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(Modified) Node Voltage Analysis
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Overview

System of Equations:

Kirchhoff’s Current Law:



Overall Design
Overview

Driver:

1. Takes in input file (SPICE netlist)

a. Circuit components + transient analysis parameters

2. Translates the components into matrix representation

3. Matrix solver loop

a. Matrix is written to FPGA memory

b. FPGA performs Gaussian Elimination

c. FPGA writes results

4. Writes to CSV file (time, node/voltage values)



Input Parsing

Input: SPICE deck
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Overview

Parse:

add_vsrc(...)
add_res(...)
add_ind(...)
add_cap(...)

Vsrc
  type: Linear
  stamp_lin: vsrc_stamp
  n1: 1 n2: 0
  ni: 4
  dc_value: 5

Res
  type: Static
  stamp_lin: res_stamp
  n1: 1 n2: 2
  resistance: 10

Component Array:

Ind
  type: Linear
  stamp_lin: ind_stamp
  update: ind_update
  n1: 2 n2: 3
  L: 1e-3 dt: 5e-6
  i_prev: 0
  v_prev: 0

Cap
  type: Linear
  stamp_lin: cap_stamp
  update: ind_update
  n1: 3 n2: 0
  C: 1e-6 dt: 5e-6
  i_prev: 0
  v_prev: 0



Input Parsing
Overview

We support the definition of:

- Voltage and current sources

- Voltage controlled voltage and current sources

- Resistors

- Capacitors

- Inductors

- Diodes

- NMOS and PMOS

Miscellaneous

- .TRAN (time information for transient analysis)

- Comments



Diode
Newton’s method
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Models

1. Stamp
2. Solve
3. Update



Capacitor

Make a time step approximation
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Models



MOSFETs

Piecewise nonlinear equation
Multivariable linear models
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Models



For each timestep:

- Stamp static components

- While (not converged)

- Stamp linear components

- Copy G and I to FPGA

- ioctl()

- Read v from FPGA

Solves matrix on hardware

Matrix Solver
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Overview



Theory
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Gaussian Hardware

Gaussian Elimination:



State Machine
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Gaussian Hardware



gaussian_elim

Memory access has two cycle 
delay, pipelining
Custom FP operations to speed 
system up
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Gaussian Hardware
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State Block Diagram
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State Block Diagram



15



16



17



FP IP

Intel FPGA, set FP to work for 50MHz clock and 
had corresponding latencies
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Gaussian Hardware



M10K Memory
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Interface

Dual port memory

- One port connected to HPS

- One port connected to FPGA

- Used to store G (128 x 128), I (128), V (128)

- Total of 128 x 256 (rounded up from 130) x 4 (float) = 128 kilobytes



Control Signal ioctl()
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Interface



Platform Designer
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Interface



4th-Order Filter
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Applications



CMOS
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Applications



555 Hybrid Chip
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Applications



Add a link to project slides

Failure Modes

- Singular matrix
- Unstable equilibria
- Unreasonable initial value
- FP error
- Time Step
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Applications
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