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Deposition of thin films based on silica on polycarbonates 
by pulsed dielectric barrier discharge

S u m m a r y  —  T h e process o f thin organo-silica film  d eposition  on  polycarb on 
ate in p u lsed  dielectric barrier discharge w as stu died . T h in  film  w as d eposited  
from  the gas m ixture com p risin g  h eliu m , oxy g en  and tetraethoxysilane un der  
atm ospheric pressure w ith ou t pre-heating o f polycarbonate plate. Influences  
of process param eters, nam ely  the current o f single pu lse o f discharge, PC  
plate arrangem ent and  position, and p lasm a-gen eratin g gas com p osition  on  
the deposition  rate w ere investigated. D eposition  rate increased from  3 .4  to
40 .8  n m /m i n  w h en  the current o f single pu lse increased from  50  to 100 A . The  
presence o f oxy g en  in plasm a-gen eratin g  gas w a s necessary to thin organosili- 
con film  fo rm in g , bu t the excess o f O 2 concentration caused decreasing o f film  
dep osition  rate, for exam ple: d eposition  rate w a s 14.9 or 6 .0  n m /m i n  w h en  
concentration o f O 2 w as changed from  5 to 20 %  b y  vol. In the film s, the 
fo llow in g  elem entaly  com p osition  (Si, С , О , H ) and  m o rp h o lo g y  o f deposited  
film s w ere characterized. These film s w ere sm ooth  and transparent.
K e y  w o rd s : p u lsed  discharge, tetraethoxysilane, thin film s, polycarbonates.

P olycarbonates (PC) h ave very  u sefu l properties o f  
the b u lk , such as lo w  density  and thus reduced w eight, 
high elasticity and  transparency. T h ey h ave been  w id ely  
u sed  in indu stry to replace the glass in m a n y  applica
tions, such as h eadligh ts, w in dscreen s, lenses and for 
c o m p a c t d isc  m a n u fa c tu rin g . H o w e v e r , their u se  is 
som etim es lim ited  b y  u n w an ted  properties o f the su r
face such as lo w  hardness, lo w  scratch resistance and U V  
d egradation . V ariou s dep osition  technologies for pro
d u cin g  thin, protective silicon co m p ou n d  film s on PC for 
these lim its rem ed yin g  w ere investigated.

U n til  n o w , the b e st e ffects  w e re  a ch ie v e d  u s in g  
plasm a m e th o d s. Th ese m eth o d s are based on m icro- 
w a v e p lasm a techniques at lo w  pressures —  from  0.1 to 
100 hPa. L o w  pressure is a practical lim it o f this w a y  of 
thin film  d ep ositin g  in large scale [1— 3]. For this reason, 
dep osition  o f  thin film s o f silicon co m p ou n d s un der at
m osph eric pressure can be very  interesting. Dielectric 
barrier discharge (D B D ) is a w ell k n ow n  technique of
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p lasm a  gen eration  u n d er a tm o sp h eric  pressu re. This  
process w a s u sed  for d eposition  o f thin silica film s on  
silicon w afers heated to 100— 400 °C  [4 ,5 ] . H o w ev er , this 
tem perature range is too h igh  w h en  plastic substrates 
are u sed.

In this w ork , w e  present the results o f thin film  d e p o 
sition on  polycarbonates in the p u lsed  dielectric barrier 
discharge (PD B D ) u n der atm ospheric pressure. V apor of 
tetraeth o xy sila n e  (T E O S ) w a s  u se d  as a starting  or- 
gan osilicon  reagent in a m ixture w ith h eliu m  and o x y 
gen. TE O S w a s transform ed into precursors o f the or
gano-silica  film s d eposited  on  PC surface. H eliu m  w as  
used as a carrier gas. O x y g e n , bein g  an o xid izin g  re
agent, accelerated the transform ation o f T E O S  into the 
precursors becau se o xid ation  o f the organic residues  
proceeds in the gas and  so lid  phase.

