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TELLURIUM COMPOUNDS USEFUL FOR 
DEPOSITION OF TELLURIUM CONTAINING 

MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The bene?t of priority of US. Provisional Patent 
Application 61/030,980 ?led on Feb. 24, 2008 and US. Pro 
visional Patent Application No. 61/050,183 ?led May 2, 2008 
is hereby claimed under the provisions of 35 USC 119. The 
disclosures of US. Provisional Patent Application 61/030, 
980 and US. Provisional Patent Application No. 61/050,183 
are hereby incorporated herein by reference in their respec 
tive entireties, for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to precursors for use in 
depositing tellurium-containing ?lms on substrates such as 
Wafers or other microelectronic device substrates, as Well as 
associated processes of making and using such precursors, 
and source packages of such precursors. 

DESCRIPTION OF THE RELATED ART 

[0003] In the manufacture of microelectronic devices, there 
is emerging interest in the deposition of Ge2Sb2Te5 chalco 
genide thin ?lms for nonvolatile Phase Change Memory 
(PCM), due to its relatively easy integration pathways With 
silicon-based integrated circuits. Chemical vapor deposition 
(CVD) and atomic layer deposition (ALD) processing of 
these materials are of primary interest as deposition tech 
niques for advanced device applications. 
[0004] The anticipated use of high aspect ratio geometries 
in PCMs and the corresponding requirement to achieve 
smooth ?lms of proper phase and non-segregated character, 
require processes that are el?cient in forming high-quality 
tellurium-containing ?lms at loW temperatures (<400o C.). 
Suitable tellurium precursors are required that are compatible 
With such requirements, and that preferably have high vola 
tility, and are liquids at standard temperature and pressure 
conditions. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to tellurium precursors 
useful for depositing tellurium-containing ?lms on substrates 
such as Wafers or other microelectronic device substrates, as 
Well as associated processes of making and using such pre 
cursors, and source packages of such precursors. 
[0006] In one aspect, the invention relates to a tellurium 
precursor selected from among: 
[0007] (i) Te(IV) organyls having the formula TeR1R2R3R4 
Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
halogen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-C1O aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl and 
acetylalkyl; 

[0008] (ii) tellurium bis-amides of the formula Te[NR2]2 
Wherein each R is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 
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[0009] (iii) asymmetric tellurium compounds including 
one alkyl substituent and a second ligand containing a 
heteroatom; 

[0010] (iv) tellurium compounds With ethylenediamine 
ligands; 

[0011] (v) tellurium compounds With dithiocarbamate 
ligands; 

[0012] (vi) Te(II) and Te(IV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates; 
and 

[0013] 
alkyl. 

[0014] In another aspect, the invention relates to a com 
pound of the formula 

(vii) dialkyl ditellurides Wherein alkyl is Cl-C8 

Wherein 
[0015] X is halogen; and 
[0016] each of R1 and R2 is the same as or different from the 

other, and each is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-C1O aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl. 

[0017] In a further aspect, the invention relates to a com 
position comprising: 
[0018] (a) a tellurium precursor selected from among: 
[0019] (i) Te(IV) organyls having the formula TeR1R2R3R4 
Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, halo 
gen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 
aryl, silyl, substituted silyl, amide, aminoalkyl, alkylamine, 
alkoxyalkyl, aryloxyalkyl, imidoalkyl and acetylalkyl; 
[0020] (ii) tellurium bis-amides of the formula Te[NR2]2 
Wherein each R is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-C1O aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 

[0021] (iii) asymmetric tellurium compounds including 
one alkyl substituent and a second ligand containing a 
heteroatom; 

[0022] (iv) tellurium compounds With ethylenediamine 
ligands; 

[0023] (v) tellurium compounds With dithiocarbamate 
ligands; 

[0024] (vi) Te(II) and Te(IV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates; 
and 

[0025] (vii) dialkyl ditellurides Wherein alkyl is Cl-C8 
alkyl; and 

[0026] (b) a solvent medium in Which said compound is 
dissolved. 

[0027] A further aspect of the invention relates to a com 
position comprising 
[0028] (a) a compound of the formula: 

ITeNR1R2 

Wherein 
[0029] each of R1 and R2 is the same as or different from the 

other, and each is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-C1O aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; and 

[0030] (b) a solvent medium in Which said compound is 
dissolved. 
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[0031] A still further aspect of the invention relates to a 
precursor vapor comprising vapor of a tellurium precursor 
selected from the group consisting of 
[0032] (i) Te(lV) organyls having the formula TeR1R2R3R4 
Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
halogen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-C1O aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl and 
acetylalkyl; 

[0033] (ii) tellurium bis-amides of the formula Te[NR2]2 
Wherein each R is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 

[0034] (iii) asymmetric tellurium compounds including 
one alkyl substituent and a second ligand containing a 
heteroatom; 

[0035] (iv) tellurium compounds With ethylenediamine 
ligands; 

[0036] (v) tellurium compounds With dithiocarbamate 
ligands; 

[0037] (vi) Te(ll) and Te(lV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates; 
and 

[0038] (vii) dialkyl ditellurides Wherein alkyl is Cl-C8 
alkyl. 

[0039] Another aspect of the invention relates to a method 
of depositing a tellurium-containing ?lm on a substrate, com 
prising volatiliZing a tellurium precursor to form a precursor 
vapor, and contacting the substrate With the precursor vapor 
under deposition conditions to form the tellurium-containing 
?lm on the substrate, Wherein said tellurium precursor is 
selected from the group consisting of: 
[0040] (i) Te(lV) organyls having the formula TeR1R2R3R4 
Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
halogen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-C1O aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl and 
acetylalkyl; 

[0041] (ii) tellurium bis-amides of the formula Te[NR2]2 
Wherein each R is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 

[0042] (iii) asymmetric tellurium compounds including 
one alkyl substituent and a second ligand containing a 
heteroatom; 

[0043] (iv) tellurium compounds With ethylenediamine 
ligands; 

[0044] (v) tellurium compounds With dithiocarbamate 
ligands; 

[0045] (vi) Te(ll) and Te(lV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates; 
and 

[0046] (vii) dialkyl ditellurides Wherein alkyl is Cl-C8 
alkyl. 

[0047] A further aspect of the invention relates to a pack 
aged precursor, comprising a precursor storage and vapor 
dispensing vessel having disposed therein a tellurium precur 
sor selected from among: 
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[0048] (i) Te(lV) organyls having the formula TeR1R2R3R4 
Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
halogen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl and 
acetylalkyl; 

[0049] (ii) tellurium bis-amides of the formula Te[NR2]2 
Wherein each R is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-C1O aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 

[0050] (iii) asymmetric tellurium compounds including 
one alkyl substituent and a second ligand containing a 
heteroatom; 

[0051] (iv) tellurium compounds With ethylenediamine 
ligands; 

[0052] (v) tellurium compounds With dithiocarbamate 
ligands; 

[0053] (vi) Te(ll) and Te(lV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates; 
and 

[0054] (vii) dialkyl ditellurides Wherein alkyl is C l-C8 alkyl 
[0055] Yet another aspect of the invention relates to a 
method for the preparation of a tellurium dialkylamide com 
pound, comprising reacting tellurium dihalide With a metal 
amide to yield said tellurium dialkylamide compound. 
[0056] A further aspect of the invention relates to a method 
of forming a GST ?lm on a substrate, comprising depositing 
tellurium on the substrate from vapor of a tellurium precursor 
selected from among: 
[0057] Te(lV) organyls having the formula TeRlR2R3R4 
Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
halogen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl and 
acetylalkyl; 

[0058] (ii) tellurium bis-amides of the formula Te[NR2]2 
Wherein each R is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-C1O aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 

[0059] (iii) asymmetric tellurium compounds including 
one alkyl substituent and a second ligand containing a 
heteroatom; 

[0060] (iv) tellurium compounds With ethylenediamine 
ligands; 

[0061] (v) tellurium compounds With dithiocarbamate 
ligands; 

[0062] (vi) Te(ll) and Te(lV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates; 
and 

[0063] (vi) Te(ll) and Te(lV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates. 

[0064] The invention in another aspect relates to a method 
of making a PCRAM device, comprising forming a GST ?lm 
on a substrate for fabrication of said device, Wherein said 
forming comprises depositing tellurium on the substrate from 
vapor of a tellurium precursor selected from among: 
[0065] (i) Te(lV) organyls having the formula TeR1R2R3R4 
Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
halogen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl and 
acetylalkyl; 
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[0066] (ii) tellurium bis-amides of the formula Te[NR2]2 
wherein each R is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 

[0067] (iii) asymmetric tellurium compounds including 
one alkyl substituent and a second ligand containing a 
heteroatom; 

[0068] (iv) tellurium compounds With ethylenediamine 
ligands; 

[0069] (V) tellurium compounds With dithiocarbamate 
ligands; 

[0070] (vi) Te(II) and Te(IV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates; 
and 

[0071] (vi) Te(II) and Te(IV) compounds including at least 
one nitrogen-based ligand selected from among amidi 
nates, guanidinates, isoureates and beta-diketoiminates. 

