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Section 1 Introduction

1.1 Overview

EP92A2E is an HDMI 1.4a 3-IN 1-OUT Repeater/Switch/MCU combo suitable for Home Theater
application. The on-chip HDMI/HDCP/CEC controller makes the user very easy to use'the chip. It
manages HDMI and HDCP automatically without the need for user to develop firmware..The CEC
Controller provides the CEC physical layer transceiver and handles the protocol layerautomatically. The
chip supports 3 HDMI input ports (Port 0, Port 1 and Port 2) where Port 0 and Port 1'input to an HDMI
Repeater and Port 2 input to an HDMI Switch. The HDMI Repeater supports HDCP decryption, audio
outputs, audio inputs and HDCP re-encryption. The HDMI Switch supports TMDS switching and DDC
switching. The chip supports ARC (Audio Return Channel) RX and is compliant'with HDMI 1.4a. The
chip supports SD/HD/DSD Audio in IIS and SPDIF format. The chip supports HD and 3-D Video up to
225 Mhz TMDS clock. The chip also supports 2 ports of on-chip EDID RAM.and Power Regulator to save
system cost.

1.2 Features

«  On-chip HDMI/HDCP controller which manages HDMI'and HDCP automatically without the
need for user to develop firmware

»  On-chip CEC controller which provides CEC Physical Layer Transceiver and handle the Protocol
Layer without the need for user to develop firmware

e On-chip 3-IN 1-OUT HDMI Repeater/Switchwith Equalizer

o On-chip HDMI Receiver and Transmitter core which are compliant with HDMI 1.4a specification
« On-chip HDCP Engine which supports Repeater and is compliant with HDCP 1.3 specification

o On-chip Audio Decoder which support8-channel IIS/DSD and SPDIF audio outputs

o Supports Standard Audio, DSD.Audio and HD (HBR) Audio

« Support wide Frequency Range: 25MHz - 225MHz TMDS clock

o Supports 12-bit Deep Full HD and 3D video

o Support HDMI 1.4a ARC (Audio Return Channel) RX

« Supports on-chip EDID'RAM for Port 0 and Port 1

o Supports 1 HDMI output port

« Audio sourcefor Repeater output can be from a regenerated LPCM audio source or the original
audio from the selected Repeater input port.

o Supports audio soft mute
« Supports SPDIF Channel Status extraction

« Register-programmable via slave IIC interface
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 Flexible interrupt registers with interrupt pin

o Link On and Valid DE Detection

« Controllable tri-state for Audio output pins

« HDCP keys is downloaded from external EE or embedded MCU

o  On-chip Power Regulator which provides regulated programmable voltage
» Low stand-by current (< 3mA) at power down mode

o 128-pin LQFP package
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Section 2 Overview

2.1 Chip Block Diagram

Figure 2-1 Chip Block Diagram
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2.2 Pin Diagram
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Figure 2-2 Pin Diagram
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Unless otherwise stated, unused input pins must be tied to ground, and unused output pins left-open:

Table 2-1 HDMI Input Ports

Name In/Out | Description

RXCO- IN Differential Clock Input Pair for HDMI Input Port 0
RXCO+ IN Differential Clock Input Pair for HDMI Input Port 0
RX00- IN Differential Data Input Pair0 for HDMI Input Port 0
RX00+ IN Differential Data Input Pair0 for HDMI Input Port-0
RX10- IN Differential Data Input Pair1 for HDMI Input Port.0
RX10+ IN Differential Data Input Pair1 for HDMI Input Port 0
RX20- IN Differential Data Input Pair2 for HDMI.Input Port 0
RX20+ IN Differential Data Input Pair2 for HDMIInput Port 0
RXC1- IN Differential Clock Input Pair for HDMI'Input Port 1
RXC1+ IN Differential Clock Input Pair for HDMI Input Port 1
RXO01- IN Differential Data Input PairQ for HDMI Input Port 1
RX01+ IN Differential Data Input Pair0 for HDMI Input Port 1
RX11- IN Differential Data Input Pair1 for HDMI Input Port 1
RX11+ IN Differential Data Input Pair1 for HDMI Input Port 1
RX21- IN Differential Datasinput Pair2 for HDMI Input Port 1
RX21+ IN Differential Data Input Pair2 for HDMI Input Port 1
RXC2- IN DifferentialCleck Input Pair for HDMI Input Port 2
RXC2+ IN Differential:Clock Input Pair for HDMI Input Port 2
RX02- IN Differential Data Input Pair0 for HDMI Input Port 2
RX02+ IN Differential Data Input Pair0 for HDMI Input Port 2
RX12- IN Differential Data Input Pair1 for HDMI Input Port 2
RX12+ IN Differential Data Input Pair1 for HDMI Input Port 2
RX22- IN Differential Data Input Pair2 for HDMI Input Port 2
RX22+ IN Differential Data Input Pair2 for HDMI Input Port 2

