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1080p - Deep Color 4-to-1 HDMI/DVI Switch with Adaptive Equalization

FEATURES

4:1 Switch Supporting DVI Above 1920 x 1200
and HDMI HDTV Resolutions up to 1080p With
16-bit Color Depth

Designed for Signaling Rates up to 3 Gbps

Temperature Range: 0°C to 70°C
Automatic Port Select Feature

Robust TMDS Receive Stage That Can Work
With Non-Compliant Input Common-Mode
HDMI Signals

* HDMI1.3a Spec Compliant

* Adaptive Equalization to Support up to 20-m APPLICATIQ_NS o
HDMI Cable » High-Definition Digital TV

« TMDS Input Clock-Detect Circuit - LCD
« DDC Repeater Function - Plasgna
DLP

* <2mW Low-Power Mode

« Local I°C or GPIO Configurable

 Enhanced ESD. HBM: 10 kV on All Input
TMDS, DDC IC pins

» 3.3-Volt Power Supply

DESCRIPTION

The TMDS461 is a 4-port digital video interface (DVI) or high-definition multimedia interface (HDMI) switch that
allows up to four DVI or HDMI ports to be switched to a single display terminal. Four TMDS channels, one
hot-plug detector, and a digital display control (DDC) interface are supported on each port. Each TMDS channel
supports signaling rates up to 3 Gbps to allow 1080p resolution in 16-bit color depth.

The TMDS461 provides an analog adaptive equalizer for different ranges of cable lengths. The equalizer
automatically compensates for intersymbol interference [ISI] loss of an HDMI/DVI cable for up to 20 dB at 3 Gbps

(see )-
TYPICAL APPLICATION
Digital TV
Digital J
Camcorder

LR CRTN TV 1

Game
Machine

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

DLP is a registered trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2009, Texas Instruments Incorporated


http://focus.ti.com/docs/prod/folders/print/tmds461.html

13 TEXAS
INSTRUMENTS

SLLS915—-JANUARY 2009 www.ti.com

DESCRIPTION (CONTINUED)

When any input port is selected, the integrated terminations (50-Q termination resistors pulled up to VCC) are
switched on for the TMDS clock channel, the TMDS clock-detection circuit is enabled, and the DDC repeater is
enabled. After a valid TMDS clock is detected, the integrated termination resistors for the data lines are enabled,
and the output TMDS lines are enabled. When an input port is not selected, the integrated terminations are
switched off, the TMDS receivers are disabled, and the DDC repeater is disabled. Clock-detection circuitry
provides an automatic power-management feature, because if no valid TMDS clock is detected, the terminations
on the input TMDS data lines are disconnected and the TMDS outputs are placed in a high-impedance state.

The TMDS461 is designed to be controlled via a local 1°C interface or GPIO interface based on the status of the
I2C_SEL pin. The local I°C interface in TMDS461 is a slave-only I°C interface. (See the [2C_INTERFACH

NOTES section.)

I’C Mode: When the 12C_SEL Ein is set high, the device is in 1°C mode. Refer to [Table 7 to [[able 13 for I1°C
register description. With local 1°C, the interface port status can be read and the advanced configurations of the
device such as TMDS output edge rate control, DDC I°C buffer output-voltage-select (OVS) settings (See the
DDC 12C Function Description] for detailed description on DDC 1°C buffer description and OVS description),
device power management, TMDS clock-detect feature, Automatic_Port Selection and TMDS input-port
selection can be set. In 1°C mode when any system level change such as change in 5V_PWR on the source
side, a change in the selected port, or a change in the selected port's valid clock detect is detected, TMDS461
can issue an Interrupt Request via IRQ pin (refer [RQ_Secfion]). A micro-controller connected to TMDS461 can
read 1°C register address 0X01, (See to obtain the current status of 5V_PWR, the selected port, and
clock-detect status. Once the micro-controller has read I°C register 0x01, the IRQ pin returns to low.

