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with Low Dielectric Constant for Copper Interconnects 3

Zhang Wei­ , Zhu Lian , Sun Qingqing , L u Hongliang , and Ding Shijin
( Department of Microelect ronics , Fudan Universit y , S hanghai　200433 , China)

Abstract : A novel double2layer f ilm of SiCO F/ a2C∶F wit h a low dielect ric constant is dep osited using a P ECV D

system. The chemical st ructure of t he f ilm is characterized wit h Fourie r t ransf orm inf ra red sp ect roscop y ( F TI R) .

The measurements of t he f ilm ref ractive index reveal t hat t he op tical f requency dielect ric constant ( n2 ) of t he

f ilm is almost constant as a f unction of air exp osure time , however , wit h increasing annealing temp erature , t he

value of n2 f or t he f ilm decreases . Possible mechanisms are discussed in detail . The analysis of SIMS p rofiles f or

t he metal2insulat or2silicon st ructures reveal t hat in t he Al/ a2C∶F/ Si st ruct ure , t he annealing causes a more rapid

diff usion of F in Al in comp arison wit h C , but t here is no obvious diff e rence in Si . In addition , no recognizable

verge exists between SiCO F and a2C∶F f ilms ,and t he SiCO F f ilm acts as a bar rie r against t he diff usion of carbon

int o t he aluminum layer .
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1　Introduction

In order to reduce t he RC delay of ult ra2large
scale integrated (UL SI) circuit s caused by t he par2
asitic capacitance of multilevel interconnections , it
is helpf ul to int roduce low dielect ric constant mate2
rials as interlayer dielect rics ( ILD) . Many materials
with low dielect ric constant have been developed in
recent years. According to t he International Tech2
nology Roadmap for Semiconductors ( ITRS) , we
need materials wit h dielect ric constant s below 2. 4
for copper interconnect s for 65nm technology. Al2
t hough t he dielect ric constant of fluorinated amor2
p hous carbon (a2C∶F) film may reach as low as 2.
1[1 ,2 ] ,t he a2C∶F film has a low resistance to oxy2
gen plasma and weak mechanical st rength , which
makes it unusable. We have developed a carbon and
fluorine doped SiO2 film (SiCO F) wit h a k value a2
round 2. 7 and good mechanical st rengt h[ 3～6 ] . In
t his work ,we deposited a novel double2layer film of

SiCO F/ a2C∶F to t ry to synthesize t he good prop2
erties of SiCOF with the low k value of a2C∶F film.
We first characterized this film using Fourier transform
infrared ( FTIR) spectroscopy , and then investigated
the interface and stability of the SiCOF/ CF double2lay2
er film by dynamic secondary2ion2mass2spectrum
(SIMS) and refractive index measurements.

2　Experiment

All films were deposited wit h a conventional
parallel plate elect rode plasma enhanced chemical
vapor deposition ( PECVD) system ,which was de2
scribed in our p revious paper [ 6 ] . In t he p resent
study ,t he plasma was enhanced by a radio f requen2
cy (RF) of 13. 56M Hz. The radio f requency power
was fixed at about 150W. The first layer film (a2C
∶F film) was deposited on the Si wafers , which
were placed on t he bot tom elect rode plate ,rotating
at a speed of about 10r/ min to improve the temper2
ature dist ribution on t he bot tom elect rode and t he
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uniformity of t he deposited film t hickness. Subse2
quently , t he second layer film ( SiCO F film) was
deposited on the as2deposited SiCOF film. The typ2
ical deposition conditions are p resented in Table 1.
C4 F8 ,CH4 ,and TEOS were used as the feed gases ,and
were introduced into the reaction chamber through
separated mass flow controllers , respectively. Argon
was used as the balance gas. In the interest of observ2
ing the elemental profiles in metal2insulator2silicon
(MIS) structure ,a layer of aluminum was deposited on
the film by evaporation , forming Al/ a2C ∶F/ Si and
Al/ SiCOF/ a2C∶F/ Al structures. For the sake of in2
vestigating the thermal stability ,all samples (the doub2
le2layer film and the MIS structures) were annealed for
15min at a specific temperature in 99. 999 % N2 .

Table 1 　Typical deposition conditions for the double

layer films
Film type a2C∶F film SiCOF film

Flow rate/ sccm CH4 = 5 ;C4 F8 = 21 C4 F8 = 20 ; TEOS = 15

Deposition temperature/ ℃ 200 200

Depo sition p ressure/ Pa 60 80

F TIR spect ra of t he films were obtained wit h
t he spect rometer (Model :AVA TAR2360 IR ,Nico2
let Co . ) . SIMS profiles of the samples wit h a MIS
st ruct ure were done on t he SIMS system ( Model :
IMS26f , Cameca Co . ) with an oxygen gun. The
t hickness and ref ractive index of the film were de2
termined wit h an ellip someter at 63218nm. The di2
elect ric constant was determined by capacitance2
voltage ( C2V ) measurement s of the MIS st ruct ure
at 1M Hz.

