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The digital book (or eBook), entitled:

''PLC: PROGRAMMABLE LOGIC CONTROLLER – ARKTIKA''

describes the construction, syntax and programming of a system capable of processing Boolean operations and capable of intercommunicating with other circuit parts electrically connected to it, such as digital integrated circuits.

The processing logic is continuous and can be programmed to perform only the necessary operations, characteristics that equate it to a PLC even if designed for teaching and study purposes, in particular of Boolean algebra.

The processing unit responsible for processing the calculations is based on an electronic architecture installed on a CPLD (Complex Programmable Logic Device) integrated circuit, given the flexibility of use of the latter.

The main support where all the system electronics are housed is a commercial board where the CPLD programmable logic integrated circuit and the primary supports such as stabilized power supply, connectors to connect the complementary circuit modules, LEDs, etc. are already soldered. simplifying hardware construction.





  


  
 

  


  
     
      • The text includes attachments, the most important of which are:
    


    
      - files (.qpf), (.qsf), (.pof) to program the CPLD integrated circuit in addition to the Verilog file (.v) which describes the processing architecture;
    


    
      - graphic diagram of the processing architecture;
    


    
      - communication protocol for programming via PC;
    


    
      - 34 programming examples to test the system;




      
 

      

    


    
• Other attachments concern:




    
      - files to create the printed circuits of the modules that will attach to the main board;
    


    
      - files (.qpf), (.qsf), (.pof), (.v) to program the CPLD integrated circuit and to be used for some simple tests of hardware robustness against external interference.
    

  


  
 

  






• LINK DOWNLOAD INTERNET - ACCESS TO ATTACHED FILES.

- LINK 1;

- LINK 2.

Both LINKS allow you to download the ATTACHMENT.7z file which in turn must be decompressed with the 7-zip software.














  
     
       
        The pages of this title have been curated to be viewed by ebook_readers, tablets and PCs.
      


      
        An intensive use of schematic drawings is made, exploiting the characteristic of including a lot of information that can be consulted in an intuitive way given the characteristic of the universal language.
      


      
        The same thing also applies to photos, in color and with resolutions designed to enlarge the details as well as making the theme more interesting.
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    Photo: System image.
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    Photo: System image.
  


  
 

  


  
 

  


  
 

  


  
 

  


  
 

  


  
 INDEX.  (1_08)
  


  
 

  


  
    • 1: INTRODUCTORY DESCRIPTION OF THE SYSTEM.
  


  
 

  


  
    • 2: PROJECTS TO BUILD THE SYSTEM.
  


  
 

  


  
    • 3: DESCRIPTIVE CODE, STRUCTURE.
  


  
 

  


  
    • 4: DESCRIPTIVE CODE, SYNTAX.
  


  
 

  


  
    • 5: DESCRIPTIVE CODE, ADDITIONAL SYNTAXES.
  


  
 

  


  
    • 6: PROGRAMMING.
  


  
 

  


  
    • 7: SYSTEM TESTING, PROGRAMMING.
  


  
 

  


  
    • 8: SYSTEM TESTING, ELECTRONICS.
  





• 9_01: ACCESS TO ATTACHED FILES,  LINK 1.





• 9_02: ACCESS TO ATTACHED FILES,  LINK 2.
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The processing system (hereinafter simply referred to as system), as already introduced in the preface, can be subjected to a PLC (programmable_logic_controller) of an educational and study nature, developed with its own processing architecture (ARKTIKA-A) and related syntax of programming.

The operating principle, at the calculation level, is to process the translation into binary numbers of an ideal digital circuit developed to carry out predetermined and automated operations and communicate the results with other electronic devices possibly connected to it, which in turn transform them in optical signals mechanical, sound, computational signals, etc.

The circuit configuration adopted, during the Boolean calculation of the circuit description, exploits the advantages of the communication speed of the RAM memory with the processing architecture programmed on the CPLD integrated circuit.
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      CHARACTERISTICS:
    


    
      • main electronics consisting of a main board equipped with a CPLD programmable logic integrated circuit and available as a commercial product;
    


    
      • processing architecture installed on CPLD integrated circuit;
    


    
      • management of the description of a digital circuit composed of up to a maximum of 3185 logical elements and 32,767+1 memory cells;
    


    
      • flexible syntax to describe the digital circuit;
    


    
      • programming via wav or Mp3 audio files transmitted from a PC where common playback software is installed;
    


    
      • number of programs that can be performed depending on the read/write cycles of the connected F-RAM memory which varies from 10^12 to 10^14 times depending on the type used;
    


    
      • support software partly commonly installed on PCs and for those missing downloadable from the internet with a freeware licence;
    


    
      • assembly on commercial CPLD board using mainly complementary modules made on standardized printed circuits;
    


    
      • working frequency generator integrated into the CPLD chip (< ~5 MHz).
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      PHOTO: CPLD ALTERA, MAX II, EPM1270T144C5N.
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      CPLD: pinout.
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      • CPLD.
    


