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etching with a patterned inductively coupled plasma (ICP) 
technique; isolating the device on the Substrate with addi 

(62) Division of application No. 12/201,618, filed on Aug. tional pattern etching patterning contacts, applying the con 
29, 2008, now Pat. No. 8,288,290. tactS. 

(21) Appl. No.: 13/615,984 

Related U.S. Application Data 

Sicci 
3: 

(EANA WER{SS 
S3 E. SISRAE 
REW, WA Ry: A 

liai ió 

ESTPA) 
XEEE 

ATTERN FRST 
C 

ECO 
{WER CONAC 

PATTERN 
SEi{NE 

24 

C ECC) 
{OXOE 

126 

EPOS 
CAN XE 

ONA AREA 
13 

AERN 
CTA MEA Avi 

  

  

  

  

  

    

  

    

  

    

    

    

    

  



Patent Application Publication 

6' Silico 
with 

(CMCS, & 
Piotic 

MECHANCAL 
SUBSTRAE 
REMOVA 

14 

ECS PAD 
OXE 

C ECO 
{WER CONAC 

CP ETC C. 
OXE 
i2G 

PATTERN 

PA"ERN 
C{NACT MEA 

34 

Jan. 3, 2013 

Bond of 
epitaxy to 
Processed 
Silicon 
Wafer 
li2 

RELEASE is STANDARD 
3ACK END OF THE LINE 

PROCESSENG 

Sheet 1 of 14 

WE R O CESS 
SUBSTRATE 
REVOWA 

6 

ATERN FRS 

PATERN 
SEC N3 EC 

a 

EOS" 
CADDENG OXE 

28 

3ANKE COA 
ALVNUM 

PASMA ETC 
A MNUM 

36. 

US 2013/0004781 A1 

Fig. 1 

  

  

  

    

  

  

  

  

    

  

  

  



Patent Application Publication Jan. 3, 2013 Sheet 2 of 14 US 2013/0004781 A1 

Starting from just 
after Contact and 
gate salicidation 
step 

Fig. 2A 
28 

BOX 



Patent Application Publication Jan. 3, 2013 Sheet 3 of 14 US 2013/0004781 A1 

Dielectric 
Deposition and 
CVP to re 
planerize 
Surface 

28 

BOX 
Fig. 2B 



Patent Application Publication Jan. 3, 2013 Sheet 4 of 14 US 2013/0004781 A1 

Deposit and Etch 
deposited silicon 
waveguide 
material. 

Fig. 2C 

  



Patent Application Publication Jan. 3, 2013 Sheet 5 of 14 US 2013/0004781 A1 

Deposit SiO2 and 
CVP Rack to rear 
top of guide. 
(Deposit Coupling, 
bond layer of 
SiO2, or leave 
enough SiO2 
Surface to ensure 
bond.) 

Fig. 2D 

  



Patent Application Publication Jan. 3, 2013 Sheet 6 of 14 US 2013/0004781 A1 

Ziptronix bond of nP Epi Materials, 

Bond diced materials to allow improved 
alignment and work within bounds of 
exsisting in P substrate material, will also 
allow different materials to be bonded to the 
different die on the same wafer facilitating a 
wider range of testable structures, 

Fig. 2E 
  



Patent Application Publication Jan. 3, 2013 Sheet 7 of 14 US 2013/0004781 A1 

P Substrates are 
mechanically 
thinned to ess 
than 20um 

- 24 

Fig. 2F 

  



Patent Application Publication Jan. 3, 2013 Sheet 8 of 14 US 2013/0004781 A1 

A C based 
etch is used to 
"We 

remaining in P 
Substrate to 
nGaAs etch 
Stop. 

4. 2 

(HCL should not 
erode remaining 
SiO2 Surface.) 

3OX 

Fig. 2G 

  



Patent Application Publication Jan. 3, 2013 Sheet 9 of 14 US 2013/0004781 A1 

Epitaxy is 
patterned and 
etched (2 step, 1st 
to lower Contact 
2nd for isolation 

  



Patent Application Publication Jan. 3, 2013 Sheet 10 of 14 US 2013/0004781 A1 

Top Contact, 
spacer (if 
needed) and 
lower Contact 
Vetals are 
applied 

  



Patent Application Publication Jan. 3, 2013 Sheet 11 of 14 US 2013/0004781 A1 

Cladding oxide is 
applied and 
planerised. 

