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Enabling Seamless Integration in SMT

Executive Summary

A seamless integration in Surface Mount Technology (SMT) is
essential for improving efficiency and competitiveness in the
electronics manufacturing sector. Synchronizing equipment
and software is critical to achieving the real-time data accuracy
manufacturers need to significantly boost overall productivity
and quality.

In SMT, the integration of systems is driven by the need for
greater precision, speed, and flexibility in production processes.
However, manufacturers face significant hurdles, including
interoperability issues and the complexity of managing diverse
technologies and systems.

This technical guide emphasizes the importance of adopting
industry standards and leveraging technologies such as loT to
facilitate seamless communication across different systems
enabling manufacturers to integrate various technologies
efficiently, ensuring consistent data flow and operational
cohesion.

Implementing a Manufacturing Execution System (MES)
emerges as a fundamental strategy for enhanced integration.
MES supports critical functions like process interlocking

and advanced analytics, allowing manufacturers to optimize

Technical Guide 4

production and improve traceability. Furthermore, MES plays a
critical role in providing the data contextualization necessary
for effective problem-solving. By capturing and correlating
real-time data from machines, operators, and systems, MES
delivers actionable insights in the context of the specific
production environment, helping to quickly identify root causes
and streamline corrective and preventive actions. That is why

in this technical guide we also explore how successful MES
implementation can drive significant operational improvements.

Finally, we go through some future trends, that highlight the
impact of emerging technologies such as Artificial Intelligence
(Al) and Machine Learning (ML) within the context of Industry
4.0. These advancements will further enhance connectivity
and automation in SMT, paving the way for more flexible and
efficient production environments.

In the following pages we share strategic insights and
actionable recommendations for manufacturers seeking

to enable seamless integration in SMT, ultimately driving
operational excellence for strong competitiveness now and in
the future.
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Introduction

It is no longer possible to succeed in electronics manufacturing
without integration of equipment and software, especially
within SMT operations. This integration is essential not only

for enhancing operational efficiency but also for maintaining
competitiveness in a market characterized by increasing
complexity and customer demands for higher quality and faster
production cycles.

Electronics manufacturing has undergone significant
transformations, shifting from manual assembly processes to
highly automated and high-speed systems. Initially dominated
by through-hole technology, the industry has embraced SMT due
to its advantages in miniaturization and assembly density. Over
the years, advancements in placement accuracy, speed, and

the development of sophisticated soldering techniques have
propelled SMT to the forefront of electronics manufacturing.
Today, the industry is increasingly adopting smart
manufacturing principles to succeed in Industry 4.0 initiatives.

By addressing these challenges and capitalizing on the
opportunities, the Electronics/SMT industry can significantly
enhance its operational capabilities and maintain
competitiveness in an increasingly demanding marketplace.

What are the objectives of this technical guide?

The primary objective of this technical guide is to provide

SMT manufacturers, engineers, and decision-makers with
actionable insights into the importance and benefits of
seamless integration across their production systems and
equipment. By focusing on practical manufacturing use cases
and requirements, this paper aims to clarify the necessity of
integration for improving operational efficiency, scalability, and
flexibility in SMT operations.

@ Critical manufacturing
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Readers will learn how integration can streamline processes,
ensuring that machines are using the right recipe and that

the correct materials are staged in the right quantities—thus
optimizing throughput and reducing defects. This paper will also
demonstrate how robust data integration can enable real-time
monitoring and quality control, where issues can immediately
be flagged and communicated across the entire process chain
minimizing waste and rework.

Additionally, we will guide readers on the complexities of
integrating different equipment and systems from multiple
vendors, using industry standards like IPC-CFX to facilitate
interoperability. For instance, we will explain how IPC-CFX can
standardize communication protocols across various machines,
making it easier to implement changes across the production
line without extensive reconfiguration.

Readers will also better understand how an MES can act as a
central hub, coordinating recipe management across different
machines, ensuring traceability by collecting data from the
entire SMT line, and facilitating production scheduling to avoid
bottlenecks. This guide will address common challenges in
MES integration, such as data silos and compatibility issues,
and provide best practices for overcoming these obstacles to
achieve a fully integrated and efficient production line.

Ultimately, applying these integration strategies will lead to
enhanced productivity, reduced downtime, and improved
product quality. Further, this paper will consider how future
trends, such as Al-driven analytics and loT-enabled predictive
maintenance, can make additional use of integrated data sets,
and contribute to the overall excellence of manufacturing.
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The Importance of Integration in SMT

The SMT industry is driven by the need for increased efficiency,
scalability, and flexibility, which in turn creates a high demand
for better integration of equipment and software.

This integration is not merely a technological enhancement, it is
a strategic necessity that enables manufacturers to streamline
operations, adapt swiftly to changing demands, and maintain
high standards of quality and innovation.

By harmonizing diverse systems and processes, integrated
solutions facilitate a range of benefits in several areas such as:

Efficiency and Scalability

+ Integrated systems enable reduced setup times by storing
and recalling production parameters, allowing for swift
changes between product runs. This capability is vital for
high-mix, low-volume manufacturing environments where
frequent changeovers are common.

+ Machine-to-machine (M2M) and machine-to-human (M2H)
communication facilitated by integrated systems significantly
increase throughput, optimizing production flow and
minimizing bottlenecks.

Data Integration and Management

Consolidating data from multiple sources into a single system
enables contextualized analysis and decision-making. An MES
plays a critical role in streamlining this process by acting as a
centralized hub for data collection. Traditionally, gathering data
from multiple disparate systems, such as ERP and equipment,
can be time-consuming and error prone. Manually extracting,
standardizing, and interpreting data from different platforms not
only slows down decision-making but also increases the risk of
inconsistencies.

An MES eliminates this complexity by automatically integrating
data from all relevant systems in real-time. This seamless
data consolidation avoids the need for manual intervention
and provides operators, managers, and decision-makers with
immediate access to contextualized, actionable insights. MES
connects the dots between machine performance, production
schedules, quality metrics, and even operator input, offering

a holistic view of the production environment. This enables
quicker identification of inefficiencies, faster root-cause
analysis, and more informed decision-making, ultimately
improving both operational agility and product quality.

Quality and Error Reduction

« Automation and integration help minimize manual handling
and data entry errors, leading to a reduction in defects and
rework. Real-time monitoring and control systems enable
early detection and correction of issues, maintaining high-
quality standards.

+ Software updates enhance system capabilities without
the need to replace entire systems, ensuring continuous
improvement and adaptation to new challenges.

