Dwarf Core PLD instructions

Accessing the PLD


The PLD is communicated with using a single multiplexed 8 bit address and data bus.  The bus is controlled by three strobe signals; Address, Read, and Write.  These signals are assigned to the ports and pins in the table below.

	Port Name
	Function
	MSP Pin Number

	P1.0
	AD0
	12

	P1.1
	AD1
	13

	P1.2
	AD2
	14

	P1.3
	AD3
	15

	P1.4
	AD4
	16

	P1.5
	AD5
	17

	P1.6
	AD6
	18

	P1.7
	AD7
	19

	P3.0
	AS
	28

	P3.4
	RD
	32

	P3.2
	WR
	30


The control signals are all active low.  The PLD does not support reentrant code.  If this is possible the processor should lock out any other routine, which may try to access the PLD while either a read or write is taking place.  The PLD requires that the SMCLK output on pin 5.5 be enabled.  This clock should be running at the same rate as the MCLK to allow for correct timing between the MSP and the PLD. 

Address Register


The PLD has an internal address register. The address register is loaded from the bus off the leading or falling edge of the AS strobe.  This register supports a hold and an automatic increment mode.  The two modes are determined by the state of the address line during the previous read or write cycle.   The AS strobe is sampled on the leading or Falling edge of the RD or WR strobes.  If the AS is inactive (high) then hold mode, if active (Low) then Auto Increment mode.  Care should be taking in using this address register as multiple PLD’s could be on the bus 

Hold Mode

To enter the hold mode, where the address register is unmodified the AS line should be made inactive prior to the RD or WR strobe becoming active.  Once in this mode either the RD or WR strobes may be cycled indefinitely accessing the same register each time.

Auto Increment


To enter this mode, where the address register is modified, the AS line should be active prior to the RD or WR strobes becoming active.  On the trailing or rising edge of the RD or WR strobe the address register will be incremented.  The address will be incremented up to address 15 and then rolled back to 0.  
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Address Map


The addresses assigned to the PLD are listed in the table below.  The PLD occupies the first 16 bytes on the Dwarf Bus.  Each register is detailed out in it’s own section.


	Address (Hex)
	Read or Write
	Description

	0
	Read
	Read of I2C bit counter

	0
	Write
	Interrupt enable register

	1
	Read/Write
	Interrupt Flags

	2
	Read
	Limit Switches

	3
	Write
	Encoder control

	4
	Read
	Encoder counter 0 low byte

	5
	Read
	Encoder counter 0 high byte

	6
	Read
	Encoder counter 1 low byte

	7
	Read
	Encoder counter 1 high byte

	8
	Read
	Threshold 0 low byte

	9
	Read
	Threshold 0 high byte

	A
	Read
	Threshold 1 low byte

	B
	Read
	Threshold 1 high byte

	C
	Write 
	Sensor Control

	D
	
	

	E
	Read/Write
	Encoder power control

	F
	Write
	Miscellaneous outputs

	F
	Read
	Configuration switch inputs


I2C bit counter


The I2C bit counter is used as a work around in deficiencies of the MSP430 I2C interface.  The counter is controlled by three lines, SCLreset,  SCLinc, and SCL.  The value of the counter may be read at this address.  This is a count down counter, with hold at 0.  When the counter reaches 0 it can generate an interrupt to the MSP if enabled in the Interrupt enable register.   This interrupt is cleared by making the counter nonzero using the SCLreset or SCLinc lines. 

	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

	0
	0
	I2C(5)
	I2C(4)
	I2C(3)
	I2C(2)
	I2C(1)
	I2C(0)


SCLreset


This line is used to reset the counter.  The line is active high.  When this line is active the counter is held at a count of either 9 or 10.  The value is determined by the state of the SCLinc line.  When the SCLinc line is high the counter is held at 9 and 10 if low.  When this line is inactive the counter is free to count down to 0.

SCLinc


This line is used to add bit counts to the I2C counter, it is active low.  Each falling edge of this line causes the counter to be incremented by 9.  This line works in conjuction with the SCLreset line as described above.

SCL


This is the serial clock of the I2C interface.  This line serves two purposes: 1) clock to count down with and 2) hold of I2C bus.  The first purpose is served while the counter is non-zero.  During this time the counter will be decremented on each falling edge of the SCL to a zero count.  Once the counter is at zero the second function of this line is to hold the SCL line low.  During this time the bus is in a hold state.  To release the SCL line either the SCLinc line must be toggled or the SCLreset must be raised.

Interrupts


There are eight sources of interrupts from the PLD.  These are both internal and external to the PLD.  The interrupt are controlled by two registers, the DCORIFG and the DCORIE.  These two registers have the same bit mask as defined in the table.

	Bit
	Description

	0
	Bus Interrupt

	1
	Power flags

	2
	Home Channel 0

	3
	Home Channel 1

	4
	Limit Switches

	5
	Threshold latched Channel 0

	6
	Threshold latched Channel 1

	7
	I2C counter zero



The DCORIFG register is a read and write register used to determine the source of the interrupt and to reset where applicable the interrupt.  The DCORIE is a write only register used to enable or disable a particular interrupt.  In this register a 1 will enable that interrupt to be passed to the MSP.  See the individual flags section for details of operation.

Encoder Functions


The PLD contains two 16 bit quadrature decoders.  These are assigned to channel 1 and 2 encoder inputs.  The algorithm used for counting is a full quadrature cycle per count.   The encoder may be for each channel powered on and off, its count direction set, the value latched by an external signal, reset by an external home signal, home sensor power may be controlled, and its count value read.

