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PRIMARY IDAHO PUBLIC 
INSTITUTION 

Boise State University 

PROJECT TITLE Design of a Low-Cost Optical Wavelength Division 
Multiplexing Transceiver in CMOS 

PRINCIPAL INVESTIGATOR Dr. Alex Sheldon, Assistant Professor, Boise State University 
KEY PERSONNEL • Doug Hackler, CEO, American Semiconductor 

• Kjersti Martino, Director of Product Management, Inneos 
• Two Boise State graduate student research assistants 

TOTAL AMOUNT REQUESTED $152,600 

SIGNIFICANCE OF PROJECT AND PROJECT OBJECTIVES 
In this collaboration between a university and private sector partner, we are pursuing IGEM HERC proof-
of-concept track funding to develop a low-cost fully-integrated optical-to-electrical and electrical-to-
optical transceiver for future use in high-speed Ethernet adapters and/or smart network interface cards 
(collectively referred to as NICs) [2]. This optical transceiver will enable future NICs to transfer data 
faster, at a lower cost, and at a lower power consumption per bit transferred, which will ultimately 
enable higher computation speeds in data centers, as these speeds are currently limited by the speed that 
data can be moved between processing units (xPUs); Central Processing Units (CPUs), Graphics 
Processing Units (GPUs), Neural Processing Units (NPUs), Tensor Processing Units (TPUs), etc. Further, 
developing this technology can increase Idaho’s economic competitiveness in a market that is potentially 
worth billions. This project aligns with the request for proposals in the microelectronics/semiconductor 
funding priority area, and in turn with the 2023–27 Idaho Higher Education Research Strategic Plan. It 
also has an impact to the artificial intelligence priority. The technology can be used to enable growth in 
artificial intelligence by improving data throughput while reducing cost and power consumption. 
SIGNIFICANCE 
The Problem. The recent resurgence of generative artificial intelligence (genAI) and large language 
models (LLMs), has led to an exponential increase in the need for internet bandwidth globally, as 
represented by internet traffic. See Figure 1. In turn, we have reached an ever-expanding bottleneck in 

every segment of the internet 
backbone; IC-to-IC, rack-to-rack, and 
data-center-to-client [1].  
Challenges & Opportunities. The 
resulting bottleneck has led to a 
significant growth in the market for 
NICs [2]. Currently, the cost of a 
single long-range 800GbE transceiver, 
which is used in data-center-to-client, 
is about $3k [4] due to the high cost of 
assembly and alignment of the typical 
multi-IC solution and/or plug-in 
optics [5]. Fabricators typically 
implement high-speed optical 
transceivers like those used in NICs 
using a multi-IC solution with one 

electrical integrated circuit (IC), one photonic IC, and a separate vertical-cavity surface-emitting laser 
(VCSEL) [5]. However, this method is expensive both to fabricate and assemble, due to the need for 
exotic semiconductor materials, such as indium phosphate (InP), and gallium nitride (GaN), for the 

