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Overview
The original requirements document was written for the PEP-II single and multi-channel power supply controllers utilizing the BitBus network protocol. This revision retains the original BitBus requirements and adds the new Ethernet based SLAC Power Supply Controller requirements. This consolidation is necessary to ensure message compatibility of the several power supply controller designs over different transport architectures.
Objectives

The goal of this document is to provide a bit representation of the messages passed between application software and the power supply controllers. This document along with the PEP-II Functional Requirements Specification should give readers an understanding of how and when these request messages are used.

BitBus Network
The power supply controller BitBus network architecture consists of a single BitBus master on a host computer with multiple BitBus slaves.  There can be up to 28 slaves in a synchronous mode network which can be expanded up to as many as 250 slaves when repeater nodes are used in the 375 kbit/sec self-clocked mode. All power supply controller messages will be prefixed with a 7 byte header.
Ethernet Network

The power supply Ethernet network architecture consists of a single Ethernet master on a host computer with multiple Ethernet slaves. The number of Ethernet slaves is determined by the Ethernet network topology. The UDP/IP Ethernet protocol will be used for all communication.
Power Supply Controller Messages

The power supply controller messages passed between the master and slave nodes are in the form of “request/reply”.  The slaves will only reply to requests from the master and will not initiate any communication. All request and reply messages between the host and a slave can be variable length packets ranging from 1 to 35 bytes of request dependant data.
Since one slave may control many power supply channels, a single message may include requests for one or more channels.  The bit representation diagrams in this document assume that there will be no more than 16 channels controlled by one slave controller.  Even though only 4 bits would be sufficient, a complete byte will be allocated to keep the message data values on byte boundaries. All slave nodes should support 42 byte message buffers with the option of having the request and reply messages different lengths.

All currents and temperatures are 4 byte floating point values using the IEEE floating point format.  The time spans are 2 byte integer values unless otherwise noted and all other byte and 4 byte values are in integer format except for status bits which are binary. All values will be formatted in little endian.

BitBus Protocol Structure
The basic BitBus information message is shown below.

             -----------------------------------------

    Bits     |  7 |  6 |  5 |  4 |  3 |  2 |  1 |  0 |

             -----------------------------------------

            MSB                                     LSB
             -----------------------------------------

    Header 0 |                                       |

             -----------------------------------------

           1 |                                       |

             -----------------------------------------

           2 |                                       |

             -----------------------------------------

           3 |              L E N G T H              |

             -----------------------------------------

           4 | MT | SE | DE | TR |  R E S E R V E D  |

             -----------------------------------------

           5 |        N O D E   A D D R E S S        |

             -----------------------------------------

           6 |    SOURCE TASK    | DESTINATION TASK  |

             -----------------------------------------
    Data   0 |    C O M M A N D / R E S P O N S E    |     

             -----------------------------------------

           1 |        H O S T    T A S K   I D       |

             -----------------------------------------
           2 |                                       |

             .    .    .    .    .    .    .    .    .

             .    .    .    .    .    .    .    .    .

             .    .    .    .    .    .    .    .    .

          34 |                                       |

             -----------------------------------------
	Length
	Number of bytes in DATA field plus 6

	MT
	Message Type (Master sends 0, Slave sends 1)

	SE
	Source Extension (Master Device sends 0, Master Device Extension sends 1) A Master Device Extension is another processor within the Master Device used to offload some of the processing. In this case, the Master Device Extension will be the SLC micros. This bit will always be set to 1.

	DE
	Destination Extension (Slave Device sends 0, Slave Device Extension sends 1) A Slave Device Extension is another processor within the Slave Device used to offload some of the processing.

	TR
	Track Bits (Sending a message 0, Receiving a message 1) This bit will always be set to 0.

