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Over the last several years, RFID and Bluetooth have become major markets. With a large
number of vendors, success will be determined by achieving a short time-to-market for the most
creative ideas. In order to realize a short time-to-market, fast and accurate electromagnetic
analysis is an absolute requirement. This presentation demonstrates using Sonnet to evaluate a
13.56 MHz RFID inductor and a 2.4 GHz Bluetooth antenna design accurately and rapidly.
Sonnet’s extreme accuracy is a result of being based on the FFT (Fast Fourier Transform), and
Sonnet’s speed is the result of a revolutionary new interpolation (Adaptive Band Synthesis), both
to be demonstrated. In addition, Sonnet’s automated features, including parameterization and
optimization, allow the designer to evaluate a large number of alternatives in an incredibly short
period of time. As the wireless markets consolidate, making the most efficient use of the best
CAD tools, including Sonnet for electromagnetic analysis, is key to survival.
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What is Sonnet?

e Sonnet analyzes circuits based on
electromagnetics/Maxwell’s equations.

e Based on FFT, no numerical integration, so is
extremely precise.

e Analyzes circuits inside a conducting/shielding
box.

e Radiation allowed by removing top cover of
box.

Analyzing RFID and Bluetooth

Sonnet uses Maxwell’s equations to analyze planar circuits. The user specifies
the geometry as input. Geometries can be drawn, or they can come from Agilent,
AWR, Cadence, Mentor, Ansoft, GDSII, or AutoCAD. Then, based directly on
Maxwell’s equations, Sonnet solves for the S-parameters, or Z-parameters if
desired. The calculations are done based on the FFT (Fast Fourier Transform) so
that they are the most accurate possible. There is no numerical integration used
at any time. Sonnet analyzes a circuit contained in a rectangular shielding box.
The top cover can be removed to allow radiation. Sonnet works well with nearly
any number of substrate layers and the layers can be nearly any thickness, all
with full accuracy and speed.
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ABS Example
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Analyzing RFID and Bluetooth

The most important recent advance in Sonnet is the introduction of ABS,
“Adaptive Band Synthesis”. Using ABS, a circuit is analyzed at just a few
frequencies. Then, additional information is extracted from data internal to
Sonnet to develop a very high order model. This model is used to interpolate the
circuit to a large number of frequencies. The example shown here is a 6
resonator hairpin filter. It was analyzed at the first and last frequency. Then two
more frequencies (circled) were automatically selected and the complete filter
response calculated at over 300 frequencies. Unlike other interpolation
approaches, this approach is extremely robust and accurate. ABS was tested on
over 1,500 circuits. It works correctly for every single circuit. The Sonnet ABS
interpolation will have a major impact on the way we do designs.
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RFID Applications

Useful for tracking
equipment, goods,
animals, etc.

No need to see the tag to
read it.

Good for very severe
environments.

No internal power Texas Instruments “Tag-It”
Can be laminated into
needed. tags, cards, etc.

Extremely durable.

Analyzing RFID and Bluetooth

RFID has become popular over the last few years for tracking equipment, goods,
animals, etc. One of the most popular forms of RFID is shown here. Operating
at 13.56 MHz, the “tag” coil draws power from the RF energy radiated by a
“reader” coil. Then, the IC on the RFID tag alternately resonates and de-tunes
the tag coil, thus modulating the tightly coupled reader coil with data stored in
the tag IC. While one must see a bar code in order to read it, an RFID can be
read even though it is hidden. It can be used in snow, rain, and heat with no
problem. Since all power is supplied by the reader, the tag does not need a
battery. The tags are extremely durable, often lasting longer than the equipment
that they tag.

RFIDIECCHE, B, B, BMLEEDEBMIIELNELIITLGYEL:. REREAT—4
RFIDZ#CZIZRLET. 13.56MHzTEIYEL, “tag” a4 JLIE “reader” DAL RETLI=EEK
IRILF—moBNESIEAHFET. DFIC, RFIDAY LDICIEREIZFT (VL E LR B
AL, V=FAMILIZHEITHEELT, 2VICICERESN TS T —ATERLET. N—a—Fi&
RATWAO—FREHEAHFETH, RFIDIEBATOTEZEDHFET. E, MPEVTATHREHY
FHA. BAFTRT)—SHoEBINDIDT, 27 EN\yTUNBYFELA. 2T (T A
TN, 3T EFFT-EELVMANNSHEHLNTT.




