FUNDING OPPORTUNITY DESCRIPTION:

The Air Force Research Laboratory in partnership with the Defense Advanced Research Projects Agency’s (DARPA) is developing critical technologies necessary to make ISIS system concepts viable.  The Defense Advanced Research Projects Agency’s (DARPA) Integrated Sensor Is Structure (ISIS) program is developing a stratospheric airship-based sensor with an antenna that is nearly as large as the airship.  On-station operation at 70,000ft for over one year, DARPA’s ISIS program achieves both single-platform persistence and unprecedented moving target tracking (air and ground) performance.  AFRL Sensors Directorate in conjunction with DARPA is soliciting innovative ideas in four critical technology areas requiring further development: low areal-density, advanced airship hull material; lightweight, low-power density active electronically scanned array (AESA) which is bonded to the advanced hull material; extremely low-power transmit-receive modules; and novel power systems for long-endurance (>1 year) stratospheric airship operation.  The development goals in these technology areas are mass and power reduction.  Using existing technologies in any of these areas yields a system that exceeds the ISIS airship lift budget. 

The ISIS Program has developed baseline system concepts demonstrating overall feasibility of the ISIS concept while also defining the technology requirements which are the basis for the critical performance requirements to be achieved at the end of this two year development effort. These baseline system concepts are not final and will be refined based on the results of the BAA technology development efforts. In order to assure information exchange between the system concept designers and the technology development contractors under this BAA, all performance specifications and test results are deliverables to the government. This information will include external performance parameters which are independently measurable from a delivered product – information such as coefficient of thermal expansion, power consumption, gain, noise figure, specific energy, thermal properties, and axial loading. These deliverables will be shared among all ISIS contractors. In addition to these deliverables, the ISIS BAA technology development contractors will be required to provide specific design information as a necessary condition of demonstrating the ISIS technology readiness. The airship hull material and the RF aperture developments are incomplete until the two technologies have been successfully bonded together and passed mechanical, environmental, and electrical testing. To successfully complete the bonding process and testing, the specific material formulations for the bonding layers (hull and aperture) shall be shared among the BAA technology developers in these categories. Similarly, the novel power system developers may require detailed material formulations for the hull materials to complete the technology development task and lightweight RF aperture developers may require detailed die attachment information for the extremely low-power T/R modules to simulate the manufacturing process. 
The ISIS concept provides a significantly large and intricate system design tradespace. The system design contractors will provide the government with detailed system refinements based on the technical achievements under this BAA. These system refinements will include adaptations to exploit technology development successes or to accommodate technology development shortfalls. 

1.  LOW AREAL-DENSITY ADVANCED HULL MATERIAL 

The ISIS system feasibility conceptual designs explored both the classical cigar shapes and novel lenticular shapes.  Typical volumes were 106 m3, which assumes several successful Phase II technology developments. With a typical height of 60m, the cigar-shaped designs were on the order of 300m in length while the lenticular diameter is on the order of 200m. The airship size presents significant challenges to the hull material technology and hull manufacturing technology. The large airship size results in a very large hoop stress in the hull. This stress is further increased by the dynamic pressure and loads from the propulsion system, internal payloads, and regenerative power technologies.

For the ISIS program, the critical quantitative measure is the strength per linear-section at a given areal density (N/m)/(kg/m2), or stated differently, the strength-to-weight (N·m/kg) of the hull material. ISIS baseline system concepts require a strength-to-weight ratio at least 1000 kN·m/kg and an areal density near 100 g/m2. As the strength-to-weight ratio improves, the overall mass of the hull material is reduced and the overall system volume is reduced. This is achieved with fewer, but stronger load-bearing fibers per unit area. As fewer fibers carry the loads, manufacturing anomalies play a larger role. These anomalies result in material creep – the gradual stretching and eventual failure – in many candidate fiber materials. For that reason, the material needs to retain greater than 85% of the strength-to-weight at the end of five years.

Hull stresses vary significantly across the airship and are predictable.  The ability to tailor the hull strength-to-weight to match local stress anisotropy will yield further mass reduction. Material technology that allows variable thickness manufacturing should be considered.  

