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Dear Customer,
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1-1 Introduction

The Brooks® Digital Communication RS485 S-Protocol provides a reliable,
transaction oriented service between a master device, such as a Personal
Computer, and one or more Brooks® S-Protocol compatible Mass Flow
Meters and Controllers. The protocol is designed to allow a centralized
controller to acquire measurement data from a Mass Flow device and, in
case of Mass Flow Controllers, send setpoint values.

The Brooks GF40/GF80 Series S-Protocol devices support digital
communications as defined by this manual. This protocol is based on the
HART® Communication Foundation (HCF) protocol. Brooks GF40/GF80
Series S-Protocol devices support all the Universal Commands and many of
the Common Practice commands as defined by the HCFHowever,
conformance to the HCF specifications is neither claimed nor implied.

The only physical layer supported by the GF40/GF80 Series S-Protocol
devices is RS-485 (see Section 2). The HART Communication Foundation
FSK physical layer (Bell-202 modem) is NOT supported by the Brooks
S-Protocol devices. Therefore, the commonly available HART “Hand Held
Configurators” are NOT compatible with Brooks S-Protocol devices.

This document is intended to give a user the means to implement the
protocol structure into his own control system in order to estiblish
communication between the control system and the Brooks GF40/GF80
Series S-Protocol devices. It does not cover the non-communication
functionality of the Brooks S-Protocol Mass Flow Meters and Controllers.
For this description please refer to Installation and Operation Manual for
your specific device.

The remaining sections of this document are summarized below:

- Section 2 — Device Configuration and Wiring defines how to properly
configure and wire Brooks GF40/GF80 Series S-Protocol devices for
digital communications.

- Section 3 — Message Protocol Structure describes the HART message
protocol.

- Section 4 — Master/Slave Communications describes the
requirements of the Master in the HART protocol.

- Section 5 — General Transmitter Information defines transmitter
specific information such as communication response times and units
conversions.

- Section 6 — Universal Commands defines the message formats for all
supported universal commands.

- Section 7— Common Practice Commands defines the message
formats for all supported common practice commands.

- Section 8 — Transmitter Specific Commands defines the message
formats for all supported transmitter specific commands.

- Section 9 — Transmitter Specific Tables defines the meanings of
various codes utilized by individual commands.
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Tables 1-1 through 1-3 provide a summary of S-Protocol commands
available in the Brooks GF40/GF80 Series S-Protocol devices. This manual
provides details that apply specifically to the Brooks GF40/GF80 Series
S-Protocol products:

Tables 1-1 Universal Commands

Command

Description

#0

Read Unique Identifier

#1

Read Primary Variable

#2

Read Primary Variable Current and Percent Range (Supported)

#3

Read Current and all Dynamic Variables

(Primary flow and secondary temperature variable supported)

#6

Write Polling Address

#11

Read Unique Identifier associated with Tag

#12

Read Message

#13

Read tag, Descriptor, Date

#14

Read Primary Variable Sensor Information

#15

Read Output Information

#16

Read Final Assembly Number

#17

Write Message

#18

Write Tag, Descriptor, Date

#19

Write Final Assembly Number

Tables 1-2 Common Practice Commands

Command |Description

#37 Set Primary Variable Lower Range Value (Zero)
#38 Reset Configuration Changed Flag

#39 E EPROM control

#42 Perform master reset

#48 Read Additional Transmitter Status

#50 Read dynamic variable assignments

#59 Write Number of Response Preambles

#66 Enter/Exit Fixed Analog Output Mode

#67 Trim Analog Output Zero

#68 Trim Analog Output Span

#122 Write device identification number (NON-PUBLIC)
#123 Select Baud Rate
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Tables 1-3 Transmitter Specific Commands

Command |Description

#128 Enter/Exit Write Protect Mode (Non-Public)
#131 Read Brooks order number (Serial Number)
#132 Read Model Number

#134 R ead Software Rev

#150 Read Process Gas Type

#151 Read Gas Density, Flow Reference and Flow Range
#152 Read Full Scale Flow Range

#190 Read Standard Temperature and Pressure
#191 Write Standard Temperature and Pressure
#193 Read Operational Settings

#195 Se lect Gas Calibration

#196 Select Flow Unit

#197 Select Temperature Unit

#215 Read Setpoint Settings

#216 Select Setpoint Source

#218 Se lect Softstart

#219 Write Linear Softstart Ramp Value

#220 Read PID Controller Values

#221 Write PID Controller Values

#222 Read Valve Range and Valve Offset

#223 Write Valve Range and Valve Offset

#226 Trim Setpoint Input

#230 Get Valve Override Status

#231 Set Valve Override Status

#235 Read Setpoint in % and Selected Units
#236 Write Setpoint in % or Selected Units

