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Resumo

Pesquisas em Engenharia de Software estão evoluindo na analise sócio-técnica e métodos
de pesquisa para tratar desafios na indústria. Outros setores de tecnologia que não ap-
resentam tantos trabalhos neste assunto, como circuitos integrados, podem se beneficiar
destes estudos. Este trabalho é um caso de estudo para identificar desafios nos proces-
sos de entrega entre as disciplinas digital e analógico em projetos de sinais mistos em
uma design house específica, considerando perspectivas técnicas e sociais. Nós realizamos
17 entrevistas semi-estruturadas e examinamos os documentos de processos disponíveis,
analizando o dado com Teoria Fundamentada Socio-Técnica. Nós mapeamos 14 constru-
tos, 13 proposições e duas explicações para identificar estes desafios enfrentados por times
de sinais mistos. Este estudo contribui para a discussão de aspectos sociais em trabalho
científicos sobre Semicondutores e apresenta uma lista de possíveis desafios nas entregas
no contexto da empresa focada. As causas raiz propostas são os processos de especificação
incipientes no contexto de times multidisciplinares e a falta de práticas relacionadas à co-
laboração em times cross-functional. Estudos sobre Engenharia de Requisitos e DevOps
proporcionam reflexões para definir implicações para melhorias na organização.

Palavras-chave: circuitos integrados, teoria fundamentada, cross funcional, sociotécnico,
sinais mistos, entrevista semi-estruturada, devops, requisitos
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Abstract

Research on Software Engineering is evolving in the socio-technical analysis and research
methods to address the challenges in the industry. Other technology sectors that do not
present much research on this topic, like integrated circuits, could benefit from those stud-
ies. This work is a case study to identify challenges in delivery processes on mixed-signal
projects at a specific design house, considering both technical and social perspectives.
We performed 17 semi-structured interviews and examined the available process docu-
ments. We analyzed the data using Socio-Technical Grounded Theory. We mapped 14
constructs, 13 propositions, and two explanations to identify those challenges faced by
mixed-signal teams. This study discusses the social aspects of Semiconductor’s research,
and we propose a list of possible delivery challenges in the context of the focal company.
The suggested root causes of challenges in mixed signal projects are the incipient processes
specification and the lack of practices related to collaboration in cross-functional teams.
Requirement Engineering and DevOps studies provide insights into the organization’s
implications for improvement.

Keywords: integrated circuits, grounded theory, cross-functional teams, socio-technical,
mixed-signal projects, semi-structured interview, devops, requirement Engineering
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Chapter 1

Introduction

Software Engineering researchers introduced social aspects in their analysis for a holistic
diagnosis of challenges presented in the industry. This socio-technical perspective is not
present in studies of other technology sectors, which could further improve the precision
of proposed solutions. Semiconductors’ system design is one of those sectors that could
benefit from existing Software studies adopting this approach.

The semiconductor industry has been in constant growth since the invention of the
transistor, and its technology is present in practically all electronic products [3]. Auto-
motive, aerospace, communication, computing and other industries depend on chips to
build their products, and those businesses were substantially affected by the 2021 world-
wide chip shortage [4]. Integrated Circuits (ICs) are no longer just a group of electronic
components but systems inserted into multiple broad and complex contexts.

Electronic circuits are electrical systems with the purpose of processing signals. The
integrated circuit technology can implement such systems on silicon chips composed of
billions of electronic devices in millimetric areas [5]. Microelectronics evolution resulted in
density and performance increases along with cost reduction, enabling solutions at multi-
ple sectors [3].Complex circuit projects require mapping customer needs and developing,
verifying, and validating software models abstracting circuits. Thus, these circuit projects
have workflow similar to Software projects.

The complexity of chip projects causes many challenges to delivery in the expected
scope, budget, and time. Often in the industry and academic forums, we discuss the
integration of Intellectual Properties (IPs) from multiple providers/vendors, different cir-
cuit topologies, advanced nodes complexity, distinct power and clock domains, restrictive
accuracy or consumption, robustness across Power, Voltage, and Temperature (PVT)
variations, and similar challenges. In this study, those represent the technical aspects
of IC development. It is common to associate these elements as the root cause of project
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delivery problems, such as solution incompatibility, schedule delays, and overall high de-
velopment costs.

Technical challenges comprehend most research regarding integrated circuits. How-
ever, a broader view is required for more effective solutions, as can be seen in Software
systems where both technological and social aspects enable a complete analysis [6]. This
rationale leverages a deeper understanding of system projects and related variables, im-
proving their success rate. Social aspects like collaboration, coordination and formation of
individuals can ponder the analysis of socio-technical phenomenons [1]. In this study, the
social aspects considered are the relationship between members through organizational
structures while human aspects and values are not contemplated.

An effective team dynamic [7] together with well-suited processes increase the chances
of delivery under the expected cost, scope, and time. Software Engineering scientific
studies are broadening their scope from technical to Social-Technical systems [6] because
neglecting social aspects of these projects, interwoven with technical ones, make an in-
complete investigation and understanding [1]. The same approach can benefit IC studies
once projects from both sectors present similarities.

IC Design Houses (DHs) typically receive customer requirements to develop and verify
the circuit design at a defined technology for manufacture in a Foundry, sometimes for
specific applications or market-oriented. DHs may also perform or enable validation of
physical circuits besides taking care of logistics if specified by contract. This supply chain
levelled the industry to increase its competency and promoted the development of more
complex systems.

The design teams are responsible for modelling circuits in different levels of abstrac-
tion, ranging from behavioural to layout, to improve simulation speed [8] and cope with
complexity [9]. The engineers responsible for that modelling are usually specialists in one
of the two disciplines of integrated circuits: analog or digital. Chips can be of either type
or mixed-signal when both are present on a single system.

Mixed-signal projects require deliveries from team members of different technical
knowledge. Digital and analog experts work together towards a shared goal while man-
aging the specificities of each discipline and integrating work products from both areas.
This team configuration seems to be equivalent to the concept of cross-functional teams
[7, 10, 11, 12, 13] which was used in this study to analyze mixed-signal IC teams.

Cross-functional teams in multiple sectors present similar challenges. Some are related
to functional affiliation problems [7] where discipline tasks are considered more important
compared to the product itself and assist a lack of product and context knowledge among
experts [11]. Others are enabled by functional deference [7], which increases the distance
between disciplines, reducing common interdisciplinary understanding (or shared under-
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standing), clarity of responsibility, and communication or feedback channels [11]. As a
result, mixed-signal teams may suffer from similar challenges.

1.1 Objective
This research is a case study [14] of a single IC Design House (DH) intending to map the
challenges occurring in delivery processes between two technical disciplines, digital and
analog. Semi-structured interviews and company documents analysis allowed the authors
to collect unstructured data, and we use Socio-Technical Grounded Theory [1] to analyze
the data.

The following research questions guided the study:

• RQ1: Which challenges are present in delivery processes of mixed-signal project in
Digital Houses ?

• RQ2: Why did the delivery challenges between disciplines on the target DH occur?

The focal organization of this study is a small private Semiconductor IC DH with 50
employees and two technical groups: design and validation. The design group has digital
and analog departments with a pre-silicon focus, mainly acting before manufacture. The
validation group has a post-silicon focus, performing tests on physical chips.

A total of 17 interviews were made, along with an analysis of available documents
regarding the company processes. The results are composed of 14 constructs and 13
propositions discovered, leading to 2 explanations defined by the authors: a lack of shared
vision between disciplines and incipient specification processes.

1.2 Contributions
The main contributions of this work are:

• Analysis of IC design delivery problems from a social-technical perspective;

• A list of delivery challenges between digital and analog disciplines of the focal DH
and implications for it;

• A demonstration of the suitability of cross-functional concepts to increase the liter-
ature available for discussions regarding mixed-signal teams;

This work presents in Section 2 the related works and concepts used as background for
the study. Section 3.3.2 describes the company’s context and the methodology adopted

3



while Section 4.3 presents the results found during execution. Section 5.4 contains an
analysis of those results to answer research questions, lists the practical implications
for the organization and academia, and discloses limitations that bound the authors’
conclusion in Section 6.
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Chapter 2

Background and related works

The research requires an understanding of the company context and a theory basis formu-
lated with related works and concepts used throughout this work. This section presents
those topics to clarify the background of the research and illustrate the chip life cycle
considered.

The author did not perform an in-depth initial literature review regarding teams, prod-
uct life cycle and related works to avoid bias, as recommended by the Classic/Glaserian
Grounded Theory [2]. The referenced studies below helped the coding refinement iteration
and do not represent an extensive analysis of those topics.

2.1 Grounded Theory
The Grounded Theory caused a significant impact in sociology research by proposing the
application of qualitative methods through data collection techniques to emerge theories
from discovered concepts [1]. The creation of variants of the original methodology hap-
pened over the years, but some core features are present throughout them. Some of those
features are described below based on Stol et al [2].

Literature review in the Grounded Theory context has an interesting trade-off: it pro-
vides background and sensitivity regarding the object of study, but it may create bias on
the emerging theory. Authors should limited exposure to literature: avoid a thor-
ough review of existing literature to promote open-mindedness, avoid confirmation bias,
and prevent using existing concepts and theories. This concern does not mean avoid-
ing literature research but must be timed and treated correctly to reduce the undesired
influence.

Grounded Theory proposes qualitative methods to develop the theory [1], but this does
not mean that researchers may only use qualitative data during the study. The researcher
should treat everything as data: use all available resources to extract information,
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which includes quantitative and qualitative data in any format (text, image, structured,
unstructured and others). Other works using GT show the use of interviews [7, 15, 16,
17], formal observation and workshop [7, 15], code and project tracking metrics [16],
performance indicators for statistical analysis [15], and emails [16].

