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Definitions 
 ESR – equivalent series                             

resistance 

 ESL – equivalent series                           

inductance 

 Xc – capacitive reactance 

 Rdc – DC leakage current through the dielectric 

 Rac – describes the AC losses in dielectric 

 K - relative permittivity / dielectric constant 

Permittivity is the ability of a dielectric to store 

electrical potential energy under the influence of 

an electric field  
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Volume ~ Q = CV 



Parameters of Interest 
 ESR – equivalent series resistance  

– measure of in-phase resistance 

– affects Q 

– affects ripple current flowing through capacitor 

 ESL – equivalent series inductance 

– caused by inductance of leads/electrodes 

– limiting factor in decoupling effectiveness 

– sets resonate point of capacitor 

 Xc – capacitive reactance = 1/(2fC) 

– function of current that flows through capacitor 

as it is continuously charged/discharged (in 

response to applied AC signal) 

– varies with frequency (Xc decreases as 

frequency increases) 

 working voltage (WV) 
– maximum DC voltage that should be across capacitor 

– behavior can change as maximum WV is approached 



Form Factors of Interest 

 surface mount (type 1206 applicable to our designs) 

 

 

 

 radial lead 

 

 

 

 axial lead 



Capacitor Types: Film 

 Two types film: foil and metallized film 

 Polymers such as polyester, polycarbonate, 

Teflon, polypropylene, polystyrene             

(all low “K”) 

 Typical values < 10F 

 Superior longevity to electrolytic 

 Typically large in packaging 

 Not typically available in surface mount 



Capacitor Types: Film-Foil 

 Made of alternating layers of plastic film 

and metal foil 

 Uses thick dielectrics  

 Used where precision is needed 





Metallized Film 

 Conductive film metallized onto the 

dielectric directly 

 Self-healing (arcing through pinhole) 

 Reduced fire risk for high voltage 

applications where arcing may occur 

 Utilize much thinner dielectric films 

(1.5m) 





Capacitor Types: Ceramic 

 Largest family of capacitors 

 Types are multi-layer (monolithic) or 
single-layer (disc) 

 Values range from ~1 pF to >1000 F 

 Suitable for surface mounting due to their 
heat resistance 

 Fast response time (~12 ps) 

 No self-healing mechanism 



Capacitor Types: Ceramic 

 High dielectric constant 

– wide range of electrical properties  

– approach ideal in some cases, far from 

it in others 

 Trade-off:  

– size / C / WV /  temperature dependence 

 Some non-ideal behaviors NOT well 

documented in data sheets 

 



Capacitor Types: Ceramic ( C0G  ) 

 Best in all features except permittivity – 
most ideal of ceramics 

 Very good capacitor (tight tolerance and 
temperature coefficient, suitable for use in 
“tuning” circuits) 

 Temperature compensated 

 Trade-off: physically large 

 Typical values 4.7 pF to 0.047 F 

 Generally 5% tolerance or ±0.5 pF for 
small values 



Capacitor Types: Ceramic ( C0G  ) 

EIA codes for temperature-compensated 
capacitors – type C0G will have 0 drift with 
an error of ±30 ppm/ºC 



Capacitor Types: Ceramic ( X5R / X7R ) 

 Higher dielectric constant 

 Temperature characteristics are non-linear:  

– 10% tolerance for X7R  

– 20% for X5R 

 Cheaper than C0G 

 Values range from 3300 pF to 10 F 

 Generally 10% or 20% initial tolerance 



Capacitor Types: Ceramic ( Z5U ) 

 Even higher dielectric constant 

 Relatively large temperature coefficient 
(+22%/-56%) 

 Cheap and small! 

 Classic bypass/decoupling caps 

 0.01 F to 2.2 F 

 Generally 20% initial tolerance 

 DC bias effect 





Capacitor Types: Ceramic ( Y5V ) 

 Most common 

 Even higher dielectric constant 

 Huge temperature coefficient (+22%/-82%) 

 Cheapest and smallest! 

 Classic bypass/decoupling caps 

 0.01 F to 22 F+ 

 Generally +80%/-20% initial tolerance 

 !! Undesirable behavior under DC bias !! 



