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3:1 HDMI 1.4/2.0 Switch with Linear ReDriver and 12C Control

Description

Applications

The DIODES™ PI3HDX231 is the HDMI 2.0 Linear ReDriver™ 3:1
Switch, supporting Data rate 6 Gbps per channel with 4096 x 2160
pixel resolution, color 12-bit YCbCr 4:2:2 format. Diodes Linear
ReDriver technology can provide 2 times improved Jitter per-
formance and the component placement flexibility between the
source and sink devices. Non-blocking Channel link transparency
can provide the mode setting easiness for Signal Integrity adjust-
ment.

It works as a part of the signal conditioning ecosystem, designed to
aid in the transmission and Digital Feedback Equalization (DFE)
reception of high-speed digital signals.

It has both Pin and I2C programming mode for Ports selection,
programmable termination resistors, Squelch detection for idle
mode, DDC Switch and input/output voltage level selection.

Features

« HDMI 2.0 standard compliant Linear ReDriver Switch with
6Gbps data rate

« I2C control 3:1 TMDS Ports switching

Supports DC-coupled TMDS or AC-coupled DP++ Differential

input signals for DP++ Level Shifter application

Supports Input Equalizer, Flat Gain and Voltage Swing control

independently to achieve optimized HDMI signal integrity

* Linear ReDriver delivers 2x Improved Additive Jitter than

ReDriver CMOS technology

Improve TMDS Link Margin with receiver-side DFE (Decision

Feedback Equalizers) as a part of signal conditioning ecosystem

« Input Clock Detection(squelch) for auto power-down mode

Selectable Active Buffer or Passive DDC switch with DDC VOL/

VIL adjustment

Programmable Receiver and Driver block termination resistors

» Standby current <50uA when all three ports are off by port

selection control or HPD_SINK = 0 condition

Power supply: 3.3V

Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)

+ Halogen and Antimony Free. “Green” Device (Note 3)

« For automotive applications requiring specific change control

(i.e. parts qualified to AEC-Q100/101/104/200, PPAP capable,

and manufactured in IATF 16949 certified facilities), please

contact us or your local Diodes representative.

https://www.diodes.com/quality/product-definitions/

Package (Pb-Free & Green): 72-pin, TQFN (ZL)

DIODES is a trademark of Diodes Incorporated in the United States and other countries.

« HDMI Peripheral Switch Box
« TV, Monitor and AIO PCs
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Figure 1. HDMI 2.0 Switching in TV/Monitor

12C Mode Control
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Figure 2. HDMI 2.0 Switch Box

Ordering Information

. Pack "
Ordering Number ackage Package Description
Code
72-contact, Very Thin Quad Flat
PI3HDX231ZLEX ZL No-Lead (TQEN)
Notes:

1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU
(RoHS 2) & 2015/863/EU (RoHS 3) compliant.
2.Seehttps://www.diodes.com/quality/lead-free/ for more information about Diodes
Incorporated’s definitions of Halogen- and Antimony-free, “Green” and Lead-free.
3.Halogen- and Antimony-free “Green” products are defined as those which contain
<900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and <1000ppm
antimony compounds.

4. E = Pb-free and Green

5. X suffix = Tape/Reel

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.

ReDriver is a trademark of Diodes Incorporated.
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Revision History

() PERICOM

PI3HDX231

Date Revision | Description of Changes
July 2016 - Preliminary DS release
October 2016 - Pin Description Typo fixed and add SVDD description in the Block Diagram
December 2016 - Add ES sample Errata
Aoril 2017 i Changed I2C control registers: Byte 0x00 bit 4 as reserved. bit 2 : Squelch control, Byte 0x06 Bit [7:6] :
P reserved
SVDD changed to VDD for reliability improvement.
June 2017 - DDC Source channel requires MOSFET for 5V tolerance support, and updated Application Schemat-
ics.
Electrical spec items unrelated for HDMI application were removed. DDC Vilc application added in
August 2017 1 Application session.
Removed ES sample Errata
Removed Industrial Temperature
Removed Section SiGe vs. CMOS Redrivers Jitter performance
Removed Section EQ/FG/SW Channel Output Measurement (Informative)
Updated Official Diodes' Format
Updated Trademark for ReDriver
March 2022 2 Updated Pin Description
Updated Figure HDMI 2.0 Switch Box
Updated Figure HDMI 2.0 Switch 5:1 Application Block Diagram
Updated Figure HDMI Sink-side Application with 12C mode switching control
Updated Figure HDMI Sink Application in Pin mode
Updated Figure HDMI Switch Application in I2C mode
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2. Pin Configuration
2.1 Package Pin-out

GND
TMDS_ORDER
DOP1
DON1
VDD
CLKP1
CLKN1
FGIO0]
D2P2
D2N2
VDD
D1P2
D1N2
MS
DOP2
DON2
VDD
CLKP2
CLKN2
DDC_SEL
D2P3
D2N3
VDD
D1P3
D1N3
GND

A Product Line of
Diodes Incorporated

() PERICOM

PI3HDX231

Figure 2-1 72-pin Package Pin-out

Tiozaozoold
SoSB88ERRES
2 61 SCL2
13 60 [] HPD3
14 59 [| SDA3
15 58 [ scL3
16 57 [ SDA_SNK
7 56 [ SCL_SNK
— 18 55 [ HPD_SNK
19 54 | D2P
110 EPAD 53 [ D2N
111 52 [ vDD
112 51 [ D1P
113 50 [_] DIN
114 49 [ PORT_SEL[0]
115 48 [ PORT_SEL[1]
116 47 [ Fe[1]
[ 117 46 [ DOP
118 45 [] DON
119 44 [—] VDD
120 43 [] CLKP
121 42 [] CLKN
122 41 [] FG[2
123 40 [] VOL_SEL
24 39 [] SWIO)SCL_CTL
125 o o e o o o 38 ] SWITYSDA_STL
HOO000000100
§gotcogrzs
°©5 <22
o N =9
AR

Note: In TMDS Data and Clock Differential Pairs of Input and Output, the polarity (+/- or P/N) of each pairs and high-speed data channels A[3:0] can use inter-
changeably. Output pins of polarity and data channel will always follow the input polarity and data channel assignment changes.

PI3HDX231
Document number DS40118 Rev 2-2
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2.2 Pin Description
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Pin Name Pin # Type | Description

DI[2:0]P1/N1 3,4,72,71, 69, 68 I Port 1 TMDS Positive/Negative inputs

CLKP1/N1 6,7 I Port 1 TMDS Positive/Negative inputs

D[2:0]P2/N2 15,16, 12,13,9, 10 I Port 2 TMDS Positive/Negative inputs

CLKP2/N2 18,19 I Port 2 TMDS Positive/Negative inputs

D[2:0]P/N3 27, 28,24, 25,21,22 I Port 3 TMDS Positive/Negative inputs

CLKP3/N3 30,31 I Port 3 TMDS Positive/Negative inputs

D[2:0]P/N 46, 45, 51, 50, 54, 53 O | TMDS positive outputs

CLKP/N 43,42 O | TMDS positive outputs

HPD1 67 O Port 1 HPD output

SDA1 66 I/O | Port 1 DDC Data

SCL1 65 I/O | Port 1 DDC Clock

HPD2 64 o Port 2 HPD output

SDA2 63 I/O | Port2 DDC Data

SCL2 61 I/O | Port 2 DDC Clock

HPD3 60 O | Port 3 HPD output
Sink side hot plug detector input. High: 5-V power signal asserted from
source to sink and EDID is ready.

HPD_SNK > : Low: No 5-V power signal asserted from source to sink, or EDID is not
ready.

SDA_SNK 57 I/O | Sink Side DDC Data

SCL_SNK 56 I/O | Sink Side DDC Clock

SDA3 59 I/O | Port 3 DDC Data

SCL3 58 I/O | Port 3 DDC Clock
TMDS order selectable control with default pull-high.

TMDS_ORDER 2 I Tie to VDD or float, they are D2/D1/D0/CLK (default)
Tie to GND, they are CLK/D0/D1/D2.
Mode selection pin. Internal pull-up with 100kQ).

MS 14 I 0: Pin Control Mode
1: I2C Control Mode

DDC SEL 20 I DDC buffer or passive switch control with default pull high. When tie to

- VDD or float, it is passive switch, when tie to GND, it is active buffer.

