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Abstract： This article introduces a method of achieving high polarization extinction ratio using a subwavelength 
grating structure on a lithium niobate thin film platform， and the chip is formed on the surface of the lithium nio⁃
bate thin film.  The chip， with a length of just 20 μm， achieved a measured polarization extinction ratio of 29 dB 
at 1 550 nm wavelength.  This progress not only proves the possibility of achieving a high extinction ratio on a lith⁃
ium niobate thin film platform， but also offers important technical references for future work on polarization beam 
splitters， integrated fiber optic gyroscopes， and so on.
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基于薄膜铌酸锂实现高偏振消光比
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摘要：本文介绍了一种通过在铌酸锂薄膜平台上使用亚波长光栅结构实现高偏振消光比的方法，并在铌酸锂

薄膜的表面形成了芯片。该芯片的长度仅为 20 μm，在 1 550 nm波长下测得的偏振消光比为 29 dB。这一进

展不仅证明了在铌酸锂薄膜平台上实现高偏振消光比的可能性，而且为未来在偏振分束器、集成光纤陀螺仪

等方面的工作提供了重要的技术参考。
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Introduction
Lithium niobate （LiNbO₃） has garnered acclaim for its exceptional optical and electrical properties， finding extensive use in optical communication， sensing， and computing.  The advent of thin film lithium niobate［1］ 

（TFLN） technology has amplified its potential， offering enhanced modal confinement， low-loss light propaga⁃tion， and high optical nonlinearity， thus marking it as a pivotal platform for next-generation photonic integrated 

circuits （PICs）［2-4］.
Advancements in LiNbO₃ etching techniques have 

enriched the TFLN components landscape， catering to 
the demands of various photonic applications， including 
modulators， wavelength converters， and multiplexers［2］.  
The intrinsic birefringence of TFLN makes it particularly 
suited for polarization handling devices， where the capa⁃
bility to selectively transmit transverse electric （TE） or 
transverse magnetic［5］ （TM） polarization modes—quanti⁃
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fied by the polarization extinction ratio （PER）—is criti⁃cal［1， 4， 6］.Despite the promising attributes of TFLN， achieving high PER is challenging due to nonlinear optical effects， optical absorption， and dispersion during the fabrication process［7］.  Strategies like hybrid plasmonic waveguides， highly doped silicon waveguides， epsilon-near-zero mate⁃rials［6， 8］， and notably subwavelength gratings［2］ （SWGs） have been explored to overcome these challenges.  SW⁃Gs， with their compact structure and high extinction ratio efficiency， have emerged as a key solution for developing high-performance， space-efficient photonic devices［2， 9］.In this work， we introduce a novel design of SWG structures on lithium niobate thin films that attains a high PER， evidenced by our experimental results showing a PER of 29 dB at 1550 nm wavelength.  This achievement not only sets a new benchmark for LiNbO₃ thin film appli⁃cations but also underscores the potential of compact， ef⁃ficient SWG designs in advancing the field of integrated photonics， particularly in polarization control and fiber optic gyroscopes［10-12］.
1 Principle and design 
1. 1　Single modeThe modulation structure incorporates a ridge wave⁃guide， which is clad with air as shown in Fig.  1（a）.  During the Lithium Niobate on Insulator （LNOI） etching process， we set the sidewall angle to 65° based on refer⁃ences［2， 13］.  We evaluated key structural elements like ridge width and ridge height using the Finite Difference Eigenmode （FDE） solver.  This tool helps us understand the mode cutoff condition of the ridge waveguide.  In Fig.  1（b）， it is evident that widening and raising the ridge alter the mode cutoff condition.  It changes from supporting only the TE mode （region I） to accommodat⁃ing both TE and TM modes （region II）.  Although it's easier to meet TE mode conditions with shallow etching， this approach leads to higher losses.  After considering various factors， we chose a ridge width of 0. 8 μm and a 
ridge height of 0. 2 μm.  These dimensions ensure the 
ridge waveguide supports only the TE mode， as seen in region I of Fig.  1（b）.  Consequently， this design ensures the TM mode is cut off， primarily radiating into the Sili⁃

