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1.0 WHAT IS R$485

R$485is a spedfication for amultidrop bus using dfferential signaling over atwisted pair of
wire. The multidrop bus meansthat it can have a number of units hooked upto the bus at any time. This
can be a combination of talkers and listeners. RS485 dfinesthe dedrical spedfications for this bus.
This application noteisintended to further define how thisbusis used in equipment manufactured by
Radical Eledronics (referred to as “the equipment”).

11 SYSTEM DESCRIPTION

In the bus stup wsed by the equipment there are 2 busses. The transmit bus is used for the bus
master to communicate to the ave ejuipment. Thereceave busis used for the dave ejuipment to
communicate with the master. Thereis an arbitration system in place on some of the equipment to all ow
the use of scripting and interrupts.

A drawing of thetypical setupis $own in figure 1.0.

The communication standard for the equipment is 8 bits, no parity, 1 stop bit. Multirate
communication is not supported.
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12 DEFINITIONS

INTERRUPT - Thisis a predefined event that will cause a script to be run or adeviceto become a talker
to send a message back to the master on therecave bus. Thisis defined by the unit spedfic commands
sent to the dlave unit.

MASTER - Thisisthe unit that has control of the bus or busss. It determines which unit will become a
talker and when it will become atalker. The most common appli cation will have a PC or other pieceof
equipment defined asthe master. Thereis only one master on the bus at onetime. The duties of master
may be switched from unit to unit (thisisrare but can be used to all ow unitsto talk to each other)

SLAVE - Thisunit has no control over the busses. It talkswhen it isinstructed to talk or an interrupt
ocaurs.

TALKER - Thisisthe unit that is transmitting the information on the bus. On the transmit busit is
usually the master that isthetalker. On thereceve busit isthe dave unitsthat are the talkers.

LISTENER - Thisisthe unit that is recaving information off the bus. In most situations, the transmit bus
will have the master as the talker, sending out commands to the other devices on the bus. The other
devices on the bus are listeners. On the recave bus, usualy it isthe other way around. The slave devices
(talkers) send their responses back to the master(li stener) on this bus.

SCRIPTING - Thisiswhen a series of commands are sent to the unit that are exeauted upon asingle
command. Thisisuseful if thereis particular action that needsto be taken on an event. It can bealso be
used to simplify the cmmunication between the talker and listener. An example of a script program
usage culd be avoltmeter and a switch. When the voltage reaches a certain point, the voltmeter can be
instructed to become the master of the bus and send a command to the switch to turn on. More
information on the scripting language is avail able in the appli cation note scripting language.



2.0 BUS ARBITRATION

Due to the nature of the bus with multiple talkers and li steners on the bus, there hasto be some
sort of control over the bus to ensure that the messages from each talker and li stener get through the bus
without getting corrupted by other devices wanting to talk on the bus.

In the @se of no arbitration, the eguipment doesn’t do anything to prevent the messages from
two talkers from getting mixed upon the same bus. In thiscase, it isup to the master to wait for the
messages from the talker finish before requesting information from another dave (and allowing it to talk).
This method is adequate for a command/response type of system but it is hot sophisticated enough to all ow
interrupts.

In the equipment that has arbitration, there are 2 levels of arbitration. Thefirst level of
arbitration consists of thefirst unit on the bus getsto send its message. The other one hasto wait. The
busis considered to be busy on therising edge of thefirst start bit until 2 byte times after the final high
level signal. During thistime no unit can become atalker. Thisis $ownin figure 2.0.

Unfortunately, due to propagation delays and risetimes, it is posgble for 2 wnits to think that the
busisfreeand start talking. By the time the signals from one unit reach the other, they have bath started
totalk. In thiscase, bath the units continue to talk until one of the units recevesthat it has an error (1
was transmitted but a 0 seen on the bus or a 0 transmitted and a 1 recéved) occurs. When the eror
ocaurs, the devicein error drops out leaving the other unit talking. The unit in error then tries to transmit
when the bus becomes freeagain. This condition is $own in figure 2.1.

