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(57) ABSTRACT 

A multiple dielectric device and its method of manufacture 
overlaying a semiconductor material, comprising a sub 
strate, an opening relative to the substrate, the opening 
having an aspect ratio greater than about tWo, a ?rst dielec 
tric layer in the opening, Wherein a portion of the opening 
not ?lled With the ?rst dielectric layer has an aspect ratio of 
not greater than about tWo, and a second dielectric layer over 
said ?rst dielectric layer. The deposition rates of the ?rst and 
second dielectric layers may be achieved through changes in 
process settings, such as temperature, reactor chamber pres 
sure, dopant concentration, ?oW rate, and a spacing betWeen 
the shoWer head and the assembly. The dielectric layer of 
present invention provides a ?rst layer dielectric having a 
10W deposition rate as a ?rst step, and an ef?ciently formed 
second dielectric layer as a second completing step. 
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MULTI-LAYER DIELECTRIC AND METHOD OF 
FORMING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not Applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention is directed, generally, to an 
assembly having a multi-layer dielectric and its method of 
manufacture. 

[0005] 2. Description of the Prior Art 

[0006] Dielectric layers are very important in the produc 
tion of integrated circuits because they provide an insulating 
barrier betWeen conductive layers and protect the underlying 
layers from such things as impurities, moisture, and stress 
related impacts. It is desirable that the dielectric layer ?ll the 
spaces betWeen the parallel conductors. OtherWise, voids 
left betWeen the conductors can cause the circuit to fail for 
a variety of reasons, such as latent defects caused by 
impurities and moisture. Voids betWeen the parallel conduc 
tors can also cause the circuits to fail due to electric shorts 
betWeen structures formed subsequent to the dielectric depo 
sition. Furthermore, certain dielectric characteristics cause 
undesirable effects, such as “cross talk” betWeen parallel 
conductors of current. Accordingly, the quality of the dielec 
tric layer is a factor in the reliability and performance of the 
integrated circuit. 

[0007] FIG. 9 illustrates a dielectric formation problem 
knoWn in the art knoWn as “shadowing”, Wherein some areas 
in the openings 118 betWeen the structures 112 are more 
prone to developing voids 110 during the formation of the 
dielectric layer 102, thereby resulting in a less effective 
integrated circuit. Various attempts have been made to 
reduce or eliminate shadoWing, and thereby improve the 
overall quality of the dielectric layer. 

[0008] It is knoWn to form multiple dielectric layers to 
provide bene?ts not available With a single dielectric layer 
to improve dielectric quality. HoWever, several de?ciencies 
exist in the prior art. For example, it is knoWn to form a 
multi-layer dielectric having an adhesive coating betWeen 
each dielectric layer. The adhesive coating, hoWever, intro 
duces an additional step in the fabrication process, Which 
reduces manufacturing ef?ciency and increases costs. Also, 
it is knoWn to form three layers of dielectric material having 
varying degrees of quality and thickness, With the third top 
layer being relatively thick. Formation of a three layered 
dielectric, hoWever, requires signi?cant manufacturing time 
and cost, particularly When thickness and high quality are 
necessary characteristics of one of the layers. 

[0009] Accordingly, the need exists for an improved mul 
tiple layer dielectric providing good gap-?ll characteristics, 
Whereby only tWo layers are needed, and an adhesive layer 
is not needed. 
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BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention is directed to an assembly 
having a substrate, an opening relative to the substrate, the 
opening having an aspect ratio greater than about tWo, a ?rst 
dielectric layer in the opening Wherein a portion of the 
opening not ?lled With the ?rst dielectric layer has an aspect 
ratio of not greater than about tWo, and a second dielectric 
layer over the ?rst dielectric layer. Reducing the aspect ratio 
of the opening by forming the ?rst dielectric layer and 
completing the dielectric layer by forming the second dielec 
tric layer may be achieved through changes in process 
settings, such as temperature, reactor chamber pressure, 
dopant concentration, ?oW rate, and spacing betWeen the 
shoWer head and the assembly. 

