡ିଵ)஺ ௗ
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Capacitor -3

 Ideal capacitor

 𝑣 𝑡 =  ଵ஼ ׬ 𝑖 𝜏 𝑑𝜏௧଴ = ொ(௧) ஼ ;  𝑖 𝑡 = 𝐶 ௗ௩(௧) ௗ௧
 Capacitance 𝐶; unit 𝑓𝑎𝑟𝑎𝑑 𝐹 = ஼௢௨௟௢௠௕ ௏௢௟௧

o 𝐹, 𝜇𝐹, 𝑛𝐹, 𝑝𝐹
 𝐸௖ = ׬ 𝑃𝑑𝑡 = ׬ 𝑣𝑖𝑑𝑡 = ׬ 𝑣𝐶 ௗ௩ ௗ௧ 𝑑𝑡 = ׬ 𝑣𝐶𝑑𝑣 = ଵ ଶ 𝐶𝑣ଶ
 In series

 In parallel
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𝐶௦௘௥௜௘௦ = 1∑ 1𝐶௞௡௞ୀଵ
𝐶௣௔௥௔௟௟௘௟ = ෍ 𝐶௞௡௞ୀଵ
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Capacitor -4

 Real capacitor

 A more representative model for a real capacitor

o 𝑅௦: Equivalent series resistance (ESR)

o 𝐿௦: Equivalent series inductance (ESL)

o 𝑅௅: A parallel resistor, serving to leak charge off the capacitor

o 𝑅஽஺ & 𝐶: Dielectric absorption, result of a migration of charge away 

from the electrodes and into the dielectric material
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Capacitor -5

 Characteristics

 Capacitance

o As a general rule of thumb, never touch the leads of large value 
capacitors once the power supply is removed

 Working Voltage (WV)

o Usually referred to DC; for AC, times 1.414

 Tolerance (±%)

 Polarization

 Leakage current, usually in the region of nano-amps

 Working temperature

 Temperature coefficient, PPM/oC

 Equivalent series resistance (ESR)
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Capacitor -6

 Polar vs. nonpolar

 Former: Using materials that require a specific electrical polarity be 

maintained between the two terminals of the capacitor

 Variable capacitor

25
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Capacitor -7

 Types of capacitors

 Ceramic disk capacitor

o Least expensive

o 𝑝𝐹 −  𝜇𝐹
o Maintaining capacitance fro signals from low freqency to very high 

frequency

o Capacitance depends on temperature / voltage

o High part-to-part variation, up to 25%

o Also having multi-layer ceramic (MLC) -> small package

o Code: 154 -> 15 ൈ 10ସ𝑝𝐹 = 0.15𝜇𝐹
473J -> 0.047𝜇𝐹 ± 5%
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Capacitor -8

 Aluminum electrolytic capacitors

o Aluminum 2-5nm very thin oxide on the metal’s surface

-> Easy to make large capacitance in a small package

o 𝑛𝐹 − 𝑚𝐹
o Polarized

o Disadvantages: large inductance, high-leakage currents (low Rc), 

relatively low voltage rating, temperature dependence, not good for 

high-frequency applications (above 20kHz), stable for one polarity only 

(decompose for the opposite polarity)
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Capacitor -9

 Tantalum (鉭) capacitors

o Using a thin dioxide layer to form the insulator, similar to aluminum 

electrolytic capacitors

o Large permittivity -> smaller package

o Polarized

o Relatively low accuracy, ±20%
o Good performance at frequency up to 100kHz
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Capacitor -10

 Film capacitors

o Vapor depositing a metal layer onto the plastic film

o Better accuracy, up to ±1%
o Low temperature coefficient, ±2% 𝑓𝑟𝑜𝑚 − 40℃ ~ 80℃
o Disadvantages: larger package, higher in cost
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Inductor -1

 Description

 A passive electrical component consisting of a coil of 

wire which is designed to take advantage of the 

relationship between magnetism and electricity as a 

result of an electric current passing through the coil
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Inductor -2

 Ideal inductor

 Inductance (L)

o Henry (𝐻 = ௪஺್ )
 Self-inductance

o 𝐿 = 𝜇଴ ேమ஺௟
 In series

 In parallel
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𝐿௣௔௥௔௟௟௘௟ = 1∑ 1𝐿௞௡௞ୀଵ

𝐿௦௘௥௜௘௦ = ෍ 𝐿௞௡௞ୀଵ

Permeability of Free Space𝜇଴ = 4𝜋 ൈ 10ି଻
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終

 Questions?