SONNET

RFID Inductor

e Six turn inductor, 78x41mm.
e Input port on left side.

e Analysis time approximately 1 minute/frequency.
File: RFID_1.son

Analyzing RFID and Bluetooth

This is a typical RFID inductor. It is a planar inductor with six turns, each 0.5 mm
wide and separated by 0.5 mm. The coil is 78mm x 41 mm. The input port is on
the left hand side. Metal loss is included. Analysis time for this inductor is about 1
minute per frequency. Because this analysis uses the Sonnet ABS interpolation,
accurate data at 300 frequencies is calculated from electromagnetic analysis at
only four frequencies. This entire analysis takes only four minutes.

The file names for all circuits analyzed in this presentation are included on the
slides. In this case, the file name is at the bottom center. If you would like to
receive these files, please contact the Sonnet office. All analyses for RFID 1.son
can be done using the free SonnetLite software.
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RFID Inductor

e Sonnet generated fo; 1)2-1,113; %\/IHZ
.09p
R mc;del L112 4523nh
hatis i RL120 1.71
frequencies.

e Both models give * At 13.3, 14.65 MHz
almost same Cl110 1.1lpf
answer, so model js L1112 452Inh
OK RL120 1.77

Analyzing RFID and Bluetooth

By using the Sonnet Option “Analysis->Optional files->Add SPICE”, a lumped
equivalent circuit is generated. The output, shown here, is in SPICE format.
Analysis at two frequencies is required. To check the SPICE results, it is always
good to use Sonnet to create two SPICE files. In this case, the first SPICE file is
generated from data at 12.1 and 13.3 MHz. The second SPICE file is generated
from data at 13.3 and 14.65 MHz. As you can see, they both give almost exactly
the same answer. This means that the SPICE model generated by Sonnet is
working well for this circuit. We shall use this SPICE model to design the rest of
the RFID circuit.

Sonnet® 773 3> Analysis—Optional files—Add SPICEZ{$>T, £ EHIZ &5 EMME
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Mo DENTULVET. ZDBE®MSPICEIE, 13.3MHz&14.65SMHzD T —42 M5 DGNTULVET .
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RFID Inductor

(] BOth mOdels: gﬁt Model Equivalent Model
C=1.1pF ©
L=4523nH | o §

e Sonnet SPICE —_ ) /
model gives R,=82/4kQ
RS=1.8Q. o RS=1.SQ

e Equivalent
RP=82.4kQ. Rp :RS(1+X§ /Ré)

Analyzing RFID and Bluetooth

The Sonnet SPICE model is on the left. The Sonnet model includes a resistor in
series with the inductor. This is most realistic. However, for some calculations,
we would also like to know what the equivalent parallel resistance is. This is
easily calculated using the equation at the bottom. For a series resistance of 1.8
Ohms, the equivalent parallel resistance is 82.4 kOhms. From the Sonnet
generated SPICE model, the capacitance is 1.1 pF and the inductance is 4523 nH.

SonnetDSPICEETILIZEBITY. SomnetDETILITAF HRIZEFIHEAA->TNET.
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Attaching the RFID IC

e The RFID IC has 23.5pF capacitance.
e The inductor has 1.1pF capacitance.

e Total of 30.5pF need to resonate inductor at
13.56 MHz.

e So...we must add 5.9pF external
capacitance: 23.5 + 1.1 + 5.9 = 30.5 pF

Analyzing RFID and Bluetooth

The RFID IC we wish to use has a total of 23.5 pF of internal capacitance. The
inductor, as calculated by the Sonnet SPICE model, already has 1.1 pF of
capacitance. In order to make a 4523 nH coil resonant at 13.56 MHz, we need a
total of 30.5 pF. Thus, we must add an external capacitor of 5.9 pF to tune the
inductor to 13.56 MHz when it is connected to the RFID IC.

FHS5ELTVABRFIDDICHNERF v/ 20 AD A EHE23.5pFTY . SonnetD SPICEET /L
TREIZEHESNF=AZ V22X, 1 1pFDFv /A ANHYFET. 13.56MHzTHIRT S
4325nHDAA ILEDLB1=HIZIF, BE30.5pFARKETY . 25T, RFIDDICIZHEHINDE
EIZE, 105 93%13.56MHzZIZFRET BIZIE, SIOpFDF v/ 2% BMLETNIERYEE
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Attaching the RFID IC

e The RFID IC has R,=25kQ.
e The inductor has R,=82.4kQ.
e Both R, connected in parallel give 19kQ.