Proposals responding to this BAA must describe the technology path to a fully tested hull material at the desired strength-to-weight and areal density. The proposal should also address: the impact and solution to manufacturing anomalies; large-scale manufacturing; and environmental survivability (UV, O3, and -80(C temperatures). The hull material provides the support structure for both the RF aperture and portions of power systems. As the supplier of the support structure, the winning proposer(s) will provide 0.5m x 0.5m material coupons approximately 18 months after contract award for bonding demonstrations. The contractor(s) will be required to provide technical support to the RF aperture and power system contractors during the bonding demonstrations. In the proposal, contractor(s) must clearly identify the intermediate milestones associated with the technical solution. Milestones should describe the specific technical achievement required at critical Go/No-Go’s decision points. As an example, the hull material glass transition temperature (TG) must be demonstrated below -90°C prior to developing material coupons for bonding to the RF aperture.
2. LIGHTWEIGHT, LOW-POWER DENSITY ACTIVE ELECTRONICALLY SCANNED ARRAY

The ISIS program is exploiting the available surface area of the stratospheric airship to achieve unprecedented tactical AMTI and GMTI sensor performance. The performance is predicated on trading power for aperture – much larger aperture, significantly smaller power requirements. The ISIS system feasibility designs traded the mechanical stiffness of a traditional RF aperture with the stiffness provided by the pressurized airship structure (hull material) to achieve an extremely large, low-power density aperture. The ISIS antenna has a nominal projected area of 1,600 m2 as seen from any azimuth direction, although the physical aperture area may be several times larger. With an aperture this large, the aperture must be very lightweight.

Under this technology, the government is only accepting proposals on dual-band (X-band and UHF) active electronically scanned array (AESA) apertures which are amenable to bonding to flexible surfaces – specifically, the hull material developed under this BAA.  This will require concepts for dynamic calibration and compensation across the entire array as well as smaller portions.  ISIS baseline system concepts require an areal density of 2.0 kg/m2. Additionally, the aperture also requires a bondable surface and a coefficient of thermal expansion (CTE) commensurate with the hull material and bonding agent. The receive and overhead (e.g. control, phase shifting, beamforming) total power consumption of low-voltage input power should be less than 5 W/m2. 

Proposals responding to this BAA must describe the technology path to the desired areal density and radiated RF energy for a dual-band (X and UHF) AESA.  The aperture development will focus on the X-band array since the UHF array is estimated to have far lower mass.  The proposal should also address: dual-band interference effects and mitigation; calibration and compensation; manufacturing processes; RF and mechanical performance of the substrate; material operation across manufacturing and operational temperature ranges. The winning contractor(s) will be provided with 0.5m x 0.5m material coupons approximately 18 months after contract award for bonding demonstrations. To be eligible for the demonstration phase of the ISIS program, the RF aperture contractor must demonstrate: bonding to an RF aperture substrate; mechanical and RF performance across operational temperature ranges; and pathway to large-scale manufacturability. In the proposal, contractor(s) must clearly identify the intermediate milestones associated with the technical solution. Milestones should describe the specific technical achievement required at critical Go/No-Go’s decision points. As an example, the RF aperture substrate must demonstrate RF performance at 2.0 kg/m2 prior to initial bonding to hull material coupons.
The ISIS antenna radiated power is classified SECRET.  Antenna technology development will include analytical, computer simulation, and experimental work at the SECRET level.  Qualified proposers may contact Jeffery Mack, AFRL/SNRD, 315-330-3431 to receive radiated power requirements.

3. EXTREMELY LOW-POWER TRANSMIT-RECEIVE MODULES

Reducing the power consumption per element in ISIS is critical to managing the payload prime power requirements and, therefore, for minimizing the overall system mass. In such an array, power consumption per element can be dominated by the receive low noise amplifier (LNA), phase shifters, and control circuitry and is not just driven solely by the average transmit power. The objective is to develop an extremely power-efficient and low-mass transmit/receive (T/R) module-on-a-chip for such applications and to mature this low-power technology to technology ready level of Technology Readiness Level 5 (TRL5) at the conclusion of the period of performance. 
The T/R module developed should make use of innovative approaches to realize low-power T/R circuit components, including the LNA, the power amplifier (PA), phase shifters, and a T/R switch (or other approach for achieving such switching).  The proposal should identify the method by which these components will be integrated with each other to provide transmitting and receiving capabilities on a single (light weight) chip.  Possible approaches include either homogeneous or heterogeneous integration. Key objectives are demonstrating long-life operation without performance degradation, in a relevant environment and an understanding of the physics of failure for both the module and its components.  