    
      - Resources used to implement the processing architecture:

    


    
      total logic elements       787 / 1,270 ( 62 % );
    


    
      total pins       109 / 116 ( 94 % );
    


    
      UFM blocks       1 / 1 ( 100 % ).
    


    
      - Consultation of the processing architecture diagram: attachment ARKTIKA.png.

    


    
      - Consultation of the Verilog equivalent of the processing architecture: annex V_TEST.v.
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    Block diagram (basic exposition).
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      • CPLD:
    


    
      - supports the system processing architecture.
    


    
 

    


    
      • F-RAM, non-volatile memory:
    


    
      - stores the description of the circuit transmitted by the PC (programming);
    


    
      - possibly stores the data from the processing of the circuit description.
    


    
 

    


    
      • RAM:
    


    
      - loads the circuit description from F-RAM memory during system startup;
    


    
      - stores data from circuit description processing.
    


    
 

    


    
      • AMPLIFIER:
    


    
      - amplifies the F-RAM programming audio signals communicated by the PC.
    


    
 

    


    
       
        • INPUTS:
      


      
        - 16 inputs to interact with the circuit description.
      


      
 

      


      
        • OUTPUTS:
      


      
        - 32 outputs to interact with the circuit description;
      


      
        - 4 outputs to signal the operating status of the system.
      


      
 

      


      
        • System RESET:
      


      
        - an input for system RESET;
      


      
        - an input for RESET of the system with the exception of the RAM memory where the processed data is stored (hibernation state).
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    PoR → processing.
  


  
 

  


  
     
      • 1: PoR (Power on Reset);
    


    
      • 2: loading of the circuit description from the F-RAM memory to the RAM memory;
    


    
      • 3: elaboration of the circuit description.
    


    
 

    


    
      Box 3 of the block diagram shows that the electronic logic involved in the processing is the CPLD integrated circuit and the RAM memory communicating with each other.
    


    
      With this configuration the communication speed is maximized, as the F-RAM memory is slower and more wearable in the reading/writing phases.
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    Programming → processing.
  


  
 

  


  
     
      • 1: programming;
    


    
      • 2: loading of the circuit description from the F-RAM memory to the RAM memory;
    


    
      • 3: elaboration of the circuit description.
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    RESET, hibernation → processing.

  


  
 

  


  
     
      • 1: RESET, hibernation;
    


    
      • 2: processing of the circuit description from the starting point but using the previously stored results.
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    Photo: indication of the parts of the system.

  


  
 

  


  
     
      • A: CPLD Altera, MAX II, EPM1270T144C5N.
    


    
      • B: F-RAM memory, Cypress/Ramtron, 256-Kbit, FM28V020.
    


    
      • C: RAM memory, IDT, 256-Kbit, IDT71V256SA.
    


    
      • D: amplifier.
    


    
      • E: main electronic board, WaveShare Electronics, OpenEPM1270.
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 ------------------------------------------------------------------------------------
    


    
 INTRODUCTION.
    


    
 ------------------------------------------------------------------------------------
    


    
 

    


    
       
         
          The explanation is divided into subchapters that describe:
        


        
          • programming of the 'CPLD' integrated circuit;
        


        
          • descriptions of the parts of the main electronic board;
        


        
          • the assembly of the individual modules and the programming cable;
        


        
          • technical notes to avoid system operation problems.
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Photo:       OpenEPM1270 main electronic board.
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 CPLD, PROGRAMMING. 
    


    
  ------------------------------------------------------------------------------------ 
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        • The files for the implementation of the electronic architecture supported by the CPLD integrated circuit are stored in the attached folder ARKTIKA-A, in detail:
      


      
        - ARKTIKA_A.qpf;
      


      
        - ARKTIKA_A.qsf;
      


      
        - ARKTIKA_A.v;
      


      
        - ARKTIKA_A.pof (CPLD integrated circuit programming file).
      


      
        - (ARKTIKA_A).pof (reserve).
      


      
 

      


      
        • Programming requires the following tools:
      


      
        - USB Blaster, hardware to be inserted between the USB port of the PC and the JTAG socket of the main electronic board;
      


      
        - Quartus II, software downloadable for free from the official Intel-Altera website.
      


      
 

      


      
        The Quartus II software user manual is available on the internet in both Italian and English.
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 ------------------------------------------------------------------------------------
      


      
 INPUTS 00 - 16, EXITS 00 - 31.
      


      
 ------------------------------------------------------------------------------------
      

    

  


  
     


    
 

    


    
 

    

  


  
 

  


  
 

  


  
     
       
 MAIN ELECTRONIC BOARD, INPUTS IN 00 - IN 15.          (2_08 - 2_11)  (INDEX)

      

    

  


  
     
 

    


    
      • MAX II-EPM1270T144C5N →→→ INPUTS IN 00 - IN 15.
    


