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ESR and UV/visibl� spectroscopy were used for defects in­
vestip.ation .in silicon nitride thin films prepared by the 
mercury-sensi tized photochemical vapor deposition ( photo­
-CVD) method using SiHt and NH3 gas mixtures .  For the
films deposited at 250 C ESR signal and optical absorption 
bebavior with varying NH3/siH4 !low rate ratio  is  shown 
to be basically similar to that observ ed iri PECVD silicon 
nitride films . 

1 . INTrtODUCTION

Recen tly , the mercury-sensitized photochemical vapor deposi­

tion ( photo-CVD) of silicon nitride bas been reported to  yield 

thin films with good properties for various applications in the 

microelectronic s  industry /1-4/ . The potential advantages of 

this method are low deposition temperature , no irradiation da­

mage of deposited film and/or underlyi�g substrate , and good 

step coverage . However ,  photo-CVD silicoo nitride films have 

not been studied so exstensivelly as the films prepared by PECVD 

( plasma-enhan_ced chemical vapor deposition) process . 

In  this paper the results of defects investigation by elec­

tron spin resonance ( ESR) and UV/visible spectroscopy are pre­

sented for silicon nitride films prepared by mercury-sensitized 

photo-CVD method using SiH4 and NH3 gas mixtures .
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2 .  EXP8ill!1.BNTAL

The design of pho to-C VD reac t o r  u s ed in th i s  s tudy i s  "::',c.1. :-1 i ­

cally the sa-:ne ·as for ph oto-G VD reac tors d e F c rir-e :l el Pew'-'! e r�

/2 , 4/.  Fused quartz substratef:! were used to  ·ie pos i t sarnJ;le s for 

both ES.i1 and UV/vis ible rneasu .t'emer. t s . An X-tari d. 'lariar:. � lC J

system was used for ESH. measu re1r.er1 ts  at room terr:pe rat.ure . Pre­

parati on ·  c ond itions for sam�les s tudied are f i ve n  i �  �able 1 .

Table 1 .  Preparat i on c on ii t i o:, � .

Sample
number 

Flow rate ( seem) 

S1H4 NH3 Total 
N1I;fS1H4 
rat j  0 ( 4�) 

1'S 
( OC )

J.ro'.uth rate
( nm/m i � )

== -== = ====== === = === = �= � = = ======--- -- - --- == = ===- - = - = = - ==- -�� ==-

38 
39 
40 

3
3
3

12 
22 
37 

15 
25 
40 

3. RESULTS AND DISCUSSION

4 . 00 
1 . 33 

12 . 33 

250
250

. 250
2 . 00 

The results o f  !:!SR meas·.1remer1 't � are p r.e 8ented in  Figure 1 .

As can be s een , spin density ( li s )  and p--valv� d e crea�-:e w.,.1 i le

linewidth � Hpp ) incre ases wi th i nc rea�lng irn3/sur4 fl ow rate

ratio ( R) . Under reasonable as ��mption that by i nc rea� i n r  R the 

n i tro�en co�tent  o f  depos ited · r1 J ms i s  als o  in�rea� ed i t  oan be

stated t'hat pho to-C 'ID films behave muc"h the same wo.y th e }',t;v ·/l) 
s ilic on n itride films do , as far as g-value a�a lin ewl dt� a re

c oncerned  /5-8/. T?le explan �ti on o f  such behavior  c n:1 ld be that

lin ewid th i nc reas e �  wi th i n c rea2 i n v  n i t ropen n on t en t bccau �e of  

the hype rfi n e  st�1c t u re cause� by t�e 14N nuclear �p i n ,  and the

p--value d ec re ar� es  'becaw:ie of th e i n te r�.c t i on of' n i 1 i c ori danrJ i nir

bonds  with s u r ro'.lr:dinf  n i tro17.13n  a toms /5/ .  HoW•·· \· e  r.· , T.'e fr'..1. rrl ·i n f
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Pig .  1 .  The results 

ot ESR measurements . 

the spin density photo-CVD films are clearly interior in compa­

rison With PEDVD silicon nitride /6-8/. The reason tor that 

might be the very nature of photo-CVD process because during the 

deposition growing film is permanently exposed to �trong UV 

illumination which is known to largely increase the spin density 

of silicon nitride films /9/. 

By measuring the optical absorption of photo-CVD . films it was 

possible to obtain values tor optical band gap (Bg) of these 

samples uJing the well-kn�wn expression : 

( 1) 

where d,. is the absorption coeffi�ieut and hv the photon energy. 
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As in the c�se of P�VD silicon n itride films /5-7/ the value of 

optical band gap increases with inc�easing R.  Fit�ure 2 .  shows 

ESR linewidth and g-value as a func ti on of  optical hand _y.ap for 

photo-CVD samples but similar results have already been published 

for PECVD silicon nitride /7/.  
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