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Abstract

Pho tolitho gr aphic pat terning and thin film deposition w ere used fo r m anufactur ing

multilev el diffr activ e optical element( DOE) . Fabr ication err or s and its affecting facto rs

w er e analyzed fo r multilev el DOE in t his paper . Calibrat ion met hod was come up w ith

to modify alignment er ro r . It was pr oved by actual manufacturing pr ocess that this

method is available fo r aligning posit ioning err or .
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1　Introduction

　　Multilevel DOE has higher dif fraction eff iciency than binary opt ical element ( BOE) such

as Dammann grat ing etc. It s designing idea is found on the base of sampling discretion o f

elect ric signal. M ethod o f discret t ing cont inuous rel ief has to be used for the sake of dif ficul-

ty to manufacture the cont inuous relief by IC technolog y, so as to approx imately approach

the cont inuous relief of DOE using multilevel step. T he mor e the number of lev el is, the

mor e high of the dif f ract ion ef ficiency , and results of approaching is bet ter. But the manu-

facture is dif ficult increasingly in the meant ime. Repeated oper at ion is requir ed in the process

of pho tolithog raphy . T herefore, the accur acy of repeated lithogr aphic pat terning is one of
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the key technolo gies for fabricat ion o f multilevel DOE.

Someone has ever discussed the manufacture error about DOE by computer simula-

tion[ 1] . Because the manufacture is af fected by many factors such as operator, equipment and

environment in process of photolitho graphy and ion beam etching . It 's v er y diff icult to ana-

lyze the manufacturing accuracy clearly only in the view of theo ry due to so many ef fects.

Considering a certain limitat ion for computer simulat ing the factor s af fect ing accur acy in ac-

tual operat ion is analyzed by example of manufactur ing DOE w ith 4 lev els in this paper . Cali-

br at ion method and procedure has been int roduced. A compensat ion method is put fo rth to

align depth er ror and later al posit ioning error of steps. It' s simple and pr act ical in actual

manufacturing process and also suitable to other m icrofabr ication applicat ion.

2　Discussion of manufacturing process

2. 1　Comparison of two different manufacturing processes

The geometr y thickness of co ating layer is determined by the following fo rmula

d =
�

2m( n - 1)
( 1)

w here

n ——mater ial refract iv e index ;

m ——r epeat lithog raphic t imes( m = 1, 2, 3, ⋯)

Table 1　Comparison of two operating orders

orders 2# ( fine line) mask→1# ( w ide line) mask 1# ( wide line) m ask→2# ( fine line) m ask

advantag es

1. easy t o ensure la teral size po sitio ning

accur acy

2. aft er finishing fir st time 1# litho gr a-

phy-coating , surplus r esist is easy to

be cleaned due to t he small depth of

staircase

1. easy to ensure accur acy of staircase

depth

2. pr oducing small height er ro r because of

the t hin lay er thickness of the nex t

step.

disadvantages

1. easy to pr oduce height er ro r dur ing t he

nex t step

2. D ifficult to a lign at t he beg inning oper-

ation. If the lat eral err or pr oduced,

lar ge height err or occurs dur ing t he

nex t r ecycle.

1. difficult t o contr ol the later al a lignment

accur acy

2. surplus r esist is diff icult to be cleaned

for the nex t step

　　Detailed fabricat ion process isn' t int roduced at here because it had been int roduced by

some papers. T wo masks are needed for the DOE fabricat ion pro cess. Featur e size and num-

ber of annular o f the second one ( 2# mask) are half o f the f ir st one ( 1# mask) . T here are

tw o operat ing o rders. One is repeat ing litho graphy and coating f rom 1# w ide line mask to
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2# f ine line mask the other is f rom 2# f ine line mask to 1# w ide line mask. Their advan-

tages and disadvantag es are compared as table 1.