#237 Read Valve Control Value

#240 R ead Totalizer Status

#241 Set Totalizer Control

#242 Read Totalizer Value and Unit

#245 Read Alarm Enable Setting

#246 Write Alarm Enable Setting

#247 Read High/Low Flow Alarm

#248 Write High/Low Flow Alarm

#250 Change User Password
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2 Device Configuration and Wiring

2-1 Device Configuration

|
The RS-485 communications interface is standard on all Brooks GF40/GF80
Series S-Protocol devices. No hardware configuration is required.

All devices are shipped with the communication dat rate set to 19200
baud unless otherwise specified when ordering the device.

AWARNING

Before operating the device, ensure all fluid connections have
been properly tightened and, where applicable, all electrical
connections have been properly terminated.

2-2 Wiring

|
The RS-485 communications interface is a multidrop connection making it
possible to connect up to 32 devices to a computer on a single multidrop
line as shown Figure 2-1. Most Computers are NOT equipped with RS-485
ports. In order to connect an RS-485 to a computer, you will need an
RS-485 to RS-232C converter. Figure 2-1 shows the connection of three
Brooks GF40/GF80 Series S-Protocol devices via an RS-485 bus utilizing
an RS-485 to RS-232C converter to the RS-232 serial port of a typical
computer. The RS-485 bus requires two matching resistors of 120 Ohm,
one at the end of the bus and one at the beginning, near the converter
Note that a control line from the PC to the converter is necessary to control
the data direction of the RS-485 buffers. The RTS (“Request To Send”) line
is shown in Figure 2-1 because this line is used to control data direction in
many of the commercially available converters. The actual line used
depends on the converter selected.

Table 2-1 - D-Connector Communication Pins
D-Connector Pin Number RS-485

Pin #14 B (inverted driver side)

Pin #15 A (non-inverted driver side)




Section 2 Device Configuration Installation and Operation Manual

and Wiring X-DPT-RS485-GF40-GF80-MFC-eng
Part Number: 541B169AAG
Brooks® GF40/GF80 RS485 December, 2012
1 1 1
s < ooooooooooooooo 25 N < 000000000000000 }1 5 3 ( 000000000000000 }1 5

B| 1A Bl |A B| (A

R5-485/Rs-232

CONVERTER DTE

RxD

120

TS

Gnd

Figure 2-1 - RS-485 Multidrop Interconnection DMFM/C and PC
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3-1 Message Protocol Structure

|
HART is a “master-slave” protocol: each message transaction is originated
by the master (central) station, whereas the slave (field) device only replies
when it receives a command message addressed to it. The reply from the
slave device will acknowledge that the command has been received and it
may contain the data requested by the master.

Brooks GF40/GF80 Series S-Protocol devices do not guarantee the timing
required to support multiple masters communicating simultaneously to
slave devices as defined by the HART Communications Foundation.
Brooks GF40/GF80 Series S-Protocol devices do not support Burst Mode.

3-2 Addressing Concept

|
HART utilizes two possible addressing modes: short frame addressing and
long frame addressing. The short frame addressing uses a one byte
address of which the least significant nibble (four bits) is used to indicate
the slave address. Because slave address 0 is reserved as a broadcast
address, this provides the possibility to attach up to 15 different field
devices and one master device on one multidrop bus. The long frame
addressing mode uses 5 bytes (40 bits) as an address of which 38 bits are
used to indicate the slave device. The slave address is built up from the
manufacturer code (1 byte), the device type code (1 byte) and a device
identification number (3 bytes). Details on addressing are explained in
Section 3-4-4.

3-3 Character Coding

|
HART messages are coded as a series of 8-bit characters or bytes. These
are transmitted serially, using a conventional UART (Universal
Asynchronous Receiver/ Transmitter). As in normal RS-232C and other
asynchronous communication links, a start bit, a parity bit and a stop bit
are added to each byte. These allow the receiving UART to identify the
start of each character and to detect bit errors due to electrical noise or
other interference. A HART character is built up from:

1 Start bit - 0 bit
8 Databits

1 Odd parity bit
1 Stop bit - 1 bit

This sequence is summarized in Figure 3-1. Since HART is an
asynchronous protocol, successive characters may be separated by idle
periods (logical 1 level), but the idle period must not exceed 1 character
time.