Fig. 2J 

3OX 

  



Patent Application Publication Jan. 3, 2013 Sheet 12 of 14 US 2013/0004781 A1 

Vias are Cut, 
Fied a 
Polished. (Employ 
2 layers of via) 

Ill All IE 
Fig. 2K 

BOX 

  



Patent Application Publication Jan. 3, 2013 Sheet 13 of 14 US 2013/0004781 A1 

Deposit and cut 
Meta 

II III, III 
Fig.2L 

  



Patent Application Publication Jan. 3, 2013 Sheet 14 of 14 US 2013/0004781 A1 

C -W ASER 

fA 2 

38 
A 
38 

g SCON WAWEGO E 

28 

28 

Buried Oxide of the SO 
SO AWG 

Fig. 2M 



US 2013/0004781 A1 

INTEGRATION CMOS COMPATIBLE OF 
MICROANANO OPTICAL GAIN MATERALS 

RELATED APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 12/201618, filed Aug. 29, 2008. This application is 
herein incorporated by reference in its entirety for all pur 
poses. 

FIELD OF THE INVENTION 

0002 The invention relates to micro?nano gain materials, 
and more particularly, to the integration thereof into comple 
mentary metal oxide semiconductor devices. 

BACKGROUND OF THE INVENTION 

0003 Integrated optical systems, such as optical bus archi 
tectures and ultra-stable nano RF local oscillators are com 
posed of fundamental device structures requiring improved 
integrated optical gain materials. In the past, InGaA1AS/In 
GaAs laser structure have been overlooked as laser materials 
because as the TM and TE absorption is roughly equal and 
while it demonstrates exceptional gain for photons absorbed 
through the TE mode, the gain through TM absorption is zero. 
While in traditional configurations, this would be detrimental 
in the formation of lasers and amplifiers having a standard 
geometry, in a highly confined optical environment in which 
the TE can be selectively guided this becomes a significant 
advantage. 

SUMMARY OF THE INVENTION 

0004 One embodiment of the present invention will pro 
vide an InGaA1AS/InGaAs laser structure to achieve a unique 
integrated gain structure. 
0005 One embodiment of the present invention provides a 
method for the integration of an optical gain material into a 
Complementary metal oxide semiconductor device, the 
method comprising the steps of configuring a workpiece 
from a silicon wafer upon which is disposed an InP wafer 
bearing an epitaxy layer, mechanically removing the InP 
Substrate; etching the InP remaining on epitaxy layer with 
hydrochloric acid; depositing at least one Oxide pad on 
revealed epitaxy layer, using the Oxide pad as a mask during 
a first pattern etch removing the epitaxy to an N level; etching 
with a patterned inductively coupled plasma (ICP) technique; 
isolating the device on the substrate with additional pattern 
etching patterning contacts, applying the contacts. 
0006 Another embodiment of the present invention pro 
vides such a method further comprising planarization of the 
epitaxy layer. 
0007. A further embodiment of the present invention pro 
vides Such a method further comprising bonding the epitaxial 
surface to the silicon wafer. 

0008. The features and advantages described herein are 
not all-inclusive and, in particular, many additional features 
and advantages will be apparent to one of ordinary skill in the 
art in view of the drawings, specification, and claims. More 
over, it should be noted that the language used in the specifi 
cation has been principally selected for readability and 
instructional purposes, and not to limit the scope of the inven 
tive subject matter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a flow chart illustrating a method for the 
integration of a gain material configured in accordance with 
one embodiment of the present invention. 
0010 FIG. 2A is an elevation view of CMOS substrate 
illustrating a step in a method for the integration of a gain 
material configured in accordance with one embodiment of 
the present invention. 
0011 FIG. 2B is an elevation view of planarization of a 
surface of a CMOS substrate illustrating a step in a method for 
the integration of a gain material configured in accordance 
with one embodiment of the present invention. 
0012 FIG.2C is an elevation view of CMOS substrate and 
silicon waveguides illustrating a step in a method for the 
integration of a gain material configured in accordance with 
one embodiment of the present invention. 
0013 FIG. 2D is an elevation view of CMOS substrate and 
planarized waveguides illustrating a step in a method for the 
integration of a gain material configured in accordance with 
one embodiment of the present invention. 
0014 FIG.2E is an elevation view of CMOS substrate and 
InP Epitaxy layer illustrating a step in a method for the inte 
gration of again material configured in accordance with one 
embodiment of the present invention. 
0015 FIG.2F is an elevation view of CMOS substrate and 
mechanically thinned InPEpitaxy layer illustrating a step in a 
method for the integration of a gain material configured in 
accordance with one embodiment of the present invention. 
0016 FIG.2G is an elevation view of CMOS substrate and 
InGaAs etch stop layer illustrating a step in a method for the 
integration of a gain material configured in accordance with 
one embodiment of the present invention. 
0017 FIG.2H is an elevation view of CMOS substrate and 
etched Epitaxy layer illustrating a step in a method for the 
integration of a gain material configured in accordance with 
one embodiment of the present invention. 
0018 FIG.2I is an elevation view of CMOS substrate and 
etched Epitaxy layer with top contacts illustrating a step in a 
method for the integration of a gain material configured in 
accordance with one embodiment of the present invention. 
0019 FIG.2J is an elevation view of CMOS substrate and 
cladding oxide illustrating a step in a method for the integra 
tion of a gain material configured in accordance with one 
embodiment of the present invention. 
0020 FIG. 2K is an elevation view of CMOS substrate and 
with Vias cut in a cladding oxide layer illustrating a step in a 
method for the integration of a gain material configured in 
accordance with one embodiment of the present invention. 
0021 FIG.2L is an elevation view of CMOS substrate and 
metal deposition illustrating a step in a method for the inte 
gration of again material configured in accordance with one 
embodiment of the present invention. 
0022 FIG. 2M is an elevation view of a CMOS device 
with integrate gain material configured in accordance with 
one embodiment of the present invention. 