GPIO mode: When the I2C_SEL pin is set low, the device is in GPIO control mode. The port selection is
controlled with source selectors, S1 and S2. The power-saving mode is controlled through the LP pin. In GPIO
mode, the default TMDS output edge rate that is the fastest setting of rise and fall time is set. The DDC I°C
buffer OVS setting can be changed through OVS GPIO pin, see [Table 4. In GPIO mode, IRQ pin reflects the
status of the selected port's clock detect. If a valid clock is detected by the clock detect circuit, IRQ goes high. If
no valid clock is detected, IRQ is driven low.

Following are some of the key features (advantages) that TMDS461 provides to the overall sink-side system
(HDTV).

» 4:1 switch that supports TMDS data rates up to 3 Gbps on all four input ports.

« ESD: Built-in support for high ESD protection (up to 10 kV on the TMDS and DDC I?C pins ). The HDMI
source-side pins on the TMDS461 are connected via the HDMI/DVI exterior connectors and cable to the
HDMI/DVI sources (e.g., DVD player). In TV applications, it can be expected that the source side may be
subjected to higher ESD stresses compared to the sink side that is connected internally to the HDMI receiver.

» Adaptive equalization: The built-in analog adaptive equalization support compensates for intersymbol
interference [ISI] loss of up to 20 dB, which represents a typical 20-m HDMI/DVI cable at 3 Gbps. Analog
Adaptive equalization adjusts the equalization gain automatically, based on the cable length and the
incoming TMDS data rate.

» TMDS clock-detect circuitry: This feature provides an automatic power-management feature and also ensures
that the TMDS output port is turned on only if there is a valid TMDS input signal. TMDS clock-detect feature
can be by-passed in I°C Mode, (See ). It is recommended to enable TMDS clock-detect circuitry
during normal operation. However, for HDMI compliance testing (TMDS Termination Voltage Test), the clock
detect feature should be disabled by using the 1°C mode control. To comply with the TMDS Termination
Voltage Test in the GPIO mode (default TMDS clock-detect circuitry enabled), a valid TMDS clock will need to
be provided. With the clock present, the internal terminations are present providing the correct termination
voltage.

« DDC I°C buffer: This feature provides isolation on the source side and sink side DDC I°C capacitance, thus
helping the sink system to pass system-level compliance.

* Robust TMDS receive stage: This feature ensures that the TMDS461 can work with TMDS input signals
which have common-mode voltage levels that can be either compliant or non-compliant with HDMI/DVI
specifications

e VSadj: This feature adjusts the TMDS output swing and can help the sink system to tune the output TMDS
swing of the TMDS461 (if needed) based on the system requirements.

« GPIO or local IC interface to control the device features
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» TMDS output edge-rate control: This feature adjusts the TMDS461 TMDS output rise and fall times. There
are four settings that can be chosen. The default setting is the fastest rise and fall time; the other three
settings are slower. Slower edge transitions can potentially help the sink system (HDTV) in passing regulatory

EMI compliance.

« Automatic Port Select Feature available in I°C mode

» 5V_PWR detect for each port connected, Hot Plug Detect (HPD) of non selected port follows 5V_PWR,
whereas HPD of selected port follows HPD_SINK.

FUNCTIONAL BLOCK DIAGRAM
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TERMINAL FUNCTIONS
TERMINAL
/10 DESCRIPTION
SIGNAL NO.
TMDS INPUT PINS

CLK+_1 3 | Port-1 TMDS differential clock
CLK-_1 2
D[0:2]+_1 6,9, 12 | Port-1 TMDS differential data inputs
D[0:2]-_1 5,8,11
CLK+_2 15 | Port-2 TMDS differential clock
CLK-_2 14
D[0:2]+_2 18, 21, 24, | Port-2 TMDS differential data inputs
D[0:2]-_2 17, 20, 23
CLK+_3 28 | Port-3 TMDS differential clock
CLK-_3 27
D[0:2]+_3 31, 34, 37 | Port-3 TMDS differential data inputs
D[0:2]-_3 30, 33, 36
CLK+_4 40 | Port-4 TMDS differential clock
CLK-_4 39
4 ubmit Documentation Feedbac Copyright © 2009, Texas Instruments Incorporated
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TERMINAL FUNCTIONS (continued)

