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ABSTRACT 

This paper reports on the Q-band polarizers and ortho-

mode transducers developed for the STRatospheric 

Italian Polarimeter (STRIP) coherent multi-feed 

instrument. A split-block design of groove polarizers 

and an ad-hoc assembly procedure have been conceived 

in order to achieve recurring high-performance for all 

the 49 polarizers (i.e., cross-polarization < -35 dB, 

return-loss > 36 dB, insertion-loss < 0.07 dB). The 

ortho-mode transducers are based on a novel multi-layer 

turnstile-junction design. This configuration has been 

conceived toward a high parallelization rate of the 

manufacturing process, while providing high 

electromagnetic performance (cross-coupling < -50 dB, 

isolation > 50 dB). 

    

1. INTRODUCTION 

The Large Scale Polarization Explorer (LSPE) is a 

balloon-based experiment funded by the Italian Space 

Agency aimed at the measurement of the Cosmic 

Microwave Background (CMB) polarization state at 

large angular scales. The LSPE experiment will embark 

two instruments: the STRatospheric Italian Polarimeter 

(STRIP) [1] consisting of an array of 49 coherent 

receivers operating in the Q-band, and the Short 

Wavelength Instrument for the Polarization Explorer 

(SWIPE)  [2] based on bolometric detectors operating 

from 140 GHz to 240 GHz.   

Since high instrumentation sensitivity is needed in order 

to detect the very faint levels of the B-modes (< 1K), 

the LSPE-STRIP instrument is based on the 

simultaneous detection of the Q and U Stokes 

parameters of the incoming radiation through an array 

of 49 correlation receivers operating from 39 GHz to 48 

GHz (20% bandwidth). The receiver array will consist 

of 7 hexagonal modules, each one containing seven 

receivers elements (see Fig. 1), placed in the focal plane 

of a Dragonian side-fed dual reflector telescope and will 

be enclosed in a 20K helium cryostat.  

2. LSPE-STRIP RECEIVER ARCHITECTURE 

The operation of each receiver is based on the 

measurement of the correlation between the Right- and 

Left-Hand Circular Polarization (RHCP and LHCP) 

components of the electromagnetic signal according  to 

  

 

 
 

 
 

Figure 1. Q-band hexagonal antenna-feed module. 
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the Stokes parameter definition 

         

           

            (1) 

           
where A and B denote the RHCP and LHCP 

components, and the symbol <…> represents the 

spectral average in the working band. The schematic of 

the receiver architecture is shown in Fig. 2. The RHCP 

and LHCP components are collected through the 

corrugated horn and routed to the polarizer. The latter 

converts the two circular polarizations in two linearly 

polarized signals oriented along the main axes of the 

ortho-mode transducer (OMT). To this aim, the 

polarizer principal-axes L and C are rotated by 45 deg 

with respect to the OMT axes. The two linearly 

polarized signals are, hence, extracted from the common 

waveguide through the OMT and routed to the 

correlation unit. The latter is a Monolithic Microwave 

Integrated Circuit (MMIC) based on the design 

developed for the QUIET experiment [3]. According to 

the layout reported in [1], the correlation unit integrates 

six low-noise HEMT amplifiers, two phase switches, a 

180-deg hybrid coupler, two power-splitters, four band-

pass filters, a 90-deg hybrid coupler and four diode 

detectors. The chip provides four output voltages that 

are proportional to the sum and difference, in phase and 

in quadrature, of the input RF signals A and B 

                                

                           

                                           (2) 

         
Hence, the Stokes parameters Q and U are detected as   

                                           (3) 

                         
In order to identify the best polarizer and ortho-mode 

transducer designs for the LSPE-STRIP correlation 

receivers, the electromagnetic behaviour of these 

components have been  described in terms of the Muller 

matrix M relating the input and output Stoke parameters                         

             

.

     (4) 

Since the LSPE-STRIP instrument is designed to 

measure the Stokes parameters Q and U, the relevant 

blocks of the Muller matrix M are the sub-matrices H 

and K defining the relationship   

+ .