While the integration of equipment and software in SMT
operations offers numerous advantages, it also presents several
challenges. These challenges span technical, operational,

and strategic domains, and addressing them is crucial for
maximizing the benefits of integrated systems.

Technical Challenges

+ Hardware and Software Compatibility: Ensuring that diverse
equipment and software systems work together seamlessly
can be difficult, often requiring custom interfaces and
middleware.

+ Cybersecurity: As SMT lines become more interconnected,
protecting them from cyber threats becomes increasingly
important, which entails strong cybersecurity measures.

Operational Challenges

+ Initial Setup, Calibration, and Tuning: Integrating various SMT
machines and software systems involves complex setup
procedures, requiring skilled technicians and significant time
investment.

+ Technical Support: Maintaining integrated systems often
requires ongoing support from multiple vendors, complicating
maintenance and troubleshooting processes.

+ Upgrades and Updates: Regularly updating software
and retrofitting or replacing older equipment to maintain
compatibility can be costly and disrupt production schedules.

+ Training and Skill Requirements: Continuous training for
staff is necessary to ensure they can effectively operate and
maintain advanced integrated systems.

Strategic Challenges

+ High Initial Investment: The costs associated with integrating
new systems and technologies can be substantial, raising
concerns about return on investment (ROI).

+ Scalability and Flexibility: Ensuring that integrated
systems are scalable and flexible enough to adapt to future
technological advancements or changes in product design is
crucial for long-term viability.

« Adaptation to Market Changes: The ability to quickly respond
to market changes and innovate is no longer about being
competitive but about existing. Integrated systems must
support rapid adaptation and innovation to meet evolving
customer needs and market demands.

@ Critical manufacturing
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Industry Standards and Vendor-Specific

Protocols in SMT

Industry standards in SMT are crucial to ensure consistency,
quality, and interoperability in electronics manufacturing. This
section explores vendor-agnostic standards like IPC Connected
Factory Exchange (CFX) and IPC Hermes, and vendor-specific
protocols, highlighting their roles, benefits, and implications in
the SMT industry.

IPC Connected Factory Exchange (IPC-CFX)
The IPC-CFX standard provides a comprehensive framework
for Industry 4.0 in electronics manufacturing. It standardizes
the way data is exchanged between machines, systems, and
software within a smart factory environment.

Key Features

+ Full featured bidirectional data exchange: Facilitates the
exchange of data between machines and MES systems,
enabling comprehensive monitoring and control.

+ Plug-and-play connectivity: Ensures that equipment and
systems can be easily integrated into the production
environment without extensive configuration.

+ Real-time analytics: Supports the collection and analysis
of real-time data from various sources, enabling informed
decision-making and process optimization.

Benefits

« Operational visibility: Provides detailed insights into
production processes, machine performance, and product
quality, enhancing overall visibility.

+ Predictive maintenance: Utilizes data analytics to predict
equipment failures and schedule maintenance proactively,
reducing unplanned downtime.

+ Quality improvement: By enabling real-time quality
monitoring and feedback, IPC-CFX helps manufacturers
maintain high standards of product quality.
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IPC Hermes Standard (IPC-HERMES-9852)

The IPC Hermes standard (IPC-HERMES-9852) is a vendor-
agnostic protocol designed to enhance communication and
data transfer between SMT machines on a production line. It
provides a standardized method for transporting board-related
data between machines, facilitating seamless and efficient
production processes.

Key Features

+ Machine-to-machine communication: Enables direct
communication between SMT machines without intermediary
software or hardware, reducing complexity and potential
points of failure.

« Standardized protocol: Uses a common communication
protocol to ensure interoperability between equipment from
different manufacturers.

+ Real-Time data transfer: Facilitates real-time transfer of
board-related data, enabling immediate adjustments and
optimizations in the production process.

Support vertical integration by using a “Supervisory System”
mode allowing interface with an upper system, such as MES, on
events for material tracking and recipe/program information.

Benefits

+ Improved efficiency: Streamlines the production process
by eliminating the need for manual data entry and reducing
delays in communication.

+ Reduced downtime: Enhanced communication between
machines allows for quicker identification and resolution of
issues, reducing overall downtime.

+ Enhanced flexibility: Standardized communication protocols
enable manufacturers to integrate new machines into their
production lines more easily, supporting scalability and
adaptability.

+ Cost reduction: By using a software approach for data
interchange, costs associated with installation and
maintenance of identification readers can typically be
reduced.



Enabling Seamless Integration in SMT

Benefits and Challenges of Vendor-Specific Protocols

Benefits

+ Optimized performance: Vendor-specific protocols are often
fine-tuned for the best performance with the manufacturer’s
equipment.

+ Unique features: May offer specialized functionalities not
available to generic standards.

+ Simplified integration: Within a single vendor’s ecosystem,
integration can be more straightforward and efficient.

Challenges

+ Limited Interoperability: Difficulty in integrating equipment
from different manufacturers can lead to increased costs and
complexity.

+ Vendor Lock-In: Dependence on a single vendor can limit
flexibility and negotiating power.

+ Integration Costs: Additional costs for middleware or custom
interfaces to achieve interoperability with other vendors’
equipment.

Technical Guide 8

Vendor-Agnostic vs. Vendor-Specific Protocols

Vendor-Agnostic Standards

Vendor-agnostic standards like IPC-CFX and IPC Hermes are

designed to facilitate interoperability and communication

across different manufacturers’ equipment and systems. These
standards ensure that:

+ Interoperability: Equipment from different vendors can work
together seamlessly, reducing integration challenges.

+ Flexibility: Manufacturers can mix and match equipment
based on performance and cost without worrying about
compatibility issues.

* Future-Proofing: As new technologies and equipment
emerge, vendor-agnostic standards help ensure continued
compatibility and integration.

Vendor-Specific Protocols

In contrast, vendor-specific protocols are proprietary standards
developed by individual equipment manufacturers. These
protocols can offer optimized performance and unique features
specific to a vendor’s equipment but often at the cost of
interoperability.

The IPC-CFX and IPC Hermes standards are of great importance
in modernizing SMT processes and advancing the capabilities
of electronics manufacturing. By facilitating seamless
communication and data exchange, these vendor-agnostic
standards help manufacturers achieve greater efficiency,
flexibility, and quality in their production lines. While vendor-
specific protocols offer optimized performance and unique
features, they come with challenges in interoperability and
integration. By balancing the use of vendor-agnostic standards
with vendor-specific protocols, manufacturers can optimize their
operations and maintain flexibility.

