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Abstract　Based on the theo ret ical analysis and experim en tal verificat ion, it is p resen ted that

there ex ists a“zero”dependence region in the pho to2chem ical vapo r depo sit ion (pho to2CVD )

p rocess that the depo sit ion rate does no t change w ith the depo sit ion temperatu re. T he differ2
ences repo rted on the depo sit ion rate w ith the depo sit ion temperatu re in pho to2CVD are w ell ex2
p lained. T he resu lt ob tained is that betw een the depo sit ion temperatu re 100～ 250℃, under the

depo sit ion p ressu re 200Pa, w ith the distance betw een the substra te and the ligh t sou rce being 15

～ 25mm , the depo sit ion rate is basically independen t on the depo sit ion temperatu re change in

pho to2CVD.
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1　 In troduction

Pho to chem ica l vapo r depo sit ion is one of the low tem pera tu re techno log ies, w ithou t

any knock2on dam age cau sed by h igh2energy ion s. It is ind ica ted tha t SiO 2, Si3N 4 and SiNO

film s depo sited by the low tem pera tu re pho to2CVD m ay no t on ly u sed as IC m ask, iso la t ion

and bu ried layer, bu t a lso the u lt ra2th in ga te d ielectric of M IS structu re devices and the

passiva t ion layer of sem iconducto r devices. T he side2w all d ielectric of GaA lA söGaA s HBT

can be fab rica ted w ith pho to2CVD techno logy, a t the sam e tim e, low tem pera tu re doub le

gaffing w ith fu ll self2a lignm en t is rea lized and f T is ra ised [ 1 ]. Fo r an InSb Infrared detec2
to r, p ro tect ive coat ing fab rica ted w ith pho to2CVD im p roves detect ion sen sit ivity and relia2
b ility. SiGeöSi hetero junct ion funct ion m ateria ls have been grow n by u sing low tem pera2
tu re pho to2CVD [ 2 ]. It is repo rted tha t the law s of depo sit ion tem pera tu re to the depo sit ion

ra tes are d ifferen t. Som e person s th ink tha t the depo sit ion ra te increases w ith the rise of



the depo sit ion tem pera tu re (rise law ) and o thers th ink it decreases w ith the rise of the de2
po sit ion tem pera tu re (fa ll law ). W hy tw o ab so lu tely con trary law s ex ist in pho to2CVD has

no t been repo rted yet. It is con sidered tha t there shou ld be a gradual t ran sit ion zone be2
tw een“rise law”and“fa ll law”from pho to2CVD techno logy, w ith an ab so lu te tu rn ing

po in t th rough“zero” (o r ca lled“zero po in t”) in it. In a certa in condit ion, the change of

depo sit ion tem pera tu re w ill no t affect the depo sit ion ra te in som e tem pera tu re range, w h ich

is the so2ca lled“zero”dependence.

2　Exper im en ts

Experim en ts are conducted based on the U ltra2V io let (UV ) CVD techno logy system

w h ich is cu rren t ly developed by X id ian U n iversity. L 800T (s) low p ressu re m ercu ry lam p

(m ade in Japan) acts as the u lt ravio let sou rce, w h ich m ain ly rad ia tes tw o types of u lt ra2vio2
let ligh ts w ith the w avelength s being 185nm and 254nm respect ively and the pow er being

800W. D eep u lt ra2vio let ligh t acts as the excita t ion sou rce of react ion gases after it t ran s2
m its the p ro tect ive gas and the art if icia l quartz w indow and then en ters in to cubo id sta in2
less steel react ion cham ber. T he sem iconducto r ch ip (sub stra te) is set on the sub stra te d isc

in w h ich tem pera tu re is con tro llab le and the d istance from the sub stra te d isc to the quartz

w indow can be changed. T he back ground vacuum of the react ion cham ber is ob ta ined from

the w o rm tu rbo m o lecu lar pum p and p repara t ive2vacuum pum p , and the lim it ing vacuum is

1×10- 3Pa. W ith SiH 4 and N 2O acting as react ion gases, the SiO 2 f ilm is pho to lyzed and de2
po sited d irect ly w ithou t u sing pho to2sen sit izer. U nder the condit ion s of ra t io of SiH 4 f low

to N 2O öSiH 4 f low keep ing con stan t changing the depo sit ion tem pera tu re T (100℃, 150℃,

200℃, 250℃) , the depo sit ion p ressu re P (200Pa, 400Pa, 800Pa) , and the d istance D from

the sub stra te to the quartz w indow (4mm , 8mm , 1115mm , 1815mm , 46mm ) , th rough ob2
serving the dependence of the depo sit ion ra te on these depo sit ion param eters, w e ob ta in

m any group s rela t ive experim en ta l cu rves. F igu re1 is a group of typ ica l experim en ta l

cu rves of the dependence of rela t ive depo sit ion ra te on a sub stra te po sit ion in the condi2
t ion s tha t the depo sit ion tem pera tu re keep s 150℃ bu t the depo sit ion p ressu res are d iffer2
en t. F igu re2 is one of the dependence of rela t ive depo sit ion ra te on depo sit ion tem pera tu res

in case of one depo sit ion p ressu re 200Pa and differen t sub stra te po sit ion s.

