
 

Abstract—Cell is the key component in an optically pumped 
magnetometer. It is necessary to light the cell before measurement and 
to maintain the illuminated state. The accuracy and stability of 
magnetic values from the instrument are closely related to the 
brightness and stability of the cell. The cell is also the largest power 
dissipation component in the sensor probe, so the overall energy 
consumption of the magnetometer is highly correlated with it. This 
paper studies the excitation circuit of cell in the magnetometer. Firstly, 
we demonstrate the resistivity characteristic of a cell using simulations. 
After that, based on the combination of signal source impedance and 
transmission line impedance, the matching network of excitation 
circuit is analyzed. We demonstrate that both T-network and 
Π-network can achieve the impedance matching of the transmitter 
circuit by a simulation experiment, under the condition of 50MHz 
signal, 10Ω source impedance, and 50Ω transmission line impedance. 
T-network shows the best performance in frequency selectivity and 
energy transfer. Finally, the simulation experiment also proves that a 
circuit composed of a self-coupled coil and an LC parallel resonant 
network can realize the impedance matching and the passband 
selection of the receiver circuit by optimizing values of the inductance 
and capacitance, and turns of the self-coupled coil simultaneously. The 
power consumption of the whole high-frequency excitation circuit of 
cell in the optically pumped magnetometer is only about 6W. 

 
Keywords—Optically pumped Magnetometer, cell, excitation 

circuit, impedance matching. 

I. INTRODUCTION 

 ptically pumped magnetometer is a type of magnetic 

survey instrument using the principle of atomic 

magneto-optical resonance principle[1–4]. In the field of 

magnetic detection, the magnetometer is one of the most highly 

accurate and most watched instruments. It is widely used in 

geological exploration, satellite magnetic survey, and medical 

testing[5–7]. In recent years, satellites in the European space 

agency's SWRAM space exploration program have been 

equipped with a helium optically pumped magnetometer with a 

sensitivity of z1pT H  [8–11]. The magnetometer can also be 

used to detect biomagnetism signals, and magnetic microscopy 

has been achieved with the magnetometer. Researchers at 

Okayama University in Japan have used the optically pumped 

magnetometer to measure the human brain's magnetic field and 

get high-quality data[12–14]. 
In the cell of optically pumped magnetometer, an atom in the 

ground state can be excited by an external signal to the 
metastable state energy level. An atom in a metastable state can 
have a Zeeman splitting in a strong magnetic field, then, the 
atoms form a specific optical orientation because of the optical 
pumping action. At the same time, the effect of the external 
magnetic field and the Radio Frequency (RF) magnetic field 
provided by an RF coil to the cell make the metastable state 
atoms a magnetic resonance. The intensity of transmitted light 
through the cell varies with the frequency of the RF field, and it 
is the weakest when the magnetic resonance occurs. The value 
of the RF signal f0 at magnetic resonance can be measured by 
the change of light intensity. The magnetic field value B0 is 
proportional to f0, we get B0[15,16]. Therefore, the atomic 
magneto-optical resonance principle of magnetic measuring 
determines the core position of the cell[15,16]. It is necessary to 
light the cell before measurement and to maintain the 
illuminated state in the process of work.  

By solving magneto-optical Bloch equations and the related 
experiments, we can attest that the test sensitivity of optically 
pumped magnetometer has a direct correlation with the optical 
pumping rate and the atomic relaxation rate in the atomic 
magneto-optical resonance principle[17–19]. William Happer, 
et al.[ref] demonstrated that external factors such as gas 
concentration, pressure, brightness, brightness stability of the 
cell and the brightness, brightness stability of light source. 
influence the optical pumping rate and the atomic relaxation 
rate. Recently, many teams, including Peking University and 
Zhejiang University in China, have conducted in-depth studies 
on the quality of the light source[20–22]. However, the 
luminescent quality of the cell is relatively neglected. In 
addition, the cell is also the primary power dissipation 
component in the sensor probe. At present, in the commonly 
used magnetometer, the power consumption of Cs-3 cesium 
optically pumped magnetometer probe is up to 60W at start-up 
time and around 20W after stabilization. RS-HGB4A and 
RS-DGB4A helium optically pumped magnetometer of China 
shipbuilding industry 715th Research Institute have a power 
consumption of around 50W. So, in order to improve the data 
quality and reduce the power consumption of optically pumped 
magnetometer, it is necessary to design a high-frequency 
excitation circuit with reasonable structure and energy transfer 
to[23–27]. 

