System Level Protection for High-Voltage
Multiplexers in Multi-Channel Data Acquisition
Systems

Multiplexers with integrated fault protection
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Presentation Notes
This is the third module of the presentation, titled “System Level Protection for High-Voltage Multiplexers in Multi-Channel Data Acquisition Systems”. In the previous module, we discussed some fault protection schemes using discrete components, such as diodes and resistors.  In this module, we will discuss a couple multiplexer solutions offer by Texas Instruments. They come with integrated overvoltage protection to reduce the number of external components needed to protect the system from over-voltage fault. 


- TMUX1072

2-Channel 2:1 Analog Switch with Overvoltage Detection and Protection
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| Overvoltage triggering threshold: 6V
» Powered-off protection (I/O pins Hi-Z, when V-=0V)
e 1.8-V Compatible Control Inputs
» Wide handwidth for differential high-speed data
* | Bandwidth: 1.2 GHz
« Low Coy: 4.5 pF (typ.)
* Low Rgy: 6 Q (typ.)
» Standby power down mode current consumption: 10uA
(max)
e Operating Temperature Range: -40 to 125°C
» Package options:
* QFN-12 Package (2mm x 1.7mm)
e SOP-10 Package (3mm x 3mm)

Applications

» Data acquisition (DAQ), Field Instrumentation
« Video Surveillance, Automotive Rear Camera
e Portable Data Terminal

Benefits

Ideal for 2.5V, 3.3V and 5V supply rails

Pass I/0O signals greater than Vcc (for eg. Vcc = 3.3V, and I/O sighal =
5V)

Protects systems up to 18V OVP short conditions

Powered-off protection eliminates the need for power supply
sequencing requirements

1.8-V logic support eliminates the need of a level translator between
MCU and EN pin.

Wide BW and low Rg), for minimal signal degradation
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The first device, TMUX1072 is a two channel single-pole double throw switch operated off supply voltage VCC of 2.3V to 5.5V. The device has built-in comparators on the input with a threshold of 6V. When the input voltage goes above 6V, the switch disengages to prevent the overvoltage signal from propagating to the output and therefore protects any of downstream components. The input offers voltage tolerance up to 18V without damage. The device also offers high bandwidth of 1.2GHz, allows high speed signals to be passed through the switch with little degradation. Another unique feature of this device is that it can pass signals through the switch beyond the rail up to 5.5V. For example, if the Vcc supply is 3.3V, signals of up to 5.5V can be passed from the input to the output without any clipping. The device is available in a 10-pin SOP package and smaller 12-pin QFN package and is rated for 125C operation. 
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TMUX1072

Internal block diagram and fault protection behavior
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The picture below shows the internal block diagram of TMUX1072.  It shows the comparator on the input pins for overvoltage protection with threshold VOVP of 6V. The device also has an open-drain fault indicator pin (/FLT). If fault condition occurs, meaning the input voltage going higher than 6V, the fault indicator pin is asserted low. This pin can be used to notify the host controller the existence of fault condition to aid system diagnostic. The diagram on the right shows example fault condition waveform. It can be seen that the output stops following  the input once the input voltage goes into the overvoltage territory. This is due to the switches automatically disconnect upon fault condition. The fault indicator is asserted upon fault occurrence, and it is released after the fault goes away.  

The TMUX1072 is well-suited for systems running off low-voltage supply up to 5.5V. Since the over-voltage protection triggers at 6V, the device is a good fit to support signal range up to 5V in normal operation. If higher signal range or negative signal is required, an alternative switch should be considered, such as the MPC508x family I will be discussing on the next slide.  

http://www.ti.com/product/TMUX1072

~ MPC50x

+36V VDD | £ 15V input signal | Overvoltage tolerance up to 70VPP

. iAnang overvoltage protection: 70vpp (-36V to +36V) I

» 1.3kQ Ron (inc. 1kQ series current limiting resistor)
» None-fault channel continues to operate normally

« | Digital input tolerates up to 4V above supply

* 2nA (tvp) ON leakage current

* [2UA OFF leakage current under fault condition
Break-before-make switching

Applications

» Factory Automation, Programmable Logic Controllers
(PLC), Analog Input Modules, ATE Test Equipment,
Battery Monitoring

Benefits

* Integrated OVP prevents fault to impact downstream
devices.

* Reduced BOM and board area

« Wide supply operation to provide native protection for
over-voltage

In1

In2

In8

1kQ
. "o o
: : QOut
1kQ !
- T0—4
. \ Decoder/
- Driver
1kQ Lo
Overvoltage Y
Clamp and Hpt—{  Level
Signal Ref Shift
Isolation
NOTE: (1) Digital
Input Protection.
00 0 O
MPC508A Ay Ay A, EN

Configuration

MPC506 16:1
MPC507 8:1

MPC508 8:1
MPC509 4:1
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Now, let’s look at the MPC50x family, which is a portfolio of 4 different devices in configurations ranging from single-ended 16:1 to differential 4:1. The devices are rated to operate off +/-15V dual supplies in normal condition. 

The protection concept comes from discrete protection scheme #2 that we discussed in the previous module. A series resistor of 1kohm is added in front of every channel to limit current flow under fault condition. This is illustrated in the internal block diagram of the device on the right. With these protection resistors, the device is capable of handling fault voltages up to 70V peak-to-peak with any damages. The device also has special design to isolate the fault channel from impacting other channels, allowing the good channels to stay in normal operation with little performance degradation. The leakage current under fault condition is only 2uA and causes very little accuracy impact to the output. The digital control pins (which are the enable pins and channel selection pins) can also tolerate voltages up to 4V above the supply

On drawback of the MPC50x family is the ON resistance of the multiplexer is necessarily higher because of the added series current limiting resistor. However, to achieve the same degree of protection with conventional discreet devices, the same resistors must be added externally, plus external diodes which would add to the effective leakage currents. The MPC50x family thus provide an integrated protection solution while saving component count and reducing board space. The devices are suitable for use in heavy industrial applications where higher fault voltages can be expected. 
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