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in Electromagnetics
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Time-Domain
Solution of
Maxwell’s Equations

Time-Domain Solution of Maxwell’s Equations

VXE(t):_ﬂaHa_t(t) — Vxﬁ(t):galggt)
A circulating E field induces a A circulating H field induces a

change in the H field at the center change in the E field at the center
of circulation in proportion to the 4: of circulation in proportion to the

|\ permeability. permittivity.
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Fields are Staggered in Both Space and Time

SN oH (1) L t+A1)2 t—At/2
VXE(t)=—u 5 é VXEt_ Y
Vxﬁ(t)—gaE(t) ) VxH zgﬂ’“’_E’
ot t+A2 At
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Update Equations
VXEL:_/l;MAt;/ é Ht+Ar/2_Ht—At/2 /J(VXEt)
B TR T
VXH|HN/2=8 At Ef+Af_Et+ & (VXHI+AX/2)
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Courant Stability Condition

Due to how the update equations are formulated, a disturbance cannot travel more than
one grid cell in one time step.

The time step must be made small enough that a physical wave cannot outpace a numerical

wave.

min

1 N n_. A
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Sequence of Code
Development for
1D FDTD




Sequence of Code Development
Step 1 — Basic FDTD Algorithm

* Basic update equations

FIELD AT STEP 1 OF 2000

5 EMPossible

Sequence of Code Development
Step 2 — Add Simple Soft Source

* Basic update equations
* Add a soft source

FIELD AT STEP 1 OF 700
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Sequence of Code Development
Step 3 — Add Absorbing Boundary

Basic update equations
e Add a soft source
e Add perfect boundary
condition

FIELD AT STEP 1 OF 400
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Sequence of Code Development
Step 4 — Add TF/SF Source

Basic update equations
* Add a soft source
* Add perfectly absorbing
boundary condition
FIELD AT STEP 1 OF 400 * Incorporate TF/SF “one-
way” source

0.2 04 0.6 0.8 1 1.2 14
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Sequence of Code Development
Step 5 — Move Source and Add T & R

* Basic update equations
* Add a soft source
‘ e Add perfect boundary
condition

FIELD AT STEP 1 OF 700

* Incorporate TF/SF “one-
way” source

0 02 04 06 0.8 1 12 14 * Move position of source

z ¢ Calculate transmittance
and reflectance

REFLECTANCE AND TRANSMITTANCE

I T T T T T 1 T T

0 05 1 1.5 2 2.5 3 35 4 45 5

Frequency (GHz)
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Sequence of Code Development
Step 6 — Add Device (Algorithm Done)
FIELD AT STEP 1 OF 10000 * Basic update equations
* Add a soft source
1 * Add perfect boundary
. condition
* Incorporate TF/SF “one-
A way” source
0 0.1 0.6 * Move position of source
B * Calculate transmittance
and reflectance
o REFLECTANCE AND TRANSMITTANCE * Add areal device
1F =
05} 4
0 1 1 L L L L I L I
0 05 1 15 2 25 3 35 4 45 5
Frequency (GHz)
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Summary of Code Development Sequence

Step 1 — Implement basic FDTD algorithm Step 2 — Add the source

>

Step 3 — Add absorbing boundary Step 4 — Add “one-way” source
—— N —— 1.

Step 5 — Calculate transmittance and Step 6 — Add a device

reflectance

N N J_J‘;! N
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Sources in FDTD
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Movie of Simple Hard Source

FIELD AT STEP 1 OF 1500
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Movie of Simple Soft Source

FIELD AT STEP 1 OF 1500
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Movie of TF/SF Soft Source

FIELD AT STEP 1 OF 1200

FDTD Algorithm
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Calculating Transmission & Reflection

FDTD Simulation

TRANSMITTANCE
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| Compute Grid Resolution ’ \
| o | e Gai 4 yes
A~ = min| =8 fain
- ”"{N. ¥, Done? Finished!
‘ N =round T[d, /o]
Acmd, [N no
w Update H from E
| Build Device . )
I B =B ent (B -E'| )/ k<N,
ERyy and URxx 'I’3 'I"!“‘ ( | I’]/ St
' A =i (e B ) k=N,
i Compute Time Step - 1
LT ) Record H-Field Boundary Term I
L] o
| Compute Source h=he bi=h A=,
=05 ty=57 L
L _ 0 Update E fromH Includes:
2("]'“1’[‘(ﬂ}] E:l_-tll*'-i,[ﬂ:l,..-h]/h k= * Basic FDTD engine
2 B + DirichletBC’s
W Zr L, g':I."':-(a:l.-)_-'3:1.-.;]/" k>1 * Calculate source parameters
| Compute Update Coeff’s '} ‘ 2ir:'ule ‘soft source
Record E-Field Boundary Term erfectly absorbing BC's
v G-0, - 4-E| Excludes:
f — g 1 * TF/SF source
| '“':f"z?f'e'ds i InjectSource * Fourer transforms
= H, =0 v g_L‘_E;_L * Reflectance/transmittance
> = +g|
L} o * Calculate grid parameters
| Initialize Boundary Terms o 6 L * Incorporate device
By=hy=ly=e;=ey= g =0 9 I Visualize fields l
192
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Animation of Numerical Dispersion

Simulation with near-zero numerical dispersion...

I T P 2 OF 1300

Simulation with strong numerical dispersion...

EP 1 OF 1300

Sequence of Code
Development for
2D FDTD
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2D Code Development Sequence
Step 1 — Basic Update Equations

STEP 2 of 1000
Dirichlet Boundary Condition

Dirichlet Boundary Condition
uonpuo) Aippunog 1a1y211q

Dirichlet Boundary Condition

5 EMPossible Side s
2D Code Development Sequence
Step 2 — Periodic Boundary Conditions
ﬁl EMPossible Slidé 95
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2D Code Development Sequence
Step 2 — Perfectly Matched Layer

[]
5 EMPossible side 7
2D Code Development Sequence
Step 4 — TF/SF Source
S EMPossible slide 78
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2D Code Development Sequence
Step 5 — Transmission & Reflection

< EMPossible

2D Code Development Sequence
Step 6 — Simulate Device

003
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Summary of 2D Code Development Sequence

Step 1 — Basic Update Step 2 — Basic Update
+ Dirichlet + Periodic BC =< AT Step 4~ TF/SF

A S - |
l |
- |

Step 6 — Add a Device and Benchmark

Step 5 — Calculate Response

REFLECTANCE AND TRANSMITTANCE REFLECTANCE AND TRANSMITTANCE
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Real FDTD Simulation
|
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