EQ[3]/ADR[3] 33 I

EQ[2]/ADR[2] 34 I TMDS input equalization selection in all channels when MS=0. See truth
table for EQ setting.

EQ[1)/ADR(1] 35 I I2C address PIN when MS=1

EQ[0]/ADRJ[0] 36 I

SWJ1]/SDA_STL 38 I TMDS output voltage level selection in all channels when MS=0. See truth
table for swing setting.

SWI[0]/SCL_STL 39 I I2C interface when MS=1

PI3BHDX231

Document number DS40118 Rev 2-2

5 March 2022

. © Diodes Incorporated
www.diodes.com



DTCOES.

1 N €C O R P ORA ATED

A Product Line of
Diodes Incorporated

() PERICOM

PI3HDX231
Pin Name Pin # Type | Description
DDC sink side VOL,VILC value select. Internal pull high to VDD. Low:.
VOL_SEL 40 I VOL=0.525V, VILC=0.425V
High: VOL=0.75V, VILC=0.6V
FGI[2] 41 I
TMDS output flatten gain level selection in all channels when MS=0. See
FG[1] 47 I -
truth table for FG setting.
FGI[0] 8 I
PORT_SEL[1] 48 Port selection when MS=0.
Port_sel[1:0]
00 portl select
1
PORT_SEL[0] 49 01 port2 select
10 port3 select
11 shut down all port
5,11,17, 23, 29, 32,
VbpD 44,52, 70 P 3.3V Power Supply
GND 1,26, 37, 62 G | Ground
EPAD EPAD G | Ground
PI3HDX231 6 March 2022
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3. Functional
3.1 Functional Block
HPD[3:1]
SCL_SRC — 5 SCL_SINK
[3:1]
SDA_SRC [} = & SDA_SINK
[3:1] % 300KQ %3.—4_
3000 %'—<]_ {1 HPD_SINK
s00k0 %. <l— %nom
VDD33
VDD33
==RT L:LL_
N E'| I
D[2:0]P/N1 O
CLKP/NT ROUT 2 2
RD == — D[2:0]P/N
3:1 MUX Equalizer Linear ~ h CLKP/N
ﬁ { . Amp
Signal
&ND Detect
D[2:0]P/N2 .
CLKP/N2 !
| o—
|
|
|
DI2:01P/N3 :
CLKP/N3 : o |
|
|
MS Control Logic
DDC_SEL > 12C Registers SW1/SDA+STL &
TMDS_ORDER > N » 12C SWO/SCL_STL ]
EQ[3:0] d > Controller — i
FGI1:0] >
VOL_SEL { >
Figure 3-1 Functional Block Diagram
PI3HDX231 7 March 2022
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3.2 Control Signal Truth Table
3.2.1 Pin or I2C Control Mode Selection MS Pin

A Product Line of
Diodes Incorporated

MS Operation
0 Pin control mode
1 12C control mode (Default)

Note: Internal pull high

3.2.2 DDC Active Buffer, Switch Selection DDC_SEL Pin

DDC_SEL | Operation

0 Active buffer

1 Passive switch (Default)

Note: internal pull high

3.2.3 DDC Sink-side Output and Input Voltage Selection VOL_SEL Pin

VOL_SEL VOL VILC
0 0.525V 0.425V
1 0.75V 0.6V

Note: Intern pull high

3.2.4 TMDS Order Swap Control Pin

TMDS_ORDER

Operation

0

CLK/D0/D1/D2 order

1

D2/D1/D0/CLK order (Default)

Note: internal pull high

PI3HDX231

Document number DS40118 Rev 2-2
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3.2.5 Input Equalization Setting

A Product Line of
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PI3HDX231

The EQ[3:0] pins are the pin-strap mode for each high-speed channels EQ control. Equalization can be controlled independently,

configuration registers programmable by I2C mode.
In pin mode, Equalization setting apply same value for all 3 Data and 1 Clock channels.

Table 3-1. Equalization Setting

EQ3 EQ2 EQ1 EQO @ 3GHz @ 4GHz
0 0 0 0 35 4.6
0 0 0 1 4.3 5.8
0 0 1 0 5.1 6.8
0 0 1 1 5.9 7.8
0 1 0 0 7.1 9.1
0 1 0 1 7.8 9.9
0 1 1 0 9.1 11.3
0 1 1 1 10.3 12.6
1 0 0 0 11.7 14.0
1 0 0 1 12.6 14.9
1 0 1 0 13.4 15.7
1 0 1 1 14.5 16.8
1 1 0 0 15.6 17.8
1 1 0 1 16.4 18.5
1 1 1 0 17.1 19.1
1 1 1 1 17.7 19.6
3.2.6 Flat Gain Setting
FG[2:0] pins are the selection of the DC Flat Gain value.
Table 3-2. Flat Gain FG[2:0] Control
FG2 FG1 FGO dB
0 0 0 -35
0 0 1 -2.0
0 1 0 -0.5
0 1 1 0.5
1 0 0 1.5
1 0 1 2.5
1 1 0 4.0
1 1 1 6.0

PI3BHDX231
Document number DS40118 Rev 2-2
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3.2.7 Voltage Swing Setting
SW/1:0] affects the linearity of the output signal swing when input amplitude changes.

Table 3-3. SW[1:0] Output Swing Setting

A Product Line of
Diodes Incorporated

SwW1 SWo mVp-p
0 0 800
0 1 900
1 0 1000
1 1 1100
PI3HDX231

Document number DS40118 Rev 2-2
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3.3 Function Description

3.3.1 Squelch Function

Squelch is a circuit function to disable the signal outputs when input signal is below ~50mVdift. Output squelch can shut down TMDS
output signals with high impedance or pull-up to VDD in the internal 50} resistor.

It can use frequency detection or Voltage threshold method on the TMDS input clock channel. In Frequency detection, the threshold
TMDS clock frequency is around 12MHz.

When programming register PORT_SEL[1:0] = 11 or HPD_SINK = 0, all ports shall be shut-down. TMDS Input termination resistor
RT switch to power down RPD automatically.

3.3.2 HPD_SRC Output Diagram

External pull-up resistor to 3.3V power supply recommends in open drain output buffer mode.

3.3.3 HPD_SRC Output diagram(open drain only for SINK application)
|

Py
300kQ
weak ] From HPD_SINK
pull-up

Note: Open drain buffer is recommended with external pull-up resistor to 3.3V power supply.

3.3.4 Receiver Equalization, Flat Gain and Output Swing Range

Each channel has a programmable equalization network and Flat Gain adjustment. All controls including Equalization, Gain, Output
enable/disable can be individually programmed through the on-chip programming register block through pin controls or the I2C serial
bus.

Gain (dB) £Q Satting Gain (dB) Output (V)

FG Setting

v

»
»

Input +/- Output +/-

N o SW Setting o
> > > f >

f(GHz) f (GHz) Input (V)

Control EQ Peaking Flat Gain Output Swing

Figure 3-2 Illustration of EQ, Gain and Swing setting

PI3BHDX231 11 March 2022
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3.4 12C Register
3.4.1 I2C Address Byte
b7(MSB) b6 b5 b4 b3 b2 bl b0 (R/W)
Address 1 0 1 A3 A2 Al A0 1/0*
Byte
Note: 1:Read; 0:Write, A[3:0] are four address bits setting in pin-mode
3.4.2 Data Transmission Format
Data is transmitted to the configuration registers using the Write and Read mode as shown in Figure below.
S | SlaveAddress |R/W=0] A | Startoffset | A | Data | A | Data | A | Data | A/A | P
Thits 1 1 8 1 8 1 8 1 8 1
_ From master to slave A=acknowledge A=not acknowledge
I:l From slave to master S=start condition P=stop condition

Figure 3-3 12C Control Register Write Condition

S| Slave | R'W=0 | A| Start | A|S | Slave | R‘/W=1 | A | Data [ A | Data | A | Data | A | P
address offset address
Thits 1 1 8 1 7 1 1 8 1 8 1 8 1

Figure 3-4 12C Control Register Read Condition

PI3HDX231 12 March 2022
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3.5 12C Control Register

The I2C control register uses index read or write for byte access.

