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Abstract:  Mr. Shuler will describe the driving requirements of robotics instrumentation, an architecture for a multi-channel signal conditioning chip, circuit techniques used in a six channel production chip now being applied at JSC, and test results from newer designs intended to support a 30+ channel chip.

   Effective signal conditioning in a dexterous robot requires the elimination of excess cabling in confined spaces, which leads to a requirement for a small self-contained module that can amplify and filter a large number of low level, slow moving signals such as from strain gauges.  The module is deployed in a high noise environment with proximity to such devices as pulse-width controlled motors.  This requires per-channel low pass filtering to as low as 100 Mz, and programmable instrumentation amplifiers with gains from 1 to 400.  No commercial parts meet these requirements.  Those which meet the signal processing requirements have usually only two channels and require numerous external components.  Those which have large numbers of channels do not provide per-channel filtering.  Many popular design techniques have high design cost overhead and are not suitable for low cost, configurable applications.

   After surveying various circuit techniques, and sponsoring research both at Texas A&M University (ultra-low pass filters) and Mississippi State (ping-pong compensated op amps), the most promising techniques which emerged were static offset calibration based on very low common mode variation, and filtering using capacitor multiplier techniques.  These techniques have in turn motivated an exploration of various offset compensation configurations which do not vary with common mode (most do), methods of producing CMOS amplifiers with lower static offsets (including circuit and layout techniques to accommodate very long channel transistors), design for rail-to-rail op amps which avoid having a transition region in the sensitive mid-range, and progressive minimization of the area requires for filters as well as the asymmetries which the filters tend to exaggerate.  Finally the design of a small, stable, auto-routable, low-offset, 3-stage ultra-Miller rail-to-rail op amp will be presented.  Feedback will be solicited on additional applications, possible improvements and alternate approaches.

  

Robert L. Shuler, Jr., has worked 30 years for NASA in the fields of software engineering, artificial intelligence, project management, system integration testing, advanced spacecraft design, and since 1995 on the development of ASIC technologies for highly compact spacecraft and robotics.  His recent accomplishments include the development of radiation tolerant flip flops which are highly compact and can be produced in standard CMOS processes, and the development of high density CMOS signal conditioning technology for application to dexterous robots.  Mr. Shuler holds three patents, and has a MSEE degree from Rice and a BSEE from Mississippi State.  His current research interests include extending the robotics instrumentation technology to other applications, and the investigation of links between engineering and economics, including papers in progress on crash rate theory and non-linear market theory.
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