2. 2　Calibration of coating thickness

Coat ing thickness is cont rol led by quar tz crystal oscillator. Oscillat ing frequency is dis-

played by frequency meter . The coating thicness calibrat ion can be carried out by the follow-

ing formula

� f = kf
2
0nd ( 2)

w here

� f —— co rresponding f requency difference of digital frequency meter betw een tw o

thickness

k —— coef ficient

f 0 ——init ial coat ing display value of the f requency meter

Calibrat ion procedure can be arranged as the fo llow s

·Coat ing SiO 2 layer w ith any thickness, operator w rites dow n the init ial v alue and the

end value of fr equency meter , then �f can be obtained.
·Measuring the corr esponding opt ical thickness of SiO 2 lay er nd by interfere-spect rome-

ter .

·T he value of k can be get by � f , f 0 and formula( 2) .

·Calculat ing actual opt ical thickness nd by formula ( 1) .

·Wr it ing down the fr equency at the time of start ing coat ing and regarding it a f 0 .

·�f corresponding the requir ed thickness w hich can be derived in terms of formula
( 2) .

·Stopping machine while the display value reaches f 0-� f .

3　Processing error and affecting factors

　　The relief st ructure of the designed DOE is like Fr esnel zone plate ( consists of many

concentric annuluses w ith differ ent height of staircase) , but the cur ve shape is dif ferent . T he

w ave plane of Fresnel zone plate is parabo lical, but aspherical cur ve is f itted by po lynomial

fo r the DOE. T he detail manufacturing process w as reported by some references
[ 3～5]

that tw o

t imes r ecycles operat ion have to be adopted f rom photolithogr aphy pat terning to thin f ilm de-

posit ion. T he erro r in all pr ocess can be classified into tw o parts. One is grow ing up erro r,

and the other is alignment err or.

The grow ing up err or includes deposit ing depth changed through all surface of element

sy stemat ically and random fluctuat ion o f step depth. The former mainly affected by the w ay

of contr olling depth during thin f ilm deposit ion pr ocess. It can be vanished by using high ac-

curacy monitoring method such as quartz crystal oscillat ion in w hich the erro r can be con-

tr olled to about 0. 5 nm. It w ill be int roduced behind. The lat ter is mainly affected by w ork-
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ing env ir onment and roughness on the surface of subst rate. It can be reduced or o vercome in

certain degree by the follow ing method

·Improv ing contro lling accuracy of temperature and humidity fo r super cleaned room.

·Controlling vacuum chamber temperature accurately ( Temperature w ill af fect co at ing

uniformity) .

·Reducing r oughness o f subst rate surface.

Alignment error includes the manufacturing er ror fr om mask itself. T he used four

masks w ere all made by E-beam lithog raphy which has a very high accuracy w ith a m inimum

spot size o f 0. 1 �m. T hus, it 's too lit t le to be considered at present . The later al posit io ning
error has a main r ole in alignment erro r, w here it 's vital to the accuracy of DOE. It often oc-

curs during the tr ansfer of the pat tern f rom the orig inal mask to the f inal mask on the sub-

st rate due to accumulated aligning error . Specif ically , incor rect ly expo sed or developed pho-

to resist in the lithog raphic pro cess w il l alter the linew idth of the annuli and thereby the duty

cycles in each gr ating period. Obviously , the duty cycles in the outer fine st ructued zones

w ith feature size are more heavily af fected than those in the inner coarse zones. It should dis-

cussed in detail in this paper .

4　Controlling and modifying of alignment error

　　The dif fraction eff iciency is dir ectly inf luenced by the alignment erro r and ion beam etch-

ing erro r. T herefore, modify ing them is very important in the w hole manufacturing pr ocess.

