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Resistors

Resistors

I Ubiquitous

I Uncritical

Resistor Types

I Surface mount chip

I Metal film

I Carbon

I Wirewound

I Precision resistors

I Resistor networks

Useful info http://resistorguide.com

http://resistorguide.com


Surface Mount Chip Resistors

I Standard: Thick film surface
mount chip type

I Low price

I Simple construction

I Tolerances ±5 %, ±2 %, ±1 %
typical.

I Power dissipation limited:
depending on the pads (0805→
0.125W)

I Higher performance: metal film
chip resistor



Surface Mount Chip Sizes



Metal Film Resistor

Features

I Leaded devices

I Laser-cut helical path

I Standard part in through-hole
technology

I Somewhat inductive

I Tolerances ±2 %, ±1 % typical

I Temperature coefficient
25—50 ppm/°C



Carbon Film Resistors

Features

I Cheap

I Better than carbon composition

I Inductive

I Tolerances ±20 %, ±10 %, ±5 %
typical.

I Carbon film, carbon composition

I Pulse withstand capability



Carbon Composition Resistors

Features

I Cheap

I Limited performance

I Noisier

I Higher resistance than wirewound

I Poor tolerance

I High temperature coefficient
1200 ppm/°C

I Pulse withstand capability.
Applications: protection, current
limiting...



Wirewound Resistors

Features

I Oldest technology

I Precision or High-power

I Core material: ceramic, plastic,
glass

I May be very accurate

I Very inductive

I May exhibit tight tolerances: 0.1%
or better

I Low temperature coefficient
5 ppm/°C

I Power 1 W to 1000 W

I Temperature up to 300 °C



Precision Resistors

Foil Resistor

I 10 kΩ

I Tolerance ±0.005 %

I Temperature coefficient
±0.05 ppm/°C

I 25 e



Resistor Networks

Production Efficiency

I Handling and insertion cost

I Several resistors of one value

I Dual-in-line Single-in-line

I Production vs Board layout
(long tracks) B

Value Tracking (ppm/ °C)

I Tolerance similar to single
resistors

I Tracking with temperature
is better

I 250 individual but 50
tracking

I Thin film 25 / 5



Survey of resistor types

Type Ohmic Range
Power
W

Tolerance
Tempco range

ppm/°C
Applications Cost

Carbon film 2.2 - 10M 0.25 - 2 5% 150 – -1000
General purpose
commercial

< 1p

Carbon composition 2.2 - 10M 0.25 - 1.0 10% +400 – -900
Pulse,
low inductance

Metal film (standard) 1 - 10M 0.125 - 2.5 1%, 2%, 5% +/-50 – 200
General purpose
industrial & military

1 - 3p

Metal film (high ohm) 1M - 100M 0.5 - 1 5% +/-200 – 300
High voltage
& special

5 - 20p

Metal glaze 1 - 100M 0.25 2%, 5% +/-100 – 300 Small size 5p
Wirewound 0.1 -33K 2 - 20 5%, 10% +/-75 – 400 High Power 15 - 50p
Metal film (precision) 5 - 1M 0.125 - 0.4 0.05 – 1% +/-15 – 50 Precision 10p - 50p
Wirewound (precision) 1 - 1M 0.1 - 0.5 0.01 – 0.1% +/-3 – 10 Extra-precision £2 - £20
Bulk metal (precision) 1 - 200K 0.33 - 1 0.005 – 1% +/-1 – 5 Extra-precision 10 - 35p

Resistor networks 10 - 1M
0.125 - 0.3
per element

2%
+/-100 – 300
+/-50 tracking

Multi-resistor 0.2p - 2p

SM chip film resistors 0 - 10M 0.1 - 0.5 1%, 2%, 5% +/-100 – 200
Surface mount,
hybrids

from The Circuit Designer’s Companion by Tim Williams



Potentiometers

Potentiometers

I Bulky, unreliable

I Usable up to f ×R < 1× 106 Hz-W

I Cost time and money

I Substitutable by microcontrollers

Trimmer types

I Carbon, cermet and wirewound

I Multi-turn

Panel types

I Carbon, cermet and wirewound

I Conductive plastic



Capacitors

Types

I Film
I Polyester, Polycarbonate, Polypropylene,

Polystyrene

I Paper
I Ceramic

I Single layer
I Barrier layer, high-K, low-K

I Multilayer
I C0G, X5R, X7R, Z5U

I Electrolytic
I Non-solid and solid aluminium, solid

tantalum



Capacitor Selection

http://www.vishay.com/capacitors/

http://www.vishay.com/capacitors/


Metalized film & paper

Construction

I Film & Foil: Thicker construction

I Metalized Foil: Thinner, higher capacitance



Film Capacitors

Polyester

I High dielectric constant. High
capacitance per unit volume

I Applications: Decoupling, bypassing

I Nonlinear

I High dissipation factor δ = 8× 10−3

@1 kHz, 20°, variable with temperature

I Suitable only for uncritical circuits



Film Capacitors

Polycarbonate

I Flat temperature-capacitance curve

I Lower dissipation factor δ < 2× 10−3 @1 kHz, 20°

I Suitable for filters and timing functions

I Good general-purpose dielectric for higher power use



Film Capacitors

Polypropylene

I Lower dielectric constant. Does not
metalize as easily. Larger devices for a
given CV product.

I Constant tempco −200 ppm/°.
Unsuitable for time or frequency critical
circuits. Constant tempco usable for
compensation

I Low dissipation factor δ = 3× 10−4

@1 kHz, 20°, constant with T. Higher
power at higher frequencies.

