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SEMI E54-1296

STANDARD FOR SENSOR/ACTUATOR NETWORK COMMON DEVICE
MODEL

This Standard was technically approved by the Information & Control Global Technical Committee.

1 Purpose

1.1 This Standard defines a model comprised of device objects which are common to all devices on a semiconductor
equipment sensor/actuator communications network.

2 Scope

2.1 This Document describes common device structure and behavior (i.e., the minimum data structure and behavior
all devices must support to operate on the network). These devices may range from simple sensors and actuators
through hosts, masters, or controllers.

2.2 The model specified in this Document is used in conjunction with a sensor/actuator network specific device model
which describes the data structure and behavior characteristics of the specific device. Together, these two models are
sufficient to completely describe a device as it appears from the network interface.

2.3 This Standard, together with a sensor/actuator network interoperability guideline, a sensor/actuator network
communication specification, and one or more specific device model specifications, form a complete interoperability
specification. The sensor/actuator network document architecture is shown in Figure 1.

2.4 To comply with this Standard, a device must implement and support instances of the objects, object attributes,
object services, and object behaviors identified in this Document, unless explicitly stated otherwise.

NOTICE: SEMI Standards and Safety Guidelines do not purport to address all safety issues associated with their use.
It is the responsibility of the users of the Documents to establish appropriate safety and health practices, and determine
the applicability of regulatory or other limitations prior to use.

3 Limitations

3.1 This Standard is a companion to a suite of sensor/actuator network communication network specifications.
Therefore, using portions of this Standard that relate to network communications necessarily requires an understanding
of the associated network specification.

3.2 As this Document is a Standard for a common device model, it does not contain any information (e.g., object,
attribute, services, or behavioral descriptions) that relates to a specific device or device type.

3.3 While the standards depicted in Figure 1 are sufficient to completely describe a device as it appears from the
network, they do not fully describe behavior of the device which is not visible from the network. Some of the behavior
detail within standard objects is intentionally left to the manufacturer to define. This allows flexibility for product
differentiation and creates room for technology evolution. Manufacturer-specific objects may be defined by the
manufacturer as appropriate, but are by definition outside the scope of this Standard.

3.4 This Standard is compatible, but not complaint with SEMI E39. This means that although this Standard does not
require compliance with SEMI E39, it is extensible such that implementations may be developed that are fully
compatible with both Standards. Note that the concepts and terminology of this Standard are compatible with those of
SEMI E39. However, SEMI E39 has specific requirements that are intended for higher level applications and thus are
not applied to the Common Device Model.
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Figure 1
Sensor/Actuator Network-Related Documents

4 Referenced Standards and Documents

4.1 SEMI Standards

SEMI E30 — Generic Model for Communications and Control of SEMI Equipment (GEM)

SEMI E39 — Object Services Standard: Concepts, Behavior, and Services

4.2 Other Documents

ISO 7498 — Basic Reference Model for Open Systems Interconnection

David Harel, “Statecharts: A Visual Formalism for Complex Systems.” Science of Computer Programming 8, 1987.

James Rumbaugh, Michael Blaha, William Premerlani, Frederic eddy, William Lorensen, Object-Oriented Modeling
and Design, Englewood Cliffs, New Jersey: Prentice-Hall, 1991.

NOTICE: Unless otherwise indicated, all documents cited shall be the latest published versions.

5 Terminology
Terminology may be reproduced here which is defined in other SEMI Documents.
5.1 Device Component Terminology

5.1.1 device — a tangible thing consisting of: (1) at least one sensor and/or actuator and/or controller, (2) a
communications controller which supports a single point of access to a network as specified in this document, and (3)
interconnection and management hardware and software that provides for the consolidation of (1) and (2) into a system
that has the capability to comply with the specification detailed in this document. Examples of devices are given in
Figure 2.

5.1.2 device model — an abstraction of a device for the purpose of understanding it before building it or using it.

5.1.3 object — an entity with a specific set of data and behaviors. Objects may be physical or conceptual. An object
may be described in terms of its attributes, services it provides, and behavior it exhibits.

5.1.4 instance — a specific and real occurrence of an object.
5.1.5 attribute — externally visible information concerning an object.