[0072] The invention in a further aspect relates to a tellu 
rium compound including at least one ethylenediamide 
ligand, Wherein tellurium is in oxidation state (II) or (IV). 
[0073] Another aspect of the invention relates to a tellurium 
(IV) compound selected from the group consisting of: 
[0074] N,N'-di-tert-butylethylenediamide telluriumdichlo 

ride; 
[0075] 2,5 -Bis(tert-butyl) -2,5 -diaZa- l -telluracyclopentane 

dichloride; 
[0076] N-methyl,N'-tert-butylethylenediamide tellurium 

dichloride; 
[0077] N,N'-di-tert-butyl-2,3 -dimethylethylenediamide 

telluriumdichloride; and 
[0078] N,N'-di-tert-butylethylenediamide 

ride dimethylamide. 
telluriumchlo 

[0079] An additional aspect of the invention relates to a 
tellurium (IV) compound of the formula: 

R1 
2 | 
R N R5 

Te/ 
/ \R5 

R3 1'“ 
R4 

Wherein: 
[0080] R1, R2, R3’ R4 and R5 are the same as or different 
from one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, aminoalkyl, alkylamine, alkoxy 
alkyl, aryloxyalkyl, imidoalkyl, acetylalkyl and halogen 
(chlorine, bromine, iodine or ?uorine), and each R5 can 
additionally and independently be hydrogen or amide. 

[0081] In a further aspect, the invention relates to a tellu 
rium (II) compound of the formula: 

R] 

R2 II, 

I \ Te / 
N 
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Wherein: 
[0082] R1, R2, R3 and R4 are the same as or different from 
one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, amide, aminoalkyl, alkylamine, 
alkoxyalkyl, aryloxyalkyl, imidoalkyl, acetylalkyl and 
halogen (chlorine, bromine, iodine or ?uorine), and R2 and 
R3 can additionally and independently be hydrogen. 

[0083] A still further aspect of the invention relates to a 
method of forming a tellurium or tellurium-containing ?lm 
on a substrate, comprising volatiliZing a tellurium compound 
as described above, to form a tellurium precursor vapor, and 
contacting the tellurium precursor vapor With the substrate to 
deposit tellurium thereon. 
[0084] In another aspect, the invention relates to a method 
of making a tellurium (IV) compound, comprising the fol 
loWing reaction: 

[0085] R1, R2, R3, R4, R5, R6 and R7 are the same as or 
different from one another, and each is independently 
selected from C 1 -C6 alkyl, C l-C6 alkoxy, C3 -C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl, acety 
lalkyl and halogen (chlorine, bromine, iodine or ?uorine), 
and R2 and R3 can additionally and independently be 
hydrogen; and 

[0086] X is halogen (chlorine, bromine, iodine or ?uorine). 
[0087] A further aspect of the invention relates to a method 
of making a tellurium (IV) compound, comprising the fol 
loWing reaction: 
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wherein: 
[0088] R1, R2, R3’ R4 and R5 are the same as or different 
from one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, aminoalkyl, alkylamine, alkoxy 
alkyl, aryloxyalkyl, imidoalkyl, acetylalkyl and halogen 
(chlorine, bromine, iodine or ?uorine), and each R5 can 
additionally and independently be hydrogen or amide; 

[0089] X is a halogen (chlorine, bromine, iodine or ?uo 
rine); and 

[0090] M is lithium, sodium or potassium. 
[0091] In an additional aspect, the invention relates to N,N' 
di-tert-butylethylenediamide telluriumdichloride. 
[0092] A further aspect of the invention relates to NHTe 
(Cl)NMe2. 
[0093] In yet another aspect, the invention relates to a 
method of making a tellurium (II) compound, comprising one 
of the folloWing reactions (A)-(C): 

(A) 
R1 

R2 NH 

I + TeX2 + 2NR5R6R7 —> 
R3 NH 

IL. 
R1 

\ 5 6 7 
Te + 2 [HNR R R ]X 
/ 

R3 If 
R4 

Wherein: 
[0094] R1, R2, R3, R4, R5, R6 and R7 are the same as or 

different from one another, and each is independently 
selected from C 1 -C6 alkyl, C l-C6 alkoxy, C3 -C8 cycloalkyl, 
C6-C1O aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl, acety 
lalkyl and halogen (chlorine, bromine, iodine or ?uorine), 
and R2 and R3 can additionally and independently be 
hydrogen; and 

[0095] X is halogen (chlorine, bromine, iodine or ?uorine); 

(B) 

‘:1 R1 
| R N R 

2 \M Z N\ 
+ TeX2 —> T6 + 2 MX 

/ M / 

R3 I|\I R3 If 
R4 R4 

Wherein: 

[0096] M:Li, Na, K; 
[0097] X:chlorine, bromine, iodine or ?uorine; 
[0098] R1, R2, R3, R4 can be the same as or different from 

one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
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silyl, substituted silyl, amide, aminoalkyl, alkylamine, 
alkoxyalkyl, aryloxyalkyl, imidoalkyl, acetylalkyl and 
halogen (chlorine, bromine, iodine or ?uorine); and 

(C) 

1?‘ R1 
| R N R 

2 \M 2 N\ 
2 + TeX4 —> T6 

M / 

R3 II‘I/ R3 1? 
R4 R4 

Wherein: 

[0099] M:Li, Na, or K; 
[0100] X:Cl, Br, I or F; 
[0101] R1, R2, R3, R4 can be the same as or different from 
one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, amide, aminoalkyl, alkylamine, 
alkoxyalkyl, aryloxyalkyl, imidoalkyl, acetylalkyl, hydro 
gen and halogen (chlorine, bromine, iodine or ?uorine). 

[0102] A further aspect of the invention relates to a method 
of making a tellurium (II) compound, comprising the folloW 
ing reaction: 

+ ZLiI 

[0103] A further aspect of the invention relates to a dior 
gano ditelluride compound comprising organo groups each of 
Which is selected from Cl-Cl2 hydrocarbyl groups, silyl and 
substituted silyl. 
[0104] The invention also pertains to a method of forming a 
tellurium or tellurium-containing ?lm on a substrate, com 
prising vaporiZing Te2(t-Bu)2 to form a corresponding vapor, 
and contacting said vapor With said substrate to form said 
tellurium or tellurium-containing ?lm thereon. 

[0105] Still another aspect of the invention relates to a 
packaged tellurium reagent, comprising a reagent storage and 
dispensing vessel containing a tellurium reagent of a type as 
described above. 

[0106] In one aspect, the invention further relates to a 
method of combating pre-reaction of precursors described 
herein in a vapor deposition process for forming a ?lm on a 
substrate, Wherein the precursors described herein are sus 
ceptible to pre-reaction adversely affecting the ?lm. In this 
aspect, the method involves introducing to the process a pre 
reaction-combating agent selected from the group consisting 
of (i) heteroatom (O, N, S) organo LeWis base compounds, (ii) 
free radical inhibitors, and (iii) deuterium-containing 
reagents. 
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[0107] Another aspect of the invention relates to a method 
of combating pre-reaction of the precursors described in a 
vapor deposition process in Which multiple feed streams are 
?oWed to a deposition locus to form a ?lm on a substrate, 
Wherein at least one of said multiple feed streams includes a 
precursor susceptible to pre-reaction adversely affecting the 
?lm. The method involves introducing to at least one of said 
multiple feed streams or supplied materials therefor, or to the 
deposition locus, a pre-reaction-combating agent selected 
from the group consisting of (i) heteroatom (O, N, S) organo 
LeWis base compounds, (ii) free radical inhibitors, and (iii) 
deuterium-containing reagents. 
[0108] A still further aspect of the invention relates to a 
composition, comprising a precursor as described herein and 
a pre-reaction-combating agent for said precursor, said pre 
reaction-combating agent being selected from the group con 
sisting of (i) heteroatom (O, N, S) organo LeWis base com 
pounds, (ii) free radical inhibitors, and (iii) deuterium 
containing reagents. 
[0109] In a further aspect, the invention relates to a method 
of combating pre-reaction of a vapor phase precursor 
described herein in contact With a substrate for deposition of 
a ?lm component thereon. The method involves contacting 
said substrate, prior to said contact of the vapor phase precur 
sor thereWith, With a pre-reaction-combating agent selected 
from the group consisting of (i) heteroatom (O, N, S) organo 
LeWis base compounds, (ii) free radical inhibitors, and (iii) 
deuterium-containing reagents. 
[0110] In a further aspect, the invention relates to a process 
Wherein the pre-reaction combating reagent is introduced to 
passivate the surface of a groWing ?lm or sloW the deposition 
rate, folloWed by reactivation using an alternative precursor 
or co-reactant (for example H2, NH3, plasma, H2O, hydrogen 
sul?de, hydrogen selenide, diorganotellurides, diorganosul 
?des, diorganoselenides, etc.). Such passivation/retardation 
folloWed by reactivation thus may be carried out in an alter 
nating repetitive sequence, for as many repetitive cycles as 
desired, in ALD or ALD-like processes. Pre-reaction-com 
bating agents can be selected from the group consisting of (i) 
heteroatom (O, N, S) organo LeWis base compounds, (ii) free 
radical inhibitors, and (iii) deuterium-containing reagents. 
[0111] Another aspect of the invention relates to a vapor 
phase deposition process for forming a ?lm on a substrate 
involving cyclic contacting of the substrate With at least one 
?lm precursor described herein that is undesirably pre-reac 
tive in the vapor phase. The process involves introducing to 
said ?lm during groWth thereof a pre-reaction-combating 
reagent that is effective to passivate a surface of said ?lm or to 
sloW rate of deposition of said ?lm precursor, and after intro 
ducing saidpre-reaction-combating reagent, reactivating said 
?lm With a different ?lm precursor. 
[0112] Other aspects, features and embodiments of the 
invention Will be more fully apparent from the ensuing dis 
closure and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0113] FIG. 1 is a schematic representation of a material 
storage and dispensing package containing a precursor of the 
present invention, in one embodiment thereof. 
[0114] FIG. 2 is an ORTEP diagram of the structure of 
NHTeCl2, i.e., N,N'-di-tert-butylethylenediamide tellurium 
dichloride. 
[0115] FIG. 3 is an ORTEP diagram of the structure of 

Me2NHTeCl2. 

