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Abstract Refractive square—based arch GaAs mierolenses array was fabricated by a novel method．L．e．，the curva— 

ture compensation method The ne~,v method was proposed to increase the focal length of refractive microlenses 

array．Scanning electron microscopes (SEM )show that mierolenses are square based arch arrays，and surface· 

stylus measurement shows that the focal length of the m Jcrolenses array is 3861 7Occ】n．which is much longer than 

200Fm and it is the longest focal length of the mierolenses array of the slime size fabricated by conventional meth— 

ads including ph0tohthography，melting and ion beam milling．The microlenses array(MLA)device and infrared 

focal plane array (IRFPA)device were aligned under an lR microscope and coupled with a kind of infrared glue． 

The lR response characteristics of the hybrid device were improved greatly． 

Key words GaAs．mierolenses array．ion beam rad Ling，hybrid device，lRFPA device． 

用于改善 PtSi红外焦平面阵列器件响应特性的 

长焦距 GaAs微透镜阵列器件的制作研究 

何 苗 易新建 程祖海 

(韭中科技大学擞光技术国家重点实验室．湖北，武汉，430074) 

刘鲁勤 王英瑞 

(中国航天 怠岱司二 院 25所 ．北京，100854) 

摘要 提 出 了一种新 的曲率补偿法用干长 焦距擞透镜阵列 的制作。扫描 电子显擞镜 (SEM)显示擞连镜阵列为表面 

梗为平缓的方底拱形阵列，表面探针测试结果显示用曲率补偿法制作的徽适镜的焦距可达到 3861．70／~m，而常规 

光刻热熔珐锟难制作出焦距超过200~m的相同_R寸的擞透镜阵列。擞连镜阵列器件与豇外焦平面阵列器件在蔓外 

显擞镜下对准胶台．显著改善了豇外焦平面阵列器件的响应特性。 

关键词 GaAs，擞透镜 阵列 ．离子束刻蚀 ，组合器 件，红外焦平面阵列器件． 
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ture compensation method. The new method was propo"ea to increase the focal length vf refraetLve mlcrolenses. 
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Intr0ductjOn 

Nowadays refractive microlens array (M I A ) 