EXPERIMENTAL

M a teria ls

—  TE O S (purity > 98  %  delivered  b y  Schuchardt, G er
m an y),

—  PC ( "L e x a n " in the form  o f plates prod u ced  b y  GE  
Plastics, U S A ),

—  O x y g e n  and H eliu m  (both o f pu rity  N 5 ,0  from  
M u ltax , P oland),

A ll  m aterials w ere u sed w ith ou t further purification.

mailto:teresa.opalinska@ichp.pl
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Equipment

Gas supply system

T h e gas su p p ly  system  is sh o w n  in Fig. 1. The reactor 
w as fed  b y  p lasm a-gen eratin g  gas w h ich  consisted of 
h eliu m , o x y g e n  and  the v ap or o f TE O S. H eliu m  and

Fig. 1. Block scheme of gas supply system: 1 —  mass flow 
controllers, 2 —  electric power supply system, 3 —  reactor, 
4 —  bubbler with TEOS, 5 —  gas cylinder with Oj, 6  —  gas 
cylinder with He

o x y g en  w ere taken from  gas cylinders th rou gh  m ass  
flo w  controllers and  they w ere m ixed . N ex t step w a s to 
pass gases th rou gh  a bubbler w ith liquid  TE O S and then  
let th em  g o  into the reactor. The concentration o f TEO S  
in the p lasm a-gen eratin g  gas w as calculated based on  
flo w  rates o f h eliu m  and oxy g en  and the decrease in 
liq u id  T E O S  m ass in the bubbler.

Plasma reactor

P lasm a dep osition  w a s perform ed in P D B D  reactor, 
w hich is sh o w n  in Fig. 2. The reactor consists o f tw o  
rou n d stainless steel electrodes enclosed in Plexiglas cas
in g . D ielectric barrier w a s  m a d e  o f PC p late charac
terized b y  the relative electric perm ittivity o f 2 .3 (m ea
sured b y  Precision LC R  M eter H P  4 2 8 4 A ). W e  investi
gated  tw o  k in d s o f arrangem ents o f PC plates. First ar
ran gem en t (P C -P C ): the h ig h -vo ltag e  and passive elec-

Fig. 2. Scheme of PDBD reactor: 1 — gas inlet,2 —  high inlet, 
3 —  high-voltage electrode, 3 —  PC plates, 4 —  gas outlet, 
5 —  passive electrode, 6  —  Plexiglas casing, 7 —  electric 
power supply system

trades w ere covered w ith  PC plates; thin film s w ere de
posited  on both PC plates. Second arrangem ent (P C -M ): 
on ly  the passive electrode w as covered w ith  PC plate  
and the h ig h -v o lta g e  electrode w a s  base m etal. Thin  
film s w ere d ep osited  on PC plate and  on  the surface of 
the h ig h -vo ltag e  electrode. In all experim ents PC plates 
o f thickness 0 .75 m m  w ere u sed . T h e discharge gap  dis
tance w as a lw ays 0 .75 m m .

Electric power supply system

The reactor w as p ow ered  b y  a p u lsed  electric system , 
w h ich  con sisted  o f an a u totran sform er, h ig h -v o lta g e  
tran sform er, h ig h -v o lta g e  resistor, B lu m lein  line and  
spark-gap  (Fig. 3).

Fig. 3. Block scheme of electric power supply: 1 —  current 
probe, 2 —  high-voltage probe, 3 —  reactor, 4 —  Blumlein 
line, 5 —  spark-gap, 6  —  high-voltage resistor, 7 —  au totrans- 
former, 8  —  high-voltage transformer, 9 —  resistor

Electric param eters, su ch  as v o lta g e  an d  current, 
w ere recorded usin g a Tektronix T D S  3054  oscilloscope. 
The real energy released in a single p u lse  (E in J) w as  
calculated from  the fo llo w in g  form u la:

T2
E =  J f /( 0  ■ / ( / )  d /  ( i )

w here: U —  voltage (in V), I —  current (in A), t —  time (in 
s), Xj, T2 —  duration of the single pulse (in s).

Parameters of film deposition process

Total flo w  rate o f the gas m ixture w as kept at 100 
d m 3/ h  in all experim ents, w h ich  w ere perform ed  un der

T a b l e  1. Experimental parameters of film deposition

Series Arrange
ment

Concen
tration of 

He, vol. %

Concen
tration of 
O 2 , vol. %

Concen
tration of

TEOS
ppm

Frequency 
of pulse 

repetition 
Hz

A PC-M 85 15 320 350
В PC-PC 85 15 320 350
C PC-PC 95 5 270 400
D PC-PC 80 20 350 400
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atm ospheric pressure w ith ou t pre-heating o f PC plates. 
O ther param eters o f experim ents runs are described in  
Table 1. O n e  series o f our earlier results [6] is sh ow n  
addition ally  in Table 1 as series D .