 
Fig. 1: Data Center Internet Protocol (IP) Traffic Projections 
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photonic IC, and the requirement for micrometer-precision alignment of components. In this proposal, I 
aim to remove the photonic IC and use self-aligning processes as used in IC packaging/assembly to 
reduce NIC costs. This leads to two fundamental hypotheses that must be tested to successfully 
implement the proposed solution: 1) electronic and photonic circuits can be implement on the same bulk 
CMOS IC, and 2) IC-to-IC bonding can be done cost-effectively while allowing for automatic optical 
alignment of the laser while still allowing for efficient cooling of the lasers. These two hypotheses are 
critical as the proposed solution relies on them to meet benefits as detailed in the rest of the proposal.  
Our Solution & Expertise. To meet the opportunity, our team will develop a novel solution to reduce the 
cost of NICs by a factor of ten. To reach this potentially transformative outcome, we will implement the 
optical/photonic components directly on a low-cost (in volume) bulk CMOS integrated circuit (IC) (the 
predominant technology used to commercially manufacture ICs) rather than the traditional, and more 
expensive, photonic integrated circuit. We will conduct this study to prove two novel hypotheses, that we 
can: (1) integrate a hybrid photonic/electronic integrated circuit in a bulk CMOS process, and (2) develop 
a bonding process that allows for automatic optical alignment of a laser, and for cooling of the VCSEL. 
Hypothesis (1) will provide a path to including both electronic and photonic components in the same IC 
without significantly increasing cost, therefore optimizations can be made at the system level, where the 
optimum choice can be made for each component to be implemented as an electronic and/or photonic 
circuit. Hypothesis (2) will provide a solution, in Idaho, to enable the development of heterogeneous 
integration of multiple different processes beyond this project. 
Our team has the necessary partners in place to complete this work. As a new assistant professor at Boise 
State University (started in January 2026) with nearly nine years of academic and industrial experience in 
the design of high-speed analog integrated circuits, I am well positioned to lead an effort as principal 
investigator (PI), and will guide student researchers along with local and national industry partners in the 
development of this technology. I completed the conceptual design of the proposed optical transceiver 
while I was a member of Dr. Mohamed Elamien’s research group at McMaster University in Hamilton, 
Ontario, Canada. Currently no intellectual property has been developed but any developments throughout 
the design process will need to be evaluated for ownership based on who has contributed to the invention. 
This conversation has been started with Boise State University technology transfer office. American 
Semiconductor in Boise, Idaho will provide fabrication for a robust IC-on-IC assembly process, and 
Inneos in Pleasanton, California is providing the VCSELs to drive the optical fiber.  
Global Market & Potential Benefits for Idaho. The United States market for NICs is predicted to reach 
$16 billion by 2028 [2]. Additionally, there is a predicted $1.7 trillion in global spend in data center 
infrastructure (including information technology (IT) hardware) over the next five years [3]. Due to this 
exponential market growth, it is an opportune time for the government and industry in Idaho to invest 
in this area, and in the personnel needed to develop technologies to fill this market gap. Investment in the 
proposed project will result in the development of intellectual property and manufacturing capability that 
will enable Idaho to compete in this growing market. 
PROJECT OBJECTIVES 
We will complete six project objectives to produce the prototype transceiver: 
1. Model Target Device—Establish device features based on current literature and measurements. 
2. Develop System-level Design—Determine component/circuit level specifications from device model. 
3. Design Photonic Components—Design photonic components and manufacturing recipe. 
4. Complete Circuit Design—Boise State team completes design work and sends IC for fabrication at 

Taiwan Semiconductor Manufacturing Company (TSMC). 
5. Package Circuit with Laser—American Semiconductor fabricates substrate and combines with IC 

from TSMC and VCSEL from Inneos. 
6. Validate System Performance—Boise State team rigorously verifies prototype performance. 
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SPECIFIC PROJECT PLAN AND TIMELINE 
In a 1-year project planned from September 1, 2026–August 31 2027, the project team will develop a 
proof-of-concept optical wavelength division multiplexing wireline transceiver for use in NICs. Assuming 
a successful outcome, we estimate that we could convert the proof of concept into a profitable business in 
about 3–5 years after the project ends (see Future Funding section for more detail). 
TECHNOLOGY READINESS LEVEL & PROJECT SCOPE 
Here are details about our current and targeted technology readiness level, and how we have scoped the 
project design to provide robust and meaningful deliverables within a one-year timeframe. 
Technology Readiness Level. The project goal is to bring the proposed hybrid electrical/photonic IC 
transceiver technology from technology readiness level (TRL) 2 to TRL 4, and the packaging process to 

