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Abstract

:

In this paper, a novel ultra-wideband (UWB) printed antenna with quadruple band-notched characteristics is proposed and investigated. The quadruple band rejections are achieved by etching two interdigital capacitance slots on each side of the ground plane, embedding a curled C-shaped slot on the circle patch, and adding a curled split-ring resonator on the backside of the antenna. Interdigital inductance slots can obtain a narrower notched band than general structures due to their high inductance, thereby preserving some valuable frequencies. Adjusting the tail branch’s length and distance of the curled C-shaped slot and the curled split-ring resonator can control the notch frequency and width. Finally, the proposed antenna operates from 2.9–11 GHz (VSWR < 2) with four band stops (VSWR > 2) for rejecting WiMAX, WLAN, and downlink of X-band satellite communication. Furthermore, the difference between the experimental results and the expected value is less than 3%. The proposed antenna can accurately filter out narrow-band signals.






Keywords:


ultra-wideband (UWB); band-notched; narrow-band signals; printed antenna












1. Introduction


The research on broadband antennas in industry and academia is ongoing. Vivaldi antennas, dielectric resonant antennas, and planar antennas can provide a wide bandwidth [1,2,3,4,5,6]. Since the Federal Communications Commission (FCC) allocated the frequency band from 3.1 GHz to 10.6 GHz for commercial UWB systems, UWB printed antennas have been endowed with the ability to be used in short-range, high-speed communication systems [7]. However, UWB antennas are also highly susceptible to in-band interference, for instance, WiMAX (IEEE 802.16) systems operating at 3.3–3.7 GHz, wireless local area networks (WLANs) operating at 5.15–5.35 GHz and 5.725–5.825 GHz, and downlink of X-band satellite communication operating at 7.25–7.75 GHz [8]. The general method is to filter out the interfering frequency bands by cascading UWB antennas with filters. However, the use of filters increases the complexity and cost of UWB systems, as well as causes electromagnetic interference between components. Using an antenna with band-notched characteristics is one of the simple, effective, and low-cost filter methods. Many structures have been developed to achieve band-notched antennas, such as etching Ω-shaped, L-shaped, and U-shaped slots on the antenna radiating element and ground [9,10,11,12,13,14]. Adding parasitic structures is another way to create band rejections, such as loading split-ring resonators (SRR), U-shaped resonators, or fork-shaped structures on the back of the antenna [15,16,17,18]. Due to the wide notch bandwidth of the general band-notched structures, it is difficult to accurately filter out the narrow-band frequencies, resulting in a waste of useful frequency bands. Therefore, further research on structures with narrow-band filtering properties is required.



This paper proposes a quadruple band-notched UWB antenna using cured C-shaped structures and interdigital inductance slots, which have narrow-band filtering properties. The front of the antenna consists of a circular patch antenna and a side-feed microstrip line. Band stops of WLAN are achieved by etching two interdigital inductance slots on the ground plane. At the same time, curled C-shaped slots are etched on the radiation patch on the front of the antenna, and a curled split-ring resonator is used on the backside of the antenna to realize the band stops of WiMAX and downlink of the X-band satellite communication.




2. Proposed UWB Antenna with Quadruple Band Rejections


The geometry of the UWB monopole antenna is shown in Figure 1. The antenna is fabricated on a Rogers RT/duroid5880 substrate with a relative permittivity of 2.2, and the loss tangent is 0.0009. The overall size of the antenna is 30 mm × 35 mm × 1.575 mm. The radiator and a feed line are printed on the front side of the substrate, and the ground plane is printed on the backside of the substrate. A quarter wavelength converter is connected in series at the end of the feeder to realize the characteristic impedance matching of 50 Ω. Due to the antenna’s gradual change structure, it can match over a wide frequency range.



2.1. Antenna Frequency Broadening


The antenna and the ground can be equivalent to a dipole antenna [19]. Making the appropriate size cutouts on both ends of the ground plane can affect the electromagnetic coupling between the circular patch and the ground plane, greatly enhancing the impedance bandwidth [20]. W4 and L4 of the ground corner cut are analyzed in Figure 2. When W4 and L4 are larger, the low-frequency performance of the antenna is better. When W4 = 13 mm, the VSWR of the antenna at 9 GHz exceeds 2, and the UWB function cannot be realized. When L4 = 11.5 mm, the VSWR of the antenna oscillates in the high-frequency band. The distance between the radiating patch and the ground plane is marked as g, which is an essential factor affecting the impedance bandwidth of the antenna. Figure 3 shows the frequency characteristic curve of the VSWR of the antenna as a function of the parameter g. When g is changed from 0 mm to 2 mm, the bandwidth of the antenna displays a widening trend. When g = 0 mm, the VSWR of the antenna cannot meet the requirements of UWB. When g = 1 mm and g = 2 mm, the antennas are well matched in the UWB band. This result only corresponds to the numerical change of g, while the other size parameters of the antenna remain unchanged.




