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Introduction:
In this report we finish up weeks worth of work on our chip design.  This is the third and final report on the project, and includes revised versions of both previous reports.  We have seen the chip go from a specification sheet to a fully functional chip design and layout.  To aid us in the process we used two VHDL models that helped us prove both the functionality of the chip and estimate our design timings. Simulations were run on the final layout to prove the proper functionality of the chip, and were matched up against the VHDL models.  The following report is the result of our work.

First and Second Progress Report Revision (Jason):
Pin-Outs

Major changes were made to the preliminary pin-out diagrams that were included in the previous report.  This section of Progress Report 2 was eliminated in favor of the much more detailed pin-out diagram provided in the User Guide section of this Final Report

The VHDL Model

The VHDL models have been significantly modified since the last report.  Changes were made to make them match the final layout of our circuit.  Delays were modified to more accurately match the current state of the system, and the shift D Flip-Flops were removed as discussed later in the Design Decisions portion of this report.  These sections of Reports 1 and 2 were eliminated in favor of the more detailed final models included later in this report.

* The updated Progress Reports 1 and 2 are included in the back of this report.
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Pin #0 (DffIn): This pin provides access to an isolated D Flip-Flop on the chip.  The input applied to this pin will be passed to the D pin on the Flip-Flop.  This pin is used in conjunction with pins 1, and 37.  This pin is used for testing purposes only.

Pin #1 (DffQ): This pin provides the Q output of the isolated D Flip-Flop. This pin is used in conjunction with pins 0, and 37 and is used for testing purposes only.

Pin #2 (P1in1): This pin is where the first bit of the first primary input is applied into the system.
Pin #3 (Pout1): This pin provides the primary output of the chip’s first slice.
Pin #4 (Vdd): Power is provided to all the chip’s components through this pin.
Pin #5 (CarryIn2): A carry input may be applied to this pin.  The input would be passed to the first slice in the chip (depending on Left/Right shifting), and used as either a Left or Right Carry2 signal.  These CarryIn pins, in addition to the CarryOut pins, allow multiple chips to be daisy-chained together to form a larger system.
Pin #6 (P2in1): This pin is where the second bit of the first primary input is applied into the system.
Pin #7 (Pout2): This pin provides the primary output of the chip’s second slice.

Pin #8 (P3in1): This pin is where the third bit of the first primary input is applied into the system.

Pin #9 (CLKout-Slice1): This pin provides the value of the CLKin signal once it has propagated through the first slice.  This pin is useful in making sure that the clock signal is propagating through the system correctly and is not experiencing an excessive fan-out condition.

Pin #10 (CLKout-Slice2): This pin provides the value of the CLKin signal once it has propagated through the second slice.  This pin is useful in making sure that the clock signal is propagating through the system correctly and is not experiencing an excessive fan-out condition.
Pin #11 (LUTtest / ConfigOut-Slice3): This pin shifts out the chip’s configuration data serially when the system is put into TestMode.  In addition, it will provide the Configuration of the last bit in the rightmost slice and can be used to monitor for proper configuration.
Pin #12 (RightCarry2-2): The output of the RightCarry2 signal between Slice 1 and 2 can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Right-Carry mode.  
Pin #13 (LeftCarry2-3): The output of the LeftCarry1 signal between Slice 1 and 2 can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Left-Carry mode.
Pin #14 (RightCarryOut2 / RightCarry2-3): The output of the RightCarry2 signal of the third slice can be observed on this pin.  Therefore, this pin also functions as the RightCarryOut2 pin when the system is in right-carry mode. 

Pin #15 (Pout3): This pin provides the primary output of the chip’s third slice.
Pin #16 (ConfigOut-Slice 2): This pin allows for testing the proper propagation of the configuration signal through the second slice in the system. 

Pin #17 (RightCarryOut1 / RightCarry1-3): The output of the RightCarry1 signal of slice three can be observed on this pin.  Therefore, this pin also functions as the RightCarryOut1 pin when the system is in right-carry mode.
Pin #18 (RightCarry1-2): The output from slice two can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Right-Carry mode.
Pin #19 (TestMode): The signal (logic high) to put the chip into TestMode is applied at this pin.  Setting this pin to logic high enables TestMode, and the chip begins shifting in configuration bits on the rising edge of each clock cycle.  This mode can be used in combination with ConfigIn to perform a flush test and ensure proper operation of the chip. 