3-1



Section 3 Message Protocol Structure Installation and Operation Manual
X-DPT-RS485-GF40-GF80-MFC-eng
PartNumber: 541B169AAG

Brooks® GF40/GF80 RS485 December, 2012
0 Do DI D2 | D3 M D5 D6 D7 P 1
Start '« Gdatabits . | Paity Stop
bit (leest significant first) bit bit

Figure 3-1 Single Character Bit Sequence

3-4 Message Format
|

3-4-1 Message Structure
|

HART specifies a message structure which is given in Figure 3-2 below.

PREAMBLES | START CHAR, ADDRESS  COMMAND BYTECOUNT | [STATUS] [DATA] CHECKSUM
MINIMAL 2 BYTES 1 T0 5 RYTES 1 BYTE 070 24 BYTES
(DEPENDS ON COMMAND)
(DEPENDS ON
ADDRESSING FORMAT)
1 BYTE  BYTE 2 BYTES 1 BYTE
(ONLY IN RESPONSE MESSAGES)

Figure 3-2 HART Message Structure

This structure is used for both the request (master to slave) and the
response (slave to master) messages. The status part and the data part
are shown in square brackets, because their occurrence in the message
depends on the type of message (response or request message) and the
command number. The individual items are explained below.

3-4-2 Preamble Characters
]

Every message, whether from a master or a slave device, is preceded by a
specified number of hexadecimal FF characters (databyte with all 1's).
These characters, called preamble characters, are used in the message-
detect pattern together with the start character. The preamble characters
are used to synchronize the field device. The Brooks GF40/GF80 Series
S-Protocol devices require at least 2 preamble characters in order to be
able to proceed in the message detection with the start of message
character. Note that due to potential losses due to RS-232 to RS-485
converters, a master should send a minimum of 5 preamble characters in
order to guarantee that slave device receives the required 2 preamble
characters.

3-2
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3-4-3 Start Character
]

The start character or delimiter is a one byte code used to detect the type
of frame (type of message) being transmitted and the type of addressing
being used. The most significant bit indicates the addressing mode used: 0
for short frame and 1 for long frame addressing, whereas the three least
significant bits indicate the frame type of the message: 010 indicates a
Start-Of-Text character and 110 indicates an Acknowledge character. The
Start-Of-Text character is used to indicate a message from the master to a
slave device whereas the Acknowledge character is used to indicate the
response messages from slave devices to the master. The rest of the bits
in the character are all zeros. See Figure 3-3 and Table 3-1 below.

Message type: 010 STX frame

110 ACK frame
Address type: 0 Short frame
1 Long frame
Figure 3-3 Start Character Settings
Table 3-1 Start Character Codings (Hexadecimal)
Short frame Long frame
Master to slave (STX) 02 82
Slave to master (ACK) 06 86
Address field length 1 byte 5 bytes

3-4-4 Address Characters
]

The address field contains both the master and the field device addresses
for the message. These may be contained in a single byte (short frame
format) or in five bytes (long frame format). In either format, the most
significant bit is usually the single-bit address of the master device taking
part in the message transaction (either sending a command or receiving a
reply from a slave device). Since only two masters are allowed only one bit
is needed for the master address. This bit will be 1 if it indicates the
primary master system, and O if it indicates the secondary master system.
The rest of the address field is determined by the frame format.

3-3



Section 3 Message Protocol Structure Installation and Operation Manual
X-DPT-RS485-GF40-GF80-MFC-eng
PartNumber: 541B169AAG

Brooks® GF40/GF80 RS485 December, 2012

Figure 3-4 below shows the address character in the short frame format.
The 4 least significant bits are the slave address, which can be used as a
polling address.

\ T \
0 0 0 SLAVE ADDRESS

Slave address: 0001 to 1111
(0000 is reserved)

Master address: 1 Primary master

0 Secondary master
Figure 3-4 Short Frame Address Character

In the long frame format the slave device address is represented by a
38-bit number. The structure of the address is given in Figure 3-5 below.

Byte 0 Byte 4

. | \
Device <« Device Identifier -

Type H |

——— 6 Least Significant Bits of
> Manufacture 1D
1 = Slave in Burst Mode

1 = Primary Master
0 = Secondary Master

Figure 3-5 Long Frame Address Characters

In the long frame format the slave address part of the five address
characters is build up from three sources: The 6 bits of the first byte of the
slave address part represent the manufacturers code. In case of devices
made by Brooks Instrument this is the number 10 (decimal). The
manufacturer number is a number which is stored in the device by the
manufacturer and which can not be changed by the user.

