WB6DHW AD995x board operation

  The 995x board contains several sub circuits.  These include the USB controller, the DDS, the output amplitude control, the quadrature generator, and the QSD(Quad Sampling Detector).  The board is designed to run from a single 12V supply applied to H7.  With proper software the board can be used as a programmable RF generator, a spectrum analyzer with tracking generator, a receiver, or a VNA(with a few circuit modifications).

USB Controller

  The USB controller is a PIC18F2550 utilizing a 20MHz SMD crystal clock.  A PIC18F2455 could also be used.  The 2550 has twice as much memory, allowing for more future expansion.  The controller circuit was patterned after the Universal Bit Whacker. 
  J1 is a USB mini-B connector.  Once the processor is programmed via H3(the In-Circuit-Serial_Programming connector) with the initial firmware containing the bootstrap loader and the PC has the controller program, all future program changes are made via the USB interface.  To program the processor, press and hold the program switch(SW2).  Momentarily press the reset switch(SW1), release the program switch.  

  H1 selects either USB power(Pins 2-3) or external 5V power(pins 1-2) for the processor.

  H2 connects to the Port A pins.  Note that several of these are utilized by the DDS.

  H4 connects to Port Port B and Port C pins.

  LED D1 illuminates when power is applied.

  LED D2 is connected to bit 1 of Port C and may be used as a programmable indicator.

DDS

  The DDS may be an AD9951, AD9952, AD9953, or AD9954.  These have a common pin-out and are 14 bit; 400 Mhz DDS's.  There are some differences in the additional capabilities included.

  The DDS clock may be an on-board smd crystal oscillator (U9) OR an external oscillator connected to H12.  Provision is made via H11 to disable the on-board oscillator if an external oscillator is used.   The on-board oscillator can be any standard 5mm X 7mm or 9mm X 14mm CMOS oscillator. 

      The DDS uses three separate regulators.  U3 supplies 3.3V to Dvdd_IO.  U4 supplies 1.8V to Avdd.  U18 supplies 1.8V to Dvdd.  A jumper is required from the 5V output of U19 to the 5V pad between U3 and U18.

       All of the DDS programming pins are brought out to H5.  Normally, only Reset(H5-11), SCLK(H5-7), SDIO(H5-8), and IOUPDATE(H-2) are required.  These pins must be jumpered to the I/O lines from the PIC18F2455.  The other programming lines may be left unconnected as they are pulled to ground by a 10K resister.  If they are absolutely not going to be used, a 0 ohm resister by be substituted for less noise emission.  If they are used, they must be jumpered to the desired I/O lines from the PIC18F2455. 

     R9 determines the DAC maximum output current.  The 3.92K value sets the peak current to 10mA.

     R8 and C10 are the loop filter for the clock PLL(if used).

     The I and /I outputs of the DDS are combined in T3.  The primary CT provides the voltage for the output DAC.  The two 24.9 ohm resisters on the primary provide the proper impedance matching for the 50 ohm filter following the transformer.

     C26-C32 and L1-L3 form a low pass filter to filter out the alias responses from the DDS.  The values depend on the clock speed chosen.  I have calculated values for clock frequencies of 400, 500, and 700 Mhz to provide a cut-off frequency of approx. 40% of the clock frequency.

    The LPF output goes to a splitter consisting of R40, R37, and R39.  The output from R39 goes to the MMIC – U5.  A jumper must be installed from the 12V input to the 12V pin near R12 at the top of the board.  The output from R37 connects to the Quadrature Generator.

       H8 is connected to the on-chip comparator(not used).

Output Amplitude Control

  The In-Phase filtered and amplified signal is applied from U5 to U6.  U6 is a 0-31.5dB programmable attenuator.  The 3 programming lines for U6(OE, clock, and data) must be connected 3 port B lines from the PIC processor.  Three test points located just to the left of U6 labeled E, C, and D are provided for this purpose.

  The output of the programmable attenuator is routed to H10 as well as to the input of U7.  U7 is an AD8310 log detector and provides an output proportional to the log of the input amplitude.  The output of U7 must be connected from the test point labeled “PL” (located between H8 and U7) to an analog input of the PIC18F2550. 

     Software can read the output of U7 and set U6 for the desired output level.

Quadrature Generator

  The filtered, un-amplified DDS outputs are through T2 to the inputs of 2 high speed differential line receivers(U10).  This produces 2 squarewave outputs 180 degrees out of phase.  These 2 signals are used to clock 2 type D Flip Flops (U11) to produce 4 signals at 90 degree intervals at ½  or 1/4th the DDS output frequency depending on the jumper position on H18.  Applying the same signal to both clock inputs(H18-2 shorted to H18-3) produces outputs at 1/4th the input.  Applying a signal to the second clock 180 degrees out of phase with the first clock(H18-1 shorted to H18-2) produces outputs at ½ the input frequency.  These 50% duty cycle signals are available at H13 and H14.  These signals are also connected to a quad 2-input NOR gate (U20) to provide a way to turn off the signals to the QSD circuit during transmit.  The T/R input near the top of board to the right of H13 requires a 5V signal to disable the QSD.  An open or ground enables the QSD.

 QSD

   The QSD circuit requires a jumper from the 12V pad Just above H17 to the 12V pad at top of U16.  U16 provides 3.3 volts to the analog switches(U13 ans U14) and the and gates (U12).  

  The 4 signals from the quadrature generator are applied to the 4 AND gates to produce the 4 control signals needed for the 4 analog switches.  RF from an antenna is applied via H15 through T1 to the 4 analog switches.  A dc bias of 1.65V is supplied to the switches through the secondary of T1 by R17, R18, C56 and C57.  The output of the switches is stored in capacitors C60 and C63  and applied to low noise amplifiers(U15a and U15b) through R19, R20, and dc blocking capacitors C61 and C64.  R22, R23, C71 and C72 bias the amplifier inputs to ½ the supply voltage.  The supply voltage regulated and filtered by C66, U21, and C67.  The I and Q receiver outputs are available at H16.

  A zero ohm resister connects the V- supply pin of U15 to ground.  If it is desired to have a negative supply for U15, the zero ohm resister can be removed and the – voltage applied to U15.

     If a DC coupled QSD is required(say for use as a VNA) C61,C62, C64, C64 can be replaced by 0 ohm resisters.  In addition R22 and R23 would need to be removed and the junction of C71 and C72 would need to be connected to the center tap of T1 to bias U15 the same as the switches.

