Techo notes – Fixed Resistors

A fixed resistor is a passive two-terminal electrical component that implements electrical
resistance as a circuit element. The current through a resistor is in direct proportion to the
voltage across the resistor's terminals. Thus, the ratio of the voltage applied across a resistor's
terminals to the intensity of current through the circuit is called resistance. This relation is
represented by Ohm's law:

Resistors are common elements of electrical networks and electronic circuits and are
ubiquitous in most electronic equipment. Practical resistors can be made of various
compounds and films, as well as resistance wire (wire made of a high-resistivity alloy, such as
nickel-chrome). Resistors are also implemented within integrated circuits, particularly analog
devices, and can also be integrated into hybrid and printed circuits.
The electrical functionality of a resistor is specified by its resistance. Common commercial
resistors are manufactured over a range of more than nine orders of magnitude.
When specifying that resistance in an electronic design we need to take in consideration a
number of parameters in addition to the resistance value.
The manufacturing tolerance of the resistor.
Power dissipation rating.
Sometimes the temperature coefficient of the resistance may also be of concern in
precision applications. Practical resistors are specified as having a maximum power
rating which must exceed the anticipated power dissipation of that resistor in a
particular circuit.
• In a high-voltage circuit, attention must sometimes be paid to the rated maximum
working voltage of the resistor.
• Practical resistors have a series inductance and a small parallel capacitance. These
specifications can be important in high-frequency applications.
• In a low-noise amplifier or pre-amplifier stages, the noise characteristics of a resistor
may be an issue.
The unwanted inductance, excess noise, and temperature coefficient are mainly dependent on
the technology used in manufacturing the resistor.
•
•
•

A family of discrete resistors are also characterized according to its form factor, that is, the
size of the device and the position of its leads (or terminals) which is relevant in the practical
manufacturing of circuits using them.

Resistors and Mathmatics:
Above we said resistors obey Ohm Law. If we know any two of the values we can calculate
the third value by transposing the formula.( / is over (divide) and x is times )
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I=V/R, R= V/I and V=I x R
For example if we have a voltage of 12 Volt and a resistance of 12 Ohm then the
current through the resistor will be one Amp: I = 12 / 12. 12 divided by 12 equals 1.
If we have a voltage of 12 Volt and we require a current of 2 Amp through this
resistor, the resistor value will be 6 Ohm R = 12 / 6. Twelve divided by six equals 2, or
at least it did when I went to school a long time ago.
This last example is more interesting, we have a resistor who's value is 50 Ohm and
there is 1 Amp flowing through it, the voltage across the resistor is 50 Volt.
Now in real radio circuits the currents are usually much lower and the resistors much
higher values so we must now deal with powers of ten.
If we have a 50K Ohm resistor (50,000 Ohm) and a voltage of 100 Volt, what current
will flow through the resistor ?
I=V/R
I = 100 /50,000 (100 divided by 50,000) the answer is 0.002 Amp, better
expressed as 2 mAmp. The m here is short for milli.
The unit used here is milli Amp or 10 to the minus three Amp, just like we referred to
the 50,000 Ohm resistor as 50 KOhm. Kilo is 10 to the third power positive and milli
is 10 to the third power negative.
Now we measure a voltage of 200 Volt across a resistor and measure the current
flowing through that resistor is 10 mAmp, what is the value of the resistor ?
R=V/I
R = 200 divided by 0.01Amp The answer is 20,000 Ohm, better
expressed as 20 KOhm.
Our last example uses the formula V = I x R. If we have a 10K resistor and we know a
3 mAmp current is flowing through it, what is the voltage across that resistor ?.
V = 0.003 (Amp) times 10,000 (Ohms) equals 30 Volt.

