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(57) ABSTRACT 

A method for forming optical devices on planar substrates, 
as Well as optical devices formed by the method are 

described. The method uses a linear injection APCVD 

process to form optical Waveguide devices on planar sub 
strates. The method is performed at approximately atmo 

spheric pressure. According to the method, a Wafer With a 
loWer cladding layer already formed by either CVD or 
oxidation is placed on a conveyer, Which may include a 

heating element. The heated Wafer is transported underneath 
a linear injector such that the chemicals from the linear 

injector react on the Wafer surface to form a core layer. After 

the core layer is formed, photoresist is spun on the surface 

of the Wafer, and then standard lithography is used to pattern 
the optical devices. Next, reactive ion etching (RIE) is used 
to form Waveguide lines. The remaining photoresist is then 
removed. An upper cladding layer is formed to substantially 
cover the core regions. The upper cladding layer may be 
formed in a manner similar to that used to form the core 

layer. The refractive index of the upper cladding layer is 
generally the same as that of the loWer cladding layer. The 
refractive index of the core layer is generally 0.2% to 2% 

greater than that of the upper and loWer cladding layers. 
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LOW LOSS OPTICAL WAVEGUIDE DEVICE 

BACKGROUND OF THE INVENTION 

[0001] Optical Waveguide devices formed on planar sub 
strates have become important elements for various optical 
network applications, including multiplexer and demulti 
plexer in dense Wavelength division multiplexing (DWDM) 
systems and components in passive optical netWorks (PON). 
This technology alloWs multiple functional units to be 
integrated on a single substrate. 

[0002] The key to forming optical Waveguide devices on 
a planar substrate is the deposition process. In order to 
produce high quality devices, the deposition process must 
produce stable ?lms that demonstrate loW optical loss. 
Ideally, the deposition method should provide for high 
throughput as Well as high quality devices. 

[0003] Various methods have been used to form optical 
Waveguide devices on a planar substrate. For example, 
halide materials have been used to form device layers. 
HoWever, this method requires special handling of the 
corrosive halide materials. Another method that has been 
used is deposition at sub-atmospheric pressure; for example, 
sub-atmospheric plasma-enhanced chemical vapor deposi 
tion (PECVD). HoWever, this method provides a loWer 
deposition rate than the current invention. A third method 
that has been used is atmospheric pressure chemical vapor 
deposition (APCVD) using a shoWerhead con?guration. 
HoWever, this method provides less than optimal Wafer-to 
Wafer uniformity than does the current invention. 

SUMMARY OF THE INVENTION 

[0004] The current invention provides a method for form 
ing optical Waveguide devices on a planar substrate that does 
not involve using corrosive halide materials. The method 
provides an improved throughput over reduced pressure 
methods and better Wafer-to-Wafer uniformity than shoWer 
head APCVD methods. 

[0005] The current invention uses a linear injection 
APCVD method to form layers for optical Waveguide 
devices on planar substrates. A linear injector apparatus that 
can be used to perform the method of the current invention 
is described in US. Pat. No. 5,855,957 to Yuan, Which is 
hereby incorporated by reference. 

[0006] The current invention does not use corrosive halide 
materials; instead it uses primarily metal-organic materials, 
such as tetraethylorthosilicate (TEOS), trimethylphosphite 
(TMPi), triethylphosphate (TEPo), trimethylborate (TMB), 
triethylborate (TEB), and tetramethyloxygermane (TMOG). 
[0007] The process is performed at approximately atmo 
spheric pressure and therefore provides a higher deposition 
rate than reduced pressure processes. For example, a depo 
sition rate of 0.6 pm/min has been obtained With the process. 
Additionally, the linear injector method enables the user to 
obtain a very uniform deposition. For example, the method 
has been used to produce layers With refractive index 
uniformity of Within 10.0002, While layer thickness has been 
controlled to be uniform to Within 14%. 

[0008] According to the method, a Wafer With a loWer 
cladding layer already formed by either CVD or oxidation is 
placed on a conveyer; for example, a conveyer belt transport 

Jul. 18, 2002 

device. The conveyer may also include a heating element to 
heat the Wafer, although other means may be used to heat the 
Wafer. If the Wafer includes a quartZ glass or fused silica 
substrate, the substrate may act as the loWer cladding layer. 

[0009] The linear injector transports materials to the Wafer 
for formation of the subsequent core and upper cladding 
layers. Materials used to form the core and upper cladding 
layers include TEOS, TMPi, TEPo, TMB, TEB, and TMOG. 
OxidiZing agents, for example an O3/O2 mixture, are also 
used to form the core and upper cladding layers. 

[0010] In order to form the core layer, TEOS is used as a 
source gas. The core layer may include dopants; for 
example, P205, GeO2, and TiO2 may be used as dopants for 
the core layer. The dopants may increase the refractive index 
of the core layer as needed to provide the necessary optical 
properties for the resulting device. The conveyer transports 
the heated Wafer underneath the linear injector such that the 
chemicals from the linear injector react on the Wafer surface 
to form the core layer. 