Even this gill has problems. Depending on line resistance and loading, it is possble for the 2
units not to deted an error as e by the listener. In this case, the CRC error corredion can be used to
deted problems. In extreme @ses, the listener will only hear one of the talkers and the other talker
doesn’t know it isnot being heard. In this case the message may be lost.

The bus arbitration works best with short drop lengths. Long drop lengths will | ead to more
contentions dueto resistanceand delays.
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3.0 BUS COMMANDS

These mmmands are ommon to all RS$485 products. They are used to control the state of the
bus and to determine what response (if any) isto bereturned from the remote unit to the master. Some of
the cmmands do not have any effed on unitsthat do not have flow control and they should not generate
errors when they arerecaved. Non printable ASCII characters arein brackets.

31 ENUMERATE

This command is used to identify the devices on the bus. Upon recept of this command, the
remate units end back the model identification and addressof the unit. This can be useful when the user
wants to ched what equipment is hooked to the bus. If the function is associated with a particular
address it can be used to identify what functions can be arried out. The return order may change from
query to query depending on how the bus contentions. The unit does not heed to be seleded for this
command to bein effed. The responses from the units will be staggered in time depending on the model
and addressof the unit. Thetimewill be @munted in hit timesthe busisfree Thetimeisfound using

delay=model delay * 16 + address
For example:
2 wnitson the bus. One hasamode delay of 120with an addressof 10. The seand has a model delay of
30with an addressof 0.
Oncethe bus has been freefor 480bit times, the second unit transmit its information back to the master.
During the time of the transmisgon, the first unit will not be @munting until the busisfree After the
second unit has finished its transmisson, the first unit will resume unting until the bus has been freefor
1930bit times. At that time, it will transmit itsinformation.

The devices will return the information in the foll owing format
string “MODEL”
1 space[32]
the devicemode! identifier string
acomma*“,”
string “UNIT”
1 space[32]
the devices addressin ASCII
acarriagereturn [13]

Example

Sent on transmit bus
ENUMERATE[13]

Data returned

MODEL HFS13, UNIT 16[13]
MODEL HFS13, UNIT 3[13]
MODEL HPSLO0, UNIT 1613

In the example, there are 3 units on the RS485bus. Two are model HFSL3 wnits and one is HPSLO.

IMPORTANT: Thiscommand is only implemented on the devices with flow contral.



3.2 BLOCK

This command is used to indicate to the devices on the bus that a block of datais going to be sent
down the R$485bus that doesn’t conform to any format. Any commands that are sent down the bus
during thistransfer areignored. The only listener isthe unit that is sleded and no ather unitswill can be
seleded until the transmisgon is complete.

The format for this command is:
The device ®mmand that needs the data
A carriagereturn [13]
The BLOCK command
A space
The number of bytesin the block
A carriage return
The bytes for the block

Example

LOAD[13]
BLOCK 128713
[1287bytes of data]

In the example the device has a command called LOAD that requires alarge chunk of data. Instead of
trying toload it in ASCII form after the load command, the BLOCK command sendsit over in alarge
binary block.



3.3 SELECT

This command is used to seled the various devices on the RS485bus. When one device on the
busis sleded, it will automatically de seled all the other devices on the bus. The seleded devicewill
send back an acknowledge to indicate that it has recéved the mmmand and is how seleded. The unit will
not send back an acknowledge if the mute has been turned on for that device (using MUTE or MUTE
ALL commends)

The format for this command is as foll ows:
string “ SELECT”
space
string” MODEL”
space
the modd identification string
acomma*“,”
string “UNIT”
space
the unit number in ASCII
Carriagereturn [13]

Example:

Sent data

SELECT MODEL HFSL3, UNIT 16[13]
return data from seleded unit
ACKNOWLEDGE[13]



34 MUTE

This command is used to silencethe talkers on the return bus. This can be used for compatibilit y
with other equipment as well as using the return bus for interrupts when there is equipment with no
arbitration on the bus.

There are 4 options for this command.

ON - Enablestalking on the seleded wnit only.
OFF - Disahles talking on the seleded wnit only.
ALL - Enablestalking on all units.