Reading Encoder


Since the encoder values can only be accessed by byte, to provide accurate readings of the encoder values an internal 16 bit latch is utilized to hold the count value.   This latch mechanism is activated by reading the lower byte of the encoder first.  At this time the entire 16 bit value will be latched and made available for reading.  These registers are read only.

Encoder Power


In Revision 0 of the Dwarf Core power of 3.3V or 5.0V may be applied to the encoder.   In Revision 1 of the Dwarf core only 5.0V power will be able to be applied to the encoder.  Control of this power is made available in the DCORENCPWR register.   The bit mask of this register is described in the table below.  These bits are active high.  Reading DCORENCPWR will return the current state of the error flags from the power switches.  These are active low.  Each function has the ability to apply 3.3 or 5v to its device.  To ensure that both voltage are not applied at the same time, logic in the PLD will disable both voltages if both are applied.

	Bit
	Function
	Voltage

	0
	Home Channel 0
	3.3

	1
	
	5.0

	2
	Encoder Channel 0
	3.3

	3
	
	5.0

	4
	Home Channel 1
	3.3

	5
	
	5.0

	6
	Encoder Channel 1
	3.3

	7
	
	5.0



The previous tables bit mask applies to the reading of this register also, as the power flags.


The interrupt for this register is Bit 1 of the DCORIFG.  If Bit 1 of DCORIE is set then an interrupt will be generated is any of these flags is pulled to a 0.  To clear the interrupt the faulty flags power must be disabled.  This is done by setting a 0 into the corresponding bit  of DCORENCPWR.  Power may be reapplied after it has been disabled.

Home Sensor 


The home sensor input is used to reset the counter at a very specific location.  This is controller by the DCOTENCCTL register.  The table below summarixes the bits in this register.

	Bit
	Function

	0
	Home Edge Channel 0

	1
	Home Enable Channel 0

	2
	Latch Edge Channel 0

	3
	Encoder Sense Channel 0

	4
	Home Edge Channel 1

	5
	Home Enable Channel 1

	6
	Latch Edge Channel 1

	7
	Encoder Sense Channel 1



To use this function the correct edge must be specified and the function enabled.  The edge is specifed with the “Home Edge Channel X” bit.  A 1 specifies a rising edge and a 0 specifies a falling edge.  


To enable the actual resetting of the counter two things must be set, DCORIFG bit 2 or 3 , and DCORENCCTTL 1 or 5.  Bit 1 and 5 enable the homing of a channel and bit 2 or 3 signal that the home has been found.  But once Bit 2 or 3 is set the homing function will ignore any more selected edges on the home input.  If the corresponding DCORIE bit is set this will cause the interrupt to be generated.  To clear the interrupt the DCORIFG flag must be reset or the DCORIE bit disabled.

Home sensor power


The home sensor power is used to apply power to an active home sensor.  Refer to Encoder power for operation.

Encoder count Direction


The direction the counter counts for the quadrature phase detected is determined by the state of the DCORENCCTRL bit 3 and 7.  Setting this to 1 or 0 will flip the count direction.

Latch control


This function is used to latch the value of the counter at a precises position or point determined by the edge of a signal.   This function is enabled whenever the DCORENCCTL flag is 0.  When the selected edge is encountered as determined by tDCORENCCTL bit 2 or 6, the counter value will be loadad into a holding register.  This bit set to 1 is a rising edge and a 0 is falling edge.  Upon detection along with the count value stored the corresponding bit in DCORIFG will be set.  If the DCORIE bit is set an interrupt will be generated.  For another lacth to happen the DCORIFG flag must be reset.  This will laso clear the interrupt.

Limit switches

	Bit 
	Function

	0
	RLS channel 0

	1
	FLS Channel 0

	2
	Home Channel 0

	3
	Brake Channel 0

	4
	RLS channel 1

	5
	FLS Channel 1

	6
	Home Channel 1

	7
	Brake Channel 1


The limit switches, FLS and RLS are active low, meaning the limit has been reached.  When the corresponding switch to motor direction is detected the PLD will apply the brakes to the motor and hold until cleared.  To clear the brake the motor direction must be reversed and then the brake line toggled high then low.

The home flags are the state of the input line.  This is for reading the state of the home flag.  This can be used to determine direction to home.  

DCOROUT


This is a write only register which controls the 5 leds.  A 0 turns an LED on.  The Motor power bit turns the Battery voltage to the H-bridges on, before the motors can be actuated this bit must be set.  The general pupose output for each channel is accesed through this register

	Bit 
	Function

	0
	LED 1

	1
	LED 2

	2
	LED 3

	3
	LED 4

	4
	LED 5

	5
	Motor Power

	6
	Motor out channel 0

	7
	Motor out channel 1


DCORIN


Thisis a read only register which is used to read the state of the configuration switches, and the general purpose motor inputs.  

	Bit 
	Function

	0
	SW 0

	1
	SW 1

	2
	SW2

	3
	SW 3

	4
	SW 4

	5
	SW 5

	6
	Motor in channel 0

	7
	Motor in channel 1


Bits 6 and 7 along woth being a general purpose input also provide the latch input.  Refer to that section for operation details.

Sensor Control


The sensor board add on is controlled by this register.  There are two systems within the sensor board, Temperature and Pressure.  Each may be power managed seperately.  Also each sensor has two channels per sensing.  Setting bit 0 or 2to a one applies power to that subsystem.  Setting bit 1 or 3 will select channel; 0 or one of that subsystem.

	Bit 
	Function

	0
	Pressure enable

	1
	Pressure Select

	2
	Temperature Enable

	3
	Temperature Select

	4
	Unused

	5
	Unused

	6
	Unused

	7
	Unused
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