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Abstract: A la rg e-ar ea quart z g lass refr activ e micro lens arr ay mounted on a lar ge-area fo cal-

plane det ect ing ar chitecture w as fabrica ted using a multiple-process, including pho-

tolitho gr aphy, heat tr eatment, and ar gon ion beam etching . The exper imental measur ements

show that the optical filling factor of the focal-plane dtector s w ith r efractive micr olens arr ay is

more t han 95% ( for squar e-based a rch micr olens) and 70% ( for spher ical micr olens) , respec-

tiv ely , t he focal leng th of the squar e-based arch micr olens and spherical micro lens is about

90�m and 80�m, respectiv ely . Both the scanning electr on micr oscope and t he sur face st yle mea-

sur ement w ere used to determine the dim ensions and the surface mo rpholo gy of the micr o lens

fabricat ed. The techniques utilized can be applied to fabr icate micr olens ar r ay o f lar g er ar ea.
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Introduction

At present , larg e-area staring inf rared ( IR) focal plane arrays ( FPAs ) have been

used in many fields, such as IR ast ronomical im ag ing , indust rial inspect ion, thermal imag-

ing , medicine, night vision. ear th resources, advanced m il itary sensor sy stems, etc. Al-

though monolithic FPAs ar chitecture can offer marked advantages in unifo rmity, m anufac-

turability and opto-elect ronic propert ies, the element size o f the im aging sensor is usually

much less than the overall pix el area, and therefore, the f illing factor ( the ratio of sensor

area to the pix el area) of the detecto r is poor, which reduces opto-elect ronic sensitivity of

the image sensor . Micro-opt ics components such as monolithic refr act iv e m icrolens array

have recent ly been paid consider able at tent ion to fo r they can increase the f il ling factor of

the FPA s, thus improving the photosensit ivity o f the FPA s device. The onchip ref ract ive

microlens arr ay w ith a high opt ical f ill-facto r and good opt ical quality, as a fo cal-plane op-

tical concentrator mounted on an IR FPA, can concentrate almost all incident inf rared ra-

diat ion fr om the pix el area of microlens onto a m uch sm aller photosensit ive area of the de-
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tecto r, and therefore improves the signal-to-noise rat io of the IR FPAs dev ice.

In 1991, the use o f mono lithic ref ract ive m icrolens to improve the per for mance of IR

detector ar rays w as reported for the first tim e by N . T . Gor dan, et al[ 1 ] . T he improvem ent

in GeSi/ Si FPAs opto-elect ronic sensit ivity was dem onst rated by Bor -Yeu T saur, et al. in

1994, who developed the 320×240-elem ent and 400×400-element GeSi/ Si IR CCD detec-

to rs w ith the tw o-dimensional ref ract ive microlens array ( m onolithic Si micro lens ar ray )

fo r increasing the detector f ill-facto r and FPAs sensitivity[ 2] . In this paper, w e repo rt the

fabricat ion of monolithic quartz glass ref ract ive m icrolens ar rays coupled w ith a kind of

FPAs device fo r ef fect iv ely increasing the optical fill-factor rat io. T he out line of this paper

is as follow s. In Sect ion 1 we discuss the design of refractiv e micro-opt ics components, the

fabricat ion procedur es and resuts are described in Sect ion 2, and a brief summ ary is draw n

in Sect ion 3.

Fig . 1 T he fundament al str uct ur e

( a kind o f the larg e-ar ea IR FPAs dev ice)

1　Design of refractive microlens array

The perform ance of FPAs involv es a t rade-o ff among three independent factor s i. e.

the unifor mity o f IR optoelect ronic response, spacing resolving pow er, and sensit iv ity . In

general , the enhancement in spacing resolv ing pow er depends on reducing the unit cel l

size, and incr easing the number of elements. For an IR detector, the responsivity is pro-

por tional to the photosensit ive area, which is usually m uch smaller than the pix el size. So

the impr ovement in the fill-factor has been one o f the most important in the developm ent

of FPAs. T he techno logies developed for providing the sensor w ith a high f ill-facto r to ob-

tain a maxim um signal-to-noise rat io cover the readout architecture, detector st ructure and

fabricat ion of micro-optics components coupled w ith the IR imager arr ay . In order for a

sensor to achieve a high signal-to-noise r at io, an effort using an onchip ref ract ive mi-

cro lens array to concentr ate almost all incident IR radiat ion falling on the pixel area onto a

much sm aller detecto r photosensit ive area to increase the fill-factor o f the image senso r and

detectors ensit ivity, w hile retaining a given

detector therm ionic-emission dark-current-

noise, has been exerted. We have designed

and fabricated tw o types of quartz g lass r ef rac-

tiv e micr olens array to couple w ith a kind o f

square-based pixel FPAs device.