2.2. Design of Band-Notched Structures


As shown in Figure 4, four independent band-stop structures are used to achieve quadruple rejections. The required four notches are divided into two categories. One is WLAN bands with narrow notch width requirements, which are realized by etching interdigital inductance slots on the ground. The interdigital inductance slots can be regarded as improved C-shaped slots. The structure of the interdigital inductance slot consists of two parts: a C-shaped slot and an interdigitated structure. The required resonant frequency band can be achieved by a reasonable size design. Signals can be restrained in a narrow band around their resonant frequency. As the interdigital structure increases the equivalent inductance and has a higher quality factor (Q value) than the general C-slot, it can achieve a narrower resonant bandwidth [21]. The frequency    f 0    of the interdigital inductance slots is   1 / 2 π    L 0   C 0     . For a parallel resonant circuit, the width of the band-gap is proportional to      L 0  /  C 0     , where    L 0    and    C 0    stand for the equivalent inductance and capacitance of the interdigital inductance slots [22].



The other category is frequency bands with a wider notch width. A split-ring resonator and a C-shaped slot are used, and their length is one-half of the wavelength corresponding to the center frequency of the WiMAX and the downlinks of X-band satellite communication. The following formula can calculate the key parameters of the structures:


   l  e l e m e n t   =    λ g   2  =    λ 0    2    ε  r e f f       =  c  2  f  n o t c h      ε  r e f f        



(1)






   ε  r e f f   =    ε r  + 1  2  +    ε r  − 1  2     (  1 +   12 h    ω f     )    − 0.5    



(2)




   λ 0    is the wavelength of free space,  c  is the speed of light,    f  n o t c h     is the center frequency of the notched band,    ε  r e f f     is the effective permittivity,    ε r    denotes dielectric constant of the substrate,  h  denotes the height of the substrate, and    ω f    denotes the width of the feed line.



An inwardly curved extension branch is added to the tail of the general C-shaped slot and split ring resonator to increase the degree of freedom of design. By adjusting the branch’s electrical length and distance, the band-stop width’s center frequency and width can be changed.



As shown in Figure 5, the curled C-shaped slot is directly etched on the circular antenna itself, which changes the antenna structure and affects the impedance bandwidth of the antenna. It is worth noting that the structures formed by slots can realize the band notched of the antenna alone, while curled split-ring resonator cannot realize the band rejects by itself well. However, its band-stop capabilities are greatly improved when it interacts with other slots etched on the patch and ground, according to Figure 5a,b.




2.3. Input Impedance and Equivalent Circuit Model Analysis


Figure 6a gives the impedance curve of the UWB antenna without the notch-band structures. The real part of the impedance is around 50 Ω and the imaginary part is around 0 Ω. The impedance curve of the UWB antenna with notch-band structures is given in Figure 6b. At 3.5 GHz, 5.2 GHz, 5.8 GHz, and 7.6 GHz, the real part of the impedance is approximately zero and the slope of the imaginary part is positive, showing series resonance characteristics. A low impedance at the feed point results in a mismatch and a band-notch characteristic is observed.



For a series RLC circuit, the bandwidth is defined as the frequency range where the resistance value is less than 1/0.707 times the minimum resistance value. The resistance can also be derived from the simulation results in Figure 6. The lumped element value can be obtained by the following equation and is listed in Table 1:


   Q 0  =    f 0    BW    



(3)






   Q 0  =  1  2 π  f 0  RC    



(4)






   f 0  =  1  2 π   LC      



(5)







