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Technical Article

Human Machine Interface Systems 
for Electronics Production Applications

Human Machine Interface (HMI) Systems 
provide the controls by which a user 
 operates a machine, system, or instrument. 
From pick-and-place assembly systems 
to automated semiconductor etch and 
deposition systems in fabrication facilities, 
HMI Systems encompass all the elements 
an operator will touch, see, hear, or use 
to perform control functions and receive 
feedback on those actions.

The task of an HMI System is to make the 
function of a machine self-evident and intu-
itive to the operator. A well-designed HMI 
fits the individual user’s task she orheis 
performing, and provides easily discernible 
feedback. The HMI system is judged by 
its usability, which includes the convenience 
of use and how easy it is for an operator 
to learn, run and maintain the electronics 
production equipment and run it with opti-

mised performance. In the semiconductor 
and electronics manufacturing industry, 
productivity and yield translate directly into 
the economic bottom-line.

HMI trends for electronics production

There are several important trends in the 
development of HMI systems for electronics 
production equipment. New approaches 
to HMI are focusing on providing a clear 
and intuitive user experience that is an inte-
gral part of the process under control. A 
well-designed HMI is expected to provide a 
high level of functionality and interactivity 
for the user so that it becomes the front-end 
of the process, not just a graphical add-on. 
The goal is to increase ease-of-use, im-
prove productivity, reduce the time it takes 
to complete a task, and increase operator 
and process efficiency by providing a 
seamless user experience.

Electronics production is an industry 
 undergoing rapid change. After more than 
50 years, Moore’s law of 1965 is still 
 describing the development of semicon-
ductor manufacturing technology very 
well. As production equipment manufac-
turers strive to meet the demand for 
 semiconductor miniaturisation and growing 
complexity, the equipment itself is 
 challenged by short ROI cycles and require-
ments for efficiency. This is true also 
for the human machine interface of the 
production equipment.



HMI Systems should provide a consistent 
operating environment from machine 
to machine. As manufacturers decentralise, 
operators from diverse language and training 
experience must feel comfortable.

“A well-designed HMI is 
 expected to provide a high level 
of functionality and interactivity 
for the user so that it becomes 
the front-end of the process, 
not just a graphical add-on.”

“HMI Systems are also expect-
ed to take an open systems 
 approach in terms of software 
development and integration 
to allow for the use of a broad 
array of potential tools and 
systems.”

In addition, an HMI System should provide a consistent operating 
environment from machine to machine. As many manufacturers 
decentralize manufacturing operations around the globe, it is essen-
tial for operators from diverse language and training experience to 
feel comfortable with how information is presented and how they 
can complete their assigned tasks.

HMI Systems are also expected to take an open systems approach 
in terms of software development and integration to allow for the 
use of a broad array of potential tools and systems. Unlike tradi-
tional control systems that depended on “closed” or proprietary 
approaches, today’s HMI Systems are designed to allow for timely 
updates and enhancements to software and capabilities.

Finally, this open architecture needs to provide for flexible inter-
connection and communication with other systems and controllers 
in the manufacturing environment. Flexibility in communication 
is essential to the efficient operability of all the equipment in an 
electronics production environment.

Defining the operational/functional requirements

The tools needed for effective control and efficient operations of 
the equipment determine the selection of interface functions. Appli-
cations in electronics and semiconductor production are spread 
over a variety of machines within the front end cleanroom and the 
back end testing facilities. Human Machine Interfaces at production 
machines are usually equipped with touchscreen displays which 
are essentially flat-screen computers of various sizes.

General functionality

Typically, in semiconductor 
manufacturing, the various 
 machines for wafer handling, 
etching, lithographic pro-
cesses, testing (and many 
more), require a variety of 
HMIs. Typical operations 
 require real-time indicators, 
emergency-stop switches, 
pushbuttons, selector switches 
and maybe other special 
switching functions. Industry 
specific standards need to 
be considered when designing 
a HMI System, too.

