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Dwarf system

Description


The Dwarf system is a low-power microcontroller based controller designed to provide local real-time support for the command and control of servos, motors, solenoids, and heaters.  The conceptual idea was to combine a group of instrument functions that where commonly performed in a subunit of a system into one locally controlled and operated block.   This enables blocks to be power managed at a fine gradation, as well as put real-time control at the actuator and relieve need to have a higher level real-time system.  The other benefit was the ability to have blocks added or removed to scale the features required of the instrument.

To further support scaling the Dwarf system is made up of multiple boards which add various functions to the system with the ability to add further features as needed.  The current list of boards is; Core, Rotary Valve, Sensor and UPS.


The Dwarf is based on the Texas Instruments MSP430 microcontroller.  This device was chosen because of its low-power capability as well as its integrated I2C communications.   

Features

Core


Low-Power


Based on TI MSP430


I2C based comminucations network


RS-232 


2 DC-Brushed Servo channels



PWM



Quadrature decoder



Limit switch inputs



Home switch input


Expansion Bus



Power



The core requires three voltage for operation, 12V for the DC servos, 5V for the encoders and 3.3 for the logic.

Rvalve


Low-Power


4 Absolute encoder inputs with power control


4 full H-bridge DC-brushed motor drives


8 full H-bridge solenoid drives



Latching 



Non-Latching

Sensor


2 bridge circuits

Excitation

Amplification

Power control


Voltage input



2 multiplexed Temperature Sensor inputs



Excitation



Power control

UPS


Ultra- Cap 100Joules


Core notification



Main Power failure



Charge complete


Current limited charge

I2C Bus
Description


The I2C Bus used in the Dwarf is based on the I2C Bus standard.  Due to the buses short coming of no message acknowledge a protocol has been developed to support message acknowledgement.  This was done within the standard of the bus.  Standard devices can still exist and communicate over this bus.  For further information on the protocol refer to “XXXXX”.  The bus runs at the 100Kbs rate.
Pin-out

	Description
	Pin
	Pin
	Description

	Serial Clock
	1
	2
	Signal GND

	Signal GND
	3
	4
	Signal GND

	+5V
	5
	6
	+5V

	+3.3V
	7
	8
	+3.3V

	+3.3V
	9
	10
	Signal GND

	Signal GND
	11
	12
	Signal GND

	Signal GND
	13
	14
	Serial Data


Cable type:


The cable used for this bus is a standard 28 AWG 14 pin ribbon cable.  It should have about 14 pF’s per foot.  The total bus capacitance must be less than 400pF.
Bus levels


This bus is operated using a source voltage of +3.3V.  Using the bus specification the bus levels are 0.3Vdd for Maximum low and 0.7Vdd for Minimum high.  This translates to 0.99 and 2.3V respectively.

Bus termination


The I2C bus is terminated using the LT1694 active terminator from Linear Technologies and is located on the Sleepy board.

Connectors


Board – Amp,  501-1407E, 14 pin Dual row Right Angle with latch.


Cable – Amp, 746285-2
Dwarf Bus

General 


The CPLD located on the Dwarf Core, along with all others in the system interface via the Dwarf Bus.  The Dwarf bus is an 8 bit multiplexed Address and Data bus.  To accomplish this 3 control signals are used as strobes to qualify the current bus state.  These signals are Address Strobe (AS), Read (RD), and Write (WR).  Since the MSP does not have a hardware bus, this bus has been constructed using Port mapped pins of the MSP430.  

Connector


The connector used for the Dwarf bus is a Samtec ESQ-125-49-G-D.  This is a 50 pin dual row stack through connector on 0.1” centers.