In this paper, the signal source impedance of the circuit is 
obtained and the impedance characteristic of the load (cell) is 
determined, and the overall structure of high-frequency 
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excitation circuit is designed based on this. Section III presents 
the impedance matching and frequency resonance network 
design of high-frequency excitation, introduces the circuit 
analysis and parameter estimation methods of L-network, 
T-network, Π-network, LC parallel resonant network, and 
self-coupling coil. In Section IV, the corresponding simulation 
experimental results of different circuit forms and parameters 
are given and analyzed. In conclusion, our paper guarantees the 
brightness of the cell in the case of minimum energy loss and 
the total power consumption 6W.   

II. DESIGN PRINCIPLE OF HIGH-FREQUENCY EXCITATION 

CIRCUIT  

The high-frequency excitation circuit of the optically 
pumped magnetometer can be divided roughly into two 
parts——a signal transmitter circuit and a signal receiver 
circuit which are separated by coaxial cable transmission line. 
Specifically, the signal transmitter circuit is divided into a 
signal source and a transmitter matching network to realize the 
impedance matching of the source and the transmission line. 
The signal source includes a crystal oscillator and a Radio 
Frequency (RF) power Metal Oxide Semiconductor Field 
Effect Transistor (MOSFET). The signal receiver circuit is 
divided into a load and a receiver matching network to realize 
the impedance matching of the transmission line and the load. 
The circuit structure partition is shown in Fig.1. 

In order to achieve the maximum efficiency of power 
transmission, a passive matching network is inserted between 
the wave source and the load to make the load impedance and 
the wave source impedance match each other. Additionally, the 
matching network functions in part as a filter also ensures the 
power of the work-frequency signal is transmitted and the 
undesired harmonic components and interference are 
suppressed.  

A. Signal source and transmission line impedance 

The MOSFET is a voltage control device. When the output is 
saturated, the drain output current iD and the gate-source 
voltage vGS are linear in a certain range. Therefore, the previous 
part of transmitter circuit can be used as a single output network 
in Fig.1. Circuit analysis based on the equivalent theorem of 
David south or NORTON, assuming that the internal resistance 
of the source is r, and the high-frequency AC signal us 
expressed as follows: 

s smu = U cosωt                                 (1)  

Usm is the signal peak voltage, ω is the frequency of the signal. 
Assuming the MOSFET output load is RLs, according to the 
maximum power transfer theorem, when RLs=r, the output 
power is the maximum, defined by the following: 

L

22
R msm

Lomax

Ls

UU
P = =

8r 2R
                          (2)  

The typical output power of chosen RF-MOSFET is 6W. 
Circuit power supply Vcc=12V, MOSFET saturation tube 
pressure drop Vdss≈1V, according to (2), when the maximum 
output power is obtained RLs=r=10Ω. The impedance of the 
coaxial transmission line is 50Ω. 

B. Cell impedance 

The cell is a cylindrical sealed glass container filled with gas. 
When the frequency of alternating electric field in the cell is 
greater than the movement rate of charged particles, the phase 
difference between the electric field and the charged particle 
will produce a current. Based on the position of the electrode, 
there are three modes of lighting up: internal-electrode 
excitation, external-electrode excitation, and non-electrode 
excitation, as shown in Fig.2.  

The internal-electrode excitation is to enclose the electrodes 
inside the cell. In the external-electrode mode, the electrodes 

 
Fig. 1.  Structure partition of the high-frequency excitation circuit. 
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are attached to the outside of the cell. In the non-electrode 
excitation mode, the electrodes are wound around cell as coils. 
The optically pumped magnetometer uses the 
external-electrode excitation. 

 

In order to know the impedance of the cell in stable working 
condition, it is important to obtain the equivalent electric 
parameter model of the cell. And, the cell can be considered as 
a gas discharge lamp. Since the middle of the 20th century, 
many scholars have been working on the modeling of gas 
discharge lamps. In the late 1940s, Francis proposed using a 
differential equation to approximate the electrical parameters of 
a gas discharge lamp based on three hypotheses[28–32]. The 
three hypotheses are: 

1) The increase of free electron concentration N in discharge 
area is proportional to the instantaneous power of the lamp. 

