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High frequency modeling of SMD resistors

Creating 3D and equivalent circuit models to capture the parasitics of SMD re-
sistors up to 42 GH

John Andersson, Malik Fahd

Department of Microtechnology and Nanoscience

Chalmers University of Technology

Abstract

Passive components, including resistors, capacitors, and inductors, are fundamen-
tal in electrical circuit design. Surface mount devices (SMDs) are extensively used
in microwave hardware development at high frequencies and precise simulations of
SMD components are crucial. This thesis highlights the unpredictability of SMD
resistors and underscores the importance of accurate simulations for achieving ex-
pected performance and creates a 3D and equivalent circuit models of 0402 and
0201 SMD resistors to do this. 3D models are created and verified using real mea-
surements of a SMD resistor up to 32 GHz, while the target is for the model to
be valid in 42 GHz. This model is used to create an equivalent circuit model and
a scalable model for ADS that can scale the substrate height, relative permittivity
and the resistance of the resistor which can be used when developing microwave
circuits such as attenuators. The film that is the resistive element of the SMD com-
ponent is shown to be the biggest contributing factor to parasitics. The thickness
and width of the film were studied, and it was concluded that the width aledted
the parasitics the most. Results show very good agreement between 3D model and
real measurement as well as agreement between equivalent circuit models and 3D
models. The scalability ranges between 0-500 Ohm with relative permittivity being
adjustable between 2.6-5 and 4.7-13 Mil substrate height. Through optimization
using the scalable model, a T-attenuator is created and compared with a 3D simu-
lation which shows very good agreement in S;; with less agreement in Sy, in terms
of a small frequency shift. The methods of this thesis can be extended to creating
models of SMD inductors and conductors.

Keywords: 3D modeling, Equivalent circuit modeling, Scalable models, passive com-
ponents, SMD resistors, high-frequency applications, parasitic e [edts, HFSS, ADS
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Introduction

Passive components, including resistors, capacitors, and inductors, play a funda-
mental role in electrical design. In particular, surface mount devices (SMDs) nd
extensive use in printed circuit board (PCB) circuits for radio frequency (RF) ap-
plications. These components serve diverse purposes, such as circuit stabilization,
ampli er biasing and impedance matching between di erent stages in transmitters.
As hardware development increasingly relies on circuit and electromagnetic simu-
lations, ensuring the reliability of these simulations becomes critical. This paper
discusses the challenges associated with passive SMD resistors at microwave fre-
guencies, emphasizing the need for accurate simulations to align realized product
performance with expected behavior.

At lower frequencies, the prediction of circuit behavior is typically intuitive. How-
ever, when dealing with microwave frequencies, a host of challenges emerges. These
challenges includes contributions from parasitic e ects. Of particular signi cance are
passive SMDs, whose characteristics undergo substantial changes at high frequen-
cies as is shown in this thesis. As a consequence, the simplistic models commonly
employed become inadequate for describing their behavior accurately.

1.1 Purpose

This research project aims to advance the understanding and modeling of SMD
resistor components, with a speci ¢ focus on resistors within the 50-100 Ohm range
and in the size of 0201 and 0402 see table 2.1 for exact dimensions. Operating in
the frequency range of 0-42 GHz, these components play a critical role in modern
high-frequency electronic systems. Unlike traditional resistor performance metrics
such as heat tolerance and power handling, The primary objective is to accurately
characterize the parasitic e ects that introduce reactance as the frequency varies.

The proposed models will encompass both equation-based equivalent circuits and
three-dimensional geometrical representations. The equation-based model will be
designed for scalability, accommodating variations in resistance, substrate height,
and substrate permittivity. By achieving accurate modeling, we aim to enhance the
reliability of circuit simulations and contribute to the optimization of high-frequency
electronic designs.
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1.2 Background

In this section, the project background is presented to give the reader an insight into
the importance of accurate modelling and provide reasoning behind the complexities
involved in high frequency modelling. Previously reported resistor modellings from
research articles and industry will initially be presented.