3.5.1 I12C Control Register

Power Up

fiset Ni D ipti
Offse ame escription Condition

Type

[7] Enable Standby. In standby mode.
TMDS equalizer and output driver are powered down.
0: normal mode
1: standby mode
[6:5] Port selection
00: Port 1
01: Port 2
10: Port 3
11: Disable All ports 0x00 R/W
[4] Source Connection Detector.
No sink-connection when HPD_SINK pin is Low. Re-Driver shall
not active, and turn off TMDS input termination 50Q) resistors
0: Enable source connection detector (Default)
1: Disable connection detector
[3] Squelch Disable
0: Squelch enable (Default)
1: Squelch disable

0x00 CONFIG[7:0]

[2] Squelch result output.
0: No Clock detection in TMDS clock channel
1: Clock detection in TMDS clock channel. When squelch function R
disable, this bit keep High. This function is available in normal
operation mode. In standby or disable all ports, this bit keep Low

[1] RT, RPD control
0: RT active for all 3 ports 0 R/W
1: RT active for selected port, RPD for other non-selected ports

[0] Reserved 0 R/W

PI3BHDX231 13 March 2022
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Power Up

Offset N Descripti iti
se ame escription Condition

Type

RX/TX terminal 50 ohm resistor programmable

[7:4] Input RX 50 ohm terminal resistor adjust

0000: 50 ohm (default)

0001:+35%

0010:+29%

0011: +22%

0100: +17%

0101: +12%

0110: +8% 0x00 R/W

0111: +4%

1000: -4%

1001: -7%

1010: -10%
0x01 TERM_SET(7:0] 1011:-13%
1100:-16%
1101:-18%
1110:-20%
1111:-22%

[3:1] Output terminal 50 ohm resistor adjust
000: 50 ohm (default)
001:+12%
010:+7.3%
011: +3.4%
100: -3.0%
101: -5.7%
110: -8.1%
111:-10.1%
[0] Reserved

PI3HDX231 14 March 2022
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Power Up

Offset N Descripti iti
se ame escription Condition

Type

TMDS setting for channel 2 @ 3GHz
[7:4] EQ programmable setting for channel 2
0000: 3.5 dB
0001:4.3 dB
0010:5.1 dB
0011:5.9dB
0100:7.1 dB
0101:7.8 dB
0110:9.1 dB
0111:10.3 dB
1000:11.7 dB
1001:12.6 dB
1010:13.4 dB
EQ/FG setting 1011:14.5dB
for channel 2 1100:15.6 dB
1101:16.4 dB
1110: 17.1dB
1111: 17.7 dB
[3:1] TMDS flat gain setting for channel 2
000: -3.5dB
001: -2.0dB
010: -0.5dB
011: 0.5dB
100: 1.5dB
101: 2.5dB
110: 4.0dB
111: 6.0dB
[0] Reserved

0x02 0x00 R/W

PI3BHDX231 15 March 2022
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Power Up

Offset N Descripti iti
se ame escription Condition

Type

TMDS setting for channel 1 @ 3GHz
[7:4] EQ programmable setting for channel 1
0000: 3.5 dB
0001:4.3 dB
0010:5.1 dB
0011:5.9 dB
0100:7.1 dB
0101:7.8 dB
0110:9.1 dB
0111:10.3 dB
1000:11.7 dB
1001:12.6 dB
1010:13.4dB
EQ/FG setting 1011:14.5dB
for channel 1 1100:15.6 dB
1101:16.4 dB
1110:17.1dB
1111:17.7 dB
[3:1] TMDS flat gain setting for channel 1
000: -3.5dB
001: -2.0dB
010: -0.5dB
011: 0.5dB
100: 1.5dB
101: 2.5dB
110: 4.0dB
111: 6.0dB
[0] Reserved

0x03 0x00 R/W

TMDS setting for channel 0 @ 3GHz
[7:4] EQ programmable setting for channel 0
0000: 3.5 dB
0001:4.3 dB
0010:5.1 dB
0011:5.9dB
0100:7.1 dB
0101:7.8 dB
EQ/FG setting 0110:9.1 dB
for channel 0 0111:10.3dB
1000:11.7 dB
1001:12.6 dB
1010:13.4 dB
1011:14.5dB
1100:15.6 dB
1101:16.4 dB
1110:17.1 dB
1111:17.7 dB

0x04 0x00 R/IW
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Offset

Name

Description

Power Up
Condition

Type

[3:1] TMDS flat gain setting for channel 0
000: -3.5dB
001: -2.0dB
010: -0.5dB
011: 0.5dB
100: 1.5dB
101: 2.5dB
110: 4.0dB
111: 6.0dB
[0] Reserved

0x05

EQ/FG setting
for clock chan-
nel

TMDS setting for channel CLK @ 3GHz
[7:4] EQ programmable setting for channel CLK
0000: 3.5 dB
0001:4.3 dB
0010:5.1 dB
0011:5.9 dB
0100:7.1 dB
0101:7.8 dB
0110:9.1 dB
0111:10.3 dB
1000:11.7 dB
1001:12.6 dB
1010:13.4 dB
1011:14.5dB
1100:15.6 dB
1101:16.4 dB
1110: 17.1dB
1111: 17.7dB
[3:1] TMDS flat gain setting for channel CLK
000: -3.5dB
001: -2.0dB
010: -0.5dB
011: 0.5dB
100: 1.5dB
101: 2.5dB
110: 4.0dB
111: 6.0dB
[0] Reserved

0x00

R/W

PI3BHDX231
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Power Up

Offset Name Description .
P Condition

Type

[7:6] Reserved

[5] DDC switch selection
0: DDC Passive switch(Default)
1: DDC Active buffer

[4] TMDS Output Double Termination selection
0: Double termination (Default)
1: Open drain

[3:2] DDC VOL, VILC adjustment
00: 0.525V,0425V
01:0.603 'V, 0.488 V
10: 0.634 V,0.514 V
11: 0.751 'V, 0.608 V

[1] Reserved

[0] Reserved

0x06 Function[7:0] 0x00 R/IW

[7:6] TMDS Output Swing setting for channel 2
00: 800 mV
01:900 mV
10: 1000 mV
11: 1100 mV
[5:4] TMDS Output Swing setting for channel 1
00: 800 mV
01:900 mV
10: 1000 mV
11: 1100 mV
[3:2] TMDS Output Swing setting for channel 0
00: 800 mV
01:900 mV
10: 1000 mV
11: 1100 mV
[1:0] TMDS output swing setting for channel CLK
00: 800 mV
01:900 mV
10: 1000 mV
11: 1100 mV

0x07 SW setting[7:0] 0x00 R/W

0x08 Reserved[7:0] [7:0] Reserved 0x00 R/IW
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4. Electrical Specification

4.1 Absolute Maximum Ratings

Supply Voltage to Ground Potential, Vec . ... ..o e -0.5Vto+4V
DC SIG Voltage, Differential between positive and negative inputs. ........... ... ... i i 25V
DC SIG Voltage, at differential Inputs. .. ... e -0.5Vto4.0V
DC SIG Voltage, Control / DDCINPULS .. ... ovtntii e e -0.5Vto4.0V
Continuous Output CUITENt .. ..ottt et e ettt -25 mA to +25 mA
ESD Rating, HBM . . ... e e e 2kVto+2kV
Maximum Junction TEMPETature . ... ... ...ttt ettt e et ettt et 125°C

Storage Temperature

Note:

-65°Cto +150 °C

(1) Stresses greater than those listed under MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect reliability.

