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Abstract： Organic semiconductor materials have shown unique advantages in the development of optoelectronic 
devices due to their ease of preparation， low cost， lightweight， and flexibility.  In this work， we explored the ap⁃
plication of the organic semiconductor Y6-1O single crystal in photodetection devices.  Firstly， Y6-1O single crys⁃
tal material was prepared on a silicon substrate using solution droplet casting method.  The optical properties of 
Y6-1O material were characterized by polarized optical microscopy， fluorescence spectroscopy， etc. ， confirming 
its highly single crystalline performance and emission properties in the near-infrared region.  Phototransistors 
based on Y6-1O materials with different thicknesses were then fabricated and tested.  It was found that the devices 
exhibited good visible to near-infrared photoresponse， with the maximum photoresponse in the near-infrared re⁃
gion at 785 nm.  The photocurrent on/off ratio reaches 102， and photoresponsivity reaches 16 mA/W.  It was also 
found that the spectral response of the device could be regulated by gate voltage as well as the material thickness， 
providing important conditions for optimizing the performance of near-infrared photodetectors.  This study not on⁃
ly demonstrates the excellent performance of organic phototransistors based on Y6-1O single crystal material in 
near-infrared detection but also provides new ideas and directions for the future development of infrared detectors.
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摘要：有机半导体材料因其易于制备、低成本、质量轻、可柔性弯折等特点，在光电子器件开发中表现出了独

特的优势。本文探究了有机半导体晶体材料Y6-1O在光探测器件中的应用。首先利用溶液滴铸法在硅基衬

底上制备Y6-1O单晶材料，并利用偏光显微镜、荧光光谱等方法表征了Y6-1O材料的光学性质，验证其高度单

晶结晶性能以及近红外区的发光性能。接着制备了基于不同厚度 Y6-1O材料的场效应晶体管器件，通过光
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电性能测试，发现器件表现出良好的可见至近红外光响应，器件的光谱响应峰值在 785 nm的近红外区，光开

关比达 102，光响应率可达 16 mA/W。还发现器件的光谱响应可受栅压调控，并且与材料厚度等因素相关，为

优化调节近红外光电探测器性能提供了重要条件。本研究不仅展示了基于Y6-1O单晶材料的有机光电晶体

管在近红外探测上的优异性能，也为未来发展红外探测器提供了新的思路和方向。
关 键 词：近红外光探测器；有机半导体；Y6-1O单晶；光谱响应
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Introduction
Organic semiconductors have attracted increasing at⁃tentions in the application of modern electronics and opto⁃electronics because of their outstanding optoelectronic properties， flexibility， low cost and solution-processable advantages［1-6］.  In comparison with inorganic materials， organic semiconductors are lightweight and easily fabricat⁃ed over large areas， showing unique potential in the fields of wearable electronics［7-10］， flexible display screens［11-15］， photodetectors［16-19］， and photovoltaic devices［20-25］.Recent advancements in the design of narrow-band⁃gap conjugated small molecules and polymers have led to the development of high-performance organic semicon⁃ductor materials， broading their application spectrum fur⁃ther［26-30］.  For instance， the emergence of Y-series non-fullerene acceptors has significantly boosted the perfor⁃mance of organic solar cells， whose power conversion ef⁃ficiency is approaching to 20%［31-37］.  As one of the most representatives， Y6 processes banana-curved molecule structure， and by replacing one outer alkyl chain in Y6 with an alkoxy chain leading to the structure of Y6-1O.  It has a tighter molecular packing in thin film and can be easily grown into single crystals， leading to the excellent electronic transport properties.  Chen et al.  has shown the fabrication of the Y6-1O single crystal on silicon sub⁃strate through the droplet casting method.  And the result⁃ing n-type organic field effect transistors based on Y6-1O has shown high performance with high on/off ratio and ex⁃traordinary electron mobility［38］.  Moreover， the ultravio⁃let-vis-near infrared （UV-vis-NIR） absorption spectra has shown that Y6-1O has a high absorption efficiency in the near-infrared （NIR）［39， 40］， with a bandgap estimated to be approximately 1. 33 eV［41］， indicating its high po⁃tential for NIR photodetection applications.  However， studies on the photodetection application of Y6-1O single crystal are still absent.In this work， we fabricated a phototransistor based on the Y6-1O single crystal and had systematically stud⁃ied its photoresponse from visible to the NIR.  We found that the photodetector based on Y6-1O shows excellent photoresponsivity with low dark current.  And the maxi⁃mum optical photoresponse occurs at 785 nm in the NIR region， which aligns well with the photoluminescence spectroscopy of the Y6-1O.  Furthermore， we observed that the photoresponsivity increases with the thickness of Y6-1O single crystals.  These results shown the organic semiconductor single crystal Y6-1O could function as a promising infrared photodetector in the future organic op⁃toelectronics.  It can not only contribute to the advance⁃ments in infrared detection technology， but also paves 

the way for novel application of organic semiconductor materials in the field of photodetection.
1 Experiments 

