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SPECIFICATION FOR SENSOR/ACTUATOR NETWORK SPECIFIC
DEVICE MODEL FOR MASS FLOW DEVICE

SEMI E54.3-0698

1 Purpose

1.1 This specification is part of a suite of standards
which specify the implementation of SEMI standards
for the Sensor/Actuator Network. The specific purpose
of this specification is to describe a network-indepen-
dent application model comprised of device objects
which are common to all Mass Flow Devices on a
semiconductor equipment Sensor/A ctuator communi-
cations network.

2 Scope

2.1 This specification specifically addresses the mini-
mum attributes, services, and behavior a Mass Flow
Controller (MFC) and Mass Flow Meter (MFM)
device must support to be interoperable on the Sensor/
Actuator Network.

2.2 This specification is intended to ensure a high-
degree of device interoperability on the Sensor/Actua-
tor Network, while still allowing flexibility for product
differentiation and technology evolution.

2.3 The model specified in this specification isused in
conjunction with the Sensor/A ctuator Network Com-
mon Device Model (CDM) to completely describe the
MFC or MFM asit appears from the network interface.

2.4 This specification, together with the Sensor/A ctua-
tor Network Standard, the Sensor/A ctuator Network
Common Device Model, and a Sensor/Actuator Net-
work Communication Specification, form a complete
interoperability specification for the MFC and MFM.

2.5 To comply with this specification, a device must
implement and support, at a minimum, the required
attributes, services, and behavior identified in these
documents. Support for optional attributes, services,
and behavior are not required to be compliant to this
specification. Optional attributes, services, and behav-
ior are specified in these documents to promote further
device interoperability as features evolve and are
adopted by more manufacturers. If optional attributes,
services, and behavior areimplemented for this device,
they must be implemented as identified in this docu-
ment.

3 Limitations

3.1 This specification is a companion to a suite of
specifications which together make up the Sensor/
Actuator Network Communication standard. There-
fore, using portions of this specification that relate to
network communications necessarily requires an
understanding of the associated network specification.

3.2 Asthis document is a specification for the Mass
Flow Device Model, it does not contain any definition
of objects, attributes, services, or behavioral descrip-
tions that are already defined in the Sensor/Actuator
Network Common Device Model (CDM). Additional
attributes, attribute assignments, services, and/or ser-
vice parameters that are Mass Flow Device-specific
and/or implementation-specific are contained in this
specification.

3:3 While this specification is sufficient to completely
describe the MFC or MFM as it appears from the net-

work, it does not fully describe behavior of the MFC or

MFM which is not visible from the network. This
allows flexibility in implementation techniques and
product differentiation between manufacturers. Manu-
facturer-specific objects may be defined by the manu-
facturer, but are, by definition, outside the scope of this
standard.

3.4 This specification is compatible, but not compli-
ant, with SEMI E39. This means that although this
specification does not require compliance with SEMI
E39, it is extensible such that implementations may be
developed that are fully compliant with both standards.
Note that the concepts and terminology of this specifi-
cation are compatible with those of SEMI E39. How-
ever, SEMI E39 has specific requirements that are
intended for higher level applications and, thus, are not
applied to the Mass Flow Device Model.

3.5 Operation over the entire range specified for an
attribute within a specific object instanceis not arequi-
site for compliance with this specification.

4 Referenced Documents

NOTE: As listed or revised, all documents cited shall
be the latest publications of adopted standards.
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4.1 SEMI Sandards

SEMI E12 — Standard for Standard Pressure, Temper-
ature, Density, and Flow Units Used in Mass Flow
Meters and Mass Flow Controllers

SEMI E18 — Guideline for Temperature Specifications
of the Mass Flow Controller

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

SEMI E52 — Practice for Referencing Gases Used in
Digital Mass Flow Controllers

SEMI E54.1 — Standard for Sensor/Actuator Network
Common Device Model

4.2 |EEE Document?
IEEE 754 — Floating Point Definition

5 Terminology

5.1 Terminology Defined in Standard for Sensor/Actu-
ator Network Common Device Model (SEMI E54.1)

5.1.1 Attribute

5.1.2 Behavior

5.1.3 Byte

5.1.4 Character

5.1.5 Device

5.1.6 Device Manager (DM) Object
5.1.7 Device Model

5.1.8 Instance

5.1.9 Nibble

5.1.10 Object

5.1.11 S, A, and C Objects

5.1.12 Sensor Actuator Controller (SAC) Object
5.1.13 Service

5.1.14 State Diagram

5.2 Definitions

5.2.1 boolean (BOOL) — A binary bit representing O
and 1 corresponding to FALSE and TRUE or DIS-
ABLE and ENABLE respectively.