The second byte in the address is the device type code. This code
indicates the type of the device addressed. The device type code will be 90
for all Brooks GF40/GF80 Series S-Protocol devices. The device type code
is a number which is stored in the Brooks GF40/GF80 Series S-Protocol
devices by the manufacturer and which can not be changed by the user.

The last three bytes form a 24-bit unique identification number. As the
name implies, this value must be unique to each Brooks GF40/GF80
Series S-Protocol device on a network. For legacy products this value
was derived from the serial number of the device, however for the
GF40/GF80 this value is a random value. Command #122 can be used
to change this value.
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3-4-5 Command Character

A special case occurs when all bits of the slave address part are setto 0. A
message with this type of address, called a broadcast address, will be
accepted by all slave devices attached to the bus. A slave device will
always respond to a message with the broadcast address unless the
message contains additional information in the data portion of the message
that allows the slave device to determine that the message is not
addressed to that device. Brooks GF40/GF80 Series S-Protocol devices
support only one such command, Command #11. This type of addressing
can be used to address devices of which the manufacturer and the device
type codes and the unique identification number are not available to the
host system and with which this information can still be retrieved from the
unknown device. Command #11 data contains a Tag Name. Only a slave
device with the specified Tag Name will respond to Command #11 even if
the address in the message is the broadcast address. The Tag Name is an 8
character field which is equal to the last 8 digits of the device's serial number.
See Section 4-2 for a detailed description of the use of Command #11.

3-4-6 Byte Count Character

3-4-7 Status Characters

The command character is a 1 byte unsigned integer in the range from O to
255 (decimal), which indicates the action the slave device has to perform.
A larger range of commands is theoretically possible by using the
expansion code or 254 (decimal) followed by a second byte. This feature
however is not implemented by the Brooks GF40/GF80 Series S-protocol
devices. The received command is echoed back by the slave device in its
reply to the master.

Three types of commands are available to the user: the ‘Universal
Commands’, the ‘Common-Practice Commands’ and the ‘Transmitter-
Specific Commands’. The Universal Commands are a number of
commands in the range from 0 to 19, which are implemented by all field
devices utilizing the HART protocol. Refer to Section 6 for descriptions of
all available universal commands. The Common-Practice Commands are
a number of commands in the range from 32 to 127, which can be
implemented by all devices. These commands perform tasks which are
often common to most devices. Refer to Section 7 for descriptions of all
implemented Common-Practice Commands. The last category,
Transmitter-Specific Commands are a number of commands, ranging from
128 to 250 which are specific to the type of device. Refer to Section 8 for
descriptions of all available Transmitter-Specific Commands. The
commands #251 to #255 are reserved.

The bytecount character is a 1 byte unsigned integer indicating the number
of bytes which will form the remainder of the message. This number
includes the two status bytes (only if the message is a response message)
and the bytes in the data part. It does NOT include the checksum byte. The
byte count character is used by the receiving device to identify the
checksum byte and to determine when the message is finished.

Status Characters consists of two bytes, which contain bit-coded
information about communications errors, command errors, and device

3-5
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status as defined in Table 3-2. Only response messages from the slave

Table 3-2 Status Byte Coding device to the master device will contain status characters.

First Byte Second Byte
Communication Bit7 1= Communication error Bit7 O
errors
Bit6  Parity error (hex CO) Bit 6
Bit5  Overrun error (hex AO) Bit 5
Bit4  Framing error (hex 90) Bit4 AllO
Bit3  Checksum error (hex 88) Bit 3
Bit2 Reserved (hex 84) Bit 2
Bit1  Rx Buffer Overflow (hex 82) Bit 1
Bit0O  Undefined Bit 0
Command Bit7 0= Communication error Bit7  Device Malfunction
errors
Bit6to 0 (not bit-mapped): Bit6  Configuration Changed
Bit5 Cold Start
0 Non command specific error Bit4  More Status available. Use
1 Undefined Command # 48 to get more
2 Invalid selection information
3 Passed parameter too large Bit3  Primary variable analog output
4 Passed parameter too small fixed
5 Incorrect byte count Bit2  Primary variable analog output
6 Transmitter specific command error saturated
7 [In write-protect mode Bit1  Non primary variable out of
8-15  Command specific errors range
16 Access restricted Bit0  Primary variable out of range
32 Device is busy
64 Commanded not implemented

If the communication failed (i.e. the slave received distorted information)
the first byte indicates the receiver error(s) of the slave device. The second
byte will then be 0. If communication did not fail, the first byte will give
command execution information, whereas the second byte will give
information on the status of the device. The command specific errors 8 -
15 are errors which can have a different meaning for different commands.
Refer to the Sections 6, 7 and 8 for more information.
3-4-8 Data Characters

|
For the commands that contain data, the data field may contain up to a
maximum of 24 8-bit data bytes. The data can appear in a number of
formats described in the following sections.

