UPAMD Power states
201101101530 

Determining the load attached.

The need to determine the load that is attached to know what operations are available with that device type.

1. Measure voltage on power pins prior to enabling safety voltage.  Voltage is present must be coming from another source.

2. Supply 5V test voltage to CANH through 120 ohm resistor, and short CANL to Ground/Negative terminal.  Assumes device has 120ohm terminator. Assume dumb device has communications lines returned to negative terminal.
If VcanH = ~2.2V or higher – nothing attached 

If VcanH = ~1.6V normal terminator for device
If VcanH = <0.5V – ground for dumb device.
Device Class

Define major and minor device classes. 0-255 available, reserve 100 up for future versions of standard. Major class is second digit, sub-class is third digit.

000 – Undefined

Basic illegal state. 

010 – Adapter/power source
Power provider

020 – Load device normal
030 – Bi-direction power flow

Can reverse power flow through negotiations based on priority.

031 – power storage

SubClass for large battery or other power storage devices that will draw power to charge and then provide power when needed.
040 – Intermittent power source – Solar, wind.

Intermittent power sources such as solar array.  Can be used to charge batteries and supply devices based on conditions.

Priority

Nominal priorities are established by function.  

Devices/Loads, users of power, are nominally allocated a priority of 150.  This priority can be changed based on internal circumstances within the device. 

Adapters/Sources are nominally allocated a priority of 120. This priority can be changed based on needs within adapter/source.  

Priority is used to modify current flow in both magnitude and direction in the system connected.

Priority can be asserted by a device to request a change in output voltage. It simply puts the load in the highest priority position at that time. Simply changing the priority to 100 will send to state 400 to determine action.
Messages
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	Message Type
	Message
	Data Byte 0
	Data Byte 1
	Data Byte 2
	Data Byte 3
	Data Byte 4
	Data Byte 5
	Data Byte 6
	Data Byte 7

	0
	Heart Beat
	Power priority Level
	Request message
	Heartbeat (24:31)
	Heartbeat (16:23)
	Heartbeat (8:15)
	Heartbeat (0:7)
	Standard Version UPAMD 2011
	Time from last heart beat in millisec (0..7)

	1
	Available power
	Max Available Watts
	Current Available Watts
	Available power (Watt hours) MSB
	Available power (Watt hours) LSB
	Power priority Level
	Maximum available Voltage 6bits volts 0-63, 2 bits 1/4V.
	Device Class
	Request message

	2
	Requested Power
	Max Request Watts
	Current Request Watts
	Minimum Power
	Minimum Volts
	Power priority Level
	Voltage Request
	Device Class
	Request message

	3
	Data Transfer Request up to 64KB
	Total Byte count MSB
	Total Byte Count LSB
	Current position MSB
	Current position LSB
	Transfer data length 0-8 of odd transfer
	
	
	

	4
	Data Transfer 
	Data Byte 0
	Data Byte 1
	Data Byte 2
	Data Byte 3
	Data Byte 4
	Data Byte 5
	Data Byte 6
	Data Byte 7

	5
	Vendor Identification
	Vendor name byte 1
	Vendor name byte 2
	Vendor name byte 3
	Vendor name byte 4
	Vendor name byte 5
	Vendor name byte 6
	Vendor name byte 7
	Vendor name byte 8

	6
	Model Number
	Model byte 1
	Model byte 2
	Model byte 3
	Model byte 4
	Model byte 5
	Model byte 6
	Model byte 7
	Model byte 8

	7
	Serial Number
	Serial No byte 1
	Serial No byte 2
	Serial No byte 3
	Serial No byte 4
	Serial No byte 5
	Serial No byte 6
	Serial No byte 7
	Serial No byte 8

	8
	EUI 8  octets
	EUI-64 (56-63)
	EUI-64 (48-55)
	EUI-64 (40-47)
	EUI-64 (32-39)
	EUI-64 (24-31)
	EUI-64 (16-23)
	EUI-64 (8-15)
	EUI-64 (0-7)

	9
	Manufacture Date YYYY:MM:DD:hh:mm:ss
	Year most significant digits - Hex "Y" "Y"
	Year least significant digits - Hex "Y" "Y"
	Month digits - Hex "M" "M"
	Day digits - Hex "D" "D"
	Hours digits - Hex "h" "h"
	Month digits - Hex "m" "m"
	Seconds digits - Hex "s" "s"
	

	10
	Software Version
	software Version byte 1
	software Version byte 2
	software Version byte 3
	software Version byte 4
	software Version byte 5
	software Version byte 6
	software Version byte 7
	software Version byte 8

	11
	Firmware Version
	Firmware version byte 1
	Firmware version byte 2
	Firmware version byte 3
	Firmware version byte 4
	Firmware version byte 5
	Firmware version byte 6
	Firmware version byte 7
	Firmware version byte 8

	12
	Reservered for future use.
	
	
	
	
	
	
	
	


Power Adapter/Source:

Starting as an Adapter to power device(s).

