README.TXT - README FILE FOR PAPER TAPE READER EMULATOR         

1.) SCOPE --------- The purpose of this file is to provide the general guidelines for building the paper tape reader emulator for the HP21XX series of minicomputers. It includes a circuit description, tips on setting up the I/O card, as well certain component values that are marked on the schematic as S.O.T , or select on test. Also, it is shown how to interface the emulator to different types of I/O card. I haven't tried all of these, but those that I have tried are so indicated. 

2.) PURPOSE ----------- The purpose of the unit described herein is to enable one to store absolute binary programs for the 21XX computer series on either EPROM or EEPROM flash chips, and then transfer these into computer main memory using the resident HP paper tape loader. (Top of core on 2100 series, ROM resident in 21MX and 1000 series). The unit DOES NOT write the chips, you will need a separate programmer for that. The following example will show what I mean: I got a mint-condition 1000F machine that came to me without any peripherals whatsoever. There really was no hope of obtaining any peripherals. South Africa is not exactly the HP minicomputer capital of the world. Then I came across Jeff Moffat's site, where I could download the Prepare BASIC paper tape binary file, and the HP BASIC binary file. If I could find some way of reading these into my 1000F, I could at least get a simple BASIC running. The method I chose was to burn the two files straight into two flash chips, and then design this gadget to allow the computer to load the two files into memory.  

3.) THEORY OF OPERATION ----------------------- This theory of operation requires reference to the schematic diagram, which is included in a POSTSCRIPT file. Generally , the way in which the paper tape reader is handled is that the computer will assert a device ENCODE signal when it wants a character from the reader , which then moves the tape , reads the character , and asserts a FLAG signal to inform the computer that the character is ready for reading into memory.  The same principle applies with the emulator, except that the mechanical position of the paper tape, that defines which character is being read, is replaced by the 16-bit ADDRESS that points to the location in the chip where  the character is located. Just as the tape advances every time a character is read, so the address increments every time a character is read. To the diagram, then. The core of the address generator comprises the synchronous counter chain U1, U2, U3, U4. U1 is the least significant nibble counter. The counters are cascaded using the conventional Enable P and T signals, with the clock applied to all counters in parallel. The 16-bit counter allows the addressing of up to 64KBytes of memory chip address space. The reset inputs are also paralleled and driven from RESET button SW2 and pullup resistor R9. This allows resetting the address counter to 0x0000, thus effectively "rewinding" the "tape". On the output of the address counter are the hexadecimal address displays DISP1-4. They allow one to monitor the addresses as they increment, and are also useful for troubleshooting. They may be omitted if not required. The address lines then drive directly the address inputs of the memory chips. Two monostables are used to time and set up the data. When the ENC line goes high, requesting a character from the unit, the signal is buffered by U7D and U8D and is used to clock the counters on the rising edge. The same signal is used to positively edge-trigger U5, whose time constant is settable between two values through the use of jumper J2, for troubleshooting purposes. U5 NOTQ immediately goes low, allowing FLAG, via U8C to go high.  At the end of the time period for U5, the FLAG line goes low again, and at this time the data is strobed into the computer on the falling edge of FLAG.  The I/O card is set up this way. Therefore, this time constant allows a very conservative amount of time for the data to settle at the memory chip outputs after the address change. Coincident with the dropping of FLAG, and the strobing of the data, the monostable U6 is negative-edge triggered by the return to LOW of U5 Q output. This monostable then, via U7C, blocks the raising of ENC, and the transfer of another character, until it times out, and drops its Q output. This time constant then provides a means of controlling the data transfer rate. As soon as ENC goes high again, the cycle repeats. The component values for the monostables were chosen, for reasons of nostalgia, to approximate the transfer rate of a real paper tape reader (750-1000 char/s). Of course one could use different values, just bear in mind that exceeding the duty-cycle limits of the monostables will produce undesired results. The data outputs of the memory chips are bussed together in a conventional way. The chips are enabled to the bus by a selector switch SW1, which allows one to have two chips with different programs plugged into the unit. One can then choose which chip's contents will be transferred, the selected socket is indicated by a lit LED. Because the 28F010 flash chip has an address space of 128KBytes, and this is larger than the addressing capability of the counter,  one can access the upper 64KBytes through use of jumper J1. So one has the possibility of storing two programs in the same chip, and using J1 to select which one will be loaded. The data lines from the memory chips are inverted and buffered by the 8 inverters U8A,B,E,F U7A,B,E,F. These lines then exit the PCB via a DB15 connector, and go to the corresponding data lines on the I/O card. Also provided on the data bus are two hex displays DISP5 and 6, which allow the data to be monitored. I found this very helpful for troubleshooting purposes. They can safely be omitted if desired.   

