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Comparison and conclusion
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This is the fourth module of the presentation, titled “System Level Protection for High-Voltage Multiplexers in Multi-Channel Data Acquisition Systems”. In the previous two modules, we discussed 4 different protection schemes against the fault condition using discrete components and two multiplexers with integrated fault protection. Now let’s do a quick comparison between the different solutions and understand which solution is the best under different application use cases.
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Comparison between discrete protection schemes

# | Protection scheme

Protection
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Implementation

Cost

1 Diodes in series with
supplies

2 Series resistor + Zener
diodes on supplies

3  Series resistor + Schottky +
Zener diodes on supplies

4  Series resistor + TVS (or
Zener) diodes

5 Multiplexers with integrated
fault protection
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The table below summarizes the pros and cons between the different fault protection schemes. From discrete protection performance point of view, series resistors plus an TVS diode or a Zener diode provides the best protection level. It’s also very easy to customize the voltage clamping level with the array of different TVS and Zener offerings on the market, making the solution very flexible in various different applications. The multiplexers based solution also offer similar protection robustness. The protection with Schottky diodes comes as a close second. The only drawback is the limited option in terms of how high the voltage level the Schottky diode can tolerate. Simple current limiting resistor protection with internal diodes offers fair level of protection, but there is some concern on long-term reliability. Diodes in series with supplies offer protection to the multiplexer, but not the other components in the system, making the solution not as attractive to many application use cases. 

In terms of how much the protection solution impacts the normal operation of the precision measurement system, the multiplexer with integrated fault protection and TVS or Zener solution lead the pack by introducing little parasitic component and leakage current to the system. Therefore, they produce very little impact to the system performance. It should be noted the On resistance of the MPC family is high, so it might not be suitable for all application scenarios, similar to solution 2 and 3. The high value series resistor in the signal path impacts the THD, settling time, and measurement accuracy of the system. The Schottky diode solution also introduces higher leakage current, which causes measurement error that is difficult to be calibrated. Diodes in series with supplies reduces dynamic range of the systems, while also changing the On-resistance of the multiplexer during fault condition. It is therefore not an acceptable soliton to certain high precision measurement systems. 

Finally, from solution cost perspective, the multiplexer with integrated fault protection can cost more than discrete implementation. Schottky, TVS, or Zener diode solutions also has higher cost to be implemented, since the diodes need to be added to all input channels that are prone to the fault. Simple series resistor protection scheme is fairly cheap to implement, while the diodes in series with supplies solution offers the cheapest protection scheme among the different solutions. 




S
Conclusion and recommendations

Multiplexers are commonly used on the front-end of a data acquisition system

Fault condition can cause damage to the multiplexer and other components in the
system

Discrete protection scheme:
— TVS/ Zener diodes offer the most robust and flexible protection scheme
— Diode in series with supplies and series resistors offer the cheapest implementation

Multiplexers with integrated fault protection can be a good alternative to achieve
good precision performance while saving external components
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To summarize this presentation, let’s review what we have discussed. First, many data acquisition applications have a multiplexer placed at the front end of the system. The possibility of overvoltage events on the multiplexer channel in these systems exists. If there is no protection against overvoltage, it can possibly damage a multiplexer and the devices used to bias and interface with the multiplexer. 
Several discrete implementation schemes were discussed in this presentation. The TVS and Zener diode approach offer the best protection robustness, flexibility in design, and minimal impact to the measurement system. On the other hand, diodes in series with supplies and series current limiting resistor offer the cheapest implementation if cost of the system is the number one carea-bout. In addition to discrete implementations, a multiplexer with integrated fault protection, such as the TMUX1072 and the MPC50x family of devices offered by Texas Instruments, provides a good alternative when system performance and board size reduction is critical.
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