@ Critical
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Challenges and Opportunities in MES

Integration

Integrating an MES within an SMT manufacturing environment
involves several challenges, but it also offers numerous
opportunities for enhancing efficiency, quality, and overall
production management.

One of the primary challenges in MES integration is
interoperability. This issue arises from the need to connect
equipment and software from different vendors, each of which
may use proprietary protocols and data formats. The lack of
standardization across the industry further complicates this
task, requiring customized integration solutions to achieve
seamless communication between different systems.

Quality management presents another significant challenge.
Establishing an effective feedback loop from inspection stages
back to the process equipment is crucial for maintaining high-
quality standards. However, ensuring this loop is accurate

and timely can be difficult, especially in complex production
environments. Additionally, maintaining comprehensive
traceability throughout the manufacturing process is critical but
complex, as it requires capturing and linking data from various
stages and systems.

Data management also poses a substantial challenge. In every
SMT production environment, there is a massive amount of data
that is being generated from various sources such as machines,
sensors, operators, and production processes. Managing this
data efficiently requires robust infrastructure and analytics tools
that can standardize and contextualize the collected data to
make sense without overwhelming the system or users.

Despite these challenges, MES integration offers numerous
opportunities for automation and efficiency. One of the most
significant benefits is the automation of data collection and
analysis. MES can automate these processes, eliminating
manual data entry, reducing errors, and enabling real-time
monitoring of manufacturing activities. Automated data
analysis helps identify inefficiencies and bottlenecks, allowing
for continuous process improvements and optimization of
production workflows.
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MES integration also enhances quality control. Moreover,
advanced analytics and machine learning enable predictive
quality control, allowing manufacturers to anticipate and
address potential quality issues before they occur. Enhanced
traceability is another benefit, as MES captures detailed data at
every stage of production. This comprehensive traceability is
crucial for quality control, regulatory compliance, and managing
recalls.

Predictive maintenance is a transformative opportunity
presented by MES integration. By predicting when equipment is
likely to fail or require maintenance, MES allows for scheduled
maintenance activities that minimize unplanned downtime and
extend equipment life. This proactive approach to maintenance
also reduces costs associated with unexpected equipment
failures and repairs.

Improved decision-making is another significant advantage of
MES integration. Real-time insights into production performance
enable faster and more informed decisions. By leveraging
comprehensive data, manufacturers can develop data-driven
strategies to enhance production efficiency, quality, and

overall competitiveness. MES also fosters collaboration and
communication within the manufacturing environment. Acting
as a central hub, MES integrates various systems, such as ERP
and PLM, facilitating seamless communication and coordination
across different departments.

In conclusion, while MES integration in SMT manufacturing
presents several challenges it also offers many opportunities
that can significantly enhance operational efficiency and
productivity.
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Implementing MES for Enhanced
Integration

In this chapter, we will explore the key use cases, benefits, and this integration, and the challenges manufacturers face during
challenges of implementing an MES for enhanced integration. implementation. Additionally, we will identify the opportunities
As companies strive to streamline operations and increase that MES integration presents in terms of operational
efficiency in SMT, the integration of MES has become essential.  improvements and strategic advantages.

This chapter will cover the critical use cases that demonstrate
the practical application of MES, the benefits derived from
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Kitting

Use Case/Process Description

Kitting is a vital preparatory step, involving the request,
collection and organization of all necessary components and
materials for a specific production run. To ensure that all parts
are readily available and correctly sequenced, normally the
kitting process involves several steps such as:

Material Request - A list(s) with all required tools, materials and
quantities. In SMT this request is normally performed taking
into consideration the material setup (component reels, solder
paste, stencil) that is needed for a given line(s) to run the next
production order(s).

Material Retrieval and Picking - Materials are located and
retrieved from the place where they are stored. This can involve
manual picking or automated systems like automated storage
and retrieval systems (AS/RS).

Kit Preparation - Materials are assembled into kits to fulfill a
specific material request(s).

Storage and Staging - Prepared kits are stored in a designated
staging area, normally near the production line, organized for
easy identification and access.

Kit Delivery - Kits are delivered to the production line as needed,
using methods such as manual transport, Kanban systems, or
Autonomous Mobile Robots (AMRs).

Enabling Seamless Integration in SMT

Main Integration Touchpoints

The kitting process in SMT can involve several integration
touchpoints with multiple systems and equipment such as
ERP, MES, transport and storage equipment to facilitate
communication and accurate data exchange between the
various systems and equipment involved in the process. It is
of crucial importance to have a single platform that integrates
all equipment and systems, serving as the central hub for
managing and executing the kitting process. This platform
should receive inputs from the ERP system, including BOMs and
production schedules, while also generating real-time kitting
instructions for operators or automated kitting systems.

This kitting process for specific vendors utilizes interfaces that
support docking stations.

[ONO]

ERP _—> MES
S
Material Transport
tower system

Setup areas
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Material Serialization

Use Case/Process Description

Serialization in SMT involves assigning unique identifiers to
individual materials that can be, for example, a PCB or a reel of
components. The MES is instrumental in managing serialization,
ensuring that each material such as a PCB panel or board can
be monitored from the moment it enters the production line

until it is completed and shipped. Serialization aids in identifying
specific items, tracing their production history, and managing
any defects or issues that may arise.

Main Integration Touchpoints

Data Entry and Assignment

+ Unique ID Generation: The MES generates unique serial
numbers for each material such as raw materials or PCB
panel and/or board as they enter the production process,
which can be scanned and read throughout the production
process. Also, supporting positional ID, for example when
a material has different IDs depending on Top or Bottom
positions.

Tracking and Monitoring

+ Real-Time Tracking: The MES tracks the movement and
status of each serialized panel and board in real-time,
providing visibility into their location and progress.

+ Data Logging: All relevant data, such as production
parameters, test results, and operator interventions, are
logged against the unique identifiers in the MES database.

MES
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Quality Control and Traceability

+ Defect Tracking: The MES uses serialization to trace defects
back to specific panels or boards, facilitating root cause
analysis and corrective actions.

« Lifecycle Documentation: Serialization enables
comprehensive documentation of the production lifecycle,
from raw material usage to final product assembly.

Serialization equipment integration typically involves interfacing
with laser marking or labeling machines. In a common setup,
the MES provides the equipment with serial numbers to engrave
or label based on the recipe or production order. Alternatively,
when the equipment itself generates the serial numbers—though
this simplifies the interface—it poses drawbacks such as lack

of visibility into the generated serial numbers and potential SN#
collisions. In this case, the MES receives the generated serial
numbers from the equipment.

