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Preface

The objective of this document is to define how to use the CDG2000 controller.

Scope

This document applies only to the version 2 controller using the PIC17C766 for software releases up to and including V1.19.

Note that in V1-5 the location of the DDS clock data in the eeprom was changed – so it will need reprogramming when upgrading from 1.5 or earlier to 1.6 or later.

In version 1.17, the software was modified to cater for the new front end board, where the mapping of the relays to bands and attenuators was altered.

In Version 1.19, offsets for USB & LSB were added. When this happened, the checksumming arrangements were altered to protect data integrity. As a result, if you had saved to eeprom a different value of dds clock or cw offset, these will be reset to the rom values when you upgrade to V1.19. As a result, you will need to restore the settings using CFsel and setCF functions.
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1 Overview

The CDG2000 controller consists of a PIC17C766 microcontroller that manages the rest of the transceiver and is controlled either by a keyboard and rotary control or by RS232 and communicates with the user either by means of Liquid Crystal Display(s) and LEDs or by RS232.

The following sections detail how to use the controller, both in terms of connections to the PCB and in terms of the commands.

RS232 interfaces are not yet defined.

2 Hardware

The following connectors exist on the PCB

	Connector
	 Usage

	P1
	Future RS232 interface

	JP1
	 IF log amp ( s meter ) & power meter inputs and keyer input

	JP2
	 DDS bus – drives 1 or 2 DDS devices

	JP3
	 I2C bus. 

	JP4
	 switched 12V outputs

	JP5
	 LCD connector

	JP6
	 Opto switches

	JP7
	 switch input 2

	JP8
	 switch input 1

	JP9
	 power to the controller ( +12V and whatever negative voltage the LCD &  RS232 need )

	JP10
	 in circuit serial programming.

	JP11
	 write protect configuration data in EEPROM. 

	JP12
	 unused - future interrupt input from I2C

	JP13
	 incoming 12V to the FET switches

	JP14
	 push to talk. Ground for transmit


The pinouts for these are shown in the following sections.

2.1 P1 – RS232 interface

This connector is reserved for future use. Its pinout will be as shown below:

	Pin
	Function
	Notes

	1
	Data from PC to CDG2000
	Pin nearest to JP6/JP10

	2
	Request to send from PC to CDG2000
	

	3
	Ground
	

	4
	Data from CDG2000 to PC
	

	5
	Clear to Send from CDG2000 to PC
	Pin nearest JP5/JP7


Data is standard RS232 levels but requires –12V to the controller ( JP9 ). It is recommended that a single in line 5 pin connector be used with polarisation in the form of a locating tab on the side nearest to the PIC processor.

2.2 JP1 – Analogue inputs and keyer

The port carries 4 signal lines and 4 ground lines. From version 1-4 of the code, pin 7 is used for the S meter on screen display. Specifically, the analogue input from the IF unit log output is read by the ADC port. More detail may be found in section 6. Pin 5 is used as the transmit power monitor, again more details later.
	Pin
	Function
	Comment

	1
	Keyer Dash
	Pin nearest FETs that switch power

	2
	Ground
	

	3
	Keyer Dot
	

	4
	Ground
	

	5
	TX Power measurement
	Used to sense 0..5V for TX power

	6
	Ground
	

	7
	S Meter analogue in
	Used to sense 0..5V from IF log amp output

	8
	Ground
	Pin nearest JP10


For the simple keyer, either keyer input (dot or dash) may be used.

2.3 JP2 – the DDS bus

The pinout for this connector is shown below.

	Pin
	Function
	Comment

	1
	DDS 1 Load/Enable
	Pin nearest corner of PCB

	2
	DDS 1 Serial Data
	

	3
	Ground
	

	4
	DDS 1 Serial Clock
	

	5
	Unused / floating
	

	6
	Unused / Floating
	

	7
	DDS 2 Load / Enable
	

	8
	DDS 2 Serial Data
	

	9
	Ground
	

	10
	DDS 2 Serial Clock
	Pin nearest U2


The DDS bus connector is a 10 pin box header, with the polarising keyway towards the edge of the PCB. It actually consists of two sets of signals designed to allow a 10 way ribbon cable connector to be split between traces 5 and 6 to provide two ‘tails’ at the remote end that can be connected to two DDS devices. If only 1 DDS is used the second set of signals may be ignored and a 10 way connector used at each end.

The port provides a separate enable signal for each DDS but common clock and data lines, hence loading serial data to one DDS will actually load both, but only the intended target is given the load signal.

The lines are driven from CMOS drivers and the leads should be kept as short as possible. No bus terminations should be used.

2.4 JP3 – the I2C bus

	Pin
	Function
	Comment

	1
	Ground
	Pin nearest edge of board / JP2

	2
	I2C Serial Clock
	

	3
	Ground
	

	4
	I2C Serial Data
	

	5
	Ground
	

	6
	I2C interrupt line
	

	7
	VCC ( +5V from controller )
	

	8
	AN0
	

	9
	VCC ( +5V from controller )
	

	10
	AN1
	Pin nearest FET switches


The I2C bus is designed to control all functions of the transceiver. It is carried on a 10 pin ribbon cable and is ‘daisy chained’ between the cards. The bus is terminated on the controller card and needs no other terminations. Slew rate control is provided by the PIC. Data is sent at 100 Kbits / second. The devices connected to the bus on other cards ( such as PCF8574 devices on the LPF and front end boards ) are powered by the ribbon cable from the controller and should not be powered from the cards they control. A box header should be used with the polarising tab towards the edge of the board for compatibility.

The AN0 and AN1 lines provide spare lines to the PIC and are used for the keyer. Leave them unconnected on the other boards.

The Interrupt line is not used at present. Where it is desired that an I2C device be able to interrupt the PIC, this is the line it would use. On all other boards, do not connect to the interrupt line unless you want to use it !

The memory map for the I2C bus is shown later.

2.4.1 I2C bus limitations

The I2C bus drives all devices in parallel. There is therefore a limit on the load that can be applied.

The maximum specified capacitive load is 400 pF on each line.

Each I2C device provides about 10 pF per line and 2 inches of 24 thou tracks on FR4 board would add another 2 pF. Being conservative call that 15 pF per board per device.

Assuming at most 10 boards with one I2C device each ( we have less than this ) gives rise to 150 pF from the end points, leaving at most 250 pF for the ribbon cable. 

Typical cable has an inter-trace capacitance of 20 pF per foot, but we have a ground each side of the signal lines giving 40 pF per foot.

Hence the cable must not be longer than 6 feet. That however leaves no margin for error. A maximum suggested length for the cable is therefore 4 feet.

2.5 JP4 – switched 12V outputs

	Pin
	Function
	Comment

	1
	Ground
	Pin nearest JP6

	2
	+12V when CW selected
	Low current output

	3
	+12V when USB selected
	Low current output

	4
	+12V when LSB selected
	Low current output

	5
	+12V when narrow CW filter
	Low current output

	6
	+12V when keyed
	High current output

	7
	+12V when LCD backlight on
or 
+12V when 2 tone osc selected in tuneup
	High current output

	8
	+12V when on receive
	High current output

	9
	+12V when on transmit
	High current output

	10
	Ground
	Pin nearest power FETs and corner of board


Power supplied to the controller via JP13 is switched by FETs and supplied out via JP4. This power input / output is completely separate from the power to the controller.

There are two types of drivers. In all cases the power is supplied by an FET switch, but 4 are low power ( max 300 mA ) and 4 high power ( max 12 A ). Note however that the FETs would need heatsinks for this and the cables / tracking would need attention. It is NOT intended that they be used for currents that high! 

In each case there will be a small leakage current when off ( max 25 uA for high current FETs rising to max 250 uA at 150 OC if you don’t heatsink it and max 10 uA for low current rising to max 500 uA at 125 OC if you abuse them ).

It is recommended that a single in line Molex KK 2.54 mm style connector with a polarising tab near the board edge be used.

Note that pin 7 assumes one of two functions, either backlight control or 2 tone osc control in tuneup. It is a compile time selection as to which function is supported – you cannot have both with this version of the software.

2.6 JP5 – The LCD display

	Pin
	Function
	Comment

	1
	Ground
	Pin nearest preset pot

	2
	+5V to LCD display
	Power to LCD

	3
	Contrast Adjust LCD
	From preset pot / Vee – display specific

	4
	Register Select
	Display specific signal

	5
	Read / Write control
	Display specific signal

	6
	Enable signal
	Display specific signal

	7
	Data bus bit 0
	Data bus LS bit

	8
	Data bus bit 1
	

	9
	Data bus bit2
	

	10
	Data bus bit3
	

	11
	Data bus bit 4
	

	12
	Data bus bit 5
	

	13
	Data bus bit 6
	

	14
	Data bus bit 7
	Data bus MS bit

	15
	LCD chip select
	Display specific signal

	16
	LCD reset
	Display specific signal

	17
	Vee to LCD
	Display specific power

	18,19,20
	Spare
	


This connector is pinned out in a standard fashion with a 20 pin box header with the keyway towards the PIC. The usage of many signals varies according to the display, especially in the case of the power Vee and contrast.

