
第 13卷　第 4期

2005年 8月　　
　　　　　　　　 　

　光学 精密工程
　Optics and Precision Engineering

　　　　　　　　 Vol. 13　No. 4

　　 Aug. 2005

　　Received date :2005206206 ; Revised date :2005206216 .

Article ID　10042924X(2005) 0420421209

Multilayer optics for the EUV and sof t X2rays

Torsten Feigl , Sergiy Yulin , Nicolas Benoit , Norbert Kaiser

( Fraunhof er Institut für A ngewandte Optik und Feinmechanik , A lbert2Einstein2S tr. 7 , D207745 J ena, Germany)

Abstract : The demand to enhance the optical resolution , to st ructure and observe ever smaller details , has pushed the way

towards the EUV and soft X2rays. Induced mainly by the production of more powerful elect ronic circuit s with the aid of

projection lithography , optics developments in recent years can be characterized by the use of elect romagnetic radiation

with smaller wavelength. The good prospect s of the EUV and soft X2rays for next generation lithography systems (λ=

13. 5 nm) , microscopy in the“water window”(λ= 2. 3～4. 4 nm) , ast ronomy (λ= 5～31 nm) , spect roscopy , plasma di2
agnostics and EUV/ soft X2ray laser research have led to considerable progress in the development of different multilayer

optics. Since optical systems in the EUV/ soft X2ray spect ral region consist of several mirror element s a maximum reflec2
tivity of each multilayer is essential for a high throughput . This paper covers recent result s of the enhanced spect ral be2
havior of Mo/ Si , Cr/ Sc and Sc/ Si multilayer optics.
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1　Int roduction

　　Engineers and scientist s in fields as diverse

as microlit hograp hy and space ast ronomy have a

common need to use“light”ranging f rom EUV

to t he sof t X2ray region. The ext reme ult raviolet

and sof t X2ray spect ral region lie between the ul2
t raviolet and t he hard X2ray regions of the elec2
t romagnetic spect rum. In spite of the smoot h

t ransitions between t he spect ral subdivisions it’s

worth to define roughly their approximate bor2
ders[1 ] :

ext reme ult raviolet 　EUV 　～50 nm to～5 nm

～25 eV to ～250 eV ,

sof t X2ray region ～ 5 nm to ～0. 2 nm

～ 250 eV to ～ 6 keV.

The nanometer unit is widely used in t he

vacuum ult raviolet , while the p hoton energy u2
nit s are f requently used for wavelengt hs near t he

sof t X2ray region. It must be understood t hat

t he above2named limit s are not intended to be

used rigidly.

Quite a large number of non2absorbing die2
lect ric optical materials can be used in t he visible

spect ral range for coatings and t ransmissive sub2
st rates. Anyhow , going to shorter wavelengt hs ,

t he number of potential materials reduces drasti2
cally due to absorption resulting in a st rongly

limited choice of t he optical materials. To get

highest possible optical cont rast in t he EUV and

sof t X2ray region , a high elect ron density mate2
rial (absorber) has to be paired wit h a low densi2
ty elect ron material ( spacer) . Here , only metals

and semiconductors can be used. Very of ten , t he

optimal spect ral working range of a layer pair is

a few nanometers only. To outline some exam2
ples that have been successf ully realized in t he

past , t he following material combinations rep re2
sent t he absorber/ spacer : Sc/ Si ( 36 nm ) ,



Mo/ Si (12. 5 nm) , Mo/ Be (11. 4 nm) , Ru/ B4 C

(6. 7 nm) , Co/ C (4. 4 nm) , Cr/ Sc (3. 2 nm)

and W/ Si (0. 7 nm) . The listed wavelengt hs de2
fine the absorption edge of t he spacer material ,

rep resenting the lower working range wave2
lengt h limit of t he respective material couple.

2　Experimental set up

　　According to t he optics requirement s of an

EUVL tool , t he accurate deposition of high re2
flective and laterally graded multilayers on ult ra2
precise polished subst rates can be regarded as

one of t he major challenges of EUV lithograp hy

develop ment today. To meet t hese require2
ment s , a New EUV Sp uttering SYstem2N ESSY

has been developed ( Fig. 1 , 2) .