@ Critical manufacturing
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Gatekeeping

Use Case/Process Description

Gatekeeping in SMT refers to the control and verification
processes that ensure only the appropriate materials,
components, and data enter the production line at each
stage. This includes verifying that raw materials meet quality
standards, ensuring the correct components are used in
production, and validating that machines are set up correctly
before commencing operations. The MES plays a crucial role
in this process by acting as the central hub for monitoring,
validating, and controlling these inputs to prevent errors and
maintain high quality.

MES allows data syncing with external applications to avoid data
duplication and simplify data management. External integrations
with proprietary vendor software, quality management systems
(QMS), ERP or product lifecycle management (PLM) are
common, to have information sharing throughout all elements of
the shop floor.

Main Integration Touchpoints

Raw Material Verification

+ Incoming Inspection: When raw materials arrive, the MES
verifies their quality and suitability against predefined
standards.

+ Material Tracking: The MES tracks the movement and usage
of materials throughout the production process.

Component Validation

« Kitting Process: The MES ensures that the correct
components are picked and assembled into kits for specific
production runs.

+ Automated Storage and Retrieval: Integration with storage
systems to confirm that only the required components are
retrieved and used.

Machine Setup and Configuration

+ Recipe Management: The MES manages and distributes
machine settings (recipes) to ensure they are correctly
configured for each production batch.

MES
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+ Process Interlocking: The MES verifies machine setups and
prevents the start of operations if configurations are incorrect
or incomplete.

Gatekeeping with Equipment Integration

Gatekeeping on standard protocols ensures proper process

control through validations such as (IPC-CFX - ValidateUnits):

+ Unit Route Validation: Ensures the unit is at the correct stage
in its process and has completed all required prior steps.

+ Unit Status Validation: Confirms that the unit is not in a failed
or error state.

+ Unit and Sub-Assemblies Status Validation: Verifies that both
the unit and its sub-assemblies are not in a failed or error
condition.

+ Unit Trace Validation: Validates that the traceability data
for the unit has been successfully received by the factory’s
software system.

Proprietary protocols can provide more detailed control through

specific data attributes, including:

+ Line and Station Information: Combines production lines and
specific station names, along with the machine name. This
offers detailed tracking of where the unit is being processed
in the production environment.

+ Board Information: Includes the barcode or serial number of
the board, the time it was scanned or released and whether
the barcode was scanned from the top or bottom side of the
board.

+ Lane Information: Specifies whether the conveyor lane used
is on the left or right side.

+ Program Information: Provides details on the current job,
model, work order, or setup being processed, along with a top
or bottom side identifier and revision information.

+ Critical MSL Remaining Time: Shortest remaining floor life
for moisture-sensitive components.

These proprietary attributes allow for enhanced gatekeeping,
ensuring the unit's correct position, traceability, and validation in
complex production lines.

@ Critical manufacturing
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Recipe Check

Use Case/Process Description

Recipe handling involves the management and distribution of
machine settings (recipes) required for specific production runs.
These recipes include parameters such as temperature settings,
placement coordinates, and speed settings, ensuring that each
machine operates optimally for the given task. The MES plays a
fundamental role in recipe handling by storing, distributing, and
verifying these machine settings across the production line, thus
ensuring consistency and accuracy in manufacturing processes.

Main Integration Touchpoints

Recipe Management

+ Centralized Storage: The MES stores all machine recipes in
a centralized database, ensuring that the most current and
accurate recipes are readily available.

+ Version Control: The MES tracks different versions of recipes,
ensuring that updates and changes are documented and
traceable.

Technical Guide 14

Recipe Distribution

» Automated Deployment: The MES automatically distributes
the correct recipes to each machine based on the production
schedule and requirements.

+ Real-Time Updates: The MES can update machine settings
in real-time, allowing for immediate adjustments if there are
changes in production requirements.

Recipe Verification

+ Pre-Production Checks: The MES verifies that the correct
recipe is loaded on each machine before production starts,
preventing errors due to incorrect settings.

+ Continuous Monitoring: The MES continuously monitors
machine operations to ensure that settings remain consistent
throughout the production run.

Effective recipe handling is vital for maintaining accuracy,
consistency, and efficiency in SMT production.

MES
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Ink Spot Handling

Use Case/Process Description

Handling panels with defective boards, known as X-boards,

and managing ink spot (real time signaling of not to process
board) issues are critical challenges. The MES leverages its role
in managing the lifecycle of a board to use information from
different systems to determine if a board can be placed. The
MES can handle scenarios where panels have bad boards due to
defects in the raw material or batches are compromised during
the production process. It informs the system about panels

or batches with defective boards that should be skipped in
production, ensuring machines focus only on good boards.

Main Integration Touchpoints

Incoming Process Tracking: Identifies and informs about panels
or batches with defective boards.

Machine Communication: Passes information to machines (e.g.,
pick and place, depaneling, test machines) to skip defective
boards.

MES
Batch x-out
EHES BHEl HEl
B B B B BHER
MES

Ink spot
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Depaneling Process: Tracks panels from incoming to
depaneling, distinguishing between “OK” and “NOK” boards.
Operator Guidance: Provides clear instructions to operators,
especially during the repair process.

Virtualization: Visual representation of boards indicating good
and defective boards.

Inkspot handling in equipment integration is typically managed
via IPC-CFX using the ValidateUnits Response, which provides
individual results from the validation request. This can interface
with a powerful MES material mapping module. Supporting
regular or irregular mapping and all kinds of rotations and
translations.

.| | EHER
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Traceability

Use Case/Process Description

Achieving quality production and high yield in high-volume or
high-mix scenarios requires comprehensive tracking of both
finished goods and raw materials used in production. The
MES enables full traceability of all raw materials used in board
production, from the raw material panel to all components and
applied paste.

Main Integration Touchpoints

Raw Material Tracking: MES tracks all raw materials used in the
production process.

Component Traceability: Detailed tracking of each component
placed, and paste applied on the board.

Consumption Monitoring: Real-time monitoring of raw material
quantities and consumption rates.

MES
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Lifecycle Management: Tracking the entire lifecycle of raw
materials from incoming processes to kitting, shopfloor usage,
and actual consumption.

Logistics Integration: Enhances integration between the
warehouse and shopfloor for real-time raw material level
monitoring.

Recipe Correlation: Correlates machine recipes with available
raw materials to ensure all required materials are available for
production.