TERMINAL

35, 41, 47,

51, 61, 71, 84, 91, 97

SIGNAL NO. 110 DESCRIPTION
D[0:2]+_4 43, 46, 49 | Port-4 TMDS differential data inputs
D[0:2]-_4 42, 45, 48

TMDS OUTPUT PINS
CLK+_SINK 98 O TMDS sink differential clock
CLK-_SINK 99
D[0:2]+_SINK 95, 92, 89 O TMDS sink differential data outputs
D[0:2]-_SINK 96, 93, 90
OT-PLUG-DETECT STATUS PINS
HPD[1:4] 70, 65, 60, 55 O Source port hot-plug-detect output
HPD_SINK 72 | Sink hot plug detect input
DDC PINS
SCL[1:4] 67, 62,57, 52 1/0 TMDS port bidirectional DDC clock
SDA[1:4] 68, 63, 58, 53 110 TMDS port bidirectional DDC data
SCL_SINK 75 110 TMDS sink side bidirectional DDC clock
SDA_SINK 74 110 TMDS sink side bidirectional DDC data
STATUS PINS
IRQ 86 O Interrupt Request
5V_PWRJ[1:4] 69, 64, 59, 54 [ Source Port 5V Signal Input
5V_Ind 73 (0] Selected Port 5V Power Indicator
CONTROL PINS
LP 85 I Low-power select bar
S[1:2] 83,82 [ Source Selection GPIO
12C_SEL 81 [ Local I2C control select
Local_SCL 79 [ Local I°C clock
Local_SDA 78 I/O | Local I°C data
Local_Addr 77 [ Local I°C address
VSadj 87 [ TMDS compliant voltage swing control
ovs 76 [ DDC offset selector
NC 66 No Connect
SUPPLY AND GROUND PINS
VCC 4,10, 16, 22, 26, 32, 3.3 V supply
38, 44,
50, 56, 80, 88, 94,
100
GND 1,7, 13, 19, 25, 29, Ground
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Table 1. Source Selection Lookup®

CONTROL 1/0 SELECTED HOT-PLUG DETECT STATUS Power Mode
PINS
SCL_SINK
S2 S1 Port Selected SDA_SINK HPD1 HPD2 HPD3 HPD4
Port 1 scL1
L L | Terminations of port 2, 3 SDAL HPD_SINK 5V_PWR2 5V_PWR3 5V_PWR4 Normal mode
and 4 are disconnected.
Port 2 SCL2
L H | Terminations of port 1, 3 SDA2 5V_PWR1 HPD_SINK 5V_PWR3 5V_PWR4 Normal mode
and 4 are disconnected.
Port 3 scL3
H L | Terminations of port 1, 2 SDA3 5V_PWR1 5V_PWR2 HPD_SINK 5V_PWR4 Normal mode
and 4 are disconnected.
Port 4 SCL4
H H | Terminations of port 1, 2 SDA4 5V_PWR1 5V_PWR2 5V_PWR3 HPD_SINK Normal mode
and 3 are disconnected.

(1) H: Logic high; L: Logic low
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EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS
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Table 2. Control Pin Lookup Table®