1.2.1 Project background

In the realm of equivalent circuit models, both corporate entities and independent
researchers have contributed valuable insights. For instance, Vishay proposes an
equivalent circuit model speci cally tailored for thin Im resistors [1], spanning the
frequency range from 0.1 to 40 GHz. This model serves as a foundational tool
for understanding the frequency response of such resistors. Additionally, inspired
by this approach, researchers have developed equivalent circuit models of lumped
elements [12], based on measurements conducted within the 0.5 to 5 GHz frequency
span on microstrips. The procedure di ers from this work as their models are based
on measurements, whereas this project relies on EM simulations for circuit modeling.
The advantages of both methods will be discussed later.

When it comes to 3D models of resistors, the available information is scarce. Mod-
elithics, in their discussions , emphasize the signi cance of 3D simulations in high-
frequency design to mitigate unnecessary costs [7].

This research initiative represents a collaborative e ort with Ericsson, a global leader
in networking and telecommunications. Ericsson leverages models from an external
company specializing in RF measurement-based component modeling, employing
them as a licensing service. The validity of these models extends from 0 to 10 GHz
or up to 20 GHz, contingent upon the speci c resistor manufacturer. However, be-
yond these frequencies, the extrapolation of model values has been demonstrated to
yield inaccuracies, particularly when approaching millimeter-wave (mm-wave) fre-
guencies. However, this project's model will be based on resistors from a specic
manufacturer. This project targets frequencies exceeding 40 GHz, increasing the
challenge.

Parasitic e ects pose signi cant challenges in the design of microwave components,
particularly in the context of attenuators. Attenuators play a crucial role in sig-
nal conditioning, allowing precise control over signal power levels. However, when
employed in up-converted signals for example, practical issues arise speci cally, devi-
ations between simulated and actual attenuation values. Consider the example of a
T-attenuator. During design and subsequent board production, the simulated atten-
uation often diverges considerably from measured values. This discrepancy primarily
stems from parasitic reactance induced by component geometry and environmental
factors. As the frequency increases, these parasitic e ects become increasingly pro-
nounced, causing the resistor to exhibit reactive behavior which is discussed in 2.1.3.
To address this challenge, microwave designers must capture and account for these
parasitic e ects. Various compensation techniques can be employed, tailored to the

2



1. Introduction

speci ¢ application. Our research project aims to develop comprehensive circuit and
3D models that accurately represent component behavior up to 42 GHz. By doing
so, this project also seek to enhance the reliability of high-frequency designs and
facilitate e cient attenuation optimization.

In existing electronic circuits, specialized SMD components with high precision at
microwave frequencies are commonly employed to mitigate parasitic e ects. How-
ever, these precision components come at a considerable cost, often reaching several
dollars per unit. In contrast, standard SMD components are signi cantly more

a ordable, priced at a fraction of the cost. This pragmatic approach presents a
straightforward solution to address the issue. Hardware costs play a pivotal role in
overall cost calculations, and for companies like Ericsson, which engage in large-scale
production of RF modules, implementing this approach could yield substantial cost
savings.

Figure 1.1: Image of several dierent sizes of SMD resistors. Image courtesy
of KOA Corporation, further sharing of image outside of thesis is forbidden as
requested by KOA corporation.
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Theory

2.1 Fundamentals of SMD passive components and
individual parts that make up a resistor

This section describes and discuss the theory regarding SMD passive components.
The composition of a SMD resistor is shown and the individual parts are de ned,
later part of the theory section is about parasitics and what the cause behind them
is and how the expected behaviour of a resistor on the Smith chart is a ected as the
frequency and consequently the parasitics increases. Finally the discussion regarding
the 3D model and theory behind the equivalent circuit model will be introduced.

Figure 2.1: Provided image in a datasheet of a SMD resistor. Note the three
layered termination, image courtesy of KOA Corporation. Further sharing of image
outside of thesis is forbidden as requested by KOA corporation.

