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Synopsis

SYNOPSIS:

• Problem formulation

• Method of (analytical) solution ( Generalized Cagniard-DeHoop method )

• Illustrative numerical results

• Application to signal integrity analysis in pulsed-field EM radiative inter- and

intra-device signal transfer
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Research objectives

AIM OF THE RESEARCH:

• Studying methods for characterizing pulsed-field EM radiative signal transfer in

inter- and intra-microelectronic circuits/devices through the time-domain anal-

ysis of appropriate model configurations

• Analyzing the signal integrity associated with the signal transfer in such con-

figurations

• Developing the basis for appropriate time-domain EM Interference regulations

pertaining to pulsed-field inter- and intra-microelectronic circuits/devices signal

transfer

• Constructing analytical results for the benchmarking of the relevant EM com-

putational procedures



04

Delft University of Technology c© 2011 Laboratory of Electromagnetic Research

EM Research

Model configuration

MODEL CONFIGURATION: • Line-source of electric current excited thin,

high-contrast layer with dielectric and conductive properties

ǫ, µ

ǫ, µ

x

z

{σL, ǫL}d

line source of
electric current

I(t)

h

• GL = lim
d↓0

∫ d/2

z=−d/2

σL(z)dz (thin-sheet conductance )

• CL = lim
d↓0

∫ d/2

z=−d/2

ǫL(z)dz (thin-sheet capacitance )
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2D Maxwell field equations

2D MAXWELL FIELD EQUATIONS: • {Hx, Ey, Hz, Jy}(x, z, t); ∂y = 0

•









0 −∂z 0

∂z 0 −∂x

0 ∂x 0

















Hx

0

Hz









− ǫ ∂t









0

Ey

0









=









0

Jy

0









•









0 −∂z 0

∂z 0 −∂x

0 ∂x 0

















0

Ey

0









+ µ ∂t









Hx

0

Hz









=









0

0

0









THIN-SHEET BOUNDARY CONDITIONS:

• Ey(x, z, t)
∣

∣

∣
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z=−d/2
= 0 • Hx(x, z, t)

∣

∣

∣

z=d/2

z=−d/2
= (GL + CL ∂t) Ey(x, 0, t)



06

Delft University of Technology c© 2011 Laboratory of Electromagnetic Research

EM Research

Field excitation

FIELD EXCITATION (ELECTRIC-CURRENT LINE SOURCE):

• Jy(x, z, t) = I(t)δ(0, h) • I(t) = source signature

POWER EXPONENTIAL PULSE (3-PARAMETER UNIPOLAR PULSE):

• I(t) = Imax

(

t/ tr

) ν
exp

[

− ν
(

t/ tr − 1
)]

H(t)

• Imax = pulse amplitude | • tr = pulse rise time | • ν = pulse rising power

Model pulse Typical digital pulse
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Cagniard-DeHoop method

• TOTAL FIELD {Hx, Ey, Hz} =

• INCIDENT FIELD {H i
x, E

i
y, H

i
z} +

• SCATTERED FIELD {Hs
x, E

s
y, H

s
z}

CAGNIARD-DEHOOP METHOD

• Time Laplace transformation ( ·̂ ) ∂̂t = s s ∈ R, s > 0

• Waveslowness representation ( ·̃ ) ∂̃x = −iαs α ∈ R

• Cagniard-DeHoop representation iα = p p ∈ C

waveslowness domain {p, z, s} 7−→ spacetime domain {x, z, τ}

• Cagniard-DeHoop contour deformation p → p(x, z, τ ) τ = time ∈ R
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Field representations (waveslowness domain)

• INCIDENT FIELD:

• Ẽ i
y(p, z, s) = µ s Î(s) G̃i(p, z, s)

• G̃i(p, z, s) =
exp[−sγ(p)|z − h|]

2 s γ(p)

• γ(p) = (1/c2 − p2)1/2 c = (ǫµ)−1/2 Re[γ(p)] ≥ 0

(slowness-domain propagation coefficient)

• SCATTERED FIELD:

• Ẽs
y(p, z, s) = µ s Î(s) S̃L(p, s) G̃s(p, z, s)

• G̃s(p, z, s) =
exp[−sγ(p)(h + |z|)]

2 s γ(p)

S̃L(p, s) = slowness-domain scattering coefficient layer
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Field expressions (time Laplace-transform domain)

• INCIDENT FIELD:

• Ê i
y(x, z, s) = µ s Î(s)

1

2πi

∫ i∞

p=−i∞

exp{−s[px + γ(p)|z − h|]}

2 s γ(p)
dp

• p → pi(x, z, τ ) : pix + γ(pi)|z − h| = τ | • T i ≤ τ < ∞ ( CdH-path )

• Ê i
y(x, z, s) = µ s Î(s)

∫ ∞

τ= T i
exp(−sτ )

1

2π(τ 2 − T i2)1/2
dτ

• T i = (x2 + |z − h|2)1/2/c (arrival time)

• SCATTERED FIELD:

• Ês
y(p, z, s) = µ s Î(s)

1

2πi

∫ i∞

p=−i∞

SL(p, s)
exp{−s[px + γ(p)(h + |z|)]}

2 s γ(p)
dp

• p → ps(x, z, τ ) : psx + γ(ps)(h + |z|) = τ | • T s ≤ τ < ∞ ( CdH-path )

• Ês
y(p, z, s) = µ s Î(s)

∫ ∞

τ= T s
exp(−sτ )Re[S̃L(p

s, s)]
1

2π(τ 2 − T s2)1/2
dτ

• T s = (x2 + (h + |z|)|2)1/2/c (arrival time)
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Field expressions (time domain)

• INCIDENT FIELD:

• E i
y(x, z, t) = µ ∂tI(t)

(t)
∗

[

1

2π(τ 2 − T i2)1/2

]

H(t− T i)

• SCATTERED FIELD:

• Es
y(x, z, t) = µ ∂t I(t)

(t)
∗

[

−
1

2π(t2 − T s2)1/2
+

∫ t

τ=T s
KL(τ, t− τ )

1

2π(τ 2 − T s2)1/2
dτ

]

H(t− T s)

• KL(τ, t) = Re
[

βL(p
s) exp{−[ βL(p

s) +GL/CL]t}
]

H(t)

• βL(p
s) =

2 γ(ps)

µCL

(t)
∗= time convolution
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Illustrative numerical results

ILLUSTRATIVE NUMERICAL

RESULTS
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Conclusion

CONCLUSION:

• Closed-form analytical field expressions facilitate quantifying the

sensitivity of the pulse shape of the scattered field to the different config-

urational parameters

• The constructed time-domain algorithm can serve as a tool towards the study

of the signal integrity related to the source/receiver signal transfer in con-

figurations with thin, highly contrasting layers with conductive and capacitive

properties

• Further research=⇒ extension to the corresponding 3D (point-source excited)

model , with particular application to inter- and intra-device radiative transfer

of digital signals