State 0 – Unpowered

Storage state, may have reserve power in batteries etc.

Bulk, AC or DC, Power source connected

Processor booted, Self check performed
Go to State 1

State 1 – Initial operation.
Safety test first to see if connected to another power source.

Test for voltage on power pins

If voltage >3V -> State 300
Prepare for negotiations on function needed.

If voltage <3V -> State 4

Safe to look for attached devices.

State 4 – Checking for attached device
Checking for basic connection to external device.  What type of device is attached.  Choice is NONE, Normal Communications capable device, and Dumb device that has no communication and is restricted to 20Watts, such a very small device or LED lighting or other such small devices.
This is unable to detect a device with a broken cable attached to the adapter.

Temporarily apply 5V through 120ohm resistor to CANH, temproarily ground CANL
Apply a probe voltage to CANH through a disconnect transistor and a 120ohm resistor.

Measure VCANH voltage 
If VcanH = ~2.2V or higher – nothing attached 

Set no communications lines attached Flag

Goto State4

If VcanH = ~1.6V normal terminator for device

Remove test probe voltage and CANL ground

Go to State 5

If VcanH = <0.5V –Communications lines grounded at dumb device.

Set Dumb Device Attached Flag

Go to State 100

State 5 – Supplying Communications power

This state is only valid if a device with communications capabilities is available on the cable.  This state may be returned to for Standby or sleep mode with device still attached but not drawing any power.
Set Current limit to 25ma

Set output voltage to 12VDC (10-14V)

Wait 1 second for device to startup

Test for current usage

Perform a basic test of current usage by the device.  Possible test conditions are:  <5ma = nothing attached; >25ma is device short circuit; 10ma to 25ma = smart device attached. 
If device current <5ma – nothing attached

Remove safety power

Go to state 1

If device current >25ma – device is shorted

Remove safety power

Go to State 1

If device current between 5 and 25ma

Set Device attached by power draw flag.

Go to State 6
State 6 – Send Power Available message
Send Power Available message to device.  If standard device an ack will be received and power state defined.  If no ack received the device must be a dumb device or a broken communications link.  Attempt to deliver up to 20W of power to device. Message contains:
Max Available Watts (0-255 but limited to 130now)

Current Available Watts (if full power is not available)

Available power WattHours (0-65535 WattHours)

Current Capacity percentage (0-99)

Maximum available Voltage (6bit,2bit – 0-63V) reserved
Device Class

Device Priority (0-255) (120 nominal)

Message Request (message number)

Wait for ACK 

If NAK -> State 6

If ACK -> State 7

State 7 – Wait for power requested message
The state will wait for and process the power requested message from the device. The message contains:

Maximum Requested Watts (0-255 limited to 130W now)

Current Requested Watts (0-255 limited to 130W now)
Minimum Power (0-255 limited to 130Wnow)
Power Priority Level (0-255)(150 Nominal)
Voltage Request (0-63V) Reserved 
Minimum Volts (0-63V) 
Device Class 
Message Request (message number)

If no message in 1 second -> State 6

If power request  message received
Send ACK

Process message

If insufficient power available 

Send NAC

Send Power available message

To -> State 6
If power available above Minimum -> State 8

State 8 - Set Current limit and Output Voltage

State 8 does the power setup to meet the requested power or the power the port is capable of supplying.  If the request is from more than 20V control is transferred to state 400.

Input – from state 7

Output – either to state 400 or state 9.

If voltage request not equal 20V -> Go to State 400

Set output current limit to value

If Max Available > Max request -> max requested

If Max available < Max request -> max available

If voltage request =20V -> set to nominal (20V)

Enable Output power with ramp up

Go to State 9

State 9 – Start heartbeat 

State 9 initializes and transfer source  information to device and request device information as to vendor, model, serial number, EUI etc.

Send heartbeat 

Send Id information

Request ID information

To State 10

State 10 – Supplying power and monitoring requests

State 10 is the run state.  It will stay in this state until 1) changed by priority request, 2) changed by power management needs, 3) communication lines disconnected, 4) requested shutdown, 5) request for sleep mode or standby mode. While in this state the power is monitored and possibly tracked for reporting purposes.  
Monitor and measure current and power delivered
Monitor Current levels to detect disconnect

If disconnect -> State 14
Monitor Communication for failure – disconnect

If communications failure -> State 14
Monitor device requests
If power change requested -> State 11

Monitor adapter power needs

If adapter/source request power change -> State 12

Loop in State 10

State 11 – Changing Power output based on Device need
Changing power based on device request.

