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Comparison of TiN films produced by TDEAT (Ti[N(CzHs)i]4), TDMAT 
(Ti[N(Clh)i]4), and a new precursor TEMAT (Ti[N(Clh)CiHs]4) 

J-G Lee, J-H Kim, H-K Shin•, S-J Parle**, S-J Yun***, G-H Kim*** 
Department of Metallurgical Engineering, KOOKMIN University, Joengneung-dong, 
Sungbuk-ku, Seoul, Korea 136-702 
* UPChem. INC. Jang Yeon Bldg. 325-5 Wonchun-dong, Paldal-gu, Suwon 136-702 
** APEX Co., Ltd. 81-18, Ohjung-dong, Daeduk-gu, Daejun, Korea 300-010 
*** ETRI, 161 Kzjong-dong, Yusong-gu, Taeijon, Korea :ni-360 

ABSTRACT 

TiN films have been deposited by chemical vapor deposition (CVD) from a new TiN 
precursor, tetrakis(ethylmethylamino)titanium (TEMAT), and compared with those from 
tetrakis(diethylamino)titanium (TDEAT) and tetrakis(dimethylamino)titanium (TDMA T) in 
terms of film quality and conformality. The TDEAT process at 350"C provides films with 
low resistivity of -2500 µ .Q-cm and :D% carbon. In addition, films deposited from TDEA T 
contain no oxygen and show good stability in resistivity with time. Furthermore, this process 
provides bottom-coverage ranging from 65% at 275"C to 30% at 350"C. In contrast, excellent 
bottom-coverage of -9()0/o over 0.5µm contact holes is obtained by the TDMAT process. 
However, films deposited from TDMA T are air-reactive upon air- exposure, resulting in a 
large increase in resistivity when exposed to air. The use of TEMA T, possessing physical 
properties between those of TDMA T and TDEAT, allows less air-reactive and better 
crystalline films, compared with TiN films from TDMA T. It is also observed that the carbon 

level is -2x lower than that in TiN films from TDEAT. Futhermore, this process provides 
good step-coverage in 0.3.5µm contacts with an aspect ratio of 2.9. Consequently, the TEMA T 
process can be an attractive choice for sub-0.5 µm application. 

INTRODUCTION 

TiN film has been widely used as a diffusion banier material for Al metallization and 
as an adhesion/nucleation layer for chemical vapor deposited blanket tungsten. The TiN CVD 
was reported from various organic chemistries including Ti(NR2)4, where R=Me and Et, 
complexes. Both TDMA T and TDEA T are the most commonly reported organometallic 
sources for TiN because of their commercial availability.[1-6] MOCVD of TiN films from 
TDMA T has been well characterized. The process provides excellent step-coverage. 
However, it produces unstable films, i.e., they are air-reactive and have a high resistivity 
and a high level of oxygen contamination.[7,8] On the contrary, TiN films from TDEA T 
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have lower resistivity, negligible level of oxygen contamination, and show excellent stability 
in resistivity when exposing the films to air. But the TDEA T process yields a relatively 
degraded conformality, compared with the TDMAT process.[9,10] Therefore, we examined a 
new process that could improve step-coverage without suffering a degraded film properties. 

In this work, a new titanium compound (TEMAT), possessing physical properties 
between those of TuMAT and TuEAT, prepared by U.P.Chemical, Korea has been 
explored. The results have been compared with those from mMA T and TDEA T in terms 
of film quality, impurity contents, step coverage, and reaction mechanism 

EXPERIMENTAL 

Thermally oxidized wafers as well as silicon patterned wafers were used as starting 
material. TiN films were deposited at 250-350't and 1 Torr in a load-locked single wafer 
type MOCVD reactor using a titanium-precursor ( < 99.999%). The base pressure of the 
~tor was -2Xl0-6 Torr. Metal organic precursor was introduced to the reactor by the 
bubbler type liquid delivery system with 400 seem of He canier gas(< 99.9999%). Since each 
precursor has the different vapor pressure, different bubbler temperature was employed to 
obtain sufficient vapor pressure: lOO't for a TDEAT process; 50't for TDMAT; 6.5't for 
TEMAT. TDEAT has a vapor pressure of about 0.2 Torr at lOO't while TDMAT and 
TEMAT have similar vapor pressure of 0.5 Torr at 50t and 6.5t, respectively. 