The intention is however to try to ensure that for most displays pin 1 of the display connects to pin 1 of JP5 etc. Where the function of the control lines ( pins 4,5,6,15,16 ) varies, this is catered for in the software. The software currently drives displays based on the Hitachi HD44870 / Seiko SED1278 as well as graphics displays based on the HD61830 or SED1330. The software must be explicitly built for the specified display.

2.7 JP6 – Opto switches

	Pin
	Function
	Comment

	1
	Opto switch 1 channel A
	Towards 33 MHz crystal

	2
	Opto switch 1 channel B
	

	3
	Ground
	

	4
	Ground
	

	5
	+5V to opto switch
	

	6
	+5V to opto switch
	

	7
	Opto switch 2 channel A
	

	8
	Opto switch 2 channel B
	

	9
	Ground
	

	10
	Ground
	Nearest JP4 and board edge


This is a 10 pin box header with the polarising tab towards the PIC processor.

Like the DDS bus, it is designed to connect to a cable with a 10 pin header at one end, split between traces 5 and 6 with the two five way groups going to two opto switches. If only one encoder is used, the second set is merely ignored.

The switch should have at least 128 cycles per revolution of the control with quadrature outputs. Power ( 5 V ) is provided by the controller.

2.8 JP7 -& 8 – Switch inputs

	Pin
	Function
	Comment

	1
	Switch input bit 1
	JP8 nearest corner board, JP7 nearest P1

	2
	Switch input bit 2
	

	3
	Switch input bit 3
	

	4
	Switch input bit 4
	

	5
	Switch input bit 5
	

	6
	Switch input bit 6
	

	7
	Switch input bit 7
	

	8
	Switch input bit 8
	

	9
	Ground
	

	10
	+5V
	


The switch inputs are general purpose switch control inputs and their use is software specific. Each is an identical pinout 10 way box header with the polarising slots towards the board edge.

When used to scan a keyboard ( up to 4 x 4 on each one ) pins 1,2,3 and 4 carry the scan signals ( pulled low in turn cyclically ) and pins 5,6,7 and 8 are the scan inputs. Power and ground are not normally needed in this case. 

2.9 JP9 - controller power

	Pin
	Function
	Comment

	1
	+ve supply to controller
	Pin nearest board edge

	2
	Ground
	

	3
	-ve supply to controller
	Pin furthest from board edge


This connector provides power to the controller. 

With the exception of the RS232 drivers, the controller requires a voltage greater than +8V for the 5V regulator. When RS232 is used, +12V should be supplied. When programming the PIC via the serial programming adapter however, a voltage in excess of 16V is needed in order to supply 13V for programming.

The negative supply serves two purposes. The first is to supply –12V for RS232. The second is to supply a negative voltage to the LCD, should the specific model of LCD require it. This is display specific.

The controller needs about 20 mA when running from the 5V regulator, plus whatever the I2C devices and opto switches need.

It is suggested that a 3 pin polarised header be used with the polarising tab towards JP5.

2.10 JP10 – controller programming

	Pin
	Function
	Comment

	1
	Vsupply to adapter from controller
	Pin nearest R15 / JP8

	2
	Vpp ( MCLR )
	

	3
	+5V to adapter from controller
	

	4
	8 MHz clock to controller from adapter
	

	5
	Ground
	

	6
	Data to / from PIC
	

	7
	Serial data clock to PIC
	

	8
	Not connected
	

	9
	PIC Test pin
	

	10
	Not connected
	Pin nearest JP1 & JP6


This connector provides a serial programming interface to the PIC. It allows the PIC to be programmed in situ. HINT – I find it easier to erase the PIC in situ by putting the whole controller in the EPROM eraser with a mask over the rest of the card than to remove & reinsert the PIC chip into its 84 pin socket.

Pin 1 supplies power to the controller so that it may generate a 13V programming supply. This means the power supplied to the controller must exceed 16V assuming a 3 volt dropout for an LM317. The programming adapter regulates and switches the voltage to supply back to the PIC MCLR and TEST pins via JP10 pins 2 and 9 respectively.

The 5V regulator on the controller supplies power to the programming adapter logic via pin 3.

The adapter supplies back to the PIC an 8 MHz programming clock on pin 4.

The other two signal leads provide a serial communications interface to the PIC.

To allow sharing of an adapter it is suggested that a right angle SIL header is used. If polarised, the polarising tab should be on the side away from the PCB so that the pins overhang the edge of the board and are partially covered by the polarising tab.

2.11 JP11 – EEPROM write protect

This is a simple 2 pin header ( currently unused ). The intention is that it will control the ability to write to the configuration data in the EEPROM whilst still allowing the operational parameters such as band & memories to be accessed. A simple link header is used to control access with a two pin connector.

2.12 JP12 – I2C Interrupt

This is currently unused. Should the software require to access the shared interrupt line of the I2C bus, this header would be used to enable / disable it.

2.13 JP13 - 12V switched input

	Pin
	Function
	Comment

	1
	Ground
	

	2
	+12V in
	

	3
	+12V in
	

	4
	Ground
	


This connector provides incoming 12V to supply the rest of the transceiver ( well, not those that take LOTS of current ! ). Power is switched by the FETs and supplied out on JP4.

2.14 JP14 – Transmit control

	Pin
	Function
	Comment

	1
	Transmit
	Pin nearest PIC

	2
	Ground
	Pin nearest JP7


When pin 1 is shorted to pin 2 ( i.e. grounded – it is a CMOS logic input ) the rig will go onto transmit.

When high ( or open circuit ) the rig is on receive.

The logic of going between the states of receive and transmit is not a simple binary action. Rather, a finite state machine is employed with state changes every 10 msec. This provides proper sequencing of power and relays.

3 Using the controller

The controller reacts to events. These events can arise from a number of sources. These are:

· A front panel switch being depressed or released

· Rotation of one of the two opto shaft encoder controls

· A change to the PTT input

· An interrupt from the I2C bus

· A signal from the Keyer ( Dot or Dash )

· Receipt of an RS232 signal

The last one in the above list – RS232 - is not yet implemented. 

Switch functions are programmed using the main tuning control and the configuration is stored in the EEPROM.

On initial power up, all switches are set to perform no function when pressed. They must be configured before use.

3.1 Programming a switch

To program a switch, perform the following function

1. Press the switch and hold it depressed

2. Wait for 5 seconds until the main frequency display is blanked

3. Turn the main tuning control until the desired function is displayed

4. Release the switch

Where a switch is associated with an on screen label, that label will change as the selected function changes. Where there is no associated on screen label, the selected function temporarily replaces the displayed frequency.

If the main tuning control is turned while the switch is depressed and before the displayed frequency is blanked 5 seconds later, then the programming mode is not entered and instead any function associated with that switch is executed.

Remember that there can be up to 4 different menus – see below

3.1.1 Menus

From V1-5 of the software, multiple switch menus are provided. This means that the menus associated with the push buttons many be changed by pressing a button. At power on, menu 0 is always selected. 

A specific menu may be selected by using the commands Menu0 Menu1 Menu2 or Menu3. Pressing one of these causes the appropriate menu to be loaded, the push buttons relabelled according to the loaded data and all labels redisplayed. 

Cycling through menus is achieved by using one of the Menu commands on each menu, preferably in the same position on each screen. In this way it is possible to appear to cycle between menus, for example from Menu 0 ( Menu 1 ( Menu 2 ( Menu 0 by programming a button for Menu 1 on Menu 0, for Menu 2 on Menu 1 and for Menu 0 on Menu 2.

3.2 Switch events

The software reacts to the following events in addition to switch programming.

· A switch being depressed

· A switch being released

· A change to the main tuning control

· A change to the secondary opto controller

The function of the main tuning control is not always to change the transceiver tuning. One example of where it is not is as described above for switch programming. In addition, with a switch depressed, and before the switch programming function kicks in after 5 seconds, the depressed switch may condition the tuning control event and instead of changing the frequency cause another function entirely. An example of this is the BAND function, where, when the switch programmed to the band function is depressed, causes a change to the tuning control to change the band – up or down – according to the direction of rotation of the tuning control.

Because depressing a button may be a precursor to switch programming, most switch functions operate on the release of a button or on a change to the tuning control. The software also reacts to a button being depressed but in most cases, ignores the event.

Note that the switch scan logic will get very confused if you press more than one key at once.