2.1.1 Passive components & resistors

The resistor is a component that is used to create a stable current ow throughout

a circuit, it may also be used to reduce or divide voltage. An application can be
the creation of a T-attenuator that would make use of three SMD resistors in a
con guration to achieve a desired attenuation. Another application would be a
resistor on a bias line to a transistor or right before a transistor for stabilization.
Passive components can be designed as an SMD component that are suitable for
dimension-wise small applications such as RF applications. SMD size ranges from
0.4mm x 0.2 mm as the smallest to 7.4mm x 5.1 mm as the largest. To remember
these di erent sizes, they have been associated with chip package types. The smallest
0.4mm x 0.2mm is called a 01005 while the largest is called 2920. See table 2.1 for
some but not all sizes.
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Chip package type | Dimensions (mm)
01005 0.4x0.2

015015 0.38 x 0.38

0201 0.6 x0.3

0402 1.0x0.5

0603 1.5x0.8

1210 3.2x25

Table 2.1: Dierent sizes of SMD components and their associated chip package
type.

2.1.2 Composition of a SMD resistor

SMD resistors utilize thin or thick Im technology as seen as (2) in gure 2.1, each
o ering distinct advantages based on their application in terms of frequency and
power handling. Thin Im resistors exhibit lower parasitic inductance and capaci-
tance, making them well-suited for higher-frequency applications [8][2]. Conversely,
thick Im resistors excel in power handling and provide a broader range of resistance
values. The thickness di erence between these two Im types can be substantial,
sometimes exceeding a factor of 1000.

A fundamental SMD resistor comprises four essential elements, often composed of
various materials to achieve desired properties.

" A substrate
Resistive element
Terminal
Coating

The substrate material, commonly alumina-based or ceramic, plays a critical role.
Selection depends on speci ¢ properties such as thermal handling capabilities. The
resistive element, typically an alloy, bridges the two ends of the SMD component.
Commonly used metals include nickel and chromium. The terminal facilitates elec-
trical connection to the circuit. The terminal's design may be of several layers or
single layered see (3) and (4) in gure 2.1. The coating protects the resistor from
environmental factors and mechanical stress. The overall resistance of an SMD re-
sistor primarily hinges on the resistive element, which can be accurately determined
using equation 2.1.

L
R= — 2.1
A (2.1)
Where = 1 is the resistivity of the material with the conductivity  being the

inverse of , L is the length of the material and A is the cross sectional area. By
rearranging terms, a desired resistivity can be calculated in order to achieve a re-
sistance of the SMD component with a certain Im size. This is explained in the
method section to pre-determine the resistance value of a 3D model of a resistor in
Ansys.

6



2. Theory

2.1.3 Parasitics in a SMD resistor

An ideal resistor, when represented on a Smith chart, would consistently occupy
a single point along the real gamma axis, regardless of frequency. The precise
location of this point depends on the reference impedangg and the load impedance
Z, . The load impedance comprises both a real part (resistance) and an imaginary
part (reactance). Refer to Table 2.2 for a comprehensive list of elements and their
associated resistance/reactance characteristics.

At lower frequencies, the impact of reactance such as that introduced by par-
asitic e ects from transmission lines remains negligible. However, as frequency
increases, this e ect becomes more pronounced. The speci ¢ shift of the point as
caused by a reactance load depends on the dominant parasitic at that frequency
range. For instance, an inductive reactance in series would shift the point upward
and to the right, tracing along a constant resistance circle.

Figure 2.2 illustrates the parasitics arising from the composition of an SMD resis-
tor. On a transmission line, capacitive reactance emerges due to the space between
the conductor and the ground plane. Within this region lies the substrate, which
signi cantly in uences the relative permittivity ".. The e ects of varying ", on
transmission line parasitics are well-documented by Pozar here [3]. Additionally, a
di erence in voltage across the two resistor terminals introduces another capacitance
(depicted as the capacitor on the blue substrate in the gure 2.2).

Metals within the resistor contribute to inductive parasitics due to self-inductance.
Self-inductance arises from the current owing through the metal, generating a
magnetic eld and associated magnetic ux. As this ux changes with current
variations, Lenz's law dictates the introduction of self-inductance, see [11] for a
more detailed explanation.

Element | Impedance
R ZL =R

L ZL=jIL
C Z =1/j!C

Table 2.2: List of passive elements and corresponding impedance equation.
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Figure 2.2: Simple 2D sketch of a SMD resistor with parasitics indicated

2.1.4 The diculty of accurate modeling

There are two signi cant methods for modeling passive components: equivalent
circuit models and 3D electromagnetic structures. In certain cases, these methods
complement each other, as exempli ed in this project.