EXT RES N External Termination Resistor for all HDMI Input Ports. A resistor
- should tie this pin to AVDD33. 470Q is recommended.
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Table 2-2 HDMI Output Ports

Name In/Out | Description
TXC- out Differential Clock Output Pair for HDMI Output
TXC+ ouT Differential Clock Output Pair for HDMI Output
TXO0- ouT Differential Data Output Pair0 for HDMI Output
TX0+ out Differential Data Output Pair0 for HDMI Output
TX1- ouTt Differential Data Output Pair1 for HDMI Output
TX1+ ouT Differential Data Output Pair1 for HDMI Output
TX2- out Differential Data Output Pair2 for HDMI Output
TX2+ ouTt Differential Data Output Pair2 for HDMI Output
Voltage Swing Adjust for HDMI Output. A resistor.should tie this
SWING Analog | pin to PVDD18. This resistance determines.the amplitude of the
voltage swing. 390Q is recommended:
COMR Analog | Common ground for pull-down resistors of HDMI Data Output

Table 2-3 ARC RX Pins

Name In/Out | Description

ARCH/- IN/OUT | AC coupled ARC input pins

Table 2-4 Audio‘lnputs/Outputs

Name In/Out | Description
System Clockoutput for audio DAC (128/256/384/512 *
MCLK OUT | Fsampling-Clack- Connecting a pull-up (logic 1) or pull-down (logic 0)
resistorat.this pin defines bit 4 of the slave IIC Address
IIS_SCK ouT IIS'SCK output for IIS audio port. Sampling clock output for DSD.
IIS WS output for all IS audio ports.
IS_WS out DSD audio output port 0 (Right Channel).
1IS SD output for audio port 0 or HBR audio output.
lI5_5D0 Y8 DSD audio output port 0 (Left Channel).
IIS SD output for audio port 1 or HBR audio output.
15_5D1 out DSD audio output port 1 (Right Channel).
IIS SD output for audio port 2 or HBR audio output.
15_5b2 yUT DSD audio output port 1 (Left Channel).
1IS SD output for audio port 3 or HBR audio output.
15_5D3 out DSD audio output port 2 (Right Channel).
SPDIF output.
PR out DSD audio output port 2 (Left Channel).
IIS_SCK_IN IN IIS SCK input for regenerated IIS audio.
IIS_WS,_IN IN IIS WS input for regenerated IIS audio.
1IS"SD_IN IN IIS SD input for regenerated IIS audio.
8 Explore Confidential Proprietary
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Table 2-5 DDC/IIC/MCU/EEPROM

Name In/Out Description
Interrupt signal. Asserted when interrupt requests occur. This pin is opendrain
INTb ouT output when programmed as active low and external pull-up resistor is'needed.

This pin is push-pull when programmed as active high. Connect this pin tothe
GPIO pin of the HDMI controller externally.