Film characterization

M a ss  d e p o sitio n  o f  the thin film  w a s determ in ed  
gravim etrically. PC  plates w ere w eig h ed  before and after 
the dep osition . C h an ges o f the m ass o f PC plates w ere  
determ in ed  u sin g  Sartorius BP 221S  balance. The aver
age thickness o f the thin film  (D  in nm ) w as calculated  
from  the fo llow in g  form ula:

D = m ■ (s*- d ) '1- 10 '7 (2)

w h ere: m —  change of the mass of PC plate (in g), s* —  area 
of PC plates covered by thin film (in cm2), d —  density of 
deposited thin film (in g ■ cm 2).

A s  it is k n o w n  from  literature, densities o f thin film s  
d e p o s i t e d  in  r a d io  f r e q u e n c y  (R F ) ( 1 3 .5 6  M H z )  
T E O S /O 2 p lasm a w ere in the range from  1.6 to 2.1 g
• c m '3 and  w ere larger than 2 g • c m '3 for TE O S fractions 
larger than 33 %  [7]. D ensities o f thin film s d eposited  in  
m icro w a ve p lasm a w ere in the range from  1.3 to 2 .0  g
• c m '3 and  w ere larger than 2 g ■ c m '3 for O 2 to TE O S  
ratio high er than 14 [8]. Based on these literature review  
the va lu e  o f den sity  (d) o f thin film  w as assu m ed  as 2 g 
■ c m '3, becau se O 2 an d  T E O S  m olar ratio w a s higher  
than 100 in all our experim ents.

The h o m o g en eity  o f the thickness o f thin film  w as  
appraised b y  observation  o f the color o f thin film . The  
c o lo r  d e p e n d e d  o n  th e th ic k n e ss  o f  th in  film  a n d  
ch an ged every 5 — 50 n m  o f film  thickness. The interfer
ence colors w ere observed  on ly  near the center o f PC  
plate and on  the periphery o f the surface covered b y  thin  
film . N o  interference colors w ere observed on the m ain  
surface b etw een  center and periphery. Therefore the bor
der variation o f thickness w as n egligible and the surface  
o f PC plate (s*) w a s defin ed as the all area o f PC plate 
covered b y  thin film .

T h e m o r p h o lo g y  o f a film  w a s  in v estig a ted  w ith  
u sin g  N a n o sc o p  1 0 3 0  D ig ita l In stru m en ts atom ic force  
m icro sco p e  ( A F M /T M )  an d  sca n n in g  electron  m icro 
sco p e  L E O  1 530 . T h is let m e asu re  the su rface ro u g h 

ness (Rfl).
The chem ical com p osition  o f the deposited  film  w as  

investigated u sin g  Spectrum  2000  infrared spectrom eter  
w ith  Fourier tran sform ation  (FT-IR). IR spectrom eter  
w ork ed  w ith  a h orizon tal reflection accessory (attenu
ated total reflectance —  A TR ) and G ripper pressure d e 
vice d esign ed  to FT-IR analysis o f film s. Pressure device  
w as u sed  to p rovid e  the u n iform  contact betw een the 
polycarbon ate sa m p le  and A T R  crystal n eeded  for repro
d u c ib le  re su lts . L ig h t tran sm ittan ce o f w a v e le n g th s  
400— 800 n m  w as investigated usin g C A R Y  3E Varian  
U V -V IS  spectrom eter.

RESULTS

Chemical characteristics of the films

FT-IR spectra o f thin film s d ep osited  in P D B D  from  
TE O S and on the original PC are sh o w n  in Fig. 4. The

4000 3500 3000 2500 2000 1500 1000 500 
Wavenumber, cm'1

Wavenumber, cm

Fig. 4. Typical FT-IR spectra of the deposited thin film and 
original PC: a) in wavenumber range of 500— 4000 cm'2, 
b) in wavenumber range of 700— 1700 cm'2
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broad ban d  in the range o f 3000— 3700  cm "1 is assigned  
to S iO H  g ro u p s, C O O H  g ro u p s and water. The peak at 
1700 c m '1 is attributed to C = 0  stretching vibrations, the 
peak at 1600 c m '1 is d u e to H 20  and the peak at 970 c m '1 
corresponds to S i-O H  stretching vibrations. M oreover, 
thin film s are characterized b y  strong absorption in the 
range o f 1000— 1250 c m '1. There are a few  peaks w hich  
are d u e  to sym m etric  d eform ation  o f sily lm eth yl, ethoxy  
and aliphatic grou p s like C -O -C , S i-O -C  and Si-O -S i at 
1050 c m '1, and  netw ork vibration o f S i 0 2 at 1110 c m '1, 
asym m etric d eform ation  o f C -O -C , S i-O -C  and Si-O -S i at 
1170 c m '1, rocking vibration o f C H 3 in S i -0 -C H 3 at 1200  
c m '1, and sym m etric  deform ation  o f C H 3 in S i-(C H 3)X at 
1240 c m '1. It seem s as if M e  grou ps are form ed  from  Et 
ones at p lasm a con dition s. T h e peak at 800 c m '1 is cha
racteristic to sym m etrical stretching o f Si-C  b on d . The  
band in the range o f 1350— 1500 c m '1 is associated to the 
aliphatic g ro u p  vibrations.