2) The decrease of electron concentration is proportional to 
the electron concentration N in the discharge area  

3) The equivalent resistance of the lamp is inversely 
proportional to the free electron concentration N. 

The differential equation is as follows: 

dN dt = A i v - B N                            (3) 

 R = v i = F N                                (4)                               

The parameters in the equations have lamp voltage , lamp 

current i, average electron concentration N and lamp 
resistance R. Where A, B and F are constants. Combining (3) 
and (4) gives:     

     
2 2

1
d

A v 1 1 A i 1R
= - B = R - B

dt F R R F R

 
                  

     
   (5) 

The output voltage V(t) is a sinusoidal signal that t varies 
with time. The relationship between the equivalent resistance 
R(t) of cell and V(t) can be obtained by (5). Parameters in the 
model are A/F=0.5, B=3190, and the input current signal 
frequency is 50MHz. By solving these differential equations, 
we calculated the equivalent resistance waveform as shown in 
Fig.3. It is a zoomed in the figure of the waveform after cell 
reaches a stable state. From Fig.3, it can be seen that when the 
signal frequency is 50MHz, the equivalent resistance value of 
a cell in the stable state fluctuates with time in a tiny range, and 
the approximation can be regarded as a constant. Therefore, 
we can conclude that the cell of optically pumped 
magnetometer can exhibit the resistance characteristic in 
high-frequency excitation circuit. 

 

III. CALCULATION AND ANALYSIS OF IMPEDANCE MATCHING 

AND PASSBAND SELECTION 

A. Calculation and analysis of transmitter matching network 

According to section II, the impedance of the MOSFET 

output is RLs=10Ω and the impedance of coaxial transmission 

line is RL1=50Ω. So, it is necessary to design a transmitter 

matching network with source impedance RLs=10Ω and load 

impedance of RL1=50Ω. 

1) Calculation and analysis of L-network  

The most commonly used structure is an L-network. This is a 

two-component network. Because the value of source 

impedance RLs is less than the load impedance RL1, the network 

structure shown in Fig.4(a) is adopted, and the XL1 and XL2 in 

the circuit are the opposite of the reactance, and its vector 

equivalent model is shown in Fig.4 (b).  

 
Les us define L1 L1 LsQ = X R  and L2 L1 L2Q = R X , therefore 

' L1
L1 2

L2

R
R =

1+ Q
                              (6) 

 ' L2
L2 2

L2

X
X =

1+1 Q
                             (7)                                   

The nodal quality factor of L-network is QL, and the 
conditions of the L-network impedance match are: XL1=X’

L2, 
RLs=R’

L1, and QL=QL1=QL2. According to these conditions and 
the above equations, it can be calculated 

 L1
L

Ls

R
Q = -1

R
                                (8) 

 
Fig. 2.  Three excitation modes of cell. 

 

Fig. 3. The equivalent resistance simulation waveform of cell at 
50MHz. 

 
Fig. 4.  (a)The basic form of L-network; (b) the equivalent circuit of 

L-network. 
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 Ls
L2 L1

L1 Ls

R
X = R

R - R
                         (9)                              

 L1 Ls L1 LsX = R R - R                   (10)                          

The frequency of the high-frequency excitation signal is f0, 

the load factor of L-network is QLL, and 3dB bandwidth is 

BWL0.7, so 

 LL L

1
Q = Q

2
                             (11) 

 0
L0.7

LL

f
BW

2Q
                              (12)                               

When source impedance RLs=10Ω, target impedance 

RL1=50Ω, working frequency f0=50MHz, we can calculate the 

loaded quality factor of L-network QLL=1, 3dB bandwidth 

BWL0.7≈25MHz with (6) to (12). 

The load factor and 3dB bandwidth of L-network are 

determined when we have the target impedance and source 

impedance. In the working frequency, although we can get 

higher energy transfer efficiency through parameter 

optimization, BWL0.7≈25MHz can't ensure the undesired 

harmonic components and interference to be suppressed. In 

order to be able to have loaded quality factor for tuning, and to 

adjust the 3dB bandwidth, a third component can be introduced 

into L-network to form a T-network or a Π-network. 

2) Calculation and analysis of T-network 

The basic circuit form of T-network as shown in Fig.5 (a). 