Input from state 10

Output to state 8 if power change is to be made 

Output to state 10 if now power change is made
Read power request from device

If requested power available

Send ACK and power available message

Go to State 8 to implement power change

If request is for 0 power – go to State 14

If request is for sleep mode – Go to State 13

Set new current limit and voltage level if possible

Return -> State 10

State 12 – Change Power output based on Adapter need

This state is at the convenience of the adapter with permission of the device. The device is asked to accept a lower power, or higher power is available, and if accepted the power is changed accordingly, otherwise if device NAK, the change is refused and no change takes place. If request to device is for 0 power, the source is going down.

Input state 10 and internal need

Output to state 8 if change is to be made

Output to state 10 if no change.

Send power available message to device

Wait for ACK

Read power request from device

If powers match -> State 8

If powers do not match ->State 10 with current power

State 13 – Sleep Mode entry

Enter into a low power sleep mode by returning to startup safety voltage to keep device processor alive and communicating with heartbeats.

Input from State 11 request.

Output to state 8 if wakeup message

Output to state 14 on loss of heartbeat.

Reduce voltage to safety voltage
Reset current limit to 25ma

Send and receive heartbeats 

If heartbeat message request power -> State 8

If heartbeat stop -> state 14

Go to State 13 – loop while in sleep mode.
State 14 – Shutdown

Remove all power 

Return to State 1

20Watt low power: State 100 start

Got here by detecting <0.5V to ground on CANH line at device. This is to indicate a short to ground on one or both of the communication lines. 
From State $

Function: supply up to 20W of power to load until communications pins are disconnected and voltage on VCANH rises above 0.5V.

Exit to State 14 - Shutdown

Set output current limit to 1A

Set output voltage to 20V

State 101

Monitor CANH voltage

If CANH voltage goes above 2.0v

Set current limit to 25ma

Remove Voltage to 0V.

Go to State 1.

While CANH Voltage <0.5v go to State 101
If VCANH  >0.5V goto State 13

Device/Sink:  State 200 start
Entry from communications power be applied to sink device

Entry from change is power direction from state 300

Function – start the use of power by the device/load. This assumes device has communications capability. Determine if the minimum power for this device is available, if not send NAK and indicate bad power through LED etc.
Send power request message to source

If ACK  
Goto State 201

If NAK 
resend power request message

goto State 200

State 201 – Determine if enough power is available

Receive power available message from source.  Determine if power available is sufficient for minimum operation of the device. If yes device determines the use of the available power and enables that power.  If no device sends message with minimum required power and notifies user of insufficient power. 

Wait for power available message from source

Send ACK

If power > minimum power 

Resend power request to confirm power.

When voltage raises to requested voltage

Enable power converters

Send heart beat

Monitor priority and power available messages.

If change in priority 

If my priority > source priority

Continue

If my priority < source priority

Request available power message

Determine response to changed request
Adjust usage model if possible

Continue if ok

Start shutdown if not possible

If power requested from sink

If not capable signal NAK

If capable Go to state 2

If device requests disconnect

Send power request of 0 to source

Stop power usage 

Stay on safety power through disconnect

If device requests more power
Send updated power request to source

If power available message matches request

Make use of increased power

If power available message lower then current
Test against minimum

If less than minimum send NAK

If greater than minimum send ACK and adjust.

Go to state 201

If device requests sleep

Request 0 power

Shutdown converters

Maintain heart beat

Goto state 200

Remain in state 201

If power < minimum power

Send NAK

Send requested power message

Goto state 200

Bidirectional Power Source/Sink: State 300 start

Entry from: Got here either by having communication, or more, voltage applied to power pins initially or through a change in priority. 

Function: If priority of connected note greater than this node, assume role requested of the higher priority node, if possible, or return NAK to request to refuse service that cannot be provided. 

Send power available message with priority
Wait for ACK

If no ACK goto state 1

If ACK

Read power message and check priority

IF received priority > internal priority

If power request message and have capability

Assume roll of device Class 010 power provider

Send power available

If power available message

Decide on accepting roll of Class 020 load to fill internal battery or to add to power into hub.
Goto state 200
If received priority < internal priority

Send NAK

Go to state 1.

Higher power: State 400 start

Got here from request for other than 20.0Volts at State 8

This function is to allow higher power to the load if the source is capable of it. If the source is not capable, a simple NAK is returned to the requester and continue with the current allocation.   If higher power is available from the source the request will be affirmed with an ACK and the higher voltage applied and current limit set.  

Exit is to state 7 if the higher power is not available

Exit is to state 8 if the power is available.

Send available power message 
Wait for ACK

If no ACK go to State 6

Read Power Request message

If power available is as requested 

Send ACK

Go to State 8

If power requested is not available 

Send NAK

Send power available message

Goto state 7

Else go to state 1