SCL2/SCL3 10 SCL signal for HDMI and !—lDCP ControI'Logic. Connect this pin torthe.GPIO pin
of the HDMI controller with pull up resistor externally.
SDA signal for HDMI and HDCP Control Logic. Connect this pin to.the GPIO pin

SDA2/SDA3 10 of the ?—lDMI controller with pull up resisto?externally. 3 P

DDCO_SCL IN IIC SCL signal for HDMI Receiver DDC Port 0

DDCO_SDA 10 IIC SDA signal for HDMI Receiver DDC Port 0

DDC1_SCL IN IIC SCL signal for HDMI Receiver DDC Port 1

DDC1_SDA 10 IIC SDA signal for HDMI Receiver DDC Port 1

DDC2_SCL IN IIC SCL signal for HDMI Receiver DDC Port 2

DDC2_SDA 10 IIC SDA signal for HDMI Receiver DDC Port 2

DDCR_SCL IN IIC SCL signal for Repeater DDC Port

DDCR_SDA 10 IIC SDA signal for Repeater DDC Port

DDCT_SCL ouT IIC SCL signal for HDMI Output DDC Port

DDCT_SDA 10 IIC SDA signal for HDMI OQutput DDC Port

Table 2-6 Misc.Pins
Name In/Out Description
X_IN Analog Eé;i:r;ﬂlefre);s::rlri;lﬁ;t, 18.432 Mhz. Connect this pin to the GPIO pin of the HDMI
PLL_XFC_A Analog | For connecting-a capacitor to ground for on-chip PLL
EXT_RSTb IN External Réset input (Active Low) with internal weak pull-up. Connect this pin to

the GPIO pin-of the HDMI controller externally.

REG_VIN PWR 5V input to on-chip Power Regulator

Programmable voltage output from on-chip Power Regulator. The selectable

REG_VO1 ouT output'voltage are 2.8V, 3.0V, 3.2V and 3.4V
Programmable voltage output from on-chip Power Regulator. The selectable
REG_VO2 & output voltage are 1.5V, 1.6V, 1.7V and 1.8V
Table 2-7 HDMI Controller Pins’
Name In/Out Description
MCU_RSTb i External Rgset (active low) with on-chip pull-up. When this pin is asserted low, the HDMI
controller is totally reset.
HDMI Controller operation mode.
MCU_QP IN 0: Normal mode
1:ICP (In Circuit Flash Programming) mode
MCU.XIN IN External Crystal Input, 18.432 Mhz
MCU_XOUT ouT External Crystal Output, 18.432 Mhz.
P2[7:0] IN/OUT | GPIO port 2 with programmable Open Drain capability.
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Table 2-7 HDMI Controller Pins’

Name In/Out Description
P1[4:0] IN/OUT | GPIO port 1 or Keyboard Interrupt inputs with internal 20KQ pull-up to VDD
P3[7:4, 1:0] IN?ODUT Open Drain I/0 port 3. P3 shared with IIC.
P4[5, 1:0] IN/OUT | GPIO port 4 or External Interrupt inputs
P7[1:0] IN/OUT | Open Drain I/O port 7. P7[1:0] shared with Serial Port.
NOTES:

1. Customer shall follow the pre-defined 1/0 pins application which shown in reference circuit for,the correct opera-

tion of this chip.

Table 2-8 Power Pins

Name In/Out Description
AVDD PWR HDMI Receiver Analog Power (1.8V)
PVDD PWR HDMI Receiver PLL Analog Power (1.8V)
AVDD33 PWR HDMI Termination Power (3.3V)
AVDD18 PWR HDMI Transmitter Analog Power:(1.8V)
PVDD18 PWR HDMI Transmitter PLL Analog Power(1.8V)
AVSS, PVSS GND Analog Ground
VDDE PWR I/0 Power (3.3V)
VSSE GND I/0 Ground
VDD PWR Internal Logic Power (1.8V)
VSS GND Logic Ground
VDD_PLL GND Audio PLL Power (3:3V)
VSS_PLL GND | Audio,PLL Ground
MCU_VDD GND HDMI Controller Power (3.3V)

10
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2.4 Electrical Characteristics

Absolute Maximum Conditions

Symbol Parameter Min Typ Max Units
Vce33 3.3V Supply Voltage -0.3 4.0 \Y
Vcc18 1.8V Supply Voltage -0.3 25 \Y