XT3 is divided into two parallel reactance components XT3a and 

XT3b. T-network can be equivalent to a double L-network 

model after inserting a hypothetical resistance RTin, as shown in 

Fig.5 (b).  

 

Because the value of source impedance RLs is less than the 

load impedance RL1, so the circuit analysis is as follows. 

Based on the previous analysis of L-network, conditions of 

the T-network impedance match are: RTin>RLs and RTin>RL1. In 

Fig.5 (b), the nodal quality factor of the L-network composed 

of XT1 and XT3a is defined as QT1, the nodal quality factor of the 

L-network composed of XT2 and XT3b is defined as QT2, then 

Tin
T1

Ls

R
Q = -1

R
                               (13) 

Tin
T2

L1

R
Q = -1

R
                                 (14) 

The passband width of T-network is determined by QT1 and 

QT2. Because the value of RLs is less than RL1, we can select QT1 

to calculate the parameters from the source impedance. The 

loaded quality factor of circuit is QTL=QT1/2, the 3dB 

bandwidth is BWT0.7. The results are as follows: 

0
T0.7

TL

f
BW

2Q
                                (15) 

 2
Tin T1 LsR = 1+Q R                            (16) 

T1 T1 LsX =Q R                                  (17) 

T2 T2 L1X =Q R                                  (18) 

   T3 T3a T3b Tin T1 Tin T2X =X X = R Q R Q       (19) 

3) Calculation and analysis of Π-network 

Fig.6 (a) shows the basic circuit of a Π-network. Divide the 

Xπ1 in the circuit into two series reactance components Xπ1a and 

Xπ1b. Insert a hypothetical resistance RTin, Π-network can be 

also equivalent to a double L-network model, as shown in Fig.6 

(b).  

 
Similarly, according to the L-network analysis method, 

conditions for a Π-network impedance match are: Rπin<RLs and  
Rπin<RL1. In Fig.6 (b), the nodal quality factor of the L-network 
composed of Xπ2 and Xπ1a is defined as Qπ1, the nodal quality 
factor of the L-network composed of Xπ and Xπ1b is defined as 
Qπ2, then 

Ls
π1

πin

R
Q = -1

R
                                 (20) 

L1
π2

πin

R
Q = -1

R
                                 (21) 

The passband width of Π-network is determined by Qπ1 and 

Qπ2. Because the value of RLs is less than RL1, we can select Qπ2 

to calculate the parameters of the load impedance. The loaded 

quality factor of circuit is QπL=Qπ2/2, the 3dB bandwidth is 

BWπ0.7. This gives us: 

0
π0.7

πL

f
BW

2Q
                                  (22) 

 
Fig. 5. (a) The basic form of T-network; (b) the double L-network 

equivalent circuit of it. 

 
Fig. 6.  (a)The basic form of Π-network; (b) the double L-network 

equivalent circuit of it. 
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 2
πin L1 π2R = R 1+ Q                             (23) 

  π3 L1 π2X = R Q                                  (24) 

π2 Ls π1X = R Q                                  (25) 

 π1 π1a π1b πin π1 π2X = X + X = R Q + Q              (26) 

B. Calculation and analysis of receiver matching network 

 
As described in section II, the equivalent model of the cell 

shows that cell is a resistance component. Because an accurate 

resistance value is difficult to obtain, and it is larger than 50Ω, 

the input impedance needs to be raised with a self-coupled coil. 

An LC parallel resonant network composed of the self-coupled 

coil and the capacitance is designed to do 50MHz frequency 

selection. The design of receiver circuit is shown in Fig.7. 

In the ideal case, we take the self-coupled coil as object, 
assumes that the primary side (the part between tap 2 and tap 3 
in Fig.7) and secondary side (the part between tap 1 and tap 4 
in Fig.7) turn ratio of 1:n, then the primary side input 
resistance and secondary side output resistance turn ratio of 
1:n2. With the LC parallel resonant network shown in the red 
dotted line in Fig.7 as object, assumes that the secondary side 
inductance value is L14, the capacitance value is C0, and the 
loaded quality factor of the circuit is QL0, The LC parallel 
resonant network center frequency is f0, then  

L0 0 0 14Q = R 2πf L                                (27) 

 2
0 L1 L2R = n R R                              (28) 

0

14 0

1
f =

2π L C
                                    (29) 

