MacGuffin 6 Pole Relay Configuration with Remote Antenna selection

This description shows how the information in the Output Port Definition and the User Defined Bit Pattern tables sets up the IO expander ports to operate the RF relays and the DC control relays.

Several optional features may be implemented by modifying the User Defined Bit Patterns. No hardware configuration changes are needed.
-An RX preamp can be shared by multiple bands. 
-A driver and PA can be shared. It would take more relays to share only a driver or PA.
-The same antenna can be selected for multiple bands.


NOTE: This document references a sketch created from version 1 software. Make new applications from the latest version, V2-02 at the time this is being written.



There are 5 documents which describe this configuration.
Schematic					MacGuffin Interconnection V1-6-REM
Arduino sketch 				MacGuffin_Sequencer_V1-06.ino

IO expander assignment			MacGuffin IO Expander V1-6 REM.xlsx
User Defined Bit Pattern for IO 0		MacGuffin User Bit Patterns IO 0 REM.xlxs
User Defined Bit Pattern for IO 2		MacGuffin User Bit Patterns IO 2 REM.xlxs

The Excel files are worksheets used to gather and arrange information before entering it into the sketch.
References to the documents above are made in the following description of the MacGuffin setup. It’s not necessary to print all the documents to follow this description. This Word file can be opened on one side of your monitor and the referenced file on the other.
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Nano Board
Schematic sheet 1
J7, cross band inputs may be left open if this feature is not used.

J8, Input from the Portsdown communicates the scenario/band selected and TX active. This information is used to determine the path to be used and the timing.

J10, The presence of 3.3V from the Portsdown enables the MacGuffin.

J11 J9, These optional inputs are used to communicate the band selected by the receiver. The information is used for display only.

Relay overview
Schematic sheet 5
The 6 pole relay configuration used as an example has three 6 pole relays, one BATC 8 Band RF switch, one eBay 8 Band RF switch, and one SV1AFN  SPDT T/R relay. 

Two of the 6 pole relays have a custom decoder-driver board which assigns BCD input values 1 to 6 to the poles. BCD value 0 selects all off, 

The 6 pole relay located at the antenna mast uses the original interface board.  The relay coils are wired to drivers on the IO expander board. 28 volt coils are used instead of logic levels because of the distance from the IO board. 

The 8 band RF switch relays have BCD logic level inputs with value 0 assigned to the first pole. BCD values 0 to 7 select the poles.
As this application has only 6 inputs to the 8 band RF switches the first physical input is not used. Path 0 is connected to the second input which is selected by BCD value 1. This results in BCD values 1 to 6 selecting the poles like the modified 6 pole relays. 
 
The BATC RF switch which is used to direct the Portsdown output has a preamp on its input. An additional eBay RF switch could be used instead for less gain or with a separate preamp.

The SPDT T/R relay is driven by a logic level input.

The RX and TX components can be enclosed in two boxes / enclosure areas. There would be only four RF cables connecting to the boxes, antenna mast to TX, TX to RX, TX to Portsdown and RX to Ryde.

User Bit Patterns IO 0
IO Expander 0 uses User Defined Bit Pattern 1. This information and the Arduino sketch Output Port Definition determine the operation of IO Expander 0. It has two 8 bit ports, PA and PB. They control 5 relays, two for RX paths, two for TX paths and 1 for the T/R relay. Without the User Defined Bit Pattern it would take 5 IO ports (2 ½ IO expanders) and sharing would be more difficult.

IO expander 1 and a 16 channel relay module control PA PTT and PA power. Standard bits patterns in the Arduino sketch are used to control these ports. 

User Bit Patterns IO 2
IO expander 2 uses User Defined Bit Pattern 2. Port PA controls the antenna mast relay. Port PB controls Preamp power using a 16 channel relay module. Module relays 1 to 8 are unused because Port PA outputs are used for the antenna mast relay.

PATH/TIMING parameter 6 has been added to the sketch so the antenna relay selection can be different for RX and TX. This allows use of the Cross band option.