IC Model Coxr Inductor Model

C=23.5pF 5.9pF C=1.1pF

Rp=25kQ L=4523nH
Rp=82.4kQ

Analyzing RFID and Bluetooth

This is a schematic of the entire tag coil circuit. The RFID IC is on the left. It
has both an internal capacitance and resistance. The external 5.9 pF capacitor is
in the center. The inductor model generated by Sonnet is on the right.

It is interesting to calculate the total impedance of the resonant circuit at
resonance. This is simply the parallel combination of the RFID IC internal
resistance of 25 kOhms with the 82.4 kOhms equivalent parallel resistance of the
coil. The total resistance is about 19 kOhms. This is the impedance that the
RFID IC will see at resonance.

NEEERDZTaAAIVEBD AT I T4 TY. RFIDDICIZERTY. mAELREFv
INVBDREREEIAHYET. SIOpFDEMF v/ A2 (FhRIZHYET. SonethAERL
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19kQ T3 . A HIRFFDORFID ICHDAE—F X TY.
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Analyze the Inductor and IC

e Use any nodal analysis.
e Use Sonnet data directly for the inductor.
e Can be done using Sonnet’s nodal analysis:

CAP 1 C=23.5 ; RFID IC Model

RES 1 R=25000 ; RFID IC Model

CAP 1 C=5.9 ; External Capacitor

PRJ 1 0 RFID_1.son Use sweep from RFID_1.son
DEF1P 1 Net Main |

This line includes the Sonnet EM

inductor data, automatically re-
analyzed only if needed.

Analyzing RFID and Bluetooth

We can now use any nodal circuit analysis to complete the RFID design. The
Sonnet nodal analysis is shown here. It is also available in the free SonnetLite
and can be used to analyze this circuit.

The RFID capacitance and resistance are included in the first two lines. The
external capacitance is included in the third line.

The fourth line begins with “PRJ”. This includes the Sonnet project file for this
inductor. If the data in the Sonnet project file is ready, it just reads the data and
proceeds with the nodal analysis. If the layout has been changed and the old data
is no longer valid, then this line causes Sonnet to calculate new electromagnetic
data automatically.

STINTRFIDDHFEEFEHSEA-OIZ/—FRIBHEHRIAFZET. Sonnet®)/—FEEH%E
CZITRLET. hIFEE O SonnetLite CHFIBATEEITHD, CORIBOBHFIZERET.
RFIDD F v/ 20 REERIERAID2TICHYFET. EMDF v/ 2V X(L31TETY.
ATHIZPRITHES>TWET. ChIESonnetD TAS T IR I7AILEZDA A D RIZHH
AHFET. HLLSometDTAD IR I7AILDBRIZHNIE, T—2EHARAH, /—FETEIT
S5TEFTY. LLLATIRRERSA, 5iDT—2HEZZITNIE, ZDFTIZK>TSonnetld B
FMICHLWEHROT—2%5TELET.
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Analyze the Inductor and IC
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Analyzing RFID and Bluetooth

This is the result of the Sonnet nodal analysis. Notice the plot of Z-parameter
magnitude shows a maximum input impedance at resonance. Also notice that the
imaginary part of the input impedance is zero at resonance.

At resonance, the input impedance is almost 19 kOhms, as predicted. Thus, at
resonance, with no other coil nearby, the RFID IC will see a pure resistance of
almost 19 kOhms.

The file used for this analysis, RFID 1 net.son, can also be analyzed using
SonnetLite.

ChidSonnet®D/—REEITDFER T . Z/35A—aDKE=EDTOvME, HIFEATAAHAVE—
BUOZANRKEEZRLTNAZEIZT EEEES. FEAAME—ST VRO EHENL, LR
ATEAZRLTWABIEIZETEEEEL.

HIFRA T, ANWAVE—F ORI FEBYIFIXIRQ TY. #t-T, £IFRATIE, BELIZHD
a4 LA TN, RFIDDICIE, [FIX19kQ DH#EIE RAHFT.