[0011] After the core layer is formed, photoresist is spun 
on the surface of the Wafer, and standard lithography is used 
to pattern the optical devices. Next, reactive ion etching 
(RIE) is used to form core regions. The remaining photo 
resist is then removed. 

[0012] After the photoresist is removed, the upper clad 
ding layer is formed. The upper cladding layer may be 
formed in a manner similar to that used to form the core 
layer. The upper cladding layer may include dopants; for 
example, P205 or B203 may be used as dopants in the upper 
cladding layer. The upper cladding dopants may be used to 
make the glass ?oW better to ?ll in betWeen the etched core 
regions. The upper cladding layer substantially covers the 
core regions. The refractive index of the upper cladding 
layer is generally the same as that of the loWer cladding 
layer. The refractive index of the core layer is generally 
0.2% to 2% greater than that of the upper and loWer cladding 
layers. 

[0013] The current invention also includes optical 
Waveguide devices formed using the described method. For 
example, it includes Array Waveguide Grating (AWG) 
devices formed using the method. 

[0014] This invention can be more fully understood in 
light of the folloWing detailed description taken together 
With the accompanying ?gures. Like elements are desig 
nated by like reference numerals throughout the ?gures. 

BRIEF DESCRIPTION OF THE FIGURES 

[0015] FIG. 1 is a cross sectional vieW of an optical 
Waveguide device; 

[0016] FIG. 2 provides a process How diagram; 

[0017] FIG. 3 is a cross sectional vieW of a linear injector 
apparatus; 

[0018] FIG. 4 illustrates the method by Which materials 
are transported to the linear injector. 

[0019] FIG. 5 is a graph of insertion loss versus Wave 
length for a 32 channel Array Waveguide Grating (AWG) 
formed using the described method. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] An optical Waveguide device formed on a planar 
substrate includes three layers formed on the substrate. 
Referring to FIG. 1, an optical Waveguide device 1 is 
formed on a planar substrate 10. The substrate 10 may be the 
Wafer itself or may be a layer formed on the surface of the 
Wafer. LoWer cladding layer 12 is doped or pure SiO2. It may 
be formed by CVD or by oxidation. It may be formed using 
the linear injector APCVD method of the current invention 
using pure or doped TEOS. The total dopant level for the 
loWer cladding layer 12 is typically 0-10 Wt %. If the 
substrate 10 is quartZ glass or fused silica, the substrate itself 
may act as the loWer cladding layer. The thickness of loWer 
cladding layer 12 is generally betWeen 2-20 pm. 

[0021] Core 14 is pure or doped SiO2 Examples of dopants 
include P205, GeO2, and TiO2. The core dopants increase 
the material’s refractive index in order to obtain the required 
optical properties of the completed device. The refractive 
index of the core is normally 0.2% to 2% greater than that 
of the cladding layers. The total dopant level for the core 
layer is typically 1-20 Wt % and the ?lm thickness is 
typically 1-10 pm. 

[0022] The upper cladding layer 16 is pure or doped SiO2. 
For example, P205 or B203 may be used as dopants in the 
upper cladding layer. The refractive index of the upper 
cladding layer 16 is generally matched to the refractive 
index of the loWer cladding layer 12. The total dopant level 
for the upper cladding layer 16 is generally 0-15 Wt % and 
the thickness is typically 2-20 pm. 

[0023] FIG. 2 illustrates the process of the current inven 
tion. In step 100, the loWer cladding layer 12 has already 
been formed by CVD or oxidation on substrate 10. The core 
layer 14A is formed on top of the loWer cladding layer using 
the method of the invention. In step 200, photoresist layer 15 
is spun on to the surface of core layer 14A. In step 300, the 
Waveguide patterns are de?ned using standard lithography 
techniques. In step 400, cores 14 are formed With reactive 
ion etching (RIE) using standard etching techniques. In step 
500, the residual photoresist material is removed. In step 
600, the upper cladding layer 16 is formed using the method 
of the invention. The upper cladding layer substantially 
covers the core structure. 

[0024] FIG. 3 shoWs an apparatus that may be used to 
perform the method of the current invention. Wafer 20 is 
moved through reaction chamber 28 by conveyer 22. The 
conveyer 22 may include a heating element Which heats the 
Wafer (not shoWn). For example, the Wafer may be heated to 
approximately 500° C. Alternately, other methods may be 
used to heat the Wafer. The Wafer is heated in order to alloW 
the raW materials to react on the surface of the Wafer to form 
the necessary layers. 

[0025] RaW material source lines 26 (Which may transport 
TEOS, dopant source materials such as TMOG, TMPi, 
MEPo, TMB, and TEB, or oxidiZing agents) transport the 
raW materials to the linear injector 24. The oxidiZing agent 
used in the process is typically an O3/O2 mixture; for 
example, 30 g/m3 of O3 in O2. The raW materials are 
transported through one or more injection ports 17 toWard 
heated Wafer 20. When the materials reach the heated Wafer, 
they react With the surface material and form a layer on the 
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surface. The linear injector does not provide raW materials to 
the entire surface of the Wafer at one time; instead the raW 
materials are provided over an exposure area that depends 
on the geometry of the injector and the distance betWeen the 
injector ports and the Wafer. The entire surface of the Wafer 
passes through the exposure area as the Wafer 20 is moved 
through the reaction chamber 28 on the conveyer 22. 

