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Theory of Operation:


One way to create a analog to digital converter is to use a successive-approximation estimator circuit.  A successive-approximation circuit uses a digital to analog converter and a comparator to step through each bit.  One by one, the circuit steps from greatest to least significant bit.  Setting each bit to one, it uses the comparator to tell if it has moved the approximation above the given analog level. If the current bit has moved the estimate to high, it will reset the bit before moving onwards.  In this fashion, each bit is estimated in turn, and a binary value is computed that is rounded down to the nearest quantization. 


The digital to analog (DAC) converter used was created and tested in a prior lab.  It uses a resistor chain to form a long voltage divider.  Transistors are used to select a point along the resistor chain based upon the input bits.  The voltage at this point is the analog approximation of the input bits. The comparator was provided for us, and used without changes to complete the design. 


In order to test and verify the full layout later, scan logic was implemented. This system involves adding two inputs and in effect, combining a group of flip-flops into one large shift register.  When the “Test” input is asserted, the flip-flops will change their input source, so that data can be fed into them directly.  They also will pass bits from one to another, so that serial data scanned in will determine the states of every flip-flop in the test chain. 

What was Done:


Since the DAC was completed in previous labs, the majority of the work for this lab involved coding the SAR in verilog, simulating, then synthesizing.  The SAR contains two separate pieces, a finite state machine and an estimation register.  Both of those pieces were coded into modules, and then combined in a higher-level file.  Each module was simulated and tested separately, to verify that it worked correctly before implementing the full design (see attached verilog files).  Once the verilog simulation showed the two pieces worked properly, they were combined into the full SAR.  This was tested for multiple estimation cases, as well as the scan input used for testing.


Once the verilog tests were complete, the high-level description files were FTPed to the Unix machines where they were synthesized with the design analyzer called through the dc_shell script.  This creates a Synopsys database file that illustrates the gate-level schematic of the synthesized circuit.  The db2mag script converted the database file into a magic layout.  The three pieces were connected manually in magic into one floorplan cell, then connected to a padframe provided to us.  Since Pspice has trouble with the padframe, the chip was simulated without that cell.

Difficulties:


Where to begin?  Verilog caused the first difficulties with a bug relating to adding a clock.  This caused Verilog to cease giving any output at all.  Another problem involved connecting to the Unix machines to transfer the files or run X-win.  The bulk of the problems were in Pspice.  A major error that leeched several hours of our time was nodes not converging, which we suspect may have been caused by accidentally forcing an output instead of an input to a value.  The next major ordeal was the realization that some of the verilog code was not converted to be negative-edge triggered.  Correcting this meant repeating all of the above steps, including the final wiring in magic.

