 


           Z80 DESCATOC CARD CIRCUIT DESCRIPTION CONTINUED PART 2








    PIO 2 - CIRCUIT OPERATIONAL DESCRIPTION


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








PIO 2  is associated with the internal Keyboard . All bits that are associated with     this PIO are configured as output. This means that there are in effect 16 bits across 2 active ports that are used here to control the HT6547B Keyboard Encoder chip. PIO 2 does not create any interrupts to the Z80 because the Port applications do not need this facility. There now follows a general description of the function of the bits driving the Internal Keyboard Encoder.





    PA0 - PA6   These bits select one of the 104 switches contained in the two CD4067                    		16 line to 1 decoder chips.





    PA7         a logic 0 on this bit enables a switch closure, and thus a character is sent           to the PC. A 1 on this lines enables a switch release, breaking the circuit, and so stopping the Internal Keyboard from repeating the same character. This bit is wired to the INHIBIT active high pin of both 4067's.





    PB0         this bit is connected to a 4053 triple SPDT switch IC. this bit controls 	        switch B in this case. Switch B routes the Keyboard line called DATA              	        from either the external Keyboard to the DATA line of the PC's Keyboard 	        connector socket when this bit is at 0, or when this bit is at 1, the DATA 	        line is re-routed from the PC's Keyboard Connector Socket to the internal 	        Keyboard's DATA line. When the DATA line is routed away from one 	        Keyboard, that keyboard will not function at all until both its CLOCK and 	        DATA lines are connected to the PC's Keyboard Socket via this 4053 	        chip. The two Keyboards can be switched in this way as many times as         	        necessary without any problem at all.


               


     PB1    The  same as PB0 except that PB1 controls the Keyboard's CLOCK line and this bit controls switch A of the 4053 chip.





     PB2 - PB5   these bits control the auxiliary Keyboard switches SHIFT ,ALT       CTRL, and DEL. these bits are wired to another type of  switching IC similar to the 4053. This chip is the 4016 quad push to make, release to break single pole switch array it's basically four switches in one package. Each control


                bit on the switches 'pushes' the switch in and makes a circuit when the PB*   bit is at 1, when this bit is at 0, the 'release' action is applied and the circuit becomes open again. the very same action as if a Human puts one of their fingers on key of a keyboard, depresses the key, and then releases 


                it again.





    PB6 - PB7   these last two bits are not used in this application.





    PIO SELECTION CIRCUIT DESCRIPTION


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





    The 3 PIO chips on this card are all connected together except for the CE line. all three CE lines belonging to all 3 PIO's are all connected  to separate pins of a 74LS138 3 line to 8 line decoder chip. This chip decodes the I/O port address assignment of each PIO in the Z80 I/O address map. As there are only 3 PIO chips to select, only the first 3 output bits of the 74LS138 are used, and they are 0,1 and 2 respectively. It is these that connect to the CE lines of each PIO chip. CE is active low and so are the output lines of the 74LS138, so no inverter logic is necessary to interface the 138 to the PIO's. As the 138 only has to contend with operating just 3 of its possible 8 lines, only 2 address bits of the Z80 are therefore required in order to select the right PIO. The address bit involved are A3 and A4 respectively. The Z80 address bits A5 and A2 


    together with IORQ select the 74LS138 chip itself, due to the fact that this chip has 3 lines which need the binary word 001 applied to it before the chip is selected by the Z80. The operation of PIO selection by the  Z80 can be summed up in the following table :


    ____                                 ___   ___   ___            _         _


    IORQ   A2  A3  A4  A5   CE0  CE1  CE2  A6-C/D  A7-A/B       RESULT


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


 1)    0        1    0     0     0      0      1       1       1             1           cont,Port B, PIO 0


 2)    0        1    0     0     0      0      1       1       1             0           cont,Port A, PIO 0


 3)    0        1    0     0     0      0      1       1       0             0           data,Port A, PIO 0


 4)    0        1    0     0     0      0      1       1       0             1           data,Port B, PIO 0


 5)    0        1    1     0     0      1      0       1       1             1           cont,Port B, PIO 1


 6)    0        1    1     0     0      1      0       1       1             0           cont,Port A, PIO 1


 7)    0        1    1     0     0      1      0       1       0             0           data,Port A, PIO 1


 8)    0        1    1     0     0      1      0       1       0             1           data,Port B, PIO 1


 9)    0        1    0     1     0      1      1       0       1             1           cont,Port B, PIO 2


 10)  0        1    0     1     0      1      1       0       1             0           cont,Port A, PIO 2


 11)  0        1    0     1     0      1      1       0       0             0           data,Port A, PIO 2


 12)  0        1    0     1     0      1      1       0       0             1           data,Port B, PIO 2





    The above binary words have their Hexadecimal equivalents shown next. Associate the number next to the closed bracket with the equivalent Hex Words. :


 


 1)  C5h,C4h,C6h, or C7h. PIO 0


 2)  44h, 45h, 46h, or 47h.  PIO 0


 3)  04h, 05h, 06h, or 07h.  PIO 0


 4)  84h, 85h, 86h, or 87h.  PIO 0


                                                              the Hex words on their respective                      5)   CCh,CDh,CEh, or CFh.  PIO 1      lines all mean the same as each other, 


 6)  4Ch, 4Dh, 4Eh, or 4Fh.  PIO 1         as A0 and A1 are not decoded.