Resistors in Series
Now this is very simple, the resulting value is just the sum of the individual resistor
values. If we have two 10 KOhm resistors in series, the result is a combination who's
resistance value is 20 KOhm (20,000 Ohm).
Resistors in Parallel
If two equal value resistors are wired in parallel, the resistance is simply half the value
of each of the resistors. If we wire the same 10 KOhm resistors used above in parallel
the resulting resistance value will be 5 KOhm (5,000 Ohm).
When two resistors of unequal value are wire in parallel, the resulting value is calculated from
the formula:

R = (R1 times R2) divided by (R1 plus R2)
Using the two 10K Ohm resistors again:
(10,000 times10,000 = 100000000) divided by (10,000 plus 10,000 = 20,000) = 5,000 Ohm
Document Resistors.DOC Page 2 of 12 pages. February 24, 2012

Techo notes – Fixed Resistors
When three or more resistors are wired in parallel the formula gets a little bit more
complicated and so I will leave that to you to find on Wikipedia if and when you need it.

Power dissipation
The Power (P) dissipated by a resistor is calculated from:
Power = Current squared times the Resistor value ( P=I2R )
Power = Current times the Voltage across that Resistor ( P= I x V )
Power = Voltage squared divided by the Resistor value ( P = V2 / R )
Practical resistors are rated according to their maximum power dissipation. The vast majority
of resistors used in electronic circuits absorb much less than a watt of electrical power and
require no attention to their power rating. Such resistors in their discrete form are typically
rated as 1/10, 1/8, ¼ , 1/2 , 1 Watt up to 3 Watt.
Resistors with power rating of over 3 Watt never use color codes and are also often available
in values outside the preferred value ranges. This is because considerable heat will be
generated and would soon discolour any colour bands.
If the average power dissipated by a resistor is more than its power rating, damage to the
resistor may occur, permanently altering its resistance Excessive power dissipation may raise
the temperature of the resistor to a point where it can burn the circuit board or adjacent
components, or even cause a fire. There are flameproof resistors that fail (open circuit) before
they overheat dangerously.

Construction
Lead arrangements
So called Through-hole Resistors have leads leaving the body axially. Some may have leads
coming off their body radially instead of parallel to the resistor axis, this is the way resistors
made during the 1930's from a rod of carbon with wire leads wrapped round the ends of the
rod..
Today with most electronic equipment using SMT, Resistors may be Surface Mount devices.
Some high power resistors may have one of their leads made larger as a heat sink.

Carbon composition
Carbon composition resistors consist of a solid cylindrical resistive element with embedded
wire leads or metal end caps to which the lead wires are attached. The body of the resistor is
protected with paint or plastic. Early 20th-century carbon composition resistors had
uninsulated bodies; the lead wires were wrapped around the ends of the resistance element rod
and soldered. The completed resistor was painted for color coding of its value.
The resistive element is made from a mixture of finely ground (powdered) carbon and an
insulating material (usually ceramic). A resin holds the mixture together. The resistance is
determined by the ratio of the fill material (the powdered ceramic) to the carbon. Higher
concentrations of carbon, a weak conductor, result in lower resistance. Carbon composition
resistors were commonly used up to the 1970's After then other types with better
specifications, such as tolerance, voltage dependence, and stress (carbon composition resistors
will change value when stressed with over-voltages).
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Moreover, if internal moisture content (from exposure for some length of time to a humid
environment) is significant, soldering heat will create a non-reversible change in resistance
value. Carbon composition resistors have poor stability with time and were consequently
factory sorted to, at best, only 5% tolerance. These resistors, however, if never subjected to
over-voltage, overheating or mechanical stress were remarkably reliable.

Film Construction Resistors (Carbon, Metal, Metal-Oxide etc)

Carbon film
A carbon film is deposited on an insulating substrate, and a helix cut in it to create a long,
narrow resistive path. Varying shapes, coupled with the resistivity of amorphous carbon can
provide a variety of resistances. Carbon film resistors are available in a power rating range of
0.125 W to 3 W at 70 °C. Resistances available range from 1 Ohm to 10 MegOhm. The
carbon film resistor has an operating temperature range of -55 °C to 155 °C. Maximum
working voltages from 200 to 600 Volt DC. Due to the spiral cut nature of the resistance
element Carbon Film Resistors are not suitable for use in radio frequency circuits as they
exhibit high internal inductance.