Pin number description

	Description
	Pin
	Pin
	Description

	Address/Data 7
	1
	26
	GND Signal

	Address/Data 6
	2
	27
	GND Signal

	Address/Data 5
	3
	28
	MCLK

	Address/Data 4
	4
	29
	SMCLK

	Address/Data 3
	5
	30
	ACLK

	Address/Data 2
	6
	31
	+3.3V

	Address/Data 1
	7
	32
	+5V

	Address/Data 0
	8
	33
	GND Signal

	AS
	9
	34
	GND Signal

	RD
	10
	35
	RvalveCurrent

	WR
	11
	36
	PuckPressure

	Bus Reset
	12
	37
	PuckTemperature

	Pressure Enable
	13
	38
	AN6

	Pressure Select
	14
	39
	AN7

	TemperatureEnable
	15
	40
	+3.3V

	GND PWR
	16
	41
	TemperatureSelect

	GND PWR
	17
	42
	GPIO4

	GND PWR
	18
	43
	GPIO5

	GND PWR
	19
	44
	GPIO6

	GND PWR
	20
	45
	GPIO7

	Vbat
	21
	46
	RvalvePWM

	Vbat
	22
	47
	HeaterPWM

	Vbat
	23
	48
	TECPWM

	Vbat
	24
	49
	GPIO11

	Vbat
	25
	50
	BusINT


Signal Levels:


Logic levels:



Low < 0.6V



High > 2.6V


Logic current :


Low < 3.4mA



High < 6mA


Analog inputs:
0-2.5V over-range to 3.3V

Signal Description

Address/Data bus (AD0-7)

8 bit bi-direction bus used for setting address and reading and writing data.  The state of this bus is determined by the Address, Read and Write Strobes.  This bus has been assigned to Port 0 of the MSP430.  The MSP must control direction and state of these lines in conjunction with the Strobe lines.  All bus devices may only drive the bus while the RD strobe is active (low).
Address Strobe (AS)


MSP430 Port 3.0. The address strobe is an active low control signal.  The MSP must have a valid address driven on the AD bus prior to lowering this line.  It may be used with Read and Write strobes to perform an auto-increment of the address register.  See ????

Read Strobe (RD)


MSP430 Port 3.4. The Read Strobe is an Active Low signal.  This is to indicate to a bus device that the MSP is trying to read from the last address sent.  Prior to lowering this strobe the MSP switch Port 0, Address/Data bus, to input.
Write Strobe (WR)


MSP430 Port 3.2. The Write Strobe is an Active Low control signal.  This is to indicate to a bus device that the MSP is trying to write to the last address sent.  Prior to lowering this strobe the MSP must switch Port 0, Address/Data bus, to output and set the port with the requested data.

Bus Interrupt (busINT)


This is an active low wired or’d signal used to interrupt the MSP if action from a Dwarf bus device needs attention.  A bus device must pull this line low and hold it low until the interrupt has been serviced.  As there is no priority coding on the interrupts if multiply interrupts are pending the MSP should continue to search all possible interrupts in any order till the pending source has been cleared.  This line is sensed by the core PLD, refer to core cpld interrupt registers
Aclk


This is the Aclk of the MAP 430, running at  32768Hz.  This may be used as a clock source.  It will not be available until the MSP enables the feature and will disappear as soon as the MSP is reset.

Mclk


This is the Mclk of the MSP430, running at ?MHz.  It will not be available until the MSP enables the feature and will disappear as soon as the MSP is reset.

SMclk 


This is the SMclk of the MSP430, currently enabled to match Mclk. .  This signal must be used by bus device to synchronize bus strobes to the MSP.  It will not be available until the MSP enables the feature and will disappear as soon as the MSP is reset.

Bus Reset (BusReset)


MSP Port 3.5.   This is an active low signal used to reset the devices attached to the dwarf bus.

PressureEnable


This signal is used to apply power to the pressure sensor on the sensor board.  The sensor powered is determined by the PressureSelect signal.
PressureSelect


This is signal is used to select one of the two pressure channels. High = ? and Low = ?.

TemperatureEnable


This signal is used to apply power to the temperature sensors on the sensor board.  The sensor selected is determined by the state of the TemperatureSelect signal..  
TemperatureSelect


This is signal is used by the sensor board to select one of the two sernsor inputs to be delivered to the DwarfBus.

HeaterPWM


MSP430 port 4.3.  This is a PWM signal used to control the power to the heater.  This signal is routed to the Rvalve board where it in turn provides a connector for its final destination of the Thermal Driver board.

TECPWM


MSP430 port 4.4.  Themo-Electric Cooler PWM signal is used to control a TEC unit for cooling the puck.  This signal is routed to the Rvalve board where it in turn provides a connector for its final destination of the Thermal Driver board.

RvalvePWM


MSP430 port 4.5.  This signal is used by the Rvalve board to determine the pulse width to apply to the Rvalve.  This signal is shared by all the Rvalves active.