4.2 Recommended Operating Conditions

Symbol Parameter Min. Typ. Max Units
Vce Power supply voltage: VDD to GND 3.0 3.3 3.6 \%
Vee_ramp | Vec power supply ramp time (10%Vec to 90%Vec) 100 mS
Ve I2C Supply that external resistors are pulled up to on SDA and SCL 1.7 3.6 \%
Ta Operation free-air temperature, Commercial 0 70 °C
Note:
(1) Typical parameters in production are tested at VDD = 3.3 + 0.3V, TA = 25°C.
4.3 Thermal Information
Symbol Parameter Value Units
Theta Ja Junction-to-ambient resistance 36.70 °C/W
Theta Jc Junction-to-case (top) thermal resistance °C/W
4.4 Power Supply Consumption
Over operating free-air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ. Max Units
Output Enable, Double termination with 50Q
Tad Main Supply current to VDD, PRBS7 pattern, Data rate 6 Gbps, Not 180 250 mA
included 40mA current to source
Istb1 Standby Current with MS=0 | PORT_SEL[1:0]=11 or HPD_SINK =0 30 100 uA
Istb2 Standby Current with MS=1 | DDC passive switch OFF or HPD_SINK = 0 0.24 0.3 mA
I Squelch Current with DDC | No clock input signal: Terminated with 502 to 12 15 mA
sahosw | Switch Vdd, HPD_SINK =1, DDC Passive switch
I Squelch Current with Active | No clock input signal: Terminated with 50Q) to 14 18 mA
sath_buffer | B ffer Vdd, HPD_SINK =1, DDC Active Buffer
PIBHDX231 March 2022
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4.5 DC Electrical characteristics
Note: Over recommend operating supply and temperature range unless otherwise specified.
4.5.1 Control Pins
Symbol Parameter Conditions Min. Typ. Max Unit
Control Pins
Vin High Level Input Voltage 2 3.6 \%
ViL Low Level Input Voltage 0 0.8 \%
I Low Level Digital Input Current ViL= GND -15 20 HA
I High Level Digital Input Current | Vi = Ve = 3.3V -15 20 HA
Rpyu Internal Pull-up Resistor 11 kQ
4.5.2 DDC Channel Buffer
Symbol Parameter Conditions Min. Typ. Max. Unit
DDC Source Side
VoL L.ow level Output Voltage, Source External pull-up Rup to VDD from 0 02 v
Side DDC Buffer 1.5kQ to 10k
Vin gégethegeé g:lpngoltage, Source 0.7xVee Voo v
Vi Igsivz lDe\];elCIEEg[e 1Yoltage, Source 0 0.3xVec v
Tinput Input Current 0.1 x V12¢ < Input voltage < 3.3V -20 20 HA
Cinput Input capacitance Vinput-pp = 1V, 100 KHz 10 pF
DDC Sink Side
ViH High level Input Voltage 2.0 \%
ViL Buffer Input Low Voltage 0.8 A%
VoL Low level Output Voltage ]f);t;glil) Il)l(;}igp Rup to VDD from 0.47 0.52 0.6 \%
12C register 0x06 bit[3:2] can adjust
VILC range. Default is 0x00.
Viie PDC Buffer low-level contention [00]: 0.525V, 0.425 V 0.4 v
input voltage [01]: 0.603 V, 0.488 V
[10]: 0.634 V, 0.514 V
[11]: 0.751 V, 0.608 V
Linput Input Current 0.1 x Via¢ < Input voltage < 3.3V -20 20 pA
Cinput Input capacitance V1 peak-peak = 1V, 100 KHz 10 pF
DDC Passive Switch
Il ppC Low level digital input current ViL=GND -20 20 HA
I1H pDC High level digital input current Vg =Vcc=3.3V -20 20 HA
Linput-leak | Input leakage current DDC switch is off, Viy = 3.6V -20 30 HA
Co iﬁust‘//\] a:;pgfl capacitance when pas- Vinput pop = 1V; 100 KHz 10 pF
PI3HDX231 March 2022
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Symbol Parameter Conditions Min. Typ. Max Unit
Passive Switch resistance: SCL_SINK
Ron to SCL_SRC, SDA_ ItN = 3mA, Vin = 0.4V 16 30 Q
SINK to SDA_SRC pin sweep
Vpass Switch Output voltage Vi=3.3V, I1n = 100uA, Vcc = 3.3V 1.5 2.0 2.5 A%
4.5.3 Hot Plug Detect (Open drain output)
Symbol Parameter Conditions Min. Typ. Max Unit
Source Side
Von High level output voltage HPD source, Ior, = 4mA 24 3.6 v
VoL Low level output voltage HPD source, Ior, = 4mA 0 0.4 A%
Sink Side
Via High level input voltage HPD sink pin 2.0 Vv
ViL Low level input voltage HPD sink pin 0.8 A%
Iin High level input current Devme. powered, Vit = 3‘3.V‘ -20 60 pHA
Ih-hpd includes Rpd hpd resistor current
I Low level input current DeVICPf powered, Vipy = 3'3,V' -20 20 HA
Ih-hpd includes Rpd-hpd resistor current
Rpd-hpd HPD input termination to GND Vecec=0 120 kQ
4.6 AC Electrical characteristics
Note: Over recommend operating supply and temperature range unless otherwise specified.
4.6.1 TMDS Differential
Symbol Parameter Conditions Min. Typ. Max Unit
TMDS Differential Input
DRyata Data Rate 0.25 6 Gbps
DRk Clock Rate 25 340 MHz
Tix-duty Input clock duty cycle 40 50 60 %
Vegem Input Common-mode voltage Output enable 30 v
(DC)
Differential Input Peak-to-peak .
Vdiff-pp Voltage Operational 14 Vppd
Intra-pair Differential Skew toler-
Tsk_intra_in P 0.15 Ul
ance
100MHz to 6 Gbps, FG<2:0> = 101,
v : ored o EQ<3:0> = 0000 0-> mVRMS
ise i nput-referred noise
noise_input | TP 100MHz to 6 Gbps, FG<2:0> = 101, o v
EQ<3:0> = 1010 ' RMS
Peak k diff ial i
VDIFFp-p efl to peak differential input 400 mv
voltage
Ryiff-term Differential input termination 45 55 Q
PI3HDX231 21 March 2022
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Symbol Parameter Conditions Min. Typ. Max Unit
Zeciin Corflmon mode input impedance 200 Q)
during reset or power down
10MHz to 6GHz differential mode -12 dB
S Input Return loss, SW=1.0
1GHz to 6GHz common mode -5 dB
Ry Internal Pull-up Resistor Dat.a channel RT/Rout, Double termi- 50 Q
nation
Data channel, HPD_SINK=0
Rpd Internal Pull-down Resistor 1 kQ
(Disable all ports)
TMDS Differential Output
Vout-swing Output voltage swing threshold 1300 mVpp
Reerm Source termination for HDMI 2.0 50 Q
Cue AQ coupling capacitors of the 75 1220 oF
driver
Tshort Short circuit current 50 mA
10MHz to 6GHz differential -17 dB
Soo Output return loss, SW=1.0V
1GHz to 6GHz common mode -7 dB
: o) 100MHz to 6 Gbps, FG<2:0> = 101,
y Output-referred noise EQ<3:0> = 0000 0.7 mVRMS
noise_output
i @ 100MHz to 6 Gbps, FG<2:0> = 101,
Output-referred noise EQ<3:0> = 1010 0.8 mVRMS
4.6.2 Timing Characteristic
Symbol Parameter Conditions Min. Typ. Max. Unit
TR Input signal rise time 20-80% 34 ps
Tr Input signal rise time 20-80% 34 ps
Peak to peak output jitter, clock
Tiit-cli channel > 10 bs
Peak to peak output jitter, data chan-
Tjit-data | P Pt 18 50 ps
ne
Input Intra-pair Differential Skew
Tsi_tntra_tn tolerance 0-15 Ul
M
Ry Add-in Random Jitter at 6 Gbps 0.57 RpsS
Dy Add-in Deterministic Jitter at 6 Gbps 6.57 ps
Lsintra- Output Intra-pair Differential Skew 5 10 ps
diff
:Sflf{ew—imer' Output Inter-pair Differential Skew 8 ps
1
Tenable Enable time 10 us
Tdisable Disable time 1 us
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Symbol Parameter Conditions Min. Typ. Max. Unit
TpLH Low-to-High Propagation Delay 65 ps
TpHL High-to-Low Propagation Delay 65 ps
Tex Select to Switch Output 10 ns
Tpp Latency From input to output 0.5 ns
Veoup Channel isolation, SW=1.0V 3GHz, FG = 0.5dB -25 dB
EQ<3:0>=1111 14.7
Peaking gain (Compensation at EQ<3:0> = 1000 12 dB
Gpeaking 6Gbps, relative to 100MHz, 100mVp-
p sine wave input) EQ<3:0>=0000 6.8
Variation around typical -3 +3 dB
FG<2:0>=111 6.0
FG<2:0>=110 4.0
FG<2:0>=101 2.5
FG<2:0>=100 1.5
Flat gain (100MHz, EQ<3:0> = 1000, dB
Gflat FG<2:0>=011 0.5
SW<1:0> = 10)
FG<2:0>=010 -0.5
FG<2:0>=001 -2.0
FG<2:0>=000 -3.5
Variation around typical -3 3 dB
SW<1:0> =11 1370
-1dB compression point of output SW<1:0> =10 1280
VidB_100M | . mVpp
swing (at 100MHz) SW<1:0> = 01 1040
SW<1:0> =00 920
SW<1:0> =11 1100
-1dB compression point of output SW<1:0> =10 1000
V1dB_6G . b b P P mVpp
swing (at 6 Gbps) SW<1:0> =01 900
SW<1:0> =00 800
4.6.3 DDC Channels
Symbol Parameter Conditions Min. Typ. Max. Unit
Passive Switch mode
Tpd-ddc Propagation delay CL = 10pF in passive switch | 5 ns
Buffer mode
. CL= 10pF, in active switch (1.5kQ) to
Tpd Propagation delay 5k pull high, 10pf to gnd) 60 ns
Toln Low-to-High propagation delay SCL/SDA _sink to SCL/SDAx 169 255 ns
Tohl High-to-Low propagation delay SCL/SDA_sink to SCL/SDAx 10 103 300 ns
Toih Low -to- High propagation delay SCL/SDAx to SCL/SDA _sink 25 67 110 ns
PI3HDX231 March 2022
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Symbol Parameter Conditions Min. Typ. Max. Unit
Tphl High-to-Low propagation delay SCL/SDAx to SCL/SDA _sink 118 230 ns