3　Theoretica l ana lysis and d iscussion on exper im en ta l result

A fter the react ion gas ab so rb s u lt ravio let ligh t, it con t inuou sly p roduces pho to2act iva2
t ion m atter. T he ones in excita ted sta te w ill co llide freely in the react ion cham ber. T here2
fo re, they have a certa in average life, and on ly a part of them can reach the sub stra te su r2
face th rough space m igra t ion in their life t im e [ 4 ]. T hey react w ith the gas m o lecu les ab2
so rbed on the sub stra te su rface and m ake con tribu t ion s to the depo sit ion film. Suppo sing

tha t X s is the space m igra t ion length of a pho to2act iva t ion m atter, acco rd ing to the p rinci2
p le of pho to2chem istry and the react ion m echan ism of pho to2CVD [ 3 ]etc. , w e have derived
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F IG11　T he dependence of rela t ive depo sit ion rate

on the substra te po sit ion fo r

pho to2CVD SiO 2 film

F IG12　T he dependence of rela t ive depo sit ion rate

on depo sit ion temperatu re fo r pho to2CVD SiO 2

film w hen substra te po sit ion being differen t

the ana lyt ica l exp ression of the to ta l num ber N of pho to2act iva t ion m atters in cub ic depo si2
t ion react ion space (deriva t ion p rocedu res are neg lected) as fo llow s:

N =
n0 (ΑX se

ΑX s - 2eΑX s + X s + 2)
2Α2X s

× D
eΑD

w here n0 is the in it ia l den sity of the pho to2act iva t ion species, Αis the ex t inct ion coefficien t,

D is the d istance from one sub stra te to a quartz w indow (m ay be con sidered as the d istance

from one sub stra te to the ligh t sou rce). It is show n from th is exp ression tha t the to ta l N

of pho to2act iva t ion m atters obeys a rise2m ax im um 2fa ll law w ith the increase of d istance D ,

and reaches the peak po in t a t D = X s. T he am oun t of the to ta l num ber pho to2act iva t ion

m atters is actua lly one characterized depo sit ion ra te. T he exp ression reflects the depen2
dence of depo sit ion ra te on a sub stra te po sit ion. A s show n by the experim en ta l cu rves in

F ig11, the rela t ive depo sit ion ra te of film s w ith the sub stra te po sit ion fo llow s the above ex2
p ression, w here the m ax im um rela t ive depo sit ion ra te co rresponds to D being 8～ 12mm ,

w h ich ind ica tes tha t the space m igra t ion length X S of pho to2act iva t ion species is d ifferen t

under d ifferen t depo sit ion p ressu res. In the cases of D being sm aller, obviou sly D < X S. D ue

to the d istance from the sub stra te to the quartz w indow being too sho rt, there is no ques2
t ion tha t a part of pho to2act iva t ion m atters are in tercep ted by the quartz w indow. W ith D

increasing and the in tercep t ion decreasing, pho to2act iva t ion m atters w h ich con tribu te to

the sub stra te su rface depo sit ion w ill no t con t inuou sly increase un t il D = X S, the m ax im um

value appears. T h is is the rise part of techno logy cu rves. W ith fu rther increase of D , D >

X S. T he quan t ity of pho to2act iva t ion m atters m oving to the sub stra te su rface con t inuou sly

w ill decrease, and the in ten sity of ligh t becom es w eaker and w eaker, the den sity of pho to2
act iva t ion m atters w ill a lso drast ica lly decrease, tha t is, the techno logy cu rves d isp lay a fa ll

t rend. Experim en ta l resu lts show n in F ig12 also dem on stra te tha t the depo sit ion ra te has a

fa ll t rend w ith the rising of depo sit ion tem pera tu res w hen D is rela t ive sm all, and it do se
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a rise t rend w ith the rising of depo sit ion tem pera tu res w hen D is rela t ive la rge. F igu re2 a l2
so show s tha t the depo sit ion ra te do se no t change w ith the varia t ion of the depo sit ion tem 2
pera tu res w hen D = 1815mm , in th is w ay a“zero po in t”is ob ta ined. Com b in ing the p revi2
ou s analysises, w e find tha t the dependence of depo sit ion ra te on depo sit ion tem pera tu re