TRL 6. See Figure 2. As our partnership serves to 
illustrate, we believe there is a high potential for near-term 
transfer to the private sector. TRL 2 indicates that the 
technology concept is formalized, TRL 4 that we have 
validated the technology in lab, and TRL 6 that we have 
demonstrated the technology in a relevant environment. 
The ability to bring the packaging process to TRL 6 is due 
to American Semiconductor, given their extensive 
experience in the area. They would be the ideal supplier to 
package parts in a future commercial product. 
Setting a One-Year Project Scope. Since we want to 
quickly prove the concept during the one-year 
development time this grant would fund, we will develop a 
2x25 Gb/s PAM-4 optical transceiver in a 65-nm CMOS 
process. This prototype limits the scope of a potential 
800GBASE NIC [4] product as much as possible to allow 
for quick development, as typically a project of this scale 
would require a large team of engineers two full-time 
years to successfully develop. To this end, this IC will 

implement two 25Gbps (reduced from the four 100Gbps in an 800GBASE NIC [4]) serial links each 
operating on a different optical wavelength over a single fiber (reduced from two fibers in an 800GBASE 
NIC [4]) with optical multiplexing/de-multiplexing, which is an extension to work from Ives et al. [7]. 
We will implement the analog and photonic portion of the serial link, and will convert the optical signal 
to/from eight 3.125Gbps serial electrical signals (i.e. no physical layer (PHY) implemented).  
Taking these steps results in a feasible project that we can complete with two full-time PhD students. 
Each will work 20-hours per week during the academic term, and 40-hours per week during the summer. 
One will focus on high-speed serial links, and the other on photonic integrated circuits. Both students and 
I will work with Doug Hackler at American Semiconductor to characterize their current IC-to-IC 
assembly process and determine requirements, and any adaptations for the proposed project.  
OBJECTIVE 1:  MODEL TARGET DEVICE (PRE-AWARD,  SUMMER 2026) 
We will begin by developing models based on literature, and device measurements we make, of sample 
components. This will be completed prior to award receipt as it contributes to, and enables, other aspects 
of my research program. The electronic components have fully-validated models from TSMC, so here we 
will focus on the optical and electro-optical components, in particular the photodiode and VCSEL.  
The photodiodes we will implement in the CMOS IC are critical in converting the optical signal from the 
optical fiber to an electrical signal that we can then further process electronically. We will use Synopsys 
Sentaurus technology computer-aided-design (TCAD) software to simulate the photodiodes and 

 
Fig. 2: Technology Readiness Levels 
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determine the optimum design for this application. Boise State participates in the Synopsys University 
program, so already has access to this software.  
The VCSELs, from Inneos, convert the electrical signal to an optical power. This optical power is 
transferred across the optical fiber. We have received preliminary data from Inneos but to fully 
characterize the VCSELs we will need to measure the device samples at various bias points and 
temperatures. These measurements can be completed with a vector network analyzer (VNA) at Boise 
State. After measurements the data can be fitted to a physics-based model from the literature [6]. 
OBJECTIVE 2:  DEVELOP SYSTEM-LEVEL DESIGN (PRE-AWARD,  SUMMER 2026) 
I have begun the system-level design, and will finish over the summer after we complete the device 
models from objective 1. This system-level design will result in component specifications that we will 
need to use in the circuit-level designs in objective 3 and 4.  
The architecture of the NIC will be a direct-drive optical transceiver where the CMOS circuit directly 
modulates each of the VCSELs. See Figure 3. In each of the NICs the light from two VCSELs is 
multiplexed onto the fiber to double the data rate of the NIC. Additionally, the received light is 
demultiplexed into the two different wavelengths and processed by separate electrical receivers.  