    
      - 27 →→→ INPUT IN 00, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 29 →→→ INPUT IN 01, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 31 →→→ INPUT IN 02, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 37 →→→ INPUT IN 03, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 39 →→→ INPUT IN 04, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 41 →→→ INPUT IN 05, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 43 →→→ INPUT IN 06, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 45 →→→ INPUT IN 07, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 28 →→→ INPUT IN 08, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 30 →→→ INPUT IN 09, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 32 →→→ INPUT IN 10, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 38 →→→ INPUT IN 11, WEAK_PULL_UP_RESISTOR (on).
    


    
      - 40 →→→ INPUT IN 12, WEAK_PULL_UP_RESISTOR (off).
    


    
      - 42 →→→ INPUT IN 13, WEAK_PULL_UP_RESISTOR (off).
    


    
      - 44 →→→ INPUT IN 14, WEAK_PULL_UP_RESISTOR (off).
    


    
      - 48 →→→ INPUT IN 15, WEAK_PULL_UP_RESISTOR (off).
    


    
 

    


    
 

    


    
       
 MAIN ELECTRONIC BOARD, OUTPUTS OUT 00 - OUT 15.
      


      
 

      


      
        • MAX II-EPM1270T144C5N →→→ OUTPUTS OUT 00 - OUT 15.
      


      
        - 73 →→→ OUTPUT OUT 00.
      


      
        - 71 →→→ OUTPUT OUT 01.
      


      
        - 69 →→→ OUTPUT OUT 02.
      


      
        - 67 →→→ OUTPUT OUT 03.
      


      
        - 63 →→→ OUTPUT OUT 04.
      


      
        - 59 →→→ OUTPUT OUT 05.
      


      
        - 57 →→→ OUTPUT OUT 06.
      


      
        - 53 →→→ OUTPUT OUT 07.
      


      
        - 74 →→→ OUTPUT OUT 08.
      


      
        - 72 →→→ OUTPUT OUT 09.
      


      
        - 70 →→→ OUTPUT OUT 10.
      


      
        - 68 →→→ OUTPUT OUT 11.
      


      
        - 66 →→→ OUTPUT OUT 12.
      


      
        - 62 →→→ OUTPUT OUT 13.
      


      
        - 58 →→→ OUTPUT OUT 14.
      


      
        - 55 →→→ OUTPUT OUT 15.
      

    


    
 

    


    
 

    


    
       
 MAIN ELECTRONIC BOARD, OUTPUTS OUT 16 - OUT 31.
      


      
 

      


      
        • MAX II-EPM1270T144C5N →→→ OUTPUTS OUT 00 - OUT 15.
      


      
        - 02 →→→ OUTPUT OUT 16.
      


      
        - 04 →→→ OUTPUT OUT 17.
      


      
        - 05 →→→ OUTPUT OUT 18.
      


      
        - 06 →→→ OUTPUT OUT 19.
      


      
        - 08 →→→ OUTPUT OUT 20.
      


      
        - 11 →→→ OUTPUT OUT 21.
      


      
        - 12 →→→ OUTPUT OUT 22.
      


      
        - 13 →→→ OUTPUT OUT 23.
      


      
        - 22 →→→ OUTPUT OUT 24.
      


      
        - 23 →→→ OUTPUT OUT 25.
      


      
        - 24 →→→ OUTPUT OUT 26.
      


      
        - 49 →→→ OUTPUT OUT 27.
      


      
        - 50 →→→ OUTPUT OUT 28.
      


      
        - 51 →→→ OUTPUT OUT 29.
      


      
        - 52 →→→ OUTPUT OUT 30.
      


      
        - 76 →→→ OUTPUT OUT 31.
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 MEMORY MODULE, ASSEMBLY.
        


        
 ------------------------------------------------------------------------------------
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      • A (№ 2):contacts bent at 90° for 'STRIP LINE' (position x).
    


    
      • B: RAM/F-RAM memory.
    


    
      • C: PCB adapter, SOIC-28 to DIP-28.
    


    
      • D, E: ''STRIP LINE'' plug, contacts bent at 90°, 14 pins, 2.54 mm pitch.
    


    
      • x: position without electrical contact.
    


    
      • F: 'STRIP LINE' socket, SMD, 14 positions x 2, 2.54 mm pitch.
    

  


  
 

  


  


  
 MEMORY FORM, PHOTO.  (2_14)  (INDEX)
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    Detail: power supply, GND ( - ) and VCC (+) contact.

  


  
 MEMORY FORM, PHOTO.  (2_15)  (INDEX)
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    Detail: 28 position connector (14 x 2).
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    Detail: 28 position connector (14 x 2).
  


  
 

  


  
     

  


  
     
 MEMORY FORM, PHOTO.  (2_17)  (INDEX)
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    Detail: welding of the electrical contacts.

  


  
     

  


  
     
 MEMORY MODULE, ASSEMBLY.  (2_18 - 2_19)  (INDEX)
    

  


  
 [image: image021]

  


  
    Stylized representation.