4.6.4 HPD Switching

Symbol Parameter Conditions Min. Typ. Max. Unit
Propagation delay from HPD sink to
Tpd-hpd bag .y . 40 120 | ns
HPD source, rising and falling edge
Tdisconnect | HPD logical disconnected time-out 2 ms
- b
Ch2
SMA
cable
TP1 TP2 TP3 TP4
1) Trace card between TP1 and TP2 is designed to emulate 6-48” of FR4. Trace width -4 mils,100Q differnetial impedance
2) All jitter is measured at a BER of 10-9
3) Residual jitter reflects the total jitter measured at TP4 jitter minus TP1 jitter
4) VDD = 3.3V, RT = 50Q
5) The input signal from JBERT does not have any pre-emphasis.
Figure 4-1 Electrical parameter test setup
VBuUS 3.3V
500 § 500 500 § 500
VD+ Vi Rx Driver Vy LO.SpF
; T
VD- Vz
Vb = (VD+) - (VD-) /77 Vb = Vy -Vz
Vicm = (VD+) + (VD-) Vocwm = Vy + Vz
2 2
Figure 4-2 Intra and Inter-pair Differential Skew definition
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Output Intra-Pair Skew

I I

I I

I I

OUTxP : :
I I

| I

OUTxN

OUTyP

OUTYN

Common Mode Voltage
V,,, = (VD++VD-|/2)

Ve = (Max [VD+ +VD-|/ 2)

VDIFFP—P

Symmetric Differential Swing

OV e e e
Vorrpp = 2 *max |V, -V, )

Asymmetric Differential Swing

VD|FFp.p = (max |VD+ - VD| {VD+ >V D-} ¢ N T _. ____________
+ max IVD+ - VD7| {VD+ < VD—}) PHL <_>: ton '<_>|
|
1 : : [}
80%-| |
. : : DIFFP-P
AVZRT 1 S
|
|
|
] )
1!
1 ma- - -~~~ =77777%
[} | [}
ts [ [ t,
—_— :4— —>: :4—
|
Figure 4-4 Definition of Peak-to-peak Differential voltage
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500
L—’ V \/\/—| l— RX_+ > + —| l—
L BALUN % POWER METER
= PSPL 5315A GIGATRONICS 8652A
500 (200kHz TO 17GHz) T~ p| WITH 80301A HEAD (10MHz
l— RX_- X _| l— ~, to 18GHz)
Figure 4-5 Noise test configuration
4-PORT VECTOR
NETWORK ANALYZER
N52454
AGGRESSOR
SIGNAL
(0dBm)
500
L {1Rx1+ ™1+ H W
INPUT
500
—————LIRx1- ™>1- H l_‘NV\__L
500
amn—| H R
L ™ p—
500 OUTPUT
>
WA H rxa-

PI3HDX231
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V(mV)
75mv | - Input Eye MaskatTP2 | Output Eye Mask at TP4
V =150mV @ 6Gbps
20mV -
o - Or—--- Output Eye Mask at TP4 HDMI2.0
-20mV | - | |
1 1
BTV e e Skl === !
I | I
"H = 0.4Tbit @ 6Gbps ' !
1 1 1
0.3 0.5 0.7 0.5 H(Tbit)
TMDS Data Rate (Gbps) | H (Tbit) V (mV) Standard
3.4<DR<3.712 0.6 335 HDMI2.0
3.712<DR <5.94 -0.0332Rbit2 | -19.66Rbit2 HDMI2.0
+0.2312R +106.74Rbit
+0.1998 +209.58
5.94 <DR<6.0 0.4 150 HDMI2.0
Figure 4-7 Eye mask at TP2 input and TP4 output for HDMI 2.0 standard
s
E
(]
TP1 Avce E
" =
1 £
<
Termination s
Resistance RT z
Pattern 1 [
LT 5
T 1 £
- a
L o Termination Resistance RT g
Board R S
"*Receptacle g
0.0 0.15 0.35 0.75 0.85 0.1
Normalized Time
HDMI 1.4 Source Test HDMI 1.4 Eye Diagram Mask at TP1 for Source Requirements
s
E
TP2 ]
T 2
: =
Avce E
s
Test Signal Pattern 2NN £
Generator or a
Test Fixture Rx RT o
— Board %
+ 2
Receptacle” 2
0.0 0.25 0.35 0.65 0.75 0.1
Normalized Time
HDMI 1.4 Sink Test HDMI 1.4 Eye Diagram Mask at TP1 for Sink Requirements
Figure 4-8 Eye mask at TP2 input and TP4 output for HDMI 1.4 standard
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4.7 12C Interface Bus
Symbol Parameter Conditions Min. Typ. Max Units
VDD Nominal Bus Voltage 3.0 3.6 A
Freq Bus Operation Frequency 400 kHz
Vpp/2
Vig DC input logic high Vpp + 0.3 A%
+0.7
Vpp/2

VIL DC input logic low -0.3 07 A
VoL DC output logic low Ior, = 3mA 0.4 \Y%

Current Through Pull-Up Resistor i ifica-
Tpullup 8 p ngh Power specifica 3.0 16 mA

or Current Source tion
Ileak-bus | Input leakage per bus segment -200 200 uA
Ileak-pin | Input leakage per device pin -15 uA
CI Capacitance for SDA/SCL 10 pF

(BUF Bus Free Time N 13 us
Between Stop and Start condition

Hold time after (Repeated) Start condition.

tHD:STA | After this period, the first clock is gener- At pull-up, Max 0.6 us
ated.
TSU:STA | Repeated start condition setup time 0.6 us
TSU:STO | Stop condition setup time 0.6 us
THD:DAT | Data hold time 0 ns
TSU:DAT | Data setup time 100 ns
tLOW Clock low period 1.3 us
tHIGH Clock high period 0.6 50 us
tF Clock/Data fall time 300 ns
tR Clock/Data rise time 300 ns
tPOR Time in which a device must be operation 500 ms
after power-on reset
Note:
(1) Recommended maximum capacitance load per bus segment is 400pF.
(2) Compliant to I2C physical layer specification.
(3) Ensured by Design. Parameter not tested in production.
PI3HDX231 28 March 2022
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START STOP START
l- -y . l: -y _ l- - I- -
] o ' A
SDA [\ 0 1 |\ 1
1 1 1 _ - 1] 1 1
' ' J ! 1 1|1
> 1 ! rtHD;STA tr v !
1 i | ! L] ! !
1 | ! 1| 0 '
SCL 4 | | 0 "
' | ! - (N !
> e tsusto™ § =r b
1 ; 1 1 1
I_ _S I- -r ol I- -P ol - § ull
Figure 4-9 Channel-isolation test configuration
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5. Application

Note: Information in the following applications sections is not part of the component specification, and does not warrant its accuracy or
completeness. Customers are responsible for determining suitability of components for their purposes. Customers should validate and
test their design implementation to confirm system functionality.

