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Abstract—An ultra-wideband polarization rotation reflective 

surface (PRRS) with a high polarization conversion ratio (PCR) is 

proposed, which can reflect the linearly polarized incident wave 

with 90° polarization rotation. The unit cell of the proposed PRRS 

consists of a square and an L-shaped patches printed on a 

substrate, which is covered by a superstrate and backed by a 

metallic ground. Each of the two patches is connected to the 

ground using two metallic vias, respectively. Compared with the 

previously reported PRRS, the polarization rotation bandwidth of 

the proposed PRRS is enhanced from 49% to 97% with a high 

PCR of 96%. Moreover, the frequency responses within the 

operation frequency band are consistent under oblique incident 

waves. Furthermore, the designed PRRS is applied to 

ultra-wideband radar cross section (RCS) reduction by forming a 

checkerboard surface. The numerical relationship between RCS 

reduction of the checkerboard surface and the PCR of the PRRS 

is discussed. A 10-dB RCS reduction is achieved over an 

ultra-wideband of 103%. To validate the simulation results, 

prototypes of the checkerboard surface is fabricated and 

measured. Good agreement between the experiments and 

simulations has been obtained. 

Index Terms—Polarization rotation, ultra-wideband, reflective 

surface, radar cross section (RCS) 

I.INTRODUCTION 

Polarization rotators are a type of import electromagnetic 

structures which have been intensively investigated in the 

microwave and quasi-optical frequencies in the past few years 

[1-5]. Generally speaking, polarization rotators can be 

categorized into transmission and reflection types. For the 

transmission type, one can exploit either the birefringence 

effect of anisotropic metamaterials [6-8] or the optical activity 

of chiral metamaterials [9-11]. Most of these structures operate 

at a narrow single or two separated narrow bands [6-9, 11]. In 

[10], an ultra-thin chiral metamaterial slab stacked with twisted 

complementary split-ring resonators for highly efficient 

broadband polarization transformation is proposed. Its 
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conversion efficiency reaches up to 96% with a bandwidth of 

24%. For the reflection type, the plasmon resonances and 

asymmetric high impedance surface are utilized to realize the 

polarization rotation in [12-19]. The reflection type polarization 

rotators proposed in the literature either work at a few separated 

narrow polarization rotation frequency bands or don’t have 

high enough PCRs over the polarization rotation band. 

 In [20], a broadband PRRS is proposed by connecting the 

square patch to the ground using two asymmetric vias. A 49% 

bandwidth is obtained with a high PCR of 96%. Besides, 

another ultra-wideband PRRS with a periodic array of quasi 

L-shaped patches is proposed as well, which increases the 

polarization rotation bandwidth further to 103%. However, the 

PCR of the ultra-wideband PRRS is only 50% in some 

frequency range. In this paper, a novel ultra-wideband and 

high-efficiency PRRS is presented by employing single layer 

dual patch unit cells. The unit cell consists of a square and an 

L-shaped patches printed on a substrate, which is covered by a 

superstarte and a backed by a metallic ground. Unit cells 

employing square and L-shaped patches individually have been 

reported in [20]. When they are combined to form a dual patch 

unit and covered by a superstrate, however,  the electrical size 

of the unit cell is reduced while the operation bandwidth is 

broadened by xx% with almost the same PCR. Furthermore, we 

apply the dual patch based PRRS to a metallic sheet to reduce 

the RCS an ultra-wideband. By arranging the unit cells of the 

PRRS in four orthogonal directions, a checkerboard surface 

with low RCS is formed and a 10-dB RCS reduction is 

achieved in an ultra-wideband of 103%. In the literature, it has 

been reported that , by combining the AMC and PEC or two 

different kinds of AMC with 180° phase difference in a 

checkerboard configuration, the two reflections from the two 

surfaces cancel each other under a normal incident plane wave 

and re-radiate the energy in other directions, thus reducing the 

RCS in the normal direction [21-24]. The former method can 

only reduce RCS in a narrow band while the latter one requires 

two kinds of AMC with 180° phase difference over a wide 

frequency band to realize wideband RCS reduction. In contrast, 

an  ultra-wideband RCS reduction can be achieved by using 

only one kind of PRRS with the proposed configuration,  thus 

simplifying the design and fabrications process. 

