Introduction to CASTLE 

(Circuit Analysis and Simulation with Transmission-Line Emphasis)

Introduction
CASTLE is a new circuit code that is a hybrid of transmission-line (TL) and modified nodal analysis (MNA) circuit codes for transient analysis.  The CASTLE program runs on the Windows platform and comprises a graphical schematic entry code, a simulator code, and an analysis and graphing code.  The purpose of CASTLE is to provide a modern, graphical schematic entry interface for TL based circuits and also a simulator with the speed benefits of TL codes but with the flexible circuit topology allowed in MNA codes.
Note:  At this time, the analysis and graphing portions of the code are very limited.  Basic graphs can be generated, but CASTLE currently relies on external programs (such as Stella) for analysis.  A text file output option was recently added so that users without access to Stella can output simulation results to other programs (such as Origin or Excel).

Comparison of CASTLE, TL, and MNA Codes

CASTLE combines the simplicity and speed advantages of TL codes with the free topology of MNA codes.  CASTLE is a MNA code in principle, but inductors and capacitors are represented as TL elements and a fixed time step is used.  In this way, the output of CASTLE will EXACTLY match that of any circuit that can be represented in a TL code.  Also, specialized routines written to control the impedance of an element in a TL code can be included in CASTLE with minimal modification.  CASTLE intelligently utilizes the isolated aspect of TL elements to subdivide a large nodal matrix into smaller matrices.  Only those submatrices that contain time varying impedances need to be inverted at every time step.  In this way, the solution speed of CASTLE can rival that of TL codes.  CASTLE also includes current and voltage sources, which are sometimes difficult to implement in TL codes.  The graphical schematic entry module of CASTLE provides a front-end similar to that of many professional MNA codes (but still a work in progress!).  But, schematic entry is improved over MNA codes with respect to TL elements because the ground node does not need to be specified for simple connections between TL elements.  

TL codes generally represent all circuit elements as either transmission-lines of variable but quantized time lengths or as resistors.  Inductors and capacitors are represented by TL elements of unit time length (sometimes capacitors are two units long).  Also, TL codes generally allow only simple connections between elements, which restrict the possible topology of the circuit.  TL codes take fixed time steps during simulation.  The time step is based on the minimum common quantized length of the TL elements.  Simulation in TL codes is very efficient because the ends of each element are time isolated from each other so and the end of each TL element forms an isolated subcircuit where only other connected TL ends and connected resistors need be included.  Because of the usual topology limitations, only certain connections at TL ends are allowed and so the solution to the each subcircuit can be calculated in advance without the need for matrix inversion.  Also, a subcircuit’s solution need only be recalculated for those time steps during which a resistance or impedance value is changed.  TL codes are very well suited to many pulsed-power circuits where most circuit elements are represented very well by TL elements or resistors and generally have a simple topology.
MNA codes have no topology limitation.  Inductors and capacitors are by their true equations.  But, solution involves inverting a large matrix with one column and row for each node and voltage source in the circuit.  Also, the time step is variable and iteration is used within each time step.  MNA codes often have difficulty with pulsed-power circuits because of the rapid switching often involved.  It is possible that the simulation will fail because the matrix solution fails to converge.  Note that TL elements can be represented in MNA codes and that simple circuits involving TL elements and fixed resistors will have identical solutions to that of TL codes (and CASTLE).  Schematic entry of circuits with many TL elements in MNA codes is generally difficult because the ground node must be specified at every connection.  Also, the simulation is often very slow compared to TL codes.
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