The proposer should explicitly include in their program plan an intermediate demonstration to be performed at approximately 12 (twelve) months after the program start.  This demonstration should include:

•
validations that all circuit components necessary to form the complete T/R module (e.g., LNA, power amplifier, phase shifter(s) and T/R switch) achieve planned performance levels;

•
demonstrations of reliable operation of these circuit components; and

•
a realistic and complete circuit model projecting the anticipated performance of the full T/R module that will be realized by the end of the 24 month period-of-performance.

By the end of the period-of-performance, the proposer should further demonstrate:

•
an integrated module-on-a-chip with performance consistent with the circuit model projection; and

•
reliability at the module-level.

This program is expected to result in modules that have a “T/R module figure of merit (FOM)” of at least 104 W-2.  This quantity is defined by the relation: FOM ≡ PTx-avg / (F * PDC3) where PTx-avg is the average transmit output power, F is the module noise factor, and PDC is the average module power consumption for an assumed 20% transmit duty cycle.  However,  particular interest is in approaches that would result in even higher module FOM values, on the order of 105 W-2.

By the end of the period-of-performance, performers are expected to demonstrate that the module technology they have developed is at a readiness level of TRL5.  As a part of this process, a business plan should be developed and regularly updated.   It should describe the strategy that will be adopted by the performer for manufacturing modules in large quantities and at low cost, including projections of quantities of modules, by year, available for ISIS (and any other identified applications) and projections of the costs and cost trends as a function of quantities of modules and year of manufacture.

While characterization of the performance degradation of the module and its components in a high radiation environment is not a requirement of this BAA, the government is potentially interested in having measurements executed to characterize the performance of both circuit components and the full module when operated at elevated radiation levels.  Offerors are requested to describe any proposed characterization work of this nature as a separately-priced option.

Proposers should provide in their proposal a schedule of deliverables which should include a sufficient quantity of each component circuit and of full modules to allow the government to independently verify the performance of a statistically significant number of samples of each.  In addition, a business plan (as discussed above) should be delivered periodically, with projections revised and updated, as necessary, at each submission.  The exact population and details of the deliverable schedule are important aspects of the proposal. In the proposal, contractor(s) must clearly identify the intermediate milestones associated with the technical solution. Milestones should describe the specific technical achievement required at critical Go/No-Go’s decision points. The table below is provided as an example. Additionally, this table also provides representative targets that the government believes may be achievable and of potential interest in demonstrating the low-power T/R module technology. Offerors should include in their proposal a similar table providing specific values they expect to achieve in the program.
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All

Center Frequency / BW GHz 10.0 / 1.0 10.0 / 1.0

PTx-avg / PTx-peak

 1

mW Classified Classified

Reliability

 2

hours

10 

5

10

 6

Gain dB 15 20

Gain Flatness dB ± 1 ± 1

NF dB 1.5 1

Gain dB 15 20

DC Power Consumption mW 1.5 1.25

Reliability

 2

hours

10

 5

10

 6

# of bits bits 3 3

Switching Rate KHz 1 1

Switching Time  µs 10 10

Reliability

 2

hours

10

 5

10

 6

Insertion Loss dB 4.5 3.5

T/R module FOM

 3

W -2 > 10,000

Module Transmit Gain / Receive Gain dB 15 / 15

Module Receive Noise Figure dB 3.5

Output IP3 

1

dBm Classified

Temperature Range of Operation °C -80  to +50

Reliability

 2,4

hours 106

Cost

 5

$ 10

Mass 

6

mg 50

Power Amplifier

Low Noise Amplifier

Phase Shifter

Full Module


1 Information is classified and will be provided on request to qualified proposers

2 At 85°C. Failure is defined as 1, 0.25, or 1dB change in Pout, NF, or IL for the PA, LNA, and PS, respectively. Reliability values obtained through accelerated life RF Arrhenius tests