	Reserved
	Bits always set to 0 when sending

	Node Address
	Destination node for orders and source node

	Source Task
	Supports up to 16 tasks which generate orders

	Destination Task
	Supports up to 16 tasks which receive orders


                Command Code Chart: 
Command                                               Code (hex)
	RAC command codes
	00-0E

	Reserved
	0F-BF

	User Defined
	C0-FF

	-  Power Supply Channel Codes
	C0-DF

	-  Controller Codes
	E0-EF

	-  As yet, unused Codes
	F0-FF


                Response Code Chart: 


Condition                                                Error (hex)
	No error(set by user)
	00

	User Defined
	01-7F

	- Control System Software Defined
	01-10

	- - Transmit Error
	01

	- - Bad Slave Status
	02

	- - No Reply Received
	03

	- - Timeout Error
	04

	- - Too Many Outstanding Messages
	05

	- - Unknown Master Port Address
	06

	- Power Conversion Defined
	11-20

	- - Unsupported command
	11

	- - Incorrect message length
	12

	- - Command Code Translation Error
	0E

	No Destination task
	80

	Protocol error
	91

	No Destination device
	93

	Reserved by Intel
	81-90

	Reserved by Intel
	92

	Reserved by Intel
	94-FF


Currently, the following 16 request messages are defined.
Command                                                Code (hex)
	Short Status Check
	C0

	Set Current
	C1

	Setup RAMP
	C2

	Desired Setpoint Readback
	C3

	Interlock Reset
	C4

	Power Supply OFF
	C5

	Power Supply ON
	C6

	Power Supply ON - Reverse Polarity
	C7

	Analog Readbacks
	C8

	Informational Message
	C9

	Diagnostic and Status Readback #1
	CA

	Diagnostic and Status Readback #2
	CB

	Diagnostic and Status Readback #3
	CC

	Last Read Status
	CD

	Network Communication Check
	E1

	Controller Reset
	E3


The following descriptions explain each message, the function code, the data fields and the response field.  Each message has one byte at the beginning of the data section dedicated to a Host Task ID .  This byte is needed by the SLC micro and should not be touched by the BitBus master or slave nodes.  It should be returned with the same value as was sent.

Short Status Check
The Short Status Check request is used when the SLC micro needs to know up-to-date power supply current and status of one or more channels.  This request is commonly used when performing magnet functions, such as STANDARDIZE, CALIBRATE and TRIM, as well as on a periodic rate to continually update power supply information in the database.

The request message will consist of the Function Code and the channel address which is being queried.  One message can be sent to query many channels controlled by one controller or can be used to query an individual channel.

Each successful reply message will consist of up-to-date current settings of each channel in the list as well as 2 bytes of status per channel.  Each channel response uses 7 bytes so the maximum number of channels which can be queried in one message is 4. 

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in its original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the Current Reading is up-to-date.  If the current reading is not valid (incorrect channel number, broken ADC, etc.), the 0x02 Error in Request bit should be set.  All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	C0: Short Status Check

	01
	Host Task ID

	02
	Address of Channel to Query

	03
	Address of Channel to Query

	…
	


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Checked

	03
	Status Byte 1

	04
	Status Byte 2

	05

…
08
	Current Readback (Amps)


	09
	Address of Channel Checked

	10
	Status Byte 1

	11
	Status Byte 2

	12

…
15
	Current Readback (Amps)

	…
	


Set Current

The Set Current request is used any time the SLC micro requests a change in power supply channel current and requires the BitBus controller to start movement of the channel immediately (versus waiting for a hardware signal as in the Setup Ramp request).

Unlike all other messages except the Controller RESET request, a reply to this message should be sent to the SLC micro upon receipt of the request rather than when the request has been fulfilled. The immediate reply allows the SLC micro to distinguish between TRIMs and PERTURBs where PERTURBs are satisfied with the channel request to move and TRIMs are not satisfied until the movement has been completed and successful. 

The request message consists of the channel address, the value of the new current setpoint and the time span which the channel should use to reach the new setpoint.  Also included in the request is the number of current settings for each channel since each channel may be requested to move to multiple setpoints, one after the other.