The sheet resistance and thickness were measured by the four-point probe and the 
surface profilometer, respectively. Cross-sectional scanning electron microscopy(SEM) was 
used to determine the step coverage over 0.3.5-0.50JAD contacts with 2.0-3.0 aspect ratios. 
Auger electron spectroscopy(AES) depth profiling of the samples revealed the contents of 
elements including titanium, nitrogen, carbon, and oxygen. X-ray photoelectron 
spectroscopy(XPS) was employed to identify chemical bonding configuration of elements in 
TiN films. 

RESULTS 

The results of the deposition rate experiments can be seen in the Arrhenius plots in 
Fig. 1. As the data shows, in the temperature between 250 and 350t, the curves show the 
high positive temperature activation energy: LO eV of activation energy for the TEMAT 
process; 1.1 eV for TuMAT; 0.6 eV for TuEAT. Therefore, it can be concluded that all the 
reactions are surface-reaction limited. When deposition is done in the surface reaction 
limited, the step coverage of the films would be excellent In fact, similar results are found 
in these experiments at the low temperature of 250 to 'n5 t. But, TiN deposition at 350t 
provides different level of conformality with different chemistry of organometallic precursor. 
Fig. 2 shows the step-coverage in contact holes with aspect ratio of 2.0 - 3.0 obtained at 
250 - 350't and 1 Torr using three different organo-metallic precursors. The bottom 
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coverage provided by the TDEAT process decreases from 65% at 275'C to 30% at 350'C. In 
contrast, the use of TDMA T has improved bottom coverage to more than 00% in films 
deposited at 350'C . In addition, the TiN fihns from TDMAT has very specular surlace, 
which is probably due to amorphous structure. For a TEMA T process, !j)-00% of bottom 
coverage is obtained over 0.3.5µm contact holes with an aspect ratio of 2.9. TiN film has a 
little rough surface inside contact holes and appears to consist of crystalline grains. X-ray 
diffraction analysis reveals better crystallinity in TEMA T-TiN than TDMA T-TiN films. 

c•oooo 

.~ s 1000 

~ 
100 

350 300 2SO( 't! ) 

TEMAT (Ea=l.OeV) 
II' 

l 10-r-~---.~~-r-~---.~~-r-~--4 

1.5 1.6 1. 7 1.8 1.9 2.0 

! x 1000 (1-) T K 

Figure 1. Arrhenius plots for growth rate 
dependence on temperature. 

Fig. 3 shows the dependence of resistivity on substrate temperature. ·As the 
temperature increase, a significant dependence is seen. The resistivity rapidly decreases 
with increasing the temperature up to 350 'C , then level off as the temperature continue to 
increase. The relatively high resistivity of the MOCVD TiN films is mainly due to a porous 
microstructure and impurities of the films. Therefore, increasing the deposition temperature 
increases the fihn density, leading to the reduction in resistivity. The minimum resistivity 
obtained at 350 'C deposition is in the range of 2500-3500 µ .Q-cm, depending on the 
precursor type. Lowest resitivity of -2500 µ .Q-cm is attained using TDEAT precursor 
while the resistivity of -3500µ .Q-cm obtained using TEMAT and TDMAT precursors. 
MOCVD TiN generally undergoes oxygen-stuffing to the level of -20% oxygen or more 
when exposed to air, leading to a large increase in resistivity. The experiments were carried 
out at 350'Cdeposition to identify the effect of the precursor type on the stability of TiN film 
in resistivity. Fig. 4 shows the different dependence of TiN resistivity variation on different 
organic-metal precursors. TDMA T produces unstable TiN film The resistivity of 
TDMAT-sourced TiN film is on the order of 3500µ .Q-cm as-deposited and increases up to 
14,CXXl µ .Q-cm upon air-exposure. Similar, but less increase in resistivity during air-exposure 
is observed of TiN film deposited from TEMA T. TDEA T precursor produces very stable 
TiN film with the negligible change in resitivity after air-exposure. These different 
reactions of TiN films with air might be attributed to their different degree of density. AES 
depth profiling of the films in Fig. 5, reveals different contents of impurities in TiN films. 
The fihns deposited from TEMA T and TDMA T contain roughly 10% oxygen, 18% carbon 
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while TiN film from TDEAT has low level of oxgen(< Auger detection limit) and -3()<>/cl 
carbon. It is speculated that oxygen contained in TiN films from TDMA T and TEMA T 
originated from the ambient, which is probably due to their less-dense microstructures. It is 
also noted that much lower level of carbon was detected in TEMA T- sourced TiN films 
than TDEAT-sourced TiN films. We speculated that P-hydride elimination may take place 