Figure 7 shows the equivalent circuit model of the proposed antenna. According to Figure 7, S11 of the equivalent circuit model can be obtained from the Equations (6)–(8). Figure 8a shows the S11 curve of the circuit model obtained through ADS simulation, which agrees with the S11 parameters calculated by the formula. The circuit parameters are analyzed. Taking the curled C-ring as an example, Figure 8b illustrates that when L1 and C1 are unchanged, the notch frequency and band-stop width of the antenna do not change. Figure 8b shows that both R1 and L1 remain unchanged; the notch-band frequency decreases with the increase of C1. Figure 8d depicts that when R1 and C1 remain unchanged, the frequency of the notch band and notch width decrease with the increase of L1. From the above rule, it can be concluded that when the notch frequency needs to be changed, only the capacitance of the structure needs to be changed. When the notch width needs to be changed, it is necessary to change the L of the structure first to obtain a suitable notch width, then change C to move the notch to the appropriate frequency.


   Z i  =  R i  + j ω  L i  +  1  j ω  C i     



(6)






   1   Z  i n     =   ∑   i = 1  5   1   Z i     



(7)






  S 11 =    Z  i n   −  Z 0     Z  i n   +  Z 0     



(8)








2.4. Performance Analysis and Current Distribution


As shown in Figure 9a, compared with the C-shaped slot without branches, the slot with branches has a lower frequency, narrower notch bandwidth characteristics, and higher VSWR, which helps filter narrow-band signals. In Figure 9b, the ground plane loaded with single C-shaped slots, nested C-shaped slots, and interdigital inductance slots is compared when those slots occupy the same area. Two narrow-band WLAN frequencies can be accurately filtered out by interdigital inductance slots and retain the valuable frequencies, and it is also more compact.



To further study the feature of the band-notched antenna, several parameters of the band-stop structures are investigated in Figure 10. When the L8 is changed from 4.2 mm to 4.8 mm, the band-stop frequency will shift to the low frequency due to the longer electrical length. When W7 changes from 7.5 mm to 9.5 mm, the rising edge of VSWR hardly changes, and the falling edge shifts, which leads to the notch bandwidth increasing from 0.38 GHz to 0.56 GHz. The distance of the curled C-shaped slot’s tail branches controls the band-stop’s width but has little effect on the rising edge of VSWR. From the analysis in Figure 10c,d, and Section 2.3, the essence of increasing L8 is to increase the equivalent capacitance of curled C-shaped slot. The essence of increasing L7 is to reduce the structure’s equivalent inductance and increase the structure’s equivalent capacitance. By choosing the length and distance of tail branches of the slot correctly, the band-notched feature can be controlled efficiently.



The length and width of the interdigital inductance slots at the interdigital position are analyzed in Figure 10. When the interdigital width Lb1 ranges from 0.1 to 0.4 mm, the center frequency of the band-stop and the band-stop width has significantly changed. When the interdigital length Wb1 is from 2.6 to 2.9 mm, the band-stop frequency and band-stop width also change, but the change is small. From the analysis in Figure 11c,d, and Section 2.3, increasing Lb1 reduces the equivalent capacitance of the interdigital inductance slot. The essence of increasing Wb1 is to reduce the equivalent capacitance of the structure. The band-stop parameter can be controlled by modifying these two parameters simultaneously, or the two parameters can be combined to form a stepped interdigital inductance slot, such as the structure in Figure 4d. Using interdigital inductance slots and the added tail branch in the general C-shaped structure makes it possible to filter out the interference frequency band more accurately and achieve high selectivity of the notch.



The final antenna size is: L=35 mm, W = 30 mm, L1 = 6 mm, W1 = 3.7 mm, L2 = 2.6 mm, W2 = 0.4 mm, L3 = 7 mm, W3 = 10 mm, L4 = 7.5 mm, W4 = 16 mm, L5 = 14 mm, W5 = 3.5 mm, L6 = 30.9 mm, W6 = 0.4 mm, L7 = 6 mm, W7=8.6 mm, L8=4.8 mm, W8=2.7 mm, L9 = 6.9 mm, W9 = 4.7 mm, R = 8 mm, La = 4.5 mm, Wa = 4 mm, La1 = 0.35 mm, Wa1 = 2.9 mm, La2 = 0.3 mm, Wa2 = 1.8 mm, La3 = 0.15 mm, Wa3 = 0.6 mm, Lb =4.97 mm, Wb=4 mm, Lb1 = 0.3 mm, Wb1 = 2.9 mm, Lb2 = 2.57 mm, Wb2 = 0.6 mm, t = 1.575 mm.