Aug. 27, 2009 

[0116] FIG. 4 is an ORTEP diagram of the structure of 
NHTe(Cl)NMe2. 
[0117] FIG. 5 is an ORTEP diagram of the structure of 

Te2(t-Bu)2. 
[0118] FIG. 6 is a simultaneous thermographic analysis 
plot of STA TG/DSC data for Te2(t-BU)2. 
[0119] FIG. 7 is a STA of Te[N(SiMe3)2]2. 
[0120] FIG. 8 is a STA of Te[N(SiMe3)(t-Bu)]2 
[0121] FIG. 9 is a schematic representation of a vapor depo 
sition system according to one embodiment of the present 
invention, Wherein suppression of pre-reaction of the precur 
sors is achieved by addition of pre-reaction-combating 
reagent to one or more feed streams in the vapor deposition 
system. 

DETAILED DESCRIPTION OF THE INVENTION, 
AND PREFERRED EMBODIMENTS THEREOF 

[0122] The present invention relates to tellurium precursors 
useful in ?lm-forming applications, e.g., in chemical vapor 
deposition and atomic layer deposition applications, to form 
corresponding tellurium-containing ?lms on substrates, as 
Well as associated processes of making and using such pre 
cursors, and packaged forms of such precursors. 
[0123] As used herein, the term “?lm” refers to a layer of 
deposited material having a thickness beloW 1000 microme 
ters, e.g., from such value doWn to atomic monolayer thick 
ness values. In various embodiments, ?lm thicknesses of 
deposited material layers in the practice of the invention may 
for example be beloW 100, 10, or 1 micrometers, or in various 
thin ?lm regimes beloW 200, 100, or 50 nanometers, depend 
ing on the speci?c application involved. As used herein, the 
term “thin ?lm” means a layer of a material having a thickness 
below 1 micrometer. 

[0124] As used herein, the singular forms and”, and 
“the” include plural referents unless the context clearly dic 
tates otherWise. 

[0125] As used herein, the identi?cation of a carbon num 
ber range, e.g., in C l-C l 2 alkyl, is intended to include each of 
the component carbon number moieties Within such range, so 
that each intervening carbon number and any other stated or 
intervening carbon number value in that stated range, is 
encompassed, it being further understood that sub-ranges of 
carbon number Within speci?ed carbon number ranges may 
independently be included in smaller carbon number ranges, 
Within the scope of the invention, and that ranges of carbon 
numbers speci?cally excluding a carbon number or numbers 
are included in the invention, and sub-ranges excluding either 
or both of carbon number limits of speci?ed ranges are also 
included in the invention. Accordingly, C l-C 12 alkyl is 
intended to include methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl, decyl, undecyl and dodecyl, including 
straight chain as Well as branched groups of such types. It 
therefore is to be appreciated that identi?cation of a carbon 
number range, e.g., Cl-Cl2, as broadly applicable to a sub 
stituent moiety, enables, in speci?c embodiments of the 
invention, the carbon number range to be further restricted, as 
a sub-group of moieties having a carbon number range Within 
the broader speci?cation of the substituent moiety. By Way of 
example, the carbon number range C l-C l 2 alkyl, may be more 
restrictively speci?ed, in particular embodiments of the 
invention, to encompass sub-ranges such as C l-C4 alkyl, 
C2-C8 alkyl, C2-C4 alkyl, C3 -C5 alkyl, or any other sub-range 
Within the broad carbon number range. 

“a, “ 

as 
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[0126] The precursors of the invention may be further 
speci?ed in speci?c embodiments by provisos or limitations 
excluding speci?c substituents, groups, moieties or struc 
tures, in relation to various speci?cations and exempli?ca 
tions thereof set forth herein. Thus, the invention contem 
plates restrictively de?ned compositions, e. g., a composition 
Wherein Ri is C l-C 12 alkyl, With the proviso that RZE+=C4 alkyl 
When Rj is silyl. 
[0127] The invention relates in one aspect to Te(IV) orga 
nyls useful for loW temperature (T<400o C.) deposition of 
Te-containing ?lms, e. g., for forming germanium-antimony 
tellurium (GST) ?lms such as Ge2Sb2Te5 on substrates such 
as Wafers in the production of phase change random access 
memory devices. 
[0128] The Te(IV) organyls of the invention are suitable for 
forming such ?lms by techniques such as atomic layer depo 
sition (ALD) and chemical vapor deposition (CVD). Pre 
ferred precursors of such type are liquid at room temperature 
(25° C.) and have high volatility and desirable transport prop 
erties for ALD and CVD applications. 
[0129] In accordance With another aspect of the invention, 
Te(IV) organyls having the formula TeR1R2R3 R4 Wherein R1, 
R2, R3 and R4 are organo substituents, are employed to form 
Te-containing highly conformal ?lms of superior character 
by a vapor deposition process such as ALD or CVD. 

[0130] In a preferred aspect, Te(IV) organyls are utiliZed 
having the formula TeR1R2R3R4 Wherein each of R1, R2, R3 
and R4 is the same as or different from others, and each is 
independently selected from H, halogen (?uorine, bromine, 
iodine and chlorine), Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 
cycloalkyl, C6-Cl0 aryl, silyl, substituted silyl (silyl having 
Cl-C6 alkyl substituents and/or C6-Cl0 aryl substituents), 
amide, aminoalkyl, alkylamine, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl. The alkyl moiety in such ami 
noalkyl, alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl 
and acetylalkyl substituents can be C l-C6 alkyl or alkyl moi 
eties of other carbon numbers, as may be useful in a given 
application of such organyl compounds. 
[0131] Tellurium(IV) organyls of the invention useful for 
the aforementioned ?lm-forming applications can readily be 
formed by the folloWing generaliZed reaction: 

Wherein M is Li or MgX, X is halide, and each R indepen 
dently may be H, halogen (?uorine, bromine, iodine and 
chlorine), Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substituted silyl, amide, aminoalkyl, alky 
lamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl or acetylalkyl, 
as above described. 

[0132] The Te(IV) compounds of the invention are usefully 
employed as CVD/ALD precursors for the deposition of Te 
containing ?lms, e. g., by liquid delivery techniques in Which 
such compounds are provided in compositions including suit 
able solvent media. Useful solvents for such purpose in spe 
ci?c applications may include, Without limitation, alkanes 
(e.g., hexane, heptane, octane, and pentane), aromatics (e.g., 
benZene or toluene), and amines (e.g., triethylamine, tert 
butylamine). The solvent medium in Which the Te precursor 
or precursors are dissolved or suspended may be a single 
component solvent or a multi-component solvent composi 
tion. 
[0133] The precursors When in a liquid state can also be 
delivered neat using ALD/CVD liquid delivery techniques, in 
Which the liquid is volatiliZed to form a corresponding pre 
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cursor vapor, Which then is contacted With the substrate on 
Which the tellurium-containing ?lm is to be formed, under 
appropriate vapor deposition conditions. 
[0134] When the precursors are in a solid state, they may be 
volatiliZed for delivery using any suitable solid delivery sys 
tem, such as the solid delivery and vaporiZer unit commer 
cially available under the trademark ProE-Vap from ATMI, 
Inc. (Danbury, Conn., USA). The precursor or precursors 
(since the invention contemplates use of multiple Te precur 
sors of differing type) are volatiliZed to form the correspond 
ing precursor vapor Which then is contacted With a Wafer or 
other substrate to deposit a tellurium-containing layer 
thereon. 
[0135] The precursor vapor formed from the Te precursor 
may be mixed With carrier or co-reactant gases in various 
embodiments, to obtain desired deposition thicknesses, 
groWth rates, etc., as Will be apparent to those skilled in the 
art. 