SIGNAL LEVEL STATE DESCRIPTION
H Normal Mode | Normal operational mode for device.
LP L Low-power Device is forced into a low power state, causing the inputs and outputs to go to a
mode high-impedance state. All other inputs are ignored.
S2 | s1
L L Port 1 Port 1 is selected as the active port; all other ports are disabled.
S[2:1] , : ) :
GPIO Mode L H Port 2 Port 2 is selected as the active port; all other ports are disabled.
H L Port 3 Port 3 is selected as the active port; all other ports are disabled.
H H Port 4 Port 4 is selected as the active port; all other ports are disabled.
H 1’c Device is configured by 12C logic.
I12C_SEL . -
L GPIO Device is configured by GPIO.
Local Add H 0101101 The 7-bit address for the local 12C logic is 0101101
ocal r
- L 0101100 The 7-bit address for the local 12C logic is 0101100
H Offset 1 DDC sink side VOL and VIL offset range 1, V.1 (max) : 04V, VoL1 (max) : 0.7V
OoVS L Offset 2 DDC sink side VOL and VIL offset range 2, V.2 (max) : 0-4V, Vo2 (max) : 0.6V
Hi-Z Offset 3 DDC sink side VOL and VIL offset range 3, V| 3 (max) : 0-3V, Vo3 (max) : 0.5V
Compliant Driver output voltage swing precision control to aid with system compliance. VSadj resistor
VSadj 4.02 kQ Volta epSwin value could be selected to be
9 9 |4.02 kQ +10% based on the system requirement to pass HDMI compliance.

(1) (H) Logic high; (L) Logic low

ORDERING INFORMATION®

PART NUMBER PART MARKING PACKAGE
TMDS461PZTR TMDS461 100-pin TQFP reel
TMDS461PZT TMDS461 100-pin TQFP tray

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
Web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)®

VALUE UNIT

Supply voltage range® | vcC -0.3103.6 Y,
Voltage range TMDS 1/O -0.3t04

HPD and DDC 1/0 -0.3t0 5.5 \%

Control and status 1/O -0.3t05.5
Electrostatic discharge | Human body model® on SCL[1:4], SDA[1:4], D[0:2]+_[1:4], D[0:2]—_[1:4], 410,000

CLK+_[1:4], CLK—_[1:4] pins

Human body model® on all other pins +6,000 v

Charged-device model® +1500

Machine model®) +200
Continuous power dissipation See Dissipag:on Ratings

table

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential voltages, are with respect to network ground terminal.

(3) Tested in accordance with JEDEC Standard 22, Test Method A114-B

(4) Tested in accordance with JEDEC Standard 22, Test Method C101-A

(5) Tested in accordance with JEDEC Standard 22, Test Method A115-A
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DISSIPATION RATINGS

PACKAGE PCB JEDEC STANDARD Ta £25°C DERATING FACTOR®W Ta=70°C
ABOVE Tp = 25°C POWER RATING
100-pin TQFP (PZT) Low-K 1329 mwW 13.2 mW/°C 731 mW
High-K 1631 mwW 16.3 mWw/°C 897 mW
(1) This is the inverse of the junction-to-ambient thermal resistance when board-mounted and with no air flow.
THERMAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX®D | UNIT
Rgss  Junction-to-board thermal resistance 37.13 °C/W
Rgsc  Junction-to-case thermal resistance 15.3 °C/W
Device power dissipation in normal mode | LP = HIGH TMDS: Vip(pp) = 1200 mV, 3 Gbps 666
Po) TMDS data pattern; HPD_SINK = HIGH, S1/S2 = 792 mw
LOW/LOW, LOW/HIGH, HIGH/HIGH, HIGH/LOW.
Device power dissipation in standby LP = HIGH, TMDS: Vipp) = 1200 mV, 3 Gbps 10
mode TMDS data pattern; HPD_SINK = HIGH, (See
Po) [[able g, Register 0x02[7:6] =[0:1]. Note that 200 mw
standby power mode is only available when
TMDS461 is configured in I°C mode.
Psp Device power dissipation in low-power iP = LOW. 1 2 mw
mode
Device power dissipation in normal mode | LP = HIGH, No TMDS input clock, HPD_SINK 61.2
p with no active TMDS input clock =HIGH, 720 mw
NCLK S1/S2 = LOW/LOW, LOW/HIGH, HIGH/HIGH,
HIGH/LOW.