GPIO 4-7, 11


Unused pins, currently routed to inputs on the core CPLD.

RvalveCurent


MSP430 Port 6.3.  This is an analog signal from the Rvalve board which is the current the selected valve channel motor is drawing.  This is a unipolar signal only showing magnitude.  The calibration is 1V/A.

PuckPressure


MSP430 Port 6.4.  This is the analog signal from the sensor board of the currently selected pressure sensor.  

PuckTemperature


MSP Port 6.5.  this is the analog signal from the sensor board of the currently selected temperature sensor.  

AN6,7


MSP Port 6.6 and 6.7.  this is an unused analog input to the MSP430 from the Bus.  They have a voltage range of 0 – 2.5Volts.

GND Signal


This is the Ground for the digital and analog system  All return currents from the +3.3 and +5 should be routed to these pins

+3.3V


This is the system +3.3 which is used by the MSP and logic systems of the dwarf.  

+5V  


This is the system +5 which is used by the various sensors and encoders.  This is laso used to level shift from the +3.3V logic levels.

+Vbat


This is the raw system power.  It has a range of 10 to 16 volts.  Thisis the power which should be used to run motors heaters and other actuators.  

GND PWR


This is where all +Vbat currents should return.

Bus Cycles

General


Since this a multiplexed address and data bus the address for a read or write cycle must be stored prior to the actual read or write.  This is accomplished by having a address phase associated with each cycle.  Also, each bus device must have an internal register to store the current cycles address.  To facilitate faster bus cycles the Dwarf bus has the ability to perform an auto increment of the address for each read or write.  A note on programming, precautions must be taken in software to prevent a bus cycle from being interrupted by another bus cycle.  This is due the fact that the bus is implemented in software and not hardware.
Address 


During the address cycle the MSP430 must first drive onto the bus the address for the next cycle.  After the address is presented to the bus the address strobe is brought low while RD and WR are held high.  This should cause all bus devices to latch the current value of the bus to an address register.  This is required as the following read and write cycles will not have an associated address.  This line can then be returned high for a fixed address cycle or left low to initiate an auto increment cycle.
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Read


After an address cycle a read cycle may be performed.  Prior to lowering the RD line the bus must be switched to inputs.  After this the RD line may be lowered.  At this time the addressed device must drive its data onto the bus.  The next MSP430 instruction can read the data from the bus.  The device will continue to drive data until the read line is returned high.  .  A read or write cycle may immediately follow this cycle, and the same address will be used for that one.
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Read with Autoincrement


The main difference in this cycle is that the end of the Address cycle leaves the address line low.  When a bus device sees address low at the trailing edge of the read strobe the address in its latch will be incremented by one.  This mode allows a block of addresses to be read without using a new address cycle.
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Write


After an address cycle a write cycle may be performed.  Prior to lowering the WR line the MSP must drive the data bus.  After this the WR line may be lowered.  The addressed device will read the bus on the next falling edge of the SMCLK .  The WR line may be left low indefinatly.  A read or write cycle may immediately follow this cycle, and the same address will be used for that one.
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Write with Auto increment


The main difference in this cycle is that the end of the Address cycle leaves the address line low.  When a bus device sees address low at the trailing edge of the write strobe the address in its latch will be incremented by one.  This mode allows a block of addresses to be written without using a new address cycle.
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Core

Description


The Dwarf Core board provides the main control of the Dwarf subsystem.  The MSP430F169 resides on this board and control all the function of this subsystem.  The core is the master of the Dwarf bus. Communications can be provided through the Debug serial port but main communications was intended to be through the I2C bus interface.  The Core was designed to support the basic functions required at each subsystem  in the ESP.  These features are;

2 DC Servo loops,



DC brushed motor,



Quadrature Decoder,



Encoder power management,



Home and Limit switch detection,


Host system communications via I2C,


Debug serial communications,


Expandable bus.
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Core MSP430 pin assignments

	Port
	MSP Secondary Function
	Core Function
	Direction
	Bus signal

	P1.0
	Timer A Clock input
	AD0
	In/Out
	Yes

	P1.1
	Timer A CCI0A
	AD1
	In/Out
	Yes

	P1.2
	Timer A CCI1A
	AD2
	In/Out
	Yes

	P1.3
	 
	AD3
	In/Out
	Yes

	P1.4
	 
	AD4
	In/Out
	Yes

	P1.5
	 
	AD5
	In/Out
	Yes

	P1.6
	 
	AD6
	In/Out
	Yes

	P1.7
	 
	AD7
	In/Out
	Yes

	 
	 
	 
	 
	 

	P2.0
	 
	SCLhold
	Out
	 

	P2.1
	 
	SCLinc
	Out
	 

	P2.2
	 
	MSP Handshake input
	In
	 

	P2.3
	 
	MSP Transmit input
	In
	 

	P2.4
	 
	SCLout
	Tristate out
	 

	P2.5
	 
	Resistor for digital Osc.
	 