  


  
 

  


  
 

  


  
     
 MEMORY MODULE, ASSEMBLY.
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      Stylized representation.
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      Assembly phase C.
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 RAM MEMORY MODULE.
            


            
 ------------------------------------------------------------------------------------
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    • C 100nF: decoupling capacitor, optional.

  


  


  
     

  


  
     
       
         
           
             
               
 RAM MODULE, CONNECTIONS.  (2_25 - 2_26)  (INDEX)
              


              
 

              


              
                • MAX II - EPM1270T144C5N →→→ RAM IDT71V256SA.
              


              
                -   75 →→→ A14.
              


              
                -   77 →→→ A12.
              


              
                -   79 →→→ A7.
              


              
                -   81 →→→ A6.
              


              
                -   85 →→→ A5.
              


              
                -   87 →→→ A4.
              


              
                -   93 →→→ A3.
              


              
                -   95 →→→ A2.
              


              
                -   97 →→→ A1.
              


              
                - 101 →→→ A0.
              


              
                - 103 →→→ DQ0.
              


              
                - 105 →→→ DQ1.
              


              
                - 107 →→→ DQ2.
              


              
                - 109 →→→ NOT CONNECTED.
              


              
                -   76 →→→ NOT CONNECTED.
              


              
                -   78 →→→ WRITE ENABLE.
              

            

          

        

      

    

  


  
     
      -   80 →→→ A13.
    


    
      -   84 →→→ A8.
    


    
      -   86 →→→ A9.
    


    
      -   88 →→→ A11.
    


    
      -   94 →→→ OUTPUT ENABLE.
    


    
      -   96 →→→ A10.
    


    
      -   98 →→→ CHIP ENABLE.
    


    
      - 102 →→→ DQ7.
    


    
      - 104 →→→ DQ6.
    


    
      - 106 →→→ DQ5.
    


    
      - 108 →→→ DQ4.
    


    
      - 110 →→→ DQ3.
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                      • C 100nF: decoupling capacitor, optional.
                    


                    
                      • R 10,000 Ohm, ¼ W: Optional for this system.
                    

                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
 F-RAM MODULE, CONNECTIONS.  (2_32 - 2_33)  (INDEX)
                    


                    
 

                    


                    
                      • MAX II - EPM1270T144C5N →→→ F-RAM FM28V020.
                    


                    
                      - 144 →→→ A14.
                    


                    
                      - 142 →→→ A12.
                    


                    
                      - 140 →→→ A7.
                    


                    
                      - 138 →→→ A6.
                    


                    
                      - 134 →→→ A5.
                    


                    
                      - 132 →→→ A4.
                    


                    
                      - 130 →→→ A3.
                    


                    
                      - 127 →→→ A2.
                    


                    
                      - 124 →→→ A1.
                    


                    
                      - 122 →→→ A0.
                    


                    
                      - 120 →→→ DQ0.
                    


                    
                      - 118 →→→ DQ1.
                    


                    
                      - 114 →→→ DQ2.
                    


                    
                      - 112 →→→ NOT CONNECTED.
                    


                    
                      - 143 →→→ NOT CONNECTED.
                    


                    
                      - 141 →→→ WRITE ENABLE.
                    

                  


                  
                     
                      - 139 →→→ A13.
                    


                    
                      - 137 →→→ A8.
                    


                    
                      - 133 →→→ A9.
                    


                    
                      - 131 →→→ A11.
                    


                    
                      - 129 →→→ OUTPUT ENABLE.
                    


                    
                      - 125 →→→ A10.
                    


                    
                      - 123 →→→ CHIP ENABLE.
                    


                    
                      - 121 →→→ DQ7.
                    


                    
                      - 119 →→→ DQ6.
                    


                    
                      - 117 →→→ DQ5.
                    


                    
                      - 113 →→→ DQ4.
                    


                    
                      - 111 →→→ DQ3.
                    

                  


                  
 

                  


                  
 

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
 RAM MODULE, HOUSING.  (2_34)  (INDEX)
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 2.7_PROJECTS TO BUILD THE SYSTEM.                           (2_35)  (INDEX)
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 AMPLIFIER.
                        


                        
 ------------------------------------------------------------------------------------
                        


                        
 

                        

                      

                    

                  


                  
 

                  


                  
 

                  


                  
 

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
 AMPLIFIER, PHOTO.  (2_36)  (INDEX)
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 AMPLIFIER, LM358.  (2_37)  (INDEX)
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 AMPLIFIER, LM358.
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 AMPLIFIER, ELECTRONIC DIAGRAM.  (2_38)  (INDEX)
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                          • C 100nF: decoupling capacitor, optional.
                        


                        
                          • R 10,000 Ohm, ¼ W.
                        

                      


                      
 

                      


                      


                      


                      
 

                      

                    

                  


                  
 

                  


                  
 

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, ASSEMBLY.  (2_39)  (INDEX)
                        


                        
 

                        


                        
                          The support for the electronic components and their electrical connections consists of a rapid prototyping board called "thousand holes".
                        


