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PROJECTS



16-BIT CMOS CARRY-
LOOKAHEAD ADDER

Top Level Block Diagram

Final Comparison Results

Process Technology - 45nm (GPDK045)



SCHEMATICS

4-Bit Adder Schematic

16-Bit Adder Schematic

Carry Out GenerationSum Generation

Group P/G GenerationPropagate/Generate Synthesis 

Setup

Intermediate Carry Generation

Sizing: Wn = 120 nm and Wp = 140 nm, tuned empirically to equalize rise/fall times. Series stacks are
scaled by depth (2×, 3×, 4×)



SIMULATION
Functional Simulation

Power-Delay-Product
(PDP) vs VDD

Vector A (FFFF + 0001) Vector B (FFFF + FFFF) Vector C (AAAA + AAAA)



System
Architecture

Measured Cycle Reduction

DESA-BASED 
RUNTIME CONFIGURABLE
SYSTOLIC ARRAY
Reduced-scale RTL reproduction of DESA (Wang et al., IEEE Trans. Computers, 2025). Team
project of five; I designed the systolic array and mode-wave RTL.



ARCHITECTURE

2D Mode Wave
Propagation Pattern

Systolic Array
Block Diagram

Configurable
Processing Element

Modes



RESULTS

Resource Utilization

Measured Cycle Savings

Projected Full-
Scale DRAM

Traffic Savings

– Please see my website nickrathfelder.com for the full paper



FFT CORE

Top Level Block
Diagram

Simulation Waveform



SYNTHESIS

Resource Utilization

Synthesized
Design



SIMULATION

Custom
Sinusoid
(Bin 195)

Constant DC

Nyquist
Sinusoid



ELECTROMAGNETIC 
LAUNCHER

STM32
Interface PCB

Final Prototype



DESIGN

Wire Harness
Schematic

Control PCB
Schematic

MCU Pin
Configuration



PROTOTYPE

Assembled
Control PCB

Single Coil Stage



RF REFLECTOMETER

Top Level Schematic

Layout



SCHEMATICS

Directional
Coupler

Wilkinson
Divider

Amplifier



SIMULATION

Input/Output Return Losses

Forward/Reflected Output Gain
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PROJECTS



UART CORE + 
DEBUG PORT

Block Diagram
(Core only)

Terminal 
Output



FPGA TRAFFIC LIGHT
CONTROLLER

Testbench Waveform

Controller State Machine



WATER RESERVOIR
CONTROL SYSTEM

Interface PCB

Functional 
Prototype



5V-12V BOOST
CONVERTER PCB

Schematic

Layout

Model



SIMULATED DUAL OUTPUT
AC-DC PSU

Schematic

Simulation
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