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Overview S
W &a
1. Lumped Circuit Elements in XFdtd® Electromagnetic Sliididelfilica
Simulation Software
2. XFdtd/Circuit Co-Simulation
3. Simple Antenna Matching
4. WIiFI/WIMAX Multiband Matching
5. Conclusions
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Lumped Circuit Elements in XFdtd S
_ _ AV R
Time domain EM software packages have supported W?__E/” 3

simple RLC configurations for many years.

Lumped element occupies
one FDTD cell edge.
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Lumped Circuit Elements in XFdtd “rm
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Simple passive load in XFdtd.

m%&

@ & Mame: R ||L||C Type: |Passive Load A

Resistance: 50 ohm RLC Specification: MNormal -
Inductance: | 1nH e vs. F "
— 60 .
i Real( Z )
Capacitance:  1pF ———— Imag( 7 |
All Series 2
RLC Arrangement: ® Al Parallel - ”
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XFdtd/Circuit Co-Simulation -

Norton Equivalent Circuit of
FDTD/Circuit Interface

.
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Voo | Embedded circuit
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Fig. 15.16 from Taflove, A., and S. C. Hagness, Computational
Electrodynamics: The Finite-Difference Time-Domain Method, 3
ed., Norwood, MA: Artech House, 2005.
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XFdtd/Circuit Co-Simulation

Import Spice3 format netlist files.

‘ XFdtd - Netlist Component - View/Edit Netlist

RLC Circuits

-SUBCKT FiveElementButterworth tl t2 t3
Cl tl t3 45e-12

Cz 1 t£3 1lée-12

C3 t2 t3 1l00e-12

L1 £l 1 235e-9

Lz 1 t2 298le-5

-ENDS FiveElementButterworth

.SUBCET LC tl t2
Ll tl 1 1.0e-%
Cl 1 t2 1.0e-12
.ENDS LC

.SUBCKT RLC tl t2
Rl tl 1 50.0

L1 12 1.0e-9

Cl 2 w2 1.0e-12
.ENDS RLC

.SUBCKT LpC tl t2
Ll tl t2 1.0e-9
Cl tl t2 1.0e-12
-ENDS LpC

.SUBCET RpLpC tl t2
Rl tl t2 50.0

Ll tl t2 1.0e-9

Cl tl t2 1.0e-12
.ENDS RpLpC

-END

E & Name:  Butterworth Filter Type: | Netiist Companent

SPICE Netlist Import

Import Metlist

Import a SPICE netlist containing a valid subdircuit to define the component.
If the imported netlist contains more than one valid subdrcuit, any of them
may be selected as the component definition using the dropdown menu.

View Edit Netist

-

<
Subcircuit: | FiveElementButterworth = | ™

Cl tl t2 45e-12

C2 1 £3 llée-12

C2 t2 t3 1l00e-12

L1 £l 1 2Z35e-5

L2 1 t2 23le-%

-ENDS FiveElementButterworth

-SUBCET FiveElementButterworth tl t2 t3

WevICHy
*\@\ s,

§m"’c
= é =
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Select from
valid subcircuit
definitions.
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FDTD/Circuit Co-Simulation §

Netlist components can be used as 2-terminal passive oy
loads or 2, 3, or 4 terminal matching circuits. Z

@ A Mame: | 50 Ohm Voltage Source Type: Feed ~ @ & Name: | 50 Ohm Current Source Type: Feed ~

Resistance: | 50 ohm Resistance: | 50 ohm

Inductance: 0rH

Capacitance: 0pF
)

e - All Series
rra me|
e ® Al paralel I

Inductance: 0nH
Capacitance: 0pF

All Series

RLC Arrangement:
@ Al Parallel

Matching Circuit: | Butterworth Filter hd Matching Gircuit: | Butterworth Filter -

Feed Type: ® \oltage Current Feed Type: Voltage @ Current
Amplitude: | 1y Amplitude: 14

Phase Shift: 0° Phase Shift: 0=

Time Delay: | 0us Time Delay: 0Ous

Waveform: | Automatic Broadbant - Waveform: | Automatic Broadban:
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Simple Antenna Matching § g
Unmatched 3 GHz Half-Wave Dipole Philsdslhibovi

| 511 | v. Frequency

0
-5
-10 File
Steady-State Results for: Run Details
Project Mame: SimpleDipoleMatching
I3 Simulation: Unmatched
% Run Number: 1
=.15 Component: Feed
: R Show Scaled Values (Click on & value in the table to scale.)
i Apply Edits To Which Scope: Single Frequency
Quantity 3 GHz
20 Characteristic Impedance (30 + 0j) chm
- Voltage (V) 07311V
Current (1) 0.003678 A
Impedance (119.409 + 48.159 J) ohm
S-Parameters -6.381dB
Input Power 0.001925 W
Awailable Power 0.0025 W
-25 Reflection Coefficient 0.4797
VSWR 2,844
Power Scaling Factor 1
-30
1 15 2 2.5 3 35 4 4.5 5 5.5 6