[0011] The present invention also includes a method of 
forming a dielectric layer in an opening having an aspect 
ratio of greater than about tWo comprising forming a ?rst 
dielectric layer in the opening Wherein a portion of the 
opening not-?lled With the ?rst dielectric layer has an aspect 
ratio of not greater than tWo, and forming a second dielectric 
layer over the ?rst dielectric layer. 

[0012] The present invention also may be embodied in and 
used to form dielectrics associated With structures such as 
electrical conductors in integrated circuits, such as are used 
to form memory arrays, logic circuits, memory devices, 
processors, and systems. 

[0013] The present invention solves problems experienced 
With the prior art because it combines both quality and 
ef?ciency in the forming process. The present invention 
provides a dielectric layer and method of manufacture 
comprising a ?rst layer dielectric having improved gap-?ll at 
a loW deposition rate as a ?rst step, and an efficiently formed 
second dielectric layer as a second completing step. 

[0014] Those and other advantages and bene?ts of the 
present invention Will become apparent from the description 
of the preferred embodiments hereinbeloW. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0015] For the present invention to be clearly understood 
and readily practiced, the present invention Will be described 
in conjunction With the folloWing ?gures, Wherein: 

[0016] FIG. 1 is a cross-sectional vieW of a semiconductor 
of the present invention illustrating the dielectric layer of the 
present invention formed over a substrate; 

[0017] FIG. 2 is a cross-sectional vieW of an alternate 
embodiment of the dielectric layer of FIG. 1 formed over a 
gate electrode; 

[0018] FIG. 3 is an alternate embodiment of the present 
invention illustrating a top surface of the ?rst dielectric layer 
positioned beloW an edge of the structure formed over the 
substrate; 
[0019] FIG. 4 is an alternate embodiment of the present 
invention illustrating a ?rst dielectric layer formed beloW an 
edge of the structure Which is formed over the substrate so 
that a portion of the opening not ?lled by the ?rst dielectric 
layer has an aspect ratio of not greater than tWo. 

[0020] FIG. 5 illustrates the relationship betWeen average 
void length and deposition temperature for 6.9% PSG at 200 
torr; 
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[0021] FIG. 6 illustrates the relationship betWeen average 
void length and deposition pressure for 6.9 PSG at 530° C.; 

[0022] FIG. 7 illustrates the relationship betWeen average 
void area and suseptor spacing for 2.7><7.2 BPSG; and 

[0023] FIG. 8 is a high level block diagram illustrating a 
system utiliZing the dielectric layer of the present invention. 

[0024] FIG. 9 illustrates a prior art dielectric layer for 
mation Wherein a siZable void is formed in the opening due 
to the shadoWing effect. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] It is to be understood that the ?gures and descrip 
tions of the present invention have been simpli?ed to 
illustrate elements that are relevant for a clear understanding 
of the present invention, While eliminating, for purposes of 
clarity, other elements. Those of ordinary skill in the art Will 
recogniZe that other elements may be desirable and/or 
required in order to implement the present invention. HoW 
ever, because such elements are Well knoWn in the art, and 
because they do not facilitate a better understanding of the 
present invention, a discussion of such elements is not 
provided herein. 

[0026] The present invention Will be described in terms of 
a doped silicon semiconductor substrate, although advan 
tages of the present invention may be realiZed using other 
structures and technologies, such as silicon-on-insulator, 
silicon-on-sapphire, and thin ?lm transistor. The term sub 
strate, as used herein, shall mean one or more layers or 
structures Which may include active or operable portions of 
a semiconductor device formed on or in the substrate. A 
substrate is often, but not alWays, the loWest layer of 
material. 

