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Two of the most common chip resistor types in the market today are thick film and thin film technologies. Some characteristics of these
two technologies are the same and some are quite different. Many of the performance differences of these two technologies are apparent
from their specifications, but others are more subtle. This document will discuss the manufacturing processes and materials differences to
explain how and why the two technologies perform as they do.

Thin Film e No. Process Layer Materials
1 Substrate Al203
o 2 Resistive layer NiCr alloy
3 Electrode Ag Cu
o 4 Over coat Epoxy
e 5 Solder layer Ni/ Sn
Thick Film o No. Process Layer Materials
1 Substrate Al203
2 Resistive layer RuQ2 + glass
3 Electrode Ag + Pd
4 Over coat Epoxy
5 Solder layer Ni/ Sn

Fig. 1 Thin Film and Thick Film Construction and Materials

Thick Film Manufacturing Process

Thick film chip resistors are manufactured using a screen printing process like the process for screen printing t-shirts which many people
are familiar with. The 96% alumina substrate is placed in the printing machine just below the screen and squeegee. The squeegee
pushes the screen down to the substrate and pushes the material through the openings in the screen at the precise desired locations for
the part design. As the squeegee moves across the substrate, the screen pulls itself away from the substrate leaving the material on the
substrate. After each of these processes the material is dried and then fired at high temperature to sinter the thick film material to the
substate and create a very robust and reliable electronic component. The inner conductors, resistive element, dielectric, passivation and
marking layers are all applied to a thick film resistor in this way. Prior to passivation, each part is tested and calibrated to its desired
resistance value by means of a laser trimming process. Trimming raises the resistance value by removing some of the resistor element in
a controlled way that lengthens the current path. Typically, all thick film resistors are manufactured to a resistance value slightly lower than
the desired value, such that when they reach the calibration stage, it is easy to trim the parts up to their desired resistance value. This
improves yield and helps to control manufacturing costs for this relatively inexpensive technology. After trimming, a protective passivation
layer is screen printed over the resistor element and parts that are 0603 size and larger are marked with their appropriate resistance value.
The remaining processes provide the circuit connection through nickel barrier sputtering (vacuum deposition) to connect the top and
bottom conductors and plating to provide the 100% matte tin termination for soldering.
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Thin Film Manufacturing Process

Thin film chip resistor manufacturing typically starts with screen printing the inner conductors onto the ceramic substrate, drying and
firing, like thick film chip resistors. From there the resistive elements are sputtered on in a chamber with very tightly controlled conditions
and material targets. These targets contain the thin film metallic elements, in precisely controlled ratios, to produce the intended nominal
resistance value. The sputtering process provides a very dense and uniform resistive element that is approximately a thousand times
thinner than a comparable thick film element. For certain resistance values with high precision requirements, photo etching may be used
to precisely control the element dimensions and shape. The thin film elements are also calibrated using a laser to trim the element up in
value to its desired resistance. The remaining processes are nearly identical to thick film in that the epoxy passivation and marking is
applied to protect the resistive element, then the terminations are completed via nickel barrier sputtering to connect top and bottom and
plating of 100% matte tin to provide the solderable connection for the PCB.

Thin Film Thick Film
Material Characteristics Material Characteristics
® Homogeneous metallic films ¢ Grain containing paste
conducting alloy conducting particles

ceramic

binders, solvents (glass frit)

Product Characteristics Product Characteristics

* Typical Resistance Range = 1 to 20M ® Typical Resistance Range = 0.01 to 100M
e TCR =2 ppm/°C to 100 ppm/°C ® TCR =50 ppm/°C to 1000 ppm/°C
® Resistance Tolerance = 0.01% to 1% ® Resistance Tolerance = 0.5% to 10%
® Typical Lifetime Stability % e Typical Lifetime Stability %
delta R/ R =0.1% to 0.5% delta R/ R = 1% to 3%
® Currentnoise uvV/V =<0.1 ® Current noise uV/V =<10

Fig. 2 Thin Film vs. Thick Film Material Characteristics

Thick Film and Thin Film Performance Comparison

Thin film resistive elements have a high density homogeneous metallic alloy that is highly consistent and uniform. This makes the
current path through the element very consistent, reliable, and repeatable. Thick film element materials are pastes containing metallic
grains combined with glass frit binders, resins, and solvents. When fired, the element has a random nature to its conductive particles
throughout the resistor element. This randomness may lead to inconsistent current paths within the part and contributes to the electrical
and environmental stability limitations that thick film technology has. However, the fired thick film element sinters itself to the ceramic
substrate and becomes like glass, therefore the element has exceptional moisture stability. The most common thin film resistive
elements are alloys containing nickel and chromium (Nichrome) which are susceptible to corrosion from high moisture environments.
Only nichrome elements with special processing or tantalum nitride thin film elements resist moisture.

The trimming calibration process also creates substantial differences in thick film and thin film elements. Thin film resistors, being a
metallic alloy with good heat conduction, will accept the laser trimming process with little effect on the material adjacent to the trim.
Thick film elements, being glass-like, have poor heat conduction. Therefore, the material adjacent to the trim area will show microcracks
where the material was heated as the laser passed through and subsequently cracked as it cooled. These microcracks lead to higher
noise, poorer TCR, and higher resistance shift under typical environmental and electrical testing.
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Thin Film Thick Film
Process Characteristics Process Characteristics
. o . . . e Trimming in material with rh n ion
* Trimming in material with good heat conduction 9 LT [P0 I Gl
(glass)
microcrack
<+— laser trim laser trim
Product Characteristics Product Characteristics
e lowTC e Good TC
¢ High Lifetime Stability e Good Lifetime Stability
® | ow Noise ® Moderate Electrical Noise

Fig. 3 Thick Film vs. Thin Film Trimming Process Characteristics

Thick Film and Thin Film Pulse Comparison

Pulse capabilities for these two technologies are different as well. The element materials, material properties, construction, and trimming
for the two technologies yield linear pulse characteristics. However, thick film elements tend to have better pulse handling for pulses
shorter than 0.0001 sec in duration, while thin film elements clearly are superior for longer pulse durations, as shown in Fig. 4 below.
The increased density of the thin film resistor element coupled with calibration trimming that does not produce significant hot spots from
current crowding yield superior pulse handling for longer pulse durations (square pulse durations of around 1 millisecond and longer).
However, for shorter pulse durations, the increased material mass of the thick film element provides better pulse handling typically.
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Fig.4 Thick Film and Thin Film Single Pulse Characteristics for 1206 Size and Smaller
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Summary

Thin film chip resistors offer the ability to achieve much better TCR and absolute resistance tolerances because of their material
uniformity and consistency as well as their calibration process. The significantly higher element material density, the uniformity, and the
improved heat conduction of the thin film element all provide better precision, stability, and lower electrical noise with improved high
frequency characteristics. The strength of thick film resistors is low cost, wider resistance range, and inherent moisture withstanding
capability. Pulse handling for thin film is better for longer term pulses, but thick film resistors are better for short pulses of 0.0001 second
and shorter.
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