Degree of input complexity

Input can be as simple as an 
on/off switch or a touchscreen 
display. Touchscreen HMI Sys-
tems are popular in electronics 
production due to the com-
plexity of the process The key 
to a successful HMI System 
implementation requires a well- 
grounded definition and under-
standing of the operators.

Operator feedback

Feedback is critical to operator 
effectiveness and efficiency. 
Feedback can be visual, audi-
tory, tactile, or any combination 
necessary for the application. 
Feedback is essential in sys-
tems that have no mechanical 
travel, such as a touchscreen 
or a capacitive device that 
when triggered has no moving 
parts.

In some cases feedback pro-
vides confirmation of an action, 
while in others it adds to the 
functionality.

The tools needed for effective operator control of the equipment and 

the overall application requirements determine the selection of interface 

functions.
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The environment determines HMI System 
durability. Environmental considerations might 
need to include clean room safety, corrosive 
gas protection and resistance to acids and other 
caustic agents.

“For semiconductor applica-
tions, interconnection might 
be through an industry specific 
bus like EtherCAT.”

“Environmental considerations 
might need to include clean 
room safety, corrosive gas pro-
tection, and resistance to acids 
and other caustic agents.”

Interface/Interconnection with other systems 

HMI Systems must be able to interface/interconnect with the sys-
tem under control as well as other related systems. For semicon-
ductor applications, interconnection might be through an industry 
specific bus.

Environmental considerations

The application environment – encompassing both physical loca-
tion and vertical industry environment – determines HMI System 
durability requirements. In electronics production, environmental 
considerations might need to include clean room safety, corrosive 
gas protection, and resistance to acids and other caustic agents.

Lifecycle durability

Not only should the HMI System be rugged enough to withstand 
the elements and heavy use, but it should also last for the duration 
of the equipment lifecycle.

Regulatory/standards considerations 

A thorough knowledge of technical ergonomic, design, and manu-
facturing standards is fundamental to HMI System design. These 
include industry guidelines such as those from Semiconductor 
Equipment and Materials International (SEMI®), including S2-93: 
Safety Guidelines for Semiconductor Manufacturing Equipment, 
S8-95: Safety Guidelines for Ergonomics/Human Factors Engineer-
ing of Semiconductor Manufacturing Equipment, SECS (SEMI 
Equipment Communications Standard), GEM (General Equip-
ment Model), and related industry standards covering HMI for 
semiconductor manufacturing equipment.

The SEMI guidelines recom-
mend that an independent third 
party evaluate each production 
tool using an Ergonomic Suc-
cess Criteria (SESC) checklist 
to ensure that the design 
meets the following criteria:
 � Accommodates a diverse 
user base (e. g. 90 % of the 
world’s working population) 

 � Allows users to work in a 
comfortable, neutral posture

 � Accommodates user visual 
limits

 � Facilitates maintainability
 � Avoids overexertion due 
to manual handling tasks

 � Provides user-friendly 
interfaces

Define the operator

Will the operator be a passive/
intuitive user? If so, commands/
functions should be simple 
with an easy-to-comprehend 
interface. For this type of user, 
repeatability is also important – 
information and actions should 
appear consistently from use to 
use. For an expert user, where 
more sophisticated control is 
desirable, there may be multiple 
layers or levels for interfacing 
with equipment.

Typically there are three 
 general categories of users 
(whether they are novices 
or experts): operators, super-
visors, and maintenance 
 personnel.

Operators

The operator is responsible for 
the daily operation of her or his 
equipment, often not only one, 
but several machines within 
the front end or back end sem-

The HMI System should be rugged and durable to last through the 

equipment lifecycle.
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Panel layout should be designed to provide 
the operator functional groups of related 
information in a predictable and consistent 
way. The operator should be clearly prompted 
in advance when the next action is required.

“Typically there are three 
 general categories of users 
(whether they are novices 
or experts): operators, super-
visors, and maintenance 
 personnel.”