	 

	P2.6
	 
	Unused
	 
	 

	P2.7
	 
	Interrput from CPLD
	Input
	 

	 
	 
	 
	 
	 

	P3.0
	 
	Address Strobe
	Out
	Yes

	P3.1
	 
	SDA
	I2C
	 

	P3.2
	 
	Write
	Out
	Tes

	P3.3
	 
	SCL
	I2C
	 

	P3.4
	 
	Read
	Out
	Yes

	P3.5
	 
	Bus Reset (Active Low)
	Out
	Yes

	P3.6
	UTXD1
	Dedug transmit
	Out
	 

	P3.7
	UTXR1
	Debug Receive
	Input
	 

	 
	 
	 
	 
	 

	P4.0
	PWM0
	Unused
	 
	 

	P4.1
	PWM1
	Servo Channel 0 PWM
	Out
	 

	P4.2
	PWM2
	Servo Channel 1 PWM
	Out
	 

	P4.3
	PWM3
	Heater PWM
	Out
	 

	P4.4
	PWM4
	TEC PWM
	Out
	 

	P4.5
	PWM5
	Rotary Valve PWM
	Out
	 

	P4.6
	PWM6
	Unused
	 
	 

	P4.7
	PWM7
	Unused
	 
	 

	 
	 
	 
	 
	 

	P5.0
	STE
	Direction Servo Channel 0
	Out
	 

	P5.1
	MOSI
	Brake Servo Channel 0
	Out
	 

	P5.2
	MISO
	Direction Servo Channel 1
	Out
	 

	P5.3
	SCLK
	Brake Servo Channel 1
	Out
	 

	P5.4
	MCLK
	Mclk
	Out
	 

	P5.5
	SMCLK
	SMclk
	Out
	 

	P5.6
	ACLK
	Aclk
	Out
	 

	P5.7
	Tbout
	MSP Handshake output
	Out
	 

	 
	 
	 
	 
	 

	P6.0
	Analog Channel 0
	Servo Current Channel 0
	In
	 

	P6.1
	Analog Channel 1
	Servo Current Channel 1
	In
	 

	P6.2
	Analog Channel 2
	Battery Voltage
	In
	 

	P6.3
	Analog Channel 3
	Rvalve Motor Current
	In
	Yes

	P6.4
	Analog Channel 4
	Pressure Multiplexed output
	In
	Yes

	P6.5
	Analog Channel 5
	Puck/Ambient Temperature
	In
	Yes

	P6.6
	Analog Channel 6
	 
	 
	Yes

	P6.7
	Analog Channel 7
	 
	 
	Yes


CPLD register map


The core’s CPLD occupies Dwarf Bus address space 00 through 0f hexadecimal. These address’ give acces and control to all the core functions.  

	ADDR
	Hex
	Define Name

	0
	00
	DCORI2CCL DCORIE

	1
	01
	DCORIFG

	2
	02
	DCORLINT

	3
	03
	DCORLIMITS/DCORENCCTL

	4
	04
	DCOR0CNTLOW

	5
	05
	DCOR0CNTHIGH

	6
	06
	DCOR1CNTLOW

	7
	07
	DCOR1CNTHIGH

	8
	08
	DCOR0THRESLOW

	9
	09
	DCOR0THRESHIGH

	10
	0A
	DCOR1THESLOW

	11
	0B
	DCOR1THRESHIGH

	12
	0C
	DCORSENSOR

	13
	0D
	 

	14
	0E
	DCORENCPWR

	15
	0F
	DCORIN DCOROUT


Table 1
Register Name: DCORI2CCL 

Address (Hex): 00

Read

Description:  This read register is used to access the I2C 5 bit counter, bits 4..0.  This register is provided as a work around for a shortfall in the MSP430 I2C I2C controller.  The prupose of this function is to count clock pulses on the I2C bus and hold the bus when the counter eraches 0.  This counter is controlled with the MSP port pins SCLhold (P2.0),  SCLinc (P2.1).  
Register Name: DCORIE