Figure 1 shows the fundamental st ructur e

of FPAs. The unit cell of each pixel is 50�m×
50�m , and activ e detector area is only 32�m×
30�m . From the data int roduced as above, w e

know that the f ill-factor of the device is less

than 40 percent . Tw o kinds of tw o-dimension-
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al r ef ract ive microlens array are designed to increase the opt ical fill-factor r at io o f the

FPAs from< 40 percent to a geometrical limit value o f approx imately 100 percent ( or 75

percent for spherical microlens. )

Comm on and effect iv e fabrication techniques of ref ract ive m icrolens may use therm al

t reatm ent af ter pho to lithog raphy and argon ion beam etching. In our exper im ents, the

litho graphy master pat tern has been designed to be consistent w ith the st ructure of the

FPAs. During the design of photolithog raphic master pattern, sev eral facto rs should be

considered, i. e. the focal length of the r ef ract ive microlens, the sm ooth f inish o f the sub-

st rate polished at both sides, and the therm al conso lidat ion level of the photoresist m ask

pat tern ( square-based ar ch m icrolens pat tern and spher ical m icrolens pat tern) .

Fig. 2 Fabr ication pro cedures to get the refr activ e micro lens ar ray

in quar tz glass substr ate.

2　Fabrication of microlens array

Fabricat ing a uniform arr ay of ref ract ive m icrolens w ith a high f ill-factor and optical

quality requires acccurate control o f pho to resist litho graphic pro cess, therm al anneal ing ,

and etching step. T he main fabricat ion issues are spat ial uniformity, the contr ol of pho-

to resist microlens sag and shape, the reproducibility of ion beam etching r ate and select ivi-

ty , and the surface roughness of the etched subst rate materials. Figure 2 shows the tech-

no logical steps. Our monolithic r ef ract ive microlens array has been produced thr ough four

steps: photol ithog raphy, ther mal t reatment and ref low to for m photo resist micr olens ar-

ray, arg on ion beam etching , and thinning at backside of the samples w ith micr olens ar-

ray. In photolitho graphy , developing o f the samples should be suf ficient . After develop-

ing , any rem aining photoresist on the sample sur face should be com pletely w ashed away to

avoid affect ing the heat t reatment procedur e while the squar e-shaped or circle-shaped pho-

to resist islands ( pixel size ) patterns are heated and r ef low ed to form into square-based

arch photor esist micro lens o r spherical pho to resist microlens. T he expansion of each

square or circle pho to resist islands in m elt ing pro cess is af fected by many factors. So the

max imum fill-factor rat io of the m icrolens is obtained by accurately contr olling the techno-

logical parameters. T he experiments show that the surface m orphology of the quartz g lass
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refract iv e m icrolens is differ ent at v ar ied fabricat ing condit ions, for instance, the incidence

ang le of ion beam, ion energ y, and the diam eter of ion beam. T he last procedure is to thin

the sam ples f rom backside of the monolithic micro lens array device to the required thick-

ness which equals the focal lenght of the lens, so that the samples can be ef fect iv ely cou-

pled w ith FPAs device.

In our exper im ent , the photolithogr aphy and annealing are carried out according to

the custom methods. Argon ion beam etching is undertaken using the LD-3 ion beam sput-

ter -etching apparatus. Argon is int roduced through the Kaufmann ion source into the vac-

uum cham ber of the apparatus. Before etching , the vacuum cham ber is evacuated to the

pr essure of 10- 4
Pa or above, w hile argon gas pressure dur ing etching is kept at 10- 2

Pa.

The incidence ang le of argon ion beam is about 25°. T he energ y of arg on ion is about 500

eV. T he etching rate is around 40 nm / min. T he sag of r ef ract ive microlens is about 7.

5�m. The apertur e size of each square-based ar ch micr olens is about 49�m×49�m, the di-

ameter o f each spherical micr olens is about 48�m . T he focal length of the square-based

arch micro lens ( in the spect ral r ange 3～5�m ) is about 90�m, the spherical micr olens

about 80�m. The pictures of Fig . 3 and Fig. 4 taken by scanning electr on micr oscope show

the 6×6 lens arrays of ref ractive microlens, w hich illust rate the high quality of the surface

of the lens fabricated. T he small w hite dots on the photog raphs are dust st icking to mi-

cro lens device in SEM measur em ent .