devices have been used in many fields such as fo 

cal plane optical concentrations．1aser alignments· 

large area displays。optical calculations，coupling 

and interconnect1on in optical processors． So its 

labrieation technique has been researched deeply． 

Of many methods for fabricating microlens arrays· 

heat forming photoresist method has many advan 

tages，such as simple technique．1ow expense and 

no serious po[ution．But long focus microlens ar— 

ray is difficult to be fabricated by the method d lie 

to the critical angle effect．In normal situation，the 

focaI length of microlens array made by conven 

tiona】methods js about several hundred microme— 

ters shorter than the thickness of microlens array 

device jtself(because a thinner microlenses array ls 

easy to be broken)．In order to realize the function 

of mierolens arrays device as a focal plane optical 

concentrator．many scholars 一一have been explor 

1ng new ways to increase the focal distance of re 

fractive micro[ens array since 1 990’s．In this paper 

we present a new method，named curvature corn— 

pensation method，to increase the focal length of 

microlens array greatly．Owing to its wide spectral 

response range，GaAs material is chosen to fabri— 

cate the micro]ens array．The M LA device and Ln 

frared foca1 plane array (IRFPA ) device are 

aligned under an IR microscope and coupled with a 

kind of infrared glue．The IR responsivity of the 

hybrid device Ls doubled． 

1 Curvature Compensation M ethod 

Figure l illustrates the sequence of processes 

for forming GaAs microlenses array(MI A)． The 

procedure can be divided into two steps as follows： 

1) The BP21 2 positive acting photoresist is spin 

coated on GaAs substrate．The photoresist is pat— 

terned with conventional ph。to1ith。graphic tech 

nique． The mask is an array of two dimension 

(The size of 3n element is 45
,urn ×45pm ，and the 

distance between adjacent elements is 50p．m )． 

Then the GaAs substrate with the photoresist 

mask is heated at a temperature higher than the 

glass-·transition point of photoresist so that square—— 

based arc contour is formed by the effect of surface 

tension o13 the photoresist surface．Then the sub 

strate ls subject to Ar ion—beam milling in order 

that 1he square—based arc mask contour is trans— 

ferred co the GaAs substrate surface． 2)On the 

basis of M I A made by the conventional method， 

scveral new layers of photoresist is covered on it． 

The photoresist coated on convex place will flow to 

the concave place under the action of gravity． In 

the meantime．surface tension will make the sur 

face of photoresist concave．The collectire action of 

the gravity and the surface tension forms a more 

gently concave surface．Then M LA is heated and 

consolidated， so photoresist and GaAs substrate 

form an integer，which is etched again．At last· 

more gentle surface of photoresist will transfer into 

GaAs substrate． 

In our experiment．argon ion beam milling is 

carried Out on LD一3 ion beam sputter and milling 

apparatus．Ar is introduced through the Kaufmann 

ion source into the vacuum chamber of the appara 

tu8．Before milling．the vacuum chamber is evacu 

ated to a pressure of 6．0× 10 Pa．while Ar gas 

pressure during milling is kept at 4．0×10 Pa．The 

energy of Ar ion is about 550eV．The Ar ion beam 

coating 

Uv 1igh 

photolithography 

developing 

melring 

n g 

船  

n 髓 [ 

Fig．I The schematic diagram of fabrication 

of 128× 128 GaAs microlens array 

图 1 128×128元 GaAs折射型微透镜 

阵列的制备工艺流程 

誊i[] 
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Introduction 

:'-Jowadays refractive microkns array (MLA) 

devrce:-. have been used in many fidds ~uch 21~ fo

cal-plane optical concentratIOns. laser alignment=,o 

large area display~. optical calculation~ ~ couplIng 

and interconneetion in f)ptical processors. So it:-: 

fabrication technique ha::. been researched deeply. 

()f many methuds for fabrKutlng mH:rolens array:3-. 

heat-formlllg photoresist method ha~ many advan

tages! such as simple techniquE!. l(lw expen~e and 

no senous polution. But long-focub mtC'folcn::. ar

ray lS diffiC"ult to be fabricated by the meth,)d due 

to the criuC"al angle effect. In normal sItuation, thE: 

focal length of mtcrolen::. array made by CODven

tlOnal methods is about several hundred microme

ters shoner than thf:' thIckness of miLrulens arra.y 

device itself (becau.se a thinner miC"f0lenses array is 

easy to be broken). In order to realize the funC"tt{. ... m 

of microlens arrays devtce as a focal-plane optical 

concentrator. many scholars-- -~= have been explor

lng new ways to increasf:' the focal distanC"e of rc

fraC"tive miC"rolens array SInce 1 99! I's. In this paper 

we present a new method .. nam~d curvature cum

pensatlOn method, to increase the f(}cal length of 

microlens array grea tly. Owing to its WIde spectral 

response range, GaAs matenal is cho!'!en to fabri

cate the microlens array. The MLA device and in

frared I(}cal plane array (IRFPA) device are 

aligned under an IR microscope and C"oupled with a 

kind of mfrared glue. The IR n::-o.ponsivtty of the 

hybrid device ts dou bled. 

1 Curvature Compensation Method 

Figure 1 illu:-.trates the sequence of proct's:-.e:-: 

for f(}rming GaA:-: microlense:-: array ~ \1LA L The 

procedure can be divided into two steps a:-. follow~: 

1) The BP212 positive acttng photoresist 1:-;. spm 

coated on GaAs substrate. The photoresist IS pat~ 

terned with conventional photolithographic tech

nIC.Jue. The mask is an array of two dimension 

~ The size of an element is 45,um . 4-5pm. and the 

distance' between adjacent element.... is 50pm). 