Figure 12b,c show the antenna’s surface current distribution for the two frequency bands used by WLAN. When the antenna works at 5.2 GHz and 5.8 GHz, most of the current is concentrated at the interdigital resonant structure of the interdigital resonant slots. The structure resonates around 5.2 GHz and 5.8 GHz, and the energy cannot be radiated effectively, so a band stop is formed. Figure 12a,d show the surface current distribution of the antenna working at 3.5 GHz and 7.6 GHz. For 3.5 GHz, the current directions are opposite along the inside and outside of slot (a), and the currents are canceled by each other, so the antenna does not radiate, the surface current is concentrated in the curled C-shaped slot, and a frequency notch is achieved around the 3.5 GHz [23]. When the antenna works at 7.6 GHz, the current direction generated by the curled split-ring resonant on the backside of the antenna is opposite to the current direction generated by the corresponding position on the front side of the antenna. Thus, the currents in opposite directions cancel each other out, causing energy to be stored in the curled split-ring resonator rather than radiated into the air.





3. Measurement and Discussion


The antenna model is fabricated and tested to verify the actual performance of the designed antenna. The processed object is shown in Figure 13, a vector network analyzer measures the VSWR of the antenna, and the far-field pattern of the antenna is measured in an anechoic chamber.



Figure 14 shows the simulated and measured VSWR and S11 of the designed antenna. The green line is the data obtained from the antenna simulation using HFSS, the blue line is the data obtained from the antenna equivalent circuit model simulation using ADS, and the red line is the measured data. It can be observed that the center frequency of the notch in the actual measurement has a certain frequency offset, which may be caused by the tolerance generated during manufacture and the welding of the antenna connector. The measurement shows that the antenna can achieve frequency coverage of 2.9–11 GHz and produce four band rejections of 3.38–3.75 GHz, 5.01–5.25 GHz, 5.63–5.86 GHz, and 7.45–7.82 GHz.



Figure 15 shows the antenna patterns in the three frequency bands of 6 GHz, 8 GHz, and 10 GHz, respectively. In these frequency bands, the radiation pattern of the X-Z plane antenna is almost omnidirectional. A dipole-like radiation pattern can be observed on the Y-Z plane, but the antenna pattern is not entirely symmetrical. The unsymmetrical pattern is because the two interdigital inductance slots etched at the ground are not identical, making the antenna itself asymmetrical.



In addition, the gain of the antenna is given in Figure 16. The antenna’s gain decreases rapidly in the notch band frequency, reaching minimum points at 3.5 GHz, 5.1 GHz, 5.7 GHz, and 7.63 GHz, respectively. Furthermore, the antenna’s maximum gain reaches more than 4 dBi, which proves that the antenna realizes the quadruple band stops.



Finally, it can be seen from Table 2 that the deviation of the filtering frequency of the antenna used in this paper can be controlled by 3%. The bandwidth of narrow band-stops can be controlled at 0.24 and 0.23 GHz, and the available frequency band 5.25–5.63 GHz is reserved. The antenna shows good performance in both frequency errors and bandwidth errors.