5.1 DC/AC-coupled Application

r——--—-—-—--=-—-—-—-=-=-= al
High-speed differential VDD : v |
. Bias
signal traces | |
| I
500 50Q | [0 [ son |
AORX+ AOTX+ | o 1
AORX- M) ()AOTX— I I
I
T
| |
I I
| |
| I
1 |
GND I GND !
| I
| |
I Receiver I
L e e e e e e - - = a
DC-Coupled Differential Signaling Application Circuits
ree-=-"-==-=-=-=-== al
VDD | VBias !
I Jsoa ) s00 :
I
I
500
4.7nF so0 | I
4.7nF |
H AoRx+ AOTX+ | o I
4 AoRx- :Ij )AOTX- I !
| I
: I
| I
| I
| I
| I
| I
GND |
I
| I
. I
I Receiver
ke e e e e e e e e e - - - 4

AC-Coupled Differential Signaling Application Circuits

Figure 5-1 DC/AC-coupled Application Diagram
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5.2 12C Vilc (input low contention level) and Pullup Resistor Sizing

For Repeater to function correctly, all devices on the B-side must be able to pull the B-side below the voltage input low contention level
(Vilc). This means that the Vol of any device on the B-side must be below 0.4 V.

Vol of a device can be adjusted by changing the Iol through the device which is set by the pull-up resistance value. The pull-up resistance
on the B-side must be carefully selected to ensure that logic levels will be transferred correctly to the A-side.

Vcea Vces
10kQ 10kQ 10kQ § §1OKQ
SDA [« » SDAA SDAB » SDA
SCL |« » SCLA SCLB » SCL
Bus Master Repeater Slave

Figure 5-2 Typical DDC repeater connection between Master to Slave
5.3 System Application Block Diagram

o DDC CH inputs requires to add external MOSFET to support 5V tolerance.

Port 1_In [ TMDS [2:0], LK PI3HDX231 Port_SEL [0:1]

M;xDLi'FIEET 12C Switching Control MCU
eDriver Firmware
Port2_In [

Port3_In [

D [0:2] P/N, CLKP/N
DDC Mux _‘ DDC, HPD

| Ls |
[ S ]

PI3HDX231

Mux Linear
Port4_In [ ReDriver
—L Output Port
Port 5_In [ TMDS [2:0], CLK _\
| )
— s | DDC Mux

Level shifter FET Purpose:
Source-side Input 5V protection

Port_SEL [0:1]

Figure 5-3 HDMI 2.0 Switch 5:1 Application Block Diagram
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5.4 HDMI 2.0 Compliance Test
Agilent DSOX92504A
P — o v.a-";‘
i |
L
F.cwer | I
Quantum Data 980 e ;o
—— =P Pericom HOMIEVB _FI’_E”t‘"-F‘!";"'DM'
: estFIX U
= WD |
E 3::‘::&:: 4
- .:
Pericom EDID _Et
Fixture
Trace card
Figure 5-7 HDMI 2.0 CTS test setup*
Note: Application Trace Card Information for CT'S test
HDMI FR4 trace 0in 6in 12 in 18 in 24 in 30 in 36 in
Insertion loss @ 6Gbps -591dB | -9.75dB |-10.47dB| -13.05dB | -15.87dB | -16.97dB | -21.20dB
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HDMI Test Report

Overall Result: /it

Test Configuration Details

Device Description

Device ID Transmitter
[Fixture Type Other
|Probe Connection 4 Probes
|Probe Head Type N54444
ILane Connection 1 Data Lane
|HDMI Specification 20

HDMI Test Type

TMDS Physical Layer Tests

Test Session Details

Infiniilum SW Version [/05.60.00503

(Infiniium Model Number

DS0OX92504A

infiniium Serial Number

MY 34410104

Application SW Version

2.1

Debug Mode Used

NO

Probe (Channel 1)

Model: N2801A

Serial: US54094067

Head: N54444

Aften: Calibrated (15 NOV 2016 08:41:35), Using Cal Atten (5.6775E+000)
Skew: Calibrated (15 NOV 2016 08:41:48), Using Cal Skew

Probe (Channel 2)

Model N2801A

Serial: 1554094054

Head: N5444A

Atten: Calibrated (15 NOW 2016 08:42:27), Using Cal Atten (5.4765E+000)
Skew: Calibrated (15 NOV 2016 08:42:43), Using Cal Skew

Probe (Channel 3)

Model: N2801A

Sernial: U554094059

Head: N5444A

Aften: Calibrated (15 NOW 2016 08:43:31), Using Cal Aften (5.7055E+000)
Skew: Calibrated (15 NOV 2016 08:43:50), Using Cal Skew

Probe (Channel 4)

Model N2801A

Serial: U554094057

Head: N5444A

Atten: Calibrated (15 NOW 2016 08:45:07), Using Cal Atten (5.5874E+000)
Skew: Calibrated (15 NOV 2016 08:45:35), Using Cal Skew

Last Test Date

2016-11-23 11:458:03 UTC +08:00

Document number DS40118 Rev 2-2

Figure 5-8 HDMI 2.0 Compliance Report

36 March 2022

www.diodes.com © Diodes Incorporated



i m"‘ ,‘ms A Product Line of
Im coRrRPORATEG®D. Diodes Incorporated

() PERICOM

PI3HDX231

5.5 Layout Guidelines

As transmission data rate increases rapidly, any flaws and/or mis-matches on PCB layout are amplified in terms of signal integrity

5.5.1 Power and Ground
To provide a clean power supply for Pericom high-speed device, few recommendations are listed below:

o Power (VDD) and ground (GND) pins should be connected to corresponding power planes of the printed circuit board directly
without passing through any resistor.

o The thickness of the PCB dielectric layer should be minimized such that the VDD and GND planes create low inductance paths.

o Onelow-ESR 0.1uF decoupling capacitor should be mounted at each VDD pin or should supply bypassing for at most two VDD
pins. Capacitors of smaller body size, i.e. 0402 package, is more preferable as the insertion loss is lower. The capacitor should be
placed next to the VDD pin.

o One capacitor with capacitance in the range of 4.7uF to 10uF should be incorporated in the power supply decoupling design as
well. It can be either tantalum or an ultra-low ESR ceramic.

o A ferrite bead for isolating the power supply for Pericom high-speed device from the power supplies for other parts on the
printed circuit board should be implemented.

o Several thermal ground vias must be required on the thermal pad. 25-mil or less pad size and 14-mil or less finished hole are

recommended.
VDD Plane
Bypass noise | ¢
£—"}i| Power Flow
Several Thermal GND Vias must
be required on the Thermal Pad area
[ VN Center Pad
GND Plane %
[} [ ]
[ JVIN
GND Plane ° °
JVIN o o
[} [ ]
Figure 5-9 Decoupling Capacitor Placement Diagram
PI3HDX231 37 March 2022
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5.5.2 High-speed Signal Routing
Well-designed layout is essential to prevent signal reflection:

A Product Line of
Diodes Incorporated

() PERICOM

PI3HDX231

«  For 90Q) differential impedance, width-spacing-width micro-strip of 6-7-6 mils is recommended; for 100Q differential imped-

ance, width-spacing-width micro-strip of 5-7-5 mils is reccommended.

« Differential impedance tolerance is targeted at £15%.

Trace and board parameters:

e

Trace width: wi= (B0 3| mils

=19 3| mil: [1.39 0z)
5= |70 %] mis

Diglectic flayer] thickness: b= |4 =] mils (b=10.7 mils]

Dielectric [laver] asymmety: 80 3| Z[hl=4.4, h2=4.4)

Relative dielectic constant: &= 44 %

Trace thickness:

Trace spacing:

PCE edge view

tl A — G h2 b
N I N
T bl |k fEHEW

Single-ended mode;
Microgtip  Strpline

mpedarcs Zo=[P07 29
Capacitance: Co= IW ,W pfin
Delay: Tpd= IW ,W psfin
Speed: = Iw ,W mmins

Differential mode:

Differential Microstip  Stripline
ifferential
impedance; Zo=|90.8 E24 0

1. Microstrip Za formula accurate if 0.1<W ha2)
2. Stipline Zo formula accurate if P bj<0.35
3. Stripline 2o formula accurate if (A4

Trace and board parameters:

w= |20 =] miks

=19 3| milz[1.39 02)
5= |70 = mis
Dielectic (laver) thickness: h= %4 =] mils (b=10.7 mils)

Dielectric [layer) asymmetny:; 50 %] Z(h1=4.4, h2=4.4]

Relative dislectric constant: == 4 %

Trace waidth:
Trace thickness:

Trace spacing:

PCE edge view

tl T h ll

T il T ssre—eh

Single-ended mode;
Microstip  Strpline

mpedares Zo=[B5 37 0
Capacitance: Co= ,T ,W plin
Delay: Tpd= ,W ,W psfin
Speed: W= W W e

Differential mode:

Differential Microstip  Stripline
ifferential
impedance: Zo=|33.3 3.5 9]

1. Microstrip Zo formula accurate if 0070w hed)
2. Stripline Zo formula accurate i fw/0)<0.35
3. Stripline Zo farmula accurate if (b4

Figure 5-10 Trace Width and Clearance of Micro-strip and Strip-line

o  For micro-strip, using 1/20z Cu is fine. For strip-line in 6+ PCB layers, 1oz Cu is more preferable.