 
                                                                                      (5) 

The most demanding requirements set on the LSPE-

STRIP receivers involve the coefficients KQI and KUI. 

These coefficients define the spurious leakage of the 

total intensity I in the Q and U channels. Indeed, I 

contains both the polarized and unpolarised CMB 

components and the instrument noise referred at the 

antenna section, and, hence, it is several orders of 

magnitude higher than the Q and U linearly polarized 

components to be detected. 

In the following, the modelling, the design and the 

experimental characterization of the Q-band polarizer 

and OMT modules developed for the LSPE-STRIP 

instrument are reported.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Schematic of the Q-band dual-polarization 

correlation receiver of the LSPE-STRIP instrument. L 

and C denote the inductive and capacitive principal 

polarizer axes.  
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Table 1. Measured  electromagnetic performance of the 

49 Q-band polarizers. 

 

 

3. POLARIZERS 

In order to derive the blocks H and K of the polarizer 

Muller matrix (4), the 2 x 2 transmission block of the 

polarizer scattering matrix is considered        

                                              (6) 

where L and C denote the inductive and capacitive 

principal polarizer axes. Hence, the following 

expressions can be derived  

        

        

                           (7) 

        
and 

         

        

                             (8) 

       
.

   
Under the assumption (experimentally verified) that the 

selected manufacturing process introduce very weak 

cross-couplings between the principal polarizations (i.e. 

TLC = TLC ≈ 0) Eqs. 7-8 simplify as 

                   

                                              (9) 

                   
and 

                    

                                             (10) 

                  
.

 
It can be easily inferred from Eqs. 9-10 that any 

deviation  of  the  phase   difference   between   the   two   

Table 2. Measured coefficients of the blocks H and K of 

the Mueller matrix (4).  

 

principal-polarization transmission coefficients from 

theoretical value of 90 deg leads to a loss in the detected 

U parameter  and a leakage of the Stoke parameter V in 

the U channel . Even more essential is the minimization 

of the insertion loss difference between the two 

principal-polarization transmissions, since it leads to a 

total intensity leakage in the Q channel. In order to meet 

the aforesaid requirements at affordable costs, a groove 

polarizer based on a split-block layout has been 

designed. All the grooves are realized in two comb 

plates [4]  of constant thickness s. The depth of the 

grooves and the height of the waveguide ridges between 

the grooves have been defined according to an 

optimum-set procedure similar to that reported in [5]. 

The polarizer consists of six mechanical parts that have 

been accurately aligned through an ad-hoc assembling 

procedure based on  the  use of  Johansson  gauges. 

 

 

 
 

Figure 3. Measured  values of the coefficient KQI (5) for 

the 49 Q-band polarizers. The predicted performance 

are reported in  black dashed line. The vertical red bars 

denote the working band [39, 48] GHz. 

Parameter 
Measured 

value 

Return loss ≥ 36 dB 

Insertion loss ≤ 0.07 dB 

Insertion-loss equalization ≤ 0.01 dB 

Phase-difference deviation from 90 deg ≤ 2.0 deg 

Cross-polarization ≤ -35 dB 

 Polarizer OMT 
Polarizers + OMTs 

sub-assemblies 

Sub-matrix H 

HQQ ≥  0.06 dB ≥  0.6 dB ≥  0.7 dB 

HQU - ≤ -15 dB 

≤ -14 dB 

≤-20 dB with shim 

and post-processing 

HUQ - ≤ -15 dB 

≤ -14 dB 

≤-20 dB with shim 

and post-processing 

HUU ≥  0.06 dB ≥  0.6 dB ≥  0.7 dB 

Sub-matrix K 

KQV - ≤ -28 dB ≤ -17 dB 

KQI ≤ -25 dB ≤ -29 dB ≤ -25 dB 

KUV ≤ -15 dB ≤ -23 dB ≤ -15 dB 

KUI - ≤ -30 dB ≤ -30 dB 



 

 

Figure 4. Al-alloy OMT plates manufactured 

through  wire EDM. 