3D Modeling:

Accurate Representation : 3D modeling involves precisely depicting the
composition, materials, and dimensions of the specic passive component.
When the structure is faithfully replicated, this method stands out as the most
accurate. It accounts for e ects such as shielding, coupling, and interactions
with the environment.

Complexity and Accuracy : By capturing intricate details, 3D model-
ing provides a comprehensive understanding of the component's behavior.
However, it demands computational resources and expertise in full wave EM
simualation tools or other numerical techniques.

Circuit Modeling:

Equation-Based Approach : Circuit modeling relies on equations and sim-
pli es the design process. Design engineers nd it more accessible due to its
reduced simulation time.

Scalability and Optimization  : With scalability, adjusting various con gu-
rations such as substrate properties, resistor values, and solder pad dimen-
sions becomes as straightforward as pressing a button. Consequently, opti-
mization e orts are streamlined.

The challenge lies in accurately translating all contributing factors from a 3D struc-
ture into a circuit schematic. As frequency increases, even subtle contributions
become signi cant. Designers must carefully account for parasitics and and factors
that might a ect the reliability of the results.
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Extracting the values for an equivalent circuit eventually requires an S-parameter
le, obtained either through real measurements with a Vector Network Analyzer
(VNA) or from an EM simulation featuring accurately constructed components. In
any case, the equivalent circuit model is unable to accommodate e ects like shield-
ing, coupling, and interactions with components and lines. Typically, a microwave
designer begins by simulating at the circuit level and concludes with 3D simulations
to validate circuit performance and lastly adjust/tune parameters. This design ap-
proach is e ective, as it allows relatively fast attainment of desired results with
scalable models, followed by verifying EM simulations with minimal iterations. It
is therefore important to include both variants in the modelling. Referring to the
previous example of the T-attenuator, one can e ciently optimize various con gu-
ration types to quickly achieve the desired attenuation through a well made scalable
circuit model which can be veri ed with a 3D simulation.

The largest uncertainties lies within the 3D models as they require accurately depict-
ing the composition, materials, and dimensions of the speci ¢ passive component.
If the structure is correctly replicated, this is by far the most accurate method as
it accounts for e ects such as shielding, coupling and interactions with the environ-
ment. However, the composition of passive SMD components are IP (Intellectual
property), this limit the publicly available information regarding materials and di-
mensions which is necessary for accuracy. In this sense the publicly available infor-
mation found online is small and the topic unexplored. A SMD 50 Ohm resistor
from two di erent manufacturers will to the naked eye look almost identical with
the rectangle body and two terminations on each side see gure 1.1 afi@d. These
might however have very di erent performance due to e.g. di erent internal struc-
ture, dimensions and materials of the resistive Im and metal termination, see gure
2.1 for an example of this. Simply looking at these resistors will not reveal anything
except for the dimensions of the body.

Due to the ambiguity that comes from competition between manufacturers with their
IP, only speculations can be made regarding what is contributing to these parasitics
which is what we are looking to capture in our 3D models to accurately predict
how a resistor will behave. To verify or deny speculations, several simulations will
be performed to rule out what is and is not a deciding factor in the performance
of a resistor. A deciding factor in this context is a factor that deviates the results
signi cantly.



2. Theory

2.2 Equivalent Circuit Model

A SMD resistor can be considered a-network as shown in gure 2.3 (b). Expanding

on this general network, the EC model is made to include the capacitanCGg which,
when the resistor is divided in to two symmetrical halves, represents the capacitance
due to the voltage di erence across the two resistor portsC, are capacitances that
occur because of the conductor and the ground plane on each side of the substrate
as seen in gure 2.2.C4 is assumed to be the same on both sides of the resistor, this
assumptions is further explored in subsection 2.2.1 but is nevertheless valid in a 3D
simulation that is made to be symmetric. The Y-parameter matrix of this circuit
can be seenin 2.2.