4. 1　Effect of exposure intensity

If ov er expo sing, the w idth of t ransparent part of the pat ter n w ill be larg e using positive

photor esist . T he w idth among singular annular w ill be reduced af ter ion beam etching . If un-

der exposing, the w idth o f the tr ansparent part w il l be narrow , and leads to staircase w iden-

ing . Ther efore, the appropriate exposure intensity should be selected according to the actual

thickness of photoresist . L inear relationship betw een intensity and developing depth & time

w er e presented[ 5] . When requir ed developing depth is selected, the corresponding exposure

intensity w ill be determ ined acco rding to it s linear r elat ion. The linew idth erro r can be con-

tr olled in the range of 3�m.
4. 2　Aligning repeated photolithographic error

The repeated photol ithog raphic erro r is also cal led lateral positio ning error . T he total

number o f annular N of used masks f rom f ir st to second are 112, 224 respect ively. When ec-

centric o ccurs betw een the mask and the subst rate, the Mo ire f ring e w ill be produced along

radial for the sake of interlaces f rom the annulas on the tw o lay ers. Part icularly in the par t o f

high density of annulas, the fringes are very clear. Its feature is that number of f ring es in-

crease and is get t ing to approach to Y ax is w hile apar t f rom X ax is w ith the eccentricity and

direct ion o f connect ing line betw een tw o centers, the number o f f ring es and its ang le position
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maintain unchanged while any mask is revolv ed ar ound the center of subst rated. When the

centers of both mask and subst rate are o verlapped completely ( absolutely concentric) , there

are no M oir� f ringe produced at this moment . Acco rding to this phenomenon, judgment can

be made that there is no posit io ning err or occurr ed in this case.

Alignment by v irtue of manual or automat ic can be carried out taking advantag e of this

featur e. M oir� fringe is received by photodetector and transfer red to digital pulse signal by

A/ D. Every pulse cor responds to a f ring e. A counter is used to record the number of pulses.

The number of moving f ring es in sight can be known according to the r ecorded value. T he

co rresponding eccentr icity can be calculated by M oir� fringe equat ion. T hen, t ransferred it

to analogue signals by D/ A and sent it to micromechanical to control the three dimensional

w orkplate adjust ing the error along , X , Y and �. T he alignment of eccentricity can be put in-
to reality. The posit ioning erro r produced by misalignment is vanished consequent ly by this

w ay. When the feature size of the pat tern is 10�m, the accuracy o f repeated lithogr aphy
should be w ithin submicrometer. In this case, the automat ic alignment can be realized using

PDT piezoelect ric micr omechanical. If the feature size is over 10�m, the r equired accuracy is
w ithin micrometer. T he alignment can be carried out by virtue of feedback controlling and

adjust ing mechanical, and obser ved from CCD camera and monitor.

5　Testing results and conclusion

　　Radius of the manufactured DOE w ith 4 level is different f rom 1. 52mm for minimum

F ig . 1　Sur face pr ofilometer tra ce o f the inner zone level

and 19. 96mm for maximum . The ment ioned alignment method of Mo ir� f ringes is used to

manufacture the 4 lev els DOE. Depth and w idth of the stair case are meausred by Taly step

pr ofilometer. M easuring results are show n as Fig . 1. It can be seen from the diag ram that

there are only a few changing for the sizes in two direct ions. Relat ive position error is less
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than 4. 2%. T here is a litt le sharp peak convex on eighth step because residual pho toresist

on the par t o f t ransparent w as not cleaned completely before third times repeated lithogr aphy

discovered under microscopy. It can be known from further testing that it has lit tle ef fect on

imaging aberrat ion.

The measured actual diff raction eff iciency is as high as 65. 4% , w hich has a lit t le dis-

tinct ion compared with the theoret ical value 82% .

Therefor e, the fo llow ing conclusions can be dr awn

·T he manufacture error of mult ilevel step DOE consists o f ion beam etching error and

alignment error , where the al ignment er ror is lar ger and, it af fects dif fr act ion ef ficiency o f

DOE g reatly .

·Lateral positio ning er ror is the main facto r inf luencing dif fract ion eff iciency in align-

ment err or.

·It w as pro ved by reality that the modif icat ion method using M oir� f ringe to compen-

sate the eccentricity is pr act ical and available.
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摘　要　应用光刻和薄膜沉积技术 ,制作了多级衍射光学元件。对制作误差和影响误差的因素进行了分

析。给出了改善对准误差的标校方法, 并在实际的多级衍射光学元件制作过程中得到验证。
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