DETAILED DESCRIPTION 

0023. In one embodiment, a InGaA1AS/InGaAs comple 
mentary metal oxide semiconductor (CMOS) compatible 
micro/nano optical gain material is provided for integration 
into a CMOS device. Such again material may be utilized in 
an environment with a high level of optical and electrical 
confinement. 
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0024. The crystal structure of such again material pro 
vides good conversion efficiency within the small volume 
devices and low material absorption due to the InGaAlAs 
guiding and contacting structure and the low loss guiding 
structure combined with the highly confined Transverse Elec 
tric (TE) only optical structures has additional benefits in 
regards to the interaction (absorption) cross section of the 
optical field and quantum well and the low loss TE nature of 
the fabricated devices. In addition to its outstanding optical 
properties, this material system provides excellent ohmic 
contact with aluminum based CMOS metallization allowing 
for efficient current injection while ensuring adherence to a 
CMOS compatible process. 
0025. There are many advantages to the use of InCaAlAs 
gain material. For example, the interfaces between epitaxial 
layers can be tailored to be more abrupt for AlGainAs since 
there is only one group V element to control. For this same 
reason, it is also easier to grow graded layers in this system. 
Interfaces between graded layers are also thermally stable 
which is not the case for competing GanASP materials. This 
is critical for the formation of optical structures that must 
endure the post processing of a CMOS process. This ability to 
handle high-temperature processing steps, such as plasma 
deposition, diffusion, and annealing are key to the develop 
ment of a reliable optical gain material that can be integrated 
as part of the overall epic process. 
0026. The InGaAlAs quaternary alloys are also better 
suited to conventional Molecular Beam Epitaxy (MBE) than 
InGaAsP due to lack of reliable phosphorous solid or gas 
source. By employing MBE the user is able to better control 
the material composition and configuration of very thin epi 
taxial structures than would be possible with Metalorganic 
vapour phase epitaxy (MOCVD), although one skilled in the 
art will appreciated that this technique may be employed in 
some embodiments of the present invention. This level of 
control is important to the goal of achieving a combination of 
controlled gain as well as material thickness from our devices 
allowing us to develop uniform devices having characteriz 
able performance. 
0027. The use of quaternaries has benefits over the simpler 
ternary InAlAS/InGaAS systems in that they have a larger 
range of lattice matched energies and can be used to maxi 
mize the conduction and Valance band offsets. The larger 
conduction band offset of the InGaAlAs system has the fol 
lowing benefits: 

0028. For a given emitting wavelength, larger well 
thickness can be used in the InGaA1AS/InGaAs system 
leading to a greater optical absorption; 

0029 Interfaces at the well can be made very abrupt 
because there is only one group V element that has to be 
controlled at the transition; and 

0030 The InGaA1AS/InGaAs system provides better 
confinement of the free electron gas in the wells leads to 
higher optical gain per well, by decreasing the gain 
broadening due to coupling between electron levels 
from well to well, and by reducing the electron spill out 
from the wells into the optical guiding region at high 
injection levels. 

