
Effects of RF Pulses on Circuits and Systems - Pieces 

Field Propagation Through Cavity 
Regions in a Parallel 

Plate Waveguide 

Anthony Q. Martin 

Clemson University 

cu UH UIC UIUC UM 1 



Report Documentation Page Form Approved 
OMB No. 0704-0188 

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and 
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, 
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington 
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it 
does not display a currently valid OMB control number. 

1. REPORT DATE 

JUN 2002 
2. REPORT TYPE 

N/A 
3. DATES COVERED 

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

Field Propagation Through Cavity Regions in a Parallel Plate Waveguide 
5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Clemson University, Clemson, SC 29634-0915 USA 
8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 

Presentations given at the First Annual Review Meeting on June 8, 2002 DoD MURI Award 
F49620-01-1-0436, The original document contains color images. 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 

a. REPORT 

unclassified 
b. ABSTRACT 

unclassified 

17. LIMITATION OF 
ABSTRACT 

c. THIS PAGE 

unclassified 
UU 

18. NUMBER 
OF PAGES 

27 

19a. NAME OF 
RESPONSIBLE PERSON 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



Effects of RF Pulses on Circuits and Systems - Pieces 

Goal of this work 

• To develop an understanding of electromagnetic 
coupling mechanisms in systems and structures 

• To develop the tools to predict the properties of a 
transient signal as it makes its way from the exterior of 
a structure or of a substructure, through a transmission 
path, to the terminals of a deeply embedded digital 
system 

• To catalog the properties of transient signals that might be 
expected to reach digital systems - as guidance to 
other MURI investigators who assess the reaction 
of a digital system to a transient stimulus 

CU UH UIC UIUC UM 



Effects of RF Pulses on Circuits and Systems - Pieces 

Propagation in a Parallel Plate Waveguide 

• Addressed in time domain with FDTD 

• 3D computational zone is PEC box 
• Uniaxial Perfectly Match Layers (UPML) line four 

walls of the interior of box to effectively create a 
Parallel Plate Waveguide (or a rectangular WG) 

• UPML layers are 15 cells thick, resulting in very 
low reflection at the box walls 

• Conducting walls with slots are placed inside the 
free space region to form various cavities 

• Gaussian Pulse Excitation 
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Effects of RF Pulses on Circuits and Systems - Pieces 

The FDTD Computational Zone 

Computational 
Zone 

PEC Walls 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Interior Region 

•UPML regions can be 
selectively turned off, to 
allow modeling a cavity, 
a rectangular waveguide, 
or a parallel plate 
waveguide 

•The UPML acts as a very 
good absorber of EM waves 

•The UPML works well 
for all angles and is very 
wideband, as we will see 

•15-cellUPMLisusedto 
ensure very good absorption 

„y 
UPML Regions, 15 cells 

\ 

\                              / 

UPML Regions, 15 cells 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Structures - Y-directed Slots 
•Here we see the 
source and the 
locations of possible 
field observation 
points 

•By inserting metal 
walls with slots, we 
form cavity regions 
inside the PEC box 

•This illustration 
shows y-directed slots 
in metal walls that 
form cavities 

Line Source 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Structures - Z-directed Slots in Walls 

•We can also model 
z-directed slots in metal 
walls 

•The field observation 
points can be moved 
within the regions 

ny 

o     •     o 
A                    B 

Z-directed Slot in 
PEC Wall 

•""""^    o                                      o 
C                                             D 
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Z-directed Slots 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Structures - Combinations of Slots 

•We can position 
multiple walls with 
various kinds of 
slots 

•Slots can extend 
from wall to wall 
and into the PML 
region 

•Slots that extend 
into the PML region 
model infinitely long 
slots 

•The slots are NOT 
necessarily narrow 

Metal walls 
with various 

slots 

7 

n 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Structures - Z-directed Slots & Cavities 

•An interior rectangular 
cavity is formed between 
two walls that contain 
slots 

•Note that either type 
of slot can be used 
on either wall 

Interior Cavity 

Z-directed Slot Z-directed Slot 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Structures - Y-directed Slots & Cavities 

Rectangular Cavity 
or Paralle Plate WG 

Region 

Y-directed Slots 
in 2 PEC Walls 
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Effects of RF Pulses on Circuits and Systems - Pieces 