Theory and author mature along the execution of the research, so immediate and
continuous data analysis is relevant to achieve better results. An iterative approach
of simultaneously collecting and analysing data enables collection adjustments to increase
its effectiveness. Continuous analysis encourages a deep dive into each new information
and improves the authors’ understanding of the object of study. The immediate analysis
is also relevant to keep the context close to the obtained data.

The simultaneous data collection and analysis gradually increment the theory under
construction and broadens the understanding of the study target. Throughout the re-
search execution, authors may detect gaps in the planned methodology that compromise
the generalization of the results. Theoretical sampling is the iterative identification
and exploration of those gaps to improve the robustness of emerging theory.

The data analysis objective in Grounded Theory is to discover concepts related to the
object of study. Codes are terms or expressions relevant to the GT target and represent
those concepts. Codes have a relationship with other codes and can be part of a broader
concept, which is called a category. Coding is the extraction of those analytical codes
and theoretical categories from collected data to structure the emerging theory without
considering any codes from previous works.

The data collection can be done by multiple means once "all is data" as stated by
Glaser [2]. However, authors often have personal thoughts during collection and analysis
that should be considered while building the theory. Memoing is the act of taking
notes throughout the method execution to aid coding and evidentiate theory gaps that
theoretical sampling must address.

Each collected data should not be considered alone. Constant comparison of data,
memos, codes, and categories is required to evolve coding with a holistic approach. The
objective of constant comparison is to adjust concepts until all data collected ’fit’ the
emerging theory. This approach is similar to manual data mining performed by the
researcher.

The theory keeps evolving while data collection and analysis are executed and im-
proved. During the initial steps of the method, the theory might suffer drastic changes
because acquired information is bound to be novel in the study context. As the research
continues, the probability of new information drops and emerging theory changes are
subtle. This point is the theoretical saturation where emerging theory is mature and
does not present significant changes with new data. The saturation indicates the theory
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conclusion, and the researcher can stop the method.

2.2 Grounded Theory main variations
Multiple variations derived from the original Grounded Theory approach created adap-
tations with different philosophical backgrounds and considerations. However, not all
studies use GT correctly or explain the variation and adaptions used in the methodol-
ogy [2, 1]. Authors are encouraged to know existing variations and guidelines for more
effective usage of the method.

The main strands of GT are: Classic/Glaserian, Strauss-Corbin and Constructivist
[2]. While all of them follow the common characteristics mentioned in Section 2.1, each
has adaptations and characteristics that slightly change the method behaviour. A brief
description of each variant is presented below based on Stol et al. and illustrated in Table
2.1.

2.2.1 Classic/Glaserian GT

The Classic or Glaserian version of GT has an Objectivist philosophical influence and
defends that there is a single and correct description of reality that must be discovered.
The research should start within an area of interest, but specific research questions should
emerge along the execution of the method to avoid forcing the direction of the theory.

The literature review should be limited and delayed until theory starts to emerge.
The initial study can consult works from other areas to increase the theoretical sensitivity
of the researcher, otherwise, authors should restrict themselves to avoid influences from
previously existing concepts.

The resulting theory should fit the obtained information (codes and categories are
adequate for all collected data) and work (it explains or predicts the analysed phenomena).
The theory must also be relevant for the study area and modifiable if new data appears.

2.2.2 Strauss-Corbin GT

The Strauss-Corbin version of GT has a pragmatic and symbolic interactionist philosoph-
ical influence and defends the construction depending on reflexive interactions between
actors and the world. The research can start with broad open-ended research questions
and even from some initial literature review.

The author can consult literature throughout the project as a secondary data source
to provide concepts and ideas to the emerging theory and increase theoretical sensitivity.
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Other studies can also aid the formulation of questions for data collection and analysis
and provide suggestions for areas relevant to theoretical sampling.

Predefined criteria evaluate the resulting theory to check its suitability. Corbin &
Strauss [18] bring a list of considerations that should be used to check the performed
research quality. Those points are listed below.

1. Fit: How well the findings fit professionals’ and participants’ experience

2. Applicability: How well findings support predictions and decisions

3. Concepts: How meaningful, dense and flexible are the findings

4. Contextualization of concepts: How clear is the context of the findings

5. Logic: How reasonable and clear the findings and methodological decisions are

6. Depth: How rich and complete the detailed description of the found concepts are

7. Variation: How generic the findings are for application out of the studies scope

8. Creativity: How novel and flexible the findings are

9. Sensitivity: How clear the researchers drove results based on participants and data

10. Evidence of memos: How evident memos created throughout the research are

2.2.3 Constructivist GT

The Constructivist version of GT has a social constructivism philosophical influence [2].
It defends that individual and collective actions construct reality, and observers are not
neutral. The research starts by defining initial research questions, which evolve during
execution.

The author should not avoid literature review in the early stages but must tailor it to
fit the study’s purpose. The planned tailoring must simultaneously avoid concept creation
bias and increase author sensitivity to the object of study’s area.

The resulting theory is valid if it is credible, original, reasonable and useful. Credibility
is related to theoretical saturation and instigates the author to evaluate if enough data
supports the findings. Originality, reasonability and usefulness considerations are similar
to Strauss-Corbin’s creativity, logic and applicability criteria.

2.3 Socio-Technical Grounded Theory
Traditional GT originated from sociology and, for proper usage in a software engineering
context, requires adaptations and guidelines to improve the effectiveness and avoid bad us-
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Table 2.1: Summarized comparison of key differences between 3 main strands of Grounded
Theory based on Stol at al. [2].

Element Classic/Glaserian Strauss-Corbin Constructivist

Philosophical
influence

Objectivism Pragmatic & symbolic
interactionism

Constructivism

Research
questions

Undefined at start,
discovered during the
project execution

Broad and open-ended
at project start

Define at start, refined
during the project
execution

Literature
review

Limited until theory
starts to emerge

During execution as a
secondary data source

Tailor to fit study’s
purpose since start

Evaluation Fit the obtained data,
work, relevant and
modifiable

Predefined criteria to
check suitability

Credible, original,
reasonable and useful

age of the methodology. That resulted in the Social-Technical Grounded Theory (STGT)
[1], another variation of the original approach. This alternative method is illustrated in
Figure 2.1.

STGT is divided into Basic and Advanced stages. The first stage comprises a lean
literature review and basic Data Collection and Analysis (DCA) for preliminary results.
This is done to discover emerging concepts and categories, along with the formulation of
an initial hypothesis [1].

The last stage of STGT has the objective of collecting from target data sources and
types to improve theory incrementally (Theoretical sampling) until it becomes robust
and does not change much with new data (Theoretical saturation). Depending on the
initial study outcomes, it can be performed either through an emerging or structured
mode. Emerging mode is used for a broad phenomenon that presented no clear structure
after the Basic stage, while Structural Mode is used for narrower phenomena with clear
categories and some theoretical structure already visible after the first stage [1].

STGT Emerging mode requires Targeted DCA to fill gaps and strengthen categories
before theory building. After saturation, Theoretical Structuring must be performed to
identify the most fitting theory genre or map emergent theoretical structure into pre-
existent templates [1].

STGT Structural mode requires Structured DCA where structured coding and con-
stant comparison are performed to guide the theory refinement. Finally, Theoretical
Integration will guarantee everything is connected and "makes sense", making clear what
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Figure 2.1: Socio-Technical Grounded Theory method (from [1]).

the theory is about and what phenomenon is captured and explained [1].

2.4 Integrated Circuit Design House
The Integrated Circuit rising complexity and manufacturing process cost instigated the
industry to restructure, dividing circuit design and fabrication into separate organizations
[3]. The "fabless" business model represented by organizations called Design Houses out-
sources all manufacturing of ICs to specialized factories known as Foundries, similar to a
software development company outsourcing product operations using cloud platforms.

Mixed-signal circuit design workflow differs among organizations and even between
projects inside the same Design House. The major steps comprise the definition of spec-
ifications to generate requirements for digital frontend and analog designer experts that
will develop a functional model in the form of software in Hardware Description Language
(HDL) or circuit schematics. This model is used as a base by digital backend and analog
layout experts to generate a physical model, which is integrated and verified by top-level
designers before sending a final layout to the Foundry for manufacturing. This flow is
depicted at Figure 2.2.

IC projects require consistency between models to be continuously verified [9] but
mixed-signal projects, as seen in Figure 2.2, have the additional challenge of integrating
models from both disciplines in the project. This interdisciplinarity indicates that tools
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Figure 2.2: Simplified workflow of a mixed-signal project at Design Houses.

and methodology are required [9] as well as interpersonal considerations related to the
interaction of experts from different specialities.

An unstructured literature search for electronic circuit scientific works related to team
interaction and mixed-signal processes provided insights for workflow analysis on such
projects. Three databases were used (Scopus, Springer Link and IEEEXplore) with mul-
tiple search strings initially containing terms like "mixed-signal", "challenges", "team",
"process", "workflow" and "methodology". No work discussing such points was found and
it was decided to use studies from the software engineering community to obtain more
information.

2.5 Organizational team structures
Organizational team structure depicts how the teams, department units, and other orga-
nizational entities, are organized, as well as how they relate to each other, implying the
lines of communication and hierarchies [19]. According to Conway‘s law [20] "Organiza-
tions which design systems ... are constrained to produce designs which are copies of the
communication structures of these organizations".