The Y6-1O single crystals were made through the droplet casting method on the heavily p-doped silicon substrate with a 285 nm-thick oxidation layer.  In this process， 20 μL of 0. 5 mg/ml of Y6-1O xylene solution was dispensed onto the clean substrate， and placed in the N2 glove box for 12 hours to allow solvent evapora⁃tion.  Subsequently， Y6-1O single crystal with suitable length and thickness were selected through the optical mi⁃croscope， and micro sized metal mask were used to fabri⁃cate the electrode.  Au electrodes of 60 nm-thick was de⁃posited through a thermal evaporation system at a rate of 2 angstroms per second.  The photoluminescence （PL） spectra were measured using the laser micro confocal spectrometer （Renishaw， 532 nm excitation laser）.  Op⁃toelectrical characterization of the Y6-1O based photo⁃transistor was conducted using a Keithley 4200A-SCS pa⁃rameter analyzer in the lakeshore probe station.  Laser di⁃ode operating at different wavelengths were used as the optical lightsource to measure the photoresponse of the device.
2 Results and discussions 

The molecule structure of Y6-1O is shown in Fig.  1（a）， it smartly combines the electron-pulling core and the electron-pushing side chain， and by adjusting the deli⁃cate balance of these structures， leading to a highly effi⁃cient conversion of the photons.  The single crystal of Y6-1O grown on Si/SiO2 substrates is typically in a nanorib⁃bon shape， with a length of tens micrometers.  The photo⁃graph of Y6-1O nanoribbon is taken with a polarized opti⁃cal microscopy.  As it can be seen in Fig. 1（b）， it demon⁃strates the alternating between light and dark while changing the polarization of the incident light.  This is be⁃cause the birefringence nature of the Y6-1O single crys⁃tal， revealing the single crystalline structure of the na⁃noribbon.The phototransistors based on the Y6-1O single crys⁃tal with different thicknesses were fabricated on the Si/SiO2 substrates.  Figure 1（c） and 1（d） the scanning elec⁃tron microscopy （SEM） and atomic force microscopy 
（AFM） of the device， respectively.  The channel length of Y6-1O phototransistor is approximately 15 μm.  The thickness profile of the devices with different thicknesses， 108 nm， 660 nm and 1 060 nm are shown in Fig.  1（e）.  The AFM tomography shows the Y6-1O single crystals process flat surface with minimum roughness， indicating 
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their highly crystal quality.  It’s worthy to note that as the thickness of the Y6-1O nanoribbon changes， the width of single crystal also varies.  To study the optoelectronic properties of the Y6-1O single crystal， we firstly mea⁃sured the PL properties of the single crystal in different thicknesses.  As depicted in Fig.  1（f）， the PL spectra of the Y6-1O show a high emission peak at approximately 910 nm， indicating its bandgap falls within the NIR re⁃gion.  Another weak emission peak locates in the visible light region， about 610 nm.  These results suggests the Y6-1O could be employed in the visible to NIR photode⁃tection.  Moreover， the PL intensity increases with the thickness of single crystal， which is likely due to the higher absorption efficiency in thicker materials.We firstly investigated the optoelectronic properties of the Y6-1O with a thickness of 108 nm.  As shown in Fig.  2（a） and 2（b）， the output and transfer curves of Y6-1O transistor revealed its n-type charge transport characteristics in its single crystal form， consistent with the previous report［38］.  The resistance modulation through SiO2 could reach as large as 104.  The field effect electron mobility is calibrated to be 0. 88 cm2V-1s-1， which is much higher than that of thin film devices［38］.  The enhanced carrier mobility is attributed to the long-range ordering of molecular arrangement within the single crystal.  Figure 2（c） shows the transfer characteristic curves under 638 nm laser illumination with different power intensities.  A distinct photoresponse was evident in the Y6-1O single crystal phototransistor due to the pho⁃