3.3 EEPROM

The transceiver stores configuration data in the EEPROM. With frequently changing parameters, however, continual writes to EEPROM would cause premature failure of the device. The only parameter affected in this way is the main tuning frequency. To cater for this, the software waits until the tuning has been idle for 32 / 64 seconds before updating. When a new band is selected, therefore, the frequency that is set will be that last one that was written to memory for that band – in other words the last frequency for which the tuning had been idle for 32 / 64 seconds.

The transceiver will operate without the EEPROM and when first used does not require that the EEPROM carry any pre-defined data. The controller uses ROM defaults if it cannot read the eeprom. Similarly, whenever it reads a parameter that would cause problems if it were incorrect, the value is either bounds checked or checksummed in the EEPROM.

EEPROM access for writing is a slow event. The controller queues up writes and, if the device is busy, will retry at 10msec intervals until it manages to write ( or times out ).

EEPROM may be write protected. This is not yet implemented.

3.4 Dual VCOs

The controller implements two VCOs per band. These are denoted A and B. The VCOs may be used in two ways:

1. Switch the operating frequency from one VCO to the other

2. Transmit on one VCO and receive on the other

On start-up, only 1 VCO is operational, VCO A. It is used for both TX and RX. If VCO B is selected, it is displayed on the next line. A chevron “>” displays which VCO is in use at any one time.

In Split mode, the transceiver transmits on one VCO and receives on the other. The VCO used for transmit will have a “T” in front of its displayed frequency; the VCO used for receive will have an “R” in front of it. Cancelling split mode reverts to single VCO operation with the current VCO indicated by “>”. This will be either B or A depending on whichever VCO was being used for receive in split mode.

3.5 LCD Backlight

If compiled in at build time, the controller will allow switching of the LCD backlight. This is done by using one of the high current outputs to provide a switched 12V. There are 4 modes as follows:

1. Light off

2. Light on

3. Switched on long delay

4. Switched on short delay

There is a display function “Light” that toggles between these modes 1 ( 2 ( 3 ( 4 ( 1

On/Off mean the backlight is On or Off respectively

The switched modes provide a time delay. If there is no controller activity for a short ( roughly 8 minutes ) or long ( roughly 30 minutes ) the backlight switches off. If there is activity – for example pressing a button or changing the tuning control – the backlight cones on again within a second.

The setting is preserved in EEPROM and read on start-up.

This function is not available if the two tone oscillator control is provided.

3.6 Keyers

There are two keyers provided by the controller. Both use the same interface ( logic level inputs to the controller ) and are tightly coupled to the transmit / receive switching in order to provide a VOX type function.

The keyer is either a straight key type interface or an automatic ( iambic ) keyer. With the straight key, a key down on either digital input line will be reflected in the transceiver going to transmit if it is on receive and sending whatever is sent by the key. When no activity takes place for a defined period of time, the keyer will return the set to receive.

The automatic keyer sends dot / dash sequences at a programmable speed. It still needs modification to catch transient key closures.

Keyer speed is set by the keyer speed function using the main tuning control.
4 Individual Switch Functions

In each of the following sections a separate switch function is described. In each function below, the heading shows the function description and the name by which it is labelled on the screen.

4.1 Null - "     "

This is the default function for each button. It does nothing.

4.2 Band Up - "Band+"

When released, it switched up to the next band (wraps to lowest if at end of list)

4.3 Band Down - "Band-"

When released, it switched down to the next band (wraps to highest if at end)

4.4 Specific Bands - 160, 80, 40, 30, 20, 17, 15, 12, 10

When released, switch to nominated band

4.5 Band Change - "Band "

When depressed, turning tuning control cycles through bands. Clockwise rotation cycles up through the bands, and anticlockwise cycles down. When the button is released, the displayed band is selected.

4.6 Change Acceleration - "Accel"

Toggles 'acceleration' function on main tuning on / off. When the speed of rotation of the tuning control exceeds a specified limit, the tuning rate accelerates. When the rotational speed drops below the limit, tuning does not accelerate any more but continues at that rate. When rotation ceases, the tuning rate drops to zero. The point at which acceleration ‘kicks in’ may be changed by altering the configuration with SelCF and Cfset.

If the point at which it kicks in is set to zero with Cfset, then when the rig is next switched on, the acceleration function will be set initially to ‘off’. If it is non zero, acceleration will be set initiaqlly ‘on’.

4.7 Set mode - "Mode "

Changes mode ( USB, SSB, CW ). Note changing band resets mode to the default value for that band. The default for a band may be changed by altering the configuration with SelCF and Cfset.

4.8 Change Volume - "Vol  "

When depressed, turning main tuning knob changes volume

4.9 Change Attenuator - "Atten"


Toggles between the attenuator settings.


For simple front end, just toggles on and off


For complex one, goes 0 -> 6 -> 12 -> 18 -> 0 dB

4.10 Go onto transmit - "Tune "

Press, goes to transmit. Press again for receive. If support for two tone oscillator is compiled in at build time, then instead of enabling the keyer on tuneup, the controller will enable a two tone oscillator by asserting the apprpriate pin on JP4. This is not available if the backlight suport is provided.

4.11 Set Mic Gain - "MicGn"

When pressed, turning main tuning control sets microphone gain.

4.12 Set IF Gain - "IFGn "

When pressed, turning main tuning control sets IF gain

4.13 Set Hang Time - "HangT"

When pressed, turning main tuning control sets IF Hang Time

4.14 Set VOX Gain - "VoxGn"

When pressed, turning main tuning control sets Vox gain

4.15 Set Anti Vox - "AVox"

When pressed, turning main tuning control sets Anti Vox

4.16 Set Vox Delay - "VoxDl"

When pressed, turning main tuning control sets VOX Delay

4.17 Set RX Power - "RFpwr"

When pressed, turning main tuning control sets RF Power

4.18 Set Second Rotary encoder function - "SetF2"

When pressed, turning main tuning control changes the function associated with the second rotary encodes ( if fitted ). On releasing the button, the function is set such that turning the second rotary encoder performs the selected function.

Currently, this is any of the following:

· 

Mic Gain

· 

IF Gain

· 

Hang Time

· 

Vox Gain

· 

Anti Vox

· 

Vox Delay

· 

RF Power

· 

nothing

4.19 Toggle between VCOs - "A/B"

When released, toggles VCO as follows:

· 

If not on split, toggles TX & RX to VCOB

· 

If on split, reverses which VCO is on RX and which on TX

4.20 Split VCO operation - "Split"

When released, toggles split operation on and off.

· 
When off, TX and RX use the same VCO

· 
When on, TX and RX use different VCOs ( A and B )

4.21 Set VCOs to same Frequency – “A=B”

When released, this sets the “other” VCO to be the same as the “current” VCO, where the “current” VCO is defined as the VCO ( A or B ) currently being used to control the receive frequency, and the “other” VCO is the other one (sic).

4.22 Load from memory to current VCO - "load ", "mem1>", "mem2>", "mem3>", "mem4>"

These functions set whichever VCO is currently being used for RX to the value stored in a memory. There are up to 4 memories per band. When a new band is selected, the memories are automatically set to those for the band in question.

"Load " and "mem1>" do the same thing - load from memory 1 to VCO "mem2>", "mem3>", "mem4>" load from memories 2, 3 and 4

4.23 Store in memory from current VCO - "store", ">mem1", ">mem2",">mem3",">mem4"

These functions store whichever VCO is currently being used for RX into a memory. There are up to 4 memories per band. When a new band is selected, the memories are automatically set to those for the band in question.

"store" and ">mem1" do the same thing - store in memory 1 the VCO ">mem2", ">mem3", ">mem4" store in memories 2, 3 and 4

4.24 Lock tuning dial - "Lock "

When releases, toggles on and off the tuning dial lock

4.25 Switch to CW - "CW   "

When released, switches mode to CW

4.26 Switch to USB - "USB  "

When released, switches mode to USB

4.27 Switch to LSB - "LSB  "

When released, switches mode to LSB

4.28 Select Configuration Parameter to alter - "SelCF "

Allows EEPROM stored config data to be altered. When held down, main tuning control selects a parameter. CFSet allows it to be changed.

The following functions may be selected

· 
Current Attenuator S Meter offset

· 
Acceleration start value

· CW Filter frequency offset “CWofs1”, “CWofs2”, “CWofs3”

· USB and LSB display offsets “UsbOff3”, “UsbOff2”, “LsbOff3”, “LsbOff2”  

· For the Keyer (this is temporary – for development testing)

· Keyer dot period ( 10’s msec ) “KeyDot “

· Keyer TX/RX hang time ( in dots ) “KeyHang”

· For the S meter calibration:

· S0 noise floor “S0 Levl”

· S0 noise floor for CW narrow filter mode “S0 CW”

· Correction factor A – the multiplier “S Mult”

· Correction factor B – the divisor “S Divr”

· Correction for dBm from noise floor “dBm ofs”

· dB per s point “dB / S”

· The S Meter hang time

· Power meter Correction factor A – the multiplier “P Mult”

· Power Meter Correction factor B – the divisor “P Divr”

· 
For current band:

· VCO Mode Control Word (see section 5.3 )

· S Meter calibration offset

· Mode flags word

· Low pass filter relay setting

· Band pass filer relay settings ( 1 and 2 )

· Band minimum ( 0..3 )

· Band Maximum ( 0..3 )

· VCO Step Rate ( 1..3 )

· Band Offset ( 0..3 )

· Miscellaneous band data flags.