(1) The maximum rating is simulated under 3.6V VCC across worse case temperature and process variation, Typical conditions are

simulated at 3.3V VCC, 25 °C with nominal process material.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX | UNIT
VCC Supply voltage 3 33 3.6 \%
Ta Operating free-air temperature 0 70 °C
TMDS DIFFERENTIAL OUTPUT PINS
Vibpp) Peak-to-peak input differential voltage 0.15 1.56 \%
Vic Input common mode voltage Ve Ve + 0.01 \%
-0.4
AVce TMDS output termination voltage 3 33 3.6 \%
dr Data rate 3| Gbps
Rvsapg Resistor for TMDS compliant voltage swing range 3.66 4.02 4.47 KQ
R¢ Termination resistance 45 50 55 Q
DDC PINS
\ Input voltage 0 5.5 \%
dra2c) I°C data rate 100| Kbps
HPD_SINK, 5V_PWR[x], S1, S2, OVS
Viy High-level input voltage: HPD_SINK, 5V_PWR[x], S1, S2 2 5.5 \%
Vi Low-level input voltage: HPD_SINK, 5V_PWR[x], S1, S2 0 0.8 \Y
Vibovs High-level input voltage: OVS 3 5.5 \%
ViLovs Low-level input voltage: OVS 0 0.5 \%
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DEVICE POWER

The TMDS461 is designed to operate from a single 3.3-V supply voltage. The TMDS461 has three power modes
of operation. These three modes are referred to as normal mode, standby mode, and low-power mode.

Normal mode is designed to be used during typical operating conditions. In normal mode, the device is fully
functional and consumes the greatest amount of power.

Standby mode is designed to be used when reduced power is desired, but DDC and HPD communication must
be maintained. Standby mode can be enabled via the I°C interface (See only. In standby mode, the
high-speed TMDS data and clock channels are disabled to reduce power consumption. The internal I1°C logic and
DDC function normally. HPD[1:4] of the selected port follows HPD_SINK. HPDJ[1:4] of the non-selected port
follows 5V_PWRJ[1:4].

Low-power mode is designed to consume the least possible amount of power while still applying 3.3 V to the
device. Low-power mode can be enabled by either the LP pin or by local 1°C (See [[able g). In low-power mode,
all of the inputs and outputs are disabled with the exception of the internal 1°C logic and LP pin.

The clock-detect feature in the TMDS461 provides an automatic power-management feature in normal mode. if
no valid TMDS clock is detected, the terminations on the input TMDS data lines are disconnected, and the TMDS
outputs are high-Z. As soon as a valid TMDS clock is detected, the terminations on the TMDS data lines are
connected, the TMDS outputs come out of high-Z, and the device is fully functional and consumes the greatest
amount of power.

ELECTRICAL CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Icc Normal-mode supply current | LP = HIGH TMDS: Vippp) = 1200 mV, 3 Gbps TMDS data pattern; 185 220 mA
HPD_SINK = HIGH, S1/S2 = LOW/LOW, LOW/HIGH, HIGH/HIGH,
HIGH/LOW.
IstRY Standby supply current LP = HIGH, TMDS: Vippp) = 1200 mV, 3 Gbps TMDS data pattern; 3 55| mA

HPD_SINK = HIGH, (See [[able g, Register 0x02[7:6] =[0:1]. Note
that standby power mode is only available when TMDS461 is
configured in I°C mode.

Isp Shutdown current LP = LOW. 300 555| pA
Normal-mode supply current, |LP = HIGH, No TMDS input clock, HPD_SINK =HIGH, S1/S2 = 17

INncLK with no active TMDS input LOW/LOW, 20| mA
clock LOW/HIGH, HIGH/HIGH, HIGH/LOW.

5V DETECT and HOT PLUG DETECT

5V DETECT: TMDS461 incorporates 5V detect logic on each input port. 5V_PWR is the 5V that an HDMI/DVI
source provides to an HDMI/DVI sink. As soon as TMDS461 detects a high on any of the 5V_PWRJ[1:4] signals,
the 5V_Ind pin which is 5V Power detect indicator goes high. In I°C mode, a micro controller connected to
TMDS461 can read the status of 5V_PWR][x] signals by reading (See [Table 7) I°C register 0x01.