Vcc_REG Embedded Regulator Supply Voltage -0.3 5.7 \

A Input Voltage -0.3 Veez3+0.3 %
Vo Output Voltage -0.3 Veez3+0.3 %

T, Junction Temperature 125 °C
Ts16 Storage Temperature -40 125 °C
0,5 Thermal Resistance (Junction to Ambient)’ 399 °C/W
0,c Thermal Resistance (Junction to Case)’ 13.1 °C/W

NOTES:

1. Analyzed by FEM (Finite Element Modeling) method with chip mounted on 4-layers PCB.

Normal Operating Conditions

Symbol Parameter Min Typ Max Units
Vce33 3.3V Supply Voltage 3.14 33 3.6 \Y
Vcc18 1.8V Supply Voltage 1.71 1.8 1.98 \Y

Vcc_REG Embedded Regulator Supply Voltage 4.5 5.0 5.5 \Y
Veen Supply Voltage Noise -0.3 100 mVpp
Ta Ambient Temperature (with power applied) 0 25 70 °C

DC Digital I/O Specifications (under normal operating conditions unless otherwise specified)

Symbol Parameter Conditions Min Typ Max Units
VReG_vO1 Output Voltage of REG_VO1 Loading <=30mA 2.6 3.6 %
VREG_vO2 Output Voltage of REG_VO2 Loading <=20mA 1.45 1.98 \Y
IREG 401 Output Current of REG_VO1 30 mA
IREG VO2 Output Current of REG_VO2 20 mA

Vi{ High-level Input Voltage 2.0 \Y

Ve Low-level Input Voltage 0.8 %

Explore Confidential Proprietary 11

NON-DISCLOSURE AGREEMENT REQUIRED



User Guide — EP92A2E_UG V0.1

Vo High-level Output Voltage 24 %
VoL Low-level Output Voltage 0.4 \Y
loL Output Leakage Current High Impedance -10 10 UA

DC Analogue Specifications (under normal operating conditions unless otherwise specified)

Symbol Parameter Conditions Min Typ | Max | Units
Differential Voltage Rioap = 50 ohm
Voo Single ended peak to peak amplitude Rswing = 390 ohm L 250 | 590 mv
Voo Differential High-level Output Voltage' AvCC \Y
Ipos Differential Output Short Circuit Current Vouyt = 0V; TX_TERM bitiis 0 5 uA
3V3 150 uA
Power-Down Current? RSEN_DIS=0
| (25°C Ambient, 1ve 20 uA
PD :
REG_VO1 is not connected, 3v3 18 UA
MCU stay in STOP mode) RSEN_DIS =1
1v8 20 uA
Supply Current 3v3 85 mA
| (25°C Ambient, RX0/TX are Active 1080pResolution
Ccd REXT?RES =470 0oh m, REXTTSVWNG =390 0h m, (1 Z'blt) 1V8 454 mA
TX_TERM bit is 0)
1 Guaranteed by design.
2 Assumes all HDMI/DVI1/O ports are not connected and all digital inputs are silent.
Receiver AC Specifications (under normal operating conditions unless otherwise specified)

Symbol Parameter Conditions Min Typ Max Units
Tops Intra-Pair (+ to -) Differential Input Skew' 04 Thit
Tees Channel to Channel Differential Input Skew' 1.0 Toixel
Tur Differential Input:Clock Jitter Tolerance®3 0.3 Tpit
Feip TMDS CLK Frequency 25 225 MHz

NOTES:

1. Guaranteed by design:
2. Jitter definesas per. DVI 1.0 Specification, Section 4.6 Jitter Specification.
3. Jitter measured with Clock Recovery Unit as per DVI 1.0 Specification, Section 4.7 Electronic Measurement Procedures

12
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Transmitter AC Specifications (under normal operating conditions unless otherwise specified)

Symbol Parameter Conditions Min Typ Max Units
Croap = 5pF,
SLHT Differential Swing Low-to-High Transition Time Rioap = 50 ohm, 170 200 230 ps
Rext_swing =270 ohm
Croap = 5pF,
SHIT Differential Swing High-to-Low Transition Time RLoap = 50 ohm, 170 200 230 ps