[0136] The present invention in various aspects involves 
compositions and methods in Which tellurium dialkyls and 
ditellurium dialkyls can be utiliZed as tellurium source 
reagents, but in other aspects, non-alkyl tellurium and non 
alkyl ditellurium compounds are utiliZed. 
[0137] The invention in a further aspect relates to a syn 
thetic route for the preparation of tellurium amide com 
pounds, e.g., tellurium bis-amides that are useful for loW 
temperature deposition of tellurium amides on substrates. 
[0138] The tellurium amide compounds can be formed by 
reacting tellurium dihalide With tWo equivalents of a metal 
amide, according to the folloWing reaction. 

Wherein: 
[0139] X is halogen, preferably Cl, Br or I, 
[0140] M is Li, Na, or K, and 
[0141] each R is independently selected from among H, 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, aminoalkyl, alkoxyalkyl, aryloxy 
alkyl, imidoalkyl and acetylalkyl, as above described. 

[0142] In one preferred embodiment, TeI2 is reacted With 
LiN(t-Bu)(SiMe3) to form the reaction product Te[N(t-Bu) 
(SiMe3)]2~ 

ether 
TeIZ + 2LiN(t-Bu)(SiMe3) —> Te[N(t-Bu)(SiMe3)]2 + ZLiI 

Wherein t-butyl is tertiary butyl, and Me is methyl. 
[0143] This product, Te[N(t-Bu)(SiMe3)]2, has been char 
acteriZed by NMR spectroscopy and thermal analysis (STA), 
as a loW melting solid (mp:77o C.) that shoWs good transport 
properties (T50:l 84° C.) and loW residual mass (<2%). This 
compound is usefully employed as a precursor for the loW 
temperature deposition of tellurium-containing ?lms. 
[0144] In another preferred embodiment, TeI2 is reacted 
With KN(SiMe3)2 to form the folloWing reaction product, 
Te[N(SiMe3)2]2. 

[0145] A further aspect of the invention relates to asymmet 
ric tellurium compounds including one alkyl substituent and 
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a second ligand containing a heteroatom, e.g., nitrogen or 
sulfur. The second ligand may be of any suitable type, and in 
speci?c embodiments is amidinate, guanidinate, or dithiocar 
bamate. 

[0146] In one embodiment, the starting material for the 
asymmetric tellurium compound is lTeN RlR2 Wherein each 
of R1 and R2 is the same as or different from the other, and 
each is independently selected from H, Cl-C6 alkyl, Cl-C6 
alkoxy, C3-C8 cycloalkyl, C6-C 1O aryl, silyl, substituted silyl, 
aminoalkyl, alkoxyalkyl, aryloxyalkyl, imidoalkyl and acety 
lalkyl, as above described. This starting material can be syn 
thesiZed by the reaction of Tel2 With one equivalent of a 
lithium amide as shoWn beloW. 

ether 
Tel; + LiN(t-Bu)(SiMe3) —> lTeN(t-Bu)(SiMe3) + Lil 

or, more generally, halide starting materials can be formed 
according to the folloWing reaction. 

Wherein 

[0147] M is Li, Na, or K, preferably Li, 
[0148] X is halogen, preferably Cl, Br or I, and 
[0149] each of R1 and R2 is the same as or different from the 

other, and each is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl, as above described. 

[0150] The starting material lTeN RlR2 is extremely sensi 
tive to light and air When isolated as an orange solid product, 
hoWever, it can be placed into solution With a suitable solvent 
medium, e.g., a hydrocarbon solvent medium, containing 
pentane, hexane or toluene, or other hydrocarbon species. 
Such starting material lTeN RlR2 can be reacted in situ in the 
hydrocarbon solvent medium With an alkyl lithium reagent to 
obtain an asymmetric tellurium compound, as shoWn in the 
reaction beloW. 

Wherein 

[0151] M is Li, Na, or K, preferably Li, 
[0152] X is halogen, preferably Cl, Br or I, and 
[0153] each of R1, R2 and R3 is the same as or different from 

the other, and each is independently selected from H, 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, aminoalkyl, alkoxyalkyl, aryloxy 
alkyl, imidoalkyl and acetylalkyl, as above described, and 
Wherein R3 can in addition be amide or halogen. 

[0154] Using the same synthetic approach, other ligands, 
such as: amidinates 

Wherein each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
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silyl, substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl, and Wherein R4 can in addition be 
halogen or amide; 
[0155] guanidinates 

Wherein each of R1, R2, R3, R4 and R5 is the same as or 
different from others, and each is independently selected 
from H, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 
aryl, silyl, substituted silyl, aminoalkyl, alkoxyalkyl, ary 
loxyalkyl, imidoalkyl and acetylalkyl, and Wherein R5 can in 
addition be halogen or amide; and 
[0156] dithiocarbamates 

S 

R2R1N% \TeR3 S/ 

Wherein each of R1, R2 and R3 is the same as or different from 
others, and each is independently selected from H, C l-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, sub 
stituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, imi 
doalkyl and acetylalkyl and Wherein R3 can in addition be 
halogen or amide, 
[0157] can be synthesiZed as Well. 
[0158] The invention therefore provides asymmetric tellu 
rium compounds including tellurium amides, amidinates, 
guanidinates and dithiocarbamates of a useful character for 
ALD or CVD deposition of tellurium or tellurium-containing 
?lms, e. g., for fabricating GST devices comprising 
Ge2Sb2Te5 ?lms. 
[0159] Another aspect of the invention relates to tellurium 
compounds With ethylenediamine ligands and tellurium com 
pounds With dithiocarbamate ligands, for use in loW tempera 
ture deposition applications such as fabrication of the afore 
mentioned GST-based phase change memory devices. 
[0160] Tellurium complexes With ethylenediamine type 
ligands can be synthesiZed, according to one preferred aspect 
of the invention, by reacting a lithium salt of the ethylenedi 
amine With a tellurium halide, such as TeX2 or TeX4, Wherein 
X is halogen. From the resulting reaction product, the desired 
tellurium compounds can be obtained by a salt elimination 
reaction. 

[0161] The folloWing reaction scheme therefore may be 
used for production of such tellurium precursors. 
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wherein 
[0162] M:Li, Na, or K; 
[0163] X:Cl, Br, or I; 
[0164] each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, aminoalkyl, alkoxyalkyl, aryloxy 
alkyl, imidoalkyl and acetylalkyl. 

[0165] Alternatively, the following reaction scheme can be 
employed to produce the tellurium ethylenediamine precur 
sors. 

| R‘ 
| R N R 

2 \ M 2 2 + TeX4 —> Te 

/ M / 
R3 N R3 II‘I 

II, R4 

Wherein 
[0166] M:Li, Na, or K; 
[0167] X:Cl, Br, or I; 
[0168] each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, aminoalkyl, alkoxyalkyl, aryloxy 
alkyl, imidoalkyl and acetylalkyl. 

[0169] A speci?c synthesis procedure for forming a tellu 
rium precursor With ethylenediamine ligands is set forth 
beloW. 

N\ . ether N 
L1 + T612 —> \ + ZLiI 

/Te L1 

[0170] Tellurium ethylenediamine compounds of such type 
have high Volatility and loW decomposition temperatures, and 
thus are Well suited for ALD and CVD applications. 
[0171] Complexes of tellurium With only dithiocarbamate 
ligands, or including dithiocarbamate and other co-ligands, 
constitute a further group of precursors useful for ALD and 
CVD in accordance With the invention. Tellurium dithiocar 
bamate precursors of the invention include the folloWing 
classes (a)-(e): 

(a) 
s 
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Wherein 
[0172] M is Li, Na, or K, preferably Li, 
[0173] X is halogen, preferably Cl, Br or I, and 
[0174] each R is the same as or different from the other, and 
each is independently selected from H, C l-C6 alkyl, C l-C6 
alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, substituted 
silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, imidoalkyl 
and acetylalkyl; 

(b) 

Wherein 
[0175] each of R1, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substitued silyl, aminoalkyl, alkoxyalkyl, aryloxy 
alkyl, imidoalkyl and acetylalkyl, and Wherein R3 and R4 
can in addition and independently be halogen or amide; 

Wherein 
[0176] each of R1 and R2 is the same as or different from the 

other, and each is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-C1O aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl; 

(C) 

R (d) 
g 3 

NR R % \Te/—R4 l 2 / \ 
S R5 

Wherein: 
[0177] each of R1, R2, R3, R4 and R5 is the same as or 

different from others, and each is independently selected 
from H, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substitued silyl, aminoalkyl, alkoxy 
alkyl, aryloxyalkyl, imidoalkyl and acetylalkyl, and 
Wherein each of R3, R4 and R5 can in addition and inde 
pendently be amide or halogen; and 