The effective execution of company processes requires a compatible organizational
structure, which in the context of software is the differentiation and integration of op-
erations activities among development and operations groups [21]. Considering Software
teams, we can observe 4 common structures: siloed departments, classical DevOps, plat-
form teams and cross-functional teams. This is not a comprehensive analysis but the
ones considered for nomenclature purposes only during refinement iterations of coding
described in Chapter 4.3.

Siloed Departments organizational structure, illustrated at Figure 2.3, presents a clear
separation of developers and infrastructure operators [21]. Their roles are well-defined and
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differentiated, with each department guided by its own interests. Developers have mini-
mal awareness regarding production and often neglect non-functional requirements, while
operators have low influence in the development process. This type of structure invests in
tool adoption instead of communication and collaboration among teams. Those companies
show limited DevOps initiatives and reduced probability of high delivery performance.

Product  
 
 
 
 

Dept. of
Discipline 2

 
 
 
 
 

Dept. of 
Discipline 1

tools

create

interactions with

Figure 2.3: Simplified representation of Siloed Departments organizational structure.

Classical DevOps organizational structure, illustrated at Figure 2.4, focus on the col-
laboration between developers and infrastructure team [21]. Roles are well-defined and
conflicts still remain, but the culture of collaboration reduces task responsibility conflicts
and promotes discussion about non-functional requirements across the entire team. How-
ever, operators present high levels of stress and must have coding skills. Once alignment of
different departments is necessary and very complex, high delivery performance is limited
in this type of team.

Product Experts of
Discipline 2 
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direct 
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ate

Figure 2.4: Simplified representation of DevOps organizational structure

Platform Teams organizational structure, illustrated in Figure 2.5, has an infrastruc-
ture team as developers of a highly automated infrastructure services platform to allow
deployment by developers (their clients) [21]. Communication is usually limited to solving
incidents, and the product team becomes fully accountable for non-functional require-
ments. Each project often has particular requirements, and infrastructure team members
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are usually present in the team. This cloud-like approach promotes a high delivery per-
formance but is only suitable for larger companies.
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Figure 2.5: Simplified representation of Platform Teams organizational structure.

Cross-functional organizational structure, illustrated at Figure 2.6, brings the idea
of self-contained independent teams with no clear division among members [21]. It is
challenging to guarantee team has all the necessary skills, and the independence of each
team may lead to misalignment between them. However, they do not show the idleness
of specialists once they are not responsible only for their field. This structure is present
in smaller companies and does not provide a strong relationship with high delivery per-
formance. We will detail cross-functional teams because of their similarities with DHs
context.

Self-contained 
team 

 
 
 
 
 

Product
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persistent across projects

create
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Figure 2.6: Simplified representation of Cross-Functional organizational structure.

2.6 Cross-functional teams
Cross-functional teams (also known as multidisciplinary, interdisciplinary, or complemen-
tary teams) are considered groups of experts across different disciplines of knowledge that
work together for a common goal. This type of team is present in multiple sectors like soft-
ware [7], aerospace [10], automotive [11], biochemical [12] and health [13]. This concept
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seems compatible with mixed-signal IC teams, so the unstructured literature search was
refined by adding to the search string the terms "cross-functional" and synonyms. Still,
no study discussing this topic in the context of the circuit was found, requiring further
analysis to explore the extent of such compatibility.

Cross-functional teams can be classified according to the Organizational Impact Model
created by Fuller and Kruchten [7] using 4 categories: Functional deference, Primary
affiliation, Horizon of Interest and Alignment with expectations. Derived categories from
them are Team cohesion and Product ownership. Those categories help to define if the
team is closer to an Assembly of experts of a True (multidisciplinary) team.

Functional deference is the respectful distance an individual keep from the activities
of another expert. When a team member limits its contribution to their particular com-
petency and only focuses on "its job" ignoring the "job of the others", we have strong
deference. This hard separation of disciplines or functional groups weakens team cohesion
because professionals are not encouraged to fully express what they think and reduce
product ownership [7].

Primary affiliation is the individual sense of belonging of the professional towards the
function or project team. Strong affiliation to the functional department instead of the
team encourages the expert to follow department preferences or approaches instead of
what the rest of the team considers best for the project. This compromises team cohesion
and product ownership [7].

Horizon of interest is how far in the future experts see themselves as part of the team.
The organisational model with functional departments and frequent project reassignment
along with inadequate Product Planning processes can shorten the horizon if they fail to
make an intrinsic connection of members to the product. This results in a lack of con-
cern about the product’s success and low attention to long-term plans, reducing product
ownership [7].

Alignment with expectations is how close the managers’ perception is to the actual
product ownership felt by experts. The Assembly of Experts configuration (strong func-
tional deference, function primary affiliation and short horizon of interest) tends to make
professionals less concerned to discuss team structure and scope limitations. This can
make managers have a false perception that the team ownership is higher than it is [7].

The Organizational Impact Model have synergy with the challenges in cross-functional
teams collected by Liebel et. al. [11]. People-related concerns include poor communica-
tion and feedback channels, as well as unclear responsibilities and unconnected abstraction
levels used by different members. Knowledge-related concerns include a lack of under-
stating regarding the product, context, and common interdisciplinary aspects, besides
insufficient resources for maintaining requirements. Such challenges are compatible with
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low team cohesion and product ownership categories.
The delivery challenges in the focal company should be also compatible with categories

of the Organizational Impact Model if mixed-signal IC teams can indeed be classified as
cross-functional teams. The compatibility of concepts can be verified by raising challenges
reported by experts but also by comparing workflow similarities with sectors that are
proven to have such interdisciplinary teams.

2.7 Software and IC life cycles
Software development teams can be analysed using the cross-functional concept [7] and
parallels between software and IC life cycles help to understand if this concept applies to
circuits context and which are possible adaptations required to allow this analysis. The
life cycle of an integrated circuit product has four cycles: global planning, IC design, pro-
totyping, and IC production [3]. In contrast, software engineering’s fundamental activities
are specification, development, validation, and evolution [22].

The IC global planning defines initial requirements, general project decisions, and
estimations [3], very similar to the software specification fundamental activity [22]. The
scope of such requirements in both sectors is usually a system that can be divided into
parts to cope with complexity, using different abstraction levels for each and integrating
those parts to form the expected product.

The IC design will refine technical decisions and develop a software abstraction of
the circuit represented by a design database to be sent to a Foundry [3], similar to
software design, development, validation, and evolution fundamental activities without
considering the operational processes [22]. This is probably the most distinct aspect of
the sectors, once the operational activities in Semiconductors usually require high-cost
time-consuming manufacturing processes that are not easily fixed or patched compared
to software.

The prototyping and IC production is the fabrication and validation of the physical
circuit [3], similar to the same software fundamental activities related to IC design but
now exclusively related to operational processes [22]. The high cost and low capability of
refactoring on IC (called ECO) limit the iterative approach at this maturity level, which
has similarities with the software counterpart but in a more extreme spectrum.

The flow similarities between software project lifecycle and circuit design lifecycle
seem to indicate that the cross-functional team concept could be used to analyse IC
teams. Other factors may influence such compatibility but are not further analysed in
this study. Both team characteristics and process parallels are considered enough to allow
the discussion of chip design teams using cross-functional teams’ concepts.
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2.8 Related Works
The analysis of different types of actors to evaluate the interactions at a given moment at
an institution, even using cross-functional concepts as a basis, is not something new. The
unstructured literature search performed was not able to map studies about that in the
context of integrated circuits, but multiple results from Software Engineering were found
and used as references.

Fuller and Kruchten [7] is one of the main references of this study and it identifies or-
ganisational conditions that impact cross-functional teams’ deep collective understanding
for better product development and decision making. The Organizational Impact Model
that characterizes such teams was developed using Constructivist (Chamaz) Grounded
Theory to analyze 18 teams across 7 software companies. The research also shows that
team efficiency is reduced if cohesion and product ownership are weak.

López-Fernández et al. [15] characterized DevOps team structures with a multiple case
study using Charmaz’s Grounded Theory. A total of 31 multinational software-intensive
companies were interviewed, generating DevOps team taxonomies. It was concluded that
patterns that presented silos (functional department or cultural separation), low autonomy
(dependencies that block progression) and not very frequent communication presented low
product ownership and reduced delivery efficiency. Both methodology and results have
parallels when analysing integration challenges and are compatible with Organizational
Impact Model categories.

Layman et al. [16] analyzed success factors on globally-distributed eXtreme Program-
ming (XP) teams with a case study using Glaser’s Grounded Theory. It showed that the
constant and quick communication between developers and customers, as well as con-
tinuous access to process and product information, allowed success even with informal
communication and constant requirement changes. The concepts of team cohesion and
product ownership appear in the paper as well and provides another example of team
analysis that can be associated with Organizational Impact Model categories.

Hoda and Murugesan [17] bring the perspective of self-organizing teams to discuss
challenges on multiple levels: project, team, individual and task. It used Glaser and
Strauss’s Grounded Theory on 21 participants from 6 software companies and 8 manage-
ments challenges were discovered: delayed and changing requirements, senior management
sponsorship, achieving cross-functionality, effective estimations, asserting autonomy, self-
assignment, lack of assignment criteria and task dependency. A methodology for such
identification and challenges reported brings interesting insights to this research.
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Chapter 3

Methodology

A diagnosis considering both social and technical aspects often requires evaluation of
qualitative data. Reproducibility is also fundamental to validate and repeat the proposed
process in other contexts. In this section, the theoretical foundation of the methodology
and its steps is further explained.