5.1.6 behavior — a specification of how an object acts. Actions result from different events the object detects, such
as receiving service request, detecting internal faults, or elapsing timers.
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5.1.7 service — a function offered or supported by an object. A service consists of a sequence of service primitives
each described by a list of parameters. A service excludes definition of message structure and protocol.

5.1.8 state diagram — a means of representing state transitions where the boxes represent states and the arrows
represent transitions between states.

5.2 Data Type Terminology

Unless otherwise noted, data type terminology defined in SEMI E39 will be used in this document. The following
terminology will also be used:

5.2.1 byte — a string of eight adjacent bits, interpreted as a unit and often representing a character.
5.2.2 nibble — a string of four adjacent binary bits.

5.2.3 character — a text symbol, letter, digit, or mark used to represent, control, or organize information that is one
byte in length.

5.2.4 character string — a text string.
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Examples of Devices

6 Conventions

6.1 Harel State Model — This Document uses the Harel State Chart notation to describe the dynamic behavior of the
objects defined. An overview of this notation is presented in an Appendix of SEMI E30. The formal definition of this
notation is presented in Science of Computer Programming 8, “Statecharts: A Visual Formalism for Complex Systems.”
by D. Harel, 1987.

Transistion tables (referred to in this document as “state transition matrices”) are provided in conjunction with the
state diagrams to explicitly describe the nature of each state transition. Each transition table contains columns for
Transition #, Current State, Trigger, New State, Action(s). The ‘trigger’ (column 3) for the transition occurs while in
the ‘current’ state. The ‘action’ (column 5) include combination of: (1) actions taken upon exit of the current state, (2)
actions taken upon entry of the new state, and (3) actions taken which are most closely associated with the transition.
No differentiation is made.

6.2 OMT Object Information Model — The object models is presented using the Object Modeling Technique
developed by Rumbaugh, James, et al., in “Object-Oriented Modeling and Design.” Prentice Hall, Englewood Cliffs,
NJ, © 1991. Overviews of this notation are provided in an Appendix of SEMI E39.

6.3 Object Attribute Representation — The object information models for standardized objects will be supported by
an attribute definition table with the following column headings:
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Attribute Definition Access Rgmt Form

The formal text name of the Description of the information RO or RW YorN (see below)
attribute. contained.

The access column uses RO (Read Only) or RW (Read and Write) to indicate the access that users of Object Services
have to the attribute. Note that, in this Document, the access column is used only to indicate user access via the
network; no indication is made as to local access as this level of specification is considered to be implementation-
specific. Thus, in the context of this Document, a RW attribute is a network-settable attribute (i.e., an attribute whose
value can be altered from the network), while a RO attribute is a non-network-settable attribute.

A Y’ or ‘N’ in the requirement (Rqmt) column indicates if this attribute must be supported in order to meet
fundamental compliance for the service.

The Form column is used to indicate the format of the attribute.
6.4 Service Message Representation

6.4.1 Service Resource Definition — The service resource definition table defines the specific set of messages for a
given service group, as shown in the following table:

Service Type Description

Message name NorR The intent of the service.

Type can be either Notification (N) or Request (R). Notification messages are initiated by the service provider. No
response is expected. Request messages are initiated by the service user. Request messages ask for data or for an
operation to be performed. Request messages expect a specific response (no presumption on the message content).

6.4.2 Service Parameter Dictionary — Each parameter should relate to either attributes from the object model or
events of the dynamic model (Harel State Chart). All parameters to the services are listed in a single table or dictionary.
The column headings for this parameter dictionary are as follows:

Parameter Form Description

Parameter X Data type A parameter

A row is provided in the table for each parameter of the service. The first column contains the name of the parameter.
This is followed by columns describing the form and the contents of the parameter.

The form column is used to indicate the type of data contained in the parameter and the possible values it may take
on.

The description column describes the meaning of the parameter and interrelationships with other parameters.

6.4.2.1 Service Message Definition — There is a table showing the parameter detail for each service in which
parameters are explicitly specified. The column headings for the service detail are as follows:

Parameter Reg/Ind Rsp/Cnf Description

Parameter X (see below) (see below) A description of the service.