· 
DDS 1 reference frequency

· 
DDS 2 reference frequency

· 
Reset DDS data to ROM default

· 
Reset band data to ROM default

· 
For the 'integrated' DSP via the I2C interface

· CW Sidetone volume

· CW Sidetone frequency ( 2 bytes )

· RX LMS Noise filter Beta & Decay values ( 2 bytes each )

· RX Notch filter Beta & Decay values ( 2 bytes each )

· TX Audio AGC hang time ( 2 bytes )

· TX speech compression gain value

· 
For the band scan function

· SSB Scan step size ( 2 bytes )

· CW scan step size ( 2 bytes )

· Start delay (1 byte ) - 10's of milliseconds

Note that the DDS reference frequencies are in units of Hz as a 32 bit integer.

The Band min, max, step and offset are the DDS load values as 32 bit integers. Note that ms byte of step is not available - this is a 24 bit integer as the software uses one byte for a checksum

The S Meter and attenuator values are one byte values. They are added together and used to control the DAC output

The Acceleration start value is the count per 10 msec interval that causes the tuning acceleration to start. If set to zero, then when the controller starts it will set the acceleration function off. If it is non zero it will set the acceleration function on.

The VCO control word is specified in the I2C memory map (Section 5.3).

The CW frequency offset parameter allows a programmable offset to the operating frequency when the CW receive filter is operational. The idea is to allow the controller to cater for the situation where the CW receive filter has a centre frequency different to that of the SSB filter. In my case it is 700 Hz low. When the narrow filter is selected, the centre frequency changes by adding is offset to the DDS setting. The value is a 24 bit signed integer, so a value of 000000 will add no offset, a value of 000001 will add one DDS step value, FFFFFF will subtract one, etc. Hence, for example, with the CW filter 700 low in frequency, and a DDS clock of 32 MHz, each DDS step count is 32e6/2^32, or 0.00745 Hz approximately. To correct an offset of 700 Hz therefore requires a count value of 700 / 0.00745, or 93952. In hexadecimal this is 0x16f00. If the offset is negative however ( i.e. the filter is low in frequency ) we need to set the counter to –93952, or in hexadecimal 0xFE90FF. The correct setting in this example therefore is to set CWofs1 to FE, CWofs2 to 90 and CWofs3 to FF.

The USB and LSB display offsets alter the displayed frequency. Each is an offset in Hz as a 2 byte binary word. By default it is set to 1500 ( 0x05DC ) for each. These values are added to or subtracted from the displayed frequency according to two per band flags. The flags are controlled using bits 2 and 3 of the Miscellaneous band data flags. The bits in this are as follows
Bits 0,1 transverter control ( used with the ‘relay control board’ )

Bits 2,3 USB/LSB frequency display control

Bits 4-7 unused.

The USB / LSB flags do not change the transmitted frequency – they change the displayed frequency. Therefore, assuming that the LO ( or DDS equivalent ) places the nominal carrier frequency above or below the 9 MHz filter, these settings change the displayed centre frequency to match. Bit 2 enables or disables the mechanism – set the bit to turn it on for a specific band. Bit 3 controls the calculation method. When bit 3 is clear, then in USB mode, the USB offset is subtracted from the displayed frequency in USB mode and when in LSB, the LSB offset is added to the displayed frequency. When the bit is set this is reversed ( add USB offset and subtract LSB offset ).

The relay settings are the pattern written to the corresponding PCF8574 device, with the proviso that certain lines are used for transmit / receive relay control.

The mode flags word is specified as follows



Bits 0,1,2 - DDS step rate multiplier for band



Bits 3,4   - default band mode as follows

	00
	 CW

	01
	 USB

	10 
	 LSB




Bits 5,6 – IF offset calculation mode & tuning direction

Bit 5 defines whether the Local Oscillator and IF are added or subtracted, with the bit set for addition and clear for subtraction.

Bit 6 defines the order of calculation; if set calculate IF +/- Osc; if clear calculate Osc +/- IF.

Bit 6 also defines the tuning direction. If set, tuning is ‘backwards’ to cater for local oscillator being on the ‘low’ side of the IF.

Hence the patterns to use are as follows:

	Bit 6
	Bit 5
	Meaning

	0
	0
	Oscillator minus IF

	0
	1
	Oscillator plus IF

	1
	0
	IF minus Oscillator (VCO tunes ‘backwards’)

	1
	1
	IF plus Oscillator (VCO tunes ‘backwards’)


The value ‘oscillator’ is the software calculated Local Oscillator and the IF means the same as ‘Band Offset’ ( see above ).

4.29 Change Configuration Parameter - "CFSet "

For the currently selected configuration value, change the value. When the button is held down, turn main tuning control to set it. Takes any hex value from 00 .. FF.

When button is released, data is written to EEPROM

4.30 Select Narrow Band CW filter - "CWflt"

Toggle between narrow and wide receive filters

4.31 Software Version - “SWVer”

Display the software version details

4.32 Backlight Control – “Light”

The LCD backlight may be set off, on, or set to switch off if no controller changes are made after either 8 or 34 minutes. Pressing the button toggles between these settings. When set off, the backlight is off always. When set on, it is on always. When set to short ( 8 minutes ) or long ( 34 minutes ) the backlight switches off if no switch is pressed, no change to tuning occurs and no change to transmit / receive state occurs for that time period. Such a change switches it on again.

4.33 Menu functions – “Menu*”

There are 4 menu functions. Their use is described in section 3.1.1. Menu0, Menu1, Menu2 and Menu3 select one of 4 menus. The menus are stored in eeprom and the selected one read in on demand. Any changes to a menu are automatically stored back in eeprom for the menu that is currently selected.

4.34 Vox Control – “Vox”

The vox control command toggles vox on or off when released. Vox control is effected by setting the vox gain to zero when disabled or by toggling a bit on the DSP control lath if used. The actual vox level is not affected. Note that changing the vox gain switches the vox on. Vox control is stored in eeprom and when the controller is reset the last stored value is reloaded. When DSP control is effected by means of a PCF8574, then Vox control is provided by one of the spare bits on that latch (bit 4).

4.35 Keyer On / Off – “EnKey”

This toggles the keyer on & off. By default, the keyer is on unless, at power on, the software detects one or other control input low, in which case it disables itself.

4.36 Keyer Type – “KeyFn”

There are two keyers – a simple ‘straight’ key interface and an automatic ( iambic ) keyer. This menu function toggles between them. When released, the new keyer type is displayed.

4.37 Keyer Speed – “KeySp”

This function displays and changes the keyer speed. When depressed, the main tuning is used to change the speed. Currently, the keyer is linked in to the 10 msec clock, so the timing intervals for the finite state machine are in 10 msec steps. The speed is retained on power down.
4.38 Receive Lock – “Rlock”

This menu function is used to lock the transceiver onto receive. It toggles a flag when released that in one state stops the transceiver going onto transmit and in the other state enables transmit if requested. Note that the flag is reset by a controller reset enabling transmit functions.

4.39 PLL TX check – “PLLck”

This toggle function controls whether the PLL lock flag is checked before the rig goes onto transmit. If enabled, the rig will refuse to enter state 7 of the TX Finite State Machine from state 3 unless it can read the VCO control latch and the pll locked bit ( bit 6 ) is set. If it cannot verify this it will stay in state 3 for as long as transmit is requested, or will return to receive if the transmit request is removed. If the PLL fails to lock, therefore, the “RX” indication on the screen will be removed but the “TX” will never appear in its place.

4.40 DSP Control – “DSPon”, “DSPag”, “DSPbp”, “DSPnr”

DSP control is provided by 4 functions that modify the state of 4 lines on an I2C connected device. The 4 lines are used to control a DSP from the controller. Note that this simple DSP interface is designed for use in controlling a reboxed commercial audio DSP. A second DSP interface exists as described later in this document.

The functions have the following effects:

	Name
	Text displayed when output is:
	Output bit
	Description

	
	 Low (0)
	High (1)
	
	

	DSPon
	
	DSPon
	0
	On / off

	DSPag
	AGCon
	
	1
	AGC control

	DSPbp
	HP/LP
	BFP
	2
	Select HP/LP or BPF

	DSPnr
	NRcw
	NRssb
	3
	Noise reduction SSB or CW


The table shows, for each function, the text displayed for each state of the corresponding output bit of the PCF8574. Note that bit 4 is used for Vox control.