0031 One embodiment of the presentation provides an 
approach for molecular bonding allowing the active photonic 
material to be combined with the existing photonic silicon 
and germanium devices in a single cohesive semiconductor 
fabrication process. 
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0032. As illustrated in FIG. 1, a flowchart of a process for 
the manufacture of a laser utilizing the gain material of one 
embodiment of the present invention. In one embodiment of 
the present invention, a workpiece is configured from a sili 
con wafer upon which is disposed CMOS and optical com 
ponents and an InP wafer bearing an epitaxy 112. The InP 
Substrate is removed 114 mechanically, and the remaining 
InP is etched 116 from the epitaxy the using HC1. Oxide pads 
are deposited on the revealed epitaxy layer 118. The Oxide 
pads act as masks during a first pattern etch removing the 
epitaxy to the N level 120. Etching continues using a pat 
terned Inductively Coupled Plasma (ICP) technique and addi 
tional pattern etching to isolate the device on the Substrate 
(122-126). A cladding oxide is applied 128. Contacts are 
patterned 130 and applied 132, 134, 136 and the resulting 
device is treated according to standard back end processing 
techniques 138. 
0033. A similar embodiment is illustrated in FIGS. 
2A-2M, block diagrams illustrating the stages of construction 
of an integrated gain device. In such an embodiment, a start 
ing structure or workpiece, in one embodiment a 6 inch Sili 
con CMOS and Photonics wafer 20, is prepared, upon which 
an InP wafer 22 bearing an epitaxy 24 to the processed silicon 
wafer is performed. One skilled in the art will appreciate that 
depending on the devices 28 disposed on the CMOS wafer 20 
planarization steps may be required before bonding of the 
epitaxy 24 to the wafer 20. The workpiece having the wafer 
20, epitaxy 24 and InPlayer 22 is then mechanically pro 
cessed to remove substrate to a flat surface 26, in one embodi 
ment this involves mechanically reducing the thickness of the 
InP 22 layer to 20 lum. After the InP layer 22 has been 
mechanically thinned, wet etching with HCl of the InP is 
carried out to remove the layer in its entirety exposing the 
epitaxy layer 24 etch stop. This epitaxy 24 is then patterned 
and etched further to first create a desired contact 32 and then 
to isolate the structure 30. The structure 30 is then metallized 
to create metal contacts 34 for the device 30. The structure 30 
and is then coated with cladding oxide layers 36, in one 
embodiment SiO. This cladding 36 is then planarlized, vias 
38 are cut filled and processed. The resulting structure is 
integrated in to a chip upon which may be disposed other 
devices 28, and interconnections such as Vias and waveguides 
may be made to the gain device configured according to one 
embodiment of the present invention. 
0034. Such an embodiment employs existing photonic 
processing capabilities such as oxide deposition and Chemi 
Mechanical polish (CMP) to provide a clean planar bond 
interface and ensure that the planarization is sufficient to 
deflect bonded wafer or die to eliminate any gaps resulting 
from direct contact between two surfaces with nonzero Sur 
face bow, warp, planarity, or roughness. The typical pla 
narization specification of (10 nm/100 um and 0.5 nm RMS) 
is well known to those skilled in the art. 

0035) Known processes will be combined with a surface 
activation process to modify the surface of one or both of the 
Surfaces to be bonded. This chemical process consists of a 
standard RCA clean including a Sulfuric acid/Hydrogen per 
oxide etch and oxygen/Argon plasma process to remove 
organics from the Surface. Following this, in order to achieve 
a strong bond at low temperatures one embodiment of the 
present invention will treat the Surfaces prior bonding so that 
they are terminated by species that produce less or no water 
during the required polymerization reactions that occur dur 
ing the interaction at the two Surfaces. 
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0036. One embodiment of the present invention provides 
SiO surfaces treated in ammonium hydroxide (NH4OH) 
Solution prior to room-temperature bonding which can yield 
a stronger bond at low temperatures than those receiving only 
a standard RCA clean. The treated SiO surfaces are termi 
nated mainly by NH and OH groups after the treatment: 

0037. During room-temperature bonding, clusters of two 
or three NH, or HOH molecules will bridge between NH, or 
OH groups on the two mating surfaces. We will then employ 
low-temperature annealing to displace the NH and HOH 
molecules. During this thermal step the following three reac 
tions take place: 

Si-OH-HO-Si3 >Si-O-Si-HOH (2) 

Si-NH2+OH-Si>Si-O-Si--NH (3) 

Si-NH2+NH2—Si-Si-N-N-Si--2H2 (4) 

