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Testing of analog circuits plays a very important role in achieving both reliability and low cost for IoT and automotive systems. It is a technological challenge including circuit design, signal processing algorithms and measurement methods. This session consists of three talks from industry and academia in this area.

Unconventional ADC Tests Can Save Your Bacon (Speaker: Chris Mangelsdorf)

Nothing is scarier than an unknown analog bug. Redesign costs are awful, but the thought of open-ended debugging strikes fear in even the toughest project manager. Rapid, precise diagnosis is thus the most valuable of skills. But modern silicon is too complex and inaccessible for conventional debugging techniques. Unprecedented creativity is required to penetrate the SOC maze and track down analog weakness. This will be illustrated with a variety of unorthodox test used to diagnose ADC problem such as correction range estimation, non-periodic clocking, kickback measurement, and single-ended testing of differential paths. You can also enjoy the reference [START_REF] Mangelsdorf | The Other ADC Test [Shop Talk: What You Didn't Learn in School[END_REF].

Towards GHz Sub-100 fs RMS On-chip Jitter

Estimation with 28nm FD-SOI Technology (Speaker: Manasa Madhvaraj)

On-chip jitter measurement is an alternative solution to reduce the impact and the cost of jitter measurement for GHz frequencies. Removing the need of an external reference clock is desired to reduce complexity. On-chip jitter measurement schemes that do not need an external reference clock for sampling the clock of interest are generally termed as self-referenced techniques. A delayed version of the clock is used as the sampling clock for jitter estimation but an accurate control of the clock delay is essential for very high resolutions [START_REF] Huang | A Low-Cost Jitter Measurement Technique for BIST Applications[END_REF]. Such an embedded instrument is interesting if it can be realized with a very small footprint, typically using standard digital circuitry. Self-referenced on-chip jitter measurement has been demonstrated for frequencies above 1 GHz with resolutions of several hundreds of femto-seconds. Going below 100 fs requires the use of time difference amplifiers [START_REF] Niitsu | CMOS Circuits to Measure Timing Jitter Using a Self-Referenced Clock and a Cascaded Time Difference Amplifier With Duty-Cycle Compensation[END_REF]. In addition, the calibration of the overall instrument has proven challenging to reach GHz signals. In this talk, we describe our approach towards GHz sub-100 fs on-chip measurement of absolute (timing) and period RMS jitter by exploiting the fine delay control which can be achieved with 28 nm FDSOI technology. A complete embedded jitter measurement instrument is designed with minimum size transistors and simple calibration procedures. In addition to on-chip clock monitoring, the instrument can be used for monitoring noise, aging and environmental effects, for diagnostics or for parameter control in multiple applications.

Consideration on Thermal Effect for High Precision Analog IC Testing (Speaker: Daisuke Iimori)

Due to recent demands for high reliability and low power of IoT systems, μV-order voltage and nA-order current in analog circuit need to be tested with good linearity at low cost [START_REF] Sasaki | Accurate and Fast Testing Technique of Operational Amplifier DC Offset Voltage in μV-order by DC-AC Conversion[END_REF][START_REF] Ogihara | Evaluation of High-Precision Nano-Ampere Current Measurement Method for Mass Production[END_REF]. There thermal effect or electric motive force (EMF) has to be taken care of for high precision measurement. Also, this has to be considered in measurement using micro-probes. This issue is clarified with experiments in several analog circuit testing cases.