RexT_swing =270 ohm

I2S Audio AC Specifications (under normal operating conditions unlessotherwise specified)

Symbol Parameter Conditions Min Typ Max Units
Tock SCK Clock Period C_=10pF 1 T
Tsck d SCK Clock Duty Cycle C_ = 10pE 40% 60% Tock
Tsck_h SCK Clock High Time C_=10pF 40% 60% Tock
Tsek 1 SCK Clock LOW Time C, =10pF 40% 60% Tock
Tiis_s SCK to SD and WS (Setup Time) C.= 10pF 40% - Teck
Tiis_h SCK to SD and WS (Hold Time) C_=10pF 40% - Teck

SPDIF Audio AC Specifications (under normal operating conditions unless otherwise specified)

Symbol Parameter Conditions Min Typ Max Units
Tspdif SPDIF Cycle Time C_=10pF 1 ul
Tspdif_d SPDIF Duty Cycle C_ =10pF 90% 110% ul
Explore Confidential Proprietary 13
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2.5 Power Up Sequence

Following figure shows the recommended power on sequence to EP92A2E:

--- Power up Sequence ---

e > — 8 opmEE
100% VDD
1.8V Power
10% VDD 10% VDD
—_— R — +———
Tazers [1] Tiateaz [2]
EXT_RSTb
(Reset)
—p -—
1ms

Note 10 T 45,45 Should be less than 10ms. 3.3V is powered up in the beginning, then 1.8V powered up.

Note 20 T,z should be less than 10ms. 1.8Y is powered down in the beginning, then 3.3V powered down.

14 Explore Confidential Proprietary
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2.6 HBR Audio Input Format

HBR (True HD High Bit Rate) audio is output from IIS pins as shown in the following figure:

Figure 2-3 HBR Audio Output Format

lS_Ws ‘ L
(WS_POL =0)
15_SDO >< Tst 16 bits >< 2nd16 bits >< 9th16 bits >< 10th 16 bits ><
15_SD1 >< 3rd 16 bits >< 4th16 bits 11th 16 bits 12th16 bits
IS_SD2 >< 5th16 bits >< 6th 16 bits >< 13th 16 bits >< 14th16 bits ><
I5_SD3 >< 7th 16 bits >< 8th 16 bits 15th 16 bits 16th16 bits
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Figure A-1 EP92A2E Footprint Diagram

-« D —
- DI —»
96 65
HHHHA----HHAR : ; <
97 i 64 Cw g
== - DETAIL “A
—— 74 ——
m— m EP92A2E |F= :1
| I =
y—
| “ X date code : B | CAUGE PLANE
| i | SEATING PLANE A
— lot number -
1] 1 DETAIL "A"
128 — — 33 -
| —— 11
O
ment—"  [JE0----HO0H
1 32
A «i / N VC
<y Sy ¥V _FCTIIIOOIInOOIIn T
'-'? [ 0.05 —» - > -
< e b
Footprint Variations (mm)
SYMBOLS | MIN. NOM. MAX.
Ao o — NOTES:
- - . 1. JEDEC OUTLINE : N/A
Al 0.05 0.1 0.15 2. DIMENSIONS D1 AND E1 DO NOT INCLUDE
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b 0.13 0.16 0.23 0.25mm PER SIDE. D1 AND E1 ARE MAXIMUM
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D 16.00 BSC MOLD MISMATCH.
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0.45 0.60 | 0.75
L1 1.00 REF
e On | 3.5n | 7n
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Appendix A EP92A2E Application Guideline

This application note describes the guideline for the system designer to follow while preparing
the application circuit and PCB layout in order to achieve the best performance of the-EPQ2A2E.

A.1 GENERIC DESIGN GUIDELINE

A.1.1 HDMI Receiver

» For receiver input, each differential pair shalrouted symmetrically. Also, the best performance
will be expected if the differential pair is eqlethgth. The maximum-difference of the trace length
between D+ and D- (intra-pair) is 12 mil.