Fig. 1　DC magnetron sputtering system N ESSY

Fig. 2　Subst rate loading

　　The dc magnet ron sp ut tering system is e2
quipped wit h four rectangular magnet rons , 600

mm×125 mm each ( Fig. 3) . The simultaneous

coating of twoφ450 mm subst rates or t hreeφ300

mm subst rates can be realized ( Fig. 4 ) . The

subst rates can be sp un up to 500 r/ min during

t he deposition process. The target2subst rate2dis2
tance is variable f rom 50 mm to 150 mm allowing

t he installation of moving shut ters to realize lat2
eral t hickness gradient s of the sp ut tered multi2
layer . The system is load locked ( Fig. 2) and

cryop umped. The base pressure is well below 8

×10 - 7 Pa.

Fig. 3　Top cover with target s

Fig. 4　Vacuum chamber with subst rate holders

Special effort has been made to const ruct

t he cat hodes. Different configurations of t he

magnet s have been successf ully realized in order

to assure highest flexibility for different coating

materials in terms of homogeneity requirement s

and target utilization. All magnet rons work sta2
ble at a working pressure of less t han 7×10 - 2 Pa

in argon atmosp here. A lateral period homoge2
neity of less t han 0. 1 % on 300 mm has been
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demonst rated recently wit h Mo/ Si multilayers.

3　Experimental result s

3. 1　Mo/ Si multilayers forλ= 13⋯15 nm

The main application of Mo/ Si multilayer

mirrors in t he EUV spect ral range around

13. 5 nm is t he develop ment of EUV lithograp hy

tools for t he semiconductor indust ry. A good re2
view of actual develop ment s in t his field can be

found in the proceedings of t he annual confer2
ence“Microlit hograp hy”[2 ] . In t he past few

years , t he main focus of research has been t he

increase of reflectivity of EUV mirrors , because

t he designs for EUV lit hograp hy systems involve

9 mirrors and t herefore t he reflectivity of t he

whole system is p roportional to R9 .

A serious drawback of multilayer coatings

for t heir application in EUV optics is their limit2
ed range of reflectivity in t he spect ral range ; t he

spect ral FW HM (f ull widt h at half maximum)

of typically 0. 5 nm covers only a small part of

t he outp ut of some EUV sources , e. g. t he spec2
t rum of a broadband Xe source[3 ] . In all cases

where maximum peak reflectivity is not re2
quired , e. g. in EUV met rology , ast ronomy and

microscopy , broadband mirrors p rovide usef ul

applications.

Whereas t he tailoring of t he spect ral p rop2
erties of optical component s is developed to a

high level and widely used for t he hard X2ray

range , the UV , V IS and IR , it is rarely used by

now in t he EUV range. However , some papers

focus on t he use of depth2graded multilayer mir2
rors in t he hard X2ray region[4 ] and in neut ron

optics[5 ] . So2called“supermirrors”wit h a broad2
band reflectivity have been developed on the ba2
sis of a period t hickness variation by a power

law [6 ] . Specially dept h graded multilayer mir2
rors[ 7 ] are used for telescopes , beam collimators ,

and X2ray scanners[ 8 ] .

Mo/ Si multilayers wit h different t hin film

designs were realized. Beside the maximization

of t he peak reflectivity using a periodic multilay2
er design , t he maximization and minimization of

t he FW HM were designed and realized using

special broadband and narrowband multilayer de2
signs , respectively.

Normal incidence reflection measurement s

were performed with synchrot ron radiation at

t he P TB Berlin (B ESSY II) , Germany. All mir2
rors were measured in the wavelengt h range

12. . . 15 nm wit h a wavelengt h resolution of

0. 02 nm and an accuracy ofΔR = 0. 5 %. The in2
cident angle of t he beam was fixed at 1. 5°, t he

spot had a diameter of 1. 5 mm at t he sample

surface. Fig. 5 compares the measured reflec2
tance of Mo/ Si multilayer mirrors wit h a period2
ic , a broadband and a narrowband design.