Note – need to check whether the DSPbp settings are the other way round.

4.41 Extended DSP Control - DSPnf, Notch, TxAGC, 2Tone, Tproc

There is a second DSP control interface supported by the controller. A companion DSP may be loosely integrated by means of the PCF8574 or tightly coupled by means of the alternative interface. The principle is that a separate PIC chip acts as an I2C to AD2181-DMA interface allowing the controller to send messages to a DSP. When using this DSP interface, functions such as volume are also handled by the DSP. The above functions provide control of Receive LMS (DSPnf) filtering, Receive notch filters, transmit audio AGC & speech processing and transmit 2 tone control. More data is given later.

4.42 Independent TX & RX functions

A separate relay board allows control of the transmit and receive signals. Using this board, selecting independent TX switches off the transmit PA power and routes the transmit signal to a separate coaxial output instead of using the main antenna signal. When independent RX is selected, the receive signal is taken from a separate RX input connector and not via the main antenna connector. Independent TX & RX operate independantly. When neither is selected, TX & RX are routed via an antenna changeover relay to the main coaxial connector.

4.43 Vox Control - DisVX

When this function is selected, the vox is disabled when the rig is switched on, otherwise it will be enabled or disabled on power on according to whether it was enabled or disabled when the rig was switched off last time.

4.44 Band Scanning

This toggles on or off the bandscan function. More details are presented later.

5 I2C Bus Details

The I2C requires that each device have a unique address and the software requires that specific devices perform specific functions.

The memory map below shows the basic device addresses. Note that these addresses assume that the I2C R/W bit is in bit position 0 and therefore present the address as an 8 bit and not as a 7 bit address.

Hence, by way of example, the max521 has an address pattern of

bit
7 6 5 4 3 2 1 0

set to
0 1 0 1 0 1 0 rw

where rw is the read / write bit and is covered by stating 54-55 in the above list

where bits 7..4 are hard wired in the DAC for the device family type, bit 3 is hard wired because of the design of the DAC and bits 2 and 1 are selected using the AD0 and AD1 pins on the chip.

The basic definitions of the I2C bus prescribe certain address ranges to certain types of device as shown below:

	Address
	Device

	Ax
	EEPROM

	5x
	1807 and max 52x

	4x
	8574

	7x
	8574A


In all cases, 8574 devices may be changed for 8574 provided the code is rebuilt for the new address. In the following table, where an 8574 is indicated with an address of 4X, the corresponding address for an 8574A would therefore be 7X.

The detailed address map is as follows:

	Address range
	Device
	Usage

	A0-AF 
	ST24C16
	
EEPROM

	54-55
	MAX521 
	 channels as below

	5A-5B
	DS1807 
	 chA=mic gain  chB=af gain

	5C-5D
	DS1807 
	 chA=vox gain  chB=antivox

	4E-4F
	PCF8574 
	 band switch for LPF

	4C-4D
	PCF8574 
	Antenna relay board control

	4A-4B
	PCF8574 
	 VCO control

	48-49
	PCF8574 
	Secondary band switch for LPF

	46-47
	PCF8574 
	DSP Control 

	44-45
	PCF8574 
	 first band switch on band pass filter board

	42-43
	PCF8574 
	 second band switch on band pass filter board

	38-39
	DSP PIC DMA
	Custom interface to AD2181 DSP via a PIC


5.1 8 Channel DAC

The MAX521 is an 8 channel 8 bit DAC. 5 channels are currently used as follows:

	DAC0 
	 VOX Delay

	DAC1 
	 IF Gain

	DAC2 
	 IF Hang Time

	DAC3 
	 S Meter Adjustment

	DAC4 
	 RF power, max 0V min 5V


5.2 PCF8574 - Low Pass Filters

The Low Pass Filter board carries a PCF8574 that selects the filter to be used. For a specified band, the corresponding bit is pulled low. 

	Bit 0 
	 Band 1 
	  160m

	Bit 1 
	 Band 2 
	   80m

	Bit 2 
	 Band 3 
	   40m and 30m

	Bit 3 
	 Band 4 
	   17m and 20m

	Bit 4 
	Band 6 
	   12m and 15m

	Bit 5 
	Band 5 
	   10m

	Bit 6
	Unused
	

	Bit 7
	Xmit
	Goes low when on transmit


(for specified band, set bit 0..5 low, all others high)

Note that this differs from the original LPF pinout. Check and reprogram if needed with SelCF and Cfset functions.

Bit 7 is used to control the TX / RX antenna changeover relay. When low, transmit path is selected.

A secondary LPF channel is also provided. It is driven by the same data as the main LPF and switches at the same time. This is for external LPF selection, for example on a linear.

5.3 PCF8574 - VCO Control

The VCO control is a per band byte set by the controller as follows:

	Bit(s)
	Function

	Bit 0,1 
	 74AC163 load value to give VCO divisor value

11 = 2, 10 = 3, 01 = 4, 00 = 5

	Bit 2   
	 AC163 reset when low, run when high

	Bit 3   
	 VCO multiplexer 1 = from AC163, 0 = no divider

	Bit 4   
	 VCO range control LR2

	Bit 5   
	 VCO range control LR1

	Bit 6   
	 pll lock detect INPUT. 1 = locked, 0 = unlocked


5.4 PCF8574 - Band Pass Filter

The bandpass filter is controlled by two PCF8574 devices. These are as follows:

Note that the original version of the PCB had a different mapping - this table shows the mapping for the current PCB as described on the website:

	Bit
	First Device
	Second Device

	0
	14 MHz
	18 MHz

	1 
	10 MHz
	21 MHz

	2 
	7 MHz
	24 MHz

	3  
	3.5 MHz
	28 MHz

	4 
	1.8MHz
	Tx/rx relay

	5 
	Attenuator relay 2A
	spare

	6 
	Attenuator relay 2
	spare

	7 
	tx/rx relay
	Tx/rx relay


The controller will pull low only one band line at a time.

5.5 PCF8574 – DSP Control

The DSP control register  is configured as follows

	Bit
	Function

	0
	DSP on / off. On when high

	1
	AGC. On when low

	2
	Filter type, low = hp/lp; high = BPF

	3
	Noise reduction, low = ssb, high = cw

	4
	Vox control. High = on, Low = off

	5-7
	Unused


5.6 PCF8574 - Relay Control Board

The relay control board is an optional unit for switching the TX & RX lines. The board is a simple one that provides relay switching of the signals. It provides for 3 separate transceiver signals. Its main function however is to handle the antenna changeover relay and to provide separate independent transmit and receive outputs.

	Bit
	Function

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	


5.7 Custom PIC DSP Interface

Tbd

6 S Meter control

The S meter is driven by the log amp output of the IF strip. Sensitivity varies by band however, and a per band adjustment is needed.

In addition, the attenuator chosen would change the s meter reading when selected – a nonsense. Hence the controller provides a DC offset per band and per attenuator setting.

Specifically, in each band table data there is a one byte value. The default setting for this is 0x7F, corresponding to a 2.5V output from the DAC. To this value, before it is output, is added a value for the attenuator setting, selected automatically when the attenuator is switched in / out. The default value is 00, hence when added making no change. A value of 1 however would increase the DAC output slightly and a value of 0xFF will reduce it slightly. Also note that the S0CW setting is added to this if on CW narrow filter mode. This parameter is used in a different way for the on screen s meter.

To calibrate the setting, apply a known signal level on each band in turn with the attenuator out and change the s meter calibration word until the right reading is displayed. Then adjust each attenuator setting in turn such that changing the attenuator makes no change to the s meter reading. Attenuator settings are NOT band specific.

6.1 On screen S meter

The software is capable of creating an on screen S meter. For this purpose, it needs two specific things. First, it needs a graphics display to show the reading, and second it needs to be able to read the voltage from the log output of the IF strip.

Reading the analogue voltage is achieved by using the PICs on chip Analogue to digital converter, reading the voltage on the AN0 pin. The ADC is a 10 bit device, but only 8 bits of resolution are used. The reading is taken every 10 msec, and no averaging or filtering in software is provided. This is assumed to be done by the IF strip itself.

The reading taken is corrected for band and attenuator as above by adding the reading, the S meter calibration value and the attenuator correction value.

It is then converted according to the following method. This is designed to give flexibility in configuration but care is needed in deciding on the settings.

First, a correction is made for the noise floor of the system by subtracting a value ‘S0’ from the corrected reading from above. If the result is negative, it is set to zero. Note that if the narrow CW filter is selected, then the S0CW parameter is used instead. This allows the S meter to be recalibrated for the loss of the CW filter.