PI3HDX231
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Soldermask (g =3.64/-0.2)
0.5 - 1.2 mils, +/~ 0.5 (in between/sides)

0.1 - 0.5 mils {om top)

L1- Top - Signal
(plated 1/20z Cu )

Pre-preg

L2 - Reference/VCC i e s

(unplated 1oz Cu

Core

A Product Line of
Diodes Incorporated

Trace Width  Trace  Trace Width

Spacin:

1) PERICOM

PI3HDX231

RN I ]

2.0 mils, +0.8/-0.5

Er=41,+-03

L3 - Rei}erencefvssﬁmmmwmm

unplated 1oz Cu )
Pre-preg

L4- Bottom - Signal
|plated 1/20z Cu )

0.5

Figure 5-11 4-Layer PCB Stack-up Example

Soldermask
(g, = 3.5-4.5)

Li- Top - Signal
{plated 1/20z Cu)

Pre-preg
L2 - Reference /VCC

TR

Er=4.1,+-0.3

4.4 mils, +-0.8

——T 1.4 mis, #-0.2

47 mils, +/- 5

=7 1.4 mis, +-02

4.4 mils, +-0.8

S | ]

2.0 mils, +0.8/-0.5

Soldermask (g = 3.6+/-0.2) /'
- 1.2 mils, +/- 0.5 (in between/sides)
0.1 - 0.5 mils (on top)

Trace Width  Trace  Trace Width

Spacing

[

1.0 mils

4.4 mils

1.4 mils

W '\\\}‘- W
junplated 1oz Cu) EREN

R S A

OO0 e—

Thincore

L3 - Signal
(unplated 1oz Cu)
Pre-preg

Core

L4 - Signal Pre-preg

(unplated loz Cu)

Thincore
L5 - Reference V5SS
(unplated loz Cu)
Pre-preg

L&- Bottom - Signal
{plated 1/20z Cu)

[SSNNER

4.3 mils
—_ 14mis

8.5 mils

23 mils

8.5 mils

1.4 mils
4.3 mils
L 14 mis

4.4 mils

Soldermask

,=3.5-45)

SN s m L
1.0 mils

Er=4.1,+~- 0.3 Unless otherwise defined

Figure 5-12 6-Layer PCB Stack-up Example

Ground referencing is highly recommended. If unavoidable, stitching capacitors of 0.1uF should be placed when reference plane
is changed.

PI3BHDX231
Document number DS40118 Rev 2-2
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Quiet Line/
+\

Drriver

AmamE R

Receiver Mitigation: Stitching caps
== ! placed across the split as high

e Signal Current
- Re%um Current speed return current path.

Figure 5-13 Stitching Capacitor Placement

To keep the reference unchanged, stitching vias must be used when changing layers.
Differential pair should maintain symmetrical routing whenever possible. The intra-pair skew of micro-strip should be less than
5 mils.

To keep the reference unchanged, stitching vias must be used when changing layers.
Differential pair should maintain symmetrical routing whenever possible. The intra-pair skew of micro-strip should be less than
5 mils.

. . . Side-by-Side Routing
( J LA ( J \_ (Preferred: Pair is naturally length matched)

Avoid: Non-symmetrical Routing

™ 'S 4 Y
O S O /
TN TN ™ ramY
L/ J O W/ . .
. L Adjacent Routing
CAUTION! (Caution: Pair is naturally offser; Do not use “right
("": ' I ) bends” to length match!)
. . — e N Ny
Preferred: Symmetrical Routing \ S—
——
N ' e
‘ (,J S S \,J\
. S
@ N
Breakout Area Relaxed Spacing Requirements

limited to <= 150 mils of trace routing

Figure 5-14 Layout Guidance of Matched Differential Pair

For minimal crosstalk, inter-pair spacing between two differential micro-strip pairs should be at least 20 mils or 4 times the
dielectric thickness of the PCB.

Wider trace width of each differential pair is recommended in order to minimize the loss, especially for long routing. More con-
sistent PCB impedance can be achieved by a PCB vendor if trace is wider.

Differential signals should be routed away from noise sources and other switching signals on the printed circuit board.

To minimize signal loss and jitter, tight bend is not recommended. All angles a should be at least 135 degrees. The inner air gap
A should be at least 4 times the dielectric thickness of the PCB.

PI3HDX231 40 March 2022
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Preferred- Not Considered “Tight Bends™

M T —

OO

Avoid! -~Tight Bends™

Figure 5-15 Layout Guidance of Bends

«  Stub creation should be avoided when placing shunt components on a differential pair.

Preferred .

Avoid

(Stub is created.)

Figure 5-16 Layout Guidance of Shunt Component

o Placement of series components on a differential pair should be symmetrical.
AC Cap Pads

Bottom layer L Tgp 1a3:e1-
diff pair ‘_ diff pair

Preferred

(Cap placement is in same location & symmetric)

o
Avoid

(Cap placement is not in same location/symmetric!)

Figure 5-17 Layout Guidance of Series Component

PIBHDX231 41 March 2022
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«  Stitching vias or test points must be used sparingly and placed symmetrically on a differential pair.

Via Pair

Initial layer M inal layer
diff pair (r diff pair

Preferred

(Via placement is in same location & symmetric)

Avoid

(Via placementis not in same location/symmetric!)

Figure 5-18 Layout Guidance of Stitching Via
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6. Mechanical, Packaging, and Orderable Information

6.1 Packaging Mechanical

11.00£0.10——

—5.00+0.10—
|
|

— ./, '
2,
INDEX AREA—/
Pin #1
TOP_VIEW

11.27
yogoooooooooo I]I]I][II]I]I]I]I][II]DQ»
0.1

ininininink
OO

—-—1.10
1I]I]I][II][II]I]I]I]I]I]I]? goooooooo

— 0.57(72x) 0.40 BSC.

5.27
— | |— 0.20(72X)

goooooooo

{
{
[
[
{
{

!

RECOMMENDED STENCIL DESIGN
(0.125 THICK STENCIL)

Notes:

1. All dimensions are in mm. Angles in degrees.

2. Coplanarity applies to the exposed pad as well as the terminals.
3. Refer JEDEC MO-220

4. Recommended land pattern is for reference only.

5. Thermal pad soldering area.

//]0.10]C

6. Recommended thermal via diameter (drill size) is 0.3mm and via pitch is 1.27mm.

0.20 Ref. 10.00
0.75+0.05

9.40£0.10—¢
(EXPOSED %HERMAL “PAD)
| C0.35

3.60
3.40+0.10

0.40+0.05(72X)  0.40 BSC. 0.20+0.05(72X) Bin_#1
BOTTOM VIEW
11.32
:UI]I]I]I]I]I]I]I]I]I]I]I]|[II]I]I]I]I]I]I]I]I]I]I]@»
< g \ = CO.1
g & =l Jf& A _F
LS ' =
L] {000000000000009000000000D
— L 061(72%) 0.40 BSC.
RECOMMENDED LAND PATTERN (TOP VIEW)
'EPEICDME DATE: 06/10/11

Enabling Serial Connectivity

DESCRIPTION: 72-contact, Very Thin Quad Flat No-Lead (TQFN)

PACKAGE CODE: ZL72

DOCUMENT CONTROL #: PD-2075 REVISION: B
Figure 6-1 72-Pin TQFN Package Mechanical
For latest package info.
please check: http://www.diodes.com/design/support/packaging/pericom-packaging/packaging-mechanicals-and-thermal-characteristics/
PI3HDX231 43 March 2022
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6.2 Part Marking Information

Our standard product mark follows our standard part number ordering information, except for those products with a speed letter
code. The speed letter code mark is placed after the package code letter, rather than after the device number as it is ordered. After
electrical test screening and speed binning has been completed, we then perform an “add mark” operation which places the speed
code letter at the end of the complete part number.