                        
                          Two stylized graphic diagrams called surfaces ''A'' and ''B'' and the related photos serve as assembly instructions.
                        


                        
 

                        


                        
                          • NOTE: the diagrams do not take into account the 100nf decoupling capacitor which, unlike the photos, shows how it was soldered.
                        

                      


                      
 

                      


                      


                      


                      
 

                      

                    

                  


                  
 

                  


                  
 

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, ASSEMBLY DIAGRAM.  (2_40)  (INDEX)
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                        Stylized view of the amplifier, surface A.

                      


                      


                      


                      
 

                      

                    

                  


                  
 

                  


                  
 

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, PHOTO.  (2_41)  (INDEX)
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                    View of the amplifier, surface A.

                  


                  
 

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, PHOTO.  (2_42)  (INDEX)
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                    View of the amplifier, surface A.

                  


                  
 

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, ASSEMBLY DIAGRAM.  (2_43)  (INDEX)
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                    Stylized view of the amplifier, surface B.

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, PHOTO.  (2_44)  (INDEX)
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                    View of the amplifier, surface B.

                  


                  


                  
 

                  

                

              

            

          

        

      

    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, PHOTO.  (2_45)  (INDEX)
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    View of the amplifier, surface B.
  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, CONNECTIONS.  (2_46)  (INDEX)

                        


                        
 

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
     
      • MAX II - EPM1270T144C5N →→→ AMPLIFIER.

    


    
      - 7 →→→ OUT 1, DATA.
    


    
      - 3 →→→ OUT 2, CK_CLOCK.
    


    
      - 1, WEAK_PULL_UP_RESISTOR (on) →→→ OUT 3.
    

  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, ANCHORING ON THE MAIN BOARD.  (2_47)  (INDEX)
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    Fastening components.

  


  
 

  


  
     
      • A: (№ 2): ''STRIP LINE'' plug, contacts bent at 90°, 2 pins, 2.54 mm pitch, 2 pieces.
    


    
      • B: (№ 3) nut: 2.5 mm.
    


    
      • C: (№ 1) screw: 2.5mm x 20mm.
    

  


  
 

  


  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, ANCHORING ON THE MAIN BOARD.  (2_48)  (INDEX)
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    Fastening components.

  


  
 

  


  
    • x: free insertion without any welding/gluing.

  


  
 

  


  


  
 

  


  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
 AMPLIFIER, ANCHORING ON THE MAIN BOARD.  (2_49)  (INDEX)
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    Anchoring on the main electronic board.
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 2.8_PROJECTS TO BUILD THE SYSTEM.  (2_50)  (INDEX)
                            


                            
 ------------------------------------------------------------------------------------
                            


                            
 

                            


                            
 

                            


                            
 ------------------------------------------------------------------------------------
                            


                            
 AUDIO CABLE.
                            


                            
 ------------------------------------------------------------------------------------
                            


                            
 

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
 AUDIO CABLE, PHOTO.  (2_51)  (INDEX)
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    2 channel stereo audio cable + GND.

  


  


  
 

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
 AUDIO CABLE, PHOTOS OF CONNECTORS.  (2_52)  (INDEX)
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      • A: audio jack (3.5 mm TRS) for connection to the PC.
    


    
      • B: 'STRIP LINE' socket (5 positions, 2.54 mm pitch) for connection to the amplifier.

    

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
 AUDIO CABLE, 'STRIP LINE' SOCKET.  (2_53)  (INDEX)
                            


                            
 (AUDIO JACK ADAPTER). 
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      • A: 'STRIP LINE' socket, SMD, 5 positions, 2.54 mm pitch.
    


    
      • B: ''STRIP LINE'' plug, contacts bent at 90°, 5 pins, 2.54 mm pitch.
    


    
      • C: Audio jack, 3.5 mm, TRS.
    

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
 AUDIO CABLE, 'STRIP LINE' SOCKET.  (2_54)  (INDEX)
                                


                                
 (AUDIO JACK ADAPTER).
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                                Connection points between audio jack and 'STRIP LINE' socket.

                              


                              
 

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
 AUDIO CABLE, 'STRIP LINE' SOCKET.  (2_55)  (INDEX)
                                  


                                  
 (AUDIO JACK ADAPTER).
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                                    Electrical wiring between audio jack and 'STRIP LINE' socket.

                                  

                                

                              


                              
 

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
 AUDIO CABLE, CONNECTION TO THE AMPLIFIER.  (2_56)  (INDEX)
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      • AUDIO CABLE →→→ AMPLIFIER.
    


    
      - 1 →→→ IN 1, CK_CLOCK.
    


    
      - 2 →→→ IN 2, DATA.
    