3.1 Methodology justification
The intent of mapping "which challenges are present in the delivery process" (RQ1) and
"why did the delivery challenges" occur (RQ2) is a suitable scenario for a case study. It
is a type of applied research whose goal is to mainly identify "how" or "why" something is
currently the way it is, with no intention of modifying it during the investigation [14, 23].

Information will be obtained mainly from the experience of team experts of the insti-
tution, which can be done by semi-structured interviews. It is an interview method with
a defined protocol [24] using predetermined questions that do not necessarily need to be
answered. Their purpose is to guide the conversation, reducing the experience required
from the interviewer.

Semi-structured interviews generate non-structured data, which we analyse using Grounded
Theory (GT). It is a methodology of qualitative research to derive theories based on con-
cepts discovered from the systematic analysis of non-structured data [18]. Theories are
very suitable for case studies [25] and have been used often in the Software Engineering
context because of the increasingly relevant and intertwined social aspects presented by
such systems [1]. It is worth noticing that theoretical saturation will not be achieved
in this study because only a single organization participates in the research.
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3.2 Focal organization
The target organization of this study is a small private Semiconductor Design House with
50 employees. The Sales sector has a marketing and business view, prospects projects, and
collects initial specifications from stakeholders. The Technical sector focuses on project
execution and comprises three groups: digital, analog, and hardware specialists.

Digital and analog groups are responsible for their respective disciplines before man-
ufacturing the chip, and they require strong interaction for successful integration. The
hardware specialists receive the physical circuit and validate that the behaviour matches
the design intent.

Projects start with the Sales sector sending the specification from the client to the
Technical sector in the format of a slide presentation. The assigned project manager and
leading designers analyse the received document(s) and create an initial plan of tasks,
schedule, and stakeholders. Ongoing and to-do activities are recorded and monitored
with a project management tool with a process closer to a traditional methodology.

The organization has documented standard processes, a valuable source of information
about how it operates. There is no defined quality management team, and the project
manager usually handles assurance, monitoring, and control activities in ad hoc manner.

The digital and analog disciplines separate specialists according to their expertise. The
relationship between them is friendly, but each has its processes, tools, and managers. The
company started as a pure analog IC company, and afterwards, a digital team was created
to respond to project demands. The analog team was around four times bigger than the
digital team during the execution of this research.

The expected relationship between the technical disciplines of the organization is on
mixed-signal projects where the analog discipline acts as the central team, and the dig-
ital discipline provides support circuits to be integrated. This analog-on-top approach
is the standard scenario at the company, and analog members iteratively refine require-
ments from the initial specification given by the client. Informal channels are the form of
communication, but tickets in the project management software register most demands
besides information checks.

3.3 Methodology description
The methodology adopted in this work is illustrated in Figure 3.1. The basic stage dedi-
cates to a deeper understanding of GT and interview protocols while performing the first
data collection and analysis on documents and initial semi-structured interviews. The
advanced stage targeted the study to cross-functional teams while doing interviews with
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selected team members and confronting the views from each discipline to build a list of
integration challenges.

Figure 3.1: Methodology workflow of this research

3.3.1 Data Collection

Four sources are available for data collection: the standard processes documents, man-
agers, digital designers, and analog designers. After each interview or document, a sum-
mary with personal comments was recorded (memoing), followed by a mandatory analysis
to generate some draft results (iterative analysis).

The process documents are valuable for understanding the project flow regarding digi-
tal and analog integration in a company. The data collection of project-related documents
aims to list all standardized interactions and risks at the Digital-Analog interface. It is
worth noticing that those documents did not provide information regarding mixed-signal
activities during the execution of data collection, which caused adaptations in our method-
ology for a deeper analysis of other sources.

The employees are the primary data sources, and the semi-structured interview pro-
cess was the focus of theoretical sampling. After the first interviews, more analog layout
specialists and managers were included because of low initial representativeness and avail-
ability during the execution.

Managers and designers were invited by email to participate in individual online
recorded interviews. If agreed, the recording was transcribed while removing identifi-
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able information and the text was stored on a page with ID, data, focus (digital, analog,
or management) and additional employee data as in excerpt 1 (data unrelated to any
participant).

GT excerpt 1

Interview 00 - Digital 00 (13/01/2023)
Genre: Female
Age: 33
Experience: 5 years
Time in company: 3 years

<transcribed and treated text>

3.3.2 Data Analysis

The theoretical sampling of data is done iteratively and refined at each collection using
memos and diagrams. The iterations are performed first by brainstorming to define a
coding of the raw data (open coding), followed by determining the relationship between
concepts (axial coding) [18]. During Advanced Stage, the structure described by Sjoberg
et al. [25] was used while following STGT guidelines [1].

The first analysis made on each treated interview transcript is a brainstorming to
open up it as much as possible to explore all potential information from it. Initially, the
text is fully read, highlighting interesting parts and creating side notes with the author’s
thoughts. This is exemplified in the translated excerpt 2.

GT excerpt 2

The main problem with specification is that the information usually comes at the last
minute and ends up creating a hurry to run the entire flow. The big problem has
been the relationship timing between teams. [...] blocks that we asked for are not
complex, and the big problem is those requirements at the last minute.
Author: Commonly, the client is not sure about spec on project start. Everything pass-
ing first by analog designers delays even more
Author: Team members are not synchronized

The brainstorm results incremented coding done on previous iterations. New and
repeated codes are contrasted using the strategies of comparison flip-flop technique and
draw upon personal experience [18]. The resulting constructs [25] were organized each on
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a page, grouping concepts and snippets of interviews. An example of constructs from one
perspective is excerpt 3 and a construct page content in excerpt 4.

GT excerpt 3

Manager perspective constructs
Top-level
Specification
Deliveries
Planning
Cross-functional
Late Actions
Project challenges

GT excerpt 4

Manager focus - Specification

Unclear requirements
* 01 - Manager 01 <interview snippet 1 >
* 01 - Manager 01 <interview snippet 2 >
* 08 - Manager 02 <interview snippet 3 >

Expectation alignment (what, how and why)
* 01 - Manager 01 <interview snippet 1 >

A second step is to crosscut and establish relations with the concepts brainstormed
to put data back together [18]. It results in a more structured mapping of causes and
consequences, done in parallel with the definition of the constructs. Visual sketches were
the main form of recording and improving the relationship between concepts, helping to
refine constructs and define propositions [25] relating them. Figure 3.2 shows an example
of those intermediary diagrams.

The interview schedule tried to concentrate conversations with employees with similar
focuses (digital, analog, and management) as much as possible to perform a "deep dive"
in each area. Initially, digital experts were interviewed, followed by analog and man-
agers. Constructs and propositions were created for each focus to create three distinct
perspectives confronted to achieve the final coding of this work.

The last analysis step is to interpret the constructs and propositions to formulate
explanations. With a scope well defined, this represents the list of main integration
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Figure 3.2: Draft of constructs and propositions

challenges generated [25]. The discovered concepts can be illustrated in a diagram to
identify the delivery challenges and related factors. The formulated explanations define a
possible root cause for the challenges found during the interviews.
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Chapter 4

Results

The data collection and analysis performed provided information about the distinctive
scenario of the company. In this section, the results that provided the constructs and
propositions are described, followed by the achieved conceptual diagram and explanations
based on them. Supplementary material like complete anonymized interview transcrip-
tions and code book can be found in annexe or at the public repository1.

4.1 Collected information
The organization’s process standards contain a description of the entire project flow ex-
pected in a very high level of abstraction, with separated guidelines for each discipline
flow. No document provided information related to technical team interactions, includ-
ing integrating Digital-Analog subsystems or mixed-signal simulations. There is a strong
division of specialists regarding their function and no requirement-related activities exist
considering this source.

The interviewee group was composed of five (5) managers and six (6) designers of
each discipline (a total of 17). The author made the managers’ selection according to
their availability, while managers recommended designers according to their experience
on mixed-signal projects. The snippets below were translated by the authors once the
original interviews were made in Portuguese. The untranslated text of each snippet can
be found at Annex I.

The interviews were the main source of information regarding the delivery interactions,
mainly for system integration, because of the lack of information about this aspect in the
documents. The interviewees’ data at Table 4.1 shows that digital designers are older
and have more experience, both in academy and industry, compared to analog designers.

1https://github.com/tpvidigal/ICDeliveryChallenges.git
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However, it is also noticeable that analog designers work in the company longer than
digital designers.

Table 4.1: Interview participants information

Info Focus Min Max Mean Median

Age
(years)

Digital 31 38 35,0 35,5
Analog 29 34 30,5 29,5
Manager 30 45 37,0 36,5
Total 29 45 34,2 33

Sector
(years)

Digital 6 14 8,5 7,5
Analog 2 10 6,5 7
Manager 9 20 14 13
Total 2 20 9,4 8

Company
(years)

Digital 0,5 4 2,7 3
Analog 1 8 4,6 4,4
Manager 4,3 12 7,3 6,8
Total 0,5 12 4,7 4,3

Academy

Focus Bachelor Master Doctor Pos-Doc
Digital 2 4 0 0
Analog 4 2 0 0
Manager 0 4 1 0
Total 6 10 1 0

The interviews showed deliveries from one discipline to another are known and con-
sistent among designers and managers even if they are not documented. The reported
exchanges between disciplines are related to requirements (specification, block symbol,
diagrams), abstracts, models (Verilog, schematics) and layouts.

Translated interview snippet 1

08 - Manager 02: "There are four deliveries: symbol, abstract, schematic and layout."