Hot Plug Detect: The TMDS461 is designed to support the Hot Plug indication to the input ports. For the
selected port, the state of the Hot Plug output (HPDJ[1:4]) follows the state of the Hot Plug input (HPD_SINK). For
the non selected ports, the state of the Hot Plug outputs follows logic state of 5V_PWR. (See [[able_1)). HPD[X]
are internally connected to 5V_PWR][x] via 1KQ resistor as shown in Figure J(b). Thus even if the TMDS461 is
powered off, HPD[x] will still follow 5V_PWR[x]. When the HDMI transmitter does not have the capability of
detecting the TMDS receiver termination, using the HPD signal as a reference for sensing port selections is the
only possible method. Thus it is recommended that HPD_SINK can be held low before port selection is done and
then forced high after port selection, this ensures that HPD[x] of the selected port is pulsed High-to-Low at port
selection before HPDI[x] follows HPD_SINK.

In Standby power savings mode, HPD functions similar to normal mode. In low (LP) power savings mode, the
HPDIx] follows 5V_PWRJX].
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ELECTRICAL CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

VOH(HPDIx) High-level output voltage 5V_PWR =4.5-5.5V 5vV_PW \%

R
VoLHPDIX) Low-level output voltage 5V_PWR =4.5-5.5V 0 0.4 \%
IH(HPD_SINK) High-level input current Vig=2V,Vcc =36V -10 10 HA
I (HPD_SINK) Low-level input current ViL=0.8V,Vec =36V -10 10 HA
IHGsv_PWRIX) High-level input current Vi =5.5V, Ve =36V -10 10 HA
VOH(EV._ind) High-level output voltage lony =100 pA 2.4 VCC \%
VoLEv._ind) Low-level output voltage loL = 100 pA 0 0.4 \%
R (HPD[x) Output source impedance R (HPD[x) IS connected between 800 1000 1200 kQ
5V_PWR[x] and HPD[x].

SWITCHING CHARACTERISTICS

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tPD1(HPD) HPD_SINK propagation delay HPD_SINK to HPD[1:4] 40 ns
trp2pp)  5V_PWR to HPD propagation delay 5V_PWRJ[1:4] to HPD[1:4]. 30 ns
ts1(HPD) Selecting port HPD switch time S[1:2] to HPD[1:4] 40 ns
tso(HPD) De-selecting port HPD switch time S[1:2] to HPD[1:4] 25 ns
tyHPD) LP to HPD[X] switch time LP to HPD[x] 40 ns
tpp3(sV) 5V_PWR to 5V_Ind propagation delay 5V PWR to 5V_Ind propagation Delay 30 ns

(Load on 5V_Ind: 5 pF)
5V
1
[}
5V_Pwr [x] 5V_Ind |
HPD_SINK
5 pF T T 5 pF !
|
J7 | .! g 5 pF
(a) (b)
Figure 1. 5V_PWR and HPD Test Circuit
Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 11

Product Folder Link(s) :TMDS46]



http://focus.ti.com/docs/prod/folders/print/tmds461.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS915&partnum=TMDS461
http://focus.ti.com/docs/prod/folders/print/tmds461.html

SLLS915—-JANUARY 2009

13 TEXAS
INSTRUMENTS

www.ti.com

HPD_SINK 5V
HPD_[x]: Selected Port l——+ tpa1(HPD)
I 5V_PWR
| 5V_PWR/2
I
5V_PWRI[x] 5V
HPD_ [x]: Non Selected tpd 2(HPD)——>
Port 5V_PWR
5V
I
—/— 2.5V
I
5V_PWRIx] ' tpd3Vv)
' : vce
I
-/~ vcerz
5V_Ind '
5V
I
I
HPD_SINK 777747777777777: 77777777777 5V
I
I I
| I
- 1
t | > t
HPDIx]: selected port f('iPE) ,—F—>, N " f("'j"i) _ 5V_PWRIX
L v_Pwrpay2 N (5V_PWRIx])/2