con substrate［14］.
1. 2　Sub-grating　The distinctive feature of Subwavelength Grating［15］ 
（SWG） lies in its periodically arranged blocks that de⁃fine the metamaterial's optical properties on a large scale.  When the grating period is substantially smaller than the wavelength of light， it suppresses diffraction ef⁃fects.  This makes the entire structure appear optically similar to a uniform anisotropic material with an effective dielectric tensor［16］.  This principle conceptualizes the waveguide as equivalent to a birefringent crystal.  The model of this structure is depicted in Fig.  2.In the given expressions， Λ represents the period of the subwavelength grating structure， n1 and n2 are the re⁃fractive indices of the materials forming the continuously varying structure， and a corresponds to the length associ⁃ated with n1.  Incident light on the grating has an electric field polarization that's either parallel or perpendicular to the periodic interface.  The corresponding effective refrac⁃tive indices are calculated using the subsequent equa⁃tions：

n2
‖ ≈ a

Λ
n21 + (1 - a

Λ ) n22 + O ( Λ2

λ2 ) , (1)
n-2⊥ ≈ a

Λ
n-21 + (1 - a

Λ ) n-22 + O ( Λ2

λ2 ) . (2)
The refractive index matrix of the subwavelength grating waveguide， disregarding infinitesimal terms， is：

( )n∥ 0 0
0 n∥ 0
0 0 n⊥

. (3)
The formula indicates that by adjusting parameters 

such as a
Λ

 ， n1 and n2， we can achieve custom birefrin⁃
gence in 'artificial metamaterials'.  For practical applica⁃tions， we can design SWG structures using Bloch's theo⁃rem.  When the grating has a period Λ， the effective re⁃fractive index （neff） is reflected when neff = λ/2Λ， and it can traverse the grating structure with less loss when neff < λ/2Λ.  During the design process， the fill factor is de⁃fined as neff =  λ/2Λ.  Accordingly， neff is chosen as the fill factor， where neff =  a/Λ.  For neff =  0. 8， the effective refractive index is determined by scanning various wave⁃

Fig.  1　Ridge waveguide fabrication diagram and mode diagram： （a） fabrication diagram； （b） mode diagram
图1　脊型波导制备图和模式图：（a）制备图；（b）导模式图
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guide widths using the mode-FDE module， as demon⁃
strated in Fig.  3.

As illustrated in Fig.  3， when Rib width of 2 μm， 
the effective refractive index for the TE0 mode is ap⁃
proximately 1. 65， and for the TM0 mode， it is around 
1. 45.  This design strategically enables the TE0 mode 
to transmit almost entirely while nearly completely 
blocking the TM0 mode.

Moreover， the subwavelength grating model of lithi⁃
um niobate nanowaveguides is depicted in Fig.  4.  
Among them， W1 denotes the width of the waveguide， 
W2 represents the width of the intermediate fishbone 
waveguide， and W3 specifies the subwavelength grat⁃
ing's width.  Λ signifies the grating period， while L1， 
L2， and L3 represent the lengths of the transition tapered 
waveguides.  The selected parameters are optimized to 
achieve ideal results under these specified condi⁃
tions［17］.

The loss plot for the subwavelength grating TE⁃
PASS is presented in Fig.  5， demonstrating that the po⁃
larization extinction ratio can achieve a remarkable level 
of up to 34 dB.  The specific parameters contributing to 
this performance are detailed in Table 1.

2 Fabrication and measurement 
For device fabrication， we utilized 400 nm-thick lithium niobate thin films obtained from NANOLN， com⁃plemented by a silica layer of 4. 7 μm thickness.  The fab⁃

rication process for the biconical coupling structures in⁃volved intricate steps， including two rounds of electron beam lithography （EBL） and two cycles of inductively 

Fig.  2　Subwavelength grating model diagram
图2　亚波长光栅模式图

Fig.  3　Effective refractive index plots of TE0 and TM0 under 
different Rib width
图3　不同脊型宽度下TE0和TM0的有效折射率图

Fig.  4　Lithium niobate nanowaveguide subwavelength grating 
model diagram
图4　铌酸锂纳米波导亚波长光栅模型图