Then the GaA~ s:ubstratt' with the photort'sist 

mask is heated at a temperature higher than the 

glass-transition pOInt of photorest:-:.t so that square

based arc contour is formed by the effect of surface 

tenston 011 the photoresist surface. Then the ~ub-

;;;trate IS subject to Ar ton-beam mIlling in order 

that the ~quare-based arc mask contour IS tram;

ferred w the GaAs substrate surfact'. 2) On the 

basts of MLA made by the conventional method, 

several IlE"W layers of photoresi~t is covered on it. 

The photore:-o.ist coated on convex place will flow to 

the c.....-mC"ave place under the anIOn of gravlty. In 

the meantimE: ~ surface tenslcm will make the ~ur

face of photoresist concave. The collectIve action of 

the gravity and the surface ten~ion furms Q more 

gently L'oncave surface. Then MLA is heated and 

consoltdated. so ph(}toresist and GaAs substrate 

form an integer. which IS etched again. At last. 

more gentle surface of photorE'~i~t will transfer into 

GaAs substrate. 

in our experiment. argon ton beam milling is 

carried out on LD-3 i(}n beam sputter and milling 

apparatus. Ar IS introduced through the Kaufmann 

ion sourC"e Into the vacuum chamber of the appara

tus. Befort' milling. the vacuum chamber i,<; evacu

a ted to a pressure of I). 0 . 10-1 Pa. while Ar gas 

pres:-:ure during milling i:-. kept at 4. I] . 10 ~ Pa. The 

energy of Ar ion is about 5Sl)eV. The Ar ion beam 

coating 

UV light ..j.. 

photoli thography --
developing 

melting 

milling 

coating and 
melting again 

Ar+ 

mi 11 ing again 

••• 
I I 

FJg. 1 Tbe scbemattc dlagl"ilm of fabrtcatton 

LlI 128 ~ 128 GaAs micTolens aHBy 

[!J 1 128' 1~8 5G GaA, 1fiMlI!{lt~lt 

iI'I'.'J ~li<Ji1I- I:1:i:lt I!E 
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Research 0n fabrication of GaAs micro[enses array with Long 

focal length f0r。mprovl gre pons1vlty of ptsi IRFPA device 

current is 50mA．The incidence angle of Ar ion 

beam ls about 40。． 

2 Experiment Results 

Figure 2·taken by scanning electron micro 

scope(SEM )， shows a square based arc GaAs 

M I A with a relatively gentle surface．Figure 3 

shows the distinct profile of GaAs MI A taken ’ 

Detak—I A ~urface style measurement．The mea— 

sugenlent results show that the refractiwe mierolens 

array has ve ry smooth surface and extremelY uni 

form dimensiofls．Sag of a microlen (h)is equal to 

0．094>m ．aperture size of a mlcrolen (a)approxi 

mates 49pm ，and optical filling factor can be calcu 

lated by 49~tmX 49ptm／"(50pro ×50~m3)= 98 ． 

The size of radiation sensing element of PtSi 

IRFPA device is 32pm × 30~tm．The size of pixel 

element is 50,am×50pro．8o only 38．4 objective 

radiation is incident oil the radiation sensing area． 

In order to concentrate almost al1 incident Infrared 

radiation from the pixel area of microlens onto a 

relatively smailer sensitive area of PtSI IRFPA ．we 

combine 128X128 element PtSi IRFPA device with 

128× 128 element refractive MLA device， and 

align them with MJB3 IR／Visible Aligner made by 

Karl Suss Company．then place the former on the 

focal plane of the Iatter．The MLA device is mount 

ed on the back of the PtSl device．At last．we fijl a 

kind of IR glue in the space between them to form 

a hybrid device． In this way．we improve the re 

sponse of PtSi device．Figure 4 shows the structure 

Fig．2 The SEM photograph(430× )of 128× 128 

square—based arch GaAs m icrolens arrays 

图 2 128×128元 GaAs方底拱形微透镜阵列的 

SEM 照 片(430×) 
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Of the hybrid device． 

