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Abstract

This paper presents a novel simulation technology and integration flow for analysis and optimization of power devices. The core simulation technology is based on R3D – a simulator of metal interconnects of power semiconductor devices, allowing calculation of on-resistance of the device, and providing information on voltage and current density distributions [1]. A design flow integrating R3D with design environment at ST Microelectronics has been proposed and implemented. This flow automates and drastically speeds up the design of power device layouts, reduces the chance of errors, replaces expensive and time-consuming silicon experiments by computational experimentation, and enables a high quality power device design.
Introduction
The Smart Power Technologies Platforms are used to design products capable to sustain high current drive capability. For this purpose, Power Device configuration of MOS transistors designed with large channel width and multiple metal layer stacks are commonly used to reduce device ON-resistance (Rdson). The complete simulation of the voltage and current distribution in such a complex layout is a complicated and time-consuming task. A Design Methodology that could replace expensive and time-consuming silicon runs and measurements, and reduce the time to obtain device on-resistance from months to hours, was strongly requested by product designers. It is the purpose of this paper to present such methodology developed at ST Microelectronics in collaboration with Silicon Frontline Technology.
Core simulation technology

R3D is a field solver allowing simulation of current flow in metal interconnects of power semiconductor devices. R3D reads in information from standard files (design layout, vertical BEOL stack, etc.), which simplifies the process of setting up R3D input deck, as well as minimizes the probability of human error in specifying simulation geometry and other input information. R3D generates a 3D geometrical model of the design, discretizes the structure using a mesh, and solves current transport equation using a finite difference method. R3D captures and describes accurately all important physical effects, such as distributed device conduction, current crowding in vias and metal layers, current spreading, metal debiasing, and so on. Typical simulation times range form minutes to several hours, depending on the size and complexity of the design. R3D has been proved to provide highly accurate device resistance values (within process variation (~5%) from silicon measurements). 
R3D allows calculating the on-resistance of power device, currents through all wirebonds or bondpads, and generates a datafile with potential and current density distribution that can be visualized and analyzed to get an insight into device operation (see Fig.1). In addition, R3D simulation can be used to identify the most critical contributors to device resistance, explore current density for electromigration analysis, and to design sense point or sense transistor to monitor device current. Powerful visualization capabilities help to highlight design bugs or flaws that may be missed by visual inspection of the layout or by LVS checks.
Results validation
R3D simulation results were validated respect the behavior tested on silicon of power stages drawn in 0.35um and 0.18um technology. Measured total current together with sensing of potential on the power edges were compared respect R3D output. 

More, the physical information given by R3D follows precisely the simulation results of a schematic, representing one of such power stages, designed by hand spending much time of human resources.

Flow integration

A working flow for power device analysis has been developed at ST Microelectronics, where R3D tool from Silicon Frontline has been chosen as core simulation technology (see Fig.2). The flow uses LVS Data Base generated by Calibre (Mentor) and Interconnect Technology Format files (ITF used by Synopsys) for the definition of metal electrical resistivity. With such a complex flow it is indispensable to provide a designer with a guiding working flow: it helps to avoid mistakes in specifying input information for extraction and simulation, and streamlines the complete analysis.
For this reason, a Graphical User Interface is in use among Smart Power Design Groups. In this GUI the methodological steps, the suitable Tools and all the enhanced features for a “free of errors” set up of the Power Device Simulation are embedded. All of them are the arguments that are treated and explained in the Panel (see Fig.3). Examples are shown together with the time spent to arrive to have information of potential and current density distributions in Power Device metal, via, and device layers.

Other useful information found in the Panel is the usage of R3D software with the STMicro proprietary “Power Device Generator Tool” [2]. This tool creates the Power Device layout in an automatic way with an intermediate step whose layout contains only the metal stack (“Preview Phase”). The application of Power Analysis to such a simple layout allows making a sort of what-if analysis, changing on-the-fly the Power layout if the results of the current and potential analysis don’t satisfy the target of the design. Thus, the optimum layout of metal layers for power transistor can be designed prior to complete layout generation, so that layout changes can be done quickly and painlessly.
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Fig. 1 : A snapshot of visualization of R3D simulation results (potential drop in the top metal layer for source and drain nets).
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Fig. 2: A schematic diagram of design flow.
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Fig. 3: GUI for device power analysis flow.
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