A User Defined Bit Pattern has a 16 bit word for each path. The worksheet allows the user to enter the state of each bit for each path and translates the input data into 4 digit HEX words (16 bits) to be entered into the sketch. A copy of the sketch lines where the data is entered is below the highlighted HEX words


Relay overview
Schematic sheet 5 
Two relays of the 6 relays on this sheet are controlled by logic level signals from IO expander 0 port A.
The  eBay 8 band RF switch is used to select which preamp input is connected to the Ryde receiver. Its BCD+1 inputs are RX0, RX1, and RX2. 
A 6 pole relay modified with a custom decoder driver board is used to select which preamp is connected to an antenna. Its BCD+1 inputs are RX4, RX5 and RX6.

Three relays are controlled by logic level signals from IO expander 0 port B.
A BATC 8 band RF switch is used to direct the Portsdown output to the selected driver and PA. Its BCD+1 inputs are TX0, TX1 and TX2.
A 6 pole relay modified with a custom decoder driver board is used to select which PA is connected to the coax running to the mast relay. Its BCD+1 inputs are TX4, TX5 and TX6.
The SPDT  T/R relay uses bit TX7.

Preamp Output Selection
Schematic sheet 5 
The bits controlling preamp output selection are RX0, RX1 and RX2 at the 8 band switch. 
Schematic sheet 2
They connect to PA0, PA1 and PA2 at IO expander 0port A. 
User Bit Patterns IO 0
The Arduino sketch uses User Defined pattern bits 0, 1, 2 to control those logic lines.
Bits 0, 1, and 2 (preamp output) for the first 6 paths are programmed with the binary combinations for 1 to 6. These are the codes for BCD+1. 

Preamp Input Selection
The preamp input bits follow the same pattern, RX4, RX5, RX6 connect to IO expander PA4, PA5 and PA6 then to User Defined Pattern Bits 4, 5, and 6.
 
Preamp Selection
If a preamp is to be shared, the paths sharing the preamp should be given the same BCD code in the User Defined Bit Pattern.
In this configuration the input and outputs could share the same IO port bits as they have the same pattern. Using separate groups of bits allows for changing one of the relays to a type with a different bit pattern.

Preamp DC Power
Schematic sheet 4
IO Expander 2 port B operates relays 9 to 16 on the 16 relay module. These are used to switch DC power to the preamps. The Arduino sketch uses a 1 out of 8 pattern to operate the relays. If a preamp is shared the contacts for the shared bands should be paralleled.


Driver - PA Input Selection
Schematic sheet 5 
The bits controlling Driver - PA selection are TX0, TX1 and  TX2 at the 8 band switch. 
Schematic sheet 2
They connect to IO expander 0 port B, output bits PB0, PB1 and PB2. The Arduino sketch uses User Defined Pattern Bits 8, 9, 10 to control those logic lines.
User Defined Pattern Bits 8 to 15 become port bits 0 to 7 when assigned to an IO expander.
User Bit Patterns IO 0
Bits 8, 9, and 10 (Driver - PA selection) for the first 6 paths are programmed with the binary combinations for 1 to 6. These are the codes for BCD+1. 

Driver - PA Output Selection
The preamp input bits follow the same pattern, TX4, TX5, TX6 connect to IO expander PB4, PB5 and PB6 then to User Defined Pattern Bits 12, 13, and 14.

Driver - PA Selection
If a Driver - PA is to be shared, the shared paths should be given the same BCD code in the User Defined Bit Pattern.
In this case the input and outputs could share the same IO port bits as they have the same pattern. Using separate groups of bits allows for changing one of the relays to a type with a different bit pattern. Sharing just a driver or a PA would take more relays and possibly another section of a User Defined Bit Pattern.

PA DC Power
Schematic sheet 3
IO Expander 1 port B operates relays 9 to 16 on the 16 relay module. These are used to switch DC power to the PAs. The Arduino sketch uses a 1 out of 8 pattern to operate the relays. If a PA is shared the contacts for the shared bands should be paralleled. An option in the Arduino sketch can delay the turn off this signal for a time specified by the user.
The timing of PA power is the same as TX except for the optional off delay. If some PAs will use the delay and not others, use two IO ports, one timed by PA DC, the other by TX.