The thickness of microlens( ~．540pm)can’t 

be negligible when it is compared with image dis 

tance．So the calculation of focal length in image 

space can’t use thin lens approximation．Thus．we 

deduce the following thick lens formulae 

R一 (口。／4+h )／2h 

，= R八 一1)+{ 一1)d 

F／一， ． (】) 

In the former formulae，R s the redius of curva— 

ture of microlens， d (≈ 1 0OⅢn) represents the 

thickness of the filled IR glue layer． is the refrac 

tire index of IR glue and is equal to 1．66 in the 

spectral range 3 5 m， 0 is refractive index of 

GaAs material and is equal to 3．27 in the spectral 

range 3—5ptm．f and，， are the focal length a rid 

F／number in image space，respectively．With the 

formulae．we can calculate the following results： 

the average redius of curvature R is 3324．47pm ． 

the average focal length f in image space is 3861． 

70pm．average F／number in image space is 77． 

23． 

W e discuss IR response of hybrid device and 

IRFPA device without MLA． Responsivity (R ) 

and specific detectivity (D ’)of a detector unit are 

defined as 

R= V／P 

D =R(afA,) 一／'V ． (2) 

In the former formula，P represents power of radi— 

ation incident on a detector，V represents voltage 

of response．V is noise voltage generated in the 

目 

＼  

x／I．tm 

Fig 3 The profile of 128×128 square—based arch 

GaAs microlens arrays㈣  ed 

by the surface stylus(unit：“m ) 

图3 用表面探针测量的 128×128元GaAs 

方底拱形微透镜表面轮廓(单位： m) 
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Re~earrh on iabflc.ltlOfi lIf b,jA~ micT.)lenses array with long 
H.I:: [\111'1." el u/. 

'foJcJ]]ength for ImprO"lflgre~po[[sl\'lty ~.f PtStlRFPA dE"~·l.re 

current is SOmA. The incidence angle of Ar Ion 

bt:'am IS about 40 0
• 

2 Experiment Results 

Figure 2. taken by s.canning electron micro

scope (SEM 1. shows a ~quare-ba~ed arc GaA~ 

MLA with a relativt>ly gentle surface. Figure S 

shows the distinct profile 01 GaAs MLA taken by 

Detak- I A ~urface s-tyle measurement. The mea

surement re8uits ..... how that the refractlVt- microlens 

array has very smooth surface and extremely uni

form dimensions. Sag of a mlcrolen (h) is equal 10 

O. 094p.m. aperture size of a microlen (a) approxi 

mate5 49t-r-m~and optical filling factor can be calcu

lated by 49,um'- 49p.m/(SUt-r-m "50,uD11=98~'~' 

The size of radiation sensing €'lemt"nt of PtSi 

IRFPA device is 32f'm X 30f'm. The size of pixel 

element tS S0t-r-m'- 50t-r-m. ~o only 38. 4~.-:) objective 

radiation is inCident on thE' radiation sensing area. 

In order w concentrate almost all incident wfrared 

radiation from the PiXel area of mlcrolen~ ~)nto a 

reiauveiy smaller ~en~ittve area of PtSt IRFPA. we 

combine 128 X 128 element PtSI IRFPA deVICe wit h 

128 \.. 128 element refractive ~ILA deVice. and 

align them with YUB3 lR/Vi,ible Aligner made by 

Kart Suss Company. then place th~ former on [he 

focal plane of the latter. The MLA devtce is mount

ed on the back 01 the PtSi device. At last. we lill " 

kind of IR glue in the spaC'e between them to form 

a hybrId device. In this way. we lmprove the re

sponse of PtSi device. Figure 4 show:-> the structure 

Fig.:;:; The 5£M pbutograpb l43(J" ) of 128' 1:.:'8 

:;;quan:·-bas~d arch GaAs mtcrolens array~ 

00 2 128· 128 :n: G,A, 1rrfl:lJ\-ll'ijj!talli ""JlJ fI<J 
SEM ,~ W (43c" ) 
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01 the hybrid device. 