COBMTELNIZTI7AILIE, RFID 1 net.sonT, {°[LYSonnetLite CREMTTEET .




oo Inductor Fields

e To see E-fields, use “sense layer”.
e 2-D E-field is “core” of 3-D B-field.

e 3-D B-field “wraps around” the tangential E-
Field. File: rF1D_2.50n

Analyzing RFID and Bluetooth

To see the inductor fields, we can use a “sense layer”. For full details, see Chapter 21 in Vol. 1 of
the Sonnet User’s Guide. Sonnet only allows viewing of electric fields which are parallel, or
tangential, to the surface of the substrate. In these views, red is strong E-field. Blue is almost no
E-field.

The first plot shows tangential E-field 25 mm above the inductor. The tangential E-field is
strongest near the windings of the coil. The same is true at 35 mm above the inductor, only now
the fields are less strong.

Sonnet does not plot B-field directly, but it is easy to see what the B-field does. From Maxwell’s
equations, we know that the B-field “curls” around the E-field. This is just like B-field curling
around a current carrying wire. This is shown in the last figure on the right. Thus, by looking at
the 2-D tangential E-field, we can very easily see the full 3-D B-field curling around the inductor.

AVF AN EMRERDIZIL, “sense layer”hMFEZFET . 3¥L<[LSonnet User’s Guide Vol.1
M2 EFZTELZEL. Sonnet TIXFERDREICHETD, HANIERAROEREITERS
CEMTEFET. CIHDRTRTIE, RIFERINBONCEEZRLET. FREFEAEERILL
ZEEFRLET.

BHOOTOYNMIAFE D E25mmDBERARDERERLET. IMIILDOEBEZHDIELT
[FERAREOERNELYEGYET. 35mmETERILTTN, ERETLAYET.

SometFEREZEERTLETAD, BENESH-TLIHNEMIDIIHETYT. YUVRIT
IWOAEBRAND, BRISEBST=HAEDH—IL (curl: BlER) NHOMYET. ChiFBLS5ETAV—
[CRNPBEROEDYDOHARDHA—ILDLSHELDTY. ChERDAITRLET. ZOK3IC
DRTDEBARADERERNIE, 1VF93DELYICHEIRTDHMARDH—ILERBIC
EZDIENTEET.
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Entire Model in Sonnet

e Most accurate
to have ports at
box edge.

e Perfect ground i I
at box edge. C T ==
e Connecting line o

is de- i
embedded.

Analyzing RFID and Bluetooth

The port we have used for all the analyses so far has been at the far left edge of
the substrate. At the box edge, we have a side of the perfectly conducting box
which contains the entire circuit. This box side-wall gives a perfect ground
reference and results in the highest possible accuracy. As described in the Sonnet
documentation, the Sonnet de-embedding can shift the reference plane from the
actual port location at the box side-wall to the inductor. Thus, the long
transmission line connecting the port to the inductor is removed from all
calculations.

WEETITRTOBITTHELTEAR—ME, EROERICEHNATULVET . Box (F8) DIHIZIE,
AREFEFEOTLERDOEDORENHYET. COBxIBIITELLETSVUROSER

IZ73Y, FERELTHRELZRYSWREENFONET. SonnctDERBAEIZHDHEHY, Sonnet®
TATIURNYRIISBEE, EEDOBox B (CHEIR—MMIBENSAUFE VIR ITTHETE

FT. #oT, IR—bEAUFVRDRIFERIMEERKIEL, TRTHEISKEILANET .
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Entire Model in Sonnet

e Ground is
floating.

e R and C use
special metal.

o R=25kq/. /@,\

o C=-j399.5Q/ 1.

... . .—R
e Almost same  - :/ :::
result as before. - 7

File:RFID_2.son. F 7 E\‘ 7t N
GND | \c]

2]
B
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Analyzing RFID and Bluetooth

We can also use a slightly less accurate port. In this case the port is close to the inductor. In
addition, we have added a small resistor, “R”. This is a patch of metal whose resistance is set to
25 kOhm/square. One square of this resistance exactly models the internal resistance of the RFID
IC. The square marked “C” has a metal with surface reactance set to —399.5 Ohms/square. One
square of this special reactive metal exactly models the 23.5 pF RFID IC internal capacitance and
the 5.9 pF external capacitance at 13.56 MHz. Note that this reactance stays constant at all
frequencies. Thus, it is exactly accurate only near the resonant frequency, but, for this case, that
is no problem. The result using this port is almost the same as before.