3　Results and discussion

The double layer films of SiCO F/ a2C ∶ F
measured 1μm t hick . Figure 1 shows t he F TI R

sp ect ra of t he f il ms . In comp a rison wit h a2C ∶F

f il m , t he sp ect rum of Si CO F f il m exhibits a n evi2
de nt dif f e re nce . That is , a new p ea k at a bout

927cm - 1 app ea rs , i ndicati ng t he existe nce of Si - F

bonds . In t he case of a2C ∶F f il m , t he i nte nse

broa d a bsorp tion p ea k a round 1055cm - 1 ste ms

f rom C F x vibra tions [ 7 ] . Howeve r , as f or t he double

laye r f il m of Si CO F/ C F ,a shoulde r p ea k at a bout

1145c m - 1 s hould cor resp ond t o t he out2of2p la ne

oxyge n motion of t he Si (O ) 4 conf iguration i n t he

Si CO F f il m [ 8 ] si nce t he asym met ric st retc hi ng of

oxyge n at oms along t he direction p a rallel t o

Si - O - Si usually occurs at about 1062cm - 1 [ 9 ] . The

shif t of the intense peak f rom 1055 to 1064. 5cm - 1 is

due to the superimp osition between them.

Fig. 1 　F TI R spect ra of t he f ilms in t he region of

3000～700cm - 1

Owi ng t o t he f act t hat t he ref ractive i ndex
( n) of f il m is rela ted t o ce rtai n f il m qualities ,

suc h as t he a mount of p ola riza ble sp ecies , f il m

comp osition , a nd f il m de nsit y , t he dep e nde nce of

n on t he ai r exp osure ti me a nd t he a nneali ng te m2
p e ra t ure is measured . Figure 2 s hows t he dep e nd2
e nce of t he op tical f reque ncy dielect ric consta nt
( n2 ) on ai r exp osure ti me a nd t he a nneali ng te m2
p e ra t ure . Whe n t he f ilm is exp osed t o ai r f or less

t ha n t h ree days , n2 is not sta ble a nd ma nif ests a

slight i ncrease . Af te r its exp osure t o ai r f or f our

days , n2 al most re mai ns consta nt . This i ndicates

t hat t he double laye r f il m has a st rong resist a nce

t o wate r . For i nsta nce , t he value of n2 i ncreases by

a bout 0 . 46 % w he n exp osed t o ai r f or 10 days . If

t he f il m a bsorbs moist ure f rom t he ai r , it is p ossi2
ble t hat t he hydrolysis of Si - F bonds i n t he f il m

will ta ke p lace , lea di ng t o t he f or mation of

Si - O H , a nd eve n t o t he p rese nce of p hysically

a bsorbed wate r i n t he f il m . These highly p ola riz2
a ble sp ecies ca n i ncrease t he ref ractive i ndex of

t he f il m . O n t he ot he r ha nd , n2 decreases wit h in2
creasi ng a nneali ng te mp e rat ure . This may be due

t o t he loss of Si - O H a nd H2 O in t he f il m . How2
eve r , t he t hickness of t he f il m i ncreases wit h t he

a n neali ng te mp e rat ure , as i ndica te d i n Fig. 3 . This

suggests t hat t he ref ractive i ndex of t he f il m is re2
la te d t o t he t hickness . Yoo et al . [ 10 ] rep orted t ha t

t he st ress of t he SiO F f il m i nc reases as t he ref rac2
t ive i ndex decreases . Accordi ngly , i n some degree

t he decrease of t he ref ractive i ndex of t he f il m

wit h a nneali ng te mp e ra t ure results f rom t he in2
crease i n t he f il m st ress , which is accompanied by

the increase of the film thickness due to thermal ex2
pansion. Of course , the increase in the film thickness
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also causes a decrease in the film density ,which helps

decrease the film’s ref ractive index.

Fig. 2　Dependence of n2 on air exp osure time and

annealing temp erature

Fig. 3　Dep endence of ( T2 T0 ) / T0 on annealing tem2
perature 　 T0 and T rep resent t he initial and subse2
quent t hickness of t he f ilm , resp ectively.

Figure 4 shows t he SIMS p rof iles of Al/ a2
C∶F/ Si bef ore a nd af te r a nneali ng , resp ectively.

I t ca n be see n t hat t he a nneali ng lea ds t o dif f usion

of F a nd C i nt o t he Al f il m ,a nd t he dif f usion of F

is f aste r t ha n t hat of C. However , t he dif f usion

rates of F a nd C i n silicon a re al most equal wit h

or wit hout a n neali ng. SIMS p rof iles of Al/ SiCO F/

a2C∶F/ Si bef ore a nd af te r a nneali ng a re s how n

i n Fig. 5 . I n t he case of t he non2a n nealed sa mp le ,

t he SIMS p rof iles of C a nd F a re al most sym met ri2
cal , as see n in Fig. 5 (a) . This i ndicates t ha t t he Si2
CO F f il m has a good a dhesion t o t he a2C∶F f ilm .