toconducting effect.  As illustrated in Fig.  2（d）， photons with energy higher than the bandgap （1. 33 eV［41］） of the single crystal elicited an intrinsic photoresponse.  The time resolved photoresponse is further measured by alter⁃natively switching the laser on and off periodically.  Fig⁃ure 2（e） shows the photoresponse for 405 nm and 638 nm laser under different intensity.  The highest on/off ra⁃tio of the photocurrent could reach approximately 102 un⁃der strong incident light.  The relationship between the photocurrent （Iph） and incident intensity of light （P） fol⁃lows a power law function， Iph ∝ Pα， where α equals to 0. 64 and 0. 63 for 405 nm and 638 nm light， respective⁃ly.  The relationship highlights the influence of photogene⁃rated carrier generation and recombination dynamics［42-45］.  According to previous reports［46］， the coefficient α is near to one for the pure photoconducting effect in semiconduc⁃tors.  The deviation from the ideal value indicates the in⁃volvement of defects in the photoresponse process.The photoresponse for different wavelengths from visible light to NIR （405-980 nm） of Y6-1O phototrans⁃istor has been further studied under different backgate voltages， as shown in Fig.  3（a）-（c）.  The dark current of the device decreases when backgate voltage changes from 40 V to -40 V， which is consistent with the transfer curves.  Interestingly， the maximum photoresponse wave⁃length also changes with the backgate voltage （Vbg）.  The maximum photoresponse locates at 630 nm when Vbg = 40 V， but it changed to 785 nm when Vbg = -40 V.  These results are thought to be related to the band diagram changes un⁃

Fig.  1　Y6-1O organic semiconductor materials and characterization：（a） Y6-1O atomic structure with high conjugation； （b） polarization optical microscope image of Y6-1O single crystal （scale： 20 μm）， the arrows indicate the polarization of the incident and collected light； 
（c） field emission scanning electron microscopy （SEM） images of Y6-1O organic transistors； （d） atomic force microscopy （AFM） imag⁃es of Y6-1O organic transistors； （e） thickness profile of Y6-1O organic materials and their corresponding optical images； （f） photolumi⁃nescence （PL） spectral properties of Y6-1O crystals with 1 060 nm， 660 nm and 106 nm thickness
图 1　Y6-1O有机材料及表征分析：（a）具有高度共轭性的Y6-1O原子结构；（b）Y6-1O单晶的偏振光学显微镜图像（比尺：20 μm）；
（c）Y6-1O有机晶体管的场发射扫描电镜（SEM）图像；（d）Y6-1O有机晶体管的原子力显微镜（AFM）图像；（e）Y6-1O有机材料的
厚度梯度及其光学图像；（f）1 060 nm、660 nm、106 nm厚度Y6-1O晶体的光致发光（PL）光谱响应
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der gate voltages， as shown in Fig.  3（d）-（f）.  On one 
hand， the gate voltage effectively modulate the electron 
density of the Y6-1O channel， resulting in the modula⁃
tion of the dark current as well as the photocurrent.  On 
the other hand， the fermi level of the Y6-1O is also regu⁃
lated by the gate voltage， thereby adjusting the metal-
semiconductor barrier at the electrode contacts.  This is 
presumably related to the change of the maximum photore⁃

sponse wavelengths.  The spectral response and responsiv⁃
ity under different backgate voltages are summarized in 
Fig.  3（g）.  As it can be seen， the net photocurrent and re⁃
sponsivity can be modulated three orders of magnitude by 
gate voltages.  The maximum photoresponsivity is approxi⁃
mately 61. 5 mA/W when Vbg = 40 V.

As aforementioned， the optical properties of Y6-1O 
are also influenced by the thickness of single crystal.  

