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* Non-Harmonic Behavior

I ntrOd UCtlon ObservathﬂS  Transmission line resonators have one

. Nuclear Magnetic Resonance (NMR) is the phenomenon in which Vathematical calculat SR » o fundamental resonance frequency, and all other
_ _ _ _ « Mathematical calculations using impedance and transmission -
atomic nuclei from superconducting materials (known as resonators) o o o resonance frequencies (known as modes) are
_ _ - (characteristics of the resonator circuits) allowed for the determination of integer multiples of that frequency
absorb and re-emit electromagnetic energy (resonate) at a specific the fund al f Hoth il 4 -
e fundamental resonance frequency both graphically an . - ) : -
frequency (known as resonance frequency). N dcally ( pelow) Spiral resonators have non-harmonic behavior
o _ | mathematically (as seen below). - -
o Applications of NMR include the study of various We dentitiod the ] ( b 7 ters) and between the first mode and all following modes.
_ | | _ . e identified the impedance (represented by Z-parameters) an . - e
materials, and magnetic resonance imaging (MRI). t ssion ( od by S ters), which described th Knowing this Is important because we can change
_ _ | ransmission (represented by S-parameters), which described the - _ - - -
«  Superconducting spiral resonators (see Figure 1), are used to nternal behavior of a circuit network (such as th - 2 the higher-mode trequencies at which a coll
_ | o | Internal behavior of a circuit network (such as the ones in Figure : TR :
stimulate and detect the NMR signal. This is useful for high- | | resonates leading to more versatility in design.
. _ « Z-parameters depend on resistance, inductance, and
sensitivity radio frequency (RF) probes. _ e
. . . . . CapaCItance. % S0 « Spiral Resonator
. Designing RF probes requires an understanding of the properties of _ _ = _ -
_ » Also influenced by the mutual inductances. 2 * Uniform Transmission Line
spiral resonators. _ _ £
_  They are arranged in a matrix based on the source and 3
. To test these properties, the resonators are placed between two loop . 5
o receiving antennas (See below). g
antennas connected to a network analyzer to form a circuit (see
Flgure 1). Mode Mumber
The matrix of the Z parameters of the circuit found in Figure 1 and Figure 2. This matrix Figure 4: Transmission line resonators have an even spread between modes. Spiral
P u r OS e an d M eth O d S shows how resistance, capacitance, and inductance relate to each other. It shows how resonators, on the other hand, have an uneven, yet still linear, spread between its first
p mutual inductances between the two antennas can contribute to impedance in the circuit. mode and subsequent modes. This contributes to the characteristic non-harmonic
(Reproduced from source [1]) behavior of spiral resonators.
. This analysis Is to gain a better understanding of how these Vo202 Mo Mo 02 | | |
. . . WLy + 2 oMy, + L2 - Various properties of spiral resonators were analyzed
resonators (spiral in shape) behave so more versatile designs can SO T J @12 Z el c | _ _ |
1Z] = , > to determine which most greatly influenced this non-
be created. oMo+ M10Maw oL + Mo | _ _ |
. . o . J @012 Zoic JOR2 T harmonic behavior. The change was inversely linked
. By mathematically calculating parameters of this circuit (See Figure ' | |
. . to the square of the ratio of the outer radius to the
2)—such as impedance and transmission—a resonance frequency _ _ _
_ - The following equations (once the resistance Is ignored) illustrate how the resonance frequency can Inner radius (abbrewated as RR-Z)_
known as the fundamental resonance frequency was identified. be predicted mathematically. Using parameters C = 17.6pF, L = 500nH, My, = My, = 3.2nH,
_ _ M,, = 190pH. | _
. Analysis of this resonance frequency involved the non-harmonic R R - oo | — w2l Non-Harmonic Behavior
behaviors of spiral resonators that are observed by experiment, but Zric = JwL + , —> Zric = ,
S OTSP © ODSEIVEL by &P (1 + jwRC) jwC
not predicted by the model of transmission line resonators (See e
. 2 = g 3000 * i:?‘]r:aard spread
F|gure 4) . MlOMZOa) Im{ZZl} 0 — 1 g — { } Router
221 — ]a)Mlz _I_ — w = 20.00 RR = R.
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f =53.6MHz
Par: Figure 5: The spread between the first mode and following modes (mathematically
=7 defined by the y-intercept divided by the slope of the spiral resonator’s graph in Figure
e S-Parameters are defined by how much power IS transmitted 4) has an inverse correlation to the square of the ratio of inner and outer radii (RR2).
from the source antenna to the receiving antenna versus COnCI USion

how much power is reflected back to the source. _ , ,
*At a given resonance frequency, the maximum energy is

transmitted from one antenna to another (Z-parameters/
Impedance and S-parameters/transmission were used to identify
these frequencies).

frequency and see it match up to calculations with Z- These frequencies were used to determine non-harmonic
parameters (See Figure 3). behavior that is characteristic of spiral resonators.

. . *The ratio of the outer radius to the inner radius has the most
Impact on non-harmonic behavior.

*Using non-harmonic behavior of spiral resonators and what
Impacts it, one can improve the design of spiral resonators and
the RF probes that use them.

* Peaks in transmission occur at resonance frequency (as

o seen in Figure 3).
Figure 1: Diagram of the coupling of a spiral resonator between two loop antennas. Emphasis is
on the mutual inductances of the two antennas with each other and the resonator. (Reproduced . Using these peaks’ we can find the fundamental resonance

from source [1])
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Figure 2. Circuit diagram of the coupling of a spiral resonator between two loop antennas. Resonator _ _ T 2013
is modeled as a parallel RLC circuit . All inductors in this circuit (L, L1, and L2) interact with each other Figure 3: Graph of how energy Is transferred from one antenna to the other. At the frequency of Ackn Owledgements
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