This multiple setpoint feature will not be used immediately but the capability will be in place if it is needed at some later date.  Until this feature is fully implemented, the Number of Entries per Channel byte will always be set to 1. 

The number of power supplies which one message can request to move depends on the Number of Entries per Channel.  Since there will be 1 entry per channel at the beginning, the maximum number of channels which can be supported in one message will be 4. Each entry includes 7 bytes of data with 1 byte for Number of Entries per Channel.

Once the multiple setpoint feature is implemented, there can be up to 5 setpoints and time spans in an array for one channel.  When the maximum number is used, each channel request will have to be its own message to the remote controller.

The reply message will contain the channel address and the status bytes. There will be no reason to check the current setting since the power supply has not yet moved before the slave node sends the reply. This request is used for most magnet functions since most functions require moving power supply settings.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the new current setpoint is loaded and the power supply is starting to ramp the magnet to the new location.  If the setpoint was not valid (out-of-range, broken DAC, etc.), the 0x02 Error in Request bit should be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	C1: Set Current

	01
	Host Task ID

	02
	Number of Entries/Channel

	03
	Address of Channel to Move

	04

…
07
	Current Setpoint (Amps)

	08

09
	Timespan (10 milliseconds)

	…
	Repeat for each Entry/Channel

	…
	Address of Channel to Move

	…
	


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2

	05
	Address of Channel Requested

	06
	Status Byte 1

	07
	Status Byte 2

	…
	


Setup RAMP
The Setup Ramp request is similar to the Set Current message except the power supply current does not change until a hardware timing signal is received.   The SLC micro will issue the Setup Ramp request to all valid BitBus channels which are participating in the RAMP procedure.

If a failure occurs while setting up a power supply channel, the hardware timing signal, which initiates the RAMP, may not be sent so the BitBus controllers should handle all other requests in the normal fashion until a hardware signal (Start Ramp) is received from the SLC Timing System.  If a Set Current request is received, the desired current values will overwrite the Setup Ramp values.

Until the multiple setpoint feature is utilized, each channel entry requires 7 bytes of data in the request message so the DATA message can contain up to a maximum of 4 channel's data plus the one byte allotted for Number of Entries per Channel and one byte for the Host Task ID value.  Once the multiple setpoint feature is implemented, there may be up to 5 setpoints and time spans for each channel.  When the maximum number is used, each channel must receive its own request. The reply message consists of the channel address and 2 bytes of status.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the new current setpoint is loaded and the power supply is waiting for the Start Ramp signal. If the setpoint was not valid (out-of-range, broken DAC, etc.), the 0x02 Error in Request bit should be set.

All other status bits reflect the current state of the power supply channel.

When a Ramp Setpoint is loaded and a ramp is pending, a user may elect to cancel the Ramp setup by sending a Set Current request to the power supply controller.  The request will cancel the pending ramp and will cause the slave to move the power supply immediately to the new setpoint.

REQUEST
	00
	C2: Setup Ramp

	01
	Host Task ID

	02
	Number of Entries/Channel

	03
	Address of Channel to Setup

	04

…
07
	Desired Current (Amps)

	08

09
	Timespan (10 milliseconds)

	10

…
13
	Desired Current (Amps)

	14

15
	Timespan (10 milliseconds)

	…
	Repeat for each Entry/Channel

	…
	Address of Channel to Move

	…
	


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2

	05
	Address of Channel Requested

	06
	Status Byte 1

	07
	Status Byte 2

	…
	


Desired Setpoint Readback
The Desired Setpoint Readback request will be used to obtain the current setpoints and time spans requested of each channel by the control system. This feature will be most useful when the multiple setpoint array feature is implemented.  Until that occurs, the requested single setpoint and timespan will be readback from the slave.