Fig. 5　Measured EUV reflectivity of Mo/ Si multilay2

ers reflectivity

3. 1. 1　Broadband design

A non2periodic design was used to obtain

t he broadband reflection in t he EUV range. The

design is based on a stochastic optimization

process of all layer t hicknesses. A desired spec2
t ral reflectivity R0 (λ) in t he wavelengt h range

betweenλmin andλmax is used as a so2called“target

f unction”. Numerical calculations are used to

optimize t he design of a multilayer stack by a

stochastic variation of each layer t hickness to

minimize t he deviation between R0 (λ) and the re2
flectivity R (λ) of t he multilayer design. For t his

p urpose , t he merit f unction
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MF =∫
λmax

λmin

( R (λ) - R0 (λ) ) 2 dλ

is minimized. For all calculations , we used a

commercial t hin film design program ( SCI Film

WizardTM ) . The optical constant s of molybde2
num (Mo) and silicon ( Si) f rom t he Henke ta2
bles[ 9 ] were imported to t his p rogram. Before t he

start of the calculation the number of layers and

limit s for t he maximum and minimum film thick2
ness have to be specified. The result of t he opti2
mization st rongly depends as well on a reasona2
ble choice for dmin and dmax as on a target f unction

R0 (λ) with reflectivity values t hat are in an a2
chievable range.

Fig. 6 　Optimized thickness dist ribution ( a ) of a

broadband multilayer mirror in the wave2
length range f rom 13 nm to 15 nm and its

theoretical performance ( b) in comparison

to a periodic multilayer mirror (dash line) .

A mirror wit h a constant ( ±1 %) and as

high as possible reflectivity in t he wavelengt h

range f rom 13 nm to 15 nm was designed. The

design consist s of 101 layers of Mo and Si in t he

t hickness range between 2. 8 nm and 4. 5 nm.

The optimized thickness dist ribution of t his mul2
tilayer and the theoretical performance demon2
st rated in Fig. 6. An advantage of t he nonperi2
odic design is the po ssibility to p rovide constant

reflectivity over wide spect ral range.

The integral reflectivity RIN T can be used to

estimate the performance of a broadband mirror .

It has to be noted that t he measured integral re2
flectivity of t he sp ut tered broadband mirrors was

found to be considerably greater (10 % to 30 %)

t han t he integral reflectivity of a periodic multi2
layer Mo/ Si design.

3. 1. 2　Narrowband design

It has been shown t hat the FW HM of Mo/

Si multilayer mirrors can be adjusted by varia2
tion of t he absorber layer thickness ratio Γ.

Since t his method is very limited t he FW HM

variation of Mo/ Si multilayer mirrors was real2
ized using high reflectance orders. Simulation

result s for Mo/ Si multilayer mirrors wit h N = 50

periods used at normal incidence and optimized

for maximum reflection atλ= 13. 5 nm are pres2
ented in Fig. 7.

　　According to t he Bragg condition (2d sinΘ

µmλ) for t he application of high orders ( m = 2 ,

3⋯) , t he multilayer period d has to be increased

as shown in Fig. 4 , (b) . The FW HM off t he re2
flection is reduced by a factor that is almost e2
quivalent to t he order of reflection m. The calcu2
lated t heoretical reflectivities of t he multilayers

decrease due to the higher absorption caused by

t he increasing overall t hickness , but the de2
crease in t heir bandwidths is much st ronger. For

example , in the 3rd reflection order t he FW HM

is reduced by a factor of 2. 89 in comparison to

t he 1st order mirror , whereas t he peak reflectiv2
ity is only reduced by a factor of 1. 32 compared

to t he 1st order mirror . In high reflection orders

a st rong reduction of the FW HM can be a2
chieved , e. g. in the 10t h reflection order a re2
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duction by a factor of almost 8 is po ssible.

Fig. 7　Theoretical performance (a) and corresponding de2
sign ( b) of a Mo/ Si multilayer with 50 periods

optimized for high reflectivity in high reflection

orders.

3. 2　Cr/ Sc multilayers forλ= 3. 1⋯4. 4 nm

Cr/ Sc is a p romising material combination

for multilayer mirrors in the water window re2
gion. A possible X2ray source for laboratory use

in this wavelengt h range is the N Kα2line at

3. 16 nm. High reflectivities at t his wavelengt h

can be achieved wit h Cr/ Sc multilayer mirrors if

t he interfaces between adjacent layers are ex2
t remely smoot h. Hence , t he deposition parame2
ters of t he magnet ron sp ut tering process for

t hese materials have to be optimized caref ully.