dtuing the ethylmethylamido fragmentation in the thermolysis of TEMA T and allow 
deposition of titanium films with lower carbon impurities, which was discussed more fully in 
a paper elsewhere.[11) 
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CONCLUSIONS 

We have compared TiN films deposit.ed from three different organic chemistries 
including TDEAT, TDMAT, and TEMAT. Operating the TDEAT process at 3.50t: allows 
films with low resistivity of -2500 µ .Q-cm, no oxygen content, and 3)% carbon. Also the 

high quality of TiN films is reflect.ed by the negligible increase in resistivity UIXJ!l 

air-exposure. In addition, step-coverage obtained by this process ranges from ffi% at Z75 t: 
to 3)% at 3.50t:. A TDMAT process provides the most excellent step-coverage of -00% 

over 0.5µm contact holes. However, it produces air-reactive films upon air-exposure. Since 
the active-reaction with air is mainly due to the less dense microstructure, this film quality 
needs to be improved further for its better application as a diffusion banier. The use of 
TEMAT, possessing physical properties dl1 betw~~~TDMAT and TDEAT, allows less 
air-reactive and better crystalline films than TiN films from TDMA T. Furthermore, 
relatively good step-coverage in 0.3.5µm contacts with an aspect ratio of 2.9 achieved by this 
process makes a TEMA T process an attractive choice for sub-0.5µm application. 

REFERENCES 

1. R. M. Fix, R. G. Gordon, and D. M. Hoffman, Chem. Mat.er. 2, 23.5, l!*Xl .. 
2. 1 J. Raaijmakers and R C. Ellwanger in Advanced Metallization for ULSI Aoplications, 

edit.ed by T. S. Cale and F. B. Pint.chovski(Mat.er.Res.&x:.,Pittsburg, 1993), pp.325-331. 
3. J. T. Hillman, M. J. Rice Jr., D. W. Studiner, R F. Foster, and R W. Fiordalice in the 

Proceedings of the 9th VLSI Multilevel Interconnection Conference. 1992, pp.246. 
4. A lntermann and H. Koerner, J. Electrochem. Soc. Vol. 140, No. 11, 3215, 1993. 
5. K Sugiyama, S. Pac, Y. Takahashi, and S. Motojma, J. Electrchem. Sex:. Vol. 122, No. 

11, 1545, 1975. 
6. A Weber, C.-P. Klages, M. E. Gross, R M. Charatan, and W. L. Brown J. Electrochem. 

Sex:., Vol. 141, No. 6, L79, 19!E. 
7. K A Littau, M. Eizenberg, S. Ghanayem, H. Tran, Y. Maeda, A Shinha, and M. 

Chang, G. Dixit, M.K Jain, M. F. Chisholm, and R H. Havemann, in the Proceedings of 
the 11th Int.ernational VLSI Multilevel Interconnection Conference, 1994, pp. 440-442. 

8. K Littau, G. Dixit, R. H. Havemann, Semiconductor Int.ernational, 1994, pp. 183-184. 
9. J-G Lee, J-H Kim, C-S Chi, S-J Park, K-G Lee, J-J Kim, SPIE Vol. 2636 

Microelectronic Device and Multilevel Interconnection Technology 19!E, pp. 244-251. 
10. R. L. Jackson, E. J. Mcinerney, B. Roberts, J. Strupp, A Velaga, S. Patel, and L. 

Halliday, in the Conference Proceedings ULSI-X, Materials Research Society, 19!E, pp. 
223-229. 

11. H-K Shin, H-J Shin, J-G Lee, S-W Kang, and B-T Ahn, submitt.ed to Chem. Mat.er. 

376 

MICRON Ex.1028 p.16