The paper is organized as follows. Section II describes the 

topological structure of the ultra-wideband dual-patch PRRS 

with a high PCR and presents its design procedure. Then, 
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Section III presents a checkerboard surface formed by the 

proposed PRRS for ultra-wideband RCS reduction and 

discusses the relationship between the RCS reduction and the 

PCR of the PRRS. Finally, the paper is concluded in Section 

IV.  

II.NOVEL ULTRA-WIDEBAND PRRS WITH A HIGH PCR 

This section presents the design of a novel ultra-wideband 

PPRS with a high PCR. The unit cell of the proposed PRRS is 

depicted in Fig. 1. It consists of a square and an L-shaped 

metallic patches printed on the substrate backed by a metallic 

ground plane, and each of the two patches are connected to the 

metallic ground by two metallic vias loaded in a diagonal 

direction. The dual patch unit cell is covered by a superstrate. 

The period of the unit cell of the proposed PRRS is 6.0 mm and 

the permittivity of both the substrate and the superstrate is 2.65 

(tanδ=0.001). The other parameters are given in Table I. 
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Fig.1 The topological structure of the unit cell of the ultra-wideband PRRS with 

a high PCR. 

 
TABLE I 

UNIT CELL DIMENSION (MM) 

 

W1 W2 W3 D g 

3.6 4.2 1.5 0.5 0.2 

d1 d2 d3 t1 t2 

0.8 1.5 2.5 2 4 

 

In the following, we define 𝑟𝑥𝑦= 𝐸𝑥
𝑅𝑒𝑓

 / 𝐸𝑦
𝐼𝑛𝑐 and 𝑟𝑦𝑦= 𝐸𝑦

𝑅𝑒𝑓
 / 

𝐸𝑦
𝐼𝑛𝑐 to represent the reflection ratio of y-to-x, and y-to-y 

polarization conversions, where the 𝐸𝑦
𝐼𝑛𝑐 represents the electric 

field of the y-polarized incident EM wave, while the 𝐸𝑦
𝑅𝑒𝑓 

and 

𝐸𝑥
𝑅𝑒𝑓

 represent the electric fields of the y- and x-polarized 

reflected EM waves, respectively. 

To understand the response of the proposed PRRS to the 

incident EM wave with y-polarized electric field, we 

decompose the electric field of the incident EM wave Ei into 

two perpendicular components, Ei𝑢 and Ei𝑣, as shown in Fig. 

2a. When the incident EM waves are u-polarized and 

v-polarized, respectively, the reflected magnitudes and phases 

are shown in Figs. 2b. It can be seen that the magnitudes of the 

two curves are approximately the same. Most of the energy is 

reflected with the same polarization as the incident wave. 

Furthermore, the relative phase retardation is roughly 180° 

from 6.2 to 17.8 GHz. Taking the frequency point where the 

reflected phase φ𝑢is 0°,  for example, we display the electric 

vectors of the incident and reflected waves in Fig. 2a. When φ𝑢 

is 0°, φ𝑣  is -180° for the reason that the phase difference 

between φ𝑢 and φ𝑣 is approximately 180°. Thus, the reflected 

electric field Er𝑢  is equal to Ei𝑢 while Er𝑣   is equal to −Ei𝑣. 

Meanwhile, the magnitudes of the reflected fields are equal to 

those of the incident fields. Then, the total reflected electric 

field of the reflected EM wave Er  can be obtained, which 

shares the same magnitude with Ei but is parallel to the x-axis. 

The same applies for the frequency range in which the phase 

difference is approximately  180°. 
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(b) 

Fig. 2. (a) Intuitive scheme of y-to-x polarization conversion. (b) The reflected 

amplitudes and phases with the electric field of incident EM waves along u- and 

v-axis, respectively. 

 

The simulated reflection coefficients rxy  and ryy of the 

ultra-wideband PRRS at oblique incidence of the y-polarized 

EM waves, are given in Fig. 3. It can be seen from Fig. 3a that 

with the incident angle (θ) increasing from 0° to 60°, the -3-dB 

bandwidth of the reflection coefficient rxy is reduced by about 

2 GHz. However, the frequency response of the proposed 

PRRS at lower frequency range is reasonably consistent. The 

reflection coefficient rxy is still larger than -2dB from 6 to 16 

GHz when the incident angle increases to 60°. Fig. 3b shows 

that when θ is 0°, there are five resonant points and the resonant 

points decrease to four with oblique incident EM wave. 
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(a) 

 
(b) 

Fig. 3. Simulated reflection coefficients of the proposed PRRS at oblique 

incidence of EM waves: (a) rxy and (b) ryy. 