The thickness of microlens (d,,::=:::::::540t-r-m) can't 

be negligible when it is compared with lmage dis

tance. 50 the calculation of focal length In image 

~pace can't use thin lens apprOXlmatlOn. Thus. we 

deduce the followmg thick lens formulae 

R~ (u'/4 +h')/2h 

}=1I'R/(n,,-1) +( 11,,/n -1>d 

F/~}!u. (11 

In the former formube ~ R is the redius of curva

turt:' of microlens ~ d ( :=:::::: 1 UO,um) represents the 

thickness of tht! filled IR glue layer. Il is the refrac

tive mdex of IR glue and ts equal w 1. 66 m the 

spectral range 3 - 5,um. n,. is refractrve index of 

GaAs material and lS equal to 3.27 in the spectral 

range 3 - Sp.m. f and F/ are the focal length and 

F/ number in image space ~ respectrvely. With the 

formulae. we can calculate the following results: 

[he average redlUs of curvature R IS 3324. 47t-r-m. 

the average focal length f in tmage space is 3861. 

70t-r-m. average F,/ number III image space i~ 77. 

23. 

We discus~ IR re~ponse of hybrid device and 

IRFPA device w,thout MLA. Responsivity (R) 

and spectfic detectivity (D· ) of a detector untt are 

defined as 

R~ll/P 

D· ~R(L1JA.)I·'ill". 

In the former formula. P represents power of radi

ation tncldent on a detector. V repref.ents voltage 

of response. V~ tS notse voltage generated tn the 

C.12 

0.09 f-
a 
"- 0.06 f-
"- , 
>-. 

., 
om\-- I 

0.00 
0 IC 100 llC 

xl ~ m 

Ftg. 3 The profile of 128 ~ 128 square-based arch 

GaAs mtcrolens array~ measured 

by the surface "tylus(uD1t: f.tm) 

00 3 !ll'~iIilj"Ht-~.fI<J 1,8,128:1t GaA> 
JJ lil:.jj\jjHlI:~4I!;£iIilltl#'.oltfR 'I"ffi I 