Address (Hex): 00

Write:

Description:  This register is the interrupt enable register. This is a write only register and needs to have a virtual register copy stored in the MSP.  This register 

Bit Map:
	Bit
	Name
	Function

	7
	I2C = 0
	Enable interrupt when I2c counter = 0

	6
	Thres1
	Enable threshold interrupt on Servo channel 1

	5
	Thres0
	Enable threshold interrupt on Servo channel 0

	4
	Limit Switch
	Enable interrupts from limits switches

	3
	Homed0
	Enable interrupt when Servo Channel 1 has detected the home edge

	2
	Homed1
	Enable interrupt when Servo Channel 0 has detected the home edge

	1
	PWR flags
	Enable interrupt from power switches

	0
	Bus Interrupt
	Enable interrupt from Dwarf bus interrupt


Bit descriptions:

Bit 7:  This bit is used to enable an interrupt from the I2C counter when it has reached 0.  This interrupt is enabled by writing a 1 and disabled by writing a 0

Bit 6:  This bist is used to enable an interrupt from the threshold detection logic.  A 1 enables the interrupt while a 0 disables.

Bit 5: Same as 6 but for channel 0
Bit 4: Provides the interrupt function for both channels limits switches.  If this enabled and detected as the cause of the interrupt, the limit switch regester should be read to determine the exact casue for the interrupt.

Bit 3: Home switch detected interrupt for channel 1, one is enabled

Bit 2: Home switch detected interrupt for channel 0, one in enabled

Bit 1:Enable interrupts from the power controllers, one is enabled

Bit 0: Enable interrupt from the Dwarf bus. One is enabled

Register Name: DCORIFG
Address (Hex): 01

Read:

Description:  This register is the Interrupt Flag register.  A one indicates that the interrupt is present.  There is no priority to the indicators.  If the external interrupt is active then this register should be read and all active bits must be processed.  
Bit Map:

	Bit
	Name
	Function

	7
	I2C = 0
	Interrupt when I2C counter reaches 0

	6
	Thres1
	Servo channel 1 detected configured edge on the threshold input

	5
	Thres0
	Servo channel 0 detected configured edge on the threshold input

	4
	Limit Switch
	One of the Limit switches on either channel has been activated

	3
	Homed0
	Servo Channel 1 has detected the home edge

	2
	Homed1
	Servo Channel 0 has detected the Home edge

	1
	PWR flags
	One of the power controllers has flagged an error

	0
	Bus Interrupt
	The dwarf bus pin is being activated


Bit descriptions:

Bit 7:  Indicates that the I2C counter has reached 0
Bit 6:  When the requested edge has been detected on the Threshold input this bit will be set.
Bit 5: Same as 6 but for channel 0

Bit 4: This bit serves to indicate when any of the limit switches has been activated.  To determine which bit caused the interrupt the DCORLINT register should be read.
Bit 3: Home switch edge has been detected 
Bit 2: Same as bit 3 but for channel 1
Bit 1:One of the power controllers has detected a fault.  Read the DCORENCPWR register to determine which one.
Bit 0: A device on the dwarf bus has requested an interrupt.  The know dwarf bus locations need to be accessed to determine the cause.
Register Name: DCORIFG
Address (Hex): 01

Write
Description:  This register is used to reset an interrupt flag.  Writing a one to the bit needing reset will cause it to be reset.  

Bit Map:

	Bit
	Name
	Function

	7
	I2C = 0
	Reset I2C interrupt flag

	6
	Thres1
	Reset Threshold flag

	5
	Thres0
	Servo channel 0 detected configured edge on the threshold input

	4
	Limit Switch
	One of the Limit switches on either channel has been activated

	3
	Homed0
	Servo Channel 1 has detected the home edge

	2
	Homed1
	Servo Channel 0 has detected the Home edge

	1
	PWR flags
	One of the power controllers has flagged an error

	0
	Bus Interrupt
	The dwarf bus pin is being activated


Bit descriptions:

Bit 7:  Indicates that the I2C counter has reached 0

Bit 6:  When the requested edge has been detected on the Threshold input this bit will be set.