For X2ray microscopy , t he wavelengt h

range between t he absorption edges of oxygen

(2. 28 nm) and carbon (4. 36 nm) is very impor2
tant because it p rovides a good cont rast between

organic materials and water [10 ] . Therefore this

spect ral region is called“water window”. The

develop ment of X2ray microscopes for t his region

has been retarded for long time by t he absence of

optical element s like mirrors or lenses. Modern

X2ray microscopes are usually based on zone

plates as diff ractive element s , and t he resolution

of t hese micro scopes is mainly determined by t he

smallest spacings between t he concent ric rings

t hat form t he zone plates[ 11 ] .

An improvement in f ut ure develop ment s of

X2ray microscopes may be possible by using mul2
tilayer mirrors as optical element s , e. g. in a

Schwarzschild objective[12 ] . The advantages of a

Schwarzschild objective are a large aperture and

no chromatic aberrations. In addition to imaging

optics multilayer mirrors are best suited for con2
dendsor optics of plasma sources[13 ] because of

t heir possibility to act simultaneously as mono2
chromator and focusing element .

It has been demonst rated previously t hat

t he combination Cr/ Sc is suitable to realize mul2
tilayer mirrors for the water window [ 14 ] . Model

calculations show t hat for wavelengths close to

t he nit rogen Kα2line at 3. 16 nm , t he material

combination Cr/ Sc has a higher t heoretical re2
flectivity t han ot her material combinations[15 ] .

The N Kα2line can be used as an X2ray source in

t he water window , especially for the laboratory

use where no synchrot ron radiation is available.

3. 2. 1　Measured sof t X2ray reflectivity

The sof t X2ray reflectivity at near normal

incidence was measured wit h synchrot ron radia2
tion at the undulator beamline U125/ 12P GM at

B ESSY II , Berlin , Germany. Due to the absorp2
tion behavior of scandium , t he highest reflectivi2
ty of R = 17. 3 % was achieved close to the Sc22p

absorption edge at a wavelength ofλ= 3. 11 nm.

The reflectivity curve as well as the multilayer

design parameters are shown in Fig. 8.

3. 2. 2 　St ruct ural characterization by TEM and

A FM

The cross2sectional TEM image of Cr/ Sc

show t hat t he multilayer is homogeneous wit h2
out any pert urbations ( Fig. 9) . The multilayer

st ruct ure is continuous and smoot h ; t here is no

evidence of amplifying roughness or columnar
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Fig. 8　Measured soft X2ray reflectivity of a Cr/ Sc mul2
tilayer and corresponding design parameters

growt h through t he multilayer stack. Since Cr

has a higher atomic number , t he Cr layer is dark

and the Sc layer is bright . Fig. 10 shows t he

multilayer surface measured by atomic force mi2
cro scopy over a scan area of 1μm×1μm wit h a

resolution of 512 ×512 data point s. A rms

roughness of σ= 0. 14 nm was calculated f rom

t he measurement . This fact indicates on t he in2
significant develop ment of roughness in Cr/ Sc

multilayer st ruct ure wit h increasing number of

periods. Hence , in order to enhance t he reflec2
tivity behavior , t he number of periods should be

increased f urt her to N = 500⋯600.

Fig. 9　High resolution cross section TEM image

3. 3　Sc/ Si multilayers forλ= 35～50 nm

The Sc/ Si material couple is a p romising

candidate for high2reflective normal incidence

multilayer mirrors in the wavelengt h range be2
tween 35 nm and 50 nm[16217 ] . The develop ment

Fig. 10　Nanotopography , measured by A FM

of multilayer optics for t his part of EUV range

can give new imp ulses in t he wide applications of

discharge X2ray lasers[ 18219 ] , st udy of generation

of high2order spatially coherent harmonics f rom

solid target s[20 ] and const ruction of new ast ro2
p hysical [21 ] and spect roscopy[22 ] inst rumenta2
tions.

3. 3. 1　Measured EUV reflectivity

A series of Sc/ Si multilayer samples with a

period d = 18. 7 nm ⋯28. 4 nm was p repared on

Si ( 100 ) subst rates for reflectivity measure2
ment s wit h synchrot ron radiation. The multilay2
er periods d were optimized to achieve maximum

reflectivity at near normal incidence in t he wave2
length range f rom 35 nm to 50 nm. The samples

consist of 20 bilayers wit h silicon on top . All

samples were measured at near2normal incidence

(θ= 85°) and t he energy of the incoming syn2
chrot ron beam was scanned over t he region of

maximum reflectivity ( Fig. 11) .