Secondly, the noise floor corrected value, which should now read from 0 to some (255-S0) is scaled by multiplying by a correction factor. We do not deal in floating point values, and non integer values may be needed so this correction is in two parts. First, the reading is multiplied by a correction factor A giving an intermediate 16 bit value from the two 8 bit inputs. Secondly, it is divided by an 8 bit correction factor B. The remainder is discarded and the least significant 8 bits taken of the 16 bit result. Note that invalid correction factors can give seriously wacky results. Divide by 0 errors are trapped by skipping the divide if the divisor is 0.

The resultant reading is dB above a notional noise floor. It is displayed in two forms, textual and graphic. The textual display is S reading and dBm and the graphic in S points.

In order to do this, two final values are needed. One is the number of dB per S point. This may take values from 4 to 6. The second is an offset from the notional noise floor to dBm.

The textual display will be of “Sm+nn  +/–ddd dBm” where:

·  m is the s point reading ( 0..9 )

· +nn is the dB over S9 ( blank if < 0 )

· ddd is the dBm reading

The meter is a bar graph. Note that the meter sensitivity changes at S9 in order to match the scale markings.

The 5 S meter calibration parameters are held in EEPROM and may be changed with the SELCF and CFSET commands.

Note that the multiplier ( A )  is also used to switch on or off the S-meter. If it is set to zero, the on screen S-meter updates will stop, and if it is set to zero still when the controller starts up, then the S meter scale will not be displayed either. Switching it on will start the bargraph display again but the scale will not be displayed until the next time the controller is reset.

The S Meter hang time function is used to make the display easier to read. Without it, the meter changes every 10 msec to the new reading and can therefore change fast and be hard to read. The hang function provides some control over this. When used, it will hold a peak reading for a period of time. If all readings throughout the hang period are lower, then at the end of the hang period the reading will be updated to the new lower reading. If any reading is the same or higher, the display will be updated and the hang interval restarted. The hang time may be set using SelCF and CFSet. The value set is the delay in units of 10s of milliseconds, so a reading of 50 decimal, entered as a hex value of 32 gives a 500 msec delay. A setting of 00 switches the hang time function off.

6.2 On Screen S Meter Calibration Process

The following sequence should be used to calibrate the S Meter.

Before starting however, make sure the S meter hardware is functioning correctly. The DC output of the IF strip should be linear in dB and the BFO should not be leaking into the IF strip degrading its performance. Set the rig to SSB operation initially.

1. Set the parameters as follows:
S0 Levl

00
S0CW

00
S Mult

03
S Divr

02
dBm ofs
7C
dB/S

06
S Hang

00
S Meter
00 ( note – this needs setting to 00 on EACH BAND
Atten

00 ( note – this needs setting to 00 for EACH ATTEN setting

2. With no signal into the receiver, the S meter should be showing a fluctuating reading well above S0. Adjust the “S0 Levl” parameter until the bar graph fluctuates near S0.

3. Connect a signal generator with calibrated output level and switchable attenuation to the receiver input. Set the level to about –80 dBm and tune to it’s frequency.

4. Adjust the “S Mult” and “S Divr” parameters until a 20 dB increase in input level causes a 20 dB change in the displayed dBm level. Don’t worry too much at this stage about the ‘absolute’ level of dBm – what you are doing here is to calibrate the ‘slope’.

5. Adjust the “dBm ofs” parameter so that –80 dBm input reads as –80 dBm. Now vary the input signal level from –120 to 0 dBm. You should find that between –110 and –10 dBm it reads correctly. At low levels it becomes inaccurate due to noise and at high levels becomes non linear due to limiting in the IF. You may need to ‘tweak’ the parameters above slightly for best effect.

6. Switch to CW, retune the signal, and adjust the “S0 CW” parameter so that the display still reads correctly.

7. Switch the attenuator in. If the software has been built for 4 attenuator levels as opposed to just ‘in’ or ‘out’ then all 4 settings must be used in turn. For each setting, adjust the “Atten” parameter so that the display again shows the correct input level. Note that the atten parameter is different for each attenuator setting. Note that it is possible to build the software such that it displays ‘in’ and ‘out’ but actually has 4 settings – to check if this is so, change the attenuator 4 times checking that it displays correctly in all cases. If not, tweak the parameters until it does.

8. Switch to the next band and retune the signal generator. If required, adjust the “S Meter” parameter so that the displayed dBm level is correct. It is unlikely that offsets of more than 1 or –1 will be needed ( note –1 is displayed as FF ).

9. Set the dB / S point if you don’t like 6 dB per s point

10. Set the S Meter hang time according to taste. A value in the region of 2C works well.

7 Power Meter

The Transmit power meter is a variation on the S meter. It is enabled and calibrated by the use of two configuration bytes and displays an indication of transmit power as a bar graph.

There are two parameters that control the power meter, called “P Mult” and “P Divr”. 

When “P Mult” is set to zero, the transmit power meter is disabled. When set to a non zero value, the ADC value ( in the range 0..255 corresponding to an input voltage of 0..5V ) is multiplied by “P Mult” and divided by “P Divr”. The least significant 8 bits of the resulting 16 bit value determine the number of ‘bits’ that will be set on the bar graph ( i.e. how long the line is ). The effective display therefore depends on the display charactaristics. For the 320x240 graphic display, the range of the value is 0..240.

The transmit power bar graph is displayed in lieu of the S meter whenever the transmit function is active (i.e. the TX RX Finite State Machine is in state 7). Note that the S meter hang value is cleared when going to or from transmit so that the display updates immediately.

No facility is provided to ‘linearise’ the power meter display.

The S meter and power meter ‘share’ the hang time value, so the meter ‘hangs’ in the same way for each function.

8 Band data calculations

The per band data needs to be set carefully. This section presents the process for doing it.

Step 1 – set the DDS reference frequency. This is referenced as DDS1 and is stored as a 32 bit integer with the MS byte in DDS1 0 and the least significant byte in DDS1 3. This value is not per band, it is common to each band and is set only once.

Step 2 – set the IF offset. This is also a 32 bit integer in units of Hz. This, and other parameters below are per band.

Step 3 – calculate the band data using the spreadsheet. The method implemented in the spreadsheet is as follows 

For a given band, with bandmin and bandmax in Hz, the local oscillator needs to be from bandmin ± IFoffset to bandmax ± IFoffset. The frequency input to the mixer circuit is twice this frequency. The corresponding VCO may need to be divided by 1, 2 or 3 to derive this given the VCO operating range. The following formulae assume that the mode of operation is where the Local Oscillator operates on the high side of the IF ( for example on 14 MHz with a 9 MHz IF where the Local Oscillator is on 23 MHz ). For other modes of operation, see below.

Hence VCOmin = ( bandmin + IFoffset ) * vcodivisor

Hence VCOmax = ( bandmin + IFoffset ) * vcodivisor

The PLL has a divide by 512 in it, so the DDS operates from VCOmin / 512 to VCOmax / 512.

The DDS min and max values for a given band are entered not as 32 bit integers in units of Hz but as 32 bit integers as DDS register values. Hence to achieve a DDS frequency of Fout with a DDS reference clock of Fref, the setting should be Fout * 232 / Fref. One value is needed for each of bandmin and bandmax. The integer values calculated are entered as 32 bit hex numbers. Slight adjustment of the values ( +/- 1 ) may be needed to adjust for rounding errors at the band edges.

The DDS step value determines the tuning rate. As the VCO output is divided by down by a variable rate, the step value is set to correct for this hence achieving the same tuning rate on each band. If we have N ‘cycles’ per revolution of the shaft encoder, and want M Hz per turn of the tuning control ( assuming acceleration is off ) then each shaft encoder event must cause a change of M/N Hz, for example with 256 cycle shaft encoder and 2 KHz per turn of the tuning control, we need about 7.8 Hz per cycle. Remember from above that for a DDS frequency of Fref and 32 bit DDS we have Fref / 232  Hz per DDS step, so to continue the example with a 32 MHz DDS clock we get 0.0075 Hz per DDS step. This would suggest that we need a DDS step rate of M / N / Fref * 232 but there is a divide by 512 in the loop and a VCO divisor in operation, so the DDS step rate should be multiplied by vcodivisor/512. 

This sets the basic parameters, but the VCO control word also needs setting. This determines the VCO divisor and VCO tuning range and is described in section 5.3.