S u rface m o r p h o lo g y

A F M  m icrograph s and  S E M  m icrographs o f the sur
face o f the original PC plates and o f the film s are sh ow n

4
jjm

Fig. 5. AFM micrographs of the surface: a) of original PC, b) of 
the deposited thin film

Fig. 6. SEM micrographs of the surface: a) of original PC, 
b) of the deposited thin film

in Fig. 5 and Fig. 6, respectively. Presented m icrographs  
sh o w  that the film s are h om og en o u s.

D e p o s it io n  rate

T h e changes o f thin film  thickness versus deposition  
tim e and the d ep osition  rate at variou s experim ental 
con d ition s are p resen ted  in Figs. 7— 10 an d  Table 2.

Fig. 7. The effect of PC plates arrangement on the film thick
ness versus deposition time under following process condi
tions: gas composition He —  85 vol. %, 0 2 —  15 vol. % ,  
TEOS —  320 ppm; frequency of pulse repetition —  350 Hz; 
1 —  arrangement PC-PC (energy of single pulse —  6.2 mf; 
current —  50 A); 2 —  arrangement PC-M (energy of single 
pulse —  9.1 mf, current —  100 A)
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0 20 40 60
Deposition time, min

Fig. 8 . The effect of O2 concentration on the film thickness 
versus deposition time under following process conditions: gas 
mixture l —  He —  95 vol. %, O2 —  5  vol. %, TEOS —  270  
ppm; 2 —  He —  80 vol. %, O2 —  20  vol. %, TEOS —  350  
ppm; energy of single pulse —  6 .2  mj; frequency of pulse 
repetition —  400 Hz; PC plate placed at the passive electrode; 
arrangement —  PC-PC

0 20 40 60
Deposition time, min

Fig. 9. The effect of position of PC on the electrode, in PC-PC 
arrangement with frequency of pulse repetition 350 Hz, on the 
film thickness versus deposition time under following process 
conditions: composition see Fig. 7 ; energy of single pulse - 6.2 
mj;l  —  PC placed on high-voltage electrode, 2 —  PC placed 
on passive electrode

T a b l e  2. Comparison of thin film deposition rates at various 
parameters

Series Arrangement
PC plates 
placed on 
electrodes

Energy of 
single pulse

mj

Deposition
rate

nm/min

A PC-M passive 9.1 40.8 ±1.4
В PC-PC passive 6.2 3.4 ±0.4
В PC-PC high-voltage 6.2 6.5 ±0.2
С PC-PC passive 6.2 15.4 ±0.8
С PC-PC high-voltage 6.2 14.9 ±1.0
D PC-PC passive 6.2 6.0 ±0.5

The thickness o f thin film  d ep en d s on process param e
ters such as concentration o f o x y g en  in the feed gas, 
p u lse  energy, and  dep osition  tim e. The d eposition  rate

0 20 40 60 80 100
Deposition time, min

Fig. 10. The effect of position of PC on the electrode, in PC-PC 
arrangement with frequency of pulse repetition 400 Hz, on the 
film thickness versus deposition time under following process 
conditions: 1 —  PC placed on high-voltage electrode, 2 —  PC 
placed on passive electrode; arrangement —  PC-PC; gas com
position see Fig. 7; energy of single pulse —  6.2 mj

w a s determ ined from  the slop e  o f the linear regression  
lines, w h ich  describe the changes o f thin film  thickness 
versus d eposition  tim e.