Figure 2.3: (a) Simple -network representation of the 3D model resistor, (b) A
general -network. Colored boxes are used to clarify what part in (b) represents the
same part in (a) but expanded on.

WCp+ mrjar +1!IC g (Rejur * IWChp)

+JjwCp)  JWCp+ grur +i'C g

Y = (2.2)

1
(R+jWL
The imaginary and real part of the matrix elements are separated to achieve the
following matrix.

R H L R H L
y = W it (Cp ?g* R r07) Rww * " (rezrez Cip) (2.3)
vz i (e G mewer 1 (Cot Cot momiore)

The equations 2.7 -2.9 can then be used to extract the corresponding component
values. See section 2.2.2.2 for the extracted equations. If R is unknown it can be
calculated from S-parameters using equation 2.4.

1+ S(1;1)

R=50 - >~
0 7 S(1;1)

(2.4)
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Figure 2.4: (a) Simple -network representation of the 3D model resistor without
Cp, (b) A general -network.

This model in lower frequency will represent a resistor well which will be shown in
the result section. When the frequency increases this model is no longer adequate
because the parasitics due to the solder pads will start to have a notable contribu-
tion to the reactance as is shown in the model comparison in the result section.

Another model can be seen in gure 2.4. This model omits the shunt capacit@,
and is a model that proposed in the paper here [12] published by IEEE. The values
of C4, R and L will for this method be calculated through di erent means. This
other method distinguishesCy which the previous model does not.

By keeping Y; and Y, separate and treating them individually, one can calculate
these through the use of S-parameters or ABCD-parameters. See the following
equations 2.10 - 2.12

When this is done one can look at the imaginary part or the reactance @f, to Zs
after a Y to Z conversion to identify if the reactance are inductive or capacitive. This
will reveal if the reactance of both capacitors to ground are equal or not and can
hence improve the accuracy. Testing this method on S-parameters gathered from a
3D simulation shows that the quotient of the reactance between these two capacitors
when measuring a 0201 resistor is very small. The down-side of this method is that
C, and L are indistinguishable i.e. Information is lost because the total reactance of
Y3 is considered. This will not a ect results at low frequencies but as the frequency
increases the contributing parasitiaC, may increase and hence inaccuracy increases
due to C, not being considered in the model. A clear impact while testing is that
the S,; parameter showed less losses than what was simulated using a 3D model,
including C, resolves this issue which is shown in the result section.
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Figure 2.5: Quotient of the inverse reactance of; and Y,. Measured using a 0201
3D model. A di erence can be observed although it is very small.

The di erence in accuracy between the two models will be presented in the result
section and then discussed further.

2.2.1 Improving the equivalent circuit model

Solder pads are small exposed transmission lines where the SMD component will be
soldered onto, see gure 2.6.

By including transmission lines in the EC model, e ects associated with transmission
lines such as loss and parasitics can be accounted for which will yield better accuracy.
This will be shown in the result section.

Figure 2.6: An image of a PCB created in Ansys with Co-planar waveguide as
transmission line. A part of it is highlighted as orange to show the exposed part of
the transmission line also called the solder pad where the resistor is soldered on.

In Figure 2.7 a second order network is presented. This model introduces trans-
mission lines that are approximated as the inductadc . and further improved with

12



2. Theory

the addition of capacitorsCry. , this addition of capacitors improves the bandwidth
of which this approximation is valid. Note that this approximation is valid for elec-
trically short transmission lines. This is due to a Taylor approximation that is used
to simplify with the condition that | << 1 where | is the electrical length. See
Appendix A.1 for the derivation of this approximation.

Figure 2.7: Second order network representation of the KOA resistor. Note the
two new networks on the sides that are approximations of a transmission line.
This was applied to both models that was earlier presented. This gure only shows
one of the models.
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2. Theory

2.2.2 Extracting parameters

The parameters can be categorized into two distinct groups: intrinsic parameters and
extrinsic parameters. In this context, intrinsic parameters refer to those associated
with the internal characteristics of a system, while extrinsic parameters pertain to
external factors. Refer to Figure 2.8 for further clari cation.

