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1 Introduction

It is getting more common to select TMDS signals from more than one source device in an HDMI source application or switch box application nowadays. Pericom 2:1, 3:1 or 4:1 HDMI active switches, which were originally designed for sink application, can also be employed in source application. However, since TMDS signals are not connected to outside in sink application, strong ESD protection was not implemented in those switches aiming for sink application. External ESD protection is thus recommended to protect output TMDS of Pericom switches. The purpose of having external ESD protector, implementation of external ESD protector and layout are documented in this application note.
2 Over-voltage Creation

In application, it is common to encounter an over-voltage by electrostatic discharge (ESD) during hot plugging System B (an HDTV) to System A (an HDMI source with PI3HDMI201/301) via a cable. One possible condition to face over-voltage is the two shielding grounds of the cable ends are not well connected. A properly grounded cable carries noise current induced by electromagnetic interference to ground along the shield. Without good cable shielding, a voltage difference between two systems created at the time of hot insertion damages data signal.
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Figure 1: Ground Voltage Difference between Two Systems and Excessive Current Damage
It is common to introduce a voltage difference between Systems A and B if Live and Neutral wires of System A and B are swapped when being plugged to the outlets as shown below. In this case, at the time Systems A and B are connected with a cable, two Y-Type capacitors are charged up by excessive current between Live and Neutral. As a result, voltage difference between Shield A and Shield B will occur.
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Figure 2: Systems A/B of Typical Two-wire Implementations without Earth Conductor 

If shielding grounds of Systems A and B are not well connected, any excessive current will flow through TMDS signal path and will likely damage PI3HDMI201/301 as silicon device has limited tolerance.

Another possibility is TMDS signal pins of an HDMI cable contact the HDMI connector on the system before ground pins. Excessive current will flow through TMDS signal path instead of shielding ground or ground pins.  This is the reason why hot-pluggable connectors often have longer ground pins or shielding ground contact than signal pins.
As an example below, when hot plugging a Toshiba HDTV to a Samsung Bluray Player via a 2m HDMI cable of bad shielding, a 12us voltage spike of 8.1V is captured. Without ESD protection device, this over-voltage will likely damage PI3HDMI201/301 when the cable is hot plugged to output port of PI3HDMI201/301.
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Figure 3: Voltage Spike Created by Bad Shielding Cable
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Figure 4: Voltage Spike Created by Good Shielding Cable

3 ESD Protection Circuit
ESD protection devices should be designed to protect TMDS output pins of PI3HDMI201/301 from ESD. An ESD protection device commonly has steering diode for data line and a zener diode for power rail. As high level of TMDS signal is 3.3V+10% per HDMI specification, the zenor diode and steering diodes in an ESD protection device should be pulled to 3.3V at Vcc_standby pin in the figure below so as to effectively protect each TMDS signal. The steering diodes connecting to D+ and D- below will begin to conduct when any voltage exceeds 3.3V plus one diode drop. Same ESD protection circuit should be employed to each TMDS Data and Clock pair.
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Figure 3: ESD Protection Circuit for One TMDS Data Pair

On top of positive supply rail, the peak pulse current that an ESD protection device can sink is a key parameter. For protecting TMDS signal lines, it is recommended to pick an ESD protection device with 5A peak pulse current at 125W peak pulse power.
As the ESD protection devices are added between TMDS outputs of PI3HDMI201/301 and HDMI connector of an HDMI source device, the implementation of ESD protection device will affect HDMI compliance tests measured at HDMI connector. Per HDMI Compliance Test Specification, VOFF test is performed when feeding a 3.3V to each output TMDS line from the HDMI connector while the HDMI source is powered off. As a result, any ESD protection device added to TMDS line has to be powered even if PI3HDMI201/301 is not powered up. In other words, a standby 3.3V should be used employed to Vcc_standby pin shown in figure 3 above.

Besides, VOFF test that might be affected by additional ESD protection devices, eye diagram test will also be affected if the junction capacitance of the ESD protection device is too high. High junction capacitance will result low PCB impedance and thus degrade signal integrity. For high-speed transmission, junction capacitance of less than 0.5pF is recommended.

In short, proper ESD protection device must be carefully picked; for instance, Semtech’s RClamp0502A has the flexibility to let user set the power rail externally and has 3A peak pulse current.

http://www.semtech.com/images/datasheet/rclamp0502a.pdf
4 Layout Recommendation
In order for ESD protection devices for TMDS signal lines to act effectively, the following layout guidelines are recommended:

· Use the same ground plane for the ground pin of each ESD protection device and PI3HDMI201/301;

· To reduce inductance effect, use more than one via to short power and ground pins of each ESD protection device to power and ground planes of PCB, respectively;

· Create the land pattern for each I/O pin of ESD protection device as small as possible since the solder pad will lower the PCB trace impedance;

· Place any ESD protection device next to HDMI connector such that the device can clamp any over-voltage entering the HDMI connector immediately;

· Avoid routing TMDS signal through via; if unavoidable, add four stitching vias around each TMDS signal via to ensure continuous reference ground.

5 Relative References
(1) RClamp0544M RailClamp ESD Protection for HDMI Interfaces, SEMTECH, Revision 01/19/2006
(2) RClamp0502A RailClamp Low Capacitance TVS Array, SEMTECH, Revision 06/28/2008
(3) AZ1045-04SU Ultra Low Capacitance ESD Protection Array for High Speed I/O Port, AMAZING MICROELECTRONIC CORP., Revision 10/20/2009
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