F ig . 3 T he SEM pho tog r aph o f the square-based

ar ch micro lens ar ray in quar tz glass substra te

F ig . 4 The SEM pho to gr aph o f the spher ical

m icro lens arr ay in quar tz glass subst rate

The measurem ent resul ts of SEM and prof ile m easur em ents show that the ref ract ive

microlens have ver y smoo th surface and ext remely uniform dim ensions. Figure 5 show s a

schem at ic cross sect ion o f tw o-pix el architecture of FPAs w ith ref ractive micr olens

( square-based ar ch m icrolens) . Incident inf rared radiat ion through refractive m icro lens,

w hich serves as a f ield lens betw een the primary objective lens and the FPAs, is focused on

the backside of FPAs.

100 红 外 与 毫 米 波 学 报 18 卷



Fig . 5 The schematic cro ss section of tw o-pix el ar chitecture o f

t he IR FPAs dev ice with refr activ e micr olens

3　Summary

It is a relat ively simple and ef fect ive method to incorporate mono lithic ref ract ive mi-

cro lens arr ay w ith the FPAs device fo r ef f icient ly increasing the f ill-facto r of the device,

and improving the opto-elect ronic response performance of the device. We expect to see

the improvem ent of the opto-electr onic response perform ance o f IR FPAs through the

study of the oper at ing principle, the architecture of FPAs device, and the fabricat ion of

the tw o-dimensional r ef ract ive micro lens arr ay s mechanically at tached to the FPAs or re-

fract iv e microlens arrays etched direct ly onto the backside of back-illum inated FPAs im age

sensor .
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离子束刻蚀制作用于红外焦平面探测器
的面阵石英微透镜

张新宇　易新建　何　苗　赵兴荣
　(华中理工大学光电子工程系,湖北,武汉, 430074)

摘要　面阵红外焦平面结构由于具有体积小、重量轻、功耗低、噪声小、灵敏度和可

靠性高等特点而在军事及民用领域获得了应用, 国外已有文献报道填充系数为

40%左右的面阵红外焦平面凝视阵列的情况,国内也已制成了填充系数为 35%的

面阵肖特基势垒红外焦平面阵列. 红外焦平面阵列的红外响应均匀性及空间分辨

率和灵敏度是衡量其性能优劣的几项重要指标.通常情况下, 空间分辨率的提高可

以采取缩小像素面积,增大阵列规模来实现, 但像素的减小将导致信号的减弱.为

改善具有低填充系数的红外焦平面器件的性能可以采取增大器件的填充系数以获

得足够的信噪比的办法进行.利用折射微透镜阵列对入射红外辐射所具有的会聚

作用,在维持器件原有暗电流水平不变的基础上,增大器件的填充系数进而提高器

件的红外光电响应性能是有效的手段之一.本文给出了利用面阵石英折射微透镜

来提高一种国产红外凝视焦平面成像器件的填充系数进而增大其信噪比的方法.

折射微透镜的制作方法很多,离子束刻蚀是其中较为实用和可行的技术手段之一.

在我们的实验中,与红外焦平面结构匹配的石英折射微透镜阵列的制备利用光刻

热熔法及氩离子束刻蚀进行,所制石英折射微透镜分别为矩底拱面形和球冠形.实

测表明,所制矩底拱面石英折射微透镜阵列的光学填充系数高于 95% ,球冠形折

射微透镜阵列的光学填充系数高于 70% ,矩底拱面折射微透镜和球冠形折射微透

镜近轴光( 3～5�m 光谱波段)的典型焦长分别为 90�m 和 80�m.通过扫描电子显

微镜( SEM )和表面轮廓仪测试了所制微小光学元件的表面微结构形貌.利用折射

微透镜阵列来显著改善红外焦平面结构的光电性能是一种简便有效的技术途径,

在综合考虑红外焦平面结构的工作方式和结构特点及与之匹配的微小光学阵列元

件的基础上, 制出复合光电器件,或在背入射式红外焦平面结构的光入射面上直接

蚀刻出折射微透镜图形,对提高红外焦平面结构的光电响应性能具有重要意义,所

开发的制备技术可用于大面阵的折射微透镜阵列.

关键词　折射微透镜阵列, 红外焦平面结构.
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