(e) 
s 

S 

Wherein each of R1, R2 and R3 is the same as or different from 
others, and each is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, sub 
stituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, imi 
doalkyl and acetylalkyl, and Wherein R3 can in addition be 
halogen or amide. 
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[0178] These precursors accommodate loW temperature 
deposition applications, having good volatiliZation and trans 
port properties. They can be delivered in a neat form in the 
case of precursor compounds in liquid form, or in composi 
tions including suitable solvent media. Useful solvents for 
such purpose in speci?c applications may include, Without 
limitation, alkanes (e.g., hexane, heptane, octane, and pen 
tane), aromatics (e.g., benzene or toluene), and amines (e.g., 
triethylamine, tert-butylamine) or mixtures thereof, as above 
described. 
[0179] The precursors When in a solid state can be volatil 
iZed for delivery using any suitable solid delivery system, 
such as the solid delivery and vaporiZer unit commercially 
available under the trademark ProE-Vap from ATMI, Inc. 
(Danbury, Conn., USA). The precursor or precursors (since 
the invention contemplates use of multiple Te precursors of 
differing type) are volatiliZed to form the corresponding pre 
cursor vapor Which then is contacted With a Wafer or other 
substrate to deposit a tellurium-containing layer thereon, e.g., 
for forming a GST layer. 
[0180] The invention in yet another aspect relates to tellu 
rium compounds With nitrogen donor ligands useful for depo 
sition applications to deposit tellurium or tellurium-contain 
ing ?lms on substrates, for applications such as GST phase 
change random access memory (PRAM) devices. 
[0181] This aspect of the invention relates more speci?cally 
to Te(ll) and Te(lV) precursors having at least one nitrogen 
based ligand selected from among amidinates, guanidinates, 
isoureates and beta-diketoiminates. 
[0182] Speci?c tellurium nitrogen donor ligand precursors 
of the invention include the folloWing: 
[0183] (A) Te(ll) amidinates, guanidinates, and isoureates 

of the formula 

R1 
| 
N 

Z—C4' \T —R 
\~ / e 3 
N 

| 
R2 

Wherein: 
[0184] each of R1, R2 and R3 is the same as or different from 

others, and each is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl, and Wherein R3 can in addition 
be halogen or amide; and 

[0185] Z is independently selected from Cl-C6 alkoxy, 
i RIRZ, H, Cl-C6 alkyl, C3-Cl0 cycloalkyl, and C6-Cl3 
21WI; 

[0186] (B) Te(lV) amidinates, guanidinates, and isoureates 
of the formula 
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Wherein: 

[0187] each of R1, R2 and R3 is the same as or different from 
others, and each is independently selected from H, Cl-C6 
alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-C1O aryl, silyl, 
substituted silyl, aminoalkyl, alkoxyalkyl, aryloxyalkyl, 
imidoalkyl and acetylalkyl, and Wherein each R3 can in 
addition and independently be halogen or amide; 

[0188] Z is independently selected from Cl-C6 alkoxy, 
iNRIRZ, H, Cl-C6 alkyl, C3-Cl0 cycloalkyl, and C6-Cl3 
aryl; and 

[0189] x is an integer having a value of from 0 to 4, inclu 
sive; 

[0190] (C) Te(ll) beta-diketoiminates of the formula 

Wherein 

[0191] each ofRl, R2, R3 and R4 is the same as or different 
from others, and each is independently selected from H, 
halogen, Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl and 
acetylalkyl; and 

[0192] (D) Te(lV) beta-diketoiminates of the formula 

Wherein 

[0193] each of R1, R2, R3, R4, R5 and R6 is the same as or 
different from others, and each is independently selected 
from H, halogen, Cl-C6 alkyl, Cl_C6 alkoxy, C3-C8 
cycloalkyl, C6-C 1O aryl, silyl, substituted silyl, amide, ami 
noalkyl, alkylamine, alkoxyalkyl, aryloxyalkyl, imi 
doalkyl and acetylalkyl. 

[0194] The tellurium compounds of the invention in ?lm 
formation processes may be used With appropriate co-reac 
tants, e.g., in a continuous deposition mode (CVD) or pulsed/ 
atomic layer deposition mode (ALD), to deposit ?lms of 
superior character. For oxides, preferred co-reactants include 
02 and NZO for CVD, and more aggressive oxidiZers for 
pulsed deposition, e.g., H2O, oZone, and 02 plasma. For 
metal-like ?lms, reducing atmospheres are advantageously 
used. 

[0195] The precursors of the invention can be utiliZed as 
loW temperature deposition precursors With reducing co-re 
actants such as hydrogen, H2/plasma, amines, imines, hydra 
Zines, silanes, germanes such as GeH4, ammonia, alkanes, 
alkenes and alkynes. For CVD modes of ?lm formation, 
reducing agents such as H2, and NH3 are preferred, and plas 
mas of these co-reactants may be used in digital or ALD 
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mode, wherein the co-reactants are separated from the pre 
cursor in a pulse train, utilizing general CVD and ALD tech 
niques Within the skill of the art, based on the disclosure 
herein. More aggressive reducing agents can also be used in a 
digital or ALD mode since co-reactants can be separated, 
preventing gas phase reactions. For ALD and conformal cov 
erage in high aspect ratio structures, the precursor preferably 
exhibits self-limiting behavior in one type of atmosphere 
(e.g., inert or Weakly reducing/oxidizing gas environments) 
and exhibits rapid decomposition to form a desired ?lm in 
another type of atmosphere (e. g., plasma, strongly reducing/ 
oxidizing environments). 
[0196] Liquid delivery formulations can be employed in 
Which precursors that are liquids may be used in neat liquid 
form, or liquid or solid precursors may be employed in suit 
able solvents, including for example alkane solvents (e.g., 
hexane, heptane, octane, and pentane), aryl solvents (e.g., 
benzene or toluene), amines (e.g., triethylamine, tert-buty 
lamine), imines and hydrazines or mixtures thereof. The util 
ity of speci?c solvent compositions for particular Te precur 
sors may be readily empirically determined, to select an 
appropriate single component or multiple component solvent 
medium for the liquid delivery vaporization and transport of 
the speci?c tellurium precursor that is employed. In the case 
of solid precursors of the invention, a solid delivery system 
may be utilized, for example, using the ProE-Vap solid deliv 
ery and vaporizer unit (commercially available from ATMI, 
Inc., Danbury, Conn., USA). 
[0197] In general, the thicknesses of metal-containing lay 
ers formed using the precursors of the invention can be of any 
suitable value. In a speci?c embodiment of the invention, the 
thickness of the tellurium-containing layer can be in a range 
of from 5 nm to 500 nm or more. 

[0198] The various tellurium precursor compounds of the 
invention can be utilized to form GST ?lms in combination 
any With suitable germanium and antimony precursors, e.g., 
by CVD and ALD techniques, for applications such as 
PCRAM device manufacture. The process conditions useful 
for carrying out deposition of Te-containing ?lms can be 
readily determined Within the skill of the art by the simple 
expedient of selectively varying the delivery and deposition 
process conditions and characterizing the resulting ?lms, to 
determine the process conditions envelope most appropriate 
for a given deposition application. 
[0199] In one speci?c embodiment of the invention, Te[N 
(SiMe3)2]2 is used as a tellurium precursor for forming tellu 
rium-containing ?lms on substrates, such as GST ?lms, 
amorphous GeTe ?lms, and SbTe ?lms, by atomic layer depo 
sition (ALD) and chemical vapor deposition (CVD) tech 
niques. 
[0200] In another embodiment, amorphous GeTe and SbTe 
are deposited from di-t-butyl tellurium, Te(tBu)2, at tempera 
ture in a range of from 300° C.-350° C., e.g., 320° C., using 
bubbler delivery of the telluriuim precursor in an inert carrier 
gas stream, e.g., N2 at a How rate of20-50 sccm, e.g., 30 sccm. 
The respective germanium and antimony precursors used for 
such deposition can be of any suitable types, e.g., 
GeBAMDN, SbTDMA, etc., and such precursors can be 
delivered for deposition at any suitable volumetric ?oW rate, 
e.g., for the aforementioned ?oW rate of 30 sccm for the 
illustrative tellurium precursor, Te(tBu)2, a How rate of such 
Ge or Sb precursor can be on the order of 5 micromoles/ 
minute. The resulting amorphous GeTe and SbTe ?lms Will 
have a tellurium content of approximately 40%. 
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[0201] FIG. 1 is a schematic representation of a material 
storage and dispensing package 100 containing a tellurium 
precursor, according to one embodiment of the present inven 
tion. 
[0202] The material storage and dispensing package 100 
includes a vessel 102 that may for example be of generally 
cylindrical shape as illustrated, de?ning an interior volume 
104 therein. In this speci?c embodiment, the precursor is a 
solid at ambient temperature conditions, and such precursor 
may be supported on surfaces of the trays 106 disposed in the 
interior volume 104 of the vessel, With the trays having ?oW 
passage conduits 108 associated thereWith, for How of vapor 
upWardly in the vessel to the valve head assembly for dis 
pensing, in use of the vessel. 
[0203] The solid precursor can be coated on interior sur 
faces in the interior volume of the vessel, e. g., on the surfaces 
of the trays 106 and conduits 108. Such coating may be 
effected by introduction of the precursor into the vessel in a 
vapor form from Which the solid precursor is condensed in a 
?lm on the surfaces in the vessel. Alternatively, the precursor 
solid may be dissolved or suspended in a solvent medium and 
deposited on surfaces in the interior volume of the vessel by 
solvent evaporation. In yet another method the precursor may 
be melted and poured onto the surfaces in the interior volume 
of the vessel. For such purpose, the vessel may contain sub 
strate articles or elements that provide additional surface area 
in the vessel for support of the precursor ?lm thereon. 
[0204] As a still further alternative, the solid precursor may 
be provided in granular or ?nely divided form, Which is 
poured into the vessel to be retained on the top supporting 
surfaces of the respective trays 106 therein. As a further 
alternative, a metal foam body may be provided in the interior 
volume of the vessel, Which contains porosity of a speci?c 
character adapted for retaining the solid particulate precursor 
for highly e?icient vaporization thereof. 
[0205] The vessel 102 has a neck portion 109 to Which is 
joined the valve head assembly 1 1 0. The valve head assembly 
is equipped With a hand Wheel 112 in the embodiment shoWn. 
In lieu of a hand Wheel, the valve head assembly may in turn 
be coupled or operatively linked to a controller for automated 
operation. The valve head assembly 110 includes a dispens 
ing port 114, Which may be con?gured for coupling to a ?tting 
or connection element to join ?oW circuitry to the vessel. 
Such ?oW circuitry is schematically represented by arroW A 
in FIG. 1, and the How circuitry may be coupled to a doWn 
stream ALD or chemical vapor deposition chamber (not 
shoWn in FIG. 1). 
[0206] In use, the vessel 102 can be heated With a suitable 
heater, such as a heating jacket, resistance heating elements 
a?ixed to the exterior Wall surface of the vessel, etc., so that 
solid precursor in the vessel is at least partially volatilized to 
provide precursor vapor. The input of heat is schematically 
shoWn in FIG. 1 by the reference arroW Q. The precursor 
vapor is discharged from the vessel through the valve pas 
sages in the valve head assembly 110 When the hand Wheel 
112 or alternative valve actuator or controller is translated so 