“SEMI guidelines recommend 
that an independent third party 
evaluate each production tool 
using an Ergonomic Success 
Criteria (SESC) checklist.”

iconductor production. The primary concern is the continuous 
and flawless processing of a predefined series of tasks. The HMI 
has to give feedback about the status of the machine, and allow 
planned or unplanned adjustment of specific process parame-
ters within certain limits. Operating a semiconductor machine re-
quires broad know-how of the specific process steps and inten-
sive training, although the HMI itself shall be as intuitive as 
possible to allow fast and targeted action.

Supervisors

For specific process changes, adjustments, adapting process 
steps, or tasks beyond the authorisation level of an operator, 
the supervisor need access to specific HMI devices or functions 
which might require dedicated access control features. This can 
be implemented with key-switches and the controlled management 
of (mechanical) keys, in advanced designs RFID Tags & Readers 
can also be considered a solution.

Maintenance

Maintenance personnel can be given full access to machine con-
trol and data displays. These capabilities are often inaccessible by 
operators and supervisors.

For any user interface ergonomic considerations should include: 
panel layout, HMI Component selection, information presentation, 
feedback, and safety considerations.

Panel layout

The panel layout should be designed to provide the operator func-
tional groups of related information in a predictable and consist-

ent manner. In addition, the 
system must require an 
 operator to initiate action and 
keep the operator informed 
by providing timely feedback 
on those actions. The layout 
should be organized so that 
the operator is clearly prompted 
in advance when the next action 
is required.

HMI component selection

HMI designers can simplify 
their search for the appropriate 
component by analysing the 
switching function. For example, 
an on/off-function can be 
achieved using a pushbutton, 
a selector switch, or with a key 
switch, where the key is either 
a mechanical one, or a RFID-
based electronic key. The selec-
tion has to consider factors like 
intuitive symbols, colour, intui-
tive handling, and feasibility. A 
more sophisticated fingerprint 
sensor does not make any 
sense in a semiconductor front 
end area, where operators have 
to wear gloves, while mechani-
cal keys run the risk of breaking 
when the key sticks out from the 
surface of the operator panel. 
In contrast, E-Stop switches 
have to be in a prominent posi-
tion, protrude from the surface, 
and be within easy reach in 
case of an emergency related 
to damage to machinery or 
personal harm.

Colour scheme

The key to effective use of col-
our is simplicity. Avoid too many 
colours or flashing alarms. 
Stick with the “traffic light” 
model for key actions:
 � Red for stop/failure/fault
 � Yellow for warning
 � Green for OK/start/go/pass

It is critical that an HMI System meet industry and regulatory standards, 

including SEMI S2-93 for the semiconductor industry.
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There are HMI colour recommendations from 
a variety of organizations. ISA is working on 
standards for HMI design for industrial 
applications including colour schemes.

“HMI designers can simplify 
their search for the appropriate 
switch or HMI Component by 
carefully analysing their appli-
cation requirements.”

“Keep colours bold and bright 
and use a neutral background 
if necessary to make them 
stand out.”

Keep colours bold and bright and use a neutral background if 
necessary to make them stand out. Use colours conservatively, 
conventionally, and consistently. Colour should never be the sole 
source of information.

HMI illumination technology can integrate the use of multiple indi-
cation colours using widely available RGB LEDs. The LEDs can 
generate each primary colour but also blend colours to create an 
unlimited number of indication choices. This colour generation 
 capability provides an HMI designer with the ability for multiple 
uses of a single discrete switch for multiple functions via a combi-
nation of software sequence and colour creation.

There are HMI colour recommendations from a variety of organi-
zations. ISA is currently working on standards for HMI design for 
industrial applications including colour schemes. 

The military in MIL-STD-1472F recommends the following use 
of colours:
 � Flashing red to denote emergency conditions
 � Red to alert an operator that any portion of the system 
is inoperative

 � Yellow to indicate a condition exists which is marginal
 � Green to indicate that a monitored condition is within tolerance
 � White to indicate conditions that do not have a “right” or 
“wrong” connotation Blue to be used as an advisory light

In all cases and standards the overriding factor is consistency 
throughout the HMI design so that what a colour “means” re-

mains the same no matter 
where it appears in the HMI.