 

 

This procedure has also allowed for a fine tuning of the 

comb plates in order to compensate for the 

manufacturing uncertainties (< 0.02 mm). Two 

prototypes with different comb plate thickness (s equal 

to 1.5 and 3.0 mm) have previously been machined and 

tested. Subsequently, on the basis of the selected layout, 

all the 49 flight units have been manufactured and tested 

at room temperature  in the principal-polarization basis. 

Table 1 reports the measured electromagnetic 

performance of the 49 Q-band polarizers. The 

corresponding measured values of the blocks H and K 

of the Muller matrix are listed in the second column of  

Tab. 2. Since the cross-coupling transmissions in the 

polarization-basis have been experimentally assessed to 

be lower than the test-bench de-polarization systematic 

error  (in the order of -50 dB), the measured values 

reported in Tab. 2 refer to Eqs. 9-10. It has to be 

remarked that the total intensity leakage in the Q 

channel (KQI) is lower than -25 dB in the working band, 

as reported in Fig. 3. 

 

4. ORTHO-MODE TRANSDUCERS 

The Muller matrix has been derived also toward the 

definition of the best OMT design for the LSPE-STRIP 

correlation receivers. By considering the 2 x 2 

transmission block of the OMT scattering matrix in the 

linear polarization basis (see Fig. 2) 

,
                         (11) 

the following expressions for the elements of the sub-

matrices H and K can be derived 

              

              

                            (12) 

                                            
and 

              

              

Table 3. Measured  electromagnetic performance of 

the 49 Q-band OMTs. 

 

 

                            (13) 

             
.

 
Since the block H has to be as close as possible to the 

identity matrix, the OMT cross-polar transmission 

coefficients (TAB and TBA) should be minimized, and the 

two co-polar transmission coefficients (TAA and TBB) 

should be phase-equalized. Under these conditions, the 

spurious contamination matrix K is also minimized. 

However, it has to be noticed that the total intensity 

leakage terms (KQI  and KUI) affecting the Q and U 

OMT channels depend on the term 

                             
.

                  (14) 

It can be easily proved that this  quantity is ideally zero 

for a perfectly-matched loss-less OMT. Hence, high 

values of OMT return-loss reduce the spurious 

contamination due to the total intensity.  

On the basis of these electromagnetic requirements, the 

turnstile-junction symmetric OMT reported in details in 

[6] has been designed.  This configuration is particularly 

suitable for the medium-scale production of high-

performance OMTs  used  in  multi-feed  dual- 

polarization instrumentation aimed at astrophysical and 

radio-astronomical surveys. Indeed, only standard-

thickness Al plates have been used, and wire electrical-

discharge machining (EDM) of stacks consisting of 

identical plates has allowed for manufacturing 

parallelization. Figure 4 shows some of the Al-alloy 

plates manufactured through wire EDM. In order to 

identify the best material,  the electrical resistivity of 

different standard-thickness metal layers has been 

measured both at room- and at cryogenic temperature. 

On the basis of the select Al-alloy, five OMT prototypes 

have been preliminarily manufactured and tested. In 

particular, the prototypes have undergone thermal 

cycles down to 15 K in order to assess their compliance 

to operation in cryogenic environment.  Subsequently, 

all the 49 OMT flight units have been developed and 

accurately measured through the full dual-polarization 

procedure reported in [7]. 

 Figure 5 shows the measured return loss (a), insertion-

loss (b) and cross-couplings (c) of the Q-band OMT 

cluster, whereas Table 3 summarizes the measured 

electrical performance. The measured coefficients of the 

Muller matrix blocks H and K are listed in the third 

column  of  Tab. 2.  It  can  be  noticed  that levels lower  

Parameter 
Measured 

value 

Return loss ≥ 22 dB 

Insertion loss ≤ 0.6 dB 

Isolation ≥ 50 dB 

Cross-polarization ≤ -50 dB 



 

 
 

 
 

  
 

Figure 5. Measured scattering parameters of the 49 Q-

band OMTs. The predicted performance are reported in  

black dashed line. The vertical red bars denote the 

working band [39, 48] GHz. 