http://www.cqvip.com


324 红外 与毫米渣 学报 20卷 

detector，△t is detector bandwidth and is usually 

taken to be l Hz．and A is sensitive area of the de 

tector．According to the size and structure of 1RF 

PA device．it can be concluded that introducing 

M LA can lncrease the response of opto electronic 

signal bv 2．5 times in ideal situation．Due to the 

effects of reflection，absorption and scatter on the 

incident IR radiation and the influence of various 

factors in the composite device．factuaI IR Te— 

sponse js】ess than the theoretical value．The test— 

ing experiment is carried OUt at liquid nitrogen 

temperature zone，the temperature of blackbody is 

500K ， modulation frequency is 1 0kHz， the re 

sponse of signal is read out by a phase- locked am—— 

plifier and processed by a computer．The testing 

results are as follows：For IRFPA device without 

M LA ，the average responsivity (R ．)of a detector 

unit is 8．54× 10 V，W —the average specific detec 

tivity (D ’)of a detector unit is 1．69× 1 0 scmHz 

w ．the nonuniformity of D is 8．94 ．For hy 

brid device，the average responsivity (R)is 1．82× 

10 V／W ，the average specific detectivity (D )is 

3．61×108erllHz ‘。W ，the nonuniformitv 0f D is 

9．1 7 ．The average responsivity (R )and the av— 

erage specific detectivity(D )of a detector unit in 

a hybrid device are improved by 2．13 times．when 

it is compared with that ln IRFPA without mi 

crolens array device． The uniformity of D isn’t 

changed significantly． 

Fig．4 Schematic cross section of three—pixe[ 

architecture of the hybrid device 

田4 组合器件的结掏剖面图 

array 

3 Conclusion 

(1)The curvature compensation method is an 

effective method to increase the focal[ength of mi— 

cro]ens and it can promote filling factor to near 

i00 ． 

(2)Testing results show that the characteris 

tics of IR response 。f the hybrid device are im 

proved significantly as compared with that of the 

IRFPA devlce without M LA． 

(3)IRFPA device is combined with MLA de 

vice bv IR glue、which is a huller medium and can 

absorb and decompose some destructive strain．so 

the total rigidity level of the hybrid device is great 

ly promoted．Thus the hybrid has obvious advan— 

tages in atrocious circumstance such as violent im— 

pact and high acceleration． 

(4)In the hybrid device，the micro—optical ele 

ment separates the IRFPA device from circum 

stance，thus，bad imfluenees on the IRFPA device 

are avoided，and lire and stabi】ity of IRFPA device 

a re improved significantly． 
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detector. iJ./ is detector bandwidth and is usually 

taken to be I Hz .. ::md AJ l~ sensiti...-e area of the de

tector. According to the size and structure of IRF

PA device. j[ can be concluded that mtroducing 

MLA can me-rease the re:-:.ponse of opto-electronic 

~ignal by 2. 5 time~ tn ideal situation. Due to the 

effects of reflectIOn. absorption and scatter on the 

meident IR radiation and the influence of various 

factors in the composit€ device. factual IR re

sponse is less than the theoretical value. The test

mg experiment is carried out at liquid nitrogen 

temperature zone. the temperature of blackbody IS. 

5(IOK, modulatlOn frequenL'Y is 10kHz. the re

sponse of signal is read out by a phase-locked am

plifier and processed by a computet. The testing 

results are as follows : For IRFPA device without 

MLA. the average responsivity (R,,) of a detector 

unit is 8.54', 10'V/W. the average :specific detec

tivity (l5' ) of a detector unit is 1. 69', 1 O~cmHzl:: 

W- J
• the nonumformity of D~ is 8. 94 ~'I~" For hy

brid device. the average responsivity (R) i:s 1. 82', 

10:'V/'V. the average specific detectivity (D~) IS 

3. 61 " 1 QHcmHzJ '~W- J. the nonuniformity of D' IS 

9.17%. The average responslvlty (R~) and the av

erage specific detectivity (D~ ) of a detector unit in 

a hybrid device are improved by ~. 13 tImes. when 

it is compared with that III IRFPA wnhout mi

crolens array device. The uniformity of D' isn't 

changed significantly. 

a 
JR radiation 

GaAs mkrolens array 

GaAs PtSi detector 

Flg.4 Schematic cro,<;~ ~ection of three-pIxel 

architecture of the hybnd devu:e 

m 4 !JI * t& f'f B'J!Ii III j)tj llii 00 

3 Conclusion 

(1 )The curvature compensation method is an 

effective method to mcrea8e the focal length of mi

crolens and it can promote filling factor to near 

lorl ~'I'l' 
(2)Testing results show that the characteris

tics of IR response of the hybrid device are im

proved significantly as compart:d with that of the 

IRFPA devICe without MLA. 

(311RFPA device is combined with MLA de

vice by IR glue. which is a buffer medmm and can 

absorb and decompose some destructive stram. So 

the total rigidity level of the hybrid device is great

ly promoted. Thus the hybrid has obvious advan

tages in atrocious circumstance such as VIOlent Im

pact and high acceleration. 

( 4) In the hybrid device. the ffilcro-optlcal ele

ment separates the IRFPA device from circum

stance. thus. bad imfluences on the IRFPA device 

are avoided.and life and stability of IRFPA device 

are improved significantly. 
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