 
Fig. 3: Simplified System-Level Block Diagram 
OBJECTIVE 3:  DESIGN PHOTONIC COMPONENTS (SEPTEMBER TO OCTOBER 2026) 
Once we have attended to the preliminaries in objectives 1 and 2, we can begin work on the heart of the 
project. First, the student researcher focused on photonic integrated circuits will use Cadence Virtuoso 
and Ansys Lumerical software to adapt waveguides from Ives, Sarkar and Hajimiri studies [7] into the 
TSMC 65nm process design kit (PDK). We selected this technology to balance cost with potential high-
speed performance. Once we can provide a thorough study of the waveguide geometry and recipe for 
manufacture, we will we create models for use in the circuit simulation in objective 4. The photonic 
circuit design is relatively simple as the technique of implementing the photonic components is not a very 
stable process so, we want to keep the risk to the minimum to allow for testing of the process.  
The photonic components that are required to implement this design are edge couplers to connect the fiber 
into the IC, wavelength division multiplexer/de-multiplexer to combine and separate the two different 
wavelengths of light, power splitter/combiner, and couplers to connect to the VCSELs and photodiodes.  
OBJECTIVE 4:  COMPLETE CIRCUIT DESIGN (SEPTEMBER 2026 TO MARCH 2027,  SUBMIT 
FOR MANUFACTURE IN MID-MARCH 2027) 
While one student researcher completes objective 3, the second, with a focus on high-speed serial links, 
will begin work in parallel on the circuit design of components that do not directly depend on the 
waveguide components. In November when the bulk of objective 3 is complete both students will work 
together to design the high-speed data path based on my system-level design. This objective will be the 
major focus of the project as it aligns most with my expertise and has the most potential for innovation. 
From an initial literature review the main innovation in the electronics will be in the low-noise receiver, in 
particular the transimpedance amplifier at the input. Other circuit components that will be required are a 
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continuous-time linear equalizer to compensate for the fiber and waveguide loss, a high-speed digital 
equalizer (feed-forward or decision-feedback equalizer), a VCSEL driver to control the current of the 
VCSEL, and a serializer-deserializer (SerDes) to split the serial data path into multiple lower speed data 
streams to be transferred out of the IC. Additionally design-for-test (DfT) circuitry will be implemented to 
ease validation. 
OBJECTIVE 5:  PACKAGE CIRCUIT WITH LASER (APRIL TO JUNE 2027) 
We will deliver the ICs to American Semiconductor, and personnel will package it with the VCSEL. 

Their expertise in 
complex packaging 
will enable us to 
develop a system 
solution that will 

achieve the stated performance at a low cost. The IC will be flip-chip mounted on a flexible substrate. The 
VCSELs will be mounted on the other side of the substrate with holes for the light to enter the IC. The 
optical fiber will be edge coupled to the IC. For this prototype the electrical inputs and outputs will be 
routed to a connector for test. 
OBJECTIVE 6:  VALIDATE SYSTEM PERFORMANCE (JULY TO AUGUST 2027) 
Once American Semiconductor delivers the packaged ICs back to the Boise State research team, we will 
rigorously validate prototype performance. Validation of the prototype system will be completed by 
connecting two of the prototypes to a field-programmable gate array (FPGA) board with high-speed 
transceivers with an optical fiber connected between the ICs and random data will be transmitted back 
and forth to measure the bit-error rate (BER); the number of failed bits over the total number of 
transferred bits. Assuming the system works as expected, validation is time-consuming (due to the 
amount of data that needs to be transferred, and the number of configurations) but relatively simple. The 
difficulty arises if it does not immediately work as expected. In this situation a high-speed oscilloscope 
will be used in conjunction with test circuitry implemented on the IC to debug.  

POTENTIAL ECONOMIC IMPACT 
We believe project outcomes, a relatively short path to production at scale, and an expanding global 
market promise real economic impacts for Idaho. Again, assuming a successful outcome, we estimate that 
we could convert the proof of concept into a profitable business in about 3–5 years after the project ends. 
Here are two possible paths that affect potential impacts. 
• Develop an Idaho Start-up—Ideally, a motivated graduate student will be involved in this part of 

the project and will want to take the product to market in Idaho either as a startup, or in partnership 
with an existing Idaho company. This would lead to job creation and economic growth for Idahoans. 

• Work with Existing Companies—Alternatively, if we find a large company such as Cisco that is 
already in this market, we could license the intellectual property to them to use in their future 
products. Another option is to find a smaller company that wants to enter this market, such as Inneos.  