IV. SIMULATION EXPERIMENT OF TRANSMITTER AND 

RECEIVER CIRCUIT 

Advanced Design System (ADS) software of Agilent was 

used to simulate circuit matching effects. Sij-the S parameter 

can evaluate the matching network performance. For a 

dual-port network, Sij represents energy measured at i port after 

injecting energy into j port. Port 1 serves as the input port and 

Port 2 serves as the output port, S11 represents the reflection 

loss, that is, how much energy is reflected back to the input port, 

the smaller the better. A general recommendation is dB(S11) 

<-20. S21 indicates the insertion loss, which is how much 

energy is transferred to the output port, the larger the better. The 

ideal value is 0dB, and the greater the S21, the higher the 

efficiency of transmission. A general recommendation is 

dB(S21)>-3. 

A. Simulation experiment of transmitter circuit 

Compared with L-network, T-network and Π-network can 

easily design circuit parameters. Because of the high-frequency 

signal working conditions, the error of the capacitance in the 

actual device selection is better controlled than the inductance. 

Circuit design minimizes the use of inductance, so the two 

T-network structures are shown in Fig.8(a) and Fig.8(c), and 

the two T-network structures shown in Fig.9(a) and Fig.9(c) 

can be designed. 

 

 

Fig. 7.  Design of impedance transformation and LC parallel resonant 
network in the receiver circuit. 

Fig. 8. (a)One of the T-network design of transmitter circuit; 
(b) The double L-network equivalent model of (a); 
(c) Another T-network design of transmitter circuit; 
 (d) The double L-network equivalent model of (c). 

 

 

Fig. 9.  (a)One of the Π-network design of transmitter circuit; 
(b) The double L-network equivalent model of (a); 

(c) Another Π-network design of transmitter circuit; 
 (d) The double L-network equivalent model of (c). 
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1) Simulation experiment of T-network  

In general, we make a narrow band-pass or band-stop filter 

such that its 3dB bandwidth is less than 10% of its center 

frequency value. So, we set the 3dB bandwidth of 50MHz 

high-frequency excitation circuit to 2.5MHz.  

Take BWT0.7=2.5MHz into (13) to (19). If the circuit 

structure of Fig.8(a) is adopted, in the ideal case, C1=15.9pF, 

C2=7.15pF, and L1=442nH. The simulation results are shown in 

Fig.10(a). At 50MHz, dB(S11) =-66.008dB (m1 in Fig. 10(a)), 

dB(S21)=0dB (m2 in Fig.10(a)), 3dB bandwidth 

BWT0.7≈3.2MHz. 

If the circuit structure of Fig.8(c) is adopted, in the ideal case, 

L1=636.62nH, C1=7.15pF, Ca=15.9pF, and Lb=1434nH. 

Because 2πf0Ca>1/(2πf0Lb), the parallel circuit of Ca and Lb is 

capacitive. Optimized by ADS, C2=8.815pF. The simulation 

results are shown in Fig.10(b). At 50MHz, dB(S11) =-66.232dB 

(m1 in Fig.10(b)), dB(S21)=0dB (m2 in Fig.10(b)), 3dB 

bandwidth BWT0.7≈4.4MHz. 

 
(a) 

 
(b) 

Fig. 10.  (a)The simulation results of T-network in Figure9(a); 
(b) The simulation results of T-network in Figure9 (c). 

2) Simulation experiment of  Π-network 

As described before, we also set the 3dB bandwidth of 

50MHz high-frequency excitation circuit to 2.5MHz.  

Take BWπ0.7=2.5MHz into (20) to (26). If the circuit 

structure of Fig.9(a) is adopted, in the ideal case, C1=2.83pF, 

C2=1.27pF, and L1=11.495nH. The simulation results are 

shown in Fig.11(a). At 50MHz, dB(S11) =-56.060dB (m1 in 

Fig.11(a)), dB(S21)=0dB (m2 in Fig.11(a)), 3dB bandwidth 

BWπ0.7≈3.6MHz. 

 
(a) 

 
(b) 

Fig. 11.  (a)The simulation results of Π-network in Figure10(a); 
 (b) The simulation results of Π-network in Figure10(c). 

If the circuit structure of Fig.9(c) is adopted, in the ideal case, 

C1=2.83pF, L1=7.96nH, La=3.58nH and Cb=1.27nF. Because 

1/(2πf0Cb)>2πf0La, the parallel circuit of Cb and La is capacitive. 

