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Abstract—PECVD silicon nitride film was deposited on P-type (100) silicon wafer in a parallel plate type
reactor. The effect of different process parameters such as substrate temperature, RF power, and feed gas
composition on the properties of silicon nitride layer was studied. Hydrogen content of nitride film was
strongly influenced by substrate temperature and decreased with increasing substrate temperature. RF power
influenced the type of bond configuration in the film. Si-H bond was dominant at the RF power lower than
40 W, while N-H bond became dominant at the RF power higher than 40 W. Etch rate in buffered HF solution
was increased with the increment of hydrogen content in the film. The films deposited in N, diluent showed
hydrogen content and etch rate higher than those deposited in H; diluent. Interface charge density decreased
as the flow rate of ammonia increased.
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Fig. 1. Schematic diagram of PECVD system.
1. Mass flow controller
2. Pneumatic valve
3. Check valve
4. Reactor

11. Diffusion pump
12. Forward valve
13. Roughing valve
14. Rotary pump

5. Capacitance manometer 15. Qil filter

6. Pressure readout 16. Gas scrubber

7. Throttle valve controller 17. Temp. controller
8. Throttle valve 18. Matching network
9. Gate valve 19.RF generator
10. LN; trap
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Table 1. Experimental deposition conditions for PECVD 25
silicon nitride

Parameter Range ég 2
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Pressure 0.3 Torr > 15

Substrate temp. 150-350C z

SiHy/NH; ratio 3/3-3/30 a -0

Feed flow rate 30-60 sccm

Distance between electrodes 4cm 05

2 150 K
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= 60 Substrate temperature (C)

Fig. 3. Dependence of density and etch rate on the sub-
strate temperature.

E 2 (deposition condition: RF power, 40 W; pressure,
R=1 o 0.3 Torr; feed gas composition, SiHy/NH;/N,=3/3/
, oo )

E 15 0

i~ slsdc}. Gate Aol @& capacitances capacitance

1 meter(HP 4280A) & Al8-3led 23 slqdch
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. Substrate temperature ()

Fig. 2. Dependence of deposition rate and refractive index
on the substrate temperature.
(deposition condition: RF power, 40 W; pressure,
0.3 Torr; feed gas composition, SiHs/NH3/No=3/3/
30)
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Fig. 4. Dependence of normalized absorbance of infrared
band of Si-H and N-H bonds on substrate tem-
perature.
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Fig. 5. Effect of RF power on the deposition rate and re-
fractive index.
(deposition condition: pressure, 0.3 Torr; substrate
temperature, 300C; feed gas composition, SiH,/
NHa/N,=3/3/30)
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Fig. 6. Effect of RF power on the density and etch rate.
(deposition condition: pressure, 0.3 Torr; substrate
temperature, 300C; feed gas composition, SiHs/
NH3/N.=3/3/30)
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Fig. 7. Dependence of normalized absorbance of infrared
band of Si-H and N-H bonds on the RF power.
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Fig. 13. Dependence of interface charge density on the
feed gas composition.

=A9 Ade EAske ARAs:E 7 5 9led
[20], Fig. 139 ub-g-71a1e] 2Ael o} - A H3lghe
vebli gk Al Aaighe 34 71A] el RAIgle]
NH;9 f-gko] Z75tel el 3t & A%E vehy
ot ol2id Ad Asigte 3 49 HaE A
AL & F e, oleh Re] oo HIE A=
o]f= HdZ 3 vk A Aol &adh= HelE 9 dan-
gling bondell 71412 4= <¢JrH21,22]. Sah[21]¢] «d
ol ojstd A7 H fel AE Alo]l=g et
22207 o] AL B2, 3k oA 2R Qo
Ao} AL L2 2 excess silicone] F3}e] da-
ngling bondE °©]#w o]z} dangling bond$] |
e = donor state® =H8-3ciir 3lgich. Nguyen &
(23] oJ3td A2z} okwrjo}E o] 4§ PECVD A3}
upake] 2ol A SiH,e W &E ovAR sty
Ak Aelol =talr] Ao F3 27)of o) SiHot
Baslegs AzjEs Astute] AL silicon-richdt
Arel7} Sk 3l 2, Hezel $[22]& o] 5 59
gapo 2 AejEs Astetel AW Ex3tgd 2 (un-
saturated bond) &, A2]Z92] dangling bond”} ®ol
EAPT sdch oAy HuE Fihdle] B A
st9t 2344 silicon® Azprawte] AlwelE bulkel]
n]ste] chepe] excess A@Ee] &A43te] dangling
bond7} Hobdo g A Asigke ¥4 YA NH;
o] $rko) 271255 Fig 105} zto) whupel] LFEE
AA F429] ofe) Zr}st3 AW dangling bond £ pas-
sivationA]7] 2.2 AW Ashe gaske HoE AT
"ok = tryolrt F7bshd Si-N Agte] F7lst
o} 4] silicon dangling bond& #2A1% = gch