1 Institute of Electrical and Electronics Engineers, Inc., 345 East 47th
Sreet, New York, NY 10017

5.2.2 common device model (CDM) — Refersto Sen-
sor/Actuator Network Common Device Model (SEMI
E54.1).

5.2.3 datatype — An unsigned short integer formatted
as an enumerated byte to specify attribute data format.
Theintended use of this attribute typeisin cases where
an attribute, or set of attributes, may be defined, allow-
ing for more than one level of support (e.g., INT or
REAL). The following values are defined:

O=INT

1=REAL

2=USINT

3=SINT

4=DINT

5=LINT

6=UINT

7=UDINT

8=ULINT

9=LREAL

10-99=reserved for CDM
100-199=reserved for SDMs
200-255=manufacturer-specified

5.2.4 data units — An unsigned integer formatted as
an enumerated byte to specify attribute data units. The
intended use of this attribute type isin cases where an
attribute, or set of attributes, may be defined, allowing
for more than one unit’s context. The values are
defined in an appendix of this document.

5.2.5 date — A data structure of four bytes used to
represent a calendar date. Table 1 defines the format of
the date data type.

Table 1. Date Format
Data # Description Range
0-1 Year Unsigned Integer
2 Month Unsigned Short Integer
(range of 1to 12)
3 Day Unsigned Short Integer
(range of 1to 31)
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5.2.6 double integer (DINT) — An integer, four bytes
long, in the range -231 to 281- 1.

5.2.7 enumerated byte — A byte with assigned mean-
ing to the values 0 through 255. May take on one of a
limited set of possible values.

5.2.8 full scale range — The defined 100% value of an
attribute in its assigned units. This value is not neces-
sarily the maximum value for the attribute. As an
example, the indicated flow attribute value may attain
120% of the full scale range.

5.2.9 gas calibration — A reference to a set of param-
eters or methods which are used to calibrate or correct
the device for a particular gas type, range, and units.

5.2.10 gas standard number — A number that refer-
ences a gas type. The number and its referenced gas
type are defined in SEMI E52.

5.2.11 gas standard symbol — A text symbol that ref-
erences a gas type. The symbol and its referenced gas
type are defined in SEMI E52.

5.2.12 last valid value (LVV) — The most recent value
successfully assigned to an attribute.

5.2.13 long integer (LINT) — An integer, eight bytes
long, in the range -2%3 to 262- 1.

5.2.14 long real (LREAL) — A double floating point
number, eight bytes long, as defined in |EEE 754.

5.2.15 manufacturer — In the context of this docu-
ment, this refers to the manufacturer of the device.

5.2.16 mass flow controller (MFC) — A self-con-
tained device, consisting of a mass flow transducer,
control valve, and control and signal-processing elec-
tronics, commonly used in the semiconductor industry
to measure and regulate the mass flow of gas.

5.2.17 mass flow device (MFD) — A device which is
either amass flow controller or mass flow meter.

5.2.18 mass flow meter (MFM) — A self-contained
device, consisting of a mass flow transducer and sig-
nal-processing electronics, commonly used in the
semiconductor industry to measure the mass flow of
gas.

5.2.19 null character — A byte with avalue of zero.

5.2.20 programmed gas calibration — A referenceto
a particular gas type, range, and units for which the
deviceiscurrently calibrated.

5.2.21 real (REAL) — A floating point number, four
bytes long, as defined by |EEE 754.

5.2.22 short integer (SINT) — An integer, one byte
long, inthe range -128 to 127.

5.2.23 signed integer (INT) — An integer, two bytes
long, in the range -32768 to 32767.

5.2.24 text string — A string of one-byte characters.
See Section 5.1 for a definition of a character.

5.2.25 unsigned integer (UINT)— An integer, two
byteslong, in the range 0 to 65535.

5.2.26 unsigned short integer (USINT) — An integer,
one byte long, in the range 0 to 255.

6 Requirements

6.1 In order to implement this standard in a Mass
Flow Device, it is necessary to also implement SEMI

E54.1 and one of the Sensor/Actuator Network Com-

munication standards. See Section 2 for more informa-

tion on a complete interoperability standard.

7 Conventions

7.1 This document embraces the Harel State Chart
notation, the transition table definition format, the
object attribute representation formats, service mes-
sage definition formats, and behavior definition for-
mats as specified in SEMI E54.1.

7.2 Figure 1 describes the convention for object repre-
sentation used throughout this specification.

OBJECT NAME

Attributes

Services

Figurel
Object Representation
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8.1 General Description — The high level object view
of aMass Flow Meter (MFM) device and aMass Flow
Controller (MFC) Deviceis shown in Figure 2.