4. Conclusions


In this paper, a novel microstrip-fed monopole printed antenna with quadruple notched bands has been proposed and discussed. The antenna uses a circular radiating patch to achieve broadband characteristics. Two interdigital resonant slots, a curled C-shape slot, and a curled split-ring resonant ring are used to realize quadruple-notched bands. Finally, by adjusting their structural parameters, the antenna achieves notch characteristics of 3.38–3.75 GHz, 5.01–5.25 GHz, 5.63–5.86 GHz, and 7.45–7.82 GH; interference from WiMAX, WLAN, and downlinks of X-band satellite communication are effectively avoided. The antenna shows good omnidirectionality, good gain, and good filtering accuracy in the UWB frequency range. Based on the above considerations, the antenna proposed in this paper is expected to be a good candidate for UWB communication systems.
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Figure 1. Configuration of the proposed antenna. 
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Figure 2. Simulated VSWR of the proposed antenna under different values of corner cut (a) W4 (b) L4. 
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Figure 3. Simulated VSWR of the proposed antenna without notched bands in case of different g. 
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Figure 4. The geometry of band-notched structures: (a) curled split-ring resonator, (b) curled C-shaped slot, (c) interdigital inductance slots 1, and (d) interdigital inductance slots 2. 
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Figure 5. Simulated VSWR of UWB antennas with (a) single band-notched structure and (b) all structures. 
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Figure 6. Simulated impedance characteristics of the proposed antennas. (a) Without band notch structures. (b) With band notch structures. 
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Figure 7. Equivalent circuit model of the proposed band-notched UWB antenna. 
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Figure 8. Simulated S11 of equivalent circuit model under different parameters. (a) Comparison between simulation and calculation. (b) Equivalent resistance R1. (c) Equivalent capacitance C1. (d) Equivalent inductance L1. 
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Figure 9. Simulated VSWR of the proposed antenna under different structures. (a) Curled C-shaped slots. (b) Interdigital inductance slot. 
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Figure 10. Simulated of the proposed antenna under different values of tail branches of the curled C-shaped slot. (a) VSWR under different Length L8. (b) VSWR under different Distance W7. (c) S11 under different Length L8. (d) S11 under different Distance W7. 
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Figure 11. Schematic diagram of interdigital inductance slots. (a) VSWR under different Lb1. (b) VSWR under different Wb1. (c) S11 under different Lb1. (d) S11 under different Wb1. 
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Figure 12. Simulated magnitude of current distribution at (a) 3.5, (b) 5.2, (c) 5.8, and (d) 7.6 GHz. 
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Figure 13. Photos of the antenna prototype. (a) The front of the antenna. (b) The back of the antenna. 
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Figure 14. Simulated and measured of the proposed antenna. (a) VSWR. (b) S11. 
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Figure 15. Simulated and measured radiation patterns. X-Z Plane (left) and Y-Z Plane (right). (a) 6 GHz, (b) 8 GHz, and (c) 10 GHz. 
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Figure 16. Gain of the proposed antenna with notched bands. 
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Table 1. Calculated values of lumped elements.






Table 1. Calculated values of lumped elements.





	Circuit.
	BW (MHz)
	R (Ω)
	L (nH)
	C (fF)
	Q0





	Curled C-shaped slot
	40
	1.95
	7.7
	266
	87.5



	Interdigital inductance

slots 1
	40
	9.49
	37.7
	24.9
	129.8



	Interdigital inductance

slots 2
	50
	9.23
	29.4
	25.6
	116



	Curled split-ring resonator
	110
	11.51
	16.6
	26.2
	69.09
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Table 2. Comparison of proposed and reference antenna about unwanted bands and achieved rejection bands.






Table 2. Comparison of proposed and reference antenna about unwanted bands and achieved rejection bands.





	
Ref.

	
UWB Band/GHz

	
Size/mm2

	
Unwanted Bands (Bandwidth)/GHz

	
Rejection Bands (Bandwidth)/GHz

	
Band Error/%

	
Bandwidth Error/%






	
[8]

	
2.7–10.7

	
25 × 22

	
3.3–3.7 (0.4)

	
3.58–4.32 (0.74)

	
8.5, 16.8

	
85




	
5.15–5.35 (0.2)

	
5.36–5.57 (0.21)

	
4.1, 4.1

	
5




	
5.725–5.825 (0.1)

	
5.98–6.10 (0.12)

	
4.5, 4.7

	
20




	
7.8–8.2 (0.4)

	
8.12–8.85 (0.73)

	
4.1, 7.9

	
83




	
[13]

	
2.8–10

	
32 × 27

	
3.3–3.7 (0.4)

	
3.06–3.83 (0.77)

	
7.2, 3.5

	
93




	
5.15–5.35 (0.2)

	
5.05–N/A (N/A)

	
1.9, N/A

	
N/A




	
5.725–5.825 (0.1)

	
NA–5.96 (N/A)

	
N/A, 2.3

	
N/A




	
[20]

	
2.8–11

	
N/A

	
3.3–3.7 (0.4)

	
3.3–4.0 (0.7)

	
0, 8.1

	
75




	
5.15–5.35 (0.2)

	
5.05–N/A (N/A)

	
9, N/A

	
N/A




	
5.725–5.825 (0.1)

	
N/A–5.9 (N/A)

	
N/A, 1.2

	
N/A




	
[23]

	
2.45–12

	
31.8 × 26

	
3.3–3.7 (0.4)

	
3.27–3.57 (0.3)

	
0.9, 3.5

	
25




	
5.15–5.35 (0.2)

	
5.01–5.45 (0.44)