We will design and fabricate the IC at the core of the prototype NIC in TSMC 65-nm bulk CMOS. This is 
a low-cost (in volume) process, with an estimated 12-inch wafer cost of $5.6k [8] and an estimated IC 
size of 3mm x 3mm for a proposed four wavelength 400Gbps transceiver IC. Our team estimates that we 
can fabricate about 6,700 of these ICs per wafer, leading to a unit cost of about $0.84. In addition, to the 
per-IC cost, the mask set cost for these ICs in production is about $620k [9]. Pessimistically, we would 
need to make two all-layer revisions in production, leading to a non-recoverable cost of $1.86 million. 
This can be amortized over three years of sales with an intended volume of one million parts per year.  
For IC packaging, we estimate a cost of $1000 per wafer. Overall, this would result in a per-IC cost of 
$1.61. The potential product would require two ICs, eight VCSELs from Inneos ($24 each in low 
quantity, large quantity price is to be negotiated), and board assembly and packaging ($25 per board at 

Fig 4: Diagram of Packaged System 
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moderate quantity). Therefore, assuming a gross margin of 58%, this results in a sales price of $350 
which is a factor of ten below current sales prices of equivalent products despite the very pessimistic cost 
estimates based on low quantity quotations. 
The direct impact to Idaho of this project is difficult to predict accurately but, some potential details will 
be discussed here. At a minimum this project will contribute to two new highly-qualified individuals with 
PhDs in a growing area of industry that local companies will have the opportunity to attract. Also, this 
project will contribute to the creation of valuable academic-industry connections that I will continue to 
develop through my research at Boise State enabling many more opportunities to bring federal research 
dollars to Idaho. In the best-case scenario, this research would lead to multiple patents which can be 
developed into an Idaho-based startup operating in a billion-dollar industry. This would further lead to 
much more economic development in Idaho in the form of tax dollars and dozens of well-paying jobs. 

CRITERIA FOR MEASURING SUCCESS 
We have two sets of criteria for measuring success as we complete the specifics of the project, and also as 
we consider potential future economic impact. 
PROJECT CRITERIA 
Table 1: Criteria by objective  

# OBJECTIVE COMPLETED WHEN…  
1 Model Target Device VCSEL and photodiode models can be simulated in Cadence 

Virtuoso & Ansys Lumerical. 
2 Develop System-level Design The link budget analysis shows that communication is possible, 

and we have tables of required specifications for components. 
3 Design Photonic Components Multiplexer/De-multiplexer layout is complete and simulations 

show results that agree with system-level design, or differences 
are understood and can be compensated elsewhere. 

4 Complete Circuit Design Circuit-level simulations agree with system-level design, or 
differences are understood and compensated elsewhere. Then 
design files are sent to TSMC for manufacture. 

5 Package Circuit with Laser Samples are received from American Semiconductor to validate. 
6 Validate System Performance Measured performance matches system-level simulations, or 

differences are understood and design revisions are made to 
correct for a future revision. 

CRITERIA TO ASSESS ECONOMIC POTENTIAL 

Participation in I-Corps Aspire will help in the assessment of any potential economic impact. Throughout 
my participation in the program, I will need to complete market research, including customer interviews, 
this will allow us to quantify the expected impact. At a minimum progress will be presented to the HERC 
board through the semi-annual reporting process during the project and then yearly thereafter. Any 
additional information on the market that is gathered during I-Corps will be used to adapt and optimize 
the scope of the work. If any material changes to the scope and/or budget as described in this proposal are 
expected these will be reported to the HERC board before any changes are made. 

The economic potential will be evaluated on a monthly basis throughout the project based on customer 
interviews. This assessment will be done by evaluating the potential revenue of such a product as well as 
the number of jobs that would be created in Idaho. In addition to any potential revenue, any possibility for 
intellectual property protection, including patents, will be pursued when it makes competitive and/or 
economic sense. The value of any intellectual property will be estimated before application, with 
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assistance from the Boise State technology transfer office, to make a quantitative decision on the financial 
benefits of the resulting intellectual property. 