Within the red and blue boxes in the gure, these parameters can be independently
extracted from each other. Alternatively, a more complex approach involves com-
bining the ABCD matrices of three individual networks. However, this results in
a 2x2 matrix containing eight unknowns, or six ifCy, and C4 can be considered
equal due to symmetry. Instead of pursuing this intricate method, the option of
separately extracting these parameters was explored. Remarkably, this approach
demonstrated improved accuracy, as evidenced in Figure 4.12.

Figure 2.8: Second order -network representation of a resistor with indicated
extrinsic and intrinsic parts of the model.

Figure 2.9: Second order -network representation of a resistor with indicated
extrinsic and intrinsic parts of the models.
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2. Theory

2.2.2.1 Extrinsic Parameters

The extrinsic parameters are shown in equation 2.5 and 2.6.

Zo |
Lrve = ? (2.5)

|
CrmL = 27 o (2-6)

Where Z, represents the characteristic impedance of the microstrip, and cor-
responds to the electrical length. Speci cally, denotes the imaginary part of the
propagation constant, also known as the phase constant, whileepresents the phys-
ical length of the microstrip. Additionally, ! stands for the angular frequency.
Notably, these extrinsic parameters can be extracted independently from the intrin-
sic part, which is the resistor itself. This property allows for the inclusion of scalable

parameters in the model. For instance, consider the solder pads to which this resis-

tor would be attached. By treating them as separate entities, it avoids the need for
extensive matrix algebra when incorporating transmission lines. Consequently, this
approach streamlines the analysis process.
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2.2.2.2 Intrinsic parameters

The intrinsic parameters include the ones in the blue box in gure 2.8 of the rst
model and 2.9 for the second model. For the rst model, these were derived from
the matrix seen in equation 2.3 and shown in equation 2.72?. Note that there

is no equation for R which is intentional. The value R is pre-determined. If it is
unknown it can easily be extracted from the5(1; 1) value at DC using equation 2.4.
Note that if a resistor is simulated in a two port and the second port has a certain
impedance, it is necessary to remove this impedance from the calculation of R as
S(1; 1) will include this quantity. As an example, if the second port is 50 Ohm and
the resistor itself is 50 ohm then the Smith chart will show the resistor at DC having

a value of 100 ohm.

R 1
L = R2 — 2.7
Re(Yll) W ( )
L Im (Y12)
C, = 2.8
P R2+ (wL)? w (2.8)
Im (Yll) L
= —= e e 2.
C W Co R2 +(wL)? (2.9)
For the second model the equations are, as derived in the article [12]
D 1
A 1
Y, = 5 (2.11)
Y3 = 1 (2.12)
3 - B .

Where A,B,C,D are ABCD-parameters that can be calculated using S-parameters.
WhenY; - Y3 are calculated they will need to be identi ed as capacitive or inductive
depending on the negative or positive susceptance and if they are in shunt or in
series.
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3

Methods: How to create reliable
models

This section will introduce the methods with the purpose to construct accurate

models for frequencies reaching up to 42 GHz. The approach for obtaining 3D,
equivalent circuit, and scalable equivalent circuit models will be explained and dis-
cussed in detail.

3.1 3D EM Simulations

3.1.1 HFSS Setup

It is well known that 3D EM simulations are the most accurate tool for microwave
computer simulations. However, that is only true if the simulation represents a
reality based environment with good meshing, excitation and analysis setup. Figure
3.1 illustrates the simulation environment designed for simplicity to minimize the
need for ne meshing, resulting in quicker simulations. The table below the gure
consists of pad dimensions as well as substrate properties.

Figure 3.1: 3D Environment on which the 3D model of a resistor is placed. The
dark green part is the substrate with a ground plane conductor placed underneath
(orange) and a microstrip conductor above (light green). The exposed orange metal
parts are the solder pads. An airbox can be observed with a size that yields accurate
and quick simulations with wave ports placed on each side.
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3. Methods: How to create reliable models

0402 / 0201 (All dimensions in mm)
Pad length Pad gap | Pad width
0.42/0.31 0.44/0.3| 0.53/0.33
Port width & length Hsup o
6 x Pad width
10 x Pad length 0.1016 3.66

Table 3.1: Dimensions of crucial parameters required to recreate the simulation
environment. Note that absence of a "/" sign imply that both 0402 and 0201 share
the given dimension.