The request message consists of the address of the channel which will readback its currently requested setpoint and timespan.  Each controller should supply the maximum number of setpoints and time spans available in the array which is specified in the request message.  If the controller does not have enough values for the maximum number of steps requested for each channel, the extra values will be filled in with 0.0 requested current and 0 timespan in order to reach the requested number of values.

The number of channels which one request can handle to readback depends on the Number of Entries per Channel.  Since this will be 1 at the beginning, the maximum number of channels which can be supported in one message will be 3 since each entry includes 9 bytes of data. Once the multiple setpoint feature is implemented and the maximum number of entries goes up to 5, there can only be one channel entry per message.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the setpoint and timespan reading are valid for the requested channel. If the setpoint values are not valid (incorrect channel number, etc.), the 0x02 Error in Request bit should be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	C3: Desired Setpoint Readback

	01
	Host Task ID

	02
	Number of Entries/Channel

	03
	Address of Channel to Query

	04
	Address of Channel to Query

	…
	


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2

	05

…
08
	Desired Current (Amps)

	09

10
	Timespan (10 milliseconds)

	…
	Repeat for each Entry/Channel

	…
	Address of Channel Requested

	…
	


Interlock RESET
The Interlock RESET request will clear any non-outstanding interlocks that were tripped since the last Interlock RESET request or the last Power Supply ON request.  When a Power Supply ON or Power Supply ON - Reverse Polarity request is issued, the non-outstanding interlocks will automatically be reset as part of the turn on procedure.

The interlocks which will be reset are listed in the Diagnostic and Status Readbacks request section in byte 3.

Each channel will be reset in its own message although for future flexibility this message allows multiple channels to be reset in one message.  This request will be issued when a user selects a Reset Interlock button on one of the SCP diagnostic panels.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the interlocks have been reset and should be clear unless there are still outstanding interlocks.  If the status bits are not current (incorrect channel number, etc.), the 0x02 Error in Request bit should be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	C4: Interlock Reset

	01
	Host Task ID

	02
	Address of Channel to Reset

	03
	Address of Channel to Reset

	…
	


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2

	05
	Address of Channel Requested

	06
	Status Byte 1

	07
	Status Byte 2

	…
	


Power Supply OFF - Single Channel Chassis only
The Power Supply OFF request is used for larger supplies which have ON/OFF switches.  This request is used to ask the slave controller to turn OFF the supply.  The SLC micro may perform a series of steps before sending this request to the power supply controller, one of which will include moving the power supply to zero current. 

The reply message consists of the status bits to ensure the supply is OFF. The current software design allows for one supply to be turned ON and OFF at a time, although for future flexibility, this message will allow for multiple power supplies, which are controlled by the same controller, to be requested to be turned OFF in one message.  The maximum number of supplies which one request can hold will be 11.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the power supply has been successfully turned off and the 0x04 Power Supply OFF bit will be set. If the power supply was not successfully turned off (incorrect channel number, DAC/ADC error, etc.), the 0x02 Error in Request bit should be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	C5: Turn Off Power Supply

	01
	Host Task ID

	02
	Address of Channel to Turn Off


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2


Power Supply ON - Single Channel Chassis only
The Power Supply ON request is used for larger supplies which have ON/OFF switches.  This request is used to ask the controller to turn ON the supply.  The SLC micro may perform a series of steps before sending this request to the power supply controller.  The slave controller will set the DAC to zero as part of the turn on procedure so the SLC micro need not send that request.

The reply message consists of the status bits to ensure the supply is ON. The current software design allows for one supply to be turned ON and OFF at a time, although for future flexibility, this message will allow for multiple power supplies, which are controlled by the same controller, to be requested to be turned ON in one message.  The maximum number of supplies which one request can hold will be 11.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the power supply has been successfully turned on and the 0x04 Power Supply OFF bit will be cleared. If the power supply was not successfully turned on (incorrect channel number, DAC/ADC error, etc.), the 0x02 Error in Request bit should be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	C6: Turn On Power Supply

	01
	Host Task ID

	02
	Address of Channel to Turn On


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2


Power Supply ON - Reverse Polarity - Single Channel Chassis only
The Power Supply ON - Reverse Polarity request is used for larger supplies which have ON/OFF switches and are reversible.  This request is used to ask the controller to turn ON the supply in reverse polarity.  The SLC micro may perform a series of steps before sending this request to the power supply controller.   The controller will set the DAC to zero as part of the turn on procedure so the SLC micro need not send that request.