Optimized by ADS, C2=2.3nF. The simulation results are 

shown in Fig.11(b). At 50MHz, dB(S11) =-64.316dB (m1 in 

Fig.11(b)), dB(S21)=0dB (m2 in Fig.11(b)), 3dB bandwidth 

BWπ0.7≈4.8MHz. 
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B. Simulation experiment of receiver circuit  

Because of the higher value of load factor QL0, the narrower 

the 3dB bandwidth, and the better the frequency selectivity, so, 

with (27) and (28), it is necessary to make the turn ratio  as 

large as possible, and L14 (the value of inductance between tap 1 

and tap 4 in Fig.7) as small as possible. At the same time, the 

value of n is obtained after RL1 and RL2 are determined. 

according to (29), at the center frequency f0, it should be to 

increase C0 and reduce L14 as much as possible to maximize the 

impedance matching effect and frequency selectivity. 

Design a comparison experiment, f0=50MHz, in the ideal 

case, the three groups of C0 and L14 values are calculated, as in 

Table I. 

 
We assume that the impedance of cell is 450Ω when lighting 

stably, due to the transmission line impedance of 50Ω, the 

primary side and secondary side turn ratio of the self-coupled 

coil is 1:3. Inductance is wound handcrafted, the number of 

turns is proportional to the inductance value when the coil 

diameter and line diameter are the same. 

 

Fig. 12.  The simulation results of the receiver matching network 

comparison experiment with C0 and L14 in table I. 

The simulation results are shown in Fig.12. The red curve in 

the graph is the result of experiment 1 from table I. The blue 

curve is the result of experiment 2, and the yellow curve is the 

result of experiment 3. Solid line is S11, and dotted line is S21. 

At 50MHz, value of the best match load RL2 in experiment 1 is 

487Ω, dB(S11) =-71.277dB (m1 in Fig.12), dB(S21)=0dB (m4 

in Fig.12), 3dB bandwidth BW0.7≈13MHz. Value of the best 

match load RL2 in experiment 2 is 459Ω, dB(S11) =-77.077dB 

(m2 in Fig.12), dB(S21)=0dB (m5 in Fig.12), 3dB bandwidth 

BW0.7≈7MHz. Value of the best match load RL2 in experiment 3 

is 454Ω, dB(S11) =-88.332dB (m3 in Fig.12), dB(S21)=0dB (m6 

in Fig.12), 3dB bandwidth BW0.7≈5MHz. 

The experiment shows that the primary side and secondary 

side turn ratio of self-coupled coil 1: n give n times impedance 

uplifting. At the same time, by reducing the inductance value 

and increasing the capacitance value in LC parallel resonant 

network, we can increase the load quality factor and reduce the 

3dB bandwidth of the circuit. 

V. CONCLUSIONS 

In this paper, the cell of optically pumped magnetometer is 

equivalent to a stable resistivity element after being light up by 

high-frequency signal excitation. In the ideal condition, the 

transmitter matching network of high-frequency excitation 

circuit can be designed as a T-network or a Π-network. When 

the source impedance RLs=10Ω, and the transmission line 

impedance RL1=50Ω, both insertion loss S21 of two networks 

can achieve optimal values, namely, 0dB. T-network in Fig.8(a) 

has the best performance at frequency selectivity with a 3dB 

bandwidth BWT0.7 of around 3.2MHz, and T-network in Fig.8(c) 

has the best performance at energy transfer with a reflection 

loss S11 of around -66.232dB. In the ideal state, the receiver 

matching network of high-frequency excitation circuit can 

realize impedance matching and frequency selection 

simultaneously with the combination of a self-coupled coil and 

an LC parallel resonant network. And the power consumption 

of the whole high-frequency excitation circuit of cell in the 

optically pumped magnetometer is only about 6W.  

The circuit analysis method and the simulation results 

presented in this paper can effectively guide us to produce a 

high-frequency excitation circuit for optically pumped 

magnetometer with high energy transmission efficiency. 
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TABLE I. The calculated values of C0 and L14 in comparison 
experiment. 

 

 Experiment 1 Experiment 2 Experiment 3 

Values of 

C0(pF) 51.0 100.3 150.1 

Values of 

L14(nH) 205.2 102.0 67.8 
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