Information presentation

Once again, simplicity is the 
key. Don’t crowd a screen – 
avoid cluttering it with irrelevant 
data. Forcing an operator to 
search for the required informa-
tion increases response time 
and potential errors. Have a 
consistent set of menu buttons 
and functions from screen to 
screen.

User feedback

Feedback is critical to ergo-
nomic industrial design. Make 
sure the results of pressing a 
control button, toggling a 
switch, or entering a command 
are absolutely clear. Determine 
if operator feedback is visual, 
auditory, tactile, or a combina-
tion of multiple techniques.

How do you choose the best control 

technologies?

Once you have defined HMI 
functionality, you are ready 
to investigate control technolo-
gies. Each technology has 
 advantages and disadvantages 
related to the HMI system, 
equipment, and application.

Feedback is critical to an HMI System — determine if it is visual, auditory, 

tactile, or a combination.
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Pushbutton switches can be fitted with 
illumination when a quick, visual indication 
is desired. In electronics production, they allow 
for easier manipulation when gloves are worn.

“Rotary-switch and keylock 
technologies serve best 
when the application requires 
position indicators.”

“Display technology choices 
are dictated by the HMI System 
environment and its degree 
of ambient illumination, as well 
as by colour requirements.”

Switches (pushbutton, rocker, slide, keylock, rotary, etc.)

Pushbutton switches allow the option of illumination to indicate 
open/close switch status when a quick visual indication is 
 desired. In electronics production, they allow for easier manipu-
lation when gloves are worn.

Rotary-switch and keylock technologies serve best when the 
 application requires position indicators. Keylocks provide an 
 additional layer of security to the application. Rotary switches 
also can be used for an application requiring multiple positions.

Slide switches are the technology of choice when ease-of-use 
and low-cost switching is desirable – commonly found on note-
book cases and handheld on/off functionality.

Short travel technologies (Conductive rubber, membrane, keyboard, 

keypad, etc.) 

Short travel technology can include cost effective, conductive 
rubber keys in a typical keyboard, dome keys under an overlay, 
or a multi-layer membrane.

Applications operating in aggressive environments require a rugged, 
completely sealed surface. Piezo, capacitive, and high frequency 
technologies offer rugged switch technology with long life cycles 
and low maintenance costs.

Display technologies (LCD, Active Matrix, OLED, FED, Plasma)

The basic function of displays in HMI applications is to provide 
an information source – operators interact to obtain information 
or to prompt for the next screen. Display technology choices are 

dictated by the HMI System 
environment and its degree of 
ambient illumination, as well 
as by colour requirements. 
 Active matrix LCD technologies 
are commonly used for colour 
functionality, while legacy LCD 
technology is used in applica-
tions where monochromatic 
feedback is sufficient. OLEDs, 
organic (carbon-based) light- 
emitting diodes can currently 
support smaller displays.

Interactive displays, touchscreen 

Touchscreen technologies offer 
a range of functionalities and 
characteristics that govern HMI 
Systems choice according to 
application and environment. It 
is important to determine which 
touch technology will be used 
in the early stages of the design 
cycle as the different options 
offer quite unique electrical and 
mechanical requirements.

Capacitive touchscreens trans-
mit 75 % of the monitor light 
(compared to 50 % by Resistive 
touchscreens), resulting in a 
clearer picture. They use only 
conductive input, usually a 
 finger or a stylus, in order to 
register a touch.

Infrared touchscreen technology 
projects horizontal and vertical 
beams of infrared light over the 
surface of the screen. When 
a finger or other object breaks 
those beams, the X/Y coordi-
nates are calculated and pro-
cessed. These cost- effective 
touchscreens can also be used 
by workers with gloves and are 
relatively impervious to damage.

Modular products can be fitted with different actuators.
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The purpose of the E-Stop shroud is to protect 
against random operation. An E-Stop that is 
mistakenly hit during operation could result in 
significant impact on process quality as well as 
process yield.

“Motion control most often 
 employs joystick technology 
for applications requiring 
 macro control, such as con-
trolling a robotic arm, or direc-
tional control for materials 
 handling equipment, or pull 
mechanisms.”