The reply message consists of the status bits to ensure the supply is ON. The current software design allows for one supply to be turned ON and OFF at a time although for future flexibility, this message will allow for multiple power supplies, which are controlled by the same controller, to be requested to be turned ON in one message.  The maximum number of supplies which one request can hold will be 11.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the power supply has been successfully turned on in reverse polarity and the 0x04 Power Supply OFF bit will be cleared. If the power supply did not turn on successfully (incorrect channel number, DAC/ADC error, etc.), then the “Error in Request” bit (0x02) will be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	C7: Turn On Power Supply (Reverse)

	01
	Host Task ID

	02
	Address of Channel to Turn On (Reverse)


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2


Analog Readback
The Analog Readback request is used periodically to request diagnostic values from each power supply channel which are not supplied in other messages. Most of the information in the response message will be used for diagnostic purposes only (put in the database and history buffered) but will not effect the status of the supply.  The two transductor readings will be compared and can effect the status of the supply.

Since the time it takes to read all of these values may be on the order of seconds, these values are not guaranteed to be up-to-date.  These values will be read and saved periodically whenever the slave controller has available CPU time.  When the slave receives this request message, it will gather the values for the reply message from the last time they were read.

The multi-channel chassis will only supply the 8 values but they may differ from the single channel chassis. Listed below are the definitions for the Single Channel Chassis first, then if an alternate definition exists for the multi-channel chassis, it is listed with (mc) next to it.  Each message needs 34 bytes for the reply so there can only be 1 channel's data requested in each message.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

This message is one of a few which don't contain the status bits defined for the channel.  When the Channel Number is invalid or the analog information is unavailable, all values should be set 0.0.

REQUEST
	00
	C8: Analog Check

	01
	Host Task ID

	02
	Address of Channel to Check


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03

04

05

06
	Transductor #1 Current (Amps)

FBCK Shunt Current (mc)

	07

08

09

10
	Transductor #2 Current (Amps)

Monitor Shunt Current (mc)

	11

…
14
	Setpoint Current (Amps)

	15

16

17

18
	Ripple Current (Amps)

Ground Fault Trip Setpoint (mc)

	19

…
22
	Ground Current (Amps)

	23

24

25

26
	Temperature (Degrees F)

Reference Sample/Hold (mc)

	27

28

29

30
	Power Supply Voltage (Volts)

Bulk Power Supply Voltage (Volts)

	31

32

33

34
	Spare Channel (Volts)

Channel Gain Integral (mc)


Informational Message
This message will contain 32 bytes of ASCII status data supplied by the BitBus slave controller.  The information in this message is written to the ERRLOG on the VAX and does not effect the status of each power supply channel or the controller.

This message will be requested when the Error Message bit is set in Status Byte 2.  When the SLC micro detects the Error Message bit set, it will issue this request to retrieve the message from the slave controller.  Once the slave receives this request, the return buffer will be filled and the Error Message bit will be cleared.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

This message is one of a few which doesn't contain the status bits defined for the channel.  When the Channel Number is invalid or there is not an informational message available, the message may contain ASCII blank characters or any other appropriate response to indicate there is no data available.

A list of messages for the single and multi-channel controllers is listed at the end of the document in the section Informational Message Definitions.

