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Abstract— Parylene-N(PA-N) films for use as interlayer dielectrics in ULSI were deposited from [2.2]paracyclophane at
low temperatures below 20 °C. The film thickness was measured using AFM and o-step profilometry and the film properties
were evaluated using FTIR, DSC, TGA, SEM, and C-V techniques. The film thickness measured was 5,000-12,000 A and
the growth rate was 30-70 A /min. The dielectric constant of the deposited PA-N films was found to be 2.7+0.05. The deposi-
tion rate decreased with increasing carrier gas flow rate, precursor decomposition temperature or wafer temperature, but it
increased with increasing pressure. At a precursor decomposition temperature of 750 °C or at a deposition pressure above 1
torr the film surface became rough due to particle formation in the gas phase. It was shown that the condensation of a p-
xylylene monomer was a rate-limiting step in the growth of the PA-N films.
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Fig. 1. Molecular structure of PA-N.
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Fig. 2. Schematic diagram of the experimental setup used for PA-N
deposition.
1. Carrier gas 8. Substrate
2. MFC 9. Deposition chamber
3. MFC readout 10. Pressure sensor
4. Temperature readout 11. Pressure readout
5. Precursor vessel 12. Circulating chiller
6. Oil bath 13. Cold trap
7. Tube furnace 14. Vacuum pump
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Table 1. Experimental conditions for deposition of PA-N films

Item Description
Precursor [2.2]paracyclophane
Substrate p-type (100) Si
Carrier gas Ar

Carrier gas flow rate 20<F,,<80sccm
Pressure 0.5<P<4torr
Precursor decomposition temp. 600<T,;<750°C
Substrate temp. -4<T,<20°C
Precursor sublimation temp. 80<T,<110°C
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Fig. 3. Dependence of precursor feeding rate on (a) carrier gas flow
rate, (b) pressure and (c) precursor vessel temperature.
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Fig. 4. FTIR spectrum of deposited PA-N films.
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Fig. 5. TGA thermogram of deposited PA-N films in nitrogen.
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Fig. 6. DSC thermogram of deposited PA-N films in nitrogen.
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Fig. 7. Effect of precursor vessel temperature on deposition rate.
T=1°C, T=700 °C, F,,=20 sccm and P=1torr.
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Fig. 8. Effect of carrier gas flow rate on deposition rate.
T,=110 °C, T,=1 °C, T=700 °C and P=1 torr.
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Fig. 9. Effect of precursor decomposition temperature on deposition

rate.
T,=110 °C, T=1 °C, F,,=50 sccm and P=1 torr.
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Fig. 10. Effect of pressure on deposition rate.
T,=110 °C, T=1 °C, T=700 °C and F,,=50 sccm.
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Fig. 11. SEM photographs of the surface morphology of PA-N films
deposited at (a) 1 torr, (b) 2 torr and (c) 4 torr.
T,=110 °C, T,=1 °C, T=700 °C and F,,=50 sccm.
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Fig. 12. Effect of substrate temperature on deposition rate.
T,=110 °C, T=700 °C, F,,=50 sccm and P=1 torr.
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o] A=At =g vt T Fofl vt FA Sl ME AW #
wHel A wHitg A 2 S£2F #9F F oldded 2
L7} dat s A s S5} Asjelek. oA A4E AHsol
A2 257t A H = cold trap2] HH o= w5 FA4E- PA-
N speto] SAsgch. ol 4he] RARE Fig 12004 viehd Asts} 4
F-3=ch PA-N -2 o347} 71 44el 4] 23 ste] AR pxyly-
lene TEFA7}F Al H Tl $5% F Fste] AAEh PAN F
T A, BN W £ 3AZ ol FoiAH A e sk
Zd] &) P ci{14]. F3e] F A Z pxylylene Tk F 2
A7k B S2E F gstel olF iz 227 AL
AN BA A o5 Blelze] oFF e p-xylyleneo] H7}x]o] upat
7] o] Rzt 4 DAL A AkE elrizde] F3A
w B2 2ol 3 p-xylylene A7} wx]2] E3lA = &4 F
A7 2 AAZ Fale] ZATT Fig. 129] AFHZHE PAN
Hhet S 32 pxylylene @ekA 2] F-2to] -5 whAlo] 31 kA
7h A Aol B7HEE AN 932 AP O R mE A0 7
Feeh 54 L7l don £ e 2Rkt F5 AelA A
A e S5} pashee Faa9) AF Babere] sl whut
o £ AsE 2 5ol ek olel BT ATE WA A4
Zolct.
12 =

B el 2ualAs| 2ol 27 A Z AR-S 2]510] Gor
ham#}Hg-2 o] 83} [2.2]paracyclophane . Z3-E] PA-N uh2-& 20 °C
o15}e] Aol ZAs1alek. £ 7]l (A) S 2080 scom, AT
A £ 25& 600-750 °C, F2 F L 0.5-4torr, 23 L5 = —4-
20°Cel W olA] 24 S2o} ubet B4 AT ST PA-
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N utate) 7l 5,000-12,000 Aolgiomd, S =& 3070 A/min
olgich. ZA 5 PANS §A8L 2.7+0.052 ehge} 24k 714
feF, AT Bl 2%, 33 257} SRl wet 3 S0 4
zstgdon, 24 gkdo] Zrlsle A%l £8 £7} FUlsld
th. 23 qtedo] 1torith T} AA Ha %7} 750°C A
ol FAE uhre] 2 2ok en o)e & ATA 3
2ol Za gkl FAbellAle qlat EAJo] shikalx]y] wfEL
2 Ak PAN w7t 4A-E pxylylene FFAL $5o) &5
wAIQl o2 vhebstrt.

& A

A gesahaet AR 78] (951-1105-040-2)7] /1.2
2 g on 8l A8 =xur). CV 338 3o 74l 3
Gl o]%F I3} a-step profilometry %8 3}o] Al 33 7]
&9 A3} ubedul Jel A ZHALE =5
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