The pads are designed according to Ericsson standards and since they use the same
dimensions, it is therefore not of interest to create models that are scalable with pad
size. The port size was chosen within the Ansys recommendations interval [13] and
some investigations. It was found that the dimensions in the table was suitable as
they yielded convergence to the correct port impedance and avoided excitation of
unwanted modes.

3.1.2 Modelling the resistor in general

The challenge in modeling resistors lies in the limited information provided by man-
ufacturers regarding materials and dimensions. Typically, only exterior dimensions
are disclosed, i.e. what one can see with the naked eye, while details about the
interior, such as the resistive Im, are lacking.

The rst part of the modelling is therefore to model the resistor with all the informa-
tion that is given from the datasheet and for the unknown parameters, reasonable
assumptions will initially be made and later their dimensions will be varied with sev-
eral steps in order to understand what parameters actually a ects the performance.
If an unknown parameter is crucial for the parasitic e ect, then this dimension must
somehow be known or at least reasonably assumed.

Achieving a resistance of 50 ohm for instance can involve various combinations of
material resistivity, width, length, and thickness according to equation 2.1. As-
sume that the 50 ohm resistor have some speci ed known dimensions, by doubling
the thickness and halving the width, the resistance should in theory remain 50 ohm.
The production techniques employed by manufacturers to achieve desired resistances
are undisclosed. However, technigues such as x-ray analysis or comparing measured
resistors with 3D models provides insights into these parameters.

The main unknowns are the width and thickness of the resistive Im, while the
length can be assumed to be the distance between the two terminals since it needs
ohmic contact. A 50 ohm resistor will be created with di erent width and thickness
combinations in order to understand what parameter actually a ects the parasitics
of the component. Exploring di erent materials and soldering geometries is also
crucial.

In this project, only a 50 Ohm resistor was available for measurement and three
di erent resistors was x-rayed.
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3. Methods: How to create reliable models

3.1.2.1 Modelling the resistor in detail

The image in 3.2 shows the soldering from an Ericsson board with a 0603 component,
the solder thickness between the metal trace and the component are usually the same
regardless if it is a 0603 or 0402 component as intended by Ericsson.

Figure 3.2: Cross section of a 0603 resistor with the solder structure clearly rep-
resented [14]

Three dierent SMD resistors with di erent sizes and resistances were x-rayed.
These resistors are not from the same manufacturer as the one being modelled,
however it can still provide some insight om the Im dimension. From gure 3.3
the Im width can be seen as well as some cuts in the Im which are most likely
made to trim the resistance to the exact value due to imperfect precision from the
manufacturing. From the images it can be measured that the Im width occupies
67%, 75% and 59% respectively from the leftmost to rightmost resistor.

Figure 3.3: X-ray of three di erent SMD resistors. (a) 499 Ohm, size 1206. (b) 82
Ohm, size 0402, (c) 18 Ohm, size 0603. [14]

After carefully considering the datasheet, material information fronX (koa) and x-
ray images from Ericsson, the following 3D structure could be designed (motivation
of resistive Im dimensions will be explained in depth in the results and discussion).
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3. Methods: How to create reliable models

Figure 3.4. Cross section of a 0603 resistor with the solder structure clearly rep-
resented

3.2 Measurements with Ikaros board

Using a test board, a TRL (Through-Re ect-Line) calibration was performed to
achieve accurate de-embedding. A similar environment to the test board was then
replicated in Ansys, which involved matching the number of layers, their dimensions,
and the relative permittivity ( ;) of the substrates that form the coplanar waveguide
of the board. The length of the coplanar waveguide is designed to be2 at 35
GHz, meaning that at this frequency and at 0 GHz, the line is a multiple of. In
these cases, calibration does not work due to the transmission line's length being
signi cantly smaller than the wavelength, causing the transmission line's e ects to
be disregarded. Consequently, the frequency sweep was limited to the range of 2-35
GHz, with the results expected to be least accurate at the upper and lower bounds
of this range.
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