REQUEST
	00
	C9: Informational Message

	01
	Host Task ID

	02
	Address of Channel


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Channel Message

	…
	

	35
	Channel Message


Diagnostic and Status Readback
The Diagnostic and Status Readback messages are requested from a SCP diagnostic panel when various types of diagnostic information on the power supply channel are desired.  The information for these messages is determined by the power conversion group and will be independent of the SLC micro magnet job.  The request will originate from the host computers.

The information in these messages will be displayed on the SCP graphics panel and is not saved in the database or history buffered. In addition to the following three Diagnostic and Status Readback requests, the Analog Readback, the Informational Message and Desired Setpoints requests will also be issued to complete the desired information on the BitBus Diagnostic display.

Each power supply channel of interest must be queried in a separate message since there are so many desired values in each message.  The multi-channel chassis messages have the same format as the single channel but the data definitions may be changed.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of

the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the power supply has been successfully turned on in reverse polarity and the 0x04 Power Supply OFF bit will be cleared. If the power supply was not successfully turned on, the 0x02 Error in Request bit should be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	CA: Diagnostic and Status Readback #1

	01
	Host Task ID

	02
	Address of Channel


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2

	05
	Status Byte 3

	06
	Status Byte 4

	07
	Ramp State

	08

…
11
	Current Setpoint (DAC input)

	12

…
15
	Starting Setpoint of Ramp

	16

…
19
	Time Remaining in Ramp

	20

21
	ADC Offset

	22

23
	ADC Gain

	24

25
	DAC Offset

	26

27
	DAC Gain

	28
	Last Reset Code

	29
	Last Turn Off Code/Last Status Code (mc)

	30
	Calibration Error Code

	31
	Self-Test Error Code


                    Single Channel Controller
Status Byte 3

	Magnet Fault 0 (Klixon 0)
	01

	Magnet Fault 1 (Klixon 1)
	02

	Magnet Fault 2
	04

	Magnet Fault 3
	08

	Power Supply NOT Ready
	10

	Regulated Transductor NOT Ready
	20

	Ground Current Fault
	40

	Spare
	80


Status Byte 4
	Fault Latched
	01

	Power Supply Status 0
	02

	Power Supply Status 1
	04

	Power Supply Status 2
	08

	Power Supply Status 3
	10

	spare
	20

	spare
	40

	spare
	80


                    Multi-Channel Controller
Status Byte 3 (hex)
	spare
	01

	spare
	02

	spare
	04

	spare
	08

	spare
	10

	External Interlock
	20

	Ground Fault
	40

	spare
	80


Status Byte 4 (hex)
	spare
	01

	spare
	02

	spare
	04

	spare
	08

	spare
	10

	spare
	20

	spare
	40

	spare
	80


REQUEST
	00
	CB: Diagnostic and Status Readback #2

	01
	Host Task ID

	02
	Address of Channel


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Chassis Type

	04

…

11
	Serial Number

	12

…

19
	Firmware Version

	20

…

27
	Magnet ID


REQUEST                      Function Code (0xCC)
	00
	CC: Diagnostic and Status Readback #3

	01
	Host Task ID

	02
	Address of Channel


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03

…

06
	Regulator Transductor Constant

FBCK Shunt Constant (mc)

	07

…

10
	Auxiliary Transductor Constant

Monitor Shunt Constant (mc)

	11

…

14
	Ground Current Constant

	15

…

18
	Power Supply Output Voltage Constant

Bulk Power Supply Constant (mc)

	19

…

22
	Reference Voltage

	23

…

30
	Calibration Date


Last Read Status
This message is analogous to the Short Status Check except the Current Reading from the primary transductor is not necessarily an up-to-date value. The transductor value is sampled whenever the BitBus Slave Controllers have available CPU time.  The saved value will be returned in this message with the understanding that there is an undetermined time lag between reading the hardware and the SLC control system requesting the value.

Since some of the transductors can take up to a quarter of a second to read and most of the time the transductor value is requested, the power supply is not moving, this message will allow a faster check on the almost current transductor value.