Fig. 11 　Measured reflectivity of Sc/ Si multilayers at an

grazing angle ofθ= 85°
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　　In the spect rum range f rom 38 nm to 46 nm

t he reflectivity R of Sc/ Si multilayer mirrors

have the tendency to growt h f rom 23 % to 52 % ,

respectively. Maximum reflectivity of R = 52 %

atλ= 45. 9 nm ( E = 27 eV) was measured for t he

sample M1194. The FW HM isΔλ= 4. 62 nm

and t he selectivity of t he mirror S =λ/Δλis com2
parable to t he number of periods N . Wit h in2
creasing wavelengt h more above 46 nm a reflec2
tivity decrease was found. According to these

experimental result s the st rong t ransition of t he

3p2core elect rons to t he practically unoccupied 3d

in scandium occurs at the wavelengt h about 46

nm ( E = 27 eV ) , in t he spect ral range where

maximum reflectivity was found.

The comparison of t heoretical ( using IMD

sof tware[23 ] and Henke’s optical constant s[ 24 ] )

and experimental reflectivity behaviors vs.

wavelengt h f rom different st udies of Sc/ Si mul2
tialyer mirrors is shown in Fig. 12. It has to be

Fig. 12 　Comparison of calculated and measured nor2
mal incidence reflectivities of Sc/ Si multilay2
ers

noted t hat our experimental result s has a consid2
erable disagreement wit h t he reflectivity meas2
urement s f rom Ref . [ 16 ] . According to these

p revious studies t he maximum reflectivity R =

54 % at the wavelength of 36 nm Sc/ Si material

pair can be achieved and t he reflectivity has t he

tendency to drop wit h increasing wavelengt h.

This behavior agrees wit h t heoretical simulations

using optical constant s f rom Henke[21 ] . In con2

t rast our measured reflectivity result s in t he

wavelength range 41 nm >λ> 36 nm show an op2
posite behavior and cannot be describe by Hen2
ke’s optical constant s.

3. 3. 2 　St ruct ural characterization by TEM and

A FM

It has to be noted that due to strong chemical

activity of scandium a conventional p reparation

process of Sc/ Si samples for TEM investigation

can result in artifact s. Therefore , a low 2tem2
perat ure p reparation process ( T < 30℃) was

used. Crosssectional TEM image of Sc/ Si multi2
layer coating is shown in Fig. 13. The light and

dark ( with light regions) bands correspond to

t he Si an Sc layers , respectively. The multilayer

st ruct ure is continuous and smoot h. The metal

layers are a polycrystalline fcc scandium. The

silicon layers appear to be amorp hous. In growt h

direction t he widt h of t he scandium crystallites

Fig. 13　Cross section TEM image of Sc/ Si ( d = 24. 5 nm

andΓ= 0. 37)

Fig. 14　Nanotopography , measured by A FM
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and t he p ure amorp hous silicon layers are 5. 5

nm±0. 2 nm and 14. 9 nm±0. 2 nm , respective2
ly. The p ure layers are separated by amorp hous

t ransition zones. The widt h of t he t ransition

zones is 2. 5 nm±0. 2 nm and 1. 7 nm ±0. 2 nm

on Sc2on2Si and Si2on2Sc interfaces , respective2
ly. The interp retation of Sc/ Si TEM images and

especially separation of the real p hysical p he2
nomenon and artifact s due to sample p reparation

for t his material system is difficult and not obvi2
ous.

The quantitative analysis of t he surface

roughness has been performed by A FM investi2
gation. It was found that t he surface roughnes2
ses areσ= 0. 2 nm andσ= 0. 21 nm for t he Sc/ Si

multilayer mirrors wit h top silicon ( Fig. 14) and

top scandium layers , respectively. These values

are clo se to t he surface roughness of t he Si2sub2
st rates.

4　Summary

　　High reflective Mo/ Si , Cr/ Sc and Sc/ Si

multilayer mirrors for different applications in

t he EUV and sof t X2ray wavelengt h range were

designed , deposited by dc magnet ron sp ut tering

and characterized by different optical and non2
optical met hods. Maximum near normal inci2
dence reflectivities of R (Mo/ Si) = 68. 8 % @λ=

13. 45 nm , R ( Cr/ Sc) = 17. 3 % @λ= 3. 11 nm

and R ( Sc/ Si) = 56. 6 % @λ= 44. 6 nm were

measured at B ESSY II , Berlin , Germany using

t he P TB reflectometer ( Mo/ Si ) and the Bessy

polarimeter ( Cr/ Sc and Sc/ Si) . To enhance t he

reflectivity , f urther work will concent rate on op2
timized diff usion barrier layers for Mo/ Si and

Sc/ Si.