 

Here, we use the surface currents of the unit cell of the PRRS 

to explain of polarization rotation mechanism.  When the 

incident EM wave is y-polarized, the y-direction induced 

current can be generated. Owing to the asymmetric structure of 

the PRRS, a  difference of ?? (what)  in the x-direction can be 

introduced by the non-uniform distribution of the surface 

impedance along the x-axis. As a result, some current will move 

towards the x-direction, which will generate an electric field 𝐸𝑥 

along the x-direction. When the current moving along the 

x-direction is equal to that of the y-direction, the reflected field 

becomes orthogonal to the incident field with the same 

magnitude. The simulated surface current distributions on the 

metallic parts of the unit cell at the five polarization points (as 

shown in Fig. 3b) are given in Fig. 4. The intersection angle 

between the direction of the total surface current induced on the 

patches and y-axis is 45°, which indicates a 90° polarization 

rotation. 
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                          (b)                                                        (c) 

      
(d)                                                          (e) 

Fig. 4. The simulated surface current distributions on metallic patches of the 

unit cell at the five resonant points: (a) 6.42 GHz, (b) 7.68 GHz, (c) 9.38GHz, (d) 

13.3 GHz, and (d) 17.1GHz 

 

  
Fig.5. Simulated reflection coefficients rxy of the proposed PRRS for the case of 

different t2 increasing from 0 mm to 6 mm. 

 

The simulated reflection coefficients rxy of the proposed 

PRRS without and with different thickness of the superstrate 

are displayed in Fig. 5. It is shown  that the thickness of the 

superstrate has a great influence on the reflection 

coefficient  rxy . When the PRRS is not covered by the 

superstrate, the operation band moves to the higher frequency 

range compared with that of the PRRS covered by the 

superstrate. When the thickness of the superstrate is 4 mm, the 

polarization conversion efficiency of the PRRS is higher than 

those when the thickness is 2 mm and 6 mm. With an optimized 

r thickness of the superstrate, the polarization conversion 

efficiency can be maximized. This is to ensure that the multiple 

reflections on the air-superstrate interface and the 

superstrate-metallic patches interface enhance the polarization 

conversion efficiency of the PRRS. To further study the 

relationship between the polarization conversion efficiency and 

the thickness of the superstrate, the interference theory in 

[25-26] can be used.  

As shown in Fig. 6, the y-polarized incident EM wave on the 

air-superstrate interface is partially reflected back to the air and 

partially transmitted into the superstrate. The transmitted 
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y-polarized EM wave continues to propagate in the propagation 

phase β = √𝜀𝑘0𝑑  in the superstrate until it reaches the 

interface between the superstrate and the metallic patches. 

Since the metallic patches are connected to the ground sheet by 

the metallic vias, we treat the metallic structures and the 

dielectric substrate as a whole, regardless of the multiple 

reflection process among these structures. Thus, the transmitted 

EM wave is reflected on the superstrate-metallic patches 

interface back to the superstrate. Because of the polarization 

conversion characteristics of the PRRS, the reflected waves 

consist of both y-polarized and x-polarized components. As a 

result, there are two reflection coefficients, 𝑟23𝑥𝑦exp (𝑖∅23𝑥𝑦) 

and 𝑟23𝑦𝑦exp (𝑖∅23𝑦𝑦) . Then, the partially reflection and 

transmission occur when the reflected EM waves reach the 

superstrate-air interface. After that, when the EM waves 

reflected from the superstrate-air interface reaches the 

superstrate-metallic patches interface again, there are two more 

reflection coefficients 𝑟23𝑥𝑥exp (𝑖∅23𝑥𝑦)  and 

 𝑟23𝑦𝑥exp (𝑖∅23𝑦𝑥) . Because the proposed structure is 

symmetric to the diagonal, we can get that  𝑟23𝑥𝑦 =

𝑟23𝑦𝑥, 𝑟23𝑥𝑥 = 𝑟23𝑦𝑦, ∅23𝑥𝑦 = ∅23𝑦𝑥, and ∅23𝑥𝑥 = ∅23𝑦𝑦.  
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Fig. 6. The scheme of multiple reflection-transmission process described by the 

reflection and transmission coefficients 

 

The magnitude and phase of the reflection coefficient at the 

superstrate-metallic patches are given in Fig. 7a and b, which 

are obtained by using the full wave EM simulation software. 