Electric param eters

The real energy released in the sin gle  p u lse , the v o lt
age and  current d ep en d ed  on the arrangem ent o f the 
plate and electric capacity o f the reactor. This last pa
ram eter stron gly  influ en ced the current o f single pulse. 
Electric capacity o f the reactor w ith  sin gle  PC plate w as
23.2  pF and the valu e o f p u lse  real energy w a s 9.1 m j, 
calculated according to the equ ation  (1). Electric capacity  
of the reactor w ith tw o  PC plates w as 17.8 pF and the 
real energy w as 6 .2  m j.

D ISCU SSION

FT-IR spectra (Fig. 4) o f thin  film s w ere very  com p lex  
and not on ly  S i-O  b u t m a n y  other ch em ical grou ps w ere  
identified. The presence o f peaks from  S i-(C H 3 )X grou ps  
indicate that the prod u ct o f dep osition  w a s not pure si
lica bu t w a s o f m ixed  com p osition  (organo-silicon).

A ll  PC  plates surfaces w ere u n ifo rm ly  coated and re
m ain ed  transparent after dep osition  o f the film s. Light 
transm ittances o f w avelen gth  400— 800 n m  are sim ilar to 
original polycarbonates (97 % )  and  polycarbon ates w ith  
thin film s (97 % ).

T h in  film s w ere sm ooth  and  h o m o g e n e o u s (Figs. 5 
and 6). N o  breaches w ere observed  on  the surface after 
thin film  d ep osition , b u t the calculated  rou gh n ess of 
original surface o f polycarbon ate (Ra = 6 .6 n m ) w as less 
that rou gh ness o f thin organ o-silicon  film  (Ra =  7 .4 nm ).

T h e m o rp h o lo g y  o f thin film  obtained from  TE O S  
w as sim ilar to the m o rp h o lo g y  o f the film  obtained from  
h e x a m e t h y ld is i lo x a n e  ( H D M S O )  b y  h o m o g e n o u s  
p la s m a , w h ic h  w a s  g e n e r a te d  b y  R F d is c h a r g e  at
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13.56 M H z  [9]. In the m en tion ed  w o rk , it w as also fou n d  
the surface rou gh ness o f thin film  has been bigger than  
that o f the original PC surface.

O u r present and  form er investigations on m o rp h o 
lo g y  o f surface o f thin film  p roved  that P D B D  w as pro
bably  h o m o g en eo u s. Shapes o f run o f voltage and cur
rent o f sin gle  p u lse  o f this discharge are different from  
D B D , w h ich  is filam entary discharge, and confirm  this 
con clu sion  [10].

D ep osition  rate and  the thickness o f deposited  film  
stron gly  d ep en d  on  the energy of a single current pulse  
o f the discharges (Fig. 7, Table 2). The real energy re
leased in the single pu lse w a s 6 .2  or 9.1 m j for reactor 
arrangem ents P C -P C  and  P C -M , respectively. The quite  
sm all change o f the real energy released in the single  
p u lse  o f the discharge (from  6.2 to 9.1 m j i.e. ~50  % )  
cau sed a great increase in the film  thickness (Fig. 7) and  
th e  f i lm  d e p o s i t i o n  r a te  in c r e a s e d  fr o m  3 .4  to
40 .8  n m /m i n  (Table 2). A s  it results from  equation (1), 
E is a fu n ction  o f I.

For the d iscu ssed  con dition s the current o f single  
p u lse  w as ch an ged  from  50 to 100 A . The current is the 
m easure o f quantity  o f electrons. T h e quantity o f elec
trons transported in the single pulse o f discharge is the 
m o st im portant electric param eter in the process o f the 
film  bu ild in g.

The film s, w h ich  w ere obtained from  the gas m ixture  
o f TE O S and  H e  (w ithout O 2 ) in our form er w ork , were  
soft and  not transparent, and their structure w as like a gel 
[10]. Th ey w ere quite different from  the present film s. A ll  
these results sh o w  that oxy g en  is an im portant agent in 
form ation o f thin film s, w ith  silica being the m ain  co m p o 
nent. This observation is in agreem ent w ith the earlier 
opin ion  abou t the m ech an ism  of the thin film  form ation  
fro m  T E O S  [11]. T h is m e ch a n ism  d em on strated  that 
TE O S in the reaction w ith  oxygen  radicals w as d ecom 
p osed  to (Et>2Si=0 (diethoxysilanone), H O*, E t 'a n d  EtO* 
(Et)2S i = 0  w a s considered the m ajor film -form in g  precur
sor, w hich  led to form ation o f organo-silicon film . M ore  
diethoxysilanone w as produced  through secondary reac
tions o f H O*, Et*and E tO 'radicals w ith  TEO S. D ieth oxysi
lanone w a s not prod u ced  w ith ou t any oxidizing agent in 
p la sm a -g en era tin g  gases and  thin film s w ere form ed  
slow er than from  other, less active precursors [11]. A d d i
tionally T E O S  w a s probably  polym erized  from  gas phase  
on solid  surface in n on -oxid izin g  p lasm a and not trans
form ed to other chem ical co m p ou n d s like ЭЮ г [6].