ANTICIPATED DEVELOPMENT CHALLENGES/BARRIERS 

Due to the complexity of this project, there is potential for challenges that could risk failure of the project. 
In this section, I will discuss some of the challenges that we can foresee and our risk management plan for 
both these foreseen challenges and any additional unforeseen challenges.  
Schedule risk. Since the design work is complex and difficult to accurately predict, we have reduced the 
scope of the design as much as possible while still testing the core hypotheses. In my experience the 
design should be doable in the given schedule but, if delays occur, the scope will be re-evaluated 
continuously to ensure that value is still produced. A go/no-go decision will be made before ICs are 
submitted for fabrication in March. The decision will be made based on if the current design can 
successfully test the two hypotheses with greater than 80% probability. If a no-go decision is made an 
analysis of the impact will made. Two possible fabrication runs are indicated in the schedule in Appendix 
A (03/11 and 04/22) which can lead to completion of the project within the year. If a delay is great 
enough to miss the 04/22 deadline the HERC board will be consulted with an impact analysis.  
Budget risk. There are two main areas where budget changes could be possible. First, IC fabrication, if 
the area required to fabricate changes substantially this would change the cost to fabricate, all attempts 
will be made to stay within the estimated 3mm2. Second, packaging, since the cost of packaging depends 
on many parameters determined in the design there could be errors in the cost estimates. Added costs are 
very unlikely to be over ten percent of the budget however, all changes that will impact the budget will be 
communicated to the HERC board with an impact analysis. 
Disproven hypothesis. There is a risk that either of the two hypotheses will be disproven. Based on the 
experience of the PI, and a thorough literature review this is not expected. If this is the case investigation 
into alternative methods, to meet the goals of the project, will be made, and a plan for how to proceed 
with the most value generated will be created. This plan would be presented to the HERC board as it 
would mean a substantial change to the project scope. 

BUDGET 
Refer to the budget spreadsheet for the detailed budget. 

BUDGET JUSTIFICATION 
The requested budget is $152,600. The 1-year project will commence from Sept. 1, 2026–Aug. 31, 2027. 
Table 2: Summary of budget justification by line item.  

LINE-ITEM 
REQUEST 

JUSTIFICATION TOTAL 
REQUEST  

Personnel  
(salary and fringe) 

1.5-months of PI summer salary, two full-time graduate 
research assistants at 20 hours per week during the 
academic term, 40 hours per week during the summer. 

$86,100  
($78,900 salary + 

$7,200 fringe) 
Equipment Required equipment is already available at Boise State 

University and American Semiconductors. 
$0 

Travel Since industry partner is local no travel is necessary. $0 
Participant Support None. $0 
Other Direct Costs Student tuition and health insurance, materials, and IC 

fabrication and packaging. 
$66,500 

  $152,600 
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A. PERSONNEL 
Dr. Sheldon is the Principal Investigator (PI) and is not requesting any academic year salary. The salary 
cost for the PI is calculated using his institutional base salary rate. Dr. Sheldon has committed one-and-a-
half summer months for this project. The PI will be responsible for system-level design of the prototype 
as well as mentoring and managing students throughout the design process including, but not limited to, 
determining circuit-level specifications required for student designs, conducting design reviews at regular 
intervals in the circuit design process, and ensuring robust circuit design techniques are implemented. The 
total salary request for the PI is $18,900. 
Salary for the two full-time graduate student research assistants is requested at a rate of $30,000 per year 
per student. Both students will work on this project full time, 20 hours per week during the academic year 
and 40 hours per week during the summer. The total salary request for students is $60,000. 
Fringe benefits for the PI (20.45%) are salary-based and cover retirement contribution, health, dental, life 
insurance, and employment taxes. Fringe rates for students are salary-based (4% for the academic year, 
10% for the summer) and cover employment taxes. The total fringe benefit request is $7,200. 
The total request for personnel is $86,100 ($78,900 for salary, and $7,200 for fringe). 
B.  EQUIPMENT 
None, all equipment is already acquired or in the process of being acquired. 
C.  TRAVEL 
None, no travel costs will be required as industry partner is in Boise, ID. 
D.  PARTICIPANT SUPPORT 
No participant support costs are requested. 
E.  OTHER DIRECT COSTS 
Materials and Supplies. To complete the proposed design the computer-aided-design (CAD) software 
Lumerical, from Ansys, is required. As quoted from Ansys the cost of a single seat is $3,300 which could 
be shared between myself and the two students.  
The company Muse Semi organizes a multi-project wafer submission to cost-effectively manufacture at 
TSMC for the 65-nm process chosen for this work the costs is $5,800/mm2 and the expected IC size of the 
prototype is 3mm2, resulting in a fabrication cost of $17,400. We will receive one hundred ICs from the 
MPW submission which will be plenty to fully validated performance. To test the circuit various 
components will be needed; optical fiber to simulate the channel in the application, connectors to get the 
electrical signals out of the IC, potting compound to improve cooling, etc. The estimated cost is $500.  
In addition to the IC fabrication, there are costs associated with the etching step, required to finish the 
manufacture of the waveguides on the IC, and with manufacturing the substrate, and packaging the ICs 
and VCSELs on the substrate. Since the etching process will need to be determined by trial and error and 
the packaging cost will depend on the actual design of the IC and substrate, we estimate the cost as 
$12,000 for successfully packaging 3-4 samples. This cost is estimated based on the PIs past experience 
in the semiconductor industry and communication with American Semiconductor. 
Publication Costs. $1,500 for publications; $1,275 repository licensing fee, and $225 for page charges. 
Student Costs. Graduate student tuition and health insurance is included as part of their hiring package. 
Tuition is $12,304.60 per student and health insurance is $3,538.50 per student. Also, there is a library 
subscription and materials fee of $70 per student Total student costs are $31,800.  
G.  TOTAL DIRECT COSTS 
Total direct cost request is $152,600. No indirect costs are requested. 
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PROJECT MANAGEMENT 
Here are more details about the team composition and our intended communication practices. 
PROJECT TEAM 
• Alex Sheldon (PI), Boise State University—Will use robust academic and industrial experience in 