The reported general flow is consistent between interviewees, but interaction proce-
dures present slight divergences mainly related to hand-off (versioning and how the arte-
fact is delivered or received). Those known exchanges usually occur in an ad hoc manner
with no clear process for obtaining deliveries.
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Translated interview snippet 2

05 - Digital 04: "I also had to get a file from them, but was confusing where to get it
and which version of that file was"

There seems to be an overall lack of knowledge regarding the work products generated
by the other discipline. The reports about a lack of information on requests (unclear
requirements) and verified deliveries that don’t work in the other discipline’s environment
(compilation, DRC or LVS errors) evidence it, with the latter being the most discussed
problem throughout the interviews.

Translated interview snippet 3

01 - Manager 01: "Because they say ’I know this must be done’, ’I know too’, ’I know
too’, but I think it’s missing the formalization of that"

Translated interview snippet 4

15 - Analog 04: "Sometimes happen to receive digital blocks and, while performing
verification using analog tools or opening layout, DRC problems appear"

Not all interaction processes have the same maturity level once delivery issues are
often related to requirements, models or layout. The abstract interactions are the most
evolved ones with issues related to port name changes, disregard of digital metal tracks,
and port properties misusage, indicating some disconnection between disciplines.

Translated interview snippet 5

02 - Digital 01: "We evolved significantly on the geometric front... The functional
and electrical parts are the bottleneck."

The analog and top-level designers use an initial specification from the client to define
an overall architecture, refine requirements, and start implementation. Digital discipline
and analog layout activities start only when the project is more mature while require-
ments continue to be refined.
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Translated interview snippet 6

03 - Digital 02: "Digital entered much later, started already in dire straits with a very
closed specification"

Close to the project’s end, digital models and layout are integrated and verified with
the analog modules. It caused several schedule delays in the past, mainly late system-level
verification activities and layout activities that required integration of digital layout.

Translated interview snippet 7

16 - Analog 05: "Many times digital deadline was almost the same as the project
deadline, generating excessive work close to the delivery, pulling all-nighters"

Multiple interviewees explained some distance between digital and analog disciplines,
calling each other different teams even at the same project. Examples of that were in-
termediated communication between disciplines through managers, considering digital
deliveries as closed unmodifiable IPs and possible cultural baggage of the company.

Translated interview snippet 8

01 - Manager 01: "Interface is ... where it reaches the part that you don’t know (’I
know up to here, I’m working on this room’) and the same on the other side, other
room... Both stop looking a little before and left a gap"

Translated interview snippet 9

05 - Digital 04: "I saw a lot of analog people defining and digital people just follow...
Can be just a matter of project flow... Maybe much of the culture from before having
a digital team, outsourcing a service"

Translated interview snippet 10

10 - Manager 03: "Regarding digital, usually is created a request to them. I don’t
have penetration on digital team, I don’t discuss how digital is made"
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Translated interview snippet 11

16 - Analog 05: "Many times communication is done with manager as intermediate
because he has a vision of both sides. Unlikely both teams talk to each other..."

The first questions of the interview were related to previous and current projects that
the interviewee worked on. All designers clearly stated their functions and the name of the
projects they participated in. Throughout most interviews, almost no details regarding
the developed product were commented with only a few participants, mainly managers
and analog designers, giving some insights about them. Layout designers of the analog
discipline and digital discipline members especially stated the lack of understanding of
the entire system or context of the final product.

Translated interview snippet 12

11 - Analog 02: "The lack of top vision gets in the way of the project as a whole.
If designers don’t know the purpose of its block or with whom the block will talk,
understanding gets hard "

It is interesting to notice that each group had clear priorities on different aspects of the
processes and problems. Digital designers were more concerned with the informality (lack
of guidelines or templates) and the incomplete, unclear or unsynchronized requirements
(primarily related to the interface).

Translated interview snippet 13

04 - Digital 03: "The analog team deliveries are fast but are too verbal.. we often
miss track of things."

Translated interview snippet 14

07 - Digital 06: "There were things different between abstract and RTL, like port
names. Was changed in one place and not changed in another, those changes were
not informed."

Analog designers highlighted process topics, mainly the previously mentioned late
digital and mixed activities, along with deliveries that work at digital flow and fail at
analog flow. An additional concern was the confusing participation of digital discipline,
with changing individuals and unclear responsibilities of digital designers.
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Translated interview snippet 15

09 - Analog 01: "The AMS part too (digital talking with analog), we ended up having
only verification on the last days."

Translated interview snippet 16

11 - Analog 02: "It wasn’t known if digital would be able to do if another person
would do... time passes, no one in digital could so have to do the model by myself"

Managers discussed the unclarity and mutability of requirements, even causing rework
towards the project end and losing track of information. The lack of synergy between
teams was also reported, when communication was good, as stated by designers as well,
but not frequent enough or not considering solid points and challenges of the other disci-
pline.

Translated interview snippet 17

12 - Manager 04: "We bring and refine requirements while analog part is being de-
signed... But sometimes goes in a hurry and analog designers only give an idea of
what they need (later improving it), even being able of creating a formal specification,
more detailed"

Translated interview snippet 18

13 - Manager 05: "Sometimes I see one team suffers for a long time to do something
extremely easy to the other team... This lack of visibility of one side or another ends
causing this."

4.2 Coding iterations
The author performed data analysis simultaneously with data collection. The processing
of interview transcripts followed the methodology described in Section 3.3.2 to generate
multiple coding versions presented in the annexe. This section explains how the coding
iterations happened and some of the intermediate results obtained.
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4.2.1 Method testing iteration

The first iteration’s objective was to test and adjust the proposed data collection and
analysis. A manager volunteered to be interviewed and discuss the process adequacy and
result quality. The author performed the interview and transcripted it.

The author read the first interview’s transcription while highlighting interesting words
or phrases from the conversation. Side notes recorded memos with author reflections or
post-interview discussions. Figure 4.1 shows part of the highlighted and annotated tran-
script of the first interview (in Portuguese).

Figure 4.1: Snippet of highlighted and annotated transcript of the first interview

The author chose a word or expression (the code) for each highlighted snippet to
represent its main concept. Document pages recorded each code individually with the
corresponding text extract, a summarized interpretation of the author and memos as side
notes. Codes with existing pages receive additional highlights when related to the latter,
which caused "stronger" concepts to have longer pages. Figure 4.2 shows part of the
code "Discipline Visions" with interview snippets showing the importance of shared vision
between disciplines for specification (partially in Portuguese).

Figure 4.2: Snippet of a code with interpretation and interview parts at the first iteration

Finally, the author created the diagram in Figure 4.3 to record the relationship ob-
served between the initial codes proposed. This visual memo forced the code refinement
and helped the result review with the manager.
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Figure 4.3: Diagram to record code relationship observed at the first iteration
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4.2.2 Digital perspective iteration

The second iteration’s objective was to capture the delivery issues from the digital dis-
cipline’s perspective. The author repeated the same steps of Iteration 1 for all selected
digital designers of the organization. Table 4.2 describes the codes obtained at the itera-
tion’s end.

Table 4.2: Code book of the digital perspective at Iteration 2

Codes
Abstraction levels (delivery views related to IC)
Functional (IC behaviour abstraction view)
Electrical (IC netlist and schematics abstraction view)
Geometrical (IC layout abstraction view)
Disciplines (group of people with specific expertise)
Digital (discipline of digital specialists)
Analog (discipline of analog specialists)
Mixed (discipline of mixed-signal specialists)
Extra-chip (discipline of physical chip specialists)
Problems (factors that caused delivery issues)
Informality (non-standardization related problems)
Late action (late interactions or verification problems)
Versioning (traceability and update-related problems)
Information (documentation and team sync related problems)
Process (workflow-related problems)
Interface (system ports related problems)
Requirement (specification related problems)
Resources (IT-related problems)
Negative Impacts (consequences of problems)

The codes above enabled the authors to create a preliminary analysis of the main
delivery concerns from the digital perspective. This memo recorded lists the positive and
negative points, as well as the author’s understanding of the main issues and respective
consequences. Both codebook and memo would be used for the perspectives comparison.

Digital experts reported the following problems:

• Silo-like structure: Strong boundaries separating disciplines, with minimum in-
teraction between them;

• Top-level obscurity: The system-level activities are centralized at analog, with a
distance of digital experts;

• Unconsolidated interface: Initial definition usually doesn’t have digital interac-
tion and unannounced changes occur on both sides (mainly port name);
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• Bad port attributes: Ports sometimes come with the wrong property (e.g. source
instead of signal) and position not following digital tracks;

• Loose specification: Requirements and design decisions are not well specified or
recorded, with misaligned expectations;

• Informality: Processes, mainly hand-off, are undocumented and unclear in most
cases, creating risks.

4.2.3 Analog perspective iteration

The third iteration’s objective was to capture the delivery issues from the analog disci-
pline’s perspective. The author repeated the same steps of Iteration 2, and Table 4.3
describes the codes obtained at the iteration’s end.