The columns labeled Req/Ind and Rsp/Cnf link the parameters to the direction of the message. The message sent by
the initiator is called the ‘Request’ (Req). The receiver terms the message the ‘Indication’ (Ind). The receiver may
then send a ‘Response’ (Rsp), which the original sender terms the ‘Confirmation’ (Cnf).
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The request (Req/Ind) and response (Rsp/Cnf) entries can take on the following values:
‘M’ Mandatory parameter — Must be given a valid value.

‘C’ Conditional parameter — May be defined in some circumstances and undefined in others. Whether a
value is given may be completely optional or may depend on the value of another parameter.

‘U’ User-defined parameter
‘-> The parameter is not used.

‘=" The entries M and C in the response can be modified with (=) to indicate that the value in the response
must match the request.

7 Device High Level Structure

The high level object view of a device is shown in Figure 3. A device is depicted as consisting of a

| sensor/actuator/controller (SAC) object, a device manager (DM) object, and at least one sensor or actuator or controller
object. Each of these objects by definition has attributes, services, and behavior. Note that the ‘Device’ object is
depicted in Figure 3 only for purposes of illustrating a high level view of the device and its component objects; in the
context of this Document, the ‘Device’ object is not addressable, does not have addressable attributes or accessible
services, and has no behavior defined.

This Document defines in detail only the DM object. The SAC object is defined here only in terms of characteristics
common to all devices. A complete definition of a SAC object includes an appropriate sensor/actuator network specific
device model. This companion model could also complete the definition of sensor, actuator, and controller objects as
appropriate to specify a device model.

7.1 General Requirements — Objects are defined in terms of their object name and instance identifier. Identifiers for
all objects described in this Document are summarized in Table 1. Note that these identifiers may be used for remote
interrogation of an object instance via the sensor/actuator network (see appropriate sensor/actuator communications
specification). Also note that, in Table 1, many of the objects specified in this Document have exactly one instantiation
per device.
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High Level Object View of a Device
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Table 1 Device Objects and Identifiers

Object Name Object Identifier (tag) Support Required in a Comment
Device
I Sensor/Actuator/Controller Sacl0* Yes Only one instance per device allowed.
Sensor Senln** No Zero or more instances per device
allowed.***
Actuator ActIn** No Zero or more instances per device
allowed.***
Controller CntIn** No Zero or more instances per device
allowed.***
Device Manager DmlIO* Yes Only one instance per device allowed.

* Only one object instance per device; identifier uses ‘10’ to specify ‘instance zero.’
** ‘In” is used to indicate the instance number of the object; ‘n’ is a non-negative integer.

*** The specification of the number of sensor, actuator, and/or controller object instances allowed per device may be further constrained by the
appropriate sensor/actuator network specification.

The objects described in this Document collectively define a device’s capabilities, including how it has been
configured for network interoperability. The information in the attributes of these object instances must be accessible
over the network and stored at the device.

Character strings described in this Document have a prescribed maximum length. If the contents of the string are
shorter than the prescribed length, the string must be terminated with the null character: a byte whose value is 00h.
Note that this specification of null termination does not indicate that a sensor/actuator network protocol
implementation communicating a character string over a network must send the null termination; the presentation of
character string data over a network is sensor/actuator network communication protocol-specific.

7.2 Sensor/Actuator/Controller (SAC) Object — The SAC object is the device component responsible for
coordinating the interaction of the device with the sensory/actuation/control environment. A view of the SAC object
is shown in Figure 4. The SAC object coordinates operation of one or more sensor, actuator, and/or control object
instances that collectively form the sensory/actuation/control portion of the device, so as to enable desired device
behavior. For example, it could coordinate the operation of the device sensor, actuator, and/or control elements to
enable device level data reporting or actuation, alarming detection and servicing, status reporting, device self-testing,
device shutdown, etc. The number of sensor, actuator, and/or controller object instances allowed per device may be
specified by the appropriate sensor/actuator network specific device model. An operating device shall contain exactly
one instance of a SAC object.
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Figure 4
Detailed View of the Sensor/Actuator/Controller Object
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