Fig.  2　Electrical and photoresponse of Y6-1O phototransistor with thickness of 106 nm：（a） output characteristic curve at different bias gate voltages； （b） transfer characteristic curves under different drain-source voltages； （c） transfer characteristic curves at different power densities of 638 nm， Vds = 40 V； （d） schematic diagram of photoresponse band of Y6-1O crystal； （e） photoresponse of Y6-1O transistor at different power densities of incident light at 638 nm and 405 nm， Vds = 40 V； （f） the photocurrent of 638 nm and 405 nm irradiation as a function of the incident light power
图 2　106 nm厚 Y6-1O单晶材料晶体管的光电特性：（a）不同偏置栅电压下的输出特性曲线；（b）不同漏-源电压下的转移特性曲
线；（c）638 nm不同功率密度下的转移特性曲线，Vds = 40 V；（d）Y6-1O晶体光响应能带示意图；（e）Y6-1O晶体管在 638 nm、405 nm
入射光不同功率密度下的光响应，Vds = 40 V；（f）638 nm、405 nm光照射下的光电流随入射光功率的函数关系

Fig.  3　Photoresponse of Y6-1O under different gate voltages：（a-c） the photoresponses for light from 400 nm to 1 000 nm under different 
gate voltages of 40 V （a）， 0 V （b）， and -40 V （c）， when P = 10 mW/cm2 and Vds = 40 V； （d-f） schematic of the band diagrams under 
gate voltage of 40 V （d）， 0 V （e）， and -40 V （f）； （g） the spectral response of the Y6-1O phototransistor at different gate voltages
图 3　Y6-1O不同栅压下的光响应行为：（a-c）不同栅压 40 V （a）、0 V （b）、-40 V （c）条件下器件对 400 nm至 1 000 nm波长光的响
应，入射光功率P = 10 mW/cm2，Vds = 40 V；（d-f）不同栅压条件下器件沟道材料能带结构图；（g）Y6-1O晶体管在 40 V、0 V、-40 V栅
压下光电流和响应率与光波长关系
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Hence， we investigated the optoelectronic photoresponse for the device with thicker Y6-1O.  Figure 4（a） shows the photoresponse of Y6-1O with a thickness of 660 nm.  We found the device shows higher photocurrent for wave⁃length from 405 nm to 850 nm when Vbg = 0 V comparing to the device made with 108 nm single crystal channel， while the dark current is still low.  In particular， the pho⁃toresponse to the NIR （785 nm） gets enhanced.  The pho⁃tocurrent measured under different intensity of light are summarized in Fig.  4（b）（i）.  The photocurrent maitains a power law relationship with the intensity of incident light from 405 nm to 850 nm.  The power coefficient α is estimated to be 0. 87， which is superior comparing with the device made with thinner Y6-1O crystal， indicating the better crystal quality for thick nanoribbons.  The max⁃imum photoresponsivity is approximately 16. 6 mA/W for 785 nm light （Fig.  4（b）（ii））.  The comparison of the spectral photoresponse for both devices with different thicknesses （108 nm and 660 nm） is shown in Fig.  4
（c）.  Firstly， we found that the photoresponse of the de⁃vice made with 660 nm Y6-1O single crystal was signifi⁃cantly improved.  And the peak photoresponse occurring in the NIR region， consistent with the absorption and PL properties of the Y6-1O single crystal.  Additionally， a secondary peak photoresponse is observed at 520 nm in the visible region.  In contrast， the device made with thin⁃ner （108 nm） Y6-1O single crystal exhibits a maximum photoresponse only in the visible region.  Therefore， these findings suggest that Y6-1O single crystal hold promise for sensitive visible to NIR photodetection， with thicker samples show better performance in the NIR region.
3 Conclusions 

In summary， we made the organic semiconductor single crystal Y6-1O through the convenient droplet cast⁃

ing method.  Polarized optical microscopy revealed the high-quality single crystal structure of Y6-1O， while PL properties suggest its suitability for use in NIR optoelec⁃tronic devices.  Phototransistors based on Y6-1O with dif⁃ferent thicknesses were thoroughly investigated.  These devices exhibit low dark current and high photoresponsiv⁃ity across the visible to NIR spectrum， with the peak pho⁃toresponse observed in the NIR region.  Moreover， the spectral response of the Y6-1O photodetector could be tuned by adjusting both the gate voltage and the thick⁃ness of the sample.  In particular， the device made with 660-nm-thick Y6-1O single crystal shows photoresponsiv⁃ity of 16. 6 mA/W for 785 nm light， and shows strong po⁃tential in application in the visible to NIR photodetec⁃tion.  Ultimately， this work highlights an alternative ap⁃proach of developing novel NIR photodetectors using the organic semiconducting single crystals.  Such devices hold promise for various applications including night vi⁃sion monitoring， biomedical imaging， environmental monitoring， and wearable devices owing to their low cost， scalability， and flexibility characteristics.
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