Step 4 – set ModeFlags. The modeflags also define the VCO divisor ( this is the version that the software uses in calculations), the ‘default’ mode for the band ( CW, USB, LSB ) and the calculation method for the IF. The bit defintions are shown in section 4.28. Set bits 0-2 to the correct VCO divisor rate, set bits 3 & 4 to define the ‘default’ mode for a band (this is how the software ‘knows’ to select USB/LSB on a particular bands) and bits 5 & 6 for the IF Calculation mode. This defines whether the IF & oscillator are added or subtracted from each other and if subtracted, in which order. Bit 5 defines whether to add or subtract and bit 6 defines the order. This allows, for example, the oscillator to be on the ‘low’ side of the IF or the ‘high’ side. If bit 6 is set, the direction of the tuning control is also reversed so that the rig tunes ‘correctly’ in all cases.

Band data is checksum protected in EEPROM. In the event of a failure in reading from the eeprom, the ROM default values will be loaded.

Step 6 – Miscellaneous flags. Bits 2 and 3 are used to define the USB & LSB display frequency offsets. The flags are per band ( just in case you have a setup that ‘reverses’ the sense on a band but it is unlikely ). The usual setting for this will be 00 to disable it and 04 to enable it. A value of 08 will reverse the sense. The display frequency is changed by the value of the UsbOff2 and UsbOff3 for USB and LsbOff2 & 3 for LSB. These form a two byte value whose units are Hz, hence for an offset of 1500 Hz (0x05DC in Hex) the value of UsbOff2 and LsbOff2 would be set to ‘05’ and UsbOff3 & LsbOff3 would be set to ‘DC’. Note that these values are not per band.

9 Bandscanner

The bandscanner operates in conjunction with the graphics display.

It is not a wideband FFT type routine that displays channels either side of the current frequency, rather it uses the receiver as a scanner. It requires the following facilities of the rig to be available to the controller:

· Control of volume either via DSP or I2C digital pot

· Control of hang time via I2C DAC

· Graphics display (320x240)

When selected, the controller mutes the receiver, switches the hang time to 0 and starts to scan the receiver over a range of frequencies centred on the current frequency. The width of the scan is selected according to the current receive filter bandwidth, and is determined by two scan rates that are set using CFset and selCF.

When operating, every 10 msec the rig measures the current receive signal level and steps the frequency on. Every 8 measurements it displays the set of measurements on the screen. It scans 200 points, displaying 200 pixel width on the screen which therefore takes 2 seconds per scan. The vertical display has the same linearity and range as the full rig itself, displaying 120 dB at a scale of 1dB per pixel.

One additional parameter is used by the controller. When the rig switches back to the start frequency, it takes time to lock. The rig could simply wait for the pll to relock, but instead it waits a short delay. This delay is configurable.

If the tuning control is moved whilst scanning, a small cursor just beneath the scan display is moved from left to right. This indicates the frequency that the rig will be tuned to when the scan is cancelled. Note that at the moment the range of the scan is not limited to the edges of the band, so it is possible to move the cursor beyond the edge of a band. When the scan is cancelled however, the software will not allow the rig to be tuned outside the band and it will be set to the edge of the band.

10 Programming the controller

Programming is effected by means of a programming adapter.

Given the size of the chip and the unreliability of sockets, it is suggested that, when erasing a device, the whole controller be placed in the EPROM eraser – with a mask to cut expose only the chip – a piece of cardboard works fine.

To program, a supply of 13V is needed for the PIC, and this is supplied by a 3 terminal regulator on the programming adapter – from the unregulated supply on the controller. Hence the controller needs at least 16V – 17 to be on the safe side – to do in circuit programming.

Hence, to program, connect the programming adapter to the controller, connect the adapter to the PC parallel port, and run the cal-766 utility to establish the loop timer.

Then run the read-766 utility. It will report an error as at this stage power is still absent from the controller. Now apply 17V to the controller – it will consume about 20 mA.

Run the read-766 utility again – it should correctly. Check that the device is indeed blank. If not, toast it some more in the eraser.

Now run the prog-766 utility remembering to program the config area.

Finally TURN OFF THE 17V BEFORE UNPLUGGING PC OR PROGRAMMING ADAPTER.

Failure to get this right may kill your chip.

11 LCD Details

The software currently caters for 3 different types of display. These are as follows:

· ¼ VGA panels based on the Seiko/Epson SED1330 type controller such as the Densitron LM6733

· 2 line text displays based on the Seiko/Epson SED1278 or Hitachi  HD 44870 such as the Powertip 1602 or Hitachi LM series displays

· Small graphics displays based on the Hitachi HD61830. This option is incomplete at the moment and is not recommended. It may be removed completely as these panels do not support mixed text & graphics.
The hardware interface to each is the same, with slight variations depending on the LCD format, but the software needs to be explicitly built for a particular display version. This is done by use of “#define” statements in the source code.

In all cases, the LCD is connected to JP5 as shown in section 2.6. The control signals ( pins 4,5,6,15,16) change their function depending on the controller but have been designed so that in mot cases pin 4 of the display connects to pin 4 of JP5 etc.

The connections to be careful of are 3 and 15-20. 

Pin 3 will either be left floating or connected to a preset pot depending not on the LCD controller but on the LCD drivers. If used, one side of the pot usually connects to Vcc and the other to either ground or to a negative voltage (Vee). This same voltage (Vee) may need to be connected to the LCD on, for example, pin 17 or the LCD may generate Vee on board and should be left floating. Pins 18-20 may have other functions or may be unconnected. 

Care should be exercised over LCD connections!

The table below shows typical connections. THIS IS NOT DEFINITIVE – check your actual display first.

	Pin
	Densitron LM6733
	Powertip 1602F
	Dual Hitachi HD44780 40x4 display 
	Hitachi HD44870 based displays

	1
	Ground ( Vss ) – 0V

	2
	+5V ( Vcc )

	3
	Vo (NC or contract Adjust)

	4
	RD (read)
	RS (Register Select)

	5
	WR (write)
	R/W (Read/Write)

	6
	A0 (data type select)
	E (Enable)
	No connection
	E (Enable)

	7
	DB0 ( Data Bus bit 0 )

	8
	DB1 ( Data Bus bit 1 )

	9
	DB2 ( Data Bus bit 2 )

	10
	DB3 ( Data Bus bit 3 )

	11
	DB4 ( Data Bus bit 4 )

	12
	DB5 ( Data Bus bit 5 )

	13
	DB6 ( Data Bus bit 6 )

	14
	DB7 ( Data Bus bit 7 )

	15
	CS ( chip select )
	LED Backlight V+
	E1 ( Enable ) connect to pin 6 on controller
	

	16
	RST (reset)
	LED Backlight V-
	E2 ( Enable) connect to pin 15 on controller
	

	17
	Vee (LCD drive or NC)
	
	
	

	18
	FG (Frame Ground)
	
	
	

	19
	NC
	
	
	

	20
	NC
	
	
	


For the LM6733, pins 3 & 17 vary according to the LCD options. Where, for example, the display has on board negative voltage generation and temperature compensation, no connection is made to either.

The software drives pins 4,5,6 & 16 according to the software build for a specific display. Where pins 15 & 16 are used for LCD backlight as in PC1602F, the tracking on the PCB will need modification. Note also that the on board 5V regulator will NOT drive an LCD LED backlight without a good heatsink!

Note the two enable signals on the 40x4 line display. This type of display has two 40x2 display controllers each with its own enable signal. The normal enable signal on pin 6 of the LCD is not used. The controller, however, uses pins 6 and 15 for the two control lines, so connect pin 6 on the controller to pin 15 on the LCD and pin 15 on the controller to pin 16 on the LCD.

12 The Keyer

The keyer is controlled by two of the inputs to JP1 as defined in section 2.2. The ‘idle’ state is for both signals to be high. The inputs are logic level controls, and have no protection circuits – this must be applied externally.

There are two keyers – a simple (straight) key and an iambic keyer. Selection of the keyer type is performed by use of the menu function KeyFn. The keyer can be disabled or enabled by use of the menu function EnKey.

12.1 Iambic Keyer

When the ‘dot’ input is pulled low, the keyer will send a dot. When the ‘dash’ input is pulled low, it will send a dash. When both are pulled low, it will send a dot / dash sequence staring with whichever was detected low first. 

Timing is controlled by a ‘dot’ speed setting that corresponds to the number of 10 msec intervals for a single dot. A dash is sent at 3 dot periods, and there will always be a one dot space between dots & dashes.

There is a timeout period, set as a number of ‘dot’ intervals. If after sending one or more dots or dashes, no other dot or dash is requested for that period, the keyer will instruct the transceiver to go back to receive.

Note that the finite state machines for transmit / receive switching and keyer operation are linked. If the keyer detects that the rig is on receive when it is asked to start sending, it will request that the rig goes to transmit before it starts sending. Hence the first dot or dahs sent will always be sent correctly and will not be degraded by the receive / transmit delays.

If the rig fails to go to transmit properly ( for example if the phase locked loop fails to lock when going to transmit ) the keyer will timeout its request and return to receive. This interval is fixed at 500 msec.

