Cad4-ALU
EE 477

Yexuan Chen, Yuxiang Chen, Xinyi Chang

1. Introduction:

The purpose of this mini project is to design a 16 bits ALU that can perform the add, subtract,
and, or, xor, invert and compare operation. The output of the ALU is selected by 3 three control. Table
1.1 shows the control inputs corresponding to different operation modes. And it also updates the carry
flag, negative flag and the over flow.

Table 1.1 - input pattern

000 AND

100 OR

010 INVERT
110 XOR

001 ADD

011 SUBSTRACT
111 COMPARE

2. Analytical Approach

One big part of the ALU is the adder, and we choose the sklansky tree adder. The adder can
perform both the add and subtract operation. The subtract is done by inverting one of the inputs and
taking in the carry-in of ‘1°, and then do the addition. Specifically, when the subtract signal into the adder
is ‘1’, the carry-in is also true. And there is also a array of logic gates to perform the logic operations.
And the output selection of the ALU is done by an array of MUXs.

3. Schematic

Figure 3.1 shows the top level schematic design of ALU. Figure 3.2 shows the sklansky tree adder. Figure
3.3 shows and, or, invert and xor operation for ALU. Figure 3.4 shows one of the muxi array that used to
select operations. All the simulation waveforms is placed in the “verification” section.



Figure 3.3 And, Or, Xor, Invert operation



Figure 3.4 Muxi Array for Selecting Operations

4. Layout
Figure 4.1 shows the layout design of the ALU. And it is also DRC and LVS clean.




Figure 4.1 - Layout design of the ALU

5. Verification

In order to verify that all the operations are correct. We use a lot of random data as input and test
the functionality of all operations. Figure 5.1 shows simulation of the ADD operation. Figure 5.2 shows
the simulation of SUBTRACK operation. Figure 5.3 shows the simulation of AND operation. Figure 5.4
shows the simulation of the OR operation, Figure 5.5 shows the simulation of the XOR operation. Figure
5.6 shows the simulation of INVERT operation.
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Figure 5.1 - ADD operation
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Figure 5.4 - OR operation
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Figure 5.5 - XOR operation
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Figure 5.6 - INVERT operation



6. Measurements and Analysis
The critical path of the ALU schematic circuit is indicated in Figure 6.1. And Figure 6.2 shows
the critical path of the ALU layout design.

Figure 6.2 - Critical Path of Layout Design



Table 6.1 shows the maximum delay of the critical path.

Table 6.1 - maximum delay

Delay
Schematic 366 ps
Layout 502 ps

The energy dissipation in performing (LAYOUT)
(i): Add 16’hffff with 16°’h0001:
Energy: 0.51 pJ
Power: 0.52 mW
(ii): Subtarct 16’h0001 from 16’hffff:
Energy:0.23 fJ
Power: 0.23 mW

Layout Size:
Width: 76.6
Height: 18.3
Area: 1401.8
Aspect-Ratio: 4.2
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