Metal film
The most common type of axial resistor today is referred to as a metal-film resistor. Metal
electrode lead-less face (MELF) resistors often use the same technology, but are a
cylindrically shaped resistor designed for surface mounting. Note that other types of resistors
(e.g., carbon composition) are also available in MELF packages.
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MELF is the acronym for metal electrode lead-less face - a type of lead-less cylindrical
electronic surface mount device that is metalised at its ends. A MELF device is usually a
resistor or a diode. Because of their cylindrical shape and small size, in some cases these
components can easily roll off the workbench or circuit board before they have been soldered
into place. As such, there is a joke which suggests an alternate meaning for the acronym
MELF: "Most End up Lying on Floor"
Metal film resistors are usually coated with nickel chromium (NiCr), but might be coated with
any of the cermet materials listed above for thin film resistors. Unlike thin film resistors, the
material may be applied using different techniques than sputtering (though that is one such
technique). Also, unlike thin-film resistors, the resistance value is determined by cutting a
helix through the coating rather than by etching. (This is similar to the way carbon resistors
are made.) The result is a reasonable tolerance (0.5%, 1%, or 2%) and a temperature
coefficient that is generally between 50 and 100 ppm/K. Metal film resistors possess good
noise characteristics and low non-linearity due to a low voltage coefficient.

Metal oxide film
Metal-oxide film resistors are made of metal oxides such as tin oxide. This results in a higher
operating temperature and greater stability/reliability than Metal film. They are used in
applications were high endurance is required.

Thick and thin film
Thick film resistors became popular during the 1970s, and most Surface Mount Resistors
today are of this type. The resistive element of thick films is 1000 times thicker than thin
films, but the principal difference is how the film is applied to the cylinder (axial resistors) or
the surface (SMD resistors).
Thick film resistors are manufactured using screen and stencil printing processes.
Thin film resistors are made by sputtering (a method of vacuum deposition) the resistive
material onto an insulating substrate. The film is then etched in a similar manner to the old
process for making printed circuit boards. That is, the surface is coated with a photo-sensitive
material, then covered by a pattern film, expoure with ultraviolet light, and then the exposed
photo-sensitive coating is developed, and underlying thin film is etched away.
Because the time during which the sputtering is performed can be controlled, the thickness of
the thin film can be accurately controlled. The type of material is also usually different
consisting of one or more ceramic (cermet) conductors such as tantalum nitride (TaN),
ruthenium oxide (RuO2), lead oxide (PbO), bismuth ruthenate (Bi2Ru2O7), nickel chromium
(NiCr), or bismuth iridate (Bi2Ir2O7).
The resistance of both thin and thick film resistors after manufacture is not highly accurate
and if great accuracy is required, they may be trimmed to an accurate value by abrasive or
laser trimming. Thin film resistors are usually specified with tolerances of 0.1, 0.2, 0.5, or
1%, and with temperature coefficients of 5 to 25 ppm/K. They also have much lower noise
levels, on the level of 10-100 times less than thick film resistors.
Thick film resistors may use the same conductive ceramics, but they are mixed with sintered
(powdered) glass and a carrier liquid so that the composite can be screen-printed. This
composite of glass and conductive ceramic (cermet) material is then fused (baked) in an oven
at about 850 °C.
Thick film resistors, when first manufactured, had tolerances of 5%, but standard tolerances
have improved to 2% or 1% in the last few decades. Temperature coefficients of thick film
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resistors are high, typically ±200 or ±250 ppm/K; a 40 kelvin (70 °F) temperature change can
change the resistance by 1%.

Wire-wound
Wire-wound resistors are commonly made by winding a metal wire, usually nichrome, around
a ceramic, plastic, or fiberglass core. The ends of the wire are soldered or welded to two caps
or rings attached to the ends of the core. The assembly is protected by being enclosed in a
molded plastic or ceramic housing and sometimes simply with a layer of paint or an enamel
coating baked at high temperature. These resistors need to be able to withstand very high
surface temperatures of up to +450 °C.
For very high power wire-wound resistors, an outer case of aluminum on top of an insulating
layer is used. The aluminum-cased types are designed to be attached to a heat sink to dissipate
the heat. The rated power is dependent on being used with a suitable heat sink, a 50 W power
rated resistor will overheat at a fraction of the power dissipation if not used with a heat sink.
Large wire-wound resistors may be rated as high as 1,000 watts or more.
Because wire-wound resistors are coils of resistance wire they have more undesirable
inductance than other types of resistor. Winding the wire in sections with alternately reversed
direction or bifilar winding can minimize inductance.

