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First Progress Report Revision (Jason):
There were a number of small changes that needed to be made to our initial Progress Report in order to bring it up to date with out current design.  The following changes were made to ensure that our current design and implementation was reflected accurately in the initial Progress Report.

Pin-Outs

A few minor changes were made to our pin-out configuration in order to simplify our testing strategy.  The extra pins our system contained were used to pull out 4 carry signals from the slice.  These pins were modified such that the first two Left Carry 1 signals, and the first two Right Carry 1 signals were pulled to output pins.  This was done so that we may observe the first few carries in either mode of operation without invoking Test-Mode.

Explanation of Test-Mode

Our explanation of the Test-Mode was also updated for this report.  Since the initial report our understanding of the Test-Mode increased, and the report was changed to better recognize our current implementation.  As described above, Test-Mode was changed such that values are shifted out of each slice, instead of just a single slice.

The VHDL Model

This section has been removed from this report.  See the Final report for information about the VHDL models.

* The updated Progress Report 1 is included in the back of this report.

Logic-Level Design (Jason):
The following pages contain a hierarchical Logic-Level design of our SuperSlicer chip.  The logic-level design turned out to be a relatively straight-forward affair, and the four required levels are described below.

The lowest level designed was the individual Look-Up-Table.  These LUTs were constructed of leaf-level components that will be described behaviorally in the VHDL model discussed later in the report.  The leaf-level components used in the LUT design were D Flip-Flops and 2:1 Multiplexers.  In the layouts, each multiplexer has an inverter on its output because the output of our standard-cell multiplexer is inverted.

The next level was the actual implementation of a single bit-slice.  This design contains a set of 5 of the previously described LUTs.  In addition, leaf-level components including another D Flip-Flop, an XOR gate, and another 2:1 Multiplexer are included.  The LUTs were aligned such that a shifted-in input sets them in the following order: LeftCarry1, LeftCarry2, RightCarry1, RightCarry2, Final, and the extra LeftShift bit.  Obviously, in order to set these systems with a serial input, the data path needs to flow in the opposite direction.  In other words, the initial entry point into the slice is through the LeftShift bit.  Each slice also contains a system to control how the clock is sent to each of the Flip-Flops in each of the LUTs.  In order to halt the constant shifting of the system on the clock, a small circuit was implemented to alter the clock signal the Flip-Flops receive.  If the system is exclusively in either of the configuration or Test-Modes, the Flip-Flops will see an unaltered clock on their clock input.  Otherwise, the Flip-Flop clock input will be set to ground, thereby halting the shifting mechanism.  This will not affect the timing of the system because each Flip-Flop in the system will be receiving this slightly delayed signal, which should eliminate any clock overlap.

The final level’s implementation is the final full-system SuperSlicer design.  This design is composed of 4 identical bit-slices as described above, with each of the inter-slice carries pulled out to pins.

Transistor Diagrams and Layout (Vaishali):
The PBLA chip that we have modeled in the layout level is a bit-slice design style. In this design style, the chip is modeled as an interconnection of a number of slices which can be replicated easily and consequently all of them are interconnected. This bit-slice design has the advantage of reusability, simplicity and ease of design. 

In our chip, the slice basically consists of 5 Look up Tables (LUTs) each of which is 16 bits. Each of these LUTs is configured such that each of them gives a unique output according to the operation required. In our slice, we have configured the LUTs to perform the addition of two bits along with the carries. Each of the LUTs is modeled using a 16x1 multiplexer and a 16-bit register. Each of these was constructed using standard cell components like the 2x1 MUX and positive-edge triggered D FF. 

Firstly, the 16x1 MUX was constructed using 15 2x1 multiplexers connected in 4 stages. The area of this multiplexer was reduced considerably by overlapping 3 stages.

Also, the 16-bit register was constructed such that it functions both as a shift register in the configuration mode and as a parallel-load register in the execution mode. The length of this register was found to be double that of the multiplexer and hence abutting them would result in wastage of a lot of area. Hence, it was decided to halve the register and place both the halves on either side of the multiplexer. This topology allows for compact layout of the LUT as also simplistic routing.

The LUT was then tested for functional verification in IRSIM. The results obtained were the same as expected. 

The LUT once constructed was then replicated 5 times to complete the slice. Here too, we found that stacking the LUTs was advantageous as the number of LUTs and their areas made it difficult to lay them out in the available square area of 2600x 2600 lambdas. The additional multiplexers needed for the final LUT were placed into the empty slots in the slice so as to not use additional area.

Each slice also generates a clock from the original system clock. In doing so, it uses the standard cell XOR gate plus an AND gate to select whether to clock or be grounded depending on the mode signals.

Care was taken to see that all outputs to subsequent stages were pulled out such that integrating them would be easier.

The slice was tested for its functionality and was found to work as expected.  However, a few glitches were observed. The glitches are attributed to the considerable routing of wires so as to allow for compact layout. However, these glitches were found not to transmit to subsequent stages and hence are assumed not to be critical to the functionality of the slice.

Logic-Level VHDL Design (Jason):
Please see the Final Report for the final VHDL models.
SuperSlicer Chip Floor Plan (Vaishali):
The floorplan of the chip was found to be critical to our chip design. Especially, since each slice occupies a major chunk of real estate, careful floorplanning and routing becomes all the more important.

The design area available to us is 2600x2600 lambda. And the area of our slice is 1880x950 lambda. This means that we could be able to integrate 3 slices with careful routing and overlap between slices.

 While in out 1st report, we had reported using 4 slices in the chip, this report looks at the ground realities at the physical level. This also leaves out a lot of pins that can be used for testing various intermediate signals.

In addition to the slices, we also need to provide for scan chains during test mode. Hence we provide for FFs at the output of each of the carries which are then passed onto the subsequent slices. In essence, all the bits are flushed out through the LUTtest  pin. The chip uses just one scan chain between the three slices and in effect uses 8 D FFs. These can be readily integrated in the remaining area available to us.

Also, most pins were dedicated to check the output of all out global signals like clock, Testmode, SetLUTs , ConfigIn. So also, due to the lack of much area for a stand-alone bit slice, we instead tap all the inputs and outputs of the first slice to check for testing of the chip.

* Note:  While the pins of the included floor plan are no longer accurate, the included floor plan is unchanged.  See our Final Report for the correct pin outputs.

Major Design Decisions (Jason/Vaishali):
Serial Configuration

The first major design decision made was that our system should take on a serial-only configuration mode.  This design was chosen over a parallel configuration mode that would be capable of setting each slice’s LUTs at the sime time.  This type of parallel configuration would have decreased the configuration time by a factor of n, where n is the number of slices.  However, we decided that the system would add unnecessary complexity and take up a portion of our already scarce chip area.  For these reasons, and because configuration time is not one of the design considerations, a serial-only configuration mode was chosen.

Shift D Flip-Flops

These have been removed from the final design, see the Design Decisions section of the Final Report.

* Note:  These design decisions are in addition to, not in replace of, the design decisions discussed in the previous Progress Report 1 (which can be found at the back of this report).
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