3 Goal of 105. T/R module FOM ≡ PTx-avg / (F * PDC3) where F = module noise factor and PDC is the average module power consumption

4 Accelerated life RF Arrhenius estimates must be validated by 5000 hours life tests with a statistically significant number of devices

5 Projected unit cost for large quantities

6 Mass of the die

In addition to describing the strategy for achieving the specific GNG objectives, the proposal should also address and provide quantitative estimates of other milestones, including: (1) power added efficiency (PAE), third order intercept (TOI), and linearity of the power amplifier; (2) phase error of the phase shifter; (3) insertion loss, T/R switching time, and isolation (as applicable) of the T/R switching mechanism; and (4) yield and cost (in high volume) of the full module.
The ISIS radiated power per element and third order intercept are classified SECRET.  T/R module technology development will include analytical, computer simulation, and experimental work at the SECRET level.  Qualified proposers may contact Jeffery Mack, AFRL/SNRD, 315-330-3431 for specific module requirements and the classified SECRET Go/No Go metrics in tabular format. 

4. NOVEL POWER SYSTEMS FOR STRATOSPHERIC AIRSHIP OPERATIONS

To meet the 99% on station operation for over one year, the ISIS feasibility studies focused primarily on solar-regenerative power systems supplemented by fuel for peak power requirements. Additionally, the power system was sized for the worst-case power consumption – station-keeping during sustained high-wind events. Nominally, the system power for the 99th percentile winds is on the order of 1 MW of sustained power draw for 3-5 days. During all times, the radar, avionics, and communications systems draw a fairly constant 50 kW of power.

The critical quantitative metric for an ISIS solar-regenerative power system is the sustained specific energy (W-hr/kg). The numerator captures the electro-chemical energy performance and the denominator accounts for all of the masses involved in the power system – collection, storage, retrieval, and distribution. Improving the specific energy (or efficiency per unit mass) in a single component has a small effect on the overall power system mass.  However, there is a significant impact on the strength-to-weight ratio required of the hull material.

During the diurnal cycle, solar cells create waste heat – transferring more of the solar flux into the internal gas pressure. This delta-pressure creates larger hoop-stresses within the airship and increasing the strength per linear-section (N/m). Additionally, solar insolation at higher latitudes leads to increased solar collection area and further impacts on the diurnal pressure differential. Improving the system specific energy leads to smaller solar collection area requirements and a lower strength-to-weight ratio on the hull material. 

ISIS baseline system concepts require a 400 W-hr/kg minimum end-of-life performance from a solar-regenerative system. This system must operate across the operational temperature ranges (-40(C to -80(C) of a stratospheric airship.  Based on the discussion above, the government desires proposals for technologies that demonstrate the minimum 400 W-hr/kg with development paths to achieve 800 W-hr/kg. 

Proposals responding to this BAA must describe the technology path to the desired specific energy of 800 W-hr/kg.  The proposal should also address: flight operation at 70kft altitude for over one year; surge and sustained power operations worldwide between 60(N to 45(S; thermal/energy management of the system and reactants; and the cost per kW-hr of energy. Noting the desire to reject any unnecessary thermal inputs to the airship, proposals including other approaches (e.g. thermal cycle, wind differentials) are highly encouraged for their potential to reduce the areal density of the hull material – the largest contributor to the system mass. The winning contractor(s) will be provided with 0.5m x 0.5m material coupons approximately 18 months after contract award for bonding demonstrations if needed. In the proposal, contractor(s) must clearly identify the intermediate milestones associated with the technical solution. Milestones should describe the specific technical achievement required at critical Go/No-Go’s decision points. As an example, a hydrogen fuel cell component of a regenerative fuel cell (RFC) system must demonstrate a minimum specific power (W/kg) at the high heating value (HHV) to achieve the RFC system specific energy of 400 W-hr/kg.