The reflection and transmission coefficients at the 

air-superstrate interface are constants since both the superstrate 

and air are homogeneous and isotropic. Thus, the total 

reflection of the x-polarized EM wave can be calculated by 

superposition of all multiple reflections. The PCR of the PRRS 

can be expressed as PCR = rxy
2/(rxy

2 + ryy
2). The calculated 

reflection coefficients and PCR are in good agreement with 

those from the simulation, respectively, as shown in Fig. 8a and 

b. It can be seen that the PCR is higher than 96% in a 97% 

bandwidth from 6.1 GHz to 17.7 GHz. 

 

 
     (a) 

 
   (b) 

Fig.7. The reflection coefficients at the superstrate-metallic patches interface 

obtained by numerical simulation: (a) amplitudes and (b) phases 

 

 
(a) 

 
(b) 

Fig.8. The calculated and simulated (a) reflection coefficients rxy and ryy  and (b) 

PCR of the proposed PRRS. 

 

Table II presents a comparison between the proposed PRRS 

and other reported polarization converters [27-29]. It shows 

that the proposed PRRS has an ultra-wideband in which the 

PCR is higher than 90%. In deed, the PCR of the proposed 

PRRS is higher than 96% while the PCRs of the other reported 

polarization convertors undulate between 90% ~ 100%. That’s 

to say, not only the bandwidth but also the stability of the 

proposed PRRS is better than those of the other reported 

polarization convertors. 
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TABLE II 

COMPARISON WITH OTHER WIDEBAND POLARIZATION CONVERTORS 

 

Electrical size 

(width×length×thickness) OB (GHz) RB (%) 

Ref. [27] 0.8𝜆0 × 0.8𝜆0 ×0.36𝜆0 14.7-18 20 

Ref. [28] 0.35𝜆0 × 0.35𝜆0 ×0.106𝜆0 10.6-17.5 49 

Ref. [29] 0.26𝜆0 × 0.26𝜆0 ×0.066𝜆0 12.4-27.96 77 

Present study 0.12𝜆0 × 0.12𝜆0 ×0.12𝜆0 6.03-17.78 98 

OB: operation bandwidth (PCR>90%) 

RB: relative bandwidth (PCR>90) 

III.APPLICATION OF THE PROPOSED PRRS ON WIDEBAND RADAR 

CROSS SECTION REDUCTION 

A. Theoretical Analysis of the PRRS for RCS Reduction 

In this section, the PRRS proposed in Section II was used to 

form a checkerboard surface to reduce the RCS of metallic 

sheet. What’s more, the numerical relationship between RCS 

reduction of the checkerboard surface and PCR of the PRRS is 

analyzed. Fig. 9 illustrates the proposed low RCS checkerboard 

surface. It can be seen that the checkerboard surface is obtained 

by arranging the unit cells of the PRRS in four orthogonal 

directions. Each of the four areas is formed by 16×16 unit cells 

with a total dimension of 96×96 mm2 and the total dimension 

of the checkerboard surface is 192×192 mm2. The RCS of a 

metallic ground backed substrate with the same permittivity 

and size as the proposed checkerboard surface is selected as the 

reference. 

The RCS of a target σ can be written as [30]: 

 

                                σ = 4π lim
𝑅→∞

𝑅2 |Es|
2

|Ei|
2                             (1) 

 

where the Ei  and Es  are the electric field intensity of the 

incident and scattered EM waves at the target; R is the distance 

between the target and the detection radar. According to 

equation (1), we can analyze the RCS of the PRRS using the 

electric fields of the incident and reflected EM waves at the 

target. 

When this structure is impinged by a normal incident EM 

wave with a y-polarized electric field, its RCS is discussed 

using the reflected electric field as shown in Fig. 10. Since the 

proposed PRRS has the characteristics of polarization rotation, 

the electric field of reflected EM wave has two components: x- 

polarized electric field Erx  and y-polarized electric field Ery . 