« The receiver module can tolerate the skew amoifigreint pairs (inter-pair skew). Anyway, user
can limit the maximum difference of the trace ldngtong different pairs (inter-pair) to 150 mil.

A.1.2 HDMI Transmitter

The transmitter uses the new AC-coupling mechaaisits differential data output. The block diagrain
the recommended transmitter output connectionasvahin the following figure.

Figure A-1 Transmitter Qutput Connection
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* The 100nF capacitor to implement the AC-couplirechanism is needed for the EP92A2E TMDS
differential data output. The differential clocktput still keeps the DC-coupling mechanism.

* The 499 (Rp) pull down resistor for each differentail datgput signal is needed for keeping the
DC voltage to the TMDS connector output to be 3V3.

* In order to provide the higher level of the ESDBtpction in the HDMI TX output; a:serial resistor
(Rs) can be added between the external ESD dendéha silicon HDMI transmitter output pad.
The typical value of the serial resistor could bete @ first.

* For transmitter output, each differential data gaill be routed symmetrically: The best
performance will be expected if the differentiatalpairs are equal length. The maximum trace
difference will depends on the connected receikaracteristics. In practice, try to minimize of the
trace length differences of the intra-pair andrip@irs of the differential data lines.

* For the best intra-pair skew between the singbedrCLK+ output and:single-ended CLK- output,
it is recommended to route the CLK+ with the trezgyth longerthan‘CLK- for 400 mil to 600 mil.
Keep the area of the CLK+ and CLK- current loophé&we the minimum area while routing the
additional trace of the CLK+ signal.

* Minimize the length from the HDMI TX pins to thelHAl connector. If possible, keep the length
less than 1500 mil.

A.1.3 Embedded Regulator

The EP92A2E embeds two regulators to generate 8943.¥8 voltage for its own use. The output of the
embedded regulator can not be used for the otlrpppe. The regulator input is supplied from the +5V
of the HDMI input connector. The low ESR capacgball be used and placed closely to the regulator
output pin. The minimum capacitance of the.low E8Racitor is 1uF. The schotty diodes are needed to
isolate the possible reverse current among diffesepplied power.

A.1.4 GENERIC LAYOUT GUIDELINE

* PVDD for TMDS transmitter (pin 63) shall be appliith the clean power, the common practice
is to supply the power throtigh the ferrite beack Bhst practice is to provide the PVDD through
the individual regulator.<The minimum requirementa follow the reference circuit to supply the
power to PVDD.

* In order to provide a desirable return path fareut, the solid ground plane is necessary. Also,
connect the power and-ground pins and all bypgsscitars to the appropriate power and ground
plane with a via. Via is suggested to be as fatamnshort as possible in order to reduce the
inductance.

* Place one 0.2uF capacitor as close as possibebrteach power pin and ground. A bulk
decoupling.capacitor should be placed on the sabepbf the power. Additional capacitors may be
needed depending on the PCB design.

» Controlithe PCB impedance of all differential ®a¢both receiver and transmitter) to beQ00
This will be one of the critical points for the s performance at very high frequency operation.
Following items are listed based on our experience:
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APPLICATION NOTE — EP92A2E_APPLICATION V0.1

— If possible, the differential traces shall be eslbn the TOP layer and the continuous.ground
plane shall be placed beneath the differentiaegathe discontinuous ground plane-will
degrade the high speed differential signal intggrit

— The ground traces stay with the differential tsace the same layer are not suggested.
— Keep any TTL signals away from the differentrakces as far as possible.
— Avoid the differential traces cornering, crossargl the through holes.

Choose the discrete ESD protection devices wighvdry low capacitance, the.Semtech
RClamp0524P or CMD (California Micro Devices) CM20i2 recommended«“Place the ESD
devices close to the HDMI connector for the bestgpmance.

Following diagram shows the differential tracestiog example:

W S > 2S >3S
N o b
[ ] H- .
D2

TTL D1 DO CLK TTL
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