8 Device High Level Structure

Note that the "MFM" and the "MFC" objects are
depicted in Figure 2 only for the purposes of illustrat-
ing ahigh level view of the device and its component
objects. In the context of this document, these objects
are not addressable, do not have addressabl e attributes,
do not have accessible services, nor do they exhibit
any defined behavior. These objects are only included
in the figures to aid in the visualization of the device.

This document defines in detail all of the component
objects unique to the MFC and the MFM devices. Ref-
erences, rather than definitions, are included for the
DM, the SAC, and other objects defined in SEMI
E54.1.

Many of the objects defined in this document inherit
properties from other objects. The properties inherited
include attribute, service, and behavior definitions.
These other objects are specified here or in SEMI
E54.1.

This document provides for future extensions, as well

as manufacturer-specific enhancements, by reserving
object attribute identifiers and object service identifi-
ers. Specifically, all object definitions in this document
specify or reserve the first 64 attribute identifiers (A1
through A64) and the first 64 service identifiers (S1
through S64), allowing manufacturers to specify iden-

tifiers beyond these ranges. Additionally, byte-enumer-
ated attributes are specified or reserved from 0 to 63,

allowing manufacturers to specify enumerations
beyond this range (64 to 255).

8.1.1 MassFlow Meter (MFM) Device Description —
A Mass Flow Meter device profile is composed of the
component objects and object relationships shown in
Figure 2.

8.1.2 Mass Flow Controller (MFC) Device Descrip-
tion — A Mass Flow Controller device profile is com-
posed of (1) all of the component objects and object
relationships of the Mass Flow Meter Device in addi-
tion to (2) the component objects and object relation-
ships as shown in Figure 2.
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MFM Device

| ]

Sensor-Al-MF Sensor-Al SensorAlAT defi IgM DM
------------------------- (defined in CDM) _< (defined in CDM)
FlowTotalizer
FlowHours
ZeroingStatus ®
ZeroOffsetMode
AutoRangeStatus Assembly-MFM SAC

A | A Assembly < ,,,,,,,,,,,,,,,,, L
b < PerformZeroOffset (defined in CDM) (defined i SON)

(defined in CDM)
AutoRange

QuerySupportedGasType
SelectProgrammedGasType

InsertGasType
DeleteGasType

GetGasCalibrationDataValue

SetGasCalibrationDataValue
MFC Device

| .
- (defedinComy
efined in i
> Controller Local Link
s A Sensor-Al-Aux (defined in CDM) —] (defined in CDM)
ensor-
(defined in CDM)
Actuator-AO-MF
Actuator-AO | A e
(defined in CDM) _< ValveType
Override
SISO SISO-Setpoint ] Local Link ‘
Input RampType (defined in CDM) Assembly Assembly-MFC
g;:g;_"ype RampRate (defined incDM) <] T

Figure2
Mass Flow Meter Device and Mass Flow Controller Device High Level Structure

8.1.3 General Requirements

8.1.3.1 Device Objects — All objects are defined in terms of their object name and instance identifier. Identifiers
for all objects described in this document are summarized in Table 2.
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MFC

Table 2. Mass Flow Device Objects
MFM
Referenced Document Object Minimum Minimum
Section Object Name Identifier Instances Instances Maximum I nstances
8.2 Device Manager MFD1 1 1 1
(DM)
8.3 Sensor Actuator MFD2 1 1 1
Controller (SAC)

8.4 Sensor-Al-MF MFD3 1 1 Manufacturer-Specified
8.5 Sensor-Al-AT MFD4 0 0 Manufacturer-Specified
8.6 Assembly-MFM MFD5 0 0 1

8.7 Sensor-Al-Aux MFD6 0 0 Manufacturer-Specified
8.8 Actuator-AO-MF MFD7 1 0 M anufacturer-Specified
8.9 Controller MFD8 1 0 1
8.10 Local Link MFD9 2 0 M anufacturer-Specified
8.11 SISO MFD10 0 0 Manufacturer-Specified
8.12 SISO-Setpoint MFD11 0 0 Manufacturer-Specified
8.13 Assembly-MFC MFD12 0 0 Manufacturer-Specified
— Reserved MFD13 - - - —

MFD64
— Manufacturer- >MFD64 — - —
Specified

8.1.3.2 Object Services — Not all object services listed in this document can necessarily be requested over the
network. They are included in this document because their behavior may generate network activity .

8.1.3.3 Object Behavior — For all service requests received over the network that are unsupported by the object,
or contain a parameter value which is beyond the supported range, or which is otherwise invalid, a network-spe-
cific service error response is generated as specified in SEMI E54.1.