Pl X XXX XXXKX X XX
° °

E X
® O ] ®
Blank = Tube;
X = Tape & Reel _

Blank = Standard;
E = Pb-free & Green

Package Code

Version Number (not always present)

Device Number

Family
DPX = Displayport
HDX = HDMI

VDP = ++DP Level Shifter

Voltage Info: 2 = 1.2V 10 1.8V; 3 = 3.3V

Pl = Pericom

Figure 6-2 Part Marketing Information

6.3 Tape & Reel Materials and Design

Carrier Tape

The Pocketed Carrier Tape is made of Conductive Polystyrene plus Carbon material (or equivalent). The surface resistivity is 10°0Ohm/
sq. maximum. Pocket tapes are designed so that the component remains in position for automatic handling after cover tape is removed.
Each pocket has a hole in the center for automated sensing if the pocket is occupied or not, thus facilitating device removal. Sprocket
holes along the edge of the center tape enable direct feeding into automated board assembly equipment. See Figures 3 and 4 for carrier
tape dimensions.

Cover Tape

Cover tape is made of Anti-static Transparent Polyester film.The surface resistivity is 10’Ohm/Sq. Minimum to 10'!Ohm sq. maximum.
The cover tape is heat-sealed to the edges of the carrier tape to encase the devices in the pockets. The force to peel back the cover tape
from the carrier tape shall be a MEAN value of 20 to 80gm (2N to 0.8N).

Reel

The device loading orientation is in compliance with EIA-481, current version (Figure 2). The loaded carrier tape is wound onto either
a 13-inch reel, (Figure 4) or 7-inch reel. The reel is made of Antistatic High-Impact Polystyrene. The surface resistivity 10’Ohm/sq.
minimum to 10''Ohm/sq. max.

PI3HDX231 44 March 2022
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Figure 6-3 Tape & Reel Label Information
Top Left Top Right
PIN1 PIN1
CARRIER TAPE  ORIENTATION  ORIENTATION COVER TAPE
END
> 0 ol{{d"0 F{o b 05 0O O] sma
O0Dponoonon)
covEr <—— TRAILER ——>| ‘ COMPONENTS LEADER
TAPE Bottom Left
PIN1
ORIENTATION
Figure 6-4 Tape Leader and Trailer pin 1 Orientations
T Cover Round Sprocket Holes
Tape / Po (1? pitches cumulative
—of}—T1 Do tolerance on tape +0.2mm
T {o O&4 0000 -
Pzaﬁ ‘« Ao %‘ } B
[ M T [Embossed k
Bo | Cavity l
B1 —| |[~—Ko &1@ So
J L i v
d / o1
I o/olo 0 0 00 0@
‘J Center lines of Ccvi?y%/
T2
~—P1—
Direction of Unreeling
Figure 6-5 Standard Embossed Carrier Tape Dimensions
Constant Dimensions
Tape R
Do D1 (Min) E1 Po P2 S1 (Min) T (Max) T1 (Max)
Size (See Note 2)
8mm 1.0 25
2.0+0.05
12mm
0.6
16mm 1.5 +0.1 1.5 30
17501 | 4.0+0.1 0.6 0.1
24mm -0.0 2.0+0.1
32mm N/A
2.0 50
44mm 2.0+0.15 (See Note 3)
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Variable Dimensions

T

S?;’: Py B; (Max) E, (Min) F So T, (Max.) | W (Max) Ao, Bo, &Ko
8mm 4.35 6.25 3.5+0.05 2.5 8.3
12mm Specific per package type. Re- 8.2 10.25 55+0.05 N/A 6.5 12.3
16mm fer to FR-0221 (Tape and Reel 121 14.25 75+0.1 (see note 4) 8.0 16.3

Packing Information) or visit See Note 1
24mm wwwpericom.com/pdi/gen/ 20.1 22.25 11.5+0.1 10 243
32mm tapereel.pdf 23.0 N/A 14.2+0.1 28.4+ 0.1 ’ 32.3
44mm 35.0 N/A 20.2+0.15 40.4 £0.1 16.0 44.3
NOTES:

1. A0, B0, and KO are determined by component size. The cavity must restrict lateral movement of component to 0.5mm maximum for 8mm and 12mm wide tape
and to 1.0mm maximum for 16,24,32, and 44mm wide carrier. The maximum component rotation within the cavity must be limited to 200 maximum for 8 and 12
mm carrier tapes and 100 maximum for 16 through 44mm.

2. Tape and components will pass around reel with radius “R” without damage.

3. S1 does not apply to carrier width >32mm because carrier has sprocket holes on both sides of carrier where Do>S1.

4. So does not exist for carrier <32mm because carrier does not have sprocket hole on both side of carrier.

Access Hole at
Slot Location (40 mm min Dia)

— ‘f W3

—— W2(measured at hub)

| f

A
T ™ W1(measured at hub)
Width=2.5mm Min,
Depth=10.0mm Min
Figure 6-6 Reel dimensions by tape size
Tape Size A Selie %‘t':) \ w1 W2(Max) w3 B (Min) C D (Min)
8mm 178 +2.0mmor | 60 +2.0mm or 8.4 +1.5/-00mm | 14.4 mm
12mm 330£2.0mm 100£2.0mm 12.4 +2.0/-0.0 mm | 18.4 mm
16mm 16.4 +2.0/-00mm | 22.4 mm Shall Accommodate :
o 244 +2.0/0.0 204 Tape Width Without 1.5mm 13.0 tnon-'\S/ 02 20.2mm
mm 4 +2.0/-0.0 mm 4 mm
330 +2.0mm 100 +2.0mm Interference
32mm 32.4 +2.0/-0.0 mm 38.4 mm
44mm 44.4 +2.0/-0.0 mm 50.4 mm
NOTE:

A. If reel diameter A=178 +2.0mm, then the corresponding hub diameter (N(min) will by 60 +2.0mm. If reel diameter A=330+2.0mm, then the corresponding hub
diameter (N(min)) will by 100+2.0mm.
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IMPORTANT NOTICE

1. DIODES INCORPORATED AND ITS SUBSIDIARIES (“DIODES”) MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH RE-
GARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-
CHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS (AND
THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes products described herein
and application examples. Diodes does not assume any liability arising out of the application or use of this document or any product described herein. This document
is intended for skilled and technically trained engineering customers and users who design with Diodes products. Diodes products may be used to facilitate safety-
related applications; however, in all instances customers and users are responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluat-
ing the suitability of the Diodes products for their intended applications, (c) ensuring their applications, which incorporate Diodes products, comply the applicable
legal and regulatory requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including testing,
validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks associated with
their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes from time to time. Any
customer or user of this document or products described herein will assume all risks and liabilities associated with such use, and will hold Diodes and all companies
whose products are represented herein or on Diodes’ websites, harmless against all damages and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent applications. Product names
and markings noted herein may also be covered by one or more United States, international or foreign trademarks and trademark applications. Diodes does not convey
any license under any of its intellectual property rights or the rights of any third parties (including third parties whose products and services may be described in this
document or on Diodes” website) under this document.

5. Diodes products are provided subject to Diodes’ Standard Terms and Conditions of Sale (https://www.diodes.com/about/company/terms-and-conditions/
terms-and-conditions-of-sales/) or other applicable terms. This document does not alter or expand the applicable warranties provided by Diodes. Diodes does not
warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.

6. Diodes products and technology may not be used for or incorporated into any products or systems whose manufacture, use or sale is prohibited under
any applicable laws and regulations. Should customers or users use Diodes products in contravention of any applicable laws or regulations, or for any unintended or
unauthorized application, customers and users will (a) be solely responsible for any damages, losses or penalties arising in connection therewith or as a result thereof,
and (b) indemnify and hold Diodes and its representatives and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly
or indirectly, any claim relating to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may contain technical inaccura-
cies, omissions and typographical errors. Diodes does not warrant that information contained in this document is error-free and Diodes is under no obligation to
update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves the right to make modifications, enhancements, improvements, cor-
rections or other changes without further notice to this document and any product described herein. This document is written in English but may be translated into
multiple languages for reference. Only the English version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is prohibited. Diodes
assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such unauthorized use.

Copyright © 2022 Diodes Incorporated

www.diodes.com
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