At t he i nte rf ace betwee n Al a nd SiCO F , p rof ile

te r races of F a nd Si app ea r . This mea ns t ha t dur2
i ng t he evap oration dep osition of Al , some com2
p ounds wit h ce rtai n st oichiomet ric ratios a re

f ormed———p ossibly alumi num f luoride a nd sili2
cide . Af te r a nneali ng at 350℃ f or 10mi n t he te r2
race of t he F p rof ile disapp ea rs , a nd its s hap e be2
comes dist orte d . This reveals t hat aluminum f luor2

Fig. 4　SIMS p rof iles of t he Al/ a2C∶F/ Si st ructure wit h2
out annealing (a) and wit h annealing at 350℃ f or 10min

in N2 (b)

ide is not sta ble agai nst a nnealing , a nd F at oms

dif f use f urt he r i nt o t he aluminum laye r . I n a ddi2
t ion , t he te r race of t he Si p rof ile p e rsists , sugges2
t i ng t hat alumi num silicide is sta ble agai nst a n nea2
li ng. From t he p rof ile of t he Si betwee n t he Al

laye r a nd Si subst ra te , it ca n be see n t ha t t he in2
te nsity of Si increases monot onically wit hout a ny

step . This also de monst rates t hat no recogniza ble

ve rge exists betwee n Si CO F a nd C F f il ms . Comp a2
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ri ng Fig. 5 ( b) wit h Fig. 4 ( b) ,we f i nd t ha t t he Si2
CO F f il m acts as a dif f usion ba r rie r of ca rbon i nt o

t he aluminum laye r accordi ng t o t he rela tive loca2
t ions of t he C a nd Si curves , w hich is mai nly due

t o t he f or mation of alumi num silicide .

Fig. 5 　SIMS p rofiles of t he Al/ SiCO F/ a2C ∶F/ Si

st ructure wit hout annealing (a) and wit h annealing at

350℃f or 10min in N2 (b)

4　Conclusion

U sing PECVD ,we have first deposited a2C∶F

film f rom a mixt ure of C4 F8 / CH4 / Ar on silicon
wafer and subsequently depo sited anot her layer of
SiCO F film on t he a2C∶F film f rom C4 F8 / TEOS/
Ar . The measurement s of t he film’s ref ractive in2
dex show t hat t he optical f requency dielect ric con2
stant ( n2 ) of t he film almost remains constant as
air exposure time varies ,suggesting that t he doub2
le2layer films have excellent resistance to moisture.
However , wit h t he increase of annealing tempera2
t ure ,t he value of n2 for t he film decreases. There
are t hree possible reasons for t his : ( 1) a loss of
highly polarizable Si - O H and H2 O in t he film ;
(2) an increase in the film st ress ; and ( 3) a de2
crease in t he film density. The SIMS profiles of t he
Al/ a2C∶F/ Si st ructure reveal t hat annealing cau2
ses a more rapid diff usion of F in Al in comparison
with C ,but there is no obvious difference in Si. The
SIMS profiles of t he Al/ SiCOF/ a2C ∶F/ Si st ruc2
t ure show t hat no recognizable verge exist s be2
tween SiCO F and CF films ,and during t he evapo2
ration deposition of Al some compounds wit h cer2
tain stoichiomet ric ratio s are formed———possibly
aluminum fluoride and silicide. On the ot her hand ,
t he SiCOF film act s as a barrier against t he diff u2
sion of carbon into t he aluminum layer .
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铜互连中 SiCOF/ a2C∶F双层低介电常数薄膜的制备和表征 3

张　卫­　朱　莲　孙清清　卢红亮　丁士进

(复旦大学微电子学系 , 上海　200433)

摘要 : 用等离子体化学气相淀积系统制备了一种新颖的 SiCOF/ a2C∶F双层低介电常数介质薄膜 ,并用红外光谱
表征了该薄膜的化学结构.通过测量介质的折射率发现该薄膜长时间暴露在空气中 ,其光频介电常数几乎不变.然
而 ,随退火温度的增加 ,其光频介电常数则会减小.基于实验结果讨论了几种可能的机理.二次离子质谱分析表明
在 Al/ a2C∶F/ Si结构中 F和 C很容易扩散到 Al中 ,但在 Al/ SiCOF/ a2C∶F/ Si结构中 ,则没有发现 C的扩散 ,说
明 SiCOF充当了 C扩散的阻挡层.分析还发现在 SiCOF和 a2C∶F之间没有明显的界面层.
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