    
      - 3 →→→ GND.
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 2.9_PROJECTS TO BUILD THE SYSTEM.  (2_57)  (INDEX)
                                    


                                    
 ------------------------------------------------------------------------------------
                                    


                                    
 

                                    


                                    
 

                                    


                                    
 ------------------------------------------------------------------------------------
                                    


                                    
 RESET BUTTON.
                                    


                                    
 ------------------------------------------------------------------------------------
                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
 RESET BUTTON.  (2_58)  (INDEX)
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    Photo, RESET button.

  


  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
 RESET BUTTON.  (2_59)  (INDEX)
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    Electronic scheme.

  


  
 

  


  
     
      • MAX II -EPM1270T144C5N →→→ AMPLIFIER.
    


    
      - 61, WEAK_PULL_UP_RESISTOR (on) →→→ BUTTON.
    


    
 

    


    
      • TABLET OF TRUTH.
    


    
      RESET 61 = 0 →→→ SYSTEM RESET.
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 2.10_PROJECTS TO BUILD THE SYSTEM.  (2_60)  (INDEX)
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 MONITORING OF SYSTEM ACTIVITY.
                                      


                                      
 ------------------------------------------------------------------------------------
                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
 MONITORING OF SYSTEM ACTIVITY.  (2_61)  (INDEX)
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      • LED on A: programming.
    


    
      • LED on B: audio wiring ready for transmission.
    


    
      • LED off C: reset / hibernation.
    


    
      • LED on D: working frequency.
    


    
 

    


    
 

    


    
      • MAX II -EPM1270T144C5N →→→ LED.
    


    
      - 14 →→→ LED A.
    


    
      - 15 →→→ LED B.
    


    
      - 16 →→→ LED C.
    


    
      - 21 →→→ LED D.
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 2.11_PROJECTS TO BUILD THE SYSTEM.  (2_62)  (INDEX)
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 RESET (HIBERNATION).
                                        


                                        
 ------------------------------------------------------------------------------------
                                        

                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
 RESET (HIBERNATION).  (2_63)  (INDEX)
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                                          Photo, pin 112.

                                        


                                        
 

                                        


                                        
                                           
                                            • MAX II -EPM1270T144C5N →→→ AMPLIFIER.
                                          


                                          
                                            - 112, WEAK_PULL_UP_RESISTOR (on) →→→ A: RESET (HIBERNATION).
                                          


                                          
 

                                          


                                          
                                            • TABLET OF TRUTH.
                                          


                                          
                                            RESET 61 = 1, RESET 112 = 0 →→→ SYSTEM HIBERNATION.
                                          


                                          
                                            RESET 61 = 0, RESET 112 = 0 →→→ SYSTEM RESET.
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 2.12_ PROJECTS TO BUILD THE SYSTEM.  (2_64)  (INDEX)
                                          


                                          
 ------------------------------------------------------------------------------------
                                          


                                          
 

                                          


                                          
 ------------------------------------------------------------------------------------
                                          


                                          
 PCB MODULES.
                                          


                                          
 ------------------------------------------------------------------------------------
                                          


                                          
 

                                          


                                          
                                            In the case of a more compact and tidy creation it is possible to use the PCB files from the attached MODULES_PCB folder, subfolders:
                                          


                                          
                                            • 1 - F_RAM;
                                          


                                          
                                            • 2 - S_RAM;
                                          


                                          
                                            • 3 - AMPLIFIER;
                                          


                                          
                                            • 4 - AUDIO JACK ADAPTER.
                                          


                                          
                                            KiKad software was used for the design and any changes can be made with it.
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 2.13_PROJECTS TO BUILD THE SYSTEM.  (2_65)  (INDEX)
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 TECHNICAL NOTES.
                                            


                                            
 ------------------------------------------------------------------------------------
                                            

                                          


                                          
 

                                          

                                        


                                        
 

                                        

                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
 TECHNICAL NOTES - 1.  (2_66)  (INDEX)
                                              


                                              
 

                                              


                                              
                                                • All mobile connections must be clean and well secured in order to avoid malfunctions of any kind.
                                              


                                              
                                                The list of connections to pay attention to are:
                                              


                                              
                                                - 'JUMPER' electrical connections;
                                              


                                              
                                                - memory module connectors, especially F-RAM;
                                              


                                              
                                                - audio cable connectors.
                                              


                                              
                                                After assembling the memory modules it may be necessary to clean the connector contacts from any oxides, resins, grease and foreign parts with specific products.
                                              


                                              
                                                • F-RAM memory is the most failure-prone component.
                                              


                                              
                                                The module should be the last piece to assemble and only when the system is turned off.
                                              

                                            

                                          

                                        

                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
 TECHNICAL NOTES - 2.  (2_67)  (INDEX)
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                                                Photo, example.