Special metal types are added by using “Circuit->Metal Types->Add”. The capacitor is a
“General” metal type with all values equal to zero except for XDC. Since there is no longer any
transmission line to remove, and the port discontinuity is very small, we can turn de-embedding
off (Analysis->Setup->Advanced->uncheck de-embed).

PORENELDLIR—IEFESITELTEET. COFITIER—MNMIAFH2DELIZHYET.
IBIZ, INSEERRZEFITEL. CHIEERD/NYF T, ERIEZE25 kQ/squarel 2R TEL
TWEY. COEAHDOERHARFID ICOERGEKRETILTYT. MATESICIEERE
T, REEHIEE-399.5Q/squarelZFRELTVET . COHRIREADOEREARFID ICH
23.5 pFDIEHELRERF v /AU BV RETILEL3.56 MHZIZE 1755 9pFDBMF ¥/ 82V RE
TILTY. COVTIAVREERBBTRILETHSZLIZTEFELIZSL. #-oT, HIREK
HIHAETOAEETITH, ZOBTIREHYEEA.

EREDAATEEBMT BIZIL, “Circuit—Metal Types—Add” ZELVET. T/ 4L,
“General” £BAM T DXDCERE, I RTELOITHELET. MYBRANSEEREHZL
DT, R—bDOFEHIEFERBITNSK, TAIURYREFTITTEFET (Analysis — Setup —
Advanced — uncheck de-embed ).




SN soupling Calculation

e Two inductors
separated by
50mm.

e Offset varied.

e How does
coupling vary?

Analyzing RFID and Bluetooth

How does coupling vary with the offset between the reader coil and the tag coil?
To check this, we added a second inductor 50 mm above the first one. We also
made the box containing the circuit bigger. This is important because we do not
want the inductor to get too close to the sidewalls.

For the analysis, we varied the offset from 0 mm to 160 mm in steps of 40 mm.
The reader inductor is shown above with an offset of 40 mm.

Sonnet is set up to automatically calculate a full frequency sweep for each of the
five reader coil positions. Each frequency sweep generates about 300 data points.
Because the Sonnet ABS interpolation is used, analysis at only four frequencies is
needed to generate data at all 300 frequencies.

Y—HAAIJLERT A IV DIEBEIZ LT, EEIFEDKSIZEILTBTLEIMN? ThEFIY
99312, SommEIZZFBBH DA EEMLET. F-RABEELBoxEIYKRELET. =
NIZAIBEICAEH8ERED LD T, EETY.

COEWTIE, BEEOmMmMS160mmETIOMMATY I TEILIETLET. CORTIE—
DA HRIFA0mmEENTLVET .

SonnetlX BEIAIIZ) =AM IILD5 DD BE TEERBRAA—TZ25HELETT. TNhEThDE
BEAA—TTHBOODT—2REZEBLET. SonnetD ABSTHEZFE-TLNBDT, 300DT—
BREERTEHDIZ, bITMDODERMDBITTHET.
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Coupling Calculation

e Reader coil on port 2.
e RFID tag coil on port 1.

e How much open circuited voltage
generated at port 1 due to current into
port 2?

VTAG — L READER Z 12

Analyzing RFID and Bluetooth

Before we look at the results, we shall discuss what the results mean. For our
circuit, we will assume that the tag coil is connected to port 1 and the reader coil
is connected to port 2.

One important question to ask is how much voltage is generated at the tag coil
port when we put current into the reader coil port. This is just the value of Z12.
For example, if Z12 is 9000 Ohms, then 1 mA into the reader coil (port 2) will
generate 9 volts on the tag coil port.

Since the Sonnet layout includes the internal resistance of the RFID IC, a full 9
volts will appear at the RFID IC to be used for operation.

HRERDANC, HRENMIEERTHIAERILELELS. bONOEETE, 2734/)LH
R—MIZEBEESN TS EREL, V—F A/ LIFR—R2ACERSN TS ERELET.

BERRAIL, V—FAMILDR—MIBREFRLI=EEIZ, 25 A/ DER—MTRIL
EFTH0TY. CNIFZR2OETHMNET. fz£Z1E, £LZ12A9000Q T, DFIZ)—F a4
JWER—R2)IZImAFRT &, 2T AMILDER—FIIFORILENEELET.