The response codes are used to relay information about the message format, not the message content.  If the request message is received by the slave node such that it cannot be parsed, the response code will be set to a value other than 0x00, and the message will be sent back in it's original form.  When the message format is correct and the slave node can parse the message, the response code should always be set to 0x00 and the reply message should be in the format of the RESPONSE defined below.

The status bytes for each of the messages are defined in the section STATUS BIT DEFINITIONS. These status bits pertain to the content of the message on a per channel basis.  When the request was successfully completed, the 0x01 Successful Completion of Request bit should be set. In this case, the 0x01 bit would indicate that the setpoint and time span reading are valid for the requested channel. If the setpoint values are not valid (incorrect channel number, etc.), the 0x02 Error in Request bit should be set. All other status bits reflect the current state of the power supply channel.

REQUEST
	00
	CD: Last Read Status

	01
	Host Task ID

	02
	Address of Channel to Query

	03
	Address of Channel to Query

	…
	


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Address of Channel Requested

	03
	Status Byte 1

	04
	Status Byte 2

	05

…

08
	Current (Amps)

	09
	Address of Channel Requested

	10
	Status Byte 1

	11
	Status Byte 2

	12

…

15
	Current (Amps)

	…
	


Network Communication Checkout
The Network Communication Checkout request will be issued periodically to ensure good communication between the BitBus master and slave nodes.  This message will always have the same format for each request message and the same format for each reply message.

If the slave node receives a Function Code 0xE1 but the DATA message is not the expected value, the slave should reply with a response code other than 0x00.  This will signal the micro code that communication is corrupt.  If the master node receives a bad reply code from the slave or the DATA reply message is not the expected value, a communication error will be declared.

REQUEST
	00
	E1: Network Communication Checkout

	01
	Host Task ID

	02
	0x00


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	0xFF


Controller RESET
The Controller RESET request will support both a hard reset and a soft reset. The soft reset will reinitialize the controller and start processing from instruction '00'X.  Also, the first 1K of memory will be cleared. The hard reset will include the steps performed in the soft reset as well as turning the power supply off and it resets the UART.

The reset type will be designated in the Type of RESET byte sent in the request message.  A SOFT reset will be designated by '00'X and a HARD reset will be designated by '01'X.

This message is not envisioned to be used very often since the slave node should not need to be reset often.  If this request is used often, it will most likely indicate other problems.

When this request is received on the slave controller side, a reply message will NOT be sent before the reset is performed so the control system will not receive notification that the slave node is about to perform or is performing a reset.

REQUEST                      Function Code (0xE3)
	00
	E3: Controller Reset

	01
	Host Task ID

	02
	Type of Reset


RESPONSE
	00
	Response Code Chart

	01
	Host Task ID

	02
	Type of Reset


Status Bit Definitions
For most request messages sent to an individual channel, these two bytes of status data will be incorporated into the reply message.  The Analog Readback message is the only message sent to a channel without these two bytes of status in the response message.

When the 'In Local Mode' bit is set, the power supply cannot be turned ON and OFF and a HARD Reset cannot be performed but all other messages will be processed.

Status Byte 1 (hex)
	Successful Completion of Request
	01

	Error in Request
	02

	* Power Supply OFF
	04

	Set Current Request In Progress
	08

	Ramp Status - In Progress
	10

	Ramp Status - Pending
	20

	* In Reverse Polarity
	40

	In Local Mode
	80


Status Byte 2 (hex)
	Error Message Available
	01

	Hardware Failure
	02

	Calibration Failure
	04

	* Aux Transductor NOT Ready
	08

	Interlock Fault
	10

	+ Channel Setpoint Low Limit
	20

	+ Channel Setpoint = 0
	40

	+ Node Address Check Fail
	80


    * Only valid for Single Channel Chassis

    + Only valid for Multi-Channel Chassis

Informational Message Definitions
Below is a list of informational messages which may be retrieved from the BitBus controllers and sent to the ERRLOG.  For information about each message, see Dave MacNair for the Single Channel Controller messages or Rolf Olsen for information on the Multi-Channel Controller messages.

