Teo Patrosio
EE103 - Intro to VLSI
Lab 5



8-Bit ALU

Schematic

Op Code Op Code Functions
} 00 Addition (A+B)

) )1 Subtraction (A-B)

10 <Your Choice>

Result

+ Overflow

Testing Framework

8-Bit MUX module




10 Operation: NAND
8-Bit bitwise NAND module

Testing op code: 10 component
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time | 60.0 61.0 62.0 63.0 64.0 65.0 66.0 67.0 68.0
A 11100001 | 10100001 | 11000001 | 10000001 | 11111111 | 10111110 11011110 | 10011110 | 11101110
B 11111111 ) 11111111 | 11111111 | 11111111 | 11111111 | 11111111 11111111 | 11111111 | 11111111

S 00011110 | 01011110 | 00111110 | 01111110 | 00000000 | 01000001 00100001 | 01100001 | 00010001




1-Bit Full Adder with Two’s Compliment

| @ . (] ) \ Run: “.1biLiuIIadder_MOs_LUS"

Run: "1bit_fulladder_twos_LVS" from
fhitpatro01/ee/ee 103/XFAB/Assural Vs

Schematic and Layout Match.
You currently have an open run (project).

Do you want to dose current project and view the results of new run?
Summary of LVS Issues

Extraction Information:

0 celis have 0 mal-formed device problems
0 cells have 0 label short problems
0 cells have 0 label open problems

Comparison Information:
0 cells have 0 Net mismatches
0 cells have 0 Device mismatches -
0 cells have 0 Pin mismatches H O [ ] X
0 cells have 0 Parameter mismatches

ELW Information @ No DRC errors found.

Total DRC violations: 0
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4-Bit Full Adder Module

Symbol
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8-Bit Full Adder with 4-Bit Carry Select

Original Schematic without 4-Bit Adder Modules

Top Level of Layout

Overall Layout




Results

[ ] © |X| Run: "4bit_fulladder_carryselect_NEW_MU...

Run: "4bit_fulladder_carryselect NEW_MUX_NEW_ADDER_LVS" from
Ihitpatro01/ee/ee103/XFAB/AssuralVs

Schematic and Layout Match.
You currently have an open run (project).
Do you want to close current project and view the results of new run?

Summary of LVS Issues

ave 0 mal-formed device problems
0 cells have 0 label short problems “z—l--lu-_q!
0 cells have 0 label open problems l:::l

Comparison Information: \‘"

0 cells have 0 Net mismatches

0 cells have 0 Device mismatches
0 cells have 0 Pin mismatches Nl:l DRC Errors fl:lur"j
0 cells have 0 Parameter mismatches

Test Results (100 fF)

® Generated by Spectre from "I17'

127 + 1 = -128 (0F=1), PASS, delay: 2.77 ns
-128 + =127 ( ), PASS, delay: 2.22 ns
56 — i = 55 ( ), PASS, delay: 2.03 ns
55 - 56 = -1 ( ), PASS, delay: 2.17 ns
-1 - i = -2 (OF=0), PASS, delay: 1.81 ns
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127 = -128 , PASS, delay: 2.18 ns
-128 , PASS, delay: 2.27 ns
, PASS, delay: 1.88 ns
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Test Results (10 fF)

Table View | Tree View
Target: Instance

Instance View To Use
B} £% i(test adder_improved_analyzer_new_layout_tb schematic)

(&) co (analoglib cap spectre)

(L C<0:7> (analogLib cap spectre)
(&) 117 (eval_tools adder_analyzer veriloga)

(0 122 (test 4bit_fulladder_carryselect NEW_MUX_NEW_ADDER analog extracted)  analog extracted
(&) VO (analogLib vdc spectre)




Overall the layout does match the schematic so functionally they are the same. As expected however,

the layout uses more power due to the calculable losses from having measurable areas. The overall

differences with power and delays definitely make sense. | think the layout could have been improved by

using less area and better optimizing for area. This would have lowered resistance and then use less
power overall.

Worst Worst Maximum | Static Avg. Number Area (sq.
case input | case delay | Operating | Power Dynamic of um)
conditions | (ns) Frequency | (pW) Power @ | Transistor
(MHz) 5MHz 3
(uw)
Carry 127 +1 3.07 325 6.79 3.88 100
Ripple
4-bit Carry | 127 +1 2.77 361 9.43 5.64 490
Select
4-bit Carry | 127 +1 4.23 236 624 9.67 490 25600
Select
Post
Layout

Throughout the design process, | learned so much. | thought it was really cool to start off at the

schematic transistor gate level and then build up to an “accelerated” adder. | think it was a fairly intuitive
design process (even if the tools had a bit of a learning curve). | thought that the tutorial website was
incredibly helpful and very clear. Having access to a knowledgeable TA also made the entire process
slightly more frictionless.