[0027] FIG. 1 is a cross-sectional vieW of an assembly 10 
including a number of structures 12 de?ning gaps or open 
ings 18 formed on a substrate 8 and covered With a multi 
layer dielectric 2 including a ?rst dielectric layer 14 and a 
second dielectric layer 16. The assembly 10 may be, for 
example, a portion of an integrated circuit, such as a portion 
of a memory array or a logic circuit, as may be used to form 
devices, such as memories and processors. 

[0028] The structures 12 are illustrated as being stepped 
structures, although they may take other forms. In the 
illustrated embodiment, the structures 12 have edges 20 that 
de?ne the opening 18. Although only tWo openings 18 are 
illustrated in the draWings, any number of openings 18 may 
be present on or in the substrate 8. The structures 12 may be, 
for example, conductive patterns formed directly on the 
substrate 8, and may be formed, for example, from any 
conductor of current, such as aluminum and polysilicon. The 
structures 12 may be formed, for example, by a deposition 
and etch process. For example, a layer of aluminum may be 
deposited over the entire substrate 8, such as by chemical 
vapor deposition (CVD) or by sputtering. The layer may be 
masked, such as With photoresist, and subjected to a selec 
tive etch. Thereafter, the photoresist may be removed to 
leave the structures 12 illustrated in FIG. 1. 

[0029] The ?rst dielectric layer 14 is formed With a 
relatively loW deposition rate process and includes a top 
surface 15. The ?rst dielectric layer 14 may partially ?ll the 
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opening 18 or may completely ?ll the opening 18 and cover 
the edges 20. It has been discovered that openings 18 having 
aspect ratios greater than about tWo are difficult to ?ll at 
relatively high deposition rates and often suffer from shad 
oWing effects. As described hereinbeloW, hoWever, the 
method of forming the ?rst dielectric layer 14 provides good 
gap-?ll characteristics, even at high aspect ratios of greater 
than about tWo. As a result, the ?rst dielectric layer 14 may 
partially ?ll the opening 18 so that the effective aspect ratio 
of the opening 18 is less than about tWo, as illustrated in 
FIG. 4. The ?rst dielectric layer 14 has desirable character 
istics such as, for example, reducing “cross talk”, thereby 
increasing reliability and performance. This bene?t is real 
iZed When the opening 18 is completely or nearly completely 
?lled, as illustrated in FIGS. 1 and 3, respectively. 

[0030] The second dielectric layer 16 is formed With a 
higher deposition rate process than the ?rst dielectric layer 
14 to reduce processing time, and includes a top surface 17 
that is above the opening 18. The second dielectric layer 16 
may be formed at a higher deposition rate Without producing 
undesirable gap-?ll characteristics because the ?rst dielec 
tric layer 14 has either completely ?lled the opening 18 or 
has reduced the aspect ratio of the opening 18. 

[0031] The ?rst and second dielectric layers 14, 16 may be 
formed, for example, from silicon oxide, tetraethylorthosili 
cate (TEOS) oxide, silicon nitride, or oxynitride. The ?rst 
and second dielectric layers 14, 16 may be formed, for 
example, through chemical vapor deposition (CVD) or 
sputtering. The relative deposition rates of the ?rst and 
second dielectric layers 14, 16 may be controlled by chang 
ing one or more process settings during the formation of the 
dielectric layers 14, 16. The process settings include tem 
perature, pressure, dopant concentration, TEOS and dopant 
?oW rates, and spacing betWeen the suseptor or shoWer head 
28 and the assembly 10. 

[0032] Several variables affect the gap-?ll characteristics 
of the dielectric layer 2. For example, a deposition process 
using oZone and TEOS provides superior gap-?ll properties 
over a process using hydride-precursors such as silane and 
oxygen. It has been observed that some process conditions 
using oZone-TEOS deposition yield particularly good gap 
?ll results. For example, undoped ?lms provide better gap 
?ll characteristics and create less voids than doped ?lms. 
Also, high temperature and high pressure depositions pro 
vide better gap-?ll characteristics than loW temperature and 
loW pressure depositions. In general, loW deposition rate 
oZone-TEOS processes provide better gap-?ll than high 
deposition rate processes. 