0038. The hydrogen produced in Reaction 4 can diffuse 
away or dissolve in the Surrounding oxide, and the strong 
Si Nbonds will remain. Overall, the three reactions result in 
a higher bonding energy of SiOSiO bonded pairs after 
annealing at low temperatures (e.g., 150° C.) than for stan 
dard RCA-treated SiOSiO, bonded pairs. Once the CMOS 
Surface has been prepared with this process, it is ready to 
accept placement of the epitaxy chiplet or wafer. Bonding, in 
one embodiment, is carried out in normal foundry ambient 
without need of a vacuum or inert gas environment. No 
applied pressure or electric field are used the surfaces are 
simply brought into contact. For wafer to wafer bonding from 
4" to 8", the bond forms within seconds. For die to wafer 
applications, the bond is essentially instantaneous, enabling 
compatibility with conventional high-speed pick and place. 
0039. In one embodiment a laser diode is provided having 
an electromagnetic mode on the order of the size of the 
device, as Such the horizontal and Vertical confinement of 
optical and electrical field. Such features are not required in 
conventional laser design since Such conventional lasers typi 
cally operate in a propagation mode where the operational 
wavelength is much smaller than the cavity. 
0040. In one embodiment of the optical gain material of 
the present invention, the confinement of the optical mode is 
provided by the use of materials having large variations not 
only in their index of refraction, but conductivity. This allows 
confinement of the electric field, allowing greater control over 
the interaction of electronic carriers with the active volume of 
our gain materials. 
0041. One embodiment of the present invention may be 
deployed in low power integrated micro-ring lasers that will 
employ a ring resonator format. Semiconductor ring resona 
tor lasers offer a range of advantages over other geometries 
that require facets or other physical methods for optical feed 
back. These include: 

0042 Ease of integration, a lack of spatial hole burning 
due to traveling-wave operation and narrow line width 
single mode operation with high side mode rejection. 

0043. Operation with the lowest possible dimensional 
system enabling extremely strong confinement of the 
optical fields to a ridge waveguide structure with strong 
lateral guiding. 

0044) The continuous ring waveguide eliminates the 
need for any other optical feedback mechanism. 
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0045 Semiconductor quantum well lasers that incorpo 
rate these low-dimensional photonic structures are far more 
efficient than the conventional laser structures because of a 
modification of the photonic density of States that enhances 
both the spatial and spectral coupling of spontaneous emis 
sions into the desired lasing waveguide mode which we will 
control based on the high confinement nature of our optical 
integration scheme. 
0046. This coupling to the lasing modes is related as a 
constant referred to as the beta factor. The beta factor for our 
micro ring laser could be as large as 1, compared with 10-5 for 
conventional edge-emitting laser. This large beta value rep 
resents an increase in the effective gain of the cavity, making 
it possible to achieve lasing in a small cavity while maintain 
ing a low lasing threshold. 
0047 For the modification of beta to be significant, the 
photons must be strongly confined. This can be achieved 
using strongly guided waveguides with cross-sectional 
dimensions Smaller than an optical wavelength. Because of 
the strong guiding, very Small cavities and micro-ring struc 
tures can be realized without significant bending losses. Addi 
tionally, light can be guided from one device to another eva 
nescently, or transferred from one to another by waveguide 
coupling, eliminating the need for cleaved mirrors. These 
factors, together with their small size and low-threshold 
operation of micro-cavity lasers will enable the realization of 
ultra-high density photonic integrated circuits or VLSI pho 
tonics. 
0048. Some additional benefits of our micro-ring laser 
approach are: 
0049 Passive ring-resonator devices are good for wave 
length filtering, routing, Switching, modulation, and multi 
plexing/demultiplexing applications, an active stage ring 
would enable the compensation for losses in these structures. 
0050 Ring resonators do not require facets or gratings for 
optical feedback, making them particularly Suited for mono 
lithic integration with other components. 
0051. Adding gain to a ring resonator increases this scope 
by an order of magnitude adding massively scalar optical 
logic function, analog to digital conversion in the optical 
domain and enhanced optical signal processing. 
0.052 Gain compensates for losses, increasing (multiply 
ing) the Q of the resonator to unbelievably high numbers 
(millions, 10's of millions). 
0053. The foregoing description of the embodiments of 
the invention has been presented for the purposes of illustra 
tion and description. It is not intended to be exhaustive or to 
limit the invention to the precise form disclosed. Many modi 
fications and variations are possible in light of this disclosure. 
It is intended that the scope of the invention be limited not by 
this detailed description, but rather by the claims appended 
hereto. 
What is claimed is: 
1. An optical gain material, the material comprising: 
an InGaAlAs layer, 
an InCaAsP layer disposed proximally to said InGaA1As 

layer. 
2. An integrated gain device, said device comprising: 
an InGaA1AS/InGaAsP epitaxy layer; 
a silicon substrate upon which said InGaA1AS/InGaAsP is 

disposed; 