SonnetD L4 7 ~MIRFID ICH NEFIEINE S ATLNSD T, RFID ICEERENTHEEEIRIL
OSBRI ET.
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Analyzing RFID and Bluetooth

We see that for both 0 mm offset and for 40 mm offset, the value of Z12 is just
under 9000 Ohms. Thus, the RFID IC will have just under 9 Volts to operate for
every 1 mA of current going into the reader coil.

The value of Z21 drops off quickly at 80 mm. At this location, the reader coil
has just passed beyond the edge of the tag coil. Coupling drops off rapidly. The
tag coil now gets only about 2 Volts for every 1 mA flowing into the reader coil.
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Reader Coil Input Impedance

e When tag coil is resonant,
coupling to reader coil is
maximum.

e When tag coil is de-tuned,
it has no effect on reader.

e The tag coil also has no
effect when the reader coil Tag coil de-tuned
has a large offset.

e S0, compare the reader coil
input impedance (Z,,) to )
the large offset case to see
the effect of detuning tag
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Once the tag coil gets enough power, it operates by repeatedly de-tuning the
capacitor in the tuned circuit. When the tag resonant circuit is de-tuned, the tag
coil has no effect on the impedance of the reader coil. When the tag coil is
resonant, it couples strongly to the reader coil and changes the reader coil
impedance. It is this change in impedance which is read by the reader.

When the tag coil is resonant, the input impedance of the reader coil is Z22.
When the tag coil is de-tuned, the tag coil has no effect. In this case, the reader
coil impedance is the same as if there is no tag coil there at all. In the next plot,
we can see this difference directly.

By sensing this change in coil impedance, the reader can read the information
sent by the tag coil.
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Analyzing RFID and Bluetooth

When there is a large offset between the reader coil and tag coil, the tag coil has no effect on the
reader coil. The reader coil has an input impedance of about 18000 Ohms. When the tag coil is

de-tuned by the RFID IC, the tag coil will also have no effect on the reader coil. In this case, the
reader coil input impedance will also be 18000 Ohms, regardless of where the tag coil is located.

When there is 0 mm offset between the tag coil and the reader coil, the resonant tag coil couples
strongly to the reader coil. The reader coil input impedance then becomes only about 4000 Ohms.

If the offset is 40 mm, the resonant tag coil changes the reader coil input impedance to about 8000
Ohms.

At 80 mm offset and above, there is little change. At 80 mm offset, the reader coil has moved so
there is no overlap with the tag coil. There is also almost no coupling.
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Double Reader Coil Size

e Reader coil (and
substrate) now two
times bigger.

e Total additional
capacitance is now 8
pF, including RFID IC.

e How does coupling
change as offset

varied?
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Analyzing RFID and Bluetooth

What happens when the reader coil is doubled in size? This is shown here. As
mentioned before, in order to keep high accuracy, we must keep the sides of the
box away from the inductor. Thus, we doubled the size of the box for this
analysis. Also, because the inductor is larger, a smaller capacitance is needed for
resonance. Now a total of only 8 pF is needed.

Here, the reader coil is shown offset 40 mm to the right of the small tag coil.
Note that at 80 mm offset, the reader coil will no longer overlap any part of the
tag coil, and we would expect almost no coupling, just like in the previous case.
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Analyzing RFID and Bluetooth

Here is the coupling for different offsets. With the larger coil, the RFID IC
receives a little more voltage. Now, for each 1 mA flowing into the reader coil,
slightly more than 9 Volts is generated at the tag coil. As before, at 80 mm offset,
when the reader coil no longer overlaps the tag coil, coupling suddenly becomes
small. This tells us that the reader coil can read any tag which is inside the area of
the reader coil. Thus, because this coil has a larger area, it can read tags over a
wider area.