If, when the controller starts up, it detects that either the dot or dash are low, it will disable the keyer to ensure that it does not unexpectedly go onto transmit.

The keyer is controlled by 3 parameters

· The dot period ( in units of 10 msec )

· The timeout period ( in units of ‘dot’ time ) for tx/rx switching

· The flag that disables the keyer

The keyer speed is set using the KeySp function.
12.2 Simple Keyer

The simple keyer uses the same timeout period as the iambic keyer but simply powers the keyer whenever either key input ( dot or dash ) is low. It uses the same transmit / receive sequencing.

13 Known Bugs

A/B frequency display routines need cleaning up. It has been ‘tweaked’ in Version 1.19 and is better but still needs some work.
Need to check if dsp BPF/HPLP functions are the right way round

Need to check build options of attenuator so that if 2 way setting selected, it is not possible to get 4 parameters.

14 To Do

Coming soon:

Vol up & down buttons for Colin


RS232 control input


Drive LEDs for George


Oh, so many things to do so little time to play !

A Controller Assembly Notes

DO NOT assemble before you read this !

A.1 Do not fit the following

U4, U5 and P1 are provided for future expansion for RS232 interface - there is no need to populate these.

JP1 should be fitted with an 8 way SIL header with the polarisation flange towards the nearest board edge. This is only needed if the on screen S/Power meter or keyer are needed.

JP12 is for the I2C interrupt - it does not connect to the CPU ( intentional ). There is no need to fit the jumper. The pad next to U2 connects to one side of this - ignore it.

A.2 Erratum

None for this version of the controller. For prototypes, refer to User Guide V0.82.

A.3 Components

R13 / R15 and R14 / R16 are designed to provide I/O flexibility. For the CDG2000 keyboards, R15/16 should be a 1K 8 resistor DIL device and R13/14 a 100K 8 way SIL device. You will see that R13/14 are pinned out with ten pads. This is to allow pull up or pull down formats. For CDG2000, pull ups are required - so connect the common pad of the SILs to the end with 5V on it and ignore the earth pad at the other end.

Be careful of the orientation of the FETs. For Q1-Q4 ( the VP0300L ) the devices are oriented as per the layout ( flat towards R4 with the centre gate pin bent towards the flat ) Q9 and Q10 are shown WRONGLY - the flat should be towards the JP4 edge of the board with the centre gate pin bend away from the flat side.

JP10 should be a polarised 0.1” non locking right angle connector - do not substitute. This allows the programmer to be connected. If you can get a molex KK even better but Farnell sell them in silly multiples.

It is STRONGLY suggested you use connectors for the controller. JP2,3,6,7 & 8 only cost 19p each from Farnell ( code 316 7033). JP8 is equally cheap. Insert them oriented as shown on the layout. Use polarised headers for JP14, JP13, JP4 & JP9. The polarisation ( insulated bit ) should face the nearest edge of the board for all bar JP9 where it faces JP5 instead. Note the ground plane shows connections to ground pins of the box headers that obviously cannot be soldered. There are traces on the tracking side to allow them to be grounded.

To extract U1 use the proper tool. Insert & remove very carefully as the pins are fragile. U1 is socketed in an 84 pin socket

A.4 Assembly

Carefully note the pins that solder to the ground plane. These provide thru connections as well in many places.

Note the wire link on the BACK of the PCB for the wire link shown under U1. It goes from the circular pad - no need to drill - to the square pad indicated near pin 1. Also note the chip decoupling capacitor under U1.

There are a number of wire links to the ground plane. Insert these before the wires & components or, for example, you will find the ones near Y1 and C11 real hard to do.

A.5 Interfaces

Don’t get the cables for JP2 and JP3 swapped - they are close together and the same type. The PCB layout shows which way round each connector goes.

A.6 Switches

For Colin’s chassis, the keyboard is not scanned. It has an adapter that connects to JP7 and JP8. For George’s 4x4 switch matrix, use JP8 with one set connected to D0..3 and the orthogonal set to D4..7. It does not matter which way round.

A.7 LCDs

For Colin’s LCD, JP4 needs -15V. For George’s no negative is needed - ground the other side.

DO NOT use the controller 5V to power LCD LED backlights unless a heatsink is fitted to U8

Note that if the LCD requires an explicit reset signal, a wire link will be needed from PIC pin 80 to LCD 20 way connector pin 16. Remove the trace from pin 16 to 5V first though! The reset signal currently provided is a logic low for 1.5 msec followed by a 4.5 msec delay before accessing the LCD to configure it.

A.8 Beware

The metal tab of Q5 - Q8 are connected to the drain ( and hence switched 12V not ground )

A.9 Oscillator

Check that it operates at 32 ( or 33 ) MHz and not its fundamental ( 11 ish MHz ). L1/C3 are designed to make this happen by forming a series resonant circuit. Omit them and it will run at 1/3 speed.

B TX / RX Finite State Machine

The transceiver implements a finite state machine for TX / RX switching.

It starts in state 0 – on receive.

Every 10 msec, it checks the state of the transmit line and changes state accordingly. For each state, the action taken for transmit or receive is shown, hence, for example, in state 0, if the signal is to go to receive, it stays in state 0 for another 10 msec. If however the line is showing a request to go to transmit, it will switch the antenna changeover relay to transmit and move to state 1.

Note one conditional on a state change. The change from state 3 to state 7 will only be made if the PLL is in lock at that time.

The state diagram below shows the main functions. The code does however implement other features on state changes, for example

On entering state 0, “RX” is displayed on the screen ( subject to screen design )

On entering state 7, “TX” is displayed on the screen ( subject to screen design )

On entering or leaving state 7, the S meter hang value is cleared so the meter updates immediately for Power / S meter function changes
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C Keyer Finite State Machine

The above figure displays the Keyer as a Finite State Machine. On startup the keyer is idle ( state 0 ). If the dash input is pulled low the keyer requests that the transceiver enter a TX state and moves to state 1 waiting until the transmit finite state machine arrives at state 7. If it never reaches this ( for example the pll fails to lock and the transmit function is inhibited ) then after a timeout the keyer will remove the request to go to transmit and return to state 0. If on the other hand the transceiver correctly gets to transmit, the keyer will then switch on the keyer power and send a dash ( in other words wait in state 3 for a 3 dot period ). After this it removes keyer power and moves to state 5 whilst it waits for a 1 dot inter character space. Note that states 2 and 4 mirror states 1 and 3 for a dot instead of a dash. After the post dash delay in state 5, the keyer examines the dot and dash inputs. If a dot has been requested, either because that input alone is low or because both dot and dash are low and a dash has just been sent, then the keyer will start the sequence of sending a dot by raising keyer power and entering state 4. If no dot is requested and another dash is called for then the dash sequence is repeated. If neither input is low then there is nothing to do and the keyer enters an ‘on transmit’ idle state – state 7. It will stay here until  either something else is requested or until a timeout occurs. When a timeout occurs the keyer removes its request to go to transmit and returns to state 0 – idle. The timeout delays are set in units of ‘dot time’ and the dot time is set in units of 10’s of milliseconds.

Note that because the keyer finite state machine is linked to the transmit finite state machine it should correctly handle situations where a return to transmit is requested whilst still in the process of returning to receive from a previous sequence.

The simple straight key interface is implemented by a variation on the above finite state machine. States 3 and 4 take a different function if the simple keyer is selected. On entering states 3 and 4, if simple keyer mode is active, then the program simply checks the state of the keyer inputs. If either is low it stays put with keyer power active. If neither is low ( key up ) it removes keyer power and immediately enters state 7.

Note finally that because the keyer is linked to the transmit finite state machine it does not start to send the first dot or dash until the rig is properly on transmit. No truncation of the first character occurs.

D Board Layouts

The component placement is shown below.
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E Circuit Diagrams

The following pages carry the circuit diagrams of the controller.

There are 4 sheets in all. The first 3 comprise the controller, the 4th is the optional programmer. It is used to program the PIC17C766 in situ on the controller.

ERRATUM

There is an error in the preceding circuit diagrams. On the first page, the labels on the RA4 and RA5 pins of the PIC are reversed. RA4 ( pin 51 ) is shown as the programming clock whereas it should be the programming data IO line. RA5 ( pin 50 ) is conversely shown as IO when it should be the serial clock.

The second error interacts with this. The wiring of the 8 MHz clock, data and serial clock lines are wrong.

Combining both errors, the effect is that the 8 MHz clock ( DCLK ) should go to pin 7 not pin 4 of the 10 way connector, and the serial clock ( CLK ) should go to pin 4 not pin 7.

It is recommended that you consult the programming guide for the PIC17C766 to confirm this before trying to program a PIC. Note that this is only important if you use the controller card to program the PIC – it has no affect otherwise.
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