Frequency (GHz)
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Simple Antenna Matchin PR
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Matched 3 GHz Half-Wave Dipole @Wﬁa

| 511 | v. Frequency

0
-5
-10 File
Steady-State Results for: Run Detals
—_ Project Name: SimpleDipoleMatching
g Simulation: Lowpass Low-Hi
T Run Mumber: 1
—-15 Component: Feed
= ® Show Scaled Values (Click on a value in the table to scale.)
i Apply Edits To Which Scope: Single Frequency =
Quantity 3 GHz
20 #- Characteristic Impedance (50 + 0j) chm
- Voltage (V) 0.4874V
1 Current (1) 0.0103 A
- Impedance (46,917 + 6.249 j) ohm
=} 5-Parameters -22.883 dB
= Input Power 0.002487 W
Available Power 0.0025 W
-25 ) Reflection Coefficient 007175
VSWR 1133
Power Scaling Factor 1
-30
1 1.5 2 285 3 3.5 4 4.5 5 B 6

Frequency (GHz)

© Remcom Inc. All rights reserved.




Simple Antenna Matching § g
Netlist Matched 3 GHz Half-Wave Dipole Philsdslhibovi

| 511 | v. Frequency

0
-10
-20
File
-30
Steady-State Results for: Run Details
—_ Project Mame: SimpleDipoleMatching
g Simulation: Metlist Lowpass Low-Hi
T Run Number: 1
—-40 Component: Feed
: R Show Scaled Values (Click on a value in the table to scale )
i Apply Edits To Which Scope: | Single Frequency =
-50 U ey Quantity 3 GHz
Characteristic Impedance (50 + 0j) chm
Voltage (V] 0.5001V
Current ([} 0.009999 A
60 Impedance (50.013 - 0.002059 ) ohm
5-Parameters -7T7.910 dB
Input Power 0.0025 W
Available Power 0.0025 W
Matching Circuit Loss -4.280e-07 W
-70 Reflection Coefficient 0.0001272
VSWR 1
Power Scaling Factor 1
Dane Cancel
-80
1 1.5 2 285 3 3.5 4 4.5 5 B 6

Frequency (GHz)
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WIiFI/WIMAX Multiband Matching § PR

System Operating band Frequency range
designation (GHz)
2.4 GHz 24-25
Wi-Fi, 5.2 GHz 5.15-5.35
IEEE 802.11 5 GHz | 5.5 GHz 5.47-5.725
5.8 GHz 5.725-5.875
2.3 GHz 2.3-24
Mobile WIMAX, 2.5 GHz 2.5-2.69
IEEE 802.16e 2005 | 3.3 GHz 3.3-34
3.5 GHz 34-36
3.7 GHz 3.4-3.8
Fixed WiMAX, 3.7 GHz 3.4-38
IEEE 802.16- 2004 | 5.8 GHz 5.725-5.850

Pazin, L. and Y. Leviatan, “Inverted Laptop Antenna With Enhanced Bandwidth for Wi-Fi/WiMAX Applications,” IEEE Trans. Antennas
Propag., vol. 59, no. 3, pp. 1065-1068, Mar. 2011.
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WIFI/WIMAX Multiband Matching § P
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Unmatched Multiband S-Parameters and System Efficiency

| 511 | . Frequency

o

0.98

0.92

e
wn

| 511 (dBa)
Effici

"
=]

0.86

0.84

.'.-
n

0.82
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WIFI/WIMAX Multiband Matching § P

f\ﬂmmsisw
. OPTENNI Sidadffi

Optenni Lab Ideal Matching Circuit

1)
\ [ Port 1 ) . ' ) .
i L5: 0818 nH L4 2.23rH €3 4.17pF L2 260H L1 146 iH
] \ D U e | e
| cs s c2 c1
1 0.794 pF nH 0.806 pF

S parameters [d8]
\IJ -

.......................................
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WIFI/WIMAX Multiband Matching § P
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ldeal Matched Multiband S-Parameters and System Efficiency

° | | LIEC? Ei ncy v, Frequency
- .
0.98 . i
96
4
0.92
3 )
= §
e g
G -
=20
0.86
0.284
-25
0.82 B B ESystem Efficiency. Unmatched
B B ESystern Efficiency. Ide t
20 5 55 5 5
Frequency (GHz) Frequency (GHz)
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WiFi/WIMAX Multiband Matching § PR

. OPTENNI Sl
Optenni Lab Real Matching Circuit

Matching circuit, port 1

-5
R L3:39nH L1: 27 nH
] SN bort 1 L4- 0.2 ni (Murata) (Murata)
i (Murata) I e

0 7/_\ ——
i C4: 15 pF Cl: 18 pF
J — (Murata) C2: 10 pF (Murata) Load
] p— Port 1
-15 \_ /
\

— il
\ (Murata) il
/ C3: 0.3 pF

S parameters [dB]

-20

L L2: 6.8 nH

(Murata)

(Murata)