The magnitude of Erx and Ery can be expressed as 

 

                           | Erx| = | rxy|| Eiy|                                 (2) 

 

                           | Ery| = | ryy|| Eiy|                                 (3) 

 

 
Fig. 9. Structure of the checkerboard surface formed by the proposed 

ultra-wideband PRRS. 
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Fig. 10. Scheme of the electric field of reflected wave with y-polarized incident 

EM wave 

 
Fig. 11. The RCS reduction of the proposed checkerboard surface formed by 

PRRS versus PCR of the PRRS 

 

It can be seen from Fig. 10 that the x-polarized electric fields 

of EM waves reflected from different parts of the checkerboard 

surface have a 180° phase difference. Furthermore, the four 

orthogonal-arranged PRRSs occupy exactly the same area. 

Thus, the reflected EM waves with x-polarized electric field 

will be canceled out with each other. So the total reflected EM 

wave has only y-polarized electric field. Then, the RCS of the 

proposed checkerboard surface σ𝑐 can be written as 

 

σ𝑐 = 4π lim
𝑅→∞

𝑅2 |Ery|
2

|Eiy|
2                           (4) 

 

The RCS reduction of the checkerboard surface, compared to 

that of a PEC with the same dimension, can be approximated by 

 



 6 

   RCS  Reduction (dB) = 10 log10

[
 
 
 lim
𝑅→∞

4𝜋𝑅2|Ery|
2

|Eiy|
2

lim
𝑅→∞

4𝜋𝑅2|1|2

]
 
 
 

        

                                      = 10 log10 [
|𝐸𝑟𝑦|

2

|𝐸𝑖𝑦|
2]                             (5) 

                                      = 10 log10 [
(| ryy|| Eiy|)

2

|𝐸𝑖𝑦|
2 ]  

                                           = 𝑟𝑦𝑦 (dB)    

 

Regardless of the dielectric loss, the numerical relationship 

between RCS reduction of the checkerboard and PCR of the 

PRRS can be represented by 

 

RCS  Reduction (dB) = 10 log10 [|𝑟𝑦𝑦|
2
] 

                                                     =  10 log10 [1 − |𝑟𝑥𝑦|
2
]      (6) 

                                                     =  10 log10[1 − 𝑃𝐶𝑅] 
 

By applying (6), the RCS of a checkerboard surface versus 

the PCR of the PRRS is displayed in Fig. 11. In the ideal case of 

an infinite checkerboard surface, a 10-dB RCS reduction will 

be obtained when the PCR of PRRS is large than 90%. That’s to 

say, in order to achieve a good RCS reduction over an 

ultra-wideband, an ultra-wideband PRRS with a high PCR is 

needed  

B. Results and Discussion 

The normalized monostatic RCS with respect to the 

reference for the proposed ultra-wideband checkerboard 

surface is shown in Fig.12 to validate the above analysis. It can 

be seen that a 10-dB RCS reduction is achieved over more than 

103% frequency bandwidth (from 5.6 GHz to 17.7 GHz). 

What’s more, the curve of RCS reduction is in agreement with 

that of ryy of the proposed PRRS, which conforms to the result 

of equation (5). The difference between these two curves may 

be due to the diffraction from the edges. 

The comparison of the monostatic RCS between the 

checkerboard surface and the reference with oblique incident 

EM wave at four different frequency points are given in Fig. 13. 

It can be seen that the monostatic RCS of the checkerboard 

structure is smaller than that of the reference at most angles of 

the incident EM waves. 
 

 
Fig. 12. Normalized monostatic RCS with respect to the reference for the 

proposed ultra-wideband checkerboard surface and ryy of the PRRS. 

 

 

  
                     (a) 7GHz                                             (b) 11GHz 

 

  
(c) 15GHz                                            (d) 17GHz  

 

Fig. 13. Monostatic RCS of the checkerboard surface and the reference for 

oblique incident EM wave at (a) 7GHz, (b) 11GHz, (c) 15GHz, and (d) 17GHz 

 

As we know, the energy is conserved. For the cases of RCS 

reduction using non-absorptive materials, the total scattered 

energy is not reduced. As a result, the reduction of RCS in a 

certain angular domain inevitably leads to the increase of the 

RCS in certain other angular domains. In order to investigate 

the distribution of the scattered energy, we compare the bistatic 

RCS of checkerboard surface with that of the reference at 

12GHz for normally incident EM wave, as shown in Fig. 14. 