 7)  0Ch, 0Dh, 0Eh, or 0Fh.  PIO 1


 8)  8Ch, 8Dh, 8Eh, or 8Fh.  PIO 1


 


 9)  D4h PIO 2                        >>>THIS TABLE HAS BEEN UPDATED<<<


 10) 54h PIO 2                         


 11) 14h PIO 2


 12) 94h PIO 2                        >>>THIS TABLE HAS BEEN UPDATED<<<





   Address bit A6 selects either Control when the bit is at 1, or Data When the bit is at   0. Control and Data refer to the type of word being sent to the selected PIO. A  Control word is part of the initial programming process and is always sent to the PIO when the Programmer wishes to change the mode of a port or a bit in a port of a PIO. The Control Word is always sent to the PIO when the Card is first powered up.


   This is because without the Control Word, the PIO does not know what mode


   to set up its ports into as there is a choice of 4.





   Address bit A7 selects the A or the B ports of the PIO ready for 


   programming with the Control Word or for Reading or writing Data from 


   with the Data Word.





   CIRCUIT DESCRIPTION OF THE USE OF THE LED DISPLAYS


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





   The LED displays are used mostly for diagnostic purposes, for at a glance one can see the general health of the Card. If the Card at a later stage becomes faulty my customer can return the card to me and I will be able to repair it with ease. Of course, the LED's also make the card a little unusual in the sense that the Card fits internally into a spare ISA slot and so, when the Cover of the PC is closed over the structure of the Case one can no longer see them illuminating !!. It does also serve to enhance the look of the Card while it is in operation, and provide to the Customer a little idea (not too much!) of what is actually happening to the flow of binary around the DESCATOC Card. The following is a summary of the meaning of the LED's :





   THE SEVEN SEGMENT DISPLAY


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





   The Seven Segment Display serves as a useful output device for :





 a) running the diagnostics program, because if you know the software you also know what to expect being displayed here.





 b) a preview indicator as to what software the PC will be Booted into. The number and the type of software the PC is booted into, will change dependant on the ring pattern of the phone and thus the phone number being dialed by the Client Modem on the other end of the phone line.


  


   THE HALT LED


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





   When this LED is illuminated, it means that the Z80 has read the Machine Code Instruction HALT (76h), and is standing by waiting for an interrupt to occur, program execution has stopped at this point. the Z80 will no longer carry out further instructions until a valid interrupt has occurred on either one of it's two interrupt pins. the purpose of this LED is to allow diagnostics of the PC Communications procedure, as the instruction HALT, will play a vital part of the transfer of data between the two


   computers.





   THE  NMI LED


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





 when this LED is illuminated it means that the Z80 is currently executing a Non Maskable Interrupt. This LED will pulse at regular intervals dependant on whether or not the Z80 has enabled the pulse for itself. If the pulse is not enabled this LED will not light at all, but if it is enabled this LED will light approximately once every 12 Seconds. the  Purpose of this LED is to check the fact that the Z80 has not crashed 


 in its execution of its software and to check that the Z80 is happy to accept, and execute a Non Maskable Interrupt.





   THE DISTINCTIVE RING PATTERN LED


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





   When a call comes into the DESCATOC Card, the exchange creates an infinite 


 combination of different ring patterns, dependant on where you live in the world and who your Telecommunications provider is. Here in Sheffield in England the local  Cable provider is Yorkshire Cable. Now this Company offers there customers the chance to add 3 extra dummy phone numbers to there existing telephone line and number. the Customer therefore ends up with four phone numbers and one telephone line. A seriously brilliant idea and I don’t mind saying so!. What this actually means to the DESCATOC project is that for the connection charge of one telephone line, a customer with this card and their connection can have FAX, BBS, INTERNET and


VOCAL calls all routed properly and without hassle and errors. For instance, this Card can be programmed to ignore phone calls that have the standard national ring pattern because they are normally vocal calls, the 7 Segment display would show a 0 and the PC would not power up as the Z80 knows to ignore this call because it has been programmed to do so, and the distinctive ring pattern LED would illuminate in sympathy with the ring  pattern on the phone, when the phone is ringing it is illuminated, during brief moments of silence the LED is not illuminated. this then, provides a visual indication that not only the sound to switch amplifier relay is


working properly, but also it shows the audio signal created by the phone has been processed correctly by the Z80.