	
2.7, 1.8

	
120




	
5.725–5.825 (0.1)

	
5.55–6.05 (0.5)

	
3.0, 3.8

	
400




	
7.25–7.75 (0.5)

	
7.05–7.45 (0.4)

	
2.7, 3.8

	
20




	
8.025–8.4 (0.375)

	
7.83–8.19 (0.36)

	
2.4, 2.5

	
4




	
[24]

	
N/A

	
28.5 × 28

	
3.3–3.7 (0.4)

	
3.15–3.62 (0.47)

	
4.5, 2.1

	
17.5




	
5.15–5.35 (0.2)

	
5.1–5.38 (0.28)

	
0.9, 0.8

	
40




	
5.725–5.825 (0.1)

	
5.72–6.12 (0.4)

	
0.1, 5.1

	
300




	
[25]

	
2.6–23

	
15 × 15

	
3.3–3.7 (0.4)

	
3.1–3.9 (0.8)

	
6, 5.4

	
100




	
5.15–5.35 (0.2)

	
5.1–N/A (N/A)

	
0.9, N/A

	
N/A




	
5.725–5.825 (0.1)

	
NA–6 (N/A)

	
N/A, 3

	
N/A




	
[26]

	
2.5–11

	
40 × 37

	
3.3–3.7 (0.4)

	
3.2–3.8 (0.6)

	
4.7, N/A

	
50




	
5.15–5.35 (0.2)

	
5.1–N/A (N/A)

	
1, N/A

	
N/A




	
5.725–5.825 (0.1)

	
N/A–5.9 (N/A)

	
N/A, 1.3

	
N/A




	
[27]

	
2.9–23.5

	
22 × 16

	
5.15–5.35 (0.2)

	
5.39–N/A (N/A)

	
4.7, N/A

	
N/A




	
5.725–5.825 (0.1)

	
N/A–5.9 (N/A)

	
N/A, 1.3

	
N/A




	
7.25–7.75 (0.5)

	
7.30–7.75 (0.45)

	
0.7, 0

	
10




	
[28]

	
2.82–13.25

	
22 × 13

	
3.3–3.7 (0.4)

	
3.19–4.58 (1.39)

	
3.3, 23.7

	
247




	
5.47–5.875 (0.4)

	
5.26–6.21 (0.95)

	
3.8, 5.7

	
137




	
7.9–8.4 (0.5)

	
7.87–8.73 (0.86)

	
0.4, 3.9

	
72




	
[29]

	
2.76–11

	
32 × 30

	
3.3–4.2 (0.9)

	
3.45–N/A (N/A)

	
4.5, N/A

	
N/A




	
4.5–4.8 (0.3)

	
N/A–4.81 (N/A)

	
N/A, 0.2

	
N/A




	
4.15–5.35 (1.2)

	
5.24–N/A (N/A)

	
26, N/A

	
N/A




	
5.47–5.725 (0.26)

	
N/A–6.21 (N/A)

	
N/A, 8.5

	
N/A




	
[30]

	
N/A

	
30 × 26

	
3.4–3.69 (0.29)

	
3.21–3.79 (0.58)

	
2.7, 2.7

	
100




	
5.15–5.35 (0.2)

	
4.65–5.43 (0.78)

	
9.7, 1.5

	
290




	
7.25–7.75 (0.5)

	
7.15–8.07 (3.42)

	
1.4, 4.1

	
584




	
[31]

	
3.57–11.7

	
24 × 24

	
3.3–3.8 (0.5)

	
3.39–3.92 (0.53)

	
2.7, 3.2

	
6




	
5.15–5.35 (0.2)

	
4.43–5.48 (1.05)

	
14, 2.4

	
425




	
[32]

	
3–12

	
32 × 40

	
5.1–5.37 (0.27)

	
5.05–5.35 (0.3)

	
0.9, 0.4

	
11




	
This work

	
2.9–11

	
35 × 30

	
3.3–3.7 (0.4)

	
3.38–3.75 (0.37)

	
2.4, 1.3

	
7.4




	
5.15–5.35 (0.2)

	
5.01–5.25 (0.24)

	
2.7, 1.9

	
8.3




	
5.725–5.825 (0.1)

	
5.63–5.86 (0.23)

	
1.6, 0.6

	
120




	
7.25–7.75 (0.5)

	
7.45–7.82 (0.37)

	
2.8, 0.9

	
26
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