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Lecture 02 -
How to select components

Basic components
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Outline

• R’s, L’s, and C’s

• Component Speedthrough

• Examples
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R’s, L’s, and C’s

• Most basic passive components are resistors, capacitors and inductors

• We know lumped constitutive equations  

• Importantly, we can model non-ideal parameters of components as 
circuits consisting of ideal lumped components (RLCs)
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R’s, L’s, and C’s

Resistors Capacitors Inductors

R
L

C

Unit: Ohm

Constitutive Relation:

𝑽 = 𝑰𝑹

Impedance:

𝒁 = 𝑹

Typical values: 1 Ohm to 1 

MOhm

Unit: Farad

Constitutive Relation:

𝑰 = 𝑪
𝒅𝑽

𝒅𝒕

Impedance:

𝒁 =
𝟏

𝒋𝝎𝑪

Typical values: 10 pF to 

100 uF

Unit: Henry

Constitutive Relation:

𝑽 = 𝑳
𝒅𝑰

𝒅𝒕

Impedance:

𝒁 = 𝒋𝝎𝑳

Typical values: 10 nH to 

1mH
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R’s, L’s, and C’s
Equivalent Circuits

Circuit components in a schematic are ideal

Parasitic and nonideal characteristics can be 
lumped into “equivalent circuit elements”

• Retains circuit-analysis abstraction

• Important for high-frequency/power/sensitivity

RRESRLESL

CEPC

We could get even more detailed…

R

Parasitic parameters are typically 

determined by the construction of 

the physical component
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R’s, L’s, and C’s
Resistors

Critical Parameters:

• Resistance

• Tolerance

• Power Handling

Leaded

Chip; Array

Flanged

Chip; Thick Film

Chip; Thin Film

Heatsinked
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R’s, L’s, and C’s
Inductors

Critical parameters:

• Inductance

• Tolerance

• DCR

• Q

• Resonant Frequency

• DC current max

• Saturation Current

Shielded; SMT Air Core; SMT

Chip; 

Ferrite Core

Chip; 

Ceramic Core
Toroid; THT

Conical; SMT

Chip; 

Multilayer

Thin Film; Spiral

Air Core; THT
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R’s, L’s, and C’s
Inductors

Capacitance between 
windings

• Looks like a 
capacitor past self-
resonance

Resistance of copper; 
emphasized by skin 
effect

• Flattens impedance 
peak at self-
resonance

Inductor Impedance

REPR
RESR

L

CEPC

Ideal Impedance:

𝒁 = 𝒋𝝎𝑳
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R’s, L’s, and C’s
Inductors

Ferromagnetic materials have 
nonlinear permeabilities at high 
magnetic field strengths

• Inductor has a saturation 
current

• At saturation, more current 
does not linearly produce more 
magnetic field → inductance 
decreases

• Must operate inductor below 
saturation current

Vishay

When non-saturated:

𝑳𝒊 = 𝜱 𝒊 → 𝜱 𝒊 linear

𝑩 ≡ 𝝁𝟎𝑯+ 𝝁𝟎𝑴→ 𝑩 = 𝝁𝒓𝝁𝟎𝑯
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R’s, L’s, and C’s
Capacitors

Critical Parameters:

• Capacitance

• Tolerance

• Voltage 

• Dielectric/temperature rating

Multilayer Chip 

Capacitor (MLCC)

Hybrid (MLCC + SLC)

Single Layer 

Capacitor (SLC)

Electrolytic; Radial

Ceramic; 

Radial
Electrolytic; Axial

Metal Oxide 

Semiconductor 

(MOS); SLC
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R’s, L’s, and C’s
Capacitors

Inductance from 
contacts

• Looks like an 
inductor past 
self-resonance

Resistance from 
contacts

• Flattens 
impedance peak 
at self-resonance

Capacitor Impedance

REPR
RESRLESL

C

Ideal Impedance:

𝒁 =
𝟏

𝒋𝝎𝑪
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R’s, L’s, and C’s
Capacitors

Capacitors include a temperature rating 
code

• C0G/NP0 > X7R > X5R > Y5V

Kyocera-AVX
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Component Speedthrough
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Diodes

• Schottky

• TVS 

• PIN

• Zener

i
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Switches
Toggle Switches

Single-Pole Double-Throw 

(SPDT)Single-Pole Single-Throw 

(SPDT)
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Switches
Buttons

Basically, a temporary SPST switch Normally Open (NO)

Normally Closed (NC)
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Transistors
Bipolar Junction Transistor (BJT)

• Amplifiers

• Building blocks for op-amps
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Transistors
Metal Oxide Semiconductor Field Effect Transistors 

(MOSFET)

• Amplifiers

• Power regulation

• Logic gates (CMOS)

Take 6.208….