Comprehensive tracking ensures proper gatekeeping, material
control, and the ability to identify components with a history of
Return Material Authorizations (RMAs) and low yields.

Traceability

@ Critical manufacturing
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Maintenance and Raw Materials

Use Case/Process Description

Maintenance of machine components and raw materials

with a shelf life is crucial for ensuring smooth operations

and maintaining high productivity. The ability to have a single
system manage the maintenance lifecycle of a component,
either with time-based, usage-based maintenance or even
predictive maintenance is a considerable advantage. A system
designed for maintenance analysis can monitor the condition of
machine components and track the shelf life of raw materials,
including Moisture Sensitivity Level (MSL) materials, preventing
unexpected breakdowns and ensuring that only viable materials
are used in production. This proactive approach helps in
scheduling maintenance activities and material usage before
issues arise.

Genealogy

Use Case/Process Description

Managing the relationship between materials is crucial.

A panel starts as a simple raw material and transforms
throughout the process, acquiring its own history. When the
process reaches the depaneling stage, it is vital to maintain
the historical relationship between the original panel material
and the resulting board. The MES supports and validates this
information, ensuring that history is preserved and traceable,

even in downstream processes that only deal with single boards.

@ Critical manufacturing

Main Integration Touchpoints

Condition Monitoring: Continuously monitors the health and
performance of SMT machine components.

Shelf-Life Tracking: Keeps track of the expiration dates and
viability of raw materials, including MSL materials that require
controlled storage conditions.

Predictive Analytics: Analyzes data to predict when machine
components will need maintenance or replacement.
Maintenance Scheduling: Automatically schedules maintenance
activities based on predictive analytics.

Material Usage Management: Ensures that raw materials,
including MSL materials, are used within their viable shelf life to
prevent degradation and production failures.

Main Integration Touchpoints

Material Tracking: MES tracks the transformation of panels
from raw material to finished boards.

Historicity Preservation: Maintains the historical relationship
between the original panel and the finished boards.
Depaneling Stage: Ensures that the historical data is retained
during the depaneling process.

Back Tracing: Provides the ability to trace back from a single
board to the original panel and lot.

Non-Conformance Management: Identifies relationships in
cases of non-conformant or compromised materials.
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Material Defects and Repair

Use Case/Process Description

The SMT process is dynamic, allowing for the repair of a board
or its components during the process. The MES seamlessly
controls this process by tracking the panel or board from
production to repair. It records the complete lifecycle of defects
and mantains this as part of the board’s history. This tracking
includes explicit material tracking, where operators can check
or provide reasons for the defect and the corresponding repair
action.

Main Integration Touchpoints

Process Tracking: MES tracks the movement of panels or
boards from production to repair.

Material Tracking: Records usage of components for repairs
and maintains history.

Operator Input: Allows operators to input defect root cause and
repair actions.

Defect Management: Utilizes ECAD/MCAD for detailed defect
visualization and correction.

Machine Integration: Collects defect data from equipment to
signal main errors to operators.

About Machine Integration

Machine integration ensures accurate defect detection, tracking,
and repair actions. Here is a breakdown of the typical machine
types and their roles in defect detection and repair:

1. Automated Optical Inspection (AOI)

Purpose: AOI systems use cameras and sophisticated
algorithms to visually inspect boards for defects like missing
components, misalignments, and soldering issues. This is
usually done after component placement.

Integration Role: AOI machines send data on defects, such

as missing or misplaced components, to the MES. The MES
records these defects and triggers alerts or repair actions, while
tracking the panel’s history for further analysis.

2. X-ray Inspection (AXI)

Purpose: Automated X-ray Inspection is used to detect hidden
defects, especially in complex or high-density boards where
components like Ball Grid Arrays (BGAs) or solder joints are
obscured. It can identify solder voids, insufficient solder, or
defects under components.

Integration Role: AXI machines provide detailed imagery and
data on hard-to-see soldering issues. This data is relayed to the
MES, which logs the defects and initiates repair workflows. The
integration ensures that hidden defects are flagged in real-time
and appropriately addressed.

3. In-Circuit Test (ICT)

Purpose: ICT systems test the electrical performance of
individual components and the circuit as a whole. They detect
issues like open circuits, shorts, or incorrect component values.
Integration Role: ICT machines provide feedback on electrical
failures and component issues, which are then logged in the
MES. This allows operators to know precisely where the defect
occurred, and helps in documenting repair actions related to
electrical defects.

4. Functional Test (FCT)

Purpose: Functional testers evaluate whether the assembled
board functions as expected under actual operational
conditions. It checks for functional failures that may have been
missed by other inspection systems.

Integration Role: FCT results are directly connected to the MES,
which records both the pass/fail status, and the nature of the
defects found. Repair processes can be launched based on the
results, and the MES tracks repair actions for future reference.

5. Solder Paste Inspection (SPI)

Purpose: SPI systems examine the solder paste deposition
quality on the board before components are placed. They
detect defects such as insufficient or excessive solder paste,
misalignment, or bridging between pads.

Integration Role: SPI data is shared with the MES, which logs
the specific locations of defects. The MES can use this data to
trigger corrective actions in the process or instruct operators on
repair needs.

6. Pick-and-Place Machine Feedback

Purpose: Pick-and-place machines handle component
placement on the board. They are critical in placing components
with accuracy, and any placement errors or misfeeds can cause
defects.

Integration Role: These machines are integrated with the MES
to report component misplacements, part misfeeds, or missing
components. This data is essential for documenting defects,
root cause analysis, and initiating necessary repairs.

7. Reflow Oven Monitoring

Purpose: The reflow oven is responsible for soldering
components to the board by heating the solder paste until it
melts and forms joints. Improper temperature profiles can lead
to poor solder joints.

Integration Role: Reflow ovens are often equipped with sensors
that monitor temperature profiles. Data from these sensors is
fed to the MES, and if there are anomalies, the MES logs these
for process adjustments or repair of defective solder joints.

@ Critical manufacturing
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Analytics

Use Case/Process Description

There are several key integration points to extract valuable
analytics. The resource reported state changes are crucial
for bringing a floor under control. They offer an accurate and
real-time view of the performance of shopfloor machines.
This allows for precise reporting and the ability to visualize
performance as part of a 3D shop floor rendering.

The performance of machines is tracked using key indicators
in SMT, such as Overall Equipment Effectiveness (OEE) or First
Pass Yield (FPY). Having machine performance metrics, as
well as line and area metrics, is highly valuable in high-volume,
continuous, or semi-continuous production processes.