Foil resistors
The primary resistance element of a foil resistor is a special alloy foil several micrometres
thick. Since their introduction in the 1960s, foil resistors have had the best precision and
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stability of any resistor available. One of the important parameters influencing stability is the
temperature coefficient of resistance (TCR). The TCR of foil resistors is extremely low, and
has been further improved over the years. One range of ultra-precision foil resistors offers a
TCR of 0.14 ppm/°C, tolerance ±0.005%, long-term stability (1 year) 25 ppm, (3 year)
50 ppm (further improved 5-fold by hermetic sealing), stability under load (2000 hours)
0.03%, thermal EMF 0.1 μV/°C, noise -42 dB, voltage coefficient 0.1 ppm/V, inductance
0.08 μH, capacitance 0.5 pF.

Availability of through-hole format resistors.
If you look in the Altronics catalogs you will find they stock a range of ¼ and 0.6W Metal
Film resistors, ¼ and 1 Watt carbon resistors, 5 and 10 Watt wire-would resistors.
Jaycar stock 0.5 Watt metal film resistors, ¼ Watt and 1 Watt carbon film resistors and 5
and 10 Watt wire-wound resistors.
Element 14 (formerly Farnell) and RS Components stock a much wider range of resistors but
at a much higher price and they are ordered by mail-order adding to the cost of small
quantities.
Some folk believe the supply of through-hole components will dry up but I cannot see this
happening any time soon as many of these are still used in new designs today.

Preferred values, the E Series
Early resistors were made in more or less arbitrary round numbers; a series might have 100,
125, 150, 200, 300, etc. Resistors as manufactured are subject to a certain percentage
tolerance, and it makes sense to manufacture values that correlate with the tolerance, so that
the actual value of a resistor overlaps slightly with its neighbors. Wider spacing leaves gaps;
narrower spacing increases manufacturing and inventory costs to provide resistors that are
more or less interchangeable.
A logical scheme is to produce resistors in a range of values which increase in a geometrical
progression, so that each value is greater than its predecessor by a fixed multiplier or
percentage, chosen to match the tolerance of the range. For example, for a tolerance of ±20%
it makes sense to have each resistor about 1.5 times its predecessor, covering a decade in 6
values.
In practice the factor used is 1.4678, giving values of 1.47, 2.15, 3.16, 4.64, 6.81, 10 for the
1–10 decade (a decade is a range increasing or decreasing by a factor of 10. (0.1–1 and 10–
100 are other examples);
The values above are rounded in practice to 1.5, 2.2, 3.3, 4.7, 6.8, 10
The next decade will be 15, 22, 33, 47, 6.8 and 10. This scheme has been adopted as the E6
series of the IEC 60063 preferred number values. There are also E12, E24, E48, E96 and
E192 series for components of ever tighter tolerance, with 12, 24, 96, and 192 different values
within each decade. The actual values used are in the IEC 60063 lists of preferred numbers.
A resistor of 100 ohms ±20% would be expected to have a value between 80 and 120 ohms;
its E6 neighbors are 68 (54-82) and 150 (120-180) ohms. A sensible spacing, E6 is used for
±20% components; E12 for ±10%; E24 for ±5%; E48 for ±2%, E96 for ±1%; E192 for ±0.5%
or better.