[0033] Controlling pressure to regulate deposition rates 
for the ?rst and second dielectric layers 14, 16 is particularly 
advantageous for purposes of the present invention because 
pressure change can be accomplished easily and quickly. 
Similarly, temperature may be controlled to regulate depo 
sition rates, such as With rapid thermal processing (RTP) 
techniques. 

[0034] Changes in the process settings in?uence the depo 
sition ?oW rate of the ?rst dielectric layer 14 in order to 
reduce the aspect ratio of the opening 18 to not greater than 
about tWo. The ?rst dielectric layer 14 may be formed at the 
folloWing chemical process settings in order to achieve loW 
deposition rate: (1) a substrate temperature ranging from 
about 550° C. to about 600° C.; (2) a reactor chamber 
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pressure ranging from about 400 torr to about 760 torr When 
employing TEOS; (3) a dopant concentration of boron 
ranging from about 3% to.about 5% by Weight, preferably 
ranging from about 3% to about 4% by Weight, and of 
phosphorus ranging from about 5% to about 8% by Weight, 
preferably ranging from about 5% to about 6% by Weight; 
(4) a TEOS ?oW rate from about 100 mg/min to about 300 
mg/min; and (5) a spacing betWeen the shoWer head 28 and 
the assembly 10 ranging from about 250 mil to about 300 
mil. The ?rst layer 14 may be formed, for example, employ 
ing ozone-TEOS at a temperature of 575° C., a pressure of 
600 torr, a boron and phosphorus Weight percent of 3% and 
8% respectively, a How rate of 300 mg/min, and a shoWer 
head spacing of 275 mil. The ?rst dielectric layer 14 may be 
formed at a deposition rate in the range of about 1,000 to 
about 2,000 A/min When employing oZone and tetraethy 
lorthosilicate (TEOS). 

[0035] The second dielectric layer 16 may be formed at 
the folloWing process settings in order to achieve high 
deposition rate: (1) a substrate temperature ranging from 
about 400° C. to about 500° C.; (2) a reactor chamber 
pressure ranging from about 100 torr to about 300 torr When 
employing TEOS; (3) a dopant concentration of boron 
ranging from about 3% to about 5% by Weight, preferably 
ranging from about 4% to about 5% by Weight, and of 
phosphorus ranging from about 5% to about 8% by Weight, 
preferably ranging from about 7% to about 8% by Weight; 
(4) a TEOS ?oW rate from about 600 mg/min to about 700 
mg/min; and (5) a spacing betWeen the shoWer head 28 and 
the assembly 10 ranging from about 175 mil to about 200 
mil. The second layer 16 may be formed, for example, 
employing TEOS at a temperature of 480° C., a pressure of 
200 torr, a boron and phosphorus Weight percent of 3% and 
8% respectively, a How rate of 600 mg/min, and a shoWer 
head spacing of 200 mil. Advantages of the present inven 
tion may be realiZed from a single change in a single process 
parameter or as a combination of changes in tWo or more 
process parameters from the formation of the ?rst dielectric 
layer 14. The second dielectric layer 16 may be formed at a 
deposition rate in the range of about 2,500 to about 4,000 
A/min. When employing oZone and TEOS. 

[0036] PlanariZation may occur after formation of the ?rst 
dielectric layer 14, after formation of the second dielectric 
layer 16, or both. For example, mechanical abrasion, such as 
chemical-mechanical planariZation (CMP), and reactive ion 
etch (RIE) etch-back planariZing are particularly useful in 
preparing the dielectric layer 2 of the present invention for 
subsequent processing steps. 