Main Integration Touchpoints

Data Collection: Gathering real-time performance data from
shopfloor machines.

Data Correlation and Analytics: Correlating machine data to
adjust analytics automatically.

Big Data Platform Integration: Capturing and storing information
for offline analysis.

Visualization: Displaying data through dashboards, KPlIs,
metrics, and 3D shopfloor renderings.

MES can retrieve analytics from a variety of equipment, each
providing valuable insights. Here is a breakdown of the types
of equipment MES could extract analytics from, along with the
specific metrics they can offer:

1. Pick-and-Place Machines

Analytics: Component placement accuracy, CPH components
placed per hour, cycle time, feeder errors, throughput, and
downtime.

MES Use: Tracks placement efficiency, identifies errors, and
highlights process bottlenecks.

2. Solder Paste Inspection (SPI)

Analytics: Solder paste volume, alignment errors, paste defects,
and First Pass Yield (FPY).

MES Use: Ensures proper solder paste application, improving
overall board quality.

3. Automated Optical Inspection (AOI)

Analytics: Defect types, yield rates, defect frequency, and repair
rates.

MES Use: Quickly detects visual defects and helps track quality
trends.

4. X-ray Inspection (AXI)

Analytics: Hidden defects, solder joint quality, and FPY.
MES Use: Verifies solder joint integrity, especially for hidden
components like BGAs.
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5. In-Circuit Test (ICT)

Analytics: Electrical test results, pass/fail rates, and test
coverage.

MES Use: Detects electrical issues, ensuring reliable board
functionality.

6. Functional Test (FCT)

Analytics: Pass/fail rates, test time, and failure modes.
MES Use: Validates board functionality under real operating
conditions.

7. Reflow Ovens

Analytics: Temperature profile, process drift, and energy usage.
MES Use: Ensures proper soldering through accurate
temperature control.

8. Screen Printers

Analytics: Print alignment, defects, stencil life, and cycle time.
MES Use: Monitors solder paste printing quality and reduces
potential defects.

9. Conveyor Systems

Analytics: Line balancing, WIP tracking, and downtime.

MES Use: Tracks board movement and identifies bottlenecks in
production flow.

10. Barcode Scanners/Material Handlers

Analytics: Material consumption, traceability, and cycle time.
MES Use: Ensures accurate material tracking and inventory
management.

11. Conformal Coating Systems

Analytics: Coverage accuracy, defects, and cycle time.
MES Use: Monitors the quality and efficiency of protective
coatings.

Key Metrics

First Pass Yield (FPY): Percentage of boards passing initial
inspection/tests.

Cycle Time: Time taken at each stage of production.

Defect Tracking: Identifies frequent defect types and root
causes.

OEE: Measures machine performance, availability, and quality.

@ Critical manufacturing
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Benefits of a Seamless Integration

with an MES

From material incoming to finished goods, it is essential to have
an MES acting as a central point for managing all the complex
manufacturing operations involved in Electronics manufacturing
that goes beyond the SMT processes.

A key strength of MES lies in its ability to integrate with other
systems like ERPs, PLMs and process, transport and storage
equipment. From quality teams to engineering and SMT process
to box build, this integration enables seamless information

flow across different levels of the organization and operations
involved in the production life cycle.

MES is a crucial element to ensure coordination between
teams, equipment, systems and operations leading to informed
decision-making, enhanced product quality, and many other key
benefits to support electronics manufacturers succeeding in
today’s complex and fast-paced market.

Standardization and Compatibility: MES supports multiple
communication protocols and APIs, ensuring consistent data
formats across different systems and simplifying integration.
This is of particular importance in an SMT environment, where
machines from different manufacturers are used for processes
like pick-and-place, reflow soldering, and inspection, and
communication between these machines and the MES is vital.

In an SMT production line, machines and systems often
generate data in various formats. Without an MES, integrating
these disparate data formats can be challenging, lead to
inconsistencies, data loss, or errors. MES acts as a data hub that
standardizes these formats, ensuring that data from different
sources—such as equipment, sensors, and software systems—
are unified into a consistent format. This standardization is
crucial for maintaining the integrity of data throughout the
production process, enabling accurate monitoring, analysis, and
reporting.

Real-Time Updates and Flexibility: MES provides real-time
updates on inventory and production processes, ensuring
synchronization across manufacturing. In SMT production,
managing inventory efficiently is critical due to the high volume
and variety of components used in the assembly process. Real-
time updates from the MES ensure that inventory levels are
continuously monitored. This means that as components are
used on the production line, the system immediately reflects
these changes, preventing stockouts or overstocking.

The MES can trigger automated reorder points when inventory
falls below a certain threshold, ensuring that materials are
always available when needed without manual intervention.
This is particularly important for high-mix, low-volume SMT
environments, where production requirements can change
rapidly.

It also has a flexible architecture that can scale with the growth
of manufacturing operations, accommodating increased data
volumes and new equipment and system integrations.

Streamlined Processes and Operational Efficiency: SMT
production typically involves multiple processes, such as screen
printing, component placement, soldering, and inspection. Each
of these processes needs to be performed with consistent
precision to ensure the final product meets quality standards.
MES helps standardize these workflows across all production
lines by providing a central platform that defines and enforces
process standards. By standardizing workflows and automating
processes such as material requests or recipe management,
MES reduces manual errors, speeds up production cycles, and
simplifies employee daily activities. As an example, automated
recipe management reduces the risk of human error during
setup, such as loading the wrong program or using outdated
parameters. This not only maintains product quality but also
speeds up changeovers between different production runs, as
the MES can automatically load the appropriate recipe for the
next job.

This leads to enhanced operational efficiency, reduced
downtime, and cost savings.

Enhanced Traceability and Quality Control: As every value-
adding step occurs, MES can track and record the details for
traceability. This moves from incoming raw materials receiving
and inspection through to finished goods. In short, it tracks the
elements of the SMT line, and all operations before and after it.
As the MES guides each step, it automatically collects the data
of what occurred. Thus, traceability data can also feed process
optimization and capacity utilization improvements. Process
interlocking is ensured with detailed tracking and reporting of
materials and processes to the individual board level, enabling
electronics manufacturers to contain any quality escapes. For
example, they can reduce the number of products recall by
accessing accurate data detailing precisely which units were
impacted by a counterfeit component. This minimizes the risk of
liability and protects the company’s reputation and relationships.