“Typically, communication can 
be achieved through several 
approaches: hard-wired con-
nection, serial bus connection, 
or wireless connection.”

Motion Control 

Motion control most often employs joystick technology for appli-
cations requiring macro control, such as controlling a robotic 
arm, or directional control for materials handling equipment, or 
pull mechanisms.

Emergency stop requirements

Emergency stops are always a discrete function in this environ-
ment. The SEMI S2 Guidelines identifies them as EMO stops, 
 distinguished from E-stop configurations used in other industries. 
The primary difference is SEMI’s requirement of a guard over 
the switch, which allows operation with the palm of the hand only, 
in order to guard against accidental shutdown and the loss of 
work-in-process.

The protective shroud requirement includes the use of an unbreak-
able material. The free actuation angle to release the E-Stop 
should be approximately 210° with an anti-rotation pin and protec-
tion to IP 65. The purpose of the E-Stop shroud is to protect 
against random operation. An E-Stop that is mistakenly hit during 
operation could result in significant impact on process quality 
as well as process yield. The shroud helps to prevent unaccept-
able production downtime due to inadvertent operator error.

Pendant control systems

Other specific characteristics of control systems in electronics 
production include some use of tethered pendants with operations 
brought to a tethered box — both wired and wireless boxes. 
This allows the operator to move away from the main control panel 
to perform tasks such as setting parameters, for example. Most 

other functions are similar to 
other manufacturing environ-
ments.

Connecting/communicating with 

an HMI System

Typically, communication can 
be achieved through several 
approaches: hard-wired con-
nection, serial bus connection, 
or wireless connection. Each 
approach has pros and cons – 
selection will depend on how 
your HMI needs to fit within 
your applications. Selecting the 
appropriate communications 
technologies may include com-
bining some or all of these 
 approaches.

Hard-wired connections

Hard-wired systems require no 
special tools and are simple, 
visible, and easy to understand, 
especially where the HMI inter-
face controls a single machine. 
Hard wiring has limitations, 
however, including difficulty 
integrating changes or new 
features that require new wiring.

Serial communication bus systems 

As equipment and control sys-
tems became more complex 
and data hungry, transmission 
of data became a critical issue. 
Data transmission depends on 
distance and speed. The longer 
the cable length, the lower 
the transmission speed to keep 
bit-error rates acceptable. 
Electronics production uses 
bus connections extensively 
because of the need for reliable, 
real-time operations and work-
in-process feedback.

Series 45. Emergency stop switch – Safe, intuitive and robust.
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As equipment and control systems became 
more complex and data hungry, transmission 
of data became a critical issue. Serial bus 
connections provide reliable, real-time operations 
and work-in-process feedback.

“Electronics production uses 
bus connections extensively 
because of the need for reliable, 
real-time operations and work-
in-process feedback.”

“Another standard that applies 
to semiconductor equipment 
communication is the Generic 
Model for Communications 
and Control of Manufacturing 
Equipment or GEM standard.” 

Selecting the appropriate bus technology 

Differing market segment connectivity requirements have caused 
many different bus standards to be defined and deployed. Some 
systems offer faster reaction times, whereas others may allow for 
more devices to be connected or for larger amounts of data to 
be transferred.

Field bus protocols evolved for interconnecting industrial drives, 
motors, actuators, and controllers. Field buses include: PROFIBUS, 
DeviceNet, ControlNet, CAN/CANOpen, KeyLink, InterBus, 
Foundation Field Bus, and HART. For example, a CANBus module 
can connect switch controls, potentiometers, pilot lights, and 
other components as part of an integrated HMI System interface, 
configured to enable plug-and-play capability.

Higher level networks connect with field bus protocols primarily 
across variations of Ethernet. These include: 
 � PROFINET,
 � Ethernet/IP, EtherCAT, Ethernet Powerlink,
 � Modbus-TCP, and SERCOS III.

The SECS/GEM standard applies to semiconductor equipment 
communication and defines a common set of equipment 
 behaviour and communication to support semiconductor manu-
facturing  automation.

