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1 Introduction 
 
PI3HDX1204B1 is a dual-mode DP level shifter and HDMI 2.0 re-driver. As HDMI data rate can be as fast as 6Gbps, 
signal integrity is critical. Typical application circuit, layout guideline and test setup are described in this application 
information. 
 
2 EVB Schematic 
 
2.1 Source Application 
 
PI3HDX1204B1 is designed to accept AC-coupled as well as DC-coupled main link signals. When a dual-mode DP 
source is connected to the input of PI3HDX1204B1 in a source application, AC coupling capacitors must be placed at 
the input side. 
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Figure 1: PI3HDX1204B1 Source Application Circuit 

2.1.1 ESD Protectors on Output TMDS 
 
As 8kV contact ESD is commonly required, ESD protectors are implemented at the output TMDS pins of 
PI3HDX1204B1 for source application. ESD8104 HDMI2.0 ESD protector can be considered to protect the 3.3V 
TMDS paths as its reverse working voltage is 3.3V. 
http://www.onsemi.com/pub_link/Collateral/ESD8104-D.PDF 
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2.1.2 Extra Component for Rise/fall Time Control 
 
Per HDMI2.0 specification, rise/fall time of TMDS clock is kept at minimal 75ps while that of TMDS data is decreased 
to minimal 42.5ps if data rate is between 3.4Gbps and 6Gbps. 
 

 
 

Table 1: HDMI2.0 Trise/fall Requirement 

PI3HDX1204B1 is designed to meet the rise/fall time of TMDS data. If output trace length is short, maybe 1” only, 
common-mode choke or external inductor can be considered for slowing down the rise/fall time for TMDS clock of 
PI3HDX1204B1. 
 
2.1.3 Leakage Blockage for VOFF Test 
 
When performing VOFF test specified in HDMI1.4a Compliance Test Specification, each output TMDS of 
PI3HDX1204B1 will be pulled to 3.3V via an external 50kΩ resistor. In this case, current will pass through an internal 
ESD protector at the output TMDS pin of PI3HDX1204B1 and leakage will be found at VCC pin of PI3HDX1204B1. 
 

 
 

Figure 2: HDMI1.4 VOFF Test Setup 

 
 

Table 2: HDMI1.4 VOFF Requirement 
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To avoid this leakage, AP2151A power switch can be employed between the main 3.3V supply on a system and the 
VCC power plane of PI3HDX1204B1. Below is an example borrowed from an evaluation board schematic. 
 

 
 

Figure 3: Power Distribution Switch Example 

2.2 Sink Application 
 
PI3HDX1204B1 can also be employed in a sink application as it offers a range of equalization setting. 
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Figure 4: PI3HDX1204B1 Sink Application Circuit 
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2.2.1 ESD Protectors on Input TMDS 
 
ESD protector selection guidance for source and sink applications is the same. Please refer to Section 2.1.1 for 
details. 
 
3 Layout Design Guideline 
 
3.1 AC Coupling Capacitor 
 
Below is an example of placing AC coupling capacitors on high-speed channels. 
 

 
 

Figure 5: AC Coupling Capacitor Placement 

3.2 Output Trace Length 
 
To fulfill minimal 75ps rise/fall time requirement of TMDS clock, 1.5 – 4.5” TMDS trace length between 
PI3HDX1204B1 and HDMI connector for source application is recommended. This trace length varies with PCB trace 
width, characteristics of common-mode choke/ESD protector and connector quality. If trace width is 5 mil, 2.7 – 3.3” is 
recommended. Furthermore, isolation space should be larger than 5 mil to minimize the crosstalk so thus jitter. Below 
is the PI3HDX1204B1 placement on its evaluation board. 
 

 
Figure 6: PI3HDX1204B1 Source EVB PCB 
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3.3 Differential Impedance (TDR) 
 
Layout guideline especially for high-speed transmission is critical. Please refer to PI3DPxxx_PI3HDxxx_Layout 
Guideline for detailed recommendations. Differential impedance test is required for both source and sink applications 
per HDMI2.0 specification. 
 

 
 

Table 3: HDMI2.0 Differential Impedance Requirement for Source Application 

 
 

Table 4: HDMI2.0 Differential Impedance Requirement for Sink Application 

The PCB impedance immediately before and after an ESD protector must be adjusted to compensate the capacitance 
loading of the ESD protector. Below is an example designing RClampe0544M in PI3HDX1204B1 evaluation board. 
Trace impedances before and after the ESD protector are tuned to compensate the capacitance of RClamp0544M. 
Semtech’s layout guideline is followed. 
https://www.semtech.com/images/promo/Layout_Guidelines_for_adding_ESD_Protection_in_HDMI.pdf 
 

 
 

Figure 7: ESD Protector on PI3HDX1204D(-B) Source EVB 
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3.4 Ground Via on Thermal Pad 
 
At least eight ground vias are required on thermal pad of PI3HDX1204B1. The recommended via size is 12/24 mil. 
Below is a reference for PI3HDX1204B1 ground pad. 
 

 
 

Figure 8: Thermal Pad Design Example 

4 Test Result 
 
4.1 HDMI2.0 Test Setup 
 
HDMI2.0 source test setup is available for evaluation and pre-test. Below is the internal HDMI2.0 test setup. 
 

 
 

Figure 9: HDMI2.0 Test Setup 

4.2 HDMI2.0 Trace Loss 
 
PI3HDX1204B1 is evaluated with the use of tailor-made FR4 trace cards as input traces plugged to the EVB. 
 

HDMI FR4 trace 0 in 6 in 12 in 18 in 24 in 30 in 36 in 
Insertion loss @ 
6Gbps -5.91 dB -9.75 dB -10.47 dB -13.05 dB -15.87 dB -16.97 dB -21.20 dB

 
Table 5: HDMI2.0 FR4 Trace Loss 
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4.3 HDMI2.0 Compliance Test Result of PI3HDX1204B1 EVB 
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4.4 HDMI1.4 Compliance Test Result of PI3HDX1204B1 EVB 
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