that the valve is in an open position, Whereupon vapor deriv 
ing from the precursor is dispensed into the How circuitry 
schematically indicated by arroW A. 
[0207] In lieu of solid delivery of the precursor, the precur 
sor may be provided in a solvent medium, forming a solution 
or suspension. Such precursor-containing solvent composi 
tion then may be delivered by liquid delivery and ?ash vapor 
ized to produce a precursor vapor. The precursor vapor is 
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contacted With a substrate under deposition conditions, to 
deposit the metal on the substrate as a ?lm thereon. 

[0208] In one embodiment, the precursor is dissolved in an 
ionic liquid medium, from Which precursor vapor is With 
draWn from the ionic liquid solution under dispensing condi 
tions. 

[0209] As a still further alternative, the precursor may be 
stored in an adsorbed state on a suitable solid-phase physical 
adsorbent storage medium in the interior volume of the ves 
sel. In use, the precursor vapor is dispensed from the vessel 
under dispensing conditions involving desorption of the 
adsorbed precursor from the solid-phase physical adsorbent 
storage medium. 
[0210] Supply vessels for precursor delivery may be of 
Widely varying type, and may employ vessels such as those 
commercially available from ATMI, Inc. (Danbury, Conn.) 
under the trademarks SDS, SAGE, VAC, VACSorb, and ProE 
Vap, as may be appropriate in a given storage and dispensing 
application for a particular precursor of the invention. 
[0211] The precursors of the invention thus may be 
employed to form precursor vapor for contacting With a sub 
strate to deposit a tellurium-containing thin ?lm thereon. 

[0212] In a preferred aspect, the invention utiliZes the pre 
cursors to conduct atomic layer deposition, yielding ALD 
?lms of superior conformality that are uniformly coated on 
the substrate With high step coverage and conformality even 
on high aspect ratio structures. 

[0213] Accordingly, the precursors of the present invention 
enable a Wide variety of microelectronic devices, e.g., semi 
conductor products, ?at panel displays, etc., to be fabricated 
With tellurium-containing ?lms of superior quality. 
[0214] The invention in another aspect relates to a class of 
tellurium compounds With ethylenediamide-type ligands. 
Such tellurium compounds are useful as precursors for loW 
temperature ALD/CVD of tellurium or tellurium-containing 
thin ?lms, e.g., for applications such as fabrication of phase 
change memory devices based on Ge2Sb2Te5 (GST). This 
class of compounds includes tellurium (Te) in the oxidation 
state IV, Which is characterized by greater stability than com 
monly used tellurium precursors in the oxidation state II, 
thereby affording a bene?cial alternative to the commonly 
used Te(II) precursors Which are notoriously unstable With 
respect to air- and light-sensitivity. 
[0215] These tellurium compounds are to our knowledge 
the ?rst examples of tellurium amides in Which tellurium is in 
oxidation state (IV). Examples of such tellurium (IV) amides 
include, Without limitation: 

Formula Compound 

NHTeCl2 N,N'—di—te1t-butylethylenedialnide telluriumdichloride 
NHTeCl2 2,5-Bis (tert—butyl)-2,5 —diaza— l-telluracyclopentane 

dichloride 
MeNHTeCl2 N-methyl,N'—tert—butylethylenediamide 

telluriumdichloride 
DMNHTeCl2 N,N'—di-tert-butyl-2,3-dimethylethylenediamide 

telluriumdichloride 
N,N'—di—te1t-butylethylenedialnide telluriumchloride 
dimethylalnide 

NHTe(Cl)NMe2 

Wherein the term NH is an abbreviation for “N-heterocyclic,” 
and denotes an N-heterocyclic ring system containing tellu 
rium. 
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[0216] The general synthetic concept for such tellurium 
(IV) compounds, described more fully beloW, is also poten 
tially applicable to the synthesis of tellurium (II) compounds. 
The general synthetic scheme (Scheme I beloW) is based on 
reaction of a tellurium (IV) halide With an ethylenediamide 
type ligand, With the addition of a tertiary amine in order to 
scavenge the eliminated hydrochloride. 

R NH 

[4 
R1 

R2 IL 
\ 

I /T6< + 2[HNR5R6R7]X 
R3 II‘I 

R4 

Wherein: 
[0217] R1, R2, R3, R4, R5, R6 and R7 are the same as or 

different from one another, and each is independently 
selected from C 1 -C6 alkyl, C l-C6 alkoxy, C3 -C8 cycloalkyl, 
C6-Cl0 aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl, acety 
lalkyl and halogen (chlorine, bromine, iodine or ?uorine), 
and R2 and R3 can additionally and independently be 
hydrogen; and 

[0218] X is halogen (chlorine, bromine, iodine or ?uorine). 
[0219] Derivatives of the ethylenediamide tellurium com 
plexes can be synthesiZed according to the folloWing reaction 
scheme (Scheme II), by reacting the corresponding dichlo 
ride With a lithium alkyl or lithium amide species. 

Schemell 

R1 R1 

R. | R. | N N 
x R5 

\Te< + MR5 —> \Te< 
/ X / R5 

R3 N R3 N 

l4 l4 
+ Z MX 

Wherein: 
[0220] R1, R2, R3’ R4 and R5 are the same as or different 
from one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, aminoalkyl, alkylamine, alkoxy 
alkyl, aryloxyalkyl, imidoalkyl, acetylalkyl and halogen 
(chlorine, bromine, iodine or ?uorine), and each R5 can 
additionally and independently be hydrogen or amide; 

[0221] X is a halogen selected from chloride, bromide and 
iodide; and 

[0222] M is lithium, sodium or potassium. 



US 2009/0215225 A1 

[0223] The foregoing synthesis reactions can be carried out 
in any suitable solvent medium. One preferred solvent 
medium comprises an ether type solvent or other someWhat 
polar solvent in Which the tellurium halide is suf?ciently 
soluble. Tetrahydrofuran (THF) is one preferred solvent spe 
cies, While diethyl ether, dimethoxyethane and toluene are 
also highly advantageous species. The choice of a speci?c 
solvent medium may be readily empirically determined, 
based on considerations of solubility, yields and reaction 
times for speci?c desired tellurium precursor products. 
[0224] As one example of the tellurium (IV) amide com 
pounds of the invention, FIG. 2 is an ORTEP diagram of the 
structure of NHTeCl2, i.e., N,N'-di-tert-butylethylenedia 
mide telluriumdichloride. This compound is readily puri?ed 
to high purity by sublimation, and has been con?rmed by 
X-ray crystal structure analysis as existing in a Weakly asso 
ciated dimer solid state. As another example of such tellurium 
(IV) amide compounds, FIG. 3 is an ORTEP diagram of the 
structure of Me2NHTeCl2, also con?rmed by X-ray crystal 
structure analysis to exist in a Weakly associated dimer solid 
state. 
[0225] FIG. 4 is an ORTEP diagram of the structure of 
NHTe(Cl)NMe2. This tellurium source compound can be 
synthesiZed by a reaction scheme as described above. Such 
reaction scheme can be utiliZed to produce a mono-substi 
tuted species under mild reaction conditions, e.g., stirring of 
the reaction volume at room temperature, While a large excess 
of amide and harsher conditions, such as several days under 
re?ux conditions, can be utiliZed to produce the disubstituted 
compound. 
[0226] Corresponding compounds of tellurium (II) can be 
synthesiZed by the folloWing related reaction scheme 
(Scheme III) conducted in a corresponding solvent medium: 