[0037] FIG. 2 illustrates the assembly 10 in the form of a 
MOS transistor. The structures 12a, 12b, 12c are contacts to 
source, gate, and drain portions, respectively, of the transis 
tor 10. A gate oxide 22 is under the gate contact 12b, and 
doped regions 24, 26 are formed in the substrate 8 under the 
source and drain contacts 12a, 12c, respectively. The assem 
bly 10 may also be used, for example, to form capacitors and 
in memory arrays and logic arrays, such as may be used to 
form memory devices and processors. 

[0038] FIG. 3 illustrates another embodiment of the 
present invention Wherein the top surface 15 of the ?rst 
dielectric layer 14 is beloW the top edge 20 of the structures 
12, although still substantially ?lling the openings 18 ther 
ebetWeen. The second dielectric layer 16 is formed over and 
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adjacent to the ?rst dielectric layer 14. Although it is 
particularly bene?cial to form the ?rst dielectric layer 14 
that ?lls the openings 18 betWeen the structures 12 so that its 
top surface 15 completely covers the top edge 20, as 
described above, it is contemplated that either by design or 
due to manufacturing variations, the top surface 15 of the 
?rst dielectric layer 14 may fall beloW the edges 20 of the 
structures 12 at various cross-sectional points along the top 
surface 15. In those situations, the ?rst dielectric layer 14 
Will still provide a high quality protective and insulating 
layer betWeen the structures 12. The slight depressions 30 
that fall beloW the edges 20 of the structures 12 Would be 
covered and ?lled by the second dielectric layer 16, and 
Would not adversely effect the overall performance of the 
dielectric layer 2. Furthermore, because the slight depres 
sions 30 have an aspect ratio of less than about tWo, they can 
be effectively ?lled by the second dielectric layer 16. 

[0039] FIG. 4 illustrates another embodiment of the 
present invention Wherein the top surface 15 of the ?rst 
dielectric layer 14 is substantially beloW the top edge 20 of 
the structures 12, so that the portion of the opening 18 not 
?lled by the ?rst dielectric layer 14 has an aspect ratio 
greater than the slight depressions 30 illustrated in FIG. 3, 
but still not greater than about tWo. The ?rst dielectric layer 
14 is formed at a loW deposition rate that provides good 
surface mobility that reduces or eliminates voids as a result 
of the shadoWing effect. The second dielectric layer 16 is 
formed over and adjacent to the ?rst dielectric layer 14 at a 
high deposition rate to complete the forming process. The 
second dielectric layer 14 may be formed quickly to reduce 
the manufacturing time and cost. 

[0040] In operation, the present invention provides a 
dielectric layer 2 comprising a ?rst dielectric layer 14 
formed at a loW deposition rate, and a second dielectric layer 
16 formed at a higher deposition rate. The ?rst dielectric 
layer 14 formed at the loW deposition rate and process 
setting ranges described above provide good gap-?ll char 
acteristics during the ?rst step When the impingement rate is 
loW so that voids betWeen the structures 12 due to the 
shadoWing effect are either eliminated or greatly reduced. As 
a result, the ?rst dielectric layer 14 provides improved 
protective, insulating and capacitive qualities in the critical 
gap areas betWeen the structures 12 Where it is most ben 
e?cial, to protect the circuit from impurities, moisture, and 
stress related impacts. After the ?rst dielectric layer is 
deposited using a loW deposition rate process, and the spaces 
betWeen the structure 12 are either partially or completely 
?lled, the second dielectric layer 16 is deposited at a high 
deposition rate, thereby saving manufacturing time and cost. 

[0041] In addition, the present invention provides a 
method of forming the multi-layer dielectric in openings 18 
formed relative to the substrate 8. The ?rst dielectric layer 14 
is formed in an opening 18 having an aspect ratio greater 
than about tWo at the relatively loW deposition rate to 
substantially cover the openings 18 betWeen the structures 
12 via the ?rst set of process settings provided above. The 
second dielectric layer 16 is then formed over and adjacent 
to the ?rst dielectric layer 14 at the relatively high deposition 
rate via the second set process settings provided above. The 
top surface 17 of the second dielectric layer 16 covers the 
opening 18 and completes the formation process. 