Ceramic Capacitor EIA Codes 



“Ceramic Disc” 





 Electrolytic 

 The dielectric is a very thin layer of oxide 
grown chemically on an electrode (0.01 m) 

 Electrolyte solution serves as the second 
electrode 

 Effect is a very high density 

 Can be non-polarized or polarized 

 Polarized  small reverse voltage causes 
oxide breakdown  destruction of capacitor 

 Reduction in effective capacitance realized 
as working voltage is approached 



Aluminum Electrolytic 

 Uses a wet electrolyte (prone to dry out, 

need for venting) 

 Anodes are etched to provide greater 

surface area (to increase capacitance) 

 Relatively short lifetime (3 to 20 years) 

 Values range from (0.1 F to several F) 

 High voltage ranges available (> 400 V) 

 Relatively slow response time (ns) 

 





Tantalum Electrolytic 

 Uses a dry electrolyte (longer lifetime) 

 Extremely thin dielectric 

 High capacitance with smaller form factor 

than aluminum electrolytic capacitors 

 Values range from 0.047 F to 330 F 

 Lower voltage ranges (50 V max) 

 OK frequency response (100 ps) 

 MOST types have high ESR – over-design 

or avoid use in high-reliability applications 



Dipped Tantalums 





Comparison Chart 

    Film  Ceramic Electrolytic 

Capacitance  4.7pF-47uF 1pF-10uF 0.1uF-10000uF 

Precision (typ) +/- 5%  +/- 10% +/- 20% 

Stability (temp) Good  Good-OK OK 

Leakage  Very low Low  Low  

Voltages  < 500  < 100  < 50   

Cost   $.25-5.00 $.05-1.00 $.20-10.00 

Available SMT  No  Yes  Yes (small C) 

Polarized  No  No  Yes 

Lifetime  100y  50y  5y   



Miscellaneous 

 Dielectrics such as glass, mica, porcelain, 

gas or vacuum 

 Typically used in niche applications that 

need very specific electrical characteristic 

at potentially exotic ranges  

 Most commonly used in (very) high 

frequency applications 



Resistors 

 Surface mount (0603, 0805, 1206) and 

through-hole (axial) 

 Come in “packs” for busses, etc. (SOIC, 

DIP, SIP) 

 Three main types 

– carbon film 

– thin film 

– metal film 

 Specified by value, power, tolerance 

working voltage, temperature coefficient 



Resistors (cont.) 

 Power: P = IV 

– calculated power should not exceed rated 

power 

 Temperature coefficient PPM/°C 

– change in resistance versus change in 

temperature 

 Tolerance 

– deviation of initial value from that specified 

 Working voltage  

– maximum voltage across part 



Resistors (cont.) 

 Carbon Film (Thick Film) 

– cheap, 5%~10% tolerance 

– higher temp coefficient (1000 ppm/°C+) 

– poor mechanical characteristics 

 Thin film 

– better tolerance, temp coefficient 

 Metal film 

– $$$, tolerances 1.0% ~ 0.01% 

– temp coefficient down to 25 ppm/°C 

– good mechanical properties 



Recommend use of Type 1206 for our applications 



Resistors (cont.) 
 Current sensing resistors 

– VERY LOW resistance (0.005 Ω) 

– often four-terminal device “Kelvin 

connected” 

– often very expensive – hard to make low 

resistance to a tight tolerance 

 R-packs 

– “bussed” and “isolated” types 

– watch total package power dissipation if 

using for LED current limit 

 Power resistors 

– anything over ~1W 









Inductors 

 Not all inductors are created equal 

– wire gauge 

– core type (permeability / saturation) 

 Parameters to watch 

– ESR (from wire gauge) 

– maximum current (from core material) 

 Using an inductor with inferior 
characteristics will most likely result in 
failure of your SMPS 

 Ferrite beads are NOT inductors 



 Specified by value, tolerance, ESR, 
maximum current and (sometimes) Q 



Module 6 Flashback… 

100 H inductors come in many shapes, sizes, and 
current ratings – choose carefully, and have parts 
IN HAND before starting your PCB layout! 