Fig.  5　Subwavelength grating TEPASS loss diagram
图5　亚波长光栅TEPASS损耗图

Table 1　Parameter tables for Subwavelength grating TE⁃
PASS

表1　亚波长光栅TEPASS的参数
Extinction polarization state

L1（μm）

L2（μm）

L3（μm）

w1（μm）

w2（μm）

w3（μm）

Λ（nm）
a（nm）

TEPASS
1
6
5
1
2

0. 3
456

364. 8
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coupled plasma reactive-ion etching （ICP-RIE）.  The ICP-RIE was conducted at powers of 600 W for the source and 100 W for the bias， using pure argon as the etching gas， successfully achieving a ridge angle of 65°.  The diagram below illustrates the Polarization Extinction Ratio （PER） testing system.  The light source enters the Subwavelength Grating （SWG） chip via a grating cou⁃pling structure.  PER measurements are conducted using the Santec PEM-340 equipment from Japan.  During these tests， we use single-mode SMF28 optical fibers.  We determine the PER values by measuring the polariza⁃tion extinction ratios before and after the light enters the chip.  The method for calculating the chip's polarization extinction ratio is outlined below：

PER = PERout - PERin . (4)After configuring this system for testing， the polar⁃ization extinction ratio（PER） of the waveguide was mea⁃sured at 15 dB.  The test data for the TEPASS subwave⁃length grating （SWG） are presented in Fig.  7.  After cal⁃culations， we determined that the polarization extinction ratio for TEPASS at 1 550 nm was 29 dB. This perfor⁃mance exceeds that of polarization controllers described in existing literature， which are based on lithium niobate thin film devices.It can be observed from Fig.  8 that TEPASS reaches a peak at a wavelength of 1 550 nm.  The appearance of this peak is primarily due to the lack of calibration of the tunable laser's light source post-measurement， resulting in decreased stability of the output wavelength and pow⁃er.  Additionally， light of various wavelengths may en⁃

counter different levels of polarization mode dispersion 
（PMD） and polarization-dependent loss （PDL） during testing.Furthermore， Table 2 provides a comparison of dif⁃ferent approaches to achieving polarization extinction ra⁃tios in lithium niobate thin films （LNOI）， as reported in various studies.  The table shows that this paper has achieved a polarization extinction ratio of 29 dB， the highest value reported to date.  This result not only dem⁃onstrates the feasibility of achieving high polarization ex⁃tinction ratios on a lithium niobate thin film platform， but also provides crucial reference solutions for future optical fiber sensing research.
3 Conclusions

This study presents a subwavelength grating （SWG） structure， designed using lithium niobate thin films.  It focuses on the key performance metric of the polarization extinction ratio （PER）， in Lithium Niobate on Insulator 
（LNOI）.  Experimental results demonstrate a remarkable PER of 29 dB at a wavelength of 1 550 nm.  The success⁃ful application of this solution signifies major progress in 

Fig.  6　Polarization extinction ratio test system
图6　偏振消光比测试系统

Fig.  7　TEPASS subwavelength grating test data
图7　亚波长光栅TEPASS测试数据

Fig.  8　（a） TE and TM loss diagrams at different wavelengths； （b） TEPASS polarization extinction ratio relationship diagram at differ‐
ent wavelengths
图8　（a） 不同波长下TE和TM损耗图； （b） 不同波长下TEPASS的偏振消光比关系图
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utilizing lithium niobate thin films for fiber optic gyro⁃scopes.  It offers vital insights for future improvements in polarization splitting， extinction， and integrated optics.  By optimizing LNOI's PER parameters， we expand the usage of lithium niobate thin films and offer useful guid⁃ance for the design and refinement of optical devices.
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Table 2　Comparison of PER solutions implemented on LNOI platform
表2　LNOI平台实现偏振消光方案对比

［7］
［6］
［6］
［2］
［3］
［3］

This work

PER@1 550 nm
20

28. 72
24. 03
30. 6
≈20
≈20
29

result
Simulated
Simulated
Simulated

Experimental
Experimental
Experimental
Experimental

size/μm
23

1 000
1 000

55
300
300

19. 21

Extinction polarization state
TM
TE
TM
TM
TM
TE
TE

IL@1 550 nm /dB
2

0. 286
0. 013

1. 3
≈2
≈2
1. 5
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