3-4-8-1 8-Bit Unsigned Integer Format
|
This format can be used to transfer codes (e.g unit codes), indexes (e.g
analog output numbers) and raw data. If a parameter, represented by an
8-bit unsigned integer in a command data part is not implemented, codes
like 250, “Not Used” or 0 will be used.
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3-4-8-2 24-Bit Unsigned Integer Format

This format can be used to transfer large integer data numbers (e.g. the
valve values).

3-4-8-3 IEEE 754 Floating Point Format

This format is based on the IEEE 754 single precision floating point
standard:

S EEEEEEE E MMMMMMM MMMMMMMM  MMMMMMMM
byte # 0 byte # 1 byte # 2 byte # 3

Where: S - Sign of mantissa (1 = negative)
E - Exponent; Biased by 127 in two’s complement format
M - Mantissa; 23 least significant bits, fractional portion
The value of a parameter described in the above format can thus be found
by:
Value = S 1.M * 2€-127)
This format is also used in most personal computers.
The floating point parameters not used by a device will be filled with 7F AO
00 00 (hexadecimal) or ‘Not-A-Number’.

3-4-8-4 ASCI| Data Format

Some of the alphanumeric data passed by the protocol is transmitted to
and from the devices in the ASCII format. Refer to any ASCII Code table
for the alphanumeric code assignments.

3-4-8-5 Packed-ASCIl (6-bit ASCII) Data Format

Some of the alphanumeric data passed by the protocol is transmitted to
and from the devices in the Packed-ASCII format. Packed-ASCIl is a
subset of ASCII (See Table 3-3) produced by removing the two most
significant bits from each ASCII character. This allows four Packed-ASCII
to be placed in the space of three ASCII characters. Typically four Packed-
ASCII strings are even multiples of three bytes. Figure 3-6 illustrates the
byte sequence.

BYTE 1 BYTE 2 BYTE 3 BYTE 4

ASCII
TEXT 76 543210 76 543210 76 543210 76 543210

PACKED
ASCI 543210 54 | 3210 | 5432 10 | 543210

TEXT

BYTE 1 BYTE 2 BYTE 3
Figure 3-6 Packed-ASCII Construction

3-7



3-8

Section 3 Message Protocol Structure

Brooks® GF40/GF80 RS485

Installation and Operation Manual
X-DPT-RS485-GF40-GF80-MFC-eng
PartNumber: 541B169AAG

December, 2012

Construction of Packed-ASCII:
a. Remove bit #7 and bit #6 from each ASCII character.

b. Pack four 6-bit ASCII bytes into three bytes.

Reconstruction of ASCII characters:

a. Unpack the four 6-bit ASCII characters into four bytes.
b. Place the complement of bit #5 of each unpacked 6-bit ASCII

character into bit #6.

c. Set bit #7 of each unpacked ASCII to zero.

Table 3-3 Packed-ASCIl Codes

Char Code Char Code Char Code Char Code
@ 00 P 10 (space) 20 0 30
A 01 Q 11 ! 21 1 31
B 02 R 12 “ 22 2 32
C 03 S 13 # 23 3 33
D 04 T 14 $ 24 4 34
E 05 U 15 % 25 5 35
F 06 \% 16 & 26 6 36
G 07 W 17 ' 27 7 37
H 08 X 18 ( 28 8 38
I 09 Y 19 ) 29 9 39
J 0A Z 1A * 2A 3A
K 0B [ 1B + 2B ; 3B
L oC \ 1C , 2C < 3C
M oD ] 1D - 2D = 3D
N OE A 1E ) 2E > 3E
(@) OF _ 1F / 2F ? 3F

3-4-8-6 Checksum Characters

|
The checksum byte contains the ‘exclusive-or’ (‘longitudinal parity’) of all
the characters preceding it in the message starting with the start character.
It provides a further check on transmission integri