The Resistor Colour Code.
Most through-hole smaller resistors use a four band or a five band colour code to indicate the
resistors value and tolerance. Below is a table of the four and five band codes.
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It is now common to use the letter "R" to indicate Ohms. This is a convention that has come
about relatively recently because most computer fonts do not have the proper omega ( )
character. Another modern convention, is to replace the decimal point with the units
character. 4.7K could be written as 4K7, 4.7M written as 4M7
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This is because it is quite easy for a small decimal point character to be lost when a diagram is
photocopied or otherwise reproduced.
47R means 47 Ohms, 5R6 means 5.6 ohms, 6K8 means 6,800 Ohms, 1M2 means 1,200,000
ohms. 'K' means one thousand ohms. If a resistor has a value of 'M' means one million
Ohms, a resistor or 2,200,000 Ohms can be written as 2M2.
The resistor shown on the opening page has a value of 3,300 Ohm (3K3 Ohm) 5% tolerance.
The first two bands are Orange which indicates the number “three”, the third band is Red
which indicates the number “two”, the number of zeros after the first two significant figures.
The fourth band is Gold, indicating a tolerance of five percent.
We now have six band resistors where the six band indicates temperature coefficient but I will
leave that to the reader to investigate if they need to know more.

Tolerance
The fourth or fifth band on modern resistors indicates the manufacturing tolerance of the
resistor. In other words, it indicates how many percent the actual value may vary from the
marked value. This is because it is difficult to manufacture resistors of exactly the correct
value, and in most situations some variation from the nominal value is no problem.

Older Resistor Colour Coding
Resistors made during the 1930's use a different colour marking system. The colours are read
in the sequence Body, Tip, Spot (also referred to as Body, Tip, Dot).The colours themselves
represent the same values as in the modern code in the table above. These resistors are
sometimes referred to as “Dog Bone” resistors.

The resistance value of the resistor in figure 1 is read by the Body, Tip Spot method as
250,000 Ohms. The fourth band is the same colour as the body colour and so the tolerance is
unmarked and is 20 %. In figure 2, band B is Grey and band 10 is Silver making this an
example of a 10% tolerance resistor of this type.
Most resistors encountered in vintage radios will be either 10% (silver fourth band) or 20%
(no fourth band). So if a resistor has only three bands, it has a tolerance of 20%. This may
seem quite a wide tolerance, but in practice it is not a problem because the circuits were
designed to accommodate this sort of variation.
If you are checking the resistors in an old radio with a test meter, you should bear in mind the
tolerance before assuming a component is faulty. A 10 K resistor with a 20% tolerance could
actually be anything between 8 K and 12 K. In practice we can accept a 20% resistor if it is a
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bit outside this. I usually regard a 20% resistor as acceptable if it is within 25% of its nominal
value. You may find it helpful to have a calculator with a percent function in the workshop!

Replacement resistors in valve era equipment
As we have already stated, well as a resistance value and a tolerance, a resistors power rating
must be taken into account. When repairing or restoring older Valve equipped radio
equipment, modern tiny through-hole resistors are usually not suitable and you will have to
find 1 or 2 Watt resistors. These are available but you will have to hunt for them. About the
only place in a circuit where modern tiny resistors can be used is as cathode resistors in RF,
IF and Audio stages, and as grid resistors and grid stopper resistors around output stages.
In addition to not having sufficient power rating, the tiny resistors may not have a sufficient
voltage rating for the 200 plus Volts DC found in this equipment.
Vintage resistors do not generally fail as seriously as vintage capacitors. Resistors just tend to
go high in value, and it is not uncommon to find a resistor that has risen by 50% of its original
value. Surprisingly, this sort of variation will generally not significantly affect the operation
or performance of radio equipment made during this era. There is no point in replacing
resistors that are high in value, unless they are clearly causing problems. Many repairers
generally do not even bother to check the values of resistors in equipment unless they look
discoloured or otherwise sorry for themselves. Modern 1 or 2 Watt modern resistors are about
the same size as the originals and will not look out of place. The modern resistors will
probably have a tolerance of 5% or better, which is better than the originals. Simply choose a
modern resistor that is of a similar physical size to the original, and you can be sure it will be
more than adequately rated.