designing high-speed analog integrated circuits to lead the project. Will guide students and coordinate 
all team member activity and communication and information sharing strategies while being attentive 
to project scope, budget, and schedule.  

• Two PhD Graduate Student Research Assistants, Boise State University—We will hire student 
researchers with experience in analog integrated circuit design to start in September 2026. We have 
completed interviews for these positions and are evaluating the short-listed candidates for admission 
to the Electrical and Computer Engineering PhD program at Boise State.  

• Doug Hackler, American Semiconductor—As the chief executive officer of American 
Semiconductor in Boise, Mr. Hackler has committed to work with the Boise State research group to 
advance packaging capability towards the low-cost (in volume), and automatically aligned assembly 
process that would be required to economically manufacture the proposed NICs 

• Kjersti Martino, Inneos— I have been in contact with Dr. Martino at Inneos in Pleasanton, 
California who will provide the vertical-cavity surface-emitting lasers (VCSELs) used to drive the 
optical fiber. Inneos has agreed to provide product samples for the proposed prototype. 

COMMUNICATION 
Boise State will lead the project with primary communication taking place over email. Since American 
Semiconductor is located in Boise (15 minutes by car from Boise State) regular onsite meetings will be 
scheduled during Summer 2027 when packaging will occur. During the entire course of the project, I will 
hold a weekly status meeting with both students, and Doug and Kjersti included when necessary. Outside 
of these dedicated meetings I will be available, as required, to support students as this is already part of 
my role at Boise State University. 
PROJECT MANAGEMENT GANTT CHART 
Table 3: Project Timeline 
Legend: PI (principal investigator), AS (American Semiconductor), S1 (First Graduate Student), S2 (Second Graduate Student) 
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ADDITIONAL INSTITUTIONAL AND OTHER SECTOR SUPPORT 
Boise State will provide academic year support for the PI, Alex Sheldon. We will use capital equipment 
that the university either owns, or that we will purchase from other funds outside this potential grant. See 
details in Appendix A for this equipment. 