8.2 Device Manager Object (DM)

8.2.1 The Device Manager object instance is the device component responsible for managing and consolidating
the device operation as specified in SEMI E54.1. The following sections specify the components of the DM object
that are not specified in the Common Device Model.
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8.2.2 Device Manager Object Attributes — Required and optional DM object instance attributes are listed in

Table 3.
Table 3. DM Object Attributes
Attribute
Attribute Name I dentifier Access Network Required Form
Device Type Al R Yes Refer to CDM (SEMI E54.1).
Exception Detail Alarm Al13 R No Refer to CDM (SEMI E54.1).
Exception Detaill Warning Al4 R No Refer to CDM (SEMI E54.1).
Reserved A33-A64 — — Reserved for SDM future expansion.
Manufacturer-Specified > A64 — — Manufacturer-Specific attributes

8.2.2.1 Device Type — An attribute which uniquely identifies the type of the device on the network. The device
type attribute is assigned as follows:

Mass Flow Controller Device="MFC"

Mass Flow Meter Device="MFM"

8.2.2.2 Exception Detail Alarm (Optional) — An attribute which identifies the detailed alarm status of the device.
Table 4 defines the bit assignments associated with the alarm exception detail.

Table 4. Exception Detail Alarm Bit Assighments

Bit

Device-Specific Alarm [ 0]

Reserved

Indicated Flow High

Indicated Flow Low

Flow Controller

Flow Valve Actuator

Reserved

Reserved

Nl o o Ml W] N | O

Reserved
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8.2.2.3 Exception Detail Warning (Optional) — An attribute which identifies the detailed warning status of the
device. Table 5 defines the bit assignments associated with the warning exception detail.

Table 5. Exception Detail Warning Bit Assignments

@
=

Device-Specific Warning [0]

Reserved

Indicated Flow High

Indicated Flow Low

Flow Controller

Flow Vave Actuator

Reserved

Reserved

~N| o o Al W] N | O

Reserved

8.2.2.4 Initial and Default Values

Table 6. DM Object Attribute Initial and Default Values

Attribute Initial Value Default Value Comment
Device Type MFC, MFM MFC, MFM MFM = Mass Flow Meter Device
MFC = Mass Flow Controller Device
Exception Detail Alarm 0 0
Exception Detaill Warning 0

8.3 Sensor Actuator Controller Object (SAC) — The Sensor Actuator Controller object instance isthe device com-
ponent responsible for coordinating the interaction of the mass flow device with the sensory/actuation/control
environment as specified in SEMI E54.1.

8.4 Sensor-Al-MF Object — The Sensor-Al-MF object inherits the attributes, services, and behavior of the Sen-
sor-Al as defined in SEMI E54.1. The Sensor-Al-MF object instance is the device component responsible for
retrieving a reading from a physical flow sensor, optionally correcting the reading with a manufacturer-specified
algorithm, or agorithms, then making the value available to feed the Controller object instance viaaLocal Link

object instance.
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8.4.1 Sensor-Al-MF Object Attributes

Table 7. Sensor-Al-MF Object Attributes

Attribute Access

Attribute Name | dentifier Network Required Form
Flow Totalizer Al RW No REAL
Flow Hours A2 R No ULINT
Zero Offset Mode A5 RW No Enumerated Byte
Zeroing Status A6 R No Enumerated Byte
Autorange Status A7 R No Enumerated Byte
Reserved A8-A64 — — Reserved for future expansion
Manufacturer-Specified > A64 — — Manufacturer-Specific attributes

8.4.1.1 Flow Totalizer (Optional) — An attribute that maintains the volume of gasin standard cubic centimeters
(SCC) that has flowed through the device since the last time the flow totalizer attribute value was set to zero.

8.4.1.2 Flow Hours (Optional) — An attribute which identifies the number of hoursthat the device has been fl ow-
ing gas since the last time the flow hours attribute value was set to zero, as specified by the manufacturer. The
attribute is an unsigned long integer with aresolution of 1 hour.

8.4.1.3 Zero Offset Mode (Optional) — An attribute which specifies the zero offset formulato be applied to pro-
duce the value attribute. This attribute is an enumerated byte that can take on one of the following values:

0=Disahle

1 = Enable Application of Formula
2 = Enable Automatic Zeroing
363 = Reserved

64—-255 = Manufacturer-Specified

8.4.1.4 Zeroing Satus (Optional) — An attribute which specifies whether the object isin the ZEROING substate.
This attribute is an enumerated byte that can take on one of the following values:

0= Not Zeroing
1=Zeroing

8.4.1.5 Autorange Satus (Optional) — An attribute which specifies whether the object isin the AUTORANGING
sub-state. Thisattributeis an enumerated byte that can take on one of the following values:

0= Not Autoranging
1= Autoranging
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