4.) DETAILS OF CONSTRUCTION --------------------------- The entire unit is constructed on one double-sided PCB. I chose to use ZIF sockets for the flash chips, as I anticipated changing them quite often. One will notice that on the actual unit there is one ZIF and one tulip socket.  The reason is that I just could not find a decent quality 28-pin ZIF in Cape Town, South Africa. I was in a hurry, and decided to use the tulip instead. The PCB is however laid out for a ZIF in this position. Included you will find the GERBER files and POSTSCRIPT files for the artwork. My own recommendation is to have the PCB properly through-hole plated by a professional firm. It considerably reduces the assembly time and also eliminates many sources of error in assembly.  The unit requires a single +5V DC supply. Being much too lazy to build such a thing, I popped down to the local junkyard and found an old external SCSI CDROM. The power supply was removed and fitted inside the die-cast box as one sees. Of course the +12V rail is not used. Certain components on the schematic are labelled SOT, or Select On Test. The values that I eventually used are given below: R3 = R4 = 10K     C5 = 0,01 uF WIMA C10 = 0,1 uF WIMA  C4 = C9 = 47uF 35V Rubycon YXF Capacitor pads are laid out for different lead spacings if needed. The cable was made from 15-way ribbon, a crimp-on 15 way female connector, and a standard HP 48-way hooded connector as shown in the photo. IMPORTANT:  When using the 12566 ground-true card, as I did, one must change the following on the unit: D2 is replaced with a 330-ohm 1/4 w resistor and D3 is replaced by a 680-ohm 1/4 w resistor. This terminates the ENC line from the card and minimises ringing and over/undershoot.  

5.) I/O CARD SETUP ------------------ When using the 12566 ground-true I/O card , which is what I eventually decided on, the following settings are used : W1 - B  W2 - B  W3 - B  W4 - B W5 - OUT W6 - OUT W7 - OUT  W8 - OUT W9 - A I have included a photo of the I/O card for reference.  I also tried using a 12597, but because I didn't have the proper multi-twisted pair cable, the data kept getting garbled, and I left it. Remember that if you wish to use this card, D2 and D3 should be fitted as indicated in the schematic. The 12597 uses 12V I/O levels and this is not good for U7D input. The diodes clamp the input voltage to acceptable levels. 

6.) ACKNOWLEDGEMENTS -------------------- Many thanks to James Human who was the layout artist and PCB manufacturer for this project. That's why his name is on the PCB top layer. He provided many excellent layout suggestions, not least the clever idea of mounting the DB connector edge-on on the PCB, obviating the need for a special right-angle connector.   Also thank you to Jon Johnston and the HP Museum for hosting this information, and for making such a vast repository of high-grade HP information available to all of us.  

7.) DISCLAIMER -------------- The information herein is provided "AS IS" and FREE OF CHARGE as a contribution to the vintage HP computer community. Do with it as you see fit. If, in the process of building, connecting, programming or otherwise interacting with the abovementioned equipment , something awful happens  to you and/or your vintage HP computer, we will be very sorry, but not liable.         Leon Heinkelein August 2010