(a) Reflection coefficient at the rectangular WR22 ports. 

(b) Co-polar transmission and (c) cross-polar 

transmission coefficients from the rectangular ports to 

the linear polarizations propagating in the common 

circular waveguide.   

 

than approximately -30 dB have been achieved for  

spurious leakage coefficients KQI and KUI. 

Table 4. Measured  electromagnetic performance of the 

49 sub-assemblies consisting of the Q-band polarizers 

and OMTs. 
 

 

 

5. POLARIZERS AND ORTHO-MODE 

TRANSDUCERS SUB-ASSEMBLIES 

The 49 Q-band sub-assemblies consisting of polarizers 

and OMTs have been mounted and measured at room 

temperature. Figure 6 shows the measured values for the 

return loss at the rectangular WR22 ports (to be 

connected to the MMIC correlation units) (a), the 

isolation between the rectangular ports (b), and the 

cross-polar transmission coefficients from the input 

circular waveguide port (to be connected to the feed-

horn) to the rectangular WR22 ports (c). Table 4 lists all 

the relevant electromagnetic performance of the 49 sub-

assemblies. On the basis of the measured scattering 

matrices, the blocks H and K of the Mueller matrix 

relating the input and output Stokes parameters have 

been evaluated. To this end, it has to be remarked that 

(12) and (13) also hold for the sub-assemblies composed 

of polarizers and OMTs. It has been verified that the 

corresponding values well fit with those obtained by 

cascading the measured Mueller matrices of the single 

components. The fourth column in Table 2 reports all 

the coefficients of the sub-matrices H and K, whereas 

the direct terms HQQ and HUU and the most demanding 

spurious terms KQI and KUI are reported as a function of 

frequency in Fig. 7. It can be noticed that rejection 

levels to the total intensity I of approximately 25 dB and 

30 dB have been achieved for the Q and U channels, 

respectively. The values of the coefficients KQV and KUV 

are instead in the order of -15 dB. Since the Stokes 

parameters are quadratic quantities, the values of KQV 

and KUV are commensurate with the cross-coupling 

levels of approximately -35 dB that are provided by the 

sub-assemblies (mainly by the polarizers). The lower 

values achieved for the coefficients KQI and KUI arise 

from an adequate fulfilment of the loss-less and 

matching condition (14). It has also to be remarked that 

the off-diagonal entries of matrix H can be minimized 

through a befitting shimming (in the order of 0.01-0.05 

mm) of the output WR22 ports and through an off-line 

rotation of the detected coefficients in the  Q - U plane. 
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Parameter 
Measured 

value 

Return loss ≥ 22 dB 

Insertion loss ≤ 0.7 dB 

Isolation ≥ 40 dB 

Cross-polarization ≤ -35 dB 



 

 
 

 
 

 
 

Figure 6. Measured scattering parameters of the 49 sub-

assemblies composed of polarizers and OMTs. The 

simulated design curves are reported in  black dashed 

line. The vertical red bars denote the working band [39, 

48] GHz. 

(a) Reflection coefficient at the rectangular WR22 ports 

to be connected to the MMIC polarimetric units. 

(b) Isolation between the rectangular ports. 

(c) Cross-polar transmission coefficient from the 

rectangular ports to the circular polarizations 

propagating in the circular waveguide.   

 

 
 

 
 

Figure 7. Measured values of the coefficients HQQ, HUU, 

KQI and KUI (5) relating the Stokes parameters at the 

input and output ports of  the 49 polarizer + OMT 

assemblies. The vertical red bars denote the working 

band [39, 48] GHz. 

(a) Q channel. 

(b) U channel.   
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