Diodes 
 Silicon 

– general purpose rectifier (bulk AC 
rectifier) 

– can be slow due to junction capacitance 

 Germanium 

– high-frequency, typically RF,  VF ~0.3 

 Schottky 

– low VF, typically fast switching time 

– typically low VR, may be hard to find 
combination of VF, IF, VR, tRR, cost needed 

 Zener 

– designed to have a specific VR 



Module 5 Flashback… 

What’s this?    A bridge rectifier (can be constructed 
using discrete diodes or bridge rectifier module) 



General-purpose diodes (switching, power supply) 



Bridge Rectifiers 



Module 6 Flashback… 

What’s this?    A Schottky Diode! 



Module 5 Flashback… 

What’s this?    A 4.7 V, 1 W Zener diode!! 

Rz 





Differentiating Diodes 

What’s the difference between “PN junction”, 
“Schottky”, “Zener”, and “small signal” diodes? 

PN junction diode: 

Minimal diode specifications are: 
- maximum reverse voltage 
- rated forward current 
- maximum forward voltage drop 
- maximum leakage current 
- package style 
- maximum reverse recovery time 

OrCAD: 

 

 DIODE



Schottky diode: 
 very low forward voltage drop 

 very fast switching speed 

 very fast reverse recovery time 

 reverse leakage currents higher than PN junction diodes 

 limited available reverse blocking voltage ratings 

Differentiating Diodes 

What’s the difference between “PN junction”, 
“Schottky”, “Zener”, and “small signal” diodes? 

OrCAD: 

 

 DIODE SCHOT TKY



Module 6 Flashback… 
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Ideally, the steering diodes 
should be Schottky diodes 



Zener diode: 

Differentiating Diodes 

What’s the difference between “PN junction”, 
“Schottky”, “Zener”, and “small signal” diodes? 

Zener diode specifications: 

- operating voltage (typ range 3.3 V to 75 V)    
- tolerance of specified voltage (typ 5-10%) 

- test current (Iz) for rated voltage and tolerance 

- power handling capability (typ 1/4, 1/2, 1 , 5, 10, and 50 W)  

VZ OrCAD: 

 

 DIODE ZENER



Module 5 Flashback… 

What’s this?    A 4.7 V, 1 W Zener diode!! 

Question: Why were “4.7 V” and “1 W” chosen? 

Note how the 
Zener diode is 
connected!! 

Rz 

What would be 
an appropriate 
value for Rz? 



“Small signal” diode: 
 very low forward voltage drop 

 often just Schottky diodes (except for low-leakage variety) 

Differentiating Diodes 

What’s the difference between “PN junction”, 
“Schottky”, “Zener”, and “small signal” diodes? 

OrCAD: 

 

                     -or- 

 

 

DIODE DIODE SCHOT TKY



 

Module 5 Flashback… 

What’s this?  An A.C. step-down transformer 





Transformers 

 More than meets the eye 

 Many configurations 

– single secondary 

– multiple secondaries 

– center-tapped 

– all of the above 

 Specified (minimally) by primary voltage 

and secondary voltage(s) / current(s) 

 Secondary voltage at no load can be much 

higher than specified 



CRYSTALS 

What’s this?   An 8 MHz crystal 





Crystals 

 Used for generating accurate time-base 
for timing applications, ethernet and other 
applications 

 Usually require external load capacitors 

 Layout guidelines supplied by C 
manufacturer are of utmost importance – 
parasitic capacitance can cause the clock 
circuit to fail 



Other timing devices 

 Resonator 

– ceramic, looser tolerance, cheaper, 
typically can be purchased with built-in 
load capacitance 

 Oscillator (crystal oscillator) 

– crystal and drive circuit in one box, 
typically a logic-level, square-wave 
output, often with output enable pin 