@ Critical manufacturing
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Improved Maintenance and Resource Management: MES
supports predictive maintenance, ensuring any piece of
equipment such as a pick and place machine or a feeder

are serviced only when necessary, reducing downtime and
optimizing resource usage. Comprehensive MES includes
maintenance management so that the actual usage of each

line or piece of equipment is automatically reported to the
maintenance group by cycles or hours. The native asset
management in MES also helps production trigger maintenance
as needed and understand maintenance plans and the expected
time when equipment will be unavailable.

Data-Driven Decision Making: In SMT, various machines and
systems—such as stencil printers, pick-and-place machines,
reflow ovens, and automated optical inspection (AOI)
systems—generate a vast amount of data during production.
MES continuously collects and analyzes this data in real-time,
providing valuable insights into the status of the production line.

For example, data on paste deposition quality, component
placement accuracy, and solder joint integrity can be monitored
live. MES uses this data to detect deviations from set standards,
allowing for immediate corrective actions. With real-time data
analytics, MES can identify patterns and trends that indicate
potential issues before they lead to significant defects or
downtime. For instance, if a pick-and-place machine starts to
show a slight increase in misplacements, the MES can flag this
trend early, prompting maintenance or recalibration to prevent
more severe issues.

@ Critical manufacturing

In sum, MES leverages data analytics to enhance decision-
making across various aspects of production, from maintenance
scheduling to defect management helping in optimizing
processes, improving productivity, and ensuring consistent
production quality.

Visualization and Transparency: From solder paste printing
and component placement to soldering and inspection, every
step requires close monitoring to ensure high-quality outcomes.
MES provides real-time visibility into each of these stages by
collecting and displaying data from connected machines and
sensors across the production line. SMT production relies
heavily on the performance of various machines. MES systems
provide detailed dashboards that visualize key performance
indicators (KPIs) for each machine, including metrics like
machine uptime, cycle times, placement accuracy, and defect
rates offering a real-time snapshot of how well each machine is
performing.

The system provides real-time visibility into production status,
machine performance, and material consumption through
effective dashboards and 3D renderings, improving shopfloor
transparency and enabling better decision-making.
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Best Practices for Successful

Integration

Strategic Planning: Guidelines for Strategic Planning and
Alignment with Business Objectives

1. Define Clear Objectives

+ Establish specific, measurable goals for the integration
project, such as improved production efficiency, enhanced
product quality, or reduced downtime.

+ Align integration objectives with broader business goals to
ensure that the project supports the overall strategy and
direction of the organization.

2. Conduct a Comprehensive Assessment
+ Evaluate current systems, processes, and capabilities to
identify gaps and areas for improvement.

3. Develop a Roadmap

+ Create a detailed integration roadmap outlining the steps,
timelines, and resources required for the project.

+ Include milestones and deliverables to track progress and
ensure accountability.

4. Stakeholder Engagement

+ Involve key stakeholders from various departments (e.g.,
production, IT, quality control) early in the planning process to
gain their insights and buy-in.

+ Regularly communicate the project’s goals, progress, and
outcomes to maintain stakeholder engagement and support.

5. Risk Management

+ Identify potential risks associated with the integration project
and develop mitigation strategies.

+ Monitor risks throughout the project lifecycle and adjust
plans as necessary to address new challenges.

6. System Compatibility and Interoperability

+ Choose integration solutions that support open standards
and protocols to ensure compatibility with existing and future
systems.

+ Use middleware or integration platforms to facilitate
communication between disparate systems and devices.

7. Data Management

+ Establish a robust data management strategy to ensure
accurate, consistent, and timely data across all integrated
systems.

+ Implement data validation and cleansing processes to
maintain data quality and integrity.

8. Security

+ Develop and enforce strong cybersecurity policies to protect
sensitive production data and prevent unauthorized access.

+ Use encryption, secure communication protocols, and
access controls to safeguard data throughout the integration
process.

9. Scalability and Flexibility

+ Select integration solutions that can scale to accommodate
future growth and evolving business needs.

+ Ensure that systems are flexible enough to adapt to changes
in production requirements, technology advancements, and
market dynamics.

10. Testing and Validation

+ Conduct thorough testing of integrated systems to identify
and resolve any issues before full deployment.

+ Use pilot programs to validate the integration approach and
gather feedback for improvements.

11. Process Optimization

+ Use real-time data from integrated systems to identify
bottlenecks, inefficiencies, and areas for improvement in
production processes.

+ Implement continuous improvement methodologies
(e.g., Lean, Six Sigma) to enhance process efficiency and
effectiveness.

12. Real-Time Monitoring and Analytics

+ Deploy real-time monitoring tools to track production
performance, equipment status, and quality metrics.

+ Use advanced analytics to gain insights into production
trends, predict potential issues, and make data-driven
decisions.

@ Critical manufacturing
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13. Automated Workflows

« Automate routine and repetitive tasks to reduce manual
intervention and minimize the risk of errors.

+ Use integration to streamline workflows across different

systems and departments, enhancing overall productivity.

14. Predictive Maintenance

+ Leverage data from integrated systems to implement
predictive maintenance strategies, reducing unplanned
downtime and extending equipment life.

+ Use machine learning and Al to analyze historical data
and predict when maintenance is needed, optimizing
maintenance schedules.

15. Training and Skill Development

+ Provide ongoing training for staff to ensure they are proficient
in using integrated systems and technologies.

+ Encourage cross-functional collaboration and knowledge
sharing to maximize the benefits of integration.
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16. Continuous Improvement and Feedback Loops

+ Establish feedback loops to gather insights from operators,
technicians, and other stakeholders on the effectiveness of
integration efforts.

+  Use this feedback to continuously refine and enhance
integrated systems and processes, fostering a culture of
continuous improvement.

Successful integration in SMT requires a strategic approach
that aligns with business objectives, a robust technical
implementation plan, and a focus on operational excellence.

By following these best practices, manufacturers can overcome
integration challenges, leverage opportunities for improvement.
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Future Trends

The SMT processes are progressing rapidly, driven by
technological advancements and the principles of Industry 4.0.
These changes are set to transform SMT manufacturing, making
it more connected, automated, and flexible.

The future of SMT will be shaped by several emerging
technologies, and the role of MES will be central in this
transformation.