[0042] The same method described above is used to form 
the dielectric layer 2 illustrated in FIG. 3 but for the top 
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surface 15 of the ?rst dielectric layer 14 being partially 
below the top edges 20 of the structures 12 at various 
cross-sectional points along the top surface 15. In like 
manner, the same method described above is used to form 
the dielectric layer 2 illustrated in FIG. 4, but the ?rst 
dielectric layer 14 is formed in an opening 18 having an 
aspect ratio greater than about tWo so that a portion of the 
opening 18 not ?lled by the ?rst dielectric layer 14 has an 
aspect ratio not greater than about tWo. 

EXAMPLES 

[0043] The beloW eXamples are provided to shoW the 
relationship betWeen various process conditions and void 
siZes measured in scanning electron microscope (SEM) 
cross-sections for phosphosilicate glass (PSG) and boro 
phosphosilicate glass (BPSG) ?lms deposited under a vari 
ety of conditions. FIG. 5 shoWs the average void length 
versus deposition temperature for 6.9% PSG at 200 torr. 
FIG. 6 shoWs the average void length versus deposition 
pressure for 6.9 PSG at 530° C. FIG. 7 shoWs the average 
void area versus suseptor spacing for 2.7><7.2 BPSG. In each 
of FIGS. 5-7, all other deposition parameters Were held 
constant. FIGS. 5-7 shoW that processes having loWer 
deposition rates have better gap-?ll characteristics (smaller 
voids) than processes With higher deposition rates. 

[0044] FIG. 8 is a high level block diagram illustrating a 
system 50 including a ?rst device 52, a bus 54, and a second 
device 56. The system 50 may be, for example, a memory 
system or a computer system. The ?rst device 52 may be a 
processor, and the second device 56 may be a memory. The 
?rst device 52 and the second device 56 may communicate 
via the bus 54. The ?rst and second devices 52, 56 may 
include assemblies, such as conductors, including dielectrics 
formed according to the teaching of the present invention, 
that may be used to form memory arrays and logic circuits. 

[0045] Those of ordinary skill in the art Will recogniZe that 
many modi?cations and variations of the present invention 
may be implemented. The foregoing description and the 
folloWing claims are intended to cover all such modi?ca 
tions and variations. 

1-57. (canceled) 
58. A method of forming a dielectric layer over a surface 

having at least one opening therein, comprising: 

forming a ?rst dielectric layer at a ?rst deposition rate 
over the surface and in the opening such that the ?rst 
dielectric layer is substantially free of voids, the open 
ing having an aspect ratio greater than about tWo; and 

forming a second dielectric layer at a second deposition 
rate greater than the ?rst deposition rate over the ?rst 
dielectric layer, the second layer having a top surface 
over the opening. 

59. The method of claim 58, further comprising 

providing a substrate; and 

forming the opening in the substrate. 
60. The method of claim 59, Wherein providing the 

substrate includes providing a substrate selected from the 
group consisting of a silicon substrate, an insulator substrate, 
and a sapphire substrate. 
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61. The method of claim 58, Wherein forming a ?rst 
dielectric layer includes forming the ?rst dielectric layer 
having a top surface over the opening. 

62. The method of claim 58, Wherein forming a ?rst 
dielectric layer includes forming the ?rst dielectric layer 
having a top surface that is Within the opening. 

63. The method of claim 58, Wherein: 

forming a ?rst dielectric layer includes forming the ?rst 
dielectric layer through an ozone-TEOS deposition; 
and 

forming a second dielectric layer includes forming the 
second dielectric layer through an ozone-TEOS depo 
sition. 

64. The method of claim 58, Wherein: 

forming a ?rst dielectric layer includes forming the ?rst 
dielectric layer at a ?rst process setting; and 

forming a second dielectric layer includes forming the 
second dielectric layer at a second process setting at a 
predetermined relationship With the ?rst process set 
ting. 