NONE - Disablestalking on all units.

The coommand format is as foll ows:
string “MUTE”"
aspace
option string “ON”, “OFF’, “ALL", “NONE"
acarriage return

This command does not affed the talkersin the case of an interrupt. None of these @mmands
generate a response.
The default state of all talkersis OFF.



35 INTERRUPT

This command is used to enable an event triggered message from adevice There are usually
setup commands for a deviceto determine the @nditi ons of thetrigger. This command enables the talker
to transmit the message.

There are 4 options for this command.

ON - Allowsthetalker on the seleded wnit to send out interrupt generated messages.

OFF - Disallowsthe talker on the seleded wnit to send out interrupt generated messages.

ALL - Allowsthetakerson al of the seleded unitsto send out interrupt generated messages.
NONE - Disallowsthetalkers on all of the sdleded unitsto send out interrupt generated messages.

This command returns an ACKNOWLEDGE after the ON and OFF options. The ALL and
NONE options do not return any message. If arbitration is not avail able, the message ERROR NO
ARBITRATION isreturned after the ON or OFF options.

When the interrupt ocaurs, the foll owing information is returned:
string “INTERRUPT”
space
string “MODEL”
space
An ASCII string identifying the model of the device
acomma and space
string “UNIT”
space
An ASCII string identifying the addressof the device
acarriage return

Thereisthe option for more lines of information to identify the condition that caused the interrupt.

The format for thiscommand is:
string “INTERRUPT”
space
string for option “ON”, “OFF’, “ALL”, “NONE”"
acarriage return

Example:

sent data

SELECT MODEL DVMO01, UNIT 14[13]
SETMAXLIMIT 40V[13]

INTERRUPT ON[13]

return data

ACKNOWLEDGE

When the mnditions for the interrupt occur the foll owing message is returned:
INTERRUPT MODEL DVM, UNIT 14[13]

In the sent data, the foll owing functions are performed.
Thefirst line seleds the unit

The second line sets the cnditi ons of the interrupt
Thethird line enables the interrupt.

The default setting is INTERRUPT OFF.



3.6 CRC

This command enables or disables error cheding on the recaved and transmitted data. Thisis
used on the return bus for identifying errors caused by bus contentions or cable refledions. On the
transmit bus, it is used for identifying errors caused by cable refledions.

When CRC isenabled, a CRC byteisinserted at the end of each line after the arriage return.
CRC bytes are not inserted into docks of data defined by the BLOCK command.

This command has 4 options.

ON - Enablesthe CRC error cheding for the seleded device

OFF - Disablesthe CRC error cheding for the seleded device

ALL - Enablesthe CRC error cheding for al of the devices on the bus.
NONE - Disablesthe CRC error cheding for al devices on the bus.

No messages are returned after the ALL or NONE options. The ACKNOWLEDGE responseis
sent back after the ON or OFF messages if the device has CRC error chedking built i n otherwise the eror
“ERROR NO CRC" isreturned.

Subsequent commands require the CRC value to be crred before the mmmand can be exeauted.
The default value for thisis CRC OFF.

When the CRC ched is enabled, the talker sends the message with the CRC byte appended to the
end. Thelistener then sends back a single byte acknowledge] TBD] or error[TBD] byte. If an error has
ocaurred, the messageisresent. Thereis no CRC ched on the return value from the li stener.

All remote devices are to wait for an acknowledge byte sent back from the master before
attempting to assert control over the bus.

37 MASTER [DEFAULT]

This command all ows the seleded wnit to be made the master of the bus. Maost equipment
doesn’t have the neal or ability to master the bus. If this command is ent to ane of those devices it will
return “ERROR UNABLE TO MASTER".

If the cmmand is accepted the message “ACKNOWLEDGE” will beisaied.

If the option “DEFAULT” foll ows the mommand then the power up state master will t ake control
of the bus as the master again. The option DEFAULT is not required.

The function of thisisthe system can have a backup master for the busin case of failure, and it
permits a unit to take antrol of the bus to transfer data from unit to unit.

Only unitsthat are apable of scripting are @pable of mastering.