Artificial Intelligence (Al) and Machine Learning (ML) are
expected to play a critical role in the future of SMT. These
technologies will enable advanced predictive analytics, allowing
manufacturers to forecast equipment failures and optimize
maintenance schedules, thereby reducing downtime and
extending the lifespan of machinery. Moreover, Al algorithms
will help optimize production processes by analyzing vast
amounts of data to identify inefficiencies and suggest
improvements.

loT technology will also continue to expand its influence on
SMT manufacturing. loT devices and sensors embedded in
machinery will provide real-time data on equipment performance
and production metrics. This real-time monitoring will facilitate
immediate responses to any issues and enhance overall
operational efficiency. The interconnected nature of loT
enables the creation of a cohesive network of devices, enabling
seamless communication and data flow across the production
line. This integration will support the development of smart
factories where every component is interconnected and can
operate autonomously.

Augmented Reality (AR) and Virtual Reality (VR) technologies
will enhance production, training and maintenance in SMT
environments. AR can provide technicians with real-time, hands-
on guidance during equipment maintenance, improving accuracy
and reducing downtime. VR can be used for immersive training
programs, allowing workers to practice and refine their skills in

a virtual setting before applying them on the production floor.
These technologies will improve workforce competency and
efficiency.

The integration of MES within the framework of Industry 4.0

is vital for creating a more connected, automated, and flexible
SMT production environment. MES will serve as the backbone
of smart manufacturing by integrating and orchestrating various
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advanced technologies.

Centralized Data Management: MES will act as a central hub
for collecting, storing, and managing data from various sources,
including loT devices, ERP systems, and shop floor equipment.
This centralized approach ensures data consistency and
accessibility across the organization, enabling better decision-
making and process optimization.

Enhanced Connectivity: MES will facilitate enhanced
connectivity within the manufacturing environment. By
integrating with other enterprise systems, MES will enable
seamless communication and coordination across different
departments. This connectivity supports a more agile and
responsive production environment, where changes can be
implemented quickly and efficiently.

Automation and Control: MES will play a crucial role in
automating production processes. By integrating robotics,
Automated Mobile Robots (AMRs), and other advanced
manufacturing technologies, MES will enhance production
efficiency and reduce reliance on manual labor. Automation will
not only increase throughput but also improve product quality by
minimizing human errors.

Real-Time Visibility: MES will provide real-time visibility into
production processes, enabling manufacturers to monitor KPIs,
track progress, and make informed decisions quickly. This real-
time insight is critical for maintaining high levels of operational
efficiency and responsiveness. MES will also support
predictive maintenance by continuously monitoring equipment
performance and predicting potential failures, allowing for
timely maintenance interventions.

Flexible Production: Industry 4.0 emphasizes the need for
flexible production systems that can quickly adapt to changing
market demands. MES will support this flexibility by enabling
dynamic scheduling, rapid reconfiguration of production lines,
and efficient management of small-batch production runs. This
adaptability will allow manufacturers to respond to customer
needs more effectively and maintain a competitive edge.

By embracing these trends and leveraging the capabilities of

MES, SMT manufacturers can achieve higher levels of efficiency,
quality, and competitiveness for future-ready operations.
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Conclusion

SMT in electronics manufacturing requires a strategic focus
on seamless integration and automation to enhance efficiency,
quality, and competitiveness. This technical guide has outlined
the critical need for synchronized equipment and software
solutions, emphasizing the role of industry standards and
modern technologies in achieving these goals that we can
summarize in the following takeaways:

Strategic Importance of Integration

Integration in SMT is not just a technological enhancement

but a strategic necessity. By harmonizing diverse systems and
processes, manufacturers can streamline operations, adapt
swiftly to changing demands, and maintain high standards

of quality and innovation. The adoption of industry standards
like IPC Hermes and IPC-CFX plays a pivotal role in ensuring
interoperability and real-time data accuracy, which are essential
for modern manufacturing environments.

Overcoming Challenges and Leveraging Opportunities

Despite the significant benefits, manufacturers face substantial
challenges, including interoperability issues, data management
complexities, and production scalability. Implementing an

MES emerges as a crucial strategy to address these hurdles.
MES facilitates critical functions such as process interlocking,
advanced analytics, and traceability, enabling manufacturers to
optimize production and improve operational cohesion.

The integration of MES and leveraging technologies like loT
create substantial opportunities for automation and efficiency
gains. Automated data collection and analysis, predictive
maintenance, and real-time analytics are some of the key
benefits that drive operational excellence and competitive
advantage.

Embracing Emerging Technologies

Looking ahead, the impact of emerging technologies such as Al
and ML within the context of Industry 4.0 will further enhance
connectivity and automation in SMT. These advancements
promise more flexible and efficient production environments,
allowing manufacturers to innovate and respond to market
changes more effectively.

@ Critical manufacturing
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Best Practices for Successful Integration

Achieving successful integration requires strategic planning,
technical implementation, and a focus on operational
excellence. Manufacturers should align integration efforts with
business objectives, ensure system compatibility and robust
data management, and leverage real-time monitoring and
process optimization to drive continuous improvement.

Vendor-Agnostic and Vendor-Specific Protocols

While industry standards like IPC Hermes and IPC-CFX facilitate
vendor-agnostic interoperability, vendor-specific protocols offer
optimized performance within specific ecosystems. Balancing
the use of these protocols allows manufacturers to harness the
best of both worlds, achieving high efficiency while maintaining
flexibility and scalability.

Final Recommendations

Manufacturers seeking to enable seamless integration and

automation in SMT should:

« Adopt industry standards to ensure interoperability and real-
time data exchange.

+ Implement MES to enhance process control, traceability, and
data analytics.

+ Leverage loT and emerging technologies for predictive
maintenance and operational optimization.

+ Balance the use of vendor-agnostic and vendor-specific
protocols to maximize efficiency and flexibility.

+ Invest in strategic planning and continuous training to align
integration efforts with long-term business goals.

By addressing these key areas, manufacturers can build the
foundation for achieving sustainable and adaptable production
systems that drive innovation to quickly and efficiently address
progress in electronics manufacturing.
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that bridge the gap between electronic hardware and software applications.
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ABOUT CRITICAL MANUFACTURING

Critical Manufacturing provides the most modern, flexible and
configurable manufacturing execution system (MES) available.
Critical Manufacturing MES helps manufacturers stay ahead
of stringent product traceability and compliance requirements;
reduce risk with inherent closed-loop quality, integrate
seamlessly with enterprise systems and factory automation
and provide deep intelligence and visibility of global production
operations. As a result, customers are Industry 4.0-ready. They
can compete effectively and profitably by easily adapting their
operations to changes in demand, opportunity or requirements,
anywhere, and at any time.

To learn more visit: www.criticalmanufacturing.com

© Critical Manufacturing