[0026] By-products of the reaction and unreacted gases 
may be removed from the chamber 28 through exhaust ports 
18 positioned on either side of the injector 24. 

[0027] FIG. 4 illustrates the method by Which raW mate 
rials such as TEOS may be transported to the linear injector. 
Carrier gas 30, for example nitrogen, enters the bubbler 32 
Which contains the desired material; for example, TEOS. As 
the carrier gas passes through the material it creates bubbles 
containing the vapor of the material. Amixture 34 of carrier 
gas and vapor of one or more desired materials flows into the 
linear injector and then mixes With oxidiZing agents. By 
adjusting and controlling the carrier gas flow rates to the 
bubblers, the amount of vapor for each material can be 
precisely maintained. The folloWing formula is used to 
calculate the amount of each material fed into the linear 
injector: 

[0028] Where n=the number of moles per minute of the 
material fed into the linear injector, Pv=vapor pressure of the 
material in torr, and f=the carrier gas flow rate in standard 
liters per minute. 

[0029] Additional bubblers 35 may be used to provide 
additional materials, for example they may hold the source 
materials for one or more dopants. 

EXAMPLE 

[0030] The method of the invention Was performed in the 
folloWing manner. A silicon Wafer With an oxide loWer 
cladding layer Was provided. A core layer of SiO2 doped 
With 8 Wt % P205 Was then formed using the method 
described above. The Waveguide structure Was patterned 
using standard photolithography and RIE techniques. Then 
an upper cladding layer covering the core structure Was 
formed using SiO2 doped With 2 Wt % P205 and 5 Wt % 
B203. 
[0031] The loss values for Waveguides produced using this 
method Were 0.1 dB/cm for straight Waveguides and 0.25 
dB/cm for curved Waveguides. 

[0032] Additionally, array Waveguide grating devices for 
Wavelength division multiplexing and demultiplexing appli 
cations have been fabricated using this method. They exhib 
ited less than 6 dB loss and approximately 30 dB cross talk. 
FIG. 6 shoWs a graph of insertion loss versus Wavelength for 
a 32 channel Array Waveguide Grating (AWG) formed using 
the described method. 

[0033] The preceding example illustrates one embodiment 
of the invention. Other embodiments of the invention can be 
used as Well. For example, good results Were obtained using 
SiO2 doped With 7-9 Wt % P205 for the core layer and SiO2 
doped With 1-2 Wt % P205 and 3-5Wt % B203 for the upper 
cladding layer. 
[0034] The above-described embodiments of the present 
invention are merely meant to be illustrative and not limit 
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ing. It Will thus be obvious to those skilled in the art that 
various changes and modi?cations may be made Without 
departing from this invention in its broader aspects. 

We claim: 
1. A method for producing an optical Waveguide device, 

comprising: 
providing a Wafer comprising a Wafer material positioned 

on a conveyer, said Wafer providing a loWer cladding 

material; 
providing a linear injector positioned to transport a layer 

formation material onto an eXposure area, such that 
When said Wafer is conveyed through said eXposure 
area said layer formation material can form a layer on 
said Wafer; 

forming a core layer on said loWer cladding material by 
conveying said Wafer on said conveyer through said 
eXposure area While said linear injector transports a 
core layer formation material onto said eXposure area at 
approximately atmospheric pressure; 

forming a core by etching said core layer; and 

forming an upper cladding layer on said core region by 
conveying said Wafer on said conveyer through said 
eXposure area While said linear injector transports an 
upper cladding layer formation material onto said eXpo 
sure area at approximately atmospheric pressure, such 
that said upper cladding layer substantially covers said 
core. 

2. The method of claim 1 Wherein the loWer cladding 
material is a loWer cladding layer on said Wafer. 
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3. The method of claim 1 Wherein the loWer cladding 
material is the Wafer material. 

4. The method of claim 1, further comprising the step of 
heating the Wafer. 

5. The method of claim 1, Wherein the core layer forma 
tion material includes TEOS. 

6. The method of claim 1, Wherein the core layer forma 
tion material includes TEPo. 

7. The method of claim 1, Wherein the core layer forma 
tion material includes TMPi. 

8. The method of claim 1, Wherein the core layer forma 
tion material includes TMOG. 

9. The method of claim 1, Wherein the core layer forma 
tion material includes an oXidiZing agent. 

10. The method of claim 1, Wherein the upper cladding 
layer formation material includes TEOS. 

11. The method of claim 1, Wherein the upper cladding 
layer formation material includes TMPi. 

12. The method of claim 1, Wherein the upper cladding 
layer formation material includes TEPo. 

13. The method of claim 1, Wherein the upper cladding 
layer formation material includes TEB. 

14. The method of claim 1, Wherein the upper cladding 
layer formation material includes TMB. 

15. The method of claim 1, Wherein the upper cladding 
layer formation material includes an oXidiZing agent. 

16. An optical Waveguide device made according to the 
process of claim 1. 