FDTD Details 

Source:   Jz = -•/<) ('-'o)exp(-[(f-f0)/r]' 

x=0.2216ns, t0=3x 
3D Box Size: 35 cm by 16.1 cm by 7 cm 
Mesh (unless otherwise stated): 120 by 70 by 20 

Mesh Cell Size: 0.0035 m 
UPML: 15 cells 
Source: ls=30 cells 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Source Pulse 

Normalized Z-directed Electric Current FFT of Source Pulse 
i i 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Baseline Comparison 

No UPML 

No slots 

Observation along center axis 
of rectangular cavity 

UPML 

No slots 

Comparison of Ez at 4 locations 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Propagation Through a Slotted Wall 

Slot in a PEC 
Wall 

"y Z-directed Slot in 
PEC Wall 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Propagation Through a Slotted Wall 
Slot 8 cells wide, i =30, iw=50 

Comparison of Ez at 4 locations 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Propagation Through a Slotted Wall 
Slot 2 cells wide, i =30, iw=50 

Comparison of Ez at 4 locations 

200 250 300 

Timesteps 

N    0 

-2 

Comparison of Ez at 4 locations 

Point A=25 |" 

50    100    150   200   250   300   350   400   450   500 

Point B=35 
_i_ _i_ nz 3i 

50    100    150   200   250   300   350   400   450   500 

Point C=50 r 

3    50 100 150 200 250 300 350 400 450   50 

- 
! 1 i 

Point D=90 1" 
i 

50 100 150 200 250 300 
Timesteps 

350 400 450 500 

cu UH UIC UIUC UM 16 



Effects of RF Pulses on Circuits and Systems - Pieces 

Propagation Through 2 Slotted Walls 

2 Slots 8 cells wide, i =25 

Slots in 2 PEC 
Walls 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Propagation Through 2 Slotted Walls 

iwl=35, iw2=65 iwi-35' iw2-85 

Comparison of Ez at 4 locations 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Penetration Through Deep Cavity 

t z 
Rectangular Cavity 
or Paralle Plate WG 

Region 

X 

cu UH UIC UIUC UM 19 



Effects of RF Pulses on Circuits and Systems - Pieces 

Deep Cavity 
Normalized Z-directed Electric Current 

•x=0.1ns, t0=3 x 

•Length: 17.5cm 
•Width: 10.5 cm (30 cells) 

•Height: 1.4 cm (4 cells) 

•TE10 cutoff: 1.43 GHz 
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Effects of RF Pulses on Circuits and Systems - Pieces 

netratidfPThffl^ff.best) Cavity 

1F 

N ° 
UJ .1 _ 

1 F 

0 

-1 

-2 

1 

0 

-1 h 

J_ _L _L 
Point A=50 

200 400 600 800 1000   1200   1400 1600 1800   2000 

Point B=70 

200 400 600 800 1000   1200   1400 1600 1800   2000 

Point C=120 
x i 

200 400 600 800 1000   1200   1400   1600   1800   2000 

Point D=170 
i i 

200 400 600 800        1000        1200        1400        1600        1800        2000 

PointE=190 

200   400   600   800   1000   1200 

Timesteps 
1400 1600 1800       2000 

cu UH UIC UIUC UM 21 



Effects of RF Pulses on Circuits and Systems - Pieces 

Penetration Through Deep Cavity 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Comparison of Propagation Through Cavity 
and Transmission Line 

Cavity Region 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Cavity Details 

•Cavity: 12 by 12 cells (4.2 cm by 4.2 cm) 

•Rod: 8 by 8 cells (2.8 cm by 2.8 cm) 

•Rod extends for 4 cells into PPWG regions 

•Cavity Depth: 50 cells (17.5 cm) 

••=0.2219 ns (centered at 1 GHz) 

•TE10 cutoff of Rect. WG = 3.5 GHz 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Results w/o & w/ Rod 

Comparison of Ez at 4 locations 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Movie Results 

Ez(ij.k=11),timestep=2,2 y slots & cavity 
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Effects of RF Pulses on Circuits and Systems - Pieces 

Future Work 

• Validation 

• Different excitations: pulse trains 
• More structures; features 
• Open-region propagation into enclosures (removal 

of PPWG) 
• Cataloging of responses to various excitations 
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