                    Single Channel Controller
##   Message
	01
	Soft Reset

	02
	Power On Reset

	03
	Local Reset

	04
	Firmware Reset

	05
	Watchdog Timer Reset 0

	06
	Watchdog Timer Reset 1

	07
	Ext Data Memory Test Failure

	08
	Program Memory Checksum Error

	09
	Watchdog Timer Test Failure

	10
	WARNING:MB EEPROM Read Error

	11
	Mother BRD EEPROM Data Invalid

	12
	WARNING:DB EEPROM Read Error

	13
	Daughter BRD EEPROM Data Invalid

	14
	BitBus Msg Overflow, 8044 Reset

	15
	P/S Trip, Magnet Interlock 0

	16
	P/S Trip, Magnet Interlock 1

	17
	P/S Trip, Magnet Interlock 2

	18
	P/S Trip, Magnet Interlock 3

	19
	P/S Trip, Power Supply Not Ready

	20
	P/S Trip, Regulator Transductor Not Ready

	21
	P/S Trip, Ground Current

	22
	Command Timeout, 8044 Reset

	23
	C0H Error, ADC Not Responding

	24
	C1H Error, Number of Entries

	25
	C1H Error, Setpoint Out of Range

	26
	C1H Error, Zero Timespan

	27
	C1H Error, Power Supply Off

	28
	C1H Error, Power Supply Ramping

	29
	C3H Error, Number of Entries

	30
	C4H Error, Power Supply ON

	31
	C5H Fail Turn Off, Local Mode

	32
	C5H Fail Turn Off, PS Status On

	33
	Fail Turn On, No Rev Polarity

	34
	Fail Turn On, Hardware Fault

	35
	Fail Turn On, Local Mode

	36
	Fail Turn On, Power Supply On

	37
	Fail Turn On, ADC Not Responding

	38
	Fail Turn On, DAC Test

	39
	Fail Turn On, Interlock Fault

	40
	Fail Turn On, PS Not Responding

	41
	E3H Hard Reset Error, Local Mode

	42
	Informational Buffer Empty

	43
	C1H Error, Power Supply Ramping

	44
	C1H Error, Power Supply Ramping

	45
	C1H Error, Power Supply Ramping


                   Changes for version 10/21/97
##   Messages

	19
	PS Trip, Not Ready, PS Stat nH
nH: 8H - PS status bit 3, 4H - PS status bit 2
2H: PS status bit 1, 1H - PS status bit 1

	33
	Fail Turn On, No Rev Polarity

	39
	Fail Turn On, Interlock Flt nnnH

nnn: 800 - PS stat bit 3,  400 - PS stat bit 2

        200 - PS stat bit 1,  100 - PS stat bit 0

        080 - unassigned,     040 - Ground Fault

        020 - Reg Trans Intk, 010 - PS Interlock

        008 - Magnet Intk 3,  004 - Magnet Intk 2

        002 - Magnet Intk 1,  001 - Magnet Intk 0

	43
	PS Trip, Unknown Source

	44
	C1H Error, Supply In Local Mode

	45
	C5H Turn Off Error, DAC Not Zero


                    Multi-Channel Controller
 |---------- Response Code
 |       |---- Controller Code

##   ##     Message

	13
	04
	channel address < 0

	13
	05
	channel address > 15

	14
	06
	setpoint exceeds max value

	14
	07
	setpoint exceeds min value

	14
	08
	channel in local control

	16
	09
	system in local control

	17
	0A
	channel in compliment function

	18
	0B
	no table entry for channel

	19
	0C
	network communication check failed

	00
	20
	requested entries/channel < file

	00
	21
	requested entries/channel > file

	00
	30
	msg interrupt/no msg flag/ISR0

	00
	31
	TASK3 hung

	00
	70
	stale message