T/R relay
Schematic sheet 5 
Bit TX7 controls the T/R relay.
Schematic sheet 2 
TX7 connects to IO expander 0 port A PA7
User Bit Patterns IO 0
Bit 15 (becomes PA7 at port A) is coded with 1’s for the first 6 paths. Information in the sketches Output Port Definition tables tell this bit to turn on when in the system is in transmit mode.

Antenna Selection
Schematic sheet 5 
The lines from the coils of the multi pole relay are AS0 to AS5.
Schematic sheet 4 
Relay coil lines AS0 to AS5 connect to IO Expander 2 port A bits PA0 to PA5.
User Bit Patterns IO 2
Bits 0 to 5 are user defined with a 1 out of 6 pattern. The 1 out of 8 pattern in the Output Port Definition tables could have been used. However using a User Defined Bit Pattern allows the same antenna to be assigned to more than one band.

OUTPUT PORT DEFINITION
MacGuffin IO Expander Assignment 
The system timing had three periods, RX time, TX time and PTT time which occurs within TX time. PA DC is the same as TX time but has an optional off delay. 
The upper half of this worksheet shows the parameters that are to be entered into the table on the lower left. The lower right decodes the parameters entered to make it easier to verify correct selection.

Output Port Definition parameters
- RX-TX selects when the bits are active
- BIT MODE selects the bit pattern used to relate the active path to the output bits.
- INVERT is used when the connected inputs are active low.

The Hex port number equals the IO expander number plus 20.

Receive preamps - The table entries for 20H PA (IO expander 0 Port A) shows it is on during RX time and outputs bits 0 to 7 from User Defined Bit Pattern #1 for the path selected.
TX driver and PAs, T/R relay - The table entry for 20H PB (IO expander 0 Port B) shows it is on during TX time and outputs bits 8 to 15 from User Defined Bit Pattern #1 for the path selected.

PA PTT - The table entry for 21H PA (IO expander 1 Port A) shows it is on during PA PTT time and outputs a 1 out of 8 pattern. The attached relay module’s inputs are active low so the port outputs are inverted.

PA Power - The table entry for 21H PB (IO expander 1 Port B) shows it is on during PA DC time and outputs a 1 out of 8 pattern. The attached relay module’s inputs are active low so the port outputs are inverted.

Antenna selector - The table entry for 22H PA (IO expander 2 Port A) shows it is on during both RX and TX time. The RX path is used during RX time and the TX path is used during TX time. This allows for cross band operation. Bits 0 to 7 from User Defined Bit Pattern #2 for the path selected are outputted.
 
Preamp DC power - The table entry for 22H PB (IO expander 2 Port B) shows it is on during RX time. Changing the PATH RX – TX parameter to1 would turn it on for both receiver and transmit. It outputs a 1 out of 8 pattern. The attached relay module’s inputs are active low so the port outputs are inverted.

The remaining port addresses are unused by this application.
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MacGuffin 6 Pole Relay Configuration with Remote Antenna selection

This description shows how the information in the Output Port Definition and the User
Defined Bit Patter tables sets up the 10 expander ports to operate the RF relays and
the DC control relays.

Several optional features may be implemented by modifying the User Defined Bit
Pattens. No hardware cofiguration changes are needed.

-An RX preamp can be shared by multiple bands.

-Adriver and PA can be shared. It wouldtake more relays to share onlya driver or PA
~The same antenna can be selected for multiple bands.

There are 5 documents which describe this configuration.
Schematic MacGuffin Interconnection V1-6-REM
Arduino sketch MacGuffin_Sequencer_V1-06ino

10 expander assignment MacGuffin [0 Expander V1-6 REM xisx
User Defined Bit Patter for 10 0 MacGuffin User Bit Patterns 10 0 REMxxs
User Defined Bit Patter for 10 2 MacGuffin User Bit Patterns 10 2 REMxixs

The Excel files are worksheets usedto gather and arrange information before enteringit
into the sketch.
References tothe documents above are made in the following description of the

setup. It's not necessary to print all the documents to follow this description.
This Word file can be opened on one side of your monitor and the referenced file on the
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