   THE CAPS, SCRL, AND NUM LEDS


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





 The function of these LEDS is identical to the function of the LEDS found on most modern external 102/104 key keyboards and thus are self explanatory. Of course, these LEDS refer to the status of the internal keyboard rather than the external, which would have it's own three status LEDS.


 


   3.2768Mhz Crystal Oscillator


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





 This Oscillator circuit is based around a 74LS04 Hex inverter chip. As such, it is a true TTL oscillator, except that because the Z80 needs a clean voltage swing of between GND and Vcc each and every clock cycle, a 1 transistor PNP amplifier with a hfe of some 200 times that of the current at its base is used to boost the 3.4 volts of the TTL signals to the required Z80 system clock input level. As you can imagine, the 


clock is the most critical and vital part of any CPU system, as all I/O operations performed by the CPU are tied to its preciseness. Therefore, if the clock cycles are unstable, the CPU simply will not function correctly and neither will its I/O peripheral chips that also require this signal to be input to them. The Circuit operates in the following way :





Crystal X1 sets the maximum frequency the 3 inverters can oscillate at. When power is applied to this circuit the first time, the outputs of the first and second stages are both 1, this logic high is feedback via the two 1k resistors each stage independent of the other, this resistor feedback loop creates a 1 at the inputs of the inverters so that their outputs now swing low, now the cycle is repeated again as this 0 is fed back to the 2 gates, now this happens very violently indeed, but, only up to the resonance response of the crystal, once the frenzied activity of the two gates reaches this frequency, their movement stabilises and their switching between hi and lo locks to the frequency of the crystal. Upon power up this all happens in a fraction of a second so that the circuit reaches its operating frequency very quickly indeed, the 10nF capacitor between the two main stages adds further stability so that the circuit is more stable under temperature conditions. the output of this stage is fed to the base of a 2N3702 PNP bipolar transistor. This transistor is used to pull up the output voltage of the final 3rd gate to near Vcc which is nearly 5v DC. Therefore the transistor works in unison with the last gate, when this gates input is fed a 0 from the


first stage, the PNP transistor is switched hard on, and as its collector is connected to the output of the last gate a 1 appears here at both devices, the transistor helping the output of the last gate up to near Vcc. When the input to the last gate is at 1, the PNP transistor and the last gate both output 0 together, this is how the operation of the transistor and that of the last gate do not short each other out, but instead the


 transistor aids the gates output. the 22 ohm resistor in the emitter circuit sets the operational output current of the stage too some 200mA for logic 1. The 1K resistor and the 220 Ohm resistor form a potential divider for the base circuit setting the bias voltage to around :





                      5 * (220/1000+220) = 0.9 of a Volt





 the base bias voltage is only there when the output of the first stage is 0 and the transistor conducts. this base voltage offsets the swing of the collector/emitter circuit so that logic 0 is always GND and logic 1 is always about 5V at around 200mA. Finally the 47pF capacitor in the Base circuit adds further stabilisation of the input signals to the transistor by rolling off high frequency noise.





   NE555 OSCILATOR FOR THE NMI INTERRUPT


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





 When I design a circuit these days I can never resist dropping one or two of these  great little IC's into the design !.They seem to have no end of  applications. Well, here the little chip is set up in free running mode producing a cycle ( not a tandem ), every 12 seconds. The calculations are as follows :





       Manufacturers formula :  Fo = 1.44\(((Ra + (2 * Rb) * C))


        


                          therefore


       


       If Ra = 68000 Ohms , and Rb = 470 Ohms and C = 220 Micro farrads


   the output frequency Fo, will be :  0.094 Hz or 1 cycle per 10 seconds.


   


   The Mark and Space ratio are calculated as follows :





       Manufacturers Mark Formula : T1 = 0.693 * (Ra + Rb) * C





                          therefore





If Ra, Rb and C are the same as above, T1 = 10.5 Seconds (logic 1 NMI not enabled).





   the Space ratio Formula is :  T0 = 0.693 * Rb * C





                          therefore





 If Ra and Rb and C are the same as above, T0 = 71 milliseconds ( logic 0 NMI active). So, as you can see from our calculations the NMI pulse actually occurs once every 10.5 Seconds at length’s of about a 70th of a second, which is enough time to cause an interrupt to the Z80.





   NE555 OSCILLATOR SOUNDER


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





 What ?, I hear you say, another one ?, that’s right, another one!, but this time the little beastie is running a lot faster and drives a piddly little loudspeaker. How fast does it run ?, Formula James ! :





 Of course, all formula above is true. So, we merely enter in the values for Fo, and they are : Ra = 8200 Ohms, Rb = 10000 Ohms and C = 47nF using the Fo formula again we get an output frequency this time of 1.0864Khz. this frequency is what could be said the sensitive point of our natural hearing mechanism in our heads, and i'm blowed if that is the product of evolution, but that’s another factual story.





   THE Z80 FOR PC DESCATOC CARD CIRCUIT DESCRIPTION IS CONCLUDED.
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