Compared with the bistatic RCS of the reference, it can be seen 

that the main lobe of the bistatic RCS of checkerboard surface 

is reduced significantly while four side lobes arise. This 

comparison clearly indicates where the energy reduced in the 

backward direction travels. To further investigate the bistatic 

RCS reduction of the proposed checkerboard surface, the figure 

of merit for bistatic reduction (FMB) is given in Fig. 15, which 

is first defined in [34] 

 

FMB(𝑓) =
Max{Bistatic RCS of the proposed structure  }

Max{Bistatic RCS of the reference  }
 

 

where the Max{∙} function domain covers all bistatic scattering 

angles (𝜃𝑠, ∅𝑠) (0 ≤ 𝜃𝑠 ≤ 90° and 0 ≤ ∅𝑠 ≤ 360°) for a given 

frequency f and incident angle (𝜃𝑖, ∅𝑖). 

 

          
(a)                                                    (b) 

Fig. 14. Bistatic RCS at 12GHz for normally incident EM wave: (a) 

checkerboard surface and (b) reference 
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(a) 

  
(b) 

 
(c) 

Fig. 15 Figure of merit bistatic RCS reduction (FMB) of the checkerboard 

surafce versus frequency at different angles of incidence 

 

The FMB for both TE- and TM-polarized incident waves is 

calculated in a range of incident angles from normal to 40° off 

normal incidence. As illustrated in Fig. 15a, a 6-dB RCS 

reduction bandwidth of 95% is obtained for normal incidence. 

For the case of oblique incidence, the amount and bandwidth of 

RCS reduction are decreased. A 5.5-dB RCS reduction or 

higher is obtained with a bandwidth of 88% up to 40° angle of 

incidence, as shown in Fig. 15b and c. 

Table III presents a comparison between the proposed 

checkerboard surface and other reported low RCS structures 

[23, 31-34]. It shows that the proposed PRRS has an ultra-wide 

frequency band in which the Monostatic RCS reduction is 

larger than 10 dB and the FMB is less than -6 dB. The 

comparison implies the good performance of the proposed low 

RCS surface for both monostatic and bistatic RCS reduction  

 
TABLE III 

COMPARISON WITH OTHER METHODS FOR WIDEBAND RCS REDUCTION 

 

Bandwidth (-10dB 

RCS reduction) 

Bandwidth 

(FMB<-6dB) 

Ref[23] 40% — 

Ref[31] 60% — 

Ref[32] 67% — 

Ref[33] 74% — 

Ref[34] 13% 66% 

Present Study 103% 95% 

 

The checkerboard surface is fabricated as shown in Fig. 16. 

Its scattering property is measured in a microwave anechoic 

chamber. Displayed in Fig. 17 is the schematic view of the 

experimental setup. Three pairs of horn antennas, selected as 

emitters and receivers, have been utilized to cover the 

frequency band from 5.85 GHz to 18 GHz. These correspond 

with the following bands: 5.85~8.2 GHz, 8.2~12.4 GHz and 

12.4~18 GHz. Fig. 18 Shows the Comparison between the 

simulated and measured RCS of the checkerboard structure. It 

can be seen that a reasonably agreement between the measured 

and simulated results is obtained in the designed frequency 

band. 

 

 
Fig. 16. Photograph of the proposed checkerboard surface 
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Fig. 17. Schematic view of the RCS measurement setup in an anechoic chamber 

 

 
Fig. 18. Comparison between the simulated and measured monostatic RCS of 

the proposed checkerboard surface 

IV.CONCLUSION 

In this work, a bandwidth enhanced PRRS has been 

presented. Compared with the previously reported PRRS, the 

polarization rotation bandwidth of the proposed PRRS is 

enhanced from 49% to 97% with a high PCR of 96%. The 

proposed PRRS was then applied to ultra-wideband RCS 

reduction. The PRRS is arranged in four orthogonal directions 
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to form a checkerboard surface and the bandwidth of 10-dB 

RCS reduction is over 103%. The RCS reduction of the 

checkerboard surface is equal to the reflection coefficient ryy of 

the proposed PRRS. Simulated and experimental results 

illustrate the capability of the PRRS to reduce the RCS over an 

ultra-wideband and both the monostatic and bistatic RCS can 

be significantly reduced.  
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