FUTURE FUNDING 
We will pursue future funding to scale the prototype with our targeted customer in mind. Through my 
participation in the NSF I-Corps training program, I will develop a strategy to bring the product to 
market. There are multiple directions this could go based on the type of customer to whom we intend to 
market the product. Regardless, we could co-develop the intellectual property into a project with further 
funding coming from small business grants such as the National Science Foundations’ (NSF) Small 
Business Technology Transfer (STTR) program, or Translation to Practice (TTP) program.  
Assuming this project is successful this additional funding would be used scale the design to meet the 
800GBASE specification including, scaling the transceiver to work at 100Gbps PAM4, and to work with 
four wavelengths and two fibers. Secondly, work will need to be done to implement the other layers of the 
network stack to make this a plug-and-play product. Lastly, planning to scale the supply chain is needed, 
including relationships with TSMC, American Semiconductor, and Inneos will need to be developed to 
determine costs and potential added value that can be created for customers.  

DISSEMINATION OF RESULTS 
The research described in this proposal is Fundamental Research as described in National Security 
Decision Directive 189, dated September 21, 1985, and the USD (AT&L) memoranda on Fundamental 
Research, dated May 24, 2010, and on Contracted Fundamental Research, dated June 26, 2008. As 
Fundamental Research, the University shall be free to publish or disseminate the results of this research or 
otherwise treat such results as in the public domain. 
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APPENDIX A: FACILITIES AND EQUIPMENT 
The research described in this proposal will take place in my lab, the Novel Techniques in On-Chip VLSI 
& Analog (NOVA) Circuits Lab which is located in the Micron Engineering Center (MEC) in room 409 
at Boise State University. In this lab we have adequate space for myself and the two students to complete 
the design and validation of the prototype. The lab is equipped with general-purpose electronic 
measurement equipment as part of my start-up package; including a high-speed (1GS/s) oscilloscope, 
power supplies, multimeters, soldering equipment. 

In addition, to the electronic measurement equipment we have access to computer-aided-design servers 
which are owned by Boise State which will be used for all design work, for this project, by myself and 
students. The server is equipped with an AMD EPYC 9554 64-Core processor, and 754GB of RAM. 
Boise State has licenses for Synopsys Sentaurus TCAD, Cadence Virtuoso, and MATLAB for all faculty 
and students. Additionally, my lab has a single license for Ansys Lumerical, and another will be 
purchased with the budget from this grant. 

There are also two specialty pieces of measurement equipment, as mentioned in the body of this proposal, 
required for this project; a vector network analyzer (VNA), and a field-programmable gate array (FPGA) 
board with high-speed electrical transceivers. The VNA is already owned by Boise State, and in the 
possession of a different lab, this will be borrowed for the preliminary portion of this project. The FPGA 
board is in the process of being purchased as this enables multiple aspects of my research program.  

Also included in this section are quotes and lead time estimates for any material or supply costs over 
$1,000. 

• Figure 5. Cost of multi-project wafer run through MuseSemi for the TSMC 65nm process. 
• Figure 6. Schedule of multi-project wager runs through MuseSemi for the TSMC 65nm process. 
• Figure 7. Quote from Ansys for Lumerical suite. 
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Fig 5: Price for Fabrication at TSMC (from musesemi.com/shared-block-tapeout-pricing) 
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Fig 6: Schedule for Fabrication at TSMC (from musesemi.com/shared-block-tapeout-schedule) 

 
Fig 7: Ansys Lumerical Quotation 
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APPENDIX B: BIOGRAPHICAL SKETCHES 
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APPENDIX C: SENIOR PERSONNEL 
• Alex Sheldon (PI), Boise State University—Will use robust academic and industrial experience in 

designing high-speed analog integrated circuits to lead the project. Will guide students and coordinate 
all team member activity and communication and information sharing strategies while being attentive 
to project scope, budget, and schedule.  

• Doug Hackler, American Semiconductor—As the chief executive officer of American 
Semiconductor in Boise, Mr. Hackler has committed to work with the Boise State research group to 
advance packaging capability towards the low-cost (in volume), and automatically aligned assembly 
process that would be required to economically manufacture the proposed NICs 

• Kjersti Martino, Inneos—Dr. Martino at Inneos in Pleasanton, California who will provide the 
vertical-cavity surface-emitting lasers (VCSELs) used to drive the optical fiber. Inneos has agreed to 
provide product samples for the proposed prototype. 
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APPENDIX D: OTHER 
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