I Tight tolerances

I Usable for sample-and-hold circuits due to
good dielectric absortion



Film Capacitors

Polystyrene

I Similar to polypropylene capacitors

I Low dielectric loss, low dielectric absortion

I Good stability over time

I Low negative temperature coefficient



Film Capacitors

Metalized paper

I Historically wide-used

I Absorbs moisture
I Current use: mains interference suppressor

I Fault in dielectric → fire
I Paper regenerates under faults
I Marking X/Y/Z. X:Low T, Y:High T, Z:# of days in damp

heat test
I CX = 100 nF,CY = 4.7 nF, L = 22 mH, R = 1 MW
I X Failure → fire. Y failure → user shock



X and Y capacitors

Source: EPCOS EMI suppression capacitors

http://www.epcos.com/web/generator/Web/Sections/ProductCatalog/Capacitors/FilmCapacitors/PDF/PDF__EMIGeneralStandard,property=Data__en.pdf;/PDF_EMIGeneralStandard.pdf


X and Y capacitors

Source: EPCOS EMI suppression capacitors

http://www.epcos.com/web/generator/Web/Sections/ProductCatalog/Capacitors/FilmCapacitors/PDF/PDF__EMIGeneralStandard,property=Data__en.pdf;/PDF_EMIGeneralStandard.pdf


Ceramic capacitors

Construction

I Fired ceramic / electrode construction: monolithic

I Chip or lead form



Multilayer ceramic

Dielectrics

I COG (NP0) Low permittivity: low capacitance. Near zero
tempco (NP0) dissipation factor δ = 1× 10−3 @1 kHz, 20°.
High-stability applications ↔ polycarbonate.

I X5R, X7R. Capacitance up to ∼ 10µ F. Nonlinear capacitance
and tan δ. tan δ ∼ 0.025. 0805: 47µ F, 6.3 V Used for
coupling and decoupling

I Y5V, Z5U. Capacitance changes by 50% over temperature
and voltage. Tolerance −20 %, +80 %. High capacitance



Multilayer ceramics frequency response



Electrolytic capacitors

Generics

I High capacitance per volume unit

I Solid / non-solid electrolyte

I Typical non-solid aluminium electrolytic: from 1 µF to
470 000 µF

I Polarized. Base metal (anode)

I Ionic conductor. Voltage reversal

I Big and heavy. Mechanical considerations



Electrolytic capacitors

Construction

I Two aluminium foils. One
etched and oxidized.

I Paper soaked in electrolyte



Leakage

Leakage

I Typical 0.01 CV, downto 0.002 CV

I Limits performance in some circuits

I Drops to 1/10 with 40% of rated voltage

I Temperature dependent

Ripple current and ESR

I The ac current flowing through capacitor as it charges and
discharges, typically at 100 or 120 Hz in power supplies

I IR rating

I Current dissipates power at the ESR: Equivalent Series
Resistance

I Temperature (worse with lower T ) and frequency dependent

I ESR is the most important parameter in switching power
supplies



Temperature and lifetime

Temperature

I Capacitance reduces with lower T and changes nonlinearly
±10 %

I tan δ ∼ 0.1− 0.3 at 20°, worsening with lower T and higher f

I Operational range T : −40 · · ·+ 85 °to 105 °or 125 °

Lifetime

I Non-solid electrolytics degrade when not in use

I Oxide degrades given increased leakage

I May be reformed applying voltage through resistor

I Also happens if no dc component is present

I Products stored: high leakage current during first minutes of
re-use



Datasheet comparison

I Comparison of datasheets: Panasonic, 25V 100u



Datasheet comparison

I Comparison of datasheets: Panasonic, 25V 100u



Solid tantalum capacitors

Generics

I Similar construction with different
materials

I Higher C per volume unit, lower ESR

I Operational range T : −55 · · ·+ 85°up to
125°

I Leakage current 0.01 CV, tan δ between
0.04 and 0.1, better than aluminium

I Capacitance change with T from ±15 %
to ±3 %

I Tolerates low reverse polarization

I May fail catastophically (short → heat →
open / fire)

I Chip format for SMD mount



Frequency response

Source: Vishay - Capacitors - Solid Tantalum

http://www.vishay.com/docs/40007/595d.pdf


Inductors

Generics

I Capacitors and inductors are energy
storage elements

I Capacitors are more ideal

Permeability

I Inductance is proportional to µ
I High L requires many turns or higher µ

I High-µ materials have losses
I Permeability decreases as magnetic field

increases. Saturation
I Changes in molecular structure.

Hysteresis
I µ and losses are temperature dependent



Inductor applications

Application fields

I Tuned circuits and filters
I Predictable performance
I Low loss, high Q

I Power circuits
I Energy storage chokes
I Objective: high volumetric efficiency
I Saturation is a significant issue

I Suppression
I Loss is a feature: high loss desirable
I High loss ferrites
I Ferrite bead



Skin effect and series resonance

Source: EPCOS SIMID 0805-F

http://www.epcos.com/inf/30/db/ind_2008/b82498f.pdf


Skin effect and series resonance

Source: EPCOS SIMID 0805-F

http://www.epcos.com/inf/30/db/ind_2008/b82498f.pdf


Multilayer chip beads

I To provide significant ac impedance: AC block

I 0805 multilayer chip beads example:

Source: TE Connectivity Multilayer Chip Beads

http://www.te.com/commerce/DocumentDelivery/DDEController?Action=srchrtrv&DocNm=1773179&DocType=Data+Sheet&DocLang=English