65. The method of claim 64, Wherein the ?rst process 
setting and the second process setting are selected from the 
group consisting of temperature, reactor chamber pressure, 
dopant concentration, ?oW rate, and shoWer head spacing. 

66. The method of claim 58, Wherein: 

forming a ?rst dielectric layer includes forming the ?rst 
dielectric layer at a ?rst temperature; and 

forming a second dielectric layer includes forming the 
second layer at a second temperature, the second tem 
perature being less than the ?rst temperature. 

67. The method of claim 58, Wherein: 

forming a ?rst dielectric layer includes forming the ?rst 
dielectric layer at a ?rst pressure; and 

forming a second dielectric layer includes forming the 
second dielectric layer at a second pressure, the second 
pressure being greater than the ?rst pressure. 

68. The method of claim 58, Wherein: 

forming a ?rst dielectric layer includes forming the ?rst 
dielectric layer at a ?rst dopant concentration; and 

forming a second dielectric layer includes forming the 
second layer at a second dopant concentration, the ?rst 
dopant concentration being less than the second dopant 
concentration. 

69. The method of claim 58, Wherein: 

forming a ?rst dielectric layer includes forming the ?rst 
dielectric layer at a ?rst total TEOS and dopant ?oW 
rate; and 

forming a second dielectric layer includes forming the 
second layer at a second total TEOS and dopant ?oW 
rate, the ?rst total TEOS and dopant ?oW rate being less 
than the second total TEOS and dopant ?oW rate. 

70. The method of claim 58, Wherein: 

forming a ?rst dielectric layer includes: 

providing a shoWer head at a ?rst distance from the 
substrate, and providing through the shoWer head con 
stituents forming the ?rst layer; and 
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forming the second dielectric layer includes: 

providing the shower head at a second distance from the 
substrate, the 

second distance loWer than the ?rst distance, and provid 
ing through the shoWer head constituents forming the 
second layer. 

71. A method of forming a dielectric layer over a surface 
having at least one opening therein during the manufacture 
of a semiconductor device, comprising: 

providing a substrate; 

forming an opening relative to the substrate, the opening 
having an aspect ratio greater than about tWo; 

forming a ?rst dielectric layer at a ?rst deposition rate 
over the surface and in the opening such that the ?rst 
dielectric layer is substantially free of voids; and 

forming a second dielectric layer at a second deposition 
rate greater than the ?rst deposition rate over the ?rst 
dielectric layer, the second layer ?lling the portion of 
the opening not ?lled With the ?rst dielectric layer and 
having a top surface over the opening. 

72. The method of claim 71, wherein forming an opening 
includes forming an opening in the substrate. 

73. The method of claim 71, wherein forming an opening 
includes forming an opening on the substrate. 
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74. The method of claim 71, wherein forming an opening 
includes forming a plurality of structures on the substrate so 
that the plurality of structures forms an opening. 

75. The method of claim 74, wherein forming a plurality 
the structures includes forming a plurality of conductors. 

76. A method of forming a dielectric layer over a surface 
having at least one opening therein, comprising: 

forming a ?rst dielectric layer at a ?rst deposition rate 
over the surface and in the opening such that the ?rst 
dielectric layer is substantially free of voids, the open 
ing having an aspect ratio greater than about tWo, the 
?rst layer being formed at a ?rst process setting; and 

forming a second and ?nal dielectric layer at a second 
deposition rate greater than the ?rst deposition rate over 
the ?rst dielectric layer, at least one of the ?rst and the 
second layer ?lling the opening such that the opening 
is substantially free of voids, the second layer having a 
top surface that is not Within the opening and being 
formed at a second process setting at a predetermined 
relationship With the ?rst process setting. 

77. The method of claim 76, Wherein the ?rst process 
setting and the second process setting are selected from the 
group consisting of temperature, reactor chamber pressure, 
dopant concentration, ?oW rate, and shoWer head spacing. 