T h e  p resen ce o f o x y g e n  in p lasm a -g en era tin g  gas 
w as necessary for thin organo-silica  film  form ation , but 
the concentration  o f o x y g en  sh ou ld  be o p tim ized  be
cause the excess o f O 2 in p lasm a-gen eratin g  gas m ixture  
resulted in the decreasing d eposition  rate o f the film . The  
film  d ep osition  rate decreased from  14.9 to 6 .0  n m /m in  
w ith  increasing O 2 concentration from  5 to 20 %  b y  vol. 
(Fig. 8 , Table 2 , series C  and D , see Table 1). This is in 
agreem ent w ith  other w ork s [6 ,1 2 ] and can be explained  
in tw o w a y s. N a m e ly  this can be a result of

—  dilu tion  o f m o n om ers (TEO S) in the excess o f o x y 
gen , or

—  increased etching rate o f a surface w ith  the in
creasing concentration o f O 2 in p lasm a-gen eratin g  gas.

It is possib le that both m en tion ed  effects m a y  occur 
together.

A t  frequency o f p u lse  repetition o f 350  H z  the film s  
w ere deposited  faster on  the PC plate p laced at the h igh - 
voltage electrode than at the passive electrode (Fig. 9, 
Table 2 , series B). A t  frequency o f p u lse  repetition o f 400  
H z  the deposition  rate o f thin film  w as a lm ost the sam e  
on  the both PC plates (Fig. 10, Table 2 , series C ). This 
effect is probab ly  a result o f n on -sy m m etric  w ork  o f the 
electric p o w er su p p ly  system  at the frequen cy o f pulse  
repetition o f 350  H z  and sym m etric  at the pu lse repeti
tion frequency o f 400  H z . A sy m m e tric  w ork  o f tw o elec
trodes d ep en d s on  the construction  o f electric p ow er  
su p p ly  system .

In all exp erim en ts the th ickness o f d e p o site d  film s  
increased w ith  increasin g  d e p o sitio n  tim e. It w a s  li
near d ep en d en ce  excep t the first p erio d  (F igs. 7— 10). 
T h is  resu lt w a s  s im ila r  to th o se  o b ta in e d  b y  oth er  
au th ors [13— 15]. H o w e v e r , it is d ifficu lt to exam in e  
the v ery  start o f film  d ep o sitio n  a n d  th us this in d u c
tion  period  is n ot reco g n ized  w e ll. P rob a b ly  d u rin g  
first m in u tes the oth er p rocesses p ro ce e d e d  in p o ly 
m e r  m a te r ia l, su ch  as c r y sta lliz a tio n , c r o ss lin k in g , 
etch ing or activation  [16]. T h e  d u ra tio n  o f  in d u ction  
p eriod  d e p e n d e d  o n  m a g n itu d e  o f p o ly m e r  m aterial 
m o d ific a tio n s . T h is  p r o b le m  w a s  d is c u s s e d  in ou r  
oth er w o rk  [17].

CO N CLU SIO N S

—  Pulsed dielectric barrier discharge can be u sed  for 
d eposition  o f thin, based on tetraetoxysilane, organo- 
silicon film s on  polycarbonate u n d er atm ospheric pres
sure w ith ou t pre-heating o f PC plates.

—  Thin film s d eposited  by P D B D  from  H e , O 2 and  
TE O S gas m ixtures w ere transparent and sm o o th , but 
the roughness o f original surface o f polycarbon ate w as  
less that roughness o f thin organ o-silicon  film .

—  The presence o f o x y g en  in p lasm a-gen eratin g  gas 
w as necessary for the thin organo-silica  film  form in g, 
but the excess o f O 2 cau sed the decrease in deposition  
rate o f thin film .

—  D ep osition  rate and the thickness o f d eposited  film  
d ep en d ed  on the current o f single pu lse. D ep osition  rate 
m ark ed ly  increases w ith  the increasing o f current o f sin
gle  pulse.
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