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Digital wireless signal transfer 

• Typical wireless signal transfer scenario 

• Assume a digital input         train of coded pulses 

• Output signal: train of distorted pulses 
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Signal transfer 
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Objective 

• Principles 

• Software implementation 

 
• Instrument: the Cagniard–deHoop 

method  

 

• Focus: 

‒abilities  

‒strength 

‒implementation 
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TD analysis of the pulsed 
electromagnetic (EM) field 
signal transfer in planarly 
layered configurations 
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Synopsis 

• Model configurations 

 

• Main requisites for the TD analysis        emphasis on 
the steps in the Cagniard–deHoop method 

 

• Illustrative results 

 

• Implementation aspects  

(seldom, if at all, discussed in the literature) 
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Model configuration: ‘IC integrated 

antenna’ 

• Source: pulsed electric current 
carrying loop in     , aligned 
with the interfaces 
 

•maxdiam(Loop)          ,                                       
l                  and        pulse 
time width 
 

• Loop area 
 

• Excitation: pulsed electric 
current  
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Model configuration: ‘lossless, 

grounded stack’ 

• Excitation: Horizontal Electric 
Dipole (HED) 
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Prerequisites: integral transforms  

• Time: Laplace transform 

 

 

 

• Space: (scaled) Fourier transform 

‒direct 

 

 

 
‒with  
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Prerequisites: integral transforms  

• Time: Laplace transform 

 

 

 

• Space: (scaled) Fourier transform 

‒ inverse 
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Field equations 

• Time-domain EM field equations 

 

• Laplace transform            ; condition: causal excitation 

 

• Fourier transform 

 

• Solve for the spectral EM field quantities  
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Field equations: example 

• Inside each sub-domain of continuity 

 

 

 
• with: 

•            = electric field strength 

•            = magnetic field strength 

•            = potential function  

• dissipative wave equation: 

 
•                   , for              = wave speeds 
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Field equations: example 

• Time-domain wave equation                +                           
spectral wave equation 

 

 

‒ in which 

 
‒ is the propagation coefficient    

 
• Solve the spectral wave equation 
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Determination of the TD quantities 

1.        is applied; a change of variables                         ,                  
with                   , is used 
 

2. The Laplace inversion, via the Cagniard–deHoop 
method: a deformation of the Bromwich contour via 
parametrisation   

 
1. an expression        the Laplace transform of a real 

function         the Laplace inversion by inspection 
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Solution = ∑ { generalised-ray TD constituents }  
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Post-processing 

• The radiated field values can be compared with EMI 
specifications for assessing the EMC of devices 

 

•                       The signal intercepted by a (nearby 
located) receiving antenna 

 

• The field quantities are available with arbitrary spatial 
and temporal resolutions         TD equivalents of the 
radiation patterns 
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Reciprocity 
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Illustrative numerical experiments: 

‘IC integrated antenna’  

• Loop: area                         , located 
at 
 

• Dielectric slab thickness: 
 

• Feeding pulse: normalised, time-
differentiated, power exponential 
pulse, with          and   
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Illustrative numerical experiments: 

‘IC integrated antenna’  
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• Accurate 
 

• Excellent 
temporal and 
spatial resolution 
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Illustrative numerical experiments: 

‘lossless, grounded stack’  
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• Layer thicknesses:                    
and 
 

• Field observed: just above the 
interface   , at 
 

• Examined quantities: the step 
responses              and               
= ∑ {              ,             } 
 

• Examined time window: 
xxxxxxxxxxx     , with  

HED 
• 

• 
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Illustrative numerical experiments: 

‘lossless, grounded stack’  
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Illustrative numerical experiments: 

‘lossless, grounded stack’  
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Implementation aspects 

Effective programming: ingredients yield a (logical)      
tree-like structure  

 

starts at the exciting source  

 
terminates at the end of a specified time window 
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Implementation aspects 

• Determination of the arrival times        numerical solution        

! time consuming 
 

• The Cagniard–deHoop path must be constructed 
numerically 

! time consuming         effective solvers + interpolation 
 

• Triple/quadruple integrals        numerical quadrature  

! effective quadrature solutions 

‒pre-computed data 

‒ trapezoidal rule + parallelisation 
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Conclusion 

A computational framework based on the  

Cagniard–deHoop method is: 
 

• Accurate: within the examined time window, the field 
expression is exact 
 

• Expedient: field values at any location outside the 
direct geometry of the device under consideration 
 

• Effective: a complete computational tool in the realm 
of the design of microelectronic circuits 
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