 VCXO 

– voltage controlled crystal oscillator 



HEADERS 

What’s this?   A (standard) 0.100” header 





ECE 477 – Module 7 

Clicker Quiz 



1.  ESR is a measure of a capacitor’s 

A. in-phase resistance  

B. in-phase reactance  

C. out-of-phase resistance  

D. out-of-phase reactance 

E. none of the above 



1.  ESR is a measure of a capacitor’s 

A. in-phase resistance  

B. in-phase reactance  

C. out-of-phase resistance  

D. out-of-phase reactance 

E. none of the above 



2.  A theoretically perfect capacitor would have an ESR of 

A. infinity  

B. zero  

C. 2fC 

D. 1/(2fC) 

E. none of the above 



2.  A theoretically perfect capacitor would have an ESR of 

A. infinity  

B. zero  

C. 2fC 

D. 1/(2fC) 

E. none of the above 



3.  Capacitive reactance (Xc) is 

A. infinity  

B. zero  

C. 2 f C 

D. 1/(2 f C) 

E. none of the above 



3.  Capacitive reactance (Xc) is 

A. infinity  

B. zero  

C. 2 f C 

D. 1/(2 f C) 

E. none of the above 



4.  An increase in a capacitor’s ESR can cause: 

A. a decrease in Q  

B. an increase in ripple current 

C. capacitor failure due to heat build up 

D. all of the above 

E. none of the above 



4.  An increase in a capacitor’s ESR can cause: 

A. a decrease in Q  

B. an increase in ripple current 

C. capacitor failure due to heat build up 

D. all of the above 

E. none of the above 



5.  The ESL of a capacitor: 

A. sets the limiting factor of how well (or fast) a 

capacitor can de-couple noise off a power rail 

B. sets the resonate-point of a capacitor 

C. is caused by the inductance of the electrodes 

and leads 

D. all of the above 

E. none of the above 



5.  The ESL of a capacitor: 

A. sets the limiting factor of how well (or fast) a 

capacitor can de-couple noise off a power rail 

B. sets the resonate-point of a capacitor 

C. is caused by the inductance of the electrodes 

and leads 

D. all of the above 

E. none of the above 



6.  Capacitors typically used for decoupling will be: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G 

E. ceramic type Z5U or Y5V 



6.  Capacitors typically used for decoupling will be: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G 

E. ceramic type Z5U or Y5V (cheap, small, not very 

tight tolerance) 



7.  Capacitors typically used for power supply filtering: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G 

E. ceramic type Z5U or Y5V 



7.  Capacitors typically used for power supply filtering: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G 

E. ceramic type Z5U or Y5V 



8.  Capacitors typically used in line-voltage switch mode 

power supplies: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G 

E. ceramic type Z5U or Y5V 



8.  Capacitors typically used in line-voltage switch mode 

power supplies: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G 

E. ceramic type Z5U or Y5V 



9.  Capacitors typically used in tuned circuits: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G 

E. ceramic type Z5U or Y5V 



9.  Capacitors typically used in tuned circuits: 

A. tantalum 

B. electrolytic 

C. metalized film 

D. ceramic type C0G (highest quality ceramic cap) 

E. ceramic type Z5U or Y5V 



10.                      is the symbol used for a: 

A. P-N junction diode 

B. Schottky diode 

C. Zener diode  

D. Germanium diode 

E. none of the above 

DIODE SCHOT TKY



10.                      is the symbol used for a: 

A. P-N junction diode 

B. Schottky diode 

C. Zener diode  

D. Germanium diode 

E. none of the above 

DIODE SCHOT TKY



11.  A standard P-N junction diode that could be used for 

inductive arc suppression applications up to 200 V is: 

A. 1N4001 

B. 1N4002 

C. 1N4003  

D. 1N4004 

E. none of the above 



11.  A standard P-N junction diode that could be used for 

inductive arc suppression applications up to 200 V is: 

A. 1N4001 

B. 1N4002 

C. 1N4003  

D. 1N4004 

E. none of the above 



12.  The maximum current rating for an inductor is a 

function of its: 

A. ESR 

B. ESL 

C. wire gauge 

D. core material 

E. none of the above 



12.  The maximum current rating for an inductor is a 

function of its: 

A. ESR 

B. ESL 

C. wire gauge 

D. core material 

E. none of the above 



13.  A suitable choice for an application requiring a 

100Ω 10 W resistor would be: 

A. 1% wire element resistor 

B. 5% SMD film resistor 

C. 5% cement (axial or radial lead) resistor 

D. 10% carbon film (axial lead) resistor  

E. none of the above 



13.  A suitable choice for an application requiring a 

100Ω 10 W resistor would be: 

A. 1% wire element resistor 

B. 5% SMD film resistor 

C. 5% cement (axial or radial lead) resistor 

D. 10% carbon film (axial lead) resistor  

E. none of the above 