Pin #20 (InverterOut): This pin provides an output equivalent to the logical opposite of whatever signal is placed on Pin #21.  This inverter is isolated from the rest of the chip, and is used for testing purposes only.
Pin #21 (InverterIn): This pin provides access to an isolated inverter on the chip.  The logical opposite of whatever signal is applied to this pin will be produced on Pin #20.  This pin is used for testing purposes only.
Pin #22 (LeftCarry1-3): The output of the LeftCarry1 from slice three can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Left-Carry mode.
Pin #23 (P3in2): This pin is where the third bit of the second primary input is applied into the system.
Pin #24 (Ground): The ground signal is provided to all the chip’s components through this pin.
Pin #25 (CarryIn1): A carry input may be applied to this pin.  The input would be passed to the first slice in the chip (depending on Left/Right shifting), and used as either a Left or Right Carry2 signal.  These CarryIn pins, in addition to the CarryOut pins, allow multiple chips to be daisy-chained together to form a larger system.
Pin #26 (ConfigIn): This pin is always used to provide serial inputs into the chip.  In TestMode, this pin will be used to provide a serial input into both the LUT configuration and inter-slice carry shift registers.  In configuration mode, it will be used to serially configure the Look-Up-Tables.  Therefore, this pin will be used with either the SetLUTs pin #30, or the TestMode pin #19.
Pin #27 (CLKin): This pin is used to provide a steady clock signal to each and every D Flip-Flop on the chip.  The clock is used mainly for the configuration and test modes.  Once the chip is tested and configured it could be operated asynchronously, although the signal will remain useful for determining when the output is ready after a change on the input pins.
Pin #28 (P2in2): This pin is where the second bit of the second primary input is applied into the system.
Pin #29 (P1in2): This pin is where the first bit of the second primary input is applied into the system.
Pin #30 (SetLUTs): The signal (logic high) to put the chip into configuration mode is applied at this pin.  Setting this pin to logic high enables configuration mode, and the chip begins shifting in configuration bits on the rising edge of each clock cycle. 

Pin #31 (RightCarry1-1): The output of the RightCarry1 signal of slice one can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Right-Carry mode.
Pin #32 (LeftCarry1-2): The output of the LeftCarry1 of slice two can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Left-Carry mode.

Pin #33 (LeftCarryOut1 / LeftCarry1-1): The output of the LeftCarry1 signal of slice one can be observed on this pin.  Therefore, this pin also functions as the LeftCarryOut1 when the system is in left-shift mode

Pin #34 (ConfigOut-Slice 2): This pin allows for testing the proper propagation of the configuration signal through the second slice in the system

Pin #35 (LeftCarry2-2): The output of the LeftCarry2 of slice two can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Left-Carry mode.

Pin #36 (LeftCarryOut2 / LeftCarry2-1): The output of the LeftCarry2 signal of slice one can be observed on this pin.  Therefore, this pin also functions as the LeftCarryOut2 pin when the system is put into left-shift mode.

 Pin #37 (DffClock): This pin provides the clock input signal to the isolated D Flip-Flop. This pin is used in conjunction with pins 0 and 1, and is used for testing purposes only.

Pin #38 (RightCarry2-1): The output of the RightCarry2 of slice one can be observed on this pin.  This is useful when testing the value of the intermediate carry when in Right-Carry mode.

Pin #39 (CLKout): This pin provides the value of the CLKin signal once it has propagated through the entire system.  This pin is useful in making sure that the clock signal is propagating through the system correctly and is not experiencing an excessive fan-out condition.
Timing Diagrams

Testing Strategy (Jason):
There are a number of steps that can be followed to ensure that the chip has been fabricated properly, and that the chip functions in the expected way.  The testing strategy is a documented procedure that may be followed to determine correct operation of the chip.  This procedure begins by testing the chip’s most basic components, and moves on to the more complicated structures.  This procedure is intended to be completed in series, so operations that are necessary for every test step, such as connecting power and ground, are only mentioned in the first step.

Testing the Inverter

Begin the chip verification by testing for the proper operation of a stand-alone inverter.  Connect a constant 5 Volt power source to the Vdd pin (Pin #4 on the diagram).  Then connect the Gnd pin (Pin #24) to the source’s ground.  To test the inverter, apply a logic high input to the Inverter’s test pin (Pin #21).  Probe the test Inverter’s output pin (Pin #20) to ensure that a logic low is received.  Next, change the logic high input on the test pin (Pin #21) to a logic low, and probe the output pin (Pin #20) to ensure that a logic high is received.  Proceed to the next step if the chip’s inverter is working properly.