Heatsink
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Oscillators
Crystals Quartz crystals used to make highly 

accurate RLC resonant circuits

• They don’t oscillate on their own →
resonate to an externally provided 
oscillation source

Microcontroller will utilize 

crystals to accurately set 

their clock frequencies

http://pcb.mit.edu
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Oscillators
Crystal Oscillators (XO)

Feedback circuitry combined with a crystal creates an oscillator

Ken Shirriff's blog 
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Operational Amplifier
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Operational Amplifier
Schematic

Op-amp schematic (take 6.209…)
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Displays
Seven-Segment Display
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Microcontrollers
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Microcontrollers
ESP32

ESP32 is great since all support 
components are integrated into 
a shielded system-on-a-module

Arduino Uno
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Speakers
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Digital Logic
Logic Gates
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Digital Logic
Shift Registers

Same packages…
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Connectors
Terminal Blocks
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Connectors
USB

Type-C Type-A

Mini

Micro

Micro (3.0)
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Connectors
USB Type-C

Top and bottoms pins are identical, 
just rotated 180-degrees around 
center axis

USB 2.0 Data PowerGND GND

CC

Power

CC

http://pcb.mit.edu
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Examples
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Example
Radio State Switch

FM Radio Need:

• SP3T switch to control between 
various radio states

39 cents! 
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Example
Button Volume Control

FM Radio Need:

• Buttons to digitally control volume

32 cents! 

http://pcb.mit.edu
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Example
Battery Regulator

FM Radio Need:

• Buttons to digitally control volume

http://pcb.mit.edu
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Example
Battery Regulator
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Example
Battery Regulator
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Example
Battery Regulator
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Example
Battery Regulator

Acceptable given the 

features…

$2.94! 
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Example
FM Radio Receiver Chip

FM Radio Need:

• FM radio receiver chip to do radio 
demodulation to audio
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Example
FM Radio Receiver Chip
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Example
FM Radio Receiver Chip
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Example

$4.75! 

We need it….

FM Radio Receiver Chip
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Example
Low Noise Amplifier

FM Radio Need:

• A low noise amplifier to 
improve reception of weak 
radio signals

Can make a 

common-emitter 

amplifier, just 

need good BJT
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Example
Low Noise Amplifier

http://pcb.mit.edu
mailto:yaypcbs@mit.edu

	Title/Outline
	Slide 1: Lecture 02 -
	Slide 2: Outline

	RLCs
	Slide 3: R’s, L’s, and C’s 
	Slide 4: R’s, L’s, and C’s 
	Slide 5: R’s, L’s, and C’s
	Slide 6: R’s, L’s, and C’s
	Slide 7: R’s, L’s, and C’s
	Slide 8: R’s, L’s, and C’s
	Slide 9: R’s, L’s, and C’s
	Slide 10: R’s, L’s, and C’s
	Slide 11: R’s, L’s, and C’s
	Slide 12: R’s, L’s, and C’s

	Component Speedthrough
	Slide 13
	Slide 14: Diodes
	Slide 15: Switches
	Slide 16: Switches
	Slide 17: Transistors
	Slide 18: Transistors
	Slide 19: Oscillators
	Slide 20: Oscillators
	Slide 21: Operational Amplifier
	Slide 22: Operational Amplifier
	Slide 23: Displays
	Slide 24: Microcontrollers
	Slide 25: Microcontrollers
	Slide 26: Speakers
	Slide 27: Digital Logic
	Slide 28: Digital Logic
	Slide 29: Connectors
	Slide 30: Connectors
	Slide 31: Connectors

	Examples
	Slide 32
	Slide 33: Example
	Slide 34: Example
	Slide 35: Example
	Slide 36: Example
	Slide 37: Example
	Slide 38: Example
	Slide 39: Example
	Slide 40: Example
	Slide 41: Example
	Slide 42: Example
	Slide 43: Example
	Slide 44: Example
	Slide 45: Example