-25

-30
2 2.5 3 35 4 4.5 5 5.5 6
Frequency [GHz]
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WIFI/WIMAX Multiband Matching S

ircuit information

Use accurate broadband component — (Hdadsthtiv

~
Component information -
Inductor L1 from Murata series LQPOZTN_02 I I IOdeIS In Xthd .
Inductance 27 nH
Component code LQPOZTNZTMI0Z *
Frequency limits: min=50 MHz, max=10 GHz * SPICE Model generated by Murata Manufacturing Co.. Ltd.
Tolerance £5% * Copyright (C) Murata Hanufacturing Co.. Ltd.
Tolerance variants £3%, £5%: * Description :0402M{01005)-COG{— 55t0125[deg])/1 B0e-05uF-16[V]
Maximum allawed current 120 mé * Murata PN :GIM0225C1C180JB01
* Property : C = 1. 80e—05[uF]
E:E:EE;E;;D;MUFEE series GIMO2 * Applicable Conditions: P
Component code GIMO225C1C180JB01 : ?;ig;iziﬁrgazg{gs=dégtﬂ:[MHz]—9[GHz] #* SPICE Model generated by Murata Manufacturing Co.. Ltd.
Frequency limits: min=100 MHz, max=8.5 GHz * DC Bias Voltage = 0OV : ﬁgﬁﬁﬁglﬁﬁﬁc) %S;EE?N};?EEE;C'SUTIDQ Co.. Ltd.
Tolerance £5% * Small Signal Operation * Property - L = 27[nH]
Tolerance variants £2%, £5% *. = P ¥
Maximum allowed voltage 16 V CSUBCKT GJMO0225C1C180JB01 Portl Port? = Applicable Conditions:
gg% gorti gg% %gge;%é * Frequency Range = 1HHz — 20GH=z
Capacitor C2 from Murata series GIMD2 103 NET W02 158 —TD *  Tenperature = 25 degC
Capacitance 10 pF ED3 HOZ HO3 9'002_02 * DC Bias Current = 0 A&
Component code GIM0225C1C100J601 104 HO3 HO4 B 12e—12 *  Small Signal Opsration
Freguency limits: min=100 MHz, max=&.5 GHz E04 HOZ HO4 2. 41e—01 *
Tolerance £5% L05 ND4 HO5 6 98s-13 GFUECKT LOPNZTNZ7NI0Z portl port?
Tolerance variants £2%, £5% ROS HO4 HOS 1.15e-02 iz Ecurtl FRE AT
Maximum allowed voltage 16 V CO6 NOS5 Port2 1.85e-10 B2 1 port? 3. 43
106 NS Port2 2.41e-12 B3 portl port2 7.00e+3
Inductor L2 from Murata series LQPOZTN_02 ENDS GJMEE25€1C18§3B01 L4 portl 2 2.20e-7
Inductance 6.8 nH o R4 2 port? EDD
Component code LQPOZTNGNS102 LS portl 3 4.50e-7
Freguency limits: min=50 MHz, max=10 GHz RS 3 port2 550
Tolerance £5% %g Eartltg ih3ge_?
Tolerance variants £3%, £5% 17 DDE‘E{ 5 3 00e-7
Maximum allowed current 140 mA o E? § port2 70.0
L8 portl 6 1.20e-8
C8 6 7 1.55=-14
FEE Copy B8 7 port2 30.0
CENDS LQPO2TH27HIOZ
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WiFI/WIMAX Multiband Matching § PR

AR~

Real Matched Multiband S-Parameters and System Efficiency i /

511 | v. Fre
° |511] q

- .
0.98 . i

0.92

| S117 (dBa)

Effici

0.86

0.84

0.82

REAAC‘:?‘-‘M0 © Remcom Inc. All rights reserved.



SESESEESEESESSE SN EEE SN NSNS EEEEEEEEEENENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENE
\EDICIKE

Conclusions $ P
Wi \ae

= XFdtd/circuit co-simulation allows engineers to: (Soidladblfptoiiz

» Embed arbitrarily complex electronic circuits as passive
loads and/or matching networks in their full wave
electromagnetic simulations.

» Improve the accuracy of EM simulations containing
lumped circuit elements by using broadband circuit
component models provided by manufacturers. This Is
especially critical for dissipated power and efficiency
computations.

» Couple and study the effects of electromagnetic
phenomenon including EMI, EMP, and ESD on complex
Integrated circuits.
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Contact Us -

= XFdtd co-simulation questions, collaborations, feature gf@&;
requests, beta testing, etc.: Gregory.Moss@remcom.com
= General:
Toll Free: 1-888-7TREMCOM (U.S. and Canada)
Tel: 1-814-861-1299
Email: sales@remcom.com
Www.remcom.com

= \Website Contact: www.remcom.com/contact

DM 5 ume 2015 TR (R VeAee  VISIT US AT
VLS Priaceionia, pa 7= = “20 7T RO OTH 1017

Connecting Minds. Exchanging lopas.
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