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Correctness

Given Testbench (Limited Test Cases):
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Correctness

Custom Testbench (All Test Cases, Only T=1 Cases Shown):
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Old Design Topology
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Old Design Results

Performance:

E,(no V,, or sizing) = 3638.43fJ

D _. (noV_ orsizing) = 406.451 ps

E, (V,,and sizing) = 147.509 fJ

V,,=0.5815 V

AE(Sizing) = 1099.19 fJ - 3638.43 fJ = -2,539.24 fJ
AD(Sizing) = 309.332 ps - 406.451 ps = -97.119 ps
AE(V, ) =470.453 fJ - 3638.43 fJ = -3,167.977 1J
AD(V, ) = 725.212 ps - 406.451 ps = +318.761 ps
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Old Design Issues

1. Be careful with PTL

PTLAND used in adder

Output not full swing

Correctness affected

Swtich to CMOS instead (utilized in new design)

2. The default Virtuoso library gates are not sized to
match unit inverter by default

Fortunately, we later find out it is not useful anyway...
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Circuit Topology Optimization

¢ NAND/NOR minimization

for boolean logic

— Minimize number of gates
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¢ Removal of redundant
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logic and gates

— double inverter
— meaningless multiplexer
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New Design Topology
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New Design Topology

¢ Combining FLIP and ADDER (with optimization)

PTL XOR
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New Design Results

Performance:

E,(noV, )= 1586.55 fJ

D . (noV,)=225.173 ps

E (V,)=113.8071fJ ~341Jreduction from old design
Vo, =0.591V

AE(V, ) = 113.807 1J - 1586.55 fJ = -1472.743 1J

AD(V, ) = 671.151 ps - 225.173 ps = +445.978 ps
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Critical Path Analysis

Matlab results
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Critical Path Analysis

Worst two cases:
1. X0 triggered tphl: 1101 -> 1100 ~798ps @0.551V
2. X0 triggered tplh: 1100 -> 1101 ~797ps @0.551V




Gate Sizing (Adder)
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Gate Sizing (Adder)




Gate Sizing (MUX)




Gate Sizing (Comparator)




Gate Sizing (Comparator 2-input Nand 1x)
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Gate Sizing (Comparator 3-input Nand 1x)




Gate Sizing (Comparator 3-input Nand 2x)




Design Optimization (V

DD)

¢ Best V determined according to worst case tIo of critical path




Design Optimization (V

DD)

¢ Simulation results (delay and energy)

% ADEL (1) - tb_project_fixed tb_Abs_Value_Detector config@eeapps02.seas.ucla.edu - O X %W ADEL (1) - tb_project_fixed tb_Abs_Value_Detector config@eeapps02.seas.ucla.edu — O X
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10 tpih_X1_OUT 600.437p v | v 10 tpih X1_OUT 715.323p v |
E tphl_X1_0UT 558.269p v v ; tphl_X1_OUT 659.019p v v
12 tpih X2 OUT 601.223p 2 | 12 tpih_x2_0UT 712.256p 2 |2
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14 tpih_X3_OUT 657.339p v v 14 tpin_x3_oUT 781.1p v | v
1_5 tphl_X3_OUT 658.864p v v E tphl_X3_OUT 779.448p v v
E Delay X3_OUT 658.101p v v E Delay X3_OUT 780.274p v v
;;_ Delay_X2_OUT 609.463p v | ;; Delay_X2_OUT 721.304p v |
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> Results in ../classzhi/simulation/tb_Abs_Value

Plot after simulation: M

Plotting mode: \Replace B

e

> Results in ../classzhi/simulation/tb_Abs_Value

1|

Plot after simulation: M

Plotting mode: \Replace '

3

3(5) | Netlistand Run

| Status: Ready | T=27C | Simulator: spectre | State:state_all_cases m

x5)| Stop

| Status: Ready ] T=27C | Simulator: spectre | State:state_all_cases l

VDD scaled according to actual worst case

VDD scaled according to given testbench
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