Table 4.3: Code book of the analog perspective at Iteration 3

Codes
Top-level (uncertainties related to the system as a whole)
Deliveries (unclear spec and bugs from digital)
Planning (short-time planning, lack of proper follow-up)
Process (lack refinement, unclear procedures)
Cross-functional (constant exchanges, misalignments)
Late action (late integration and top-level activities)
Project challenges (tight schedule, mixed-signal, spec change)
Negative impact (stress, extra hours, bugs in system)

Analog experts reported the following problems:

• Bad deliveries: Digital work products with errors at the analog flow (DRC, LVS,
port order divergences) or unwarned changes (port name, pin position);

• Incomplete specification: Incomplete or unclear requirements are given to digital
experts, with no standard;

• Late digital: After the project start, takes a long time for interactions with the
digital team and digital deliveries are usually only at the project end;

• Top-level distance: From start to finish, the product vision decreases for most
designers, which focus on specific blocks;

• Recurring problems: Bugs and errors from past projects repeat, some checks
depend on someone remembering to do them and how;
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• Volatile team: Digital designers are commonly changed and activities end up hav-
ing unclear responsibility.

4.2.4 Management perspective iteration

The fourth iteration’s objective was to capture the delivery issues from the management
discipline’s perspective. The author repeated the same steps of Iteration 2, and Table 4.4
describes the codes obtained at the iteration’s end.

Table 4.4: Code book of the management perspective at Iteration 4

Codes
Top-level (lack of interest, unclear verification)
Deliveries (not well defined or ready for usage, versioning)
Planning (reaction-based, underestimations, processes)
Specification (misalignment, unclear, changes)
Cross-functional (lack shared vision, distance)
Late action (integration, planning, verif, digital delivery)
Project challenges (tight schedule, novelty, spec changes)
Negative impact (work overload, bugs, stress, cost)

Codes from the management perspective were almost identical to the analog per-
spective because of limitations explained in Chapter 5.4. However, reported concerns
presented a more significant difference. Managers reported the following problems:

• Unclear requests: Disciplines do not discuss thoroughly regarding their interac-
tions, leaving incomplete or unclear requests;

• Delivery validity: There is a gap in verification activities to avoid integration
issues on deliveries across disciplines;

• Reaction-based approach: Requirement changes are expected in every project,
but there is no clear procedure or planning to mitigate them;

• Late interactions: Interactions between disciplines only occur late in the flow;

• Low verification planning: System-level verification (functional and physical) is
not well planned and is misaligned between disciplines;

• Stale processes: Lack of continuous improvement on the processes, with new
approaches not being recorded or discussed.
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4.2.5 Confront of perspectives and refinement iterations

The last iterations objective was to create a unified coding by confronting codes and
problems found at each perspective. The author read memos and codebooks generated in
previous steps, mapping convergent, divergent and complementary concepts.

The last iteration’s objective was to refine constructs and propositions to clearly de-
scribe the delivery challenges identified. Discussions between authors, revisiting iteration
results and a targeted literature review provided input for this refinement. Table 4.5
summarizes the final conflict results regarding the delivery challenges reported by the
interviewees.

Multiple codes of the digital perspective from the second iteration mapped a much
broader view than the deliveries, and many of them were merged or removed from this
iteration’s coding. The author kept just essential concepts related to the organizational
structure and development process to give context for the delivery challenges.

The resulting codebook defined workflow and challenges identified from the interviews
considering the main concerns detected throughout all perspectives. They were refined
as constructs and propositions according to Sjoberg et al [25] approach. Authors created
conceptual diagrams to illustrate the discovered concepts, which aided the formulation of
explanations.

4.3 Coding Results
The problems and the codes collected from each perspective resulted, after multiple iter-
ations, in the constructs mapped at Table 4.6. Those constructs are workflow concepts
(designers, work products) and related issues (challenges, negative factors). The propo-
sitions listed in Table 4.7 show how workflow constructs chain with each other and how
issue constructs are related to them.

The constructs and propositions create a big picture, illustrated in Figure 4.4 that
does not follow the UML-based notation from Sjoberg et. al. [25]. The diagram was
adapted to simplify the visualization of found issues in the workflow context and allowed
the authors to elaborate on possible explanations for them.

The diagram in Figure 4.4 shows deliveries exchanged between disciplines have many
issues related to design processes (C11, C12, 13), but seem to be affected by poor speci-
fication process (C09, C10, C13, C14) and distance between disciplines (C07, C08, C11)
witch also affects specification. The authors propose that the explanation for such a
scenario is the lack of shared-vision of experts and incipient specification processes, as
detailed in Table 4.8.
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Table 4.5: Summary of final iteration of conflict of perspectives

Digital Analog Management Conflict analysis
silo-like
structure,
unconsolidated
interface

bad deliveries delivery validity,
reaction-based
approach,
late interactions

Convergence: strong boundary
between disciplines is reported
by all perspectives

silo-like
structure

bad deliveries,
volatile team

delivery
validity

Complementary: Unclear re-
sponsibilities of digital experts,
distant from the product and
analog experts

loose
specification

incomplete
specification

unclear
requests

Convergence: Unclear con-
straints between disciplines
and project requirements are
reported by all perspectives

informality bad deliveries reaction-based
approach,
low verification
planning

Complementary: Poorly
treated changes because of
low planning and no clear
guidelines for requirements

silo-like
structure

bad deliveries,
late digital

reaction-based
approach,
late
interactions

Complementary: Late interac-
tions between team members
are present, causing issues at
deliveries and not trying to
prevent problems

informality recurring
problems

reaction-based
approach,
low verification
planning,
stale processes

Complementary: Stale pro-
cesses because lessons learned
from previous projects are not
systematically treated to refine
company processes

unconsolidated
interface, bad
port attributes

incomplete
specification

delivery
validity

Convergence: Incompatibili-
ties at deliveries between disci-
plines were reported by all per-
spectives

top-level
obscurity

top-level
distance

Convergence: Narrow vision
is reported by most designers,
but not considered an issue for
most cases
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Table 4.6: Main concepts regarding delivery challenges between digital and analog experts
on the target IC Design House of the study case

Constructs
C01 Initial specification (Incomplete client needs)
C02 Digital Discipline (digital personnel and processes)
C03 Analog Discipline (analog personnel and processes)
C04 Top-level Designer (Mixed-signal model/verif, Integration)
C05 Project specification (Refined spec with constant changes)
C06 Delivery (product generated by technical work)
C07 Strong boundary (resistance for discipline interaction)
C08 Unclear responsibilities (volatile members, scope change)
C09 Unclear constraints (incomplete, informally defined)
C10 Poorly treated changes (no strategy, team misalignment)
C11 Late interaction (integration closer to project end)
C12 Stale processes (outdated, informal, reaction-based)
C13 Incompatibilities (at interface or validity across flows)
C14 Narrow vision (ignore product context and other disciplines)

Table 4.7: Relationships establishing workflow and issue associations between concepts of
delivery challenges at the focal company

Propositions
P01 Initial specification is refined into project specification
P02 Initial specification is usually centralized in analog discipline
P03 Analog discipline contains the top-level designers
P04 Top-level designers define and maintain project specification
P05 Disciplines exchange deliveries to each other
P06 Project specification usually suffers with unclear constraints
P07 Project specification usually suffer poorly treated changes
P08 Digital and Analog disciplines have a strong boundary
P09 Digital discipline members have unclear responsibilities
P10 Deliveries are used only in late integration activities
P11 Deliveries are usually bound by stale processes
P12 Deliveries present recurring incompatibilities
P13 Deliveries affected by narrow-vision of designers
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Figure 4.4: Conceptual diagram illustrating concepts and relationships regarding delivery
challenges in the focal company

Table 4.8: Explanations based on the concepts and relationships discovered on the study’s
scope

Explanations
E01 Lack of Shared-vision:

• Distance between experts of different disciplines
• Late integration activities
• Invalid deliveries between disciplines

E02 Incipient Specification processes:
• Distance between designers and product (client need)
• Unclear and unsynchronized specification
• Constant requirement changes but no mitigation strategy

Scope
The analysis is supposed to be applicable for the target Integrated
Circuit Design House that contains a cross-functional team composed
of analog and digital disciplines performing system integration to
develop mixed-signal systems with an analog-on-top approach.
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Chapter 5

Discussion

The obtained results allow further discussion of the study’s subject. In this chapter,
an analysis of the results deepens the interpretation of collected data using additional
literature to answer the research questions. A list of practical implications for both the
target organization and academia defines the possible consequences of this work, and a
list of limitations clarifies factors that may impact the validity of the results.

5.1 Results analysis
At IC projects, delays are often caused by underestimating interactive effects (unfeasi-
ble specifications detected late), changing requirements, and additional poorly defined
features [3]. The explanation resonates with the results found by the authors: the chal-
lenges in deliveries between digital and analog disciplines on the target DH
(RQ1) are the lack of shared vision across experts and incipient specification processes
to coordinate them.

The most-reported challenge was the barriers between specialists in different technical
areas: experts have little or no knowledge of activities in the other discipline, requests
are unclear, and delivery exchanges are often late and incompatible. Considering the
Organisational Model Impact [7], the strong boundary issue is similar to the category of
functional deference between team members. This distance also relates to the challenge
of achieving cross-functionality [17] and resembles the silo characteristic of low-efficiency
team patterns [15].

Interviewees, especially digital designers and analog layouters, repeatedly mentioned
the distance between team members and the top-level system. Analog designers also re-
ported that system-level specification and context are unknown or unclear even though
most projects in the organization are analog-on-top (as mentioned in Section 3.2). Consid-
ering the Organizational Model Impact [7], these concerns do not fit directly any category
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but contribute to a primary affiliation to function (not product) and a shorter perspective
(horizon of interest) of the product. This distance matches low-efficiency team patterns
[15] and does not provide continuous information availability that contributes to project
success [16].

The apparent functional deference and primary affiliation more inclined to function
instead of product characterize a low team cohesion, which was one of the main issues
reported by managers. Including the short horizon of interest presented by most intervie-
wees (with less emphasis on top-level designers) also indicates low product ownership, a
concern highlighted by one manager.