Testing the D Flip-Flop

The next step is to test the stand-alone positive edge-triggered D Flip-Flop.  Begin by applying a logic low to the CLKin (Pin #37), and Dffin (Pin #0) pins.  Attach a probe to the DffQ (Pin #1) pin.  Now, switch the input to the CLKin pin so that it is receiving a logic high.  The output of the DffQ pin should be a logic low.  Set the Dffin to a logic high, and CLKin to logic low.  After a brief period of time, switch the CLKin signal back to a logic high.  The output of the DffQ pin should now be logic high.  Proceed to the next step if the chip’s inverter is working properly.

Performing a flush test

Functionality
Next up is the verification of the chip’s two independent shift registers.  The testing of these registers will require a flush test to be performed on the system.  Attach a probe to the shift out pin, LUTtest (Pin #11).  Apply an alternating clock signal of 20 MHz to the CLKin (Pin #27) pin.  A reduced clock speed will be used in the first part of this step to verify the functionality of the chip, not its performance.  Apply a separate alternating signal of 10 MHz to the ConfigIn (Pin #26) pin.  Observe the outputs along the LUTtest pin.  The LUTtest pin should begin alternating after 81 clock cycles, and should stop alternating if the CLKin signal is held at logic low.  You can also observe the propagation of the flush bits by probing the intermediate shift pins #34, and #16.

Performance
The next step is to ensure that the chip is capable of handling a flush test at its full rated clock speed.  Set up the chip exactly as show in the Functionality section above, only this time apply an alternating clock signal of 50 MHz to the CLKin (Pin #27) pin, and an alternating signal of 25 MHz to the ConfigIn (Pin #26) pin.  As before the LUTtest pin should begin alternating after 81 clock cycles.

Proceed to the next step if the chip is functioning properly.

Testing a Single Slice

Next we need to verify the proper operation of the one of the slices in the system.  Begin by attaching probes to ConfigOut (Pin #34), RightCarry 1-1 (Pin #31), and RightCarry 1-2 (Pin #38).  Then apply a 50 Mhz clock to the CLKin (Pin #27) pin.  Apply logic lows to each of P1in1 (Pin #2), P2in1 (Pin #29), Carryin1 (Pin #25), and Carryin2 (Pin #25).  Apply one bit of the bit string “001000101011101100100010101110110010001010111011001000101011101100100010101110110” to the ConfigIn (Pin #26) pin while holding the SetLUTs (Pin #30) high.  Notice that the string is simply the 16-bit string “0010001010111011” repeated 5 times with a “0” appended as the final bit.  Immediately after setting the last bit in the string, switch the SetLUTs pin to logic low.  Ensure that a logic “0” is present on the ConfigOut pin, otherwise the configuration may have been performed incorrectly.

The system should produce logic lows on both the RightCarry pins.  Now, change the P1in1 pin so that it receives a logic high.  The RightCarry pins should now display logic highs as well.  Proceed to the next step if the chip is functioning properly.

Testing the System 

Finally, we will verify the proper operating of the chip by expanding the previous Single Slice test to cover the entire chip.  Connect probes to LUTtest (Pin #11), LeftCarryout1 (Pin #33), LeftCarrout2 (Pin #36), Pout1 (Pin #3), Pout2 (Pin #7), and Pout3 (Pin #15).   Apply logic lows to the P1in1 (Pin #2), P1in2 (Pin #29), P2in1 (Pin #6), P2in2 (Pin #28), P3in1 (Pin #8), P3in2 (Pin #23), Carryin1 (Pin #25), and Carryin2 (Pin #25).  Apply one bit of the bit string “001000101011101100100010101110110010001010111011001000101011101100100010101110111” to the ConfigIn (Pin #26) pin while holding the SetLUTs (Pin #30) high (Notice that the final bit of the string has changed from a “0” to a “1”).  You must repeat this string 3 times in order to replicate the configuration to each slice in the system.  Once all three are configured, switch the SetLUTs pin to logic low. Ensure that a logic “0” is present on the LUTtest pin, otherwise the configuration may have been performed incorrectly.

The system should produce logic lows on both the Carryout pins.  In addition, each of the Pout pins should also contain a logic low.  Now, change the P1in1 pin so that it receives a logic high.  The CarryOut pins should now display logic highs as well.  In addition, the Pout pins should all be logic low.

Once this step has been reached we can say with some certainty that the chip functions in the proper manner, and at the proper clock speed.  The chip’s stand-alone parts have tested positively.  We have verified the proper operation of the system as a Comparitor using each of the available carry bits, which ensures the chip functions properly in both the Left and Right directions.