fo llow s differen t law s at d ifferen t d istance from the sub stra te to the quartz w indow. W hen

the d istance is ra ther sho rt, the con tribu to ry pho toact iva t ion m atters decrease, and w ith the

rising of depo sit ion tem pera tu re, the deab so rp t ivity of gas m o lecu les on the sub stra te su r2
face w ill a lso increase, as leads to depo sit ion ra te to decrease. W hen the d istance is rela t ive

long, the hea t act iva t ion ra te of gas m o lecu les on the sub stra te su rface w ill increase, as

leads to the depo sit ion ra te to rise. So befo re the“zero po in t”ligh t excita t ion p lays a dom i2
nan t ro le w h ile tha t“zero po in t”, hea t excita t ion p lays a dom inan t ro le. In the“zero

zone”, the con tribu to ry pho to2act iva t ion m atters sta rt decrease from the m ax im um value.

W ith the increasing of depo sit ion tem pera tu re, the deab so rp t ivity of gas m o lecu les on the

sub stra te su rface con t inuou sly increases, w h ile the hea t act iva t ion ra te a lso keep s increas2
ing. So , the ligh t excita t ion and the hea t excita t ion com pen sa te each o ther every2w here in

the d ifferen t depo sit ion tem pera tu re zones, keep ing the rela t ive dynam ic balance, w h ich

m akes the depo sit ion ra te no t change w ith the varia t ion of depo sit ion tem pera tu res, as

show n as a“zero”dependence. It shou ld be po in t ou t tha t a“zero po in t”zone is the tran si2
t ion zone of ligh t excita t ion to hea t excita t ion, bu t no t the zone in w h ich depo sit ion ra te is

m ax im um , w h ich a lso verif ied by the experim en ta l resu lts. Fo r ou r techno logy system ,

w hen depo sit ion p ressu re is 200Pa, “zero po in t”is betw een the 15～ 25mm distance range

from the sub stra te to the ligh t sou rce (quartz w indow s).

W ith“zero”dependence suggested by u s, sa t isfacto ly exp la ina t ion one ob ta ined abou t

the tw o con trary po in ts betw een depo sit ion ra te and depo sit ion tem pera tu re in pho to2
CVD. Con sidering p ract ica l app lica t ion s,w ith the zero dependence either design ing techno l2
ogy system o r conduct ing film grow th, can neglect the im po rtance of the accu racy of con2
t ro lling the tem pera tu re of the sub stra te, the un ifo rm dist ribu t ion of the tem pera tu re of

la rge size sub stra te etc. , and w e m ay ob ta in very good film depo sit ion un ifo rm ity and re2
peatab ility easily. T he resu lts repo rted in the paper have been verif ied w ith the experim en ts

of pho to2CVD 2SiO 2 f ilm , and they are a lso su itab le fo r the depo sit ion o r grow ing o ther film

m ateria ls u sing pho to2CVD techno logy.

4　Conclusion s

Based on the m echan ism of pho to2CVD react ion, com b ined ligh t excita t ion w ith hea t

excita t ion theo ries, and w ith the concep t of space m igra t ion length of pho to2act iva t ion m at2
ters, w e have derived an analyt ica l exp ression of sum to ta l num ber pho to2act iva t ion m at2
ters in a cub ic react ion reg ion, and theo ret ica lly ob ta ined the rise2m ax im um 2fa ll law on the

sum to ta l pho to2act iva t ion m atters varying w ith the d istance from the sub stra te to the

ligh t sou rce. W hen the d istance equals to the space m igra t ion length of pho to2act iva t ion
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m atters, the m ax im um po in t appears, a t th is t im e the depo sit ion ra te being m ax im um. T he

distance co rresponding to m ax im um depo sit ion ra te ob ta ined th rough experim en ts is 8～

12mm. Becau se the genera t ing ligh t excita t ion is accom pan ied by heat excita t ion, there is

the“zero”dependence of depo sit ion ra te on depo sit ion tem pera tu re in the tran sit ion zone of

ligh t excita t ion and heat excita t ion, tha t is, in the range of low er tem pera tu re, fo r ou r tech2
no logy system , w hen the d istance from the sub stra te to the ligh t sou rce is 15～ 25mm , un2
der the condit ion of depo sit ion p ressu re being 200Pa, depo sit ion ra te is basica lly no t affect2
ed by the change of the depo sit ion tem pera tu res.
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