                                              


                                              
 

                                              


                                              
                                                 
                                                  • Avoid touching/stressing the exposed electrical parts of the system with metallic/conductive objects when it is in operation (see example).
                                                


                                                
                                                  Otherwise and under the right conditions, the system is subject to processing problems (e.g. unwanted RESETs) or more serious cases such as corruption of the contents of the F-RAM memory or damage to the latter.
                                                

                                              


                                              
 

                                              

                                            

                                          

                                        

                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
                                                 
 TECHNICAL NOTES - 3.  (2_68 - 2_2_69)  (INDEX)
                                                


                                                
 

                                                


                                                
                                                  The processing architecture detects the audio cable as ready for transmission ~1.7 seconds after wiring, timing observable by the monitoring LED_B.
                                                


                                                
                                                  This latency time is intended to avoid interference from foreign electrical conductors striking/stressing the exposed parts of the system programming connections, such as:
                                                


                                                
                                                  • connect the audio cable when it is not connected to the PC;
                                                


                                                
                                                  • protect the IN_1 and IN_2 inputs of the amplifier module when they are not connected to the PC.
                                                


                                                
                                                  A non-secondary aspect is also to prevent the audio cable connected to the system and not to the PC, acting as a receiving antenna, from injecting signals produced by electromagnetic noise.
                                                


                                                
                                                  Detection begins when IN_2 of the amplifier is at 0 volts.
                                                


                                                
                                                  Disconnection occurs when the same IN_2 input is at 3.3 volts for ∼0.8 ms.
                                                


                                                
                                                  Furthermore, for technical and functional refinement, it would be convenient to shorten the IN_2 input of the amplifier's audio connector by 40%.
                                                

                                              


                                              
 

                                              


                                              


                                              
 

                                              

                                            

                                          

                                        

                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
                                                 
 TECHNICAL NOTES - 3.  (2_70)  (INDEX)
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    Changes to the audio connector.

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
                                                 
 TECHNICAL NOTES - 4.  (2_71 - 2_72)  (INDEX)
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    Standard configuration for system programming.

  


  
 

  


  
     
      In the standard programming configuration it could be possible that disconnecting the audio jack from the PC socket could create problems for the system to be programmed to the point of damaging the descriptive code.
    


    
      The audio jacks and sockets were not developed for this communication protocol and it is advisable, after programming, to first disconnect the audio cable from the amplifier side which is equipped with a connector suitable for this type of operation.
    

  


  
    Furthermore, the PC audio jack is subject to deterioration of the mobile contacts due to the stresses of connecting and disconnecting the audio jack and therefore to a weakening of the audio volume in transit.

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
                                                 
 TECHNICAL NOTES - 5.  (2_73 - 2_74)  (INDEX)
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    Possible configuration for system programming.

  


  
 

  


  
     
      This programming setting is prone to malfunctions when the audio jack (A) is disconnected from the PC after the system detects the programming cable.
    


    
 The change that eliminates the problem concerns the 'STREP LINE' socket, renamed MOD. B, inserting a 1 Kohm ¼ W resistor as per the diagram.
    

  


  
     
      It seems that the malfunction, found in this case on the Mediacom PC (model SmartBook_ONE - M-SB15ONE/1), does not necessarily concern other PC models used for system programming.
    


    
      It should be specified that this solution has only been tested for three-contact audio sockets that manage stereo audio and GND.
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  'STRIP LINE' SOCKET MOD.B. (AUDIO JACK ADAPTER). 
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                                                    Audio cable, modification of the 'STRIP LINE' socket design.
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                                                    Audio cable, modification of the 'STRIP LINE' socket design.

                                                  


                                                  
 

                                                  


                                                  
                                                    • The attached MODULES_PCB folder, subfolder 5, contains the Kicad PCB files of the aforementioned circuit.
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                                                        By descriptive code we mean the translation into binary numerical form of an ideal digital circuit.
                                                      


                                                      
 

                                                      


                                                      
                                                        Structurally it is composed of a sequence of lines of code with the following information:
                                                      


                                                      
                                                        • logic element with three inputs and one output;
                                                      


                                                      
                                                        • circuit connections.
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    Schematic representation of the line of code.

  


  
 

  


  
     
      • 1° IN, part (A).
    


    
      • 2° IN, part (B).
    


    
      • 3° IN, part (C).
    


    
      • LOGICAL ELEMENT, part (D).
    


    
      • OUT, part (E).
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    Descriptive representation of the line of code.

  


  


  
 

  


  
     
      • A: part (A), 1° IN and communication connections.
    


    
      • B: part (B), 2° IN and communication connections.
    


    
      • C: part (C), 3° IN and communication connections.
    


    
      • D: part (D), LOGICAL ELEMENT.
    


    
      • E: part (E), OUT and communication connections.
    


    
 

    


    
      Number of bits to describe a line of code:
    


    
      part (A), 16 bits + part (B), 16 bits + part (C), 16 bits + part (D), 8 bits + part (E), 16 bits = 72 bits.
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    Line of code, interaction with the system.

  


  
 

  


  
     
      OBSERVATIONS.
    


    
      • Parts (A), (B), (C) can interact with one of the inputs IN 00 - IN 15 or with a RAM memory cell.
    


    
      • Part (E) can interact with one of the OUT 00 - OUT15 outputs or with a RAM memory cell.
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      OBSERVATIONS.
    