4 Waol w}& PECVD A3 we B4el BY AF 343

4.4 £

B AYE $39 o2 2 FES WY 7 Ud
o}
(1) wtutell 235 49 L 7B =] e W
Aelgon e 7| oA SAF AT E £4
Ajte] oko] wgton, a9 oo FEFE whe
Uz 25 A7 &5 Frhstdch

(2) utute] Si-H % N-H A% Agj4ql vl RF
power?] <38l wle} RF power7} 40 W o]3fel A=
Si-H ZAglo] w9k 40W o)Al x4+ N-H Agloe] 4
2oz gol Exstadch

(3) 2E AN AH-F 3% NHz9] F3bo]
Z7}5b) ot 23 5 Frleld A &L 7
a3ty 2y AAE AU R ALEsE F9A
2}efe] Aol £)% penning AT} A2 7] A 7F B8
=)o} uk-g-o] ArpstEz NHy8) #4o| Folstolx AL
¥ate] Aty ZAETE Zasldy FHES £
7¥sledch

(@) 84719 F7el FAU] NHeef E4bol &
74etell met dputel] EikEle FAd FL FUEINL
v, A Aske Fastnh 28y 2+ NH; 4kl
A ALE HH7|AR st Fabg vty £4
gko] o] goten 7t $Ex ESich

REFERENCES

1. Swann, R.C.G,, Metha, R.R. and Cauge, T.P.:J
Electrochem. Soc., 114(7), 713(1967).

2. Sinha, A. K., Levinstein, H.]., Smith, T.E., Quin-
tana, J. and Haszko, S. E.:J. Electrochem. Soc., 125
(4), 601(1978).

3. Gorowitz, B., Gorczyca, T.B and Saia, R.]J.: Solid
State Technol, June, 197(1985).

4. Maeda, M. and Nakamura, H.: Thin Solid Film,
112, 279(1984).

5. Ishii, Y., Aoki, T. and Miyazawa, T.:J. Vac. Sct.
Technol., B(2), 49(1984).

6. Woodward, J., Cameron, D.C,, Irving, L.D. and
Jones, G.R.: Thin Solid Film, 85, 61(1981).

7. Chow, R., Lanford, W., Keming, W. and Losler,
R.S.:J Appl Phys, 53, 5630(1982).

8. Classen, W. A.P., Valkenburg, W.G.].N., Habra-
ken, G. and Tamminga, Y.:J. Electrochem. Soc., 130
(12), 2419(1983).

9. Dun, H., Pan, P, White, F.R. and Douse, R. W.: J.

HWAHAK KONGHAK Vaol. 29, No. 3, June, 1991



344

10.

11

12.
13.

14.
15.

16.
17.

18.

Electrochem. Soc, 128(7), 1555(1981).

Nguyen, V.S.:J Vac Sci. Technol, B4(5), 1159
(1986).

Beyer, W. and Wagner, H.: /. Non-cryst. Solids, 59-
60, 161(1983).

Adams, A.C.: Solid State Technol, 26, 135(1983).
Hirose, M.: in “Plasma Deposited Thin Films”, ed.
by Mort, J. and Jansen, F, CRC Press(1986).
Pauling, L.: “The Nature of Chemical Bonds”, 3rd
ed., Cornell Univ. Press(1959).

Zarowin, C. B.: J. Vac. Sci. Technol,, A2, 1537(1984).
Knolle, W.R.: Thin Solid Films, 168, 123(1989).
Bell, A.T.:in “Techniques and Application of Plas-
ma Chemistry”, ed. by Hollahan, J.R. and Bell,
A. T, John Wiley & Sons(1974).

Nguyen, V. S.: Proc. 9th Int'l Conf. on CVD, Vol.
84-6, 213(1984).

315128 H29F 35 199144 6%

GH- 5

19.

20.

21

22.

23.

24.
25.

COREEY

Hirao, T. Setsne, K., Kitagawa, M., Kamada, T,
Wasa, K. and lzumi, T.: Jpn. . Appl. Phys., 26(12),
2015(1987).

Sze, S. M.: “Physics of Semiconductor Device”, 2
nd ed., Wiley Interscience(1987).

Sah, C.T..IEEE Trans. Nuclear Sci, NS-23(6),
1563(1976).

Hezel, R., Blumenstock, K. and Schorner, R.:J
Electrochem. Soc., 131(7), 1679(1984).

Nguyen, V.S, Lanford, W.A. and Rieger. A.C.:J.
Electrochem. Soc, 133(5), 970(1986).

Blaauw, C.:J. Electrochem. Soc., 131(5), 1114(1984).
Messier, M., Yehoda, J.E. and Pilione, L.].: in
“Handbook of Plasma Processing Technology”, ed.
by Rossnagel, S. M., Cuomo, J.]J. and Westwood,
W.D., Noyes Pub.(1990).