Major Design Decisions (Jason/Vaishali):
Description of the Architecture

Our chip is composed of three bit slices, each containing a set of 5 look-up-tables, 5 16-bit multiplexers, and a single extra Flip-Flop for defining a left or right shift configuration.  Each slice also contains a circuit that modifies the clock signal going into each of the 5 look-up-table’s Flip-Flops.  The signal is modified such that each Flip-Flop receives an actual clock signal only when the chip is in Configuration or TestMode (but not both, as that is an invalid state).  Therefore, during the normal mode of operation the current configuration of each Flip-Flop in the slice is preserved.  The slices are arranged one next to the other vertically, and are connected to the pad frame.  

The system requires a clock signal to be put into Configuration or Test mode.  When the chip is in the normal mode of operation the clock is not required for any particular function.  It is possible, however, to use the clock to determine when the solution is ready along the output lines.  When an input is applied at the beginning of a clock cycle, the chip will produce an answer by the end of the cycle.  This was done to ensure that the user knows when the system has completed calculating because the signal along the output lines may change during the cycle due to carries being propagated through the system.

Move to Three Slices per Chip

It became apparent in the last Report that we would not be capable of fitting the four slices we would have liked into our chip.  The sheer number of Flip-Flops required for our design utilized a significant portion of our design area.  In the end, we were able to fit three slices onto the chip with only three lambda remaining between the sides of the chip and the poly ring.  We have enabled the first slice in our system to operate independently of the other slices, which will allow us to test a single slice without configuring the entire chip.

Removal of the Carry Shift Register

When we removed the fourth slice in our chip we were able to free up a number of extra pins that could be used for other test lines.  Because of these extra pins, we were able to completely eliminate the Carry shift register we had intended to be used to test the values of the inter-slice carries.  In its place we were able to pull each of the carry signals out to a pin on the chip.  This allows us to save some area on the chip for wire routing and reduce the complexity of the design.  In addition, we will be able to monitor the values of the carries without entering the TestMode, which will help us check the chip for errors.

Maximum Clock Speed

We decided to fix our clock at a speed of 40MHz.  At this speed the IRSIM simulation runs correctly and produces the proper output.  Any higher and IRSIM produces erratic results.  Although this clock speed is rather low, it will not greatly affect the performance of the system once the chip is configured.  This is due to the fact that our chip operates in parallel completely asynchronously once the chip enters normal mode.  Our only consideration was that we wanted the output of all three slices to be ready on the output pins, even in the worst case, within a single clock cycle.  This allows us to achieve a throughput of one three-bit computation per clock cycle.

* These decisions are in addition to those discussed in previous reports, which can be found at the back of this report.

Circuit Simulation (Vaishali):
VHDL Simulation (Jason):
The VHDL system from the previous progress report was updated to take into account the changes made to the system.  Both the structural and behavioral models were updated to match the final state of our system.  The VHDL code and waveforms for both models can be found on the following pages.  The behavioral model tests functionality only, while the structural model is capable of testing functionality and the proper delay of the system.

The VHDL model for our Bit-Slice predicts a worst-case propagation delay of about 2.88 nanoseconds.  This prediction is very close to the delay of the slice as measured by IRSIM, which was approximately 2.83 ns.  This shows that our VHDL model was very successful in predicting the delay of our circuit when provided with the delays for each of the standard cells that were used to implement it.

The VHDL model for our chip predicts a worst-case propagation delay of about 9.09 nanoseconds.  This prediction is close to the delay of the slice as measured by IRSIM, which was approximately 10.66 ns, for a difference of approximately 1.5 ns.  Since our VHDL model was assigned delays equivalent to those of the standard cells, this result makes sense.  Our actual chip implementation contained long wires that could add significantly to the resistance, slowing down the performance of the chip.  These long wire runs would not be taken into account because the VHDL behavioral-level components were simply assigned the delays of the standard cells without any wiring connections made.

Both simulations produced functionally correct results.  The inputs and outputs can be seen on the annotated waveforms, as well as the locations of the worst-case delays.

Conclusions:
This project was very interesting, although difficult to understand at times.  We saw a design through from specification to completed layout.  Along the way we developed VHDL models to guide our design that turned out to be more accurate than we had thought they would.  The design was laid out using Magic, first for a single slice, then for the entire chip.  Finally the chip was fit into the pad frame and all the proper connections were made.  The simulations produced from the extraction of our Magic layout generally matched what we expected from the VHDL model.  Finally, a CIF file was created so that our completed chip can be sent to be fabricated.[image: image2..pict]

















































































