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MSc Project: Introduction


I-Introduction

I.1 – Introduction to the Project :


With the immense present and ongoing technological developments in communications and computerization, digital signal processors (DSPs) and general purpose processors are two of the most active fields in Very Large Scale Integration (VLSI) and Application Specific Integrated Circuit (ASIC) design. Datapath architectures, which constitute the operational backbone of these two systems are of particular importance, as even though the significant advances in computation speed, electronic design automation (EDA) tools and integrated circuit (IC) technology instigate faster, smaller and less power dissipating circuits with less production time overhead, the requirements for efficient testing methodologies get stubbornly more demanding as such architectures are deeply embedded in overall system structure, with low controllability and observability, and increased gate to pin ratios. [1],[2],[3],[4]


Multipliers are the most critical functional blocks of datapath architectures in terms of speed and area, and due to their common use in datapath architectures, they are very well integrated in the design automation processes with several alternatives favoring regularity in structure, power consumption, speed and/or area. However, due to their deeply embedded configuration in the datapath architectures, the low observability and controllability, which are even deteriorated by the general regular 2 dimensional iterative array structure[3], make multiplier testing a significant bottleneck in the design process. Therefore, Built in Self Test (BIST) architectures are the preferred solution in multiplier testing for most applications ([3],[5]), as efficient BIST methods provide testing at the operation speed of the overall system – at speed testing –, very high fault coverage with moderate amount of test vectors – constant or linearly dependent on multiplier size – and reduced test time, which in turn reduce the test cost. 


In this project, we investigate several BIST techniques for testing parallel multipliers, and then the scrutinized BIST techniques will be extended to Multiply-Accumulate (MAC), structures with also the addition of the inherent nonlinearities of MAC architectures, namely rounders for precision loss in fixed point multipliers and limiters/clippers to prevent wrapping due to overflow in accumulators. The project can be vaguely separated into 4 phases:

(0- Gaining background information on testing, BIST, Pseudorandom Binary Sequence (PRBS) Generation and output compression techniques)

1- Design of a parameterizable signed – 2s complement multiplier:




In this phase, which might be considered as the design entry, we design a parameterizable multiplier using VHDL(VHSIC
 Hardware Description Language) in Mentor Graphics’ Renoir®. There is a significant amount of literature on well-known types of array and tree multipliers, and during the design entry, we refer to [6],[7],[8] for signed Carry-Propagate Array (CPA) multipliers; to [9] for signed Carry-Save Array (CSA) multipliers; to [8],[5] for modified booths array multipliers; to [7],[10],[3] for tree structures and to [4] for CSA for MAC architectures. As the initial design, we’ve chosen a simple signed CPA structure for the parameterizable multiplier.


(1(2-
Design data management and undertaking necessary steps to convert the design data into the fault simulation format using Mentor’s Design Architect® and AutologicII®)

2- Investigation of several BIST alternatives for input pattern generation:




In this phase, we investigate several well-defined and original BIST schemes for an efficient set of input test vectors in terms of fault coverage using Mentor’s QuickfaultII®. Several techniques described in [13],[1],[14],[11],[12],[15] and [3] are observed and particular emphasis is built on exhaustive and nonexhaustive PRBS generation with Linear Feedback Shift Registers (LFSRs) ([1],[13],[14],[11]) and Cellular Automata (CA) ([13],[15]). Finally, the application of repetitive patterns, described in [3], is investigated as well as evaluation of the fault models described in [3],[6] and [23].

3- Application of output compression:




In this phase, we investigate the outcome of applying output compression for the multiplier outputs, mainly by application of signature analysis as described in [13],[14],[1] and [11]. Techniques for improving fault coverage might be applied depending on the outcomes of the designed 16 bit Multiple Input Signature Register (MISR). Other output compression techniques, described generally in [1],[3] and [13] and techniques specifically used multipliers as in [3].[5] might be investigated for comparison depending on the time bounds

4- Extension to MAC Structure:




In this phase, we planned to extend the multiplier structure to a MAC structure, which is the backbone of most DSP processor architectures[8]. An efficient BIST scheme for the MAC architecture with rounders and limiters was to be investigated.

I.2 – Introduction to Project Report :


In the project report, we try to demonstrate the project progress, in a systematical way, which combines the chronological progress with the formerly described project phases. The first section herein provides a brief introduction to the project and report. The second section aims to give notional and theoretical information about testing and BIST. In the third section we provide an in depth description of PRBS generation using LFSRs and CA and signature analysis, specifically multiple input signature analysis. The fourth section describes the used tools during the project as well as providing a comprehensive explanation of the design data management and design flow. In the fifth section, the first phase of project progress, the design entry is described and designed blocks are introduced, with their conformance to the specifications. In the sixth section, investigation of various pattern generation techniques is discussed with the application of several alternative pattern generation methods. The results are either included within the section or in the appendices or merely referred from the attached CD, depending on the respective volume of data to be presented. Sixth section, which describes mainly the core of the project progress, concludes investigation of BIST techniques with the determination of output compression technique and the final simulation results. The remainder of the section, which is basically an extension to verify the effectiveness of the proposed BIST scheme demonstrates the fault coverage for larger size multipliers with the applied constant volume test set, and points to an interesting outcome and encountered computational problems with increasing circuit size. The seventh section demonstrates the project workplan. The eighth section states the conclusions reached after the evaluation of the results, and the ninth section suggests any further work that could be undertaken. Finally, the tenth section describes the cited references and used bibliography.


(
To abide by the set page limitation on theoretical information, section two should be considered as supplementary material about testing, and can be skipped for only complete theoretical information about PRBS generation and signature analysis, in section three.







� VHSIC : VERY-HIGH-SPEED INTEGRATED CIRCUITS