The delivery challenges indicate that the target organization presents a team structure
closer to an Assembly of Experts than a True Team due to low team cohesion and product
ownership. The complex nature of project companies hinders the diagnosis of the exact
causes for that. However, the root cause of the challenges regarding the interac-
tions between digital and analog disciplines (RQ2) seems strongly related to the
requirement activities and developed deliveries with a silo-like organizational structure.

System specification is a complex topic, and integrated circuits must consider client
needs, technological constraints, and conditions to be fulfilled. This concept is equivalent
to requirements in the Software context, and practices from Requirements Engineering
(RE) can bring improvements. RE is the interdisciplinary function that establishes and
maintains requirements [26] to manage related challenges in development [27].

RE divides into five activities: Elicitation, Analysis, Documentation, Validation, and
Management [28], sometimes merging Analysis and Documentation into Specification ac-
tivities [22]. Most problems reported are related to maintenance, communication and
track of the requirements, which is compatible with Management activities [26], but Val-
idation (confirmation requirements reflect needs) can also help to improve the quality of
deliveries between disciplines. Elicitation (systematic identification and record) and Spec-
ification (structured and expansion) were not extensively reported but must be mature
enough to support other activities.

Further analysis of the incipient specification processes of the evolving target orga-
nization is possible by creating parallels with software startups. We can analyze the
requirements processes of those organizations considering 6 dimensions: Requirement
artefacts, knowledge management, requirements-related roles, planning, technical debt,
and product quality [29]. Those dimensions present an expected progression according
to the institution’s growth and complexity increase of running projects, even though the
"maturity" of those factors is not a precondition for project success.

The interviews show that functional and non-functional requirements are recorded
in ad hoc manner and focus on the technical characteristics of the system, with man-
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agers and top-level designers having a side role of looking after the project specification.
This scenario indicates the organization has implementation-oriented requirement arte-
facts with semi-specific and multiple requirements-related roles [29]. The evaluation of
other dimensions is not possible with only the interview information.

The requirement dimensions evaluated indicate some possible turning points and con-
sequent changes expected by the company [29]. The increasing number of clients, remote
workers and employees can motivate the adoption of user-oriented requirement artefacts
to cope with those factors. Besides that, the growing number of features and products
might lead to the creation of specific requirement-related roles to manage the complexity.

Organizational structure is another complex topic affecting efficient exchanges between
team members. The separation of disciplines in silos and delivery issues found at the
target company has similarities with challenges addressed by DevOps [30]. This Software
approach addresses deliveries and cross-functional teams, providing insights to understand
the target DH’s delivery challenges. Notice that DevOps considers the entire software life
cycle while our considerations from its concepts to IC context are limited to the project
cycle. Operations of chips include its manufacture, which presents high costs and restricts
iterations at that level.

The major concepts regarding DevOps are process, people, delivery and runtime [30].
A process with frequent and reliable releases with short feedback increases product quality
alongside a culture of collaboration among the stakeholders. An automated deployment
pipeline bound deliveries and quality assessment throughout the project. Those ideas
do not always have specific implementation directives but guide companies to have more
horizontal and independent teams to increase customer satisfaction.

This study’s focal company disciplines present functional deference to each other,
each has its managers, silos are noticeable at a structural and cultural level, collaboration
is eventual, and autonomy is low. Considering DevOps classification [15], those points
indicate a low maturity level of the organization. Those points could be the target of
internal improvements in the organization, but it is worth noticing that "pure" DevOps
may not be the best option for every project, and specific types of projects may require
tailored bimodal approaches.

DevOps is an Agile approach for Software development, so it is considered to improve
team communication, release speed, and design flexibility [31], besides teamwork effective-
ness [32]. The constant collaboration and the broader perspective of members instigate
those teams to be self-organizing, one of Agile Manifesto’s principles [33]. Multiple in-
formal roles allow this self-organizing aspect, where managers abdicate some control to
focus on leadership aspects of facilitation and collaboration. Those roles are mentor,
coordinator, translator, champion, promoter and terminator.

40



The mentor role in self-organizing teams is responsible to guide and support members
during Agile implementation. The coordinator interacts closely with the team to coor-
dinate changes and priorities with customers. The translator bridges the language gap
between technical and business terminology. The champion conducive and advocates the
Agile adoption inside the company. The promoter supports customer, identify concerns
and solve misconceptions. The terminator identifies and engages with top management
to remove individuals hampering team productivity.

5.2 Implications for focal company
The delivery issues mapped during the interviews can be successfully analyzed using the
Organisational Model Impact [7], which reinforces the hypothesis that IC design teams
are cross-functional. Proven solutions and studies about this type of team could be used
in DHs to improve and understand challenges intrinsic to mixed-signal projects.

The effectiveness of cross-functional teams can be improved by unifying project goals
and promoting more communication between them, so members have their primary affil-
iation unambiguously to a product [7]. Product ownership must be clear and meaningful
to the team, so avoid member changes and allow their participation in product visioning
and planning.

Implication #1: Mixed-signal IC design teams at target DH can be considered cross-
functional. The DH should unify project goals, encourage frequent communication and
guarantee the sense of product ownership of the team.

The interviews showed that unclear and unsynchronized requirement changes com-
promise product ownership and deliveries. The currently adopted incipient specification
processes do not mitigate such challenges and make deliveries prone to problems. Re-
quirements Management is closely related to those topics [26] and can provide insight on
how to approach them.

Requirements management planning process defines how requirements will be identi-
fied, how changes will be treated, how traceability will be maintained and which tools will
support those activities [22]. Those definitions at the beginning of projects will encourage
product-level discussion and bring awareness to the maintenance of project and deliveries
specification. The company’s current evolution phase of requirement artefacts indicates
it could seek a more user-oriented approach by recording requirements at project man-
agement tool, considering personas and creating user stories to guide activities [29].
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Implication #2: Mixed-signal IC design team must focus on the product and be
aware of the system specification. The DH should implement a process of requirement
management planning for projects, recording user-oriented requirement artefacts at the
project management tool.

DevOps literature discusses delivery improvements on a cross-functional team. Prac-
tices that target better collaboration and exchanges between team members can be
adapted to the IC context to achieve similar benefits presented at more mature DevOps
companies [15]. A pilot team to work on a small-scale project is often proposed as a trial
to show top management Agile in practice [17]. Members open to trying Agile practices
should form this team, whose objective is to evangelize, mentor, help and establish a
DevOps culture in the organization.

Implication #3: DevOps practices target delivery challenges and promotes better
integration of team members. The DH should form a pilot team for a small mixed-signal
IC design project to evaluate Agile and start a collaboration culture in the company.

5.3 Implications for academia
The methodology and concepts presented in this paper are borrowed from Software studies
and applied to the electronics context. A thorough and systematic literature review would
provide a robust definition of the current status of research discussing teams, requirements
and processes in the IC context. However, the unstructured literature review performed
in this study and the scope of multiple Electronics scientific venues indicate that most
works are related to technical solutions.

The analysis used Software concepts, formations and characteristics to discuss the
organizational structure of the focal IC Design House. However, DHs have specific con-
cerns and elements because of particular project constraints, resulting in an unprecise
comparison. Organizational structures in the Semiconductors industry is a research topic
that would provide tools for a more solid basis for practice adaptations and comparisons
between Software and IC teams.

Implication #1: Software team practices and ideas can provide interesting insights
into Electronics. Researchers should map organizational structures in IC Design Houses
to allow better comparison and adaptation between those two areas.
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This study brought a very restricted definition of social aspects because of the com-
plexity they add to the analysis. This reduced scope was sufficient to obtain interesting
results and implications for the focal organization, showing they are a valuable resource
to broaden the investigation. Understanding and mapping relevant social aspects to di-
agnose complex projects enhance the change of proposing assertive solutions.

Implication #2: Software studies show that a socio-technical perspective allows
a deeper analysis of complex systems. Researchers should consider social aspects while
proposing solutions for complex IC projects.

5.4 Limitations
A digital designer conducted the interviews, which may have created unintentional bias.
A tentative approach to reduce this distortion was to perform the interviews in clusters:
process documents and digital discipline of the company were the first to be analyzed.
The remaining research was a total immersion in the analog discipline and managers,
resulting in partial results for each perspective of the subject that were confronted with
creating the final result.

The managers’ availability was a critical factor in the interviews. This restriction
caused interviews with managers to happen as soon as possible and affected the intended
cluster approach. The practical implication was that many interviews with managers
occurred between interviews with analog experts, which highly influenced codes from
both perspectives.

Four of the five managers interviewed have a technical background in the analog
discipline and previously acted as analog experts in the focal organization. This context
increased the overlap of the concepts identified from analog and management perspectives
already influenced because of the unclustered interviews between them.

The lack of literature on team interaction inside the Semiconductor industry, as ex-
plained in Chapter 2, can also cause generalization problems once the single sources of
information regarding digital and analog disciplines interaction were the interviews and
company documents of a single source. The analysis allowed the creation of parallels
with cross-functional teams studies, which give a theoretical foundation to critique the
particularity of the results from the target institution.
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Chapter 6

Conclusion

This study maps the delivery challenges between technical disciplines of the focal company.
The interaction points and related issues identification allowed us to diagnose a possible
root cause as the company’s incipient requirement engineering. The main consequences
are the lack of a shared vision and incipient specification processes, contributing to an
Assembly of Experts team formation.