5　Acknoledgement s

　　The aut hors would like to t hank W. St . ckl

and M. Scheler for t he technical support . The

TEM/ HR TEM measurement s were performed

at t he Friedrich2Schiller2University J ena. We

t hank U . Kaiser , T. Gorelik and J . Biskupek

for t he sample p reparation and t he measure2
ment s. Normal incidence reflectivity measure2
ment s in t he sof t X2ray and EUV spect ral region

was done at the Physikalisch2Technische Bunde2
sanstalt ( P TB) and t he Bessy Gmb H using t he

Elect ron Storage Ring at B ESSY II , Berlin ,

Germany.

References :

[1 ]　D. Attwood. S of t X2rays and ex t reme ult raviolet radiation : p rinci ples and a p plications [ M ] . Cambridge Univer2

sity Press , 2000.

[2 ]　E. A. Dobisz ( Edt . ) . Emerging lithographic technologies V[J ] . Proc. S PI E ,2001 ,4343 :810.

R. L . Engelstad ( Edt . ) . EmergingLithographic Technologies V I[J ] . Proc. S PI E ,2002 ,4688 :443.

R. L . Engelstad ( Edt . ) . Emerging Lithographic Technologies V II[J ] . Proc. S PI E ,2003 ,5037 :590.

[3 ]　K. Bergmann , G. Schriever , O. Rosier , M. Müller , W. Neff , R. Lebert . Highly repetitive , ext reme ult raviolet

radiation source based on a gas2discharge plasma[J ] . A p pl. O pt. ,1999 ,38 :541325417.

[4 ]　I. V. Kozhevnikov , I. N. Bukreeva , E. Ziegler. Design of X2ray supermirrors[J ] . N ucl. I nst r. Meth. Phys. Res.

A ,2001 ,460 :4242 443.

[5 ]　P. Bäni. Supermirror2based beam devices[J ] . Physica ,1997 ,B2342236 :103821043.

[6 ]　K. D. Joensen , P. Voutov , A. Szentgyorgyi , J . Roll , P. Gorenstein , P. Hoghoj , F. E. Christensen. Design of

grazing incidence multilayer supermirrors for hard X2ray reflectors[J ] . A p pl. O ptics ,1995 ,34 :793527944.

[7 ]　Z. Wang , J . Cao , A. G. Michette. Depth2graded multilayer X2ray optics with broad angular response [J ] . O ptics

Comm unications ,2000 ,177 :25232.

[8 ]　V. V. Protopov , V. A. Kalnov. X2ray multilayer mirrors with an extended angular range[J ] . O ptics Comm unica2

824 　　　Optics and Precision Engineering　　　 Vol. 13



tions ,1998 ,158 :1272140.

[9 ]　B. L . Henke , E. M. Gullikson , J . C. Davis. X2ray interactions : photoabsorption , scattering , t ransmission , and re2
flection at E = 50230 000 eV , Z = 1～92[J ] . A tomic Data and N uclear Data Tables ,1993 , 54 (2) :1812342.

[ 10 ] 　J . Thieme , G. Schmahl , D. Rudolph , E. Umbach ,et al . X2Ray microscopy and spect romicroscopy[ C] . S p ringer

V erlag , 1998.

[11 ] 　C. Jacobsen , J . Kirz , S. Williams. Resolution in soft X2ray microscopes[J ] . Ult ramicroscop y ,1992 ,47 :55279.

[12 ] 　K. Murakami , T. Oshino , H. Nakamura , M. Ohtani , H. Nagata. Schwarzschild microscope for carbon Kαradi2
ation[J ] . A p pl. O pt. ,1993 ,32 :705727061.

[13 ] 　K. Bergmann , G. Schriever , O. Rosier , M. M ler , W. Neff , R. Lebert . High repetitive , ext rem2ult raviolet ra2
diation source based on a gas2discharge plasma[J ] . A p pl. O pt. ,1999 ,38 :541325417.

[14 ] 　N. N. Salashchenko , E. A. Shamov. Short2period X2ray multilayers based on Cr/ Sc[J ] . O ptics Comm unications ,

1997 ,134 :7210.
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