The EtherCAT industrial Ethernet protocol (a specific version of 
Ethernet) was developed for the semiconductor production envi-

ronment and is now used in a 
wide variety of semiconductor 
and flat panel display manufac-
turing operations. EtherCAT 
provides superior performance, 
bandwidth, and topology flexi-
bility to cover the entire range of 
communications requirements 
in semiconductor manufactur-
ing equipment with a single 
technology: from process con-
trol via control computer inte-
gration to high-end motion 
control applications.

Another standard that applies 
to semiconductor equipment 
communication is the Generic 
Model for Communications 
and Control of Manufacturing 
Equipment or GEM standard. 
SECS/GEM defines messages, 
state machines, and scenarios 
to enable factory software to 
control and monitor manufac-
turing equipment. The standard 
defines a common set of equip-
ment behaviour and commu-
nications capabilities that pro-
vide functionality and flexibility 
to support the manufacturing 
automation programs of semi-
conductor device manufac-
turers. Industrial usage of this 
standard allows equipment 
manufacturers to provide a 
common machine interface for 
all factory or fabrication facility 
use.

Wireless connections/

communications

Industrial applications have 
employed wireless technologies 
over the last 20 years to take 
advantage of real-time data 
transmission, application mobil-
ity, and remote management 
capabilities. WWANs (wireless 

The SECS/GEM standard applies to semiconductor equipment 

communication and defines a common set of equipment behaviour and 

communication to support semiconductor manufacturing automation.
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ZigBee uses mesh networking. Networks can 
scale to hundreds and thousands of devices 
and all communicate using the best available 
path for reliable message delivery.

“Popular wireless communica-
tion technologies that are being 
applied to electronic production 
applications are WiFi, Bluetooth, 
ZigBee, and UWB.”

“UWB is gaining attention as an 
indoor, short-range, high-speed 
wireless communication.”

“The impact of the human-ma-
chine interface is more signifi-
cant than its basic function ality. 
HMI Systems are the principal 
point of contact between the 
user and a machine or process.”

wide-area networks) utilize mobile communica-
tion networks such as cellular, UMTS, GPRS, 
CDMA2000, GSM, CDPD, Mobitex, HSDPA, 3G, 
4G, and WiMax. All of these networks offer 
wide service coverage and are normally used 
for citywide, nationwide, or even global digital 
data exchange.

Popular wireless communication technologies 
that are being applied to electronic production 
applications are WiFi, Bluetooth, ZigBee, and 
NFC. All are based on IEEE 802 standards: WiFi 
802.11a/b/g; Bluetooth 802.15.1; ZigBee 802.15.4; 
UWB 802.15.3.

Summary

The effectiveness of an HMI System can affect 
the acceptance of the entire system; in fact in 
many applications it can impact the overall suc-
cess or failure of a product. The HMI System 
is judged by its usability, which includes how easy 
it is to learn as well as how productive the user 
can be with it. A well-designed HMI System does 
more than just present control functions and 
 information; it provides an operator with active 
functions to perform, feedback on the results 
of those actions, and information on the system’s 
performance.

The impact of the human/machine interface is 
much more significant than its basic functionality. 
HMI Systems are the principal point of contact 
between the user and a machine or process. A 
good HMI System makes this interaction seem 
intuitive. A poor HMI System can alienate users 
or potential customers, encourage users to 
 circumnavigate the system, or result in poor or 
unsafe system performance. As the direct link 
to the user, HMIs directly represent the core 
system’s quality and value. A sophisticated mix 
of design and layout considerations, such as 
contemporary style, colour, and tactile response 
coupled with ergonomic and intuitive operation, 
create an optimal user experience that determines 
a customer’s satisfaction with the core product.

In electronics production applications, a well 
designed HMI System that meets user require-
ments, industry standards, and government 
regulations is a key component in the overall 
sound design of the equipment itself. Creating 
the right HMI System requires working with 
an HMI expert who can help to navigate all the 
functional and regulatory requirements, and 
satisfy the unique demands of an electronics 
production environment.
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