The research contributes by considering social aspects to discuss Semiconductors sec-
tor challenges. Integrated circuits must be treated as Socio-Technical systems to avoid
incomplete analysis of issues faced by design projects, which technical solutions may not
solve entirely.

The study also compiled a list of challenges and a possible root cause that the organi-
zation can use to determine mitigation strategies. DevOps and Requirement Engineering
studies from the Software context are adequate references to guide improvement initia-
tives in the focal company. Tailored processes and implementation guidelines are out of
the scope of this paper.

Finally, this research demonstrates how mixed-signal IC design teams can be analyzed
using cross-functional teams literature. The concepts discovered from the interviews were
compatible with categories and challenges identified in this multidisciplinary context. This
realization broadens the sources available to study phenomenons in Design Houses and
allows more generalized results.

In future work, feedback collection from the participant company can improve the
relevance of the outcome [1] with a survey to validate the results. Not only that, an
Action Project [23] on the company using this case of study as the diagnosis result would
be an appropriate next step to promote changes at the company and learn from the results
[34]. Another possibility is to reproduce the methodology presented in this study at other
IC DHs to broaden the scope and achieve a theory about the subject.
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Annex I

Original interview snippets

Original interview text of snippet 1

08 - Manager 02: "Existem 4 entregas: simbolo, abstract, esquemático e layout."

Original interview text of snippet 2

05 - Digital 04: "Também tive que pegar um arquivo deles, mas ficou confuso onde
pegar e qual versão aquele arquivo era"

Original interview text of snippet 3

01 - Manager 01: "porque falam ’Eu sei que tem que fazer isso’, ’Eu também sei’, ’Eu
também sei’, mas eu acho que falta formalizar isso."

Original interview text of snippet 4

15 - Analog 04: "As vezes acontece de recebermos blocos digitais e, ao fazer a verifi-
cação usado ferramentas do analógico ou abrindo o layout, aparecem alguns problemas
de DRC"

Original interview text of snippet 5

02 - Digital 01: "floorplan e posicionamento de pinos (LEF/DEF), qual geometria
usar. Acho que avançamos significativamente nesse ponto... toda a parte de frontend
(funcional e elétrica) são os gargalos"
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Original interview text of snippet 6

03 - Digital 02: "Digital entrou bem depois, começou já com a corda no pescoço com
uma spec bem fechada."

Original interview text of snippet 7

16 - Analog 05: "Já aconteceu muito que o deadline do digital quase coincidia com o
deadline do projeto, gerando um trabalho muito excessivo perto da entrega, virando
noites"

Original interview text of snippet 8

01 - Manager 01: "Interface é... a parte onde chega o que você não sabe (’eu conheço
até aqui, tô trabalhando nessa sala’), e a mesma coisa do outro lado, na outra sala...
Os dois pararam de enxergar um pouco antes e ficou um buraco"

Original interview text of snippet 9

05 - Digital 04: "vi muito o pessoal do analógico definir e o pessoal do digital só segue.
... Pode ser só questão de fluxo de projeto, ainda mais que a Chipus começou como
empresa com foco analog, talvez seja uma herança disso... não que seja um problema,
é só uma característica. Talvez muito da cultura de antes de ter um time digital,
terceirizar um serviço"

Original interview text of snippet 10

10 - Manager 03: "Quanto ao digital, geralmente é feita uma encomenda a eles. Eu
não tenho penetração no time digital, eu não discuto como é feito o digital."

Original interview text of snippet 11

16 - Analog 05: "A comunicação várias vezes é feita com o gerente como intermedio
pois ele tem uma visão dos dois lados. Dificilmente as duas equipes se conversam..."
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Original interview text of snippet 12

11 - Analog 02: "A falta de visão de topo atrapalha o projeto como um todo. Se os
projetistas não sabem o motivo do seu bloco ou com quem o bloco vai conversar, isso
dificulta muito o entendimento"

Original interview text of snippet 13

04 - Digital 03: "As entregas do time analógico são rápidas, mas são muito vindas
do acordo verbal... Isso acaba causando muita troca boca-a-boca e quebra nosso
versionamento."

Original interview text of snippet 14

07 - Digital 06: "tinha coisas que estavam diferentes entre abstract e RTL, como os
nomes dos pinos. Trocava-se em um lugar e não trocava-se em outro, essas mudanças
não eram informadas."

Original interview text of snippet 15

09 - Analog 01: "A parte da AMS também (digital conversando com o analógico),
acabamos tendo só uma verificação nos ultimos dias"

Original interview text of snippet 16

11 - Analog 02: "não se sabia se o digital ia poder fazer, se outra pessoa ia fazer...
passava tempo, ninguem do digital podia, aí tinha que fazer o modelo por conta
própria"

Original interview text of snippet 17

12 - Manager 04: "Vamos levantando e refinando os requisitos a medida que a parte
analógica vai sendo projetado... Porém algumas vezes entra na correria e os projetistas
analógicos apenas passam uma ideia do que precisa ser feito (depois vai aprimorando),
mesmo sendo capaz de gerar uma especificação formal, mais detalhada"
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Original interview text of snippet 18

13 - Manager 05: "As vezes vejo que um time fica sofrendo fazendo algo que é ex-
tremamente simples para o outro time... Essa falta de visibilidade de um lado ou
outro acaba causando isso."
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Annex II

Interview script

II.1 Invitation e-mail (in Portuguese)
Ola, <nome> !

Sou <meu nome> e estou realizando uma pesquisa para meu mestrado. Você foi in-
dicado para participar de uma entrevista dado sua experiencia com projetos mixed-
signal na empresa, onde existe interações entre digital e analog com troca de entregas
entre disciplinas.

O objetivo da entrevista é mapear problemas de integração entre as disciplinas na
empresa. O benefício para a empresa é ganhar uma lista destes problemas classificados.
Para você, será um canal aberto onde poderá refletir seu trabalho em projetos mixed,
além de relatar a fim de reduzir a chance de ter que enfrentar esses problemas novamente
;)

Detalhando mais, iremos realizar uma entrevista semi-estruturada onde irei fazer
perguntas e você responde o que vier em mente. Não se preocupe em responder exatamente
o que perguntei, expresse o que mais ressoou em você, as perguntas são apenas para
instigar a conversa.

Para não interromper nossa conversa, a entrevista será gravada. Vale ressaltar que
essa gravação será usada para transcrever e resumir a conversa e imediatamente deletada
assim que for usada. Será restrito o acesso à apenas nós dois e o texto transcrito
será completamente descaracterizado (qualquer informação de projeto ou pessoal será
ocultado).

Caso aceite realizar a entrevista, peço que me responsa este email com as seguintes
informações: Conta Skype, Departamento, Anos na microeletrönica, Anos na empresa,
Sugestões de data e horário

Abraço e obrigado desde já!
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II.2 Script

II.2.1 Interview initialization

• Purpose: Map digital-analog integration issues on mixed-signal projects at the com-
pany

• Company benefits: List with compiled and classified issues

• Interviewee benefits: Reflect own job + reduce chance to fight same issues again

• Explaining what is going to happen:

– Here we will be doing a semi-structure interview where I’ll ask questions and
you respond what comes to your mind (don’t need to worry if you are not
exactly answering what I’m asking, express what most resonates with you).

– Do not try to give general answers, you can report specific experiences

– Our talk will be summarized to be used as input for the research.

– To don’t disturb our talk, I will record it so I can transcribe and delete it right
after it. Only I will have access to the recording and the transcription, as well
as only non-identifiable pieces will be used on the paper.

– Do you allow me to start recording?

– Ok... now recording!

II.2.2 Interview questions

• Have you ever participated on a research project?

– ice breakers

• Which recent projects have you been? What was your role in them?

– ice breakers

• Have you done mixed signal projects (digital + analog team)?

– Examples: AMS simulation, digital/analog integration, LVS/DRC, delivery to
the other team

– ice breaker-ish, the answer is probably ’yes’ once almost all are. The main
reason is to help respondent to recap latest interactions with the other team

• Could you explain your work flow, specifying deliveries from and to other teams?
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– Examples: Verilog, layout, abstract, feature request

– Map main exchanges between the teams, which may or not contain the issues

• How is your understanding of the top-level view on those projects?

– Examples: Very clear, total mystery the other team side, notion of the purpose

– Understanding of the context

• How is your experience with top level or integration verification at the company?

– Examples: Not appear to be relevant, very important, constant concern

– Instigate about mitigation actions to solve integration issues

• There were any problems at the integration of those deliveries?

– Examples: Interface, DRC/LVS errors, simulation not working, not clear doc-
umentation

– Map issues

• How is the communication with the other team?

– Examples: Hard to reach, one doesn’t understand the other, don’t seem to care

– Identify how difficult was the interactions

• How is your perception regarding documentation?

– Examples: Concerned, second-priority, problems related to them

– Identify information problems

• Did those problems cause negative impact to the project?

– Examples: Schedule not met, additional working hours, late bugs, headache

– Identify how impactful those problems were

• Did those problems cause negative impact to you?

– Examples: Feel too much frustration or stress, deal ok with that

– Identify how impactful those problems were
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Annex III

Coding evolution records

III.1 Coding 01: Experimental concepts after first
interview
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III.2 Coding 02: Initial concepts
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III.3 Coding 03: Corrupted record of iteration
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III.4 Coding 04: Iteration after first interviews
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III.5 Coding 05: First stable concepts from digital
perspective
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III.6 Coding 06: First stable concepts from analog
perspective
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III.7 Coding 07: First stable concepts from man-
agers perspective
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III.8 Coding 08: Crossing digital, analog and man-
agers perspectives
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