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RAI #17: The following are some typical concerns for the FPGA application, provide info on how the
following issues are specifically addressed: Timing, Gate Skew, Power Dissipation, Partitioning,
Maintainability, Delay, Testability Analysis, Tool Usage and Qualification, and Race Conditions.

1 Terms and Acronyms

e DUT - Design Under Test (FPGA top level) The design module being tested. Typically the top
level FPGA design

e FPGA —Field Programmable Gate Array

e FVVP —Firmware Verification and Validation Plan. This plan is the Independent Assurance
describing the plan for V&V of the PL Configuration ltems

e Module — Synonymous with a VHDL Entity

e PL-Programmable Logic: design, description, or implementation of logic intended for
implementation in a FPGA

e Regression — A collection of test cases that achieves the desired coverage levels

e RID —Unique Requirement ID

¢ RTL Model —The DUT model as represented by synthesizable VHDL source code

e VHDL — VHSIC Hardware Description Language

e VHSIC —Very High Speed Integrated Circuit

2 Introduction

This RAI requests descriptions on how a variety of design concerns are addressed. Each of the 10
concerns will be individually addressed. Any overlap will be identified to avoid content duplication.

3 FPGA Design Concerns
3.1 Timing

The NuPAC PL designs are implemented using only sequential logic, which is typical for modern logic
designs. All logic paths of the FPGA are analyzed over the required operating conditions using Static
Timing Analysis (STA), with respect to each FPGA input clock. Logic paths that cross clock domain
boundaries are implemented in accordance with our PL Design and Coding Standard
(NuPAC_PLDP610000-008), and subject to both manual and automated analysis to establish proper
synchronization techniques and timing performance. Static Timing Analysis of logic paths involving the
IO pins of the FPGA are analyzed using worst case modeled delays for off-chip delay paths.

The required timing analysis tool usage and results review criteria are specified in the NuPAC PL
Development Plan (NuPAC_PLDP610000-001).
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External asynchronous interfaces require additional analysis to establish conformance to the
appropriate device or interface specification per applicable PL requirements.

3.2 Gate Skew
Gate skew is analyzed as part of the STA described in section 3.1.
3.3 Power Dissipation

FPGA power consumption is estimated using a manual method established by the FPGA vendor to
provide a conservative estimate based on max clock frequency, max operating temperature, and max
voltage. Specific direction on method of analysis and results review criteria are specified in the NuPAC
PL Development Plan (NuPAC_PLDP610000-001).

3.4 Partitioning

Partitioning of PL functionality into modules is largely determined by the required functions themselves.
However, our design approach is to keep modules as simple as possible, facilitating ease of review and
maintainability. Each source code file is limited to a single module per our PL Design and Coding
Standard (NUPAC_PLDP610000-008).

The overall goal of PL development design partitioning is to develop a hierarchical architecture that
produces an understandable and maintainable design. The resulting well-developed hierarchy and
partitioning is documented in the Core PL Development Specification (NUPAC_PLDS610400-001) and TSC
PL Development Specification (NuPAC_PLDS610410-001).

3.5 Maintainability

Maintainability of our code is established through application of and review against our PL Design and
Coding Standard (NuPAC_PLDP610000-008), including guidelines related to comments, signal and
module naming, clock and reset handling, clock domain crossings, headers, indentation, port mapping,
assorted VHDL constructs, etc.

3.6 Delay

FPGA gate delay paths are verified per the PL ICD (NUPAC_ICD610400-001) as part of the STA described
in section 3.1. PLinterface delay related performance requirements are itemized in the associated PL
Requirements Specification, and are verified as indicated in the appropriate RID attribute per the NuPAC
Requirements Management Plan (NuPAC_RMP610000-001).

3.7 Testability Analysis

The NuPAC Independent V&V (I-V&V) effort will evaluate and analyze testability of the NuPAC Platform
FPL as specified by the NUPAC FPL Verification and Validation Plan (NuPAC_FVVP610000-001). The I-
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V&V effort will, as part of the FPL requirements activity, evaluate FPL requirements and FPL interface
requirements for testability. The I-V&V effort will, as part of the FPL design activity, evaluate FPL design
and interface design elements for testability. The I-V&V effort will, as part of the FPL implementation
activity, evaluate the FPL source code components for testability.

3.8 Tool Usage and Qualification

All tools used to develop PL work products are evaluated for use in accordance with the NuPAC Software
Evaluation Plan (NuPAC_PLDP610000-002). For each PL work product release, the specific SW tools and
versions used are specified in a co-released Version Description Document. Qualification of SW tools is
performed in accordance with the PL Project Management Plan (NuPAC_PLPMP610000-001).

Each Independent V&V (I-V&V) task report will document the usage of tools in performance of the task.
I-V&V task reports will identify the tools and versions used to perform a task, will describe how the tools
were used (if applicable), and will identify the tool qualification records. Task report preparers are
permitted to provide this information by referencing other documents. The process used to qualify I-
V&V tools and generate tool qualification records is specified by the NuPAC Assurance Program
Management Plan (NuPAC_AP610000-001) and NuPAC FPL Verification and Validation Plan
(NuPAC_FVVP610000-001).

3.9 Race Conditions

Race conditions are avoided by the exclusive use of sequential logic, Static Timing Analysis, and the
manual review of all clock crossing boundaries.

Race conditions possible with the global asynchronous reset are mitigated by requiring asynchronous
assertion and synchronized de-assertion per the PL Design and Coding Standards (NuPAC_PLDP610000-
008). This partial synchronization of the global reset-permits STA of all target flip-flops with the same
rigor as other synchronous logic paths in the design as described in section 3.1.
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