[0227] R1, R2, R3, R4, R5, R6 and R7 are the same as or 
different from one another, and each is independently 
selected from C 1 -C6 alkyl, C l-C6 alkoxy, C3 -C8 cycloalkyl, 
C6-C1O aryl, silyl, substituted silyl, amide, aminoalkyl, 
alkylamine, alkoxyalkyl, aryloxyalkyl, imidoalkyl, acety 
lalkyl and halogen (chlorine, bromine, iodine or ?uorine), 
and R2 and R can additionally and independently be 
hydrogen; and 

[0228] X is halogen (chlorine, bromine, iodine or ?uorine). 
[0229] Another synthesis for such tellurium (11) com 
pounds is set out beloW in Scheme lllA: 
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Wherein: 

[0230] M:Li, Na, K; 
[0231] X:chlorine, bromine, iodine or ?uorine; 
[0232] R1, R2, R3, R4 can be the same as or different from 
one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, amide, aminoalkyl, alkylamine, 
alkoxyalkyl, aryloxyalkyl, imidoalkyl, acetylalkyl and 
halogen (chlorine, bromine, iodine or ?uorine). 

[0233] A still further synthesis of such tellurium (ll) com 
pounds is set out in Scheme IHB beloW: 

SchemellIB 

Ii] R1 | 
R N R2 N 
2 \M \T 

2 + TeX4 —> e 

/M N/ 
R3 l|\I R3 I 

R4 R4 

Wherein: 

[0234] M:Li, Na, or K; 

[0235] X:Cl, Br, I or F; 
[0236] R1, R2, R3, R4 can be the same as or different from 
one another, and each is independently selected from 
Cl-C6 alkyl, Cl-C6 alkoxy, C3-C8 cycloalkyl, C6-Cl0 aryl, 
silyl, substituted silyl, amide, aminoalkyl, alkylamine, 
alkoxyalkyl, aryloxyalkyl, imidoalkyl, acetylalkyl, hydro 
gen and halogen (chlorine, bromine, iodine or ?uorine). 

[0237] As a speci?c example of such tellurium (ll) com 
pounds, a synthesis of N,N'-di-tert-butyl butylenediamide tel 
lurium is a set out beloW utiliZing a corresponding lithiated 
precursor and diiodotellurium as reactants, in an ether solvent 
medium. 

Y 
\ 

/ Li N/ 

%N\ %\ 
[0238] The foregoing tellurium precursors have utility in 
various applications for deposition of Te or Te-containing thin 
?lms. Corresponding alkyl, silyl or amide derivatives 
(Wherein chloro substituents are replaced by alkyl or amide 
functional groups) can also be readily synthesiZed. Such alkyl 
or amide derivatives may be preferred in some thin ?lm 
deposition applications, due to their higher volatility proper 
ties, in relation to corresponding chloro compounds having 
loWer volatility as a result of their dimeric nature. 

ether 
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[0239] The invention therefore contemplates the provision 
of tellurium compounds in Which the tellurium central metal 
atom is coordinated With ethylenediamine-type ligands, With 
the tellurium central metal atom being in a (II) or (IV) state. 
The invention further contemplates synthesis of ethylenedi 
amine-type tellurium compounds substituted With alkyl and/ 
or amide substituents. In addition, the invention contemplates 
use of the foregoing tellurium compounds for CVD and ALD 
applications, to deposit tellurium or tellurium-containing thin 
?lms. 

[0240] In another aspect, the invention relates to dialkyl 
ditellurides useful for CVD and ALD applications carried out 
at loW temperatures to deposit tellurium or tellurium-contain 
ing ?lms on substrates, e. g., Sb2Te3 ?lms for the formation of 
GST ?lms in phase change memory applications. 
[0241] For phase change memory applications, the tellu 
rium precursor employed for forming GST ?lms desirably 
has the ability to deposit at su?iciently loW temperature to 
achieve amorphous Sb2Te3 ?lms With good step coverage, 
since crystalline ?lms do not provide the necessary step cov 
erage for phase change memory device applications. The 
invention contemplates dialkyl ditellurides, e.g., di-tert-butyl 
ditelluride, to address such step coverage issues. 
[0242] Dialkyl tellurides are conventionally used to deposit 
tellurium or tellurium-containing ?lms by CVD or ALD in 
phase change memory applications, but relatively high tem 
peratures are needed to deposit such ?lms. This de?ciency 
can be overcome by use of dialkyl ditellurides, e.g., di-tert 
butyl ditelluride, Te2(t-Bu)2. 
[0243] The reason for the loWer deposition temperature 
achievable by this class of precursors is a relatively Weak 
tellurium-tellurium bond. An examination of the X-ray crys 
tal structure of Te2(t-Bu)2 reveals a fairly long TeiTe bond of 
2.68 A. The loWer deposition temperature is also evident from 
the simultaneous thermal analysis (STA) of Te2(t-Bu)2, Which 
shoWs a very loW T50 of 146° C. Te2(t-Bu)2 and its synthesis 
are described in the literature (see, for example, C. H. W. 
Jones, R. D. Sharma, J. of Organomet. Chem. 1983, 255, 
61-70, and R. W. Gedridge Jr., K. T. Higa, R. A. Nissan, 
Organometallics 1991, 10, 286-291, and US. Pat. No. 5,166, 
428). 
[0244] The invention therefore contemplates the use of 
these dialkyl ditellurides, e.g., Te2(t-Bu)2, as precursors for 
the deposition of tellurium or tellurium-containing ?lms on 
substrates, using CVD or ALD techniques, in applications 
such as the manufacture of phase change memory devices. 

[0245] FIG. 5 is an ORTEP diagram of the structure of 

Te2(t-Bu)2. 
[0246] FIG. 6 is a simultaneous thermal analysis (STA) plot 
of thermogravimetry (TG) and differential scanning calorim 
etry (DSC) data for Te2(t-Bu)2. 
[0247] In general, the alkyl moieties of the dialkyl ditellu 
ride compounds of the invention can be of any suitable type, 
e.g., C l-C8 alkyl substituents. Examples include methyl, 
ethyl, isopropyl, and t-butyl. Preferably, such alkyl substitu 
ents include tertiary carbon moieties. Tertiary butyl or tertiary 
carbons in general are preferred as having high radical stabil 
ity. 
[0248] Illustrative examples of dialkyl ditelluride com 
pounds of the invention include dimethyl ditelluride, diethyl 
ditelluride, diisopropyl ditelluride, and di-tertiary-butyl ditel 
luride. 
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[0249] Other ditelluride compounds contemplated by the 
invention can utiliZe other ligands, such as C l-C 1 2 hydrocar 
byl (aryl, ?uoroalkyl, allyl, alkenyl, dienyl), or silyl or sub 
stituted silyl ligands. 
[0250] The above-described tellurium precursor com 
pounds of the invention can be used for chemical vapor depo 
sition and/or atomic layer deposition, to form tellurium or 
tellurium-containing ?lms on substrates, e.g., semiconductor 
Wafers or other microelectronic device base structures. Such 
precursor compounds When present in solid phase can be 
delivered by solid delivery techniques, Wherein the solid pre 
cursor is contained in a precursor storage and vapor delivery 
vessel, Which is subjected to heating to volatiliZe the solid 
precursor, e.g., by sublimation, so that the precursor vapor 
can be discharged selectively from the vessel, as needed in the 
doWnstream deposition process. 
[0251] The precursor When present in solid phase may also 
be dissolved in solvent medium, as described above, and 
delivered by liquid delivery techniques to a vaporiZer, for 
volatiliZation to form a precursor vapor that then is contacted 
under a vapor deposition conditions With a Wafer or other 
suitable substrate. When present in liquid phase, the tellurium 
precursor can be delivered by liquid delivery techniques from 
a suitable precursor storage vessel. Bubbler techniques may 
also be employed. 
[0252] The speci?c delivery technique employed in the 
practice of the invention utiliZing such Te(II) and Te(IV) 
compounds can be selected based on the process conditions 
needed for delivery for contacting With the substrate on Which 
Te or Te-containing ?lms are to be formed. In general, it is 
desired to carry out deposition by CVD and/or ALD tech 
niques at temperatures below 4000 C. 
[0253] The deposition of tellurium species in accordance 
With the invention can be carried out to form GST phase 
change memory devices, or other tellurium-based microelec 
tronic device structures. 
[0254] The features and advantages of the invention are 
more fully shoWn by the folloWing non-limiting examples. 