SMD RESISTORS
This image shows four surface-mount resistors (the
component at the upper left is a capacitor) including two
zero-ohm resistors. Zero-ohm links are often used
instead of wire links, so that they can be inserted by a
resistor-inserting machine. Of course, their resistance is
non-zero, although quite low. Zero is simply a brief
description of their function.
Surface mounted resistors are printed with numerical
values in a code related to that used on axial resistors.
Standard-tolerance surface-mount technology (SMT) resistors are marked with a three-digit
code, in which the first two digits are the first two significant digits of the value and the third
digit is the power of ten (the number of zeroes).
334 = 33 × 104 ohms = 330 kilohms
222 = 22 × 102 ohms = 2.2 kilohms
473 = 47 × 103 ohms = 47 kilohms
105 = 10 × 105 ohms = 1.0 megohm
Resistances less than 100 ohms are written: 100, 220, 470. The final zero represents ten to the
power zero, which is 1.
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100 = 10 × 100 ohm = 10 ohms
220 = 22 × 100 ohm = 22 ohms
Sometimes these values are marked as 10 or 22 to prevent a mistake.
Resistances less than 10 ohms have 'R' to indicate the position of the decimal point.
4R7 = 4.7 ohms
R300 = 0.30 ohms
0R22 = 0.22 ohms
0R01 = 0.01 ohms
Precision resistors are marked with a four-digit code, in which the first three digits are the
significant figures and the fourth is the power of ten.
1001 = 100 × 101 ohms = 1.00 kilohm
4992 = 499 × 102 ohms = 49.9 kilohm
1000 = 100 × 100 ohm = 100 ohms
000 and 0000 sometimes appear as values on surface-mount zero-ohm links, since these have
(approximately) zero resistance.
More recent surface-mount resistors are too small, physically, to permit practical markings to
be applied.

NTC and PTC Resistors, also called Thermistors
Negative Temperature Coefficient and Positive Coefficient resistors are resistors which are
manufactured in such a way that their resistance value changes either up or down with
changes in temperature by a fixed amount, expressed in parts per million per degree C (or F).
During the last 60 years or so, only ceramic materials (a mix of different metal oxides) was
employed for production of these devices thermistors. In 2003, AdSem, Inc. (Palo Alto, CA)
developed and started manufacturing of Si and Ge high temperature NTC thermistors with
better performance than any ceramic NTC thermistors.
Thermistors, since they can be very small, are used inside many other devices as temperature
sensing and correction devices as well as in specialty temperature sensing probes for
commerce, science and industry.
They may be used in digital medical thermometers that get stuck in one's mouth by a nurse
with an electronic display in her other hand. They are probably inside your cell phone,
automobile, stereo and television and a host of white good items in the home.
In addition to being used in temperature measuring circuits NTC's are used for stabilising the
quiescent current in audio power out stages and other radio circuits and for stabilising the
output of DC power supplies.
The standard reference temperature is the thermistor body temperature at which nominal
zero-power resistance is specified, usually 25°C.

Voltage Dependent Resistors also called Varistors.
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A varistor is an electronic component with a "diode-like" nonlinear current–voltage
characteristic. Varistors are often used to protect circuits against excessive transient voltages
by incorporating them into the circuit in such a way that, when triggered, they will shunt the
current created by the high voltage away from the sensitive components. A varistor’s function
is to conduct significantly increased current when voltage is excessive.
These devices were used in early Television receivers in the deflection circuits to help
generate a linear sweep across and down the screen.
The most common type of varistor is the metal-oxide varistor (MOV). This contains a
ceramic mass of zinc oxide grains, in a matrix of other metal oxides (such as small amounts of
bismuth, cobalt, manganese) sandwiched between two metal plates (the electrodes). The
boundary between each grain and its neighbour forms a diode junction, which allows current
to flow in only one direction. The mass of randomly oriented grains is electrically equivalent
to a network of back-to-back diode pairs, each pair in parallel with many other pairs. When a
small or moderate voltage is applied across the electrodes, only a tiny current flows, caused
by reverse leakage through the diode junctions. When a large voltage is applied, the diode
junction breaks down and a large current flows. The result of this behaviour is a highly
nonlinear current-voltage characteristic, in which the MOV has a high resistance at low
voltages and a low resistance at high voltages.

Voltage Divider resistors
These were common in radio receivers manufactured during the 1930's and 40's and were a
large wire wound resistor with one or more adjustable tap points. They were used so voltage
to various parts of a circuit could be adjusted without changing individual resistors.
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