    
      • Addresses have the function of:
    


    
      - access a RAM memory cell;
    


    
      - access an IN 00/15 input or an OUT 00/15 output.
    


    
      • The RAM memory cell virtualizes (or emulates) the connection between the output and the inputs of one or more logical elements, that is: - records the bit given by the Boolean operation described by the line of code (result of the same);
    


    
      - provides the stored bit to the other parts (A), (B) and (C).
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    Schematic example.

  


  


  
 

  


  


  
 

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
                                                 
                                                   
                                                     
                                                       
  LINE OF CODE, VIRTUAL LINKS - EXAMPLE.                                                         (3_07)  (INDEX)

                                                      

                                                    

                                                  

                                                

                                              

                                            

                                          

                                        

                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  


  
 

  


  


  
 [image: image068]

  


  
    Example converted into descriptive code.
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                                                        Detailed circuit connection descriptions.

                                                      


                                                      
 

                                                      


                                                      
                                                         
                                                          OBSERVATION.
                                                        


                                                        
                                                          This part of the example shows that the communication between two parts of the code line has in common an access address to a RAM memory cell.
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                                                          • A: part (A), 1° IN and communication connections.
                                                        


                                                        
                                                          • B: part (B), 2° IN and communication connections.
                                                        


                                                        
                                                          • C: part (C), 3° IN and communication connections.
                                                        


                                                        
                                                          • D: part (D), LOGICAL ELEMENT.
                                                        


                                                        
                                                          • E: part (E), OUT and communication connections.
                                                        


                                                        
                                                          • F: LINE OF CODE.
                                                        


                                                        
                                                          • G: DESCRIPTIVE CODE.
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                                                          The system processes the descriptive code starting from code line 00 and continuing up to line 09 and then repeating the process.
                                                        


                                                        
                                                          This aspect of processing requires that the arrangement of the sequence of lines of code is related to the path of one or more logic signals.
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                                                          OBSERVATIONS.
                                                        


                                                        
                                                          • The numbering sequence of each logical element (and related line of code) starts from the source of the IN signal and continues taking into account the path up to the OUT output.
                                                        


                                                        
                                                          • The address of the part (E) of the code line (virtual connection of the circuit) is generally associated with the numbering of the logic element.
                                                        


                                                        
                                                          • In this example it is possible to use the same memory cell for all the connections of the circuit since once the bit has been read it will no longer be used.
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                                                          OBSERVATION.
                                                        


                                                        
                                                          The numbering of the logical elements where the signal branches into several points must be done not before having divided the circuit into hierarchical blocks and in order to facilitate the task.
                                                        

                                                      


                                                      
 

                                                      


                                                      


                                                      
 

                                                      


                                                      


                                                      
 

                                                      


                                                      


                                                      
 

                                                      

                                                    

                                                  

                                                

                                              

                                            

                                          

                                        

                                      

                                    

                                  

                                

                              

                            

                          

                        

                      

                    

                  

                

              

            

          

        

      

    

  


  
     

  


  
     
       
         
           
             
               
                 
                   
                     
                       
                         
                           
                             
                               
                                 
                                   
                                     
                                       
                                         
                                           
                                             
                                               
                                                 
                                                   
                                                     
                                                       
 RAM MEMORY, DATA ARRANGEMENT.                                                         (3_13)  (INDEX)

                                                      


                                                      
 

                                                      


                                                      
 [image: image074]

                                                      


                                                      
 

                                                      


                                                      
                                                         
                                                          • DESCRIPTIVE CODE.
                                                        


                                                        
                                                          - ADDRESSES A00 - A14:
                                                        


                                                        
                                                            000.0000.0000.0000 - 101.111.1111.1111, 229.376 bits.
                                                        


                                                        
 

                                                        


                                                        
                                                          • CIRCUIT CONNECTIONS.
                                                        


                                                        
                                                          - ADDRESSES A00 - A14:
                                                        


                                                        
                                                            110.0000.0000.0000 - 111.111.1111.1111, 32.768 bits.
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                                                          • X13 - X14 - X15 = 0 - 0 - 0 =  I/O 0.
                                                        


                                                        
                                                          • X13 - X14 - X15 = 0 - 0 - 1 =  I/O 1.
                                                        


                                                        
                                                          • X13 - X14 - X15 = 0 - 1 - 0 =  I/O 2.
                                                        


                                                        
                                                          • X13 - X14 - X15 = 0 - 1 - 1 =  I/O 3.
                                                        


                                                        
                                                          • X13 - X14 - X15 = 1 - 0 - 0 =  I/O 4.
                                                        


                                                        
                                                          • X13 - X14 - X15 = 1 - 0 - 1 =  I/O 5.
                                                        


                                                        
                                                          • X13 - X14 - X15 = 1 - 1 - 0 =  I/O 6.
                                                        


                                                        
                                                          • X13 - X14 - X15 = 1 - 1 - 1 =  I/O 7.
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