Bit 5: Same as bit 6 but for channel 0

Bit 4: This bit serves to indicate when any of the limit switches has been activated.  To determine which bit caused the interrupt the DCORLINT register should be read.
Bit 3: Home switch edge has been detected 

Bit 2: Same as bit 3 but for channel 1
Bit 1:One of the power controllers has detected a fault.  Read the DCORENCPWR register to determine which one.

Bit 0: A device on the dwarf bus has requested an interrupt.  The know dwarf bus locations need to be accessed to determine the cause.

Register Name: DCORLINT
Address (Hex): 02

Read
Description:  This register is used to indicate which limits switches have been activated.  The FLS and RLS flags will reset upon read.  

Bit Map:

	Bit
	Name
	Function

	7
	Brake1
	The electronic brake has been applied to Channel 1

	6
	0
	Always reads 0

	5
	FLS1f
	Forward limit switch was tripped

	4
	RLS1f
	Reverse Limit switch was tripped

	3
	Brake0
	The electronic brake has been applied to Channel 0

	2
	0
	Always reads 0

	1
	FLS0f
	Forward limit switch was tripped

	0
	RLS0f
	Reverse Limit switch was tripped


Bit descriptions:

Bit 7:  Indicates that the brake has been applied to channel 1 motor.  This is caused by the motor moving in the direction of the respective limit switch and activating it.  Brake can only be released by switching the motor direction and manually applying the brake using the Brake line from the MSP Port 5.3.
Bit 6:  Always reads 0
Bit 5: Indicates that while moving forward the Forward Limit switch was activated.
Bit 4: Indicates that while moving backward the Reverse Limit switch was activated.
Bit 3: See bit 7 except MSP Port 5.1 

Bit 2: Always reads 0
Bit 1: Similar to Bit 5
Bit 0: Similar to Bit 4
Register Name: DCORLIMITS
Address (Hex): 03

Read
Description:  This register reports the current state if the limit switches

Bit Map:

	Bit
	Name
	Function

	7
	Brake1
	Is the motor in a brake condition

	6
	Home1
	Home sensor level

	5
	FLS1
	Forward Limit switch 

	4
	RLS1
	Reverse Limit switch

	3
	Brake0
	Is the motor in a brake condition

	2
	Home0
	Home Sensor Level

	1
	FLS0
	Forward limit switch

	0
	RLS0
	Reverse Limit switch


Bit descriptions:

Bit 7:  Indicates that the brake is being applied to channel 1 motor.

Bit 6:  Reports the level of the home sensor input

Bit 5:  Reports the level of the Forward limit switch

Bit 4: Reports the level of the Reverse limit switch
Bit 3: Indicates that the brake is being applied to channel 0 motor.

Bit 2: Reports the level of the home sensor input
Bit 1: Reports the level of the Forward limit switch

Bit 0: Reports the level of the Reverse limit switch
Register Name: DCORENCCTL
Address (Hex): 03

Write
Description:  This register is used to control the decoding of the Quadrature encoder on the servo motor, and the edges to sense for the home and threshold switches

Bit Map:

	Bit
	Name
	Function

	7
	Enc Sense1
	Determines direction of count

	6
	Latch Edge1
	Which edge to latch count on

	5
	Home Enable1
	Enable homeing

	4
	Home Edge1
	Defines home as rising or falling edge

	3
	Enc Sense0
	Determines direction of count

	2
	Latch Edge0
	Which edge to latch count on

	1
	Home Enable0
	Enable homeing

	0
	Home Edge0
	Defines home as rising or falling edge


Bit descriptions:

Bit 7:  This bit is used to determine the direction of count for the Quadrature decoder.  If the motor direction runs in the opposite direction of the count toggle this bit to synchronize the functions.

Bit 6:  This bit is to define the edge to Latch the threshold value on.  A 1 is the rising edge and 0 is the falling edge.
Bit 5:  This bit enables the homeing 
Bit 4: Reports the level of the Reverse limit switch
Bit 3: Indicates that the brake is being applied to channel 0 motor.

Bit 2: Reports the level of the home sensor input
Bit 1: Reports the level of the Forward limit switch

Bit 0: Reports the level of the Reverse limit switch
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