NITEMEZA-HADEAETY. KYKXEILEICIILTIE, RFIDICIEHTMNKRELERE
2ITET. SEIX V—FaMILIZImATRT &, 2T/ LIFORILEEY T M KRELRYE
T RIDEKSIZ, SommBE g &, V—F a2 A IVIZERSHLEo1=EF, FEEIFXEAN
HKBYFET. ThIZU—F M) =S ILDEBRIZHIEDETHLHZHBHENITET
T /2T, COAMIUDEKY KELBEEEHF->TWADT, KYLEH TR ZHUIENTE
EXE




SONNET

Coil Input Impedance

Reader Coil Input Impedance for Various Offsets
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Analyzing RFID and Bluetooth

As before, we can see how much the input impedance of the reader coil changes
from when the tag is resonant to when the tag is de-tuned. The peak of the curve
is the reader coil input impedance when the tag coil has no effect. This is the
same thing as the tag coil being de-tuned. Thus, when the tag coil is de-tuned, it
will have an input impedance of about 21000 Ohms. At 0 mm offset, the
resonant tag coil will cause the reader coil input impedance to drop to about 6000
Ohms.
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adjusted for Y 7

best match.

e Four ABS
frequencies
for full
sweep.

e 30 Sec/freq.
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Analyzing RFID and Bluetooth

Bluetooth normally operates from 2.402 to 2.480 GHz. This is a special, compact
Bluetooth antenna. The wide strip is a long patch antenna a little bit like a dipole.
The feed point is from a via underneath the antenna as shown. The position of the
via is adjusted for a good input impedance match. The length of the patch is
adjusted to get the desired resonance. For a slightly faster analysis, port de-
embedding is turned off (Analysis->Setup->Advanced->uncheck de-embed).

Analysis time for this antenna is 26 seconds per frequency on a 1.3 GHz Pentium.
The Sonnet ABS interpolation requires only four frequencies to calculate all 300
frequencies across the band. This means only 2 minutes for a complete analysis.
Such a short time for analysis is important. This means one can evaluate many
different design changes to quickly find the best design.
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~ Bluetooth Antenna

First Bluetooth Antenna Input Reflection Coefficient
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Analyzing RFID and Bluetooth

After two minutes of analysis, data at all 300 frequencies is complete. The
bandwidth of the antenna is 20 MHz. The center frequency is 2.42 GHz. This
circuit was analyzed at the start and stop frequencies, and at the two frequencies
with the small circles on the data curve. All other data was interpolated by
Sonnet’s ABS.
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Modified Bluetooth Antenna
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Analyzing RFID and Bluetooth

It would be convenient to have a wider bandwidth antenna without making the
antenna much larger. This can be done with an “F-feed” as shown. The F-feed
has two feed points connected in parallel. The port is in a via directly under the
dark green rectangle in the magnified picture. Working together, the two feed
points allow a wider bandwidth antenna.
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Modified Bluetooth Antenna

Modified Bluetooth Antenna Input Reflection Coefficient
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Analyzing RFID and Bluetooth

The F-feed has increased the bandwidth to 35 MHz. The center frequency has
moved up 5 MHz. The current distribution is shown beside the plot. Red is high
current and blue is low current. Note especially the high current at the edge of
the lines. The high edge current is required by Maxwell’s equations. The edge is
where most of the loss occurs, so a correct analysis of edge current is extremely
important for accurate loss analysis. Also notice that the current distribution is
smooth. We can see that the current is highest in the center of the dipole, going
to zero at the ends.
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Conclusion
e Sonnet’s new ABS interpolation is important
for fast analysis.
e RFID is easily analyzed using Sonnet.

e Capacitance required for resonance is easily
calculated.

e Effect of moving the reader coil is easily
calculated.

e Different Bluetooth antennas are quickly
calculated.

Analyzing RFID and Bluetooth

In conclusion, we have demonstrated the use of Sonnet’s new ABS interpolation. ABS generates
accurate results at over 300 frequencies after a full EM analysis at just a few frequencies. In fact
all the EM analyses in this presentation were done with only four analyses per complete frequency
sweep.

We have shown how Sonnet’s EM and nodal analyses can be used to easily analyze RFID coils.
We precisely calculated the additional capacitance required. We also included metal loss and
evaluated how the coupling between the RFID reader and tag change as the reader coil is moved.

Finally we looked at several Bluetooth antennas. The Sonnet ABS allows very fast analysis so that
many different designs can be quickly evaluated. We showed a modified design using an “F-feed”
which increases the bandwidth from 20 MHz to 35 MHz.

The Sonnet analysis allows a designer to quickly and confidently find the best design for RFID,
Bluetooth, and for many other applications. Thank you for listening.
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Analyzing RFID and Bluetooth
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More Subsections
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