EXAMPLE 1 

Synthesis of Te[N(SiMe3)2]2 
[0255] 4.78 g (12.53 mmol) of TeI2 are suspended in 100 
mL of THF in a 200 mL Schlenk ?ask equipped With a 
magnetic stirring bar. A solution of 5.00 g (25.06 mmol) of 
K[N(SiMe3)2] in 50 mL of THF is prepared in a 100 mL 
Schlenk ?ask. The K[N(SiMe3)2] solution is added to the TeI2 
suspension via cannula at 0° C. (With ice-bath cooling). The 
reaction mixture turns yelloW immediately and then broWn 
after ca. 10 minutes. It is stirred another hour at 0° C. and then 
at ambient temperature overnight. The volatiles are removed 
in vacuum and the remaining dark broWn solid is extracted 
With 100 mL of n-pentane. It is ?ltered through a medium 
glass-?lter frit resulting in an orange solution. The pentane is 
removed in vacuum leaving 4.41 g of the crude product 
behind as an orange solid. The solid is sublimed at 200 mTorr 
and an oil bath temperature of 100° C. for tWo hours, afford 
ing 3.37 g (7.51 mmol; 60% yield) of analytical pure product 
as a yelloW, crystalline solid. 
[0256] The product yielded by the foregoing procedure had 
the folloWing characteristics: 1H NMR in C6D6, ppm: 0.338 
(s, 18H, SiMe3); melting point: 66° C. FIG. 7 is a STA plot of 
the Te[N(SiMe3)2]2 product. 

EXAMPLE 2 

Synthesis of NHTeCl2 
[0257] 5.00 g (18.56 mmol) of TeCl4 are suspended in 400 
mL of THF (only partially soluble) in a 500 mL Schlenk ?ask 



US 2009/0215225 A1 

equipped With a magnetic stirring bar. A solution of 6.40 g 
(37.12 mmol) of N,N'-di-tert-butylethylenediamine and 7.51 
g (74.24 mmol) of triethylamine in 10 mL of THF is prepared. 
This solution in added to the TeCl4 suspension and the reac 
tion mixture turns cloudy immediately. A mild exothermic 
reaction is observed. The reaction mixture is stirred overnight 
a room temperature, and then ?ltered through a medium 
glass-?lter frit, leading to yelloW solution. The volatiles are 
removed in a vacuum leaving 5.96 g (16.20 mmol; 87.1% 
yield) of analytically pure product behind as a pale yelloW, 
microcrystalline solid. 
[0258] X-ray analysis quality crystals Were obtained by 
dissolving 0.5 g of product in 6 mL of toluene in a sample vial 
inside a controlled atmosphere glove-box. The solution is 
?ltered through a PTFE syringe ?lter and then placed in a 
—25° C. freezer. After 16 hours large, pale yelloW, plate like 
crystals of the title compound Were obtained, Which Were 
suitable for X-ray analysis. 
[0259] The compound can be further puri?ed by sublima 
tion. In a typical experiment a sublimation device is charged 
With 5 g of material and the material is sublimed at 200 mTorr 
pressure and an oil bath temperature of 70° C. for tWo hours. 
Typical yields of the sublimation vary betWeen 80-90%. The 
product yielded by the foregoing procedure had the folloWing 
characteristics: 1H NMR in C6D6, ppm: 3.133 (s, 4H, 
NiCH2%H2iN); 1.189 (s, 18H, N-t-Bu). 

EXAMPLE 3 

Synthesis of Te[N(SiMe3)(t-Bu)]2 

[0260] 3.00 g of(7.87 mmol) Tel2 are suspended in 100 mL 
of diethyl ether in a 200 mL Schlenk ?ask equipped With a 
magnetic stirring bar. A solution of 2.38 g (15.73 mmol) of 
Li[N(SiMe3)(t-Bu)] in 50 mL of diethyl ether is prepared in a 
100 mL Schlenk ?ask. The Li[N(SiMe3)(t-Bu)] solution is 
added to the Tel2 suspension via cannula at 0° C. (ice-bath 
cooling). It is stirred another hour at 0° C. and then at ambient 
temperature overnight. The volatiles are removed in vacuum 
and the remaining dark broWn solid is extracted With 150 mL 
of n-pentane and ?ltered through a medium glass-?lter frit, 
resulting in an orange solution. The pentane is removed in 
vacuum leaving 2.60 g (6.25 mmol; 79.5%) of analytically 
pure product behind as a yelloW-orange solid. The compound 
can be further puri?ed by sublimation at 200 mTorr and an oil 
bath temperature of 100° C. for tWo hours, affording 2.05 g 
(4.93 mmol; 63% yield) of product as a yelloW, crystalline 
solid. The product yielded by the foregoing procedure had the 
folloWing characteristics: 1H NMR in C6D6, ppm: 1.400 (s, 
9H, t-Bu); 0.399 (s, 9H, SiMe3); melting point: 77° C. FIG. 8 
is a STA plot of the Te[N(SiMe3)(t-Bu)]2 product. 

EXAMPLE 4 

Synthesis of N,N'-di-tert-butyl-2,3-dimethylethylen 
diamide telluriumdichloride 

[0261] 2.36 g (8.79 mmol) of TeCl4 are suspended in 100 
mL of THF (only partially soluble) in a 200 mL Schlenk ?ask 
equipped With a magnetic stirring bar. A solution of 1.77 g 
(8.79 mmol) of N,N'-di-tert-butyl-2,3-dimethylethylenedi 
amine and 1.78 g (17.58 mmol) of triethylamine in 5 mL of 
THF is prepared. This solution in added to the TeCl4 suspen 
sion and the reaction mixture turns cloudy immediately. A 
mild exothermic reaction is observed. It is stirred overnight a 
room temperature. The reaction mixture is ?ltered through a 
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medium glass-?lter frit leading to an amber colored solution. 
The volatiles are removed in a vacuum leaving 1.93 g (4.85 
mmol; 55% yield) of analytically pure product behind as an 
amber colored, microcrystalline solid. 
[0262] X-ray analysis quality crystals Were obtained by 
dissolving 0.5 g of product in 5 mL of toluene in a sample vial 
inside a controlled atmosphere glove-box. The solution is 
?ltered through a PTFE syringe ?lter and then placed in a 
—25° C. freezer. After 32 hours pale yelloW crystals of the title 
compound Were obtained, that Were suitable for X-ray analy 
sis. The product yielded by the foregoing procedure had the 
folloWing characteristics: 1H NMR in C6D6, ppm: 2.722 (q, 
2H, N(Me)-CHiCH-(Me)N); 1.227 (s, 18H, N-t-Bu); 1.080 
(s, 3H, N(Me)-CHiCH-(Me)N); 1.059 (s, 3H, N(Me)-CHi 
CH-(Me)N). 

EXAMPLE 5 

[0263] Di-tert-butyltelluride and Ge[PriNC(n-Bu)NPri]2, 
Wherein Pri is isopropyl, Were utiliZed as respective tellurium 
and germanium precursors to form a GeTe ?lm. GeTe ?lms 
can be formed using this germanium precursor, denoted 
GeBAMDN or GeM for ease of notation, and di-tert-butyl 
telluride, at temperatures beloW 300° C. or loWer, e.g., beloW 
280° C. or even 260° C. or loWer. In general, loWer tempera 
tures Will result in loWer content of tellurium, but the speci?c 
deposition rate of the ?lm Will also depend on the germanium 
and tellurium delivery rates in the deposition system. 
[0264] Di-tert-butyltelluride and Ge[PrjNC(n-Bu)NPrj]2 
Were used to deposit GeTe ?lms at the illustrative conditions 
identi?ed beloW, With the folloWing ?lm thickness and tellu 
rium concentration results. 

Saln- Temperature, pressure, FloW rates of GeM 
ple Film Growth Duration and Te(tBu)2 

Film Thickness, 
% Te in ?lm 

1 280° C., 8 torr, 8 min 20/160 GeM/Te(tBu) 124 A’, 73% T6 
2 plnole/min V 

2 260° C., 8 torr, 16 min 20/160 GeM/Te(tBu) 179 A, 125% T6 
2 plnole/min 

[0265] The invention in another aspect involves use of con 
trol agents to combat vapor phase pre-reaction of the precur 
sors described herein, that otherWise causes uneven nucle 
ation on the substrate, longer incubation times for deposition 
reactions, and loWer quality product ?lms. Such pre-reaction 
may for example be particularly problematic in applications 
involving chalcogenide ?lms, related source materials (0, S, 
Se, Te, Ge, Sb, Bi, etc.), and/or manufacture of phase change 
memory and thermoelectric devices. 
[0266] Pre-reaction may occur When the precursor reagents 
described herein are introduced to the deposition chamber, as 
in chemical vapor deposition, and may also occur in atomic 
layer deposition (ALD) processes, depending on the speci?c 
arrangement of ALD cycle steps and the speci?c reagents 
involved. 
[0267] The invention therefore contemplates the use of 
control agents With the precursors described herein, Whereby 
detrimental gas phase pre-reactions are suppressed, mitigated 
or eliminated, so that deposition reactions are induced/en 
hanced on the substrate surface, and ?lms of superior char 
acter are e?iciently formed. 
[0268] The control agents that can be utiliZed With precur 
sors of the invention for such purpose include agents selected 


