Figure 2. HPD Timing Diagram #1
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5V
S1 | |
X 25v ya
| |
! ! 5V
| - - - - - - - =
|
-~ 25v |
| |
S2 | |
| | |
tS1(HPD) —— J'r 5V
| >
|
|
| ' '
| l«—+— ts2 (HPD)
HPD_SINK | j
: :
HPD[3] [ : 5V_PWR3
|
|

(5V_PWR3)12_ (5V_PWR3)/2
|
|
|
|

PORT3 is non selected e— »/ PORT3 is non selected
port " PORT3is selected port ' port

Figure 3. HPD Timing Diagram #2

IRQ

I°C mode: When TMDS461 is configured in 1°C mode, the IRQ pin in TMDS461 functions as a system level
interrupt indicator pin. The TMDS461 issues Interrupt Requests by raising the IRQ pin from low to high, which
can be detected by the sink micro-controller. An Interrupt Request occurs when any system level change is
detected by TMDS461, which is a change in 5V_PWR on the source side, a change in the selected port, or a
change in the selected port's valid clock detect. The micro-controller can read I°C register to obtain
the current status of 5V_PWR, the selected port, and clock detect status. Once the micro-controller has read
0x01, the IRQ pin returns to low.

It is desired that as soon as the sink micro-controller gets an Interrupt Request, it reads I2C register
Dx07]

GPIO mode: When TMDS461 is configured in GPIO mode, the IRQ pin in TMDS461 functions as a clock-detect
indicator pin for the selected port. If a valid clock is detected by the clock detect circuit, IRQ goes high. If no valid

clock is detected, IRQ is driven low. Refer to (TMDS Main Link Switching Characterisiicy) tc 4, for valid clock
enable time and ain witching Characteristics) tc » for valid clock disable time.

ELECTRICAL CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
VoH(IRQ) High-level output voltage lon = 100 pA 24 Vee \Y
VoL(rQ) Low-level output voltage loL =100 pA 0 0.4 \%
Ri1rQ) Output source impedance 800 1000 1200 kQ

Copyright © 2009, Texas Instruments Incorporated
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Automatic Port Select Feature

TMDSA461 incorporates an AutoSelect Feature that is available in 1°C mode only. Refer to [Table g, bits 3, 4, 5. If
the TMDS461 is configured in AutoSelect Mode, then the port selection is done based on the priority bit (Refer to
, bit 3, 4) and 5V_PWR[x] (See [Table_4, bit 0, 1, 2, 3) as indicated in Figure 4, Figure 3, Figure g, and
:

TMDS461 configured in Automatic

Port Selection Mode with
Port 1 as Priority Port

[5V_PWR1 =High &
5V_PWR2 = X &
5V_PWR3 = X &

\ 4 5V_PWR4 = X ]

Port 1 is selected

[5V_PWR1 = LOW &
5V_PWR2 = HIGH &
5V_PWR3 = X &
5V_PWR4 = X

Port 2 is selected

[5V_PWR1 = LOW &
5V_PWR2 = LOW &
5V_PWRS3 = HIGH &

[5V_PWR1 = LOW &
5V_PWR2 = HIGH &
5V_PWR3 = X &

5V_PWR1 = HIGH & 5V_PWR4 = X -

[ JETANA | lv 5V_PWR4 = X | [5V_PWR1 = LOW &

| 5V_PWR2 = HIGH &
SV_PWR3 =X & 5V_PWR3 = X &
5V_PWR4 = X 5V_PWR4 = X ]

Port 3 is selected

[5V_PWR1 = LOW &
5V_PWR2 = LOW &
5V_PWR3 = LOW &
5V_PWR4 =HIGH] |

[5V_PWR1 = LOW &
5V_PWR2 = LOW &
5V_PWRS3 = HIGH &
5V_PWR4 = X |

Port 4 is selected

Figure 4. TMDS461 Configured in AutoSelect Mode, with Port 1 as Priority Port
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TMDS461 configured in Automatic

Port Selection Mode with
Port 2 as Priority Port

[5V_PWR?2 =High &
5V_PWR1=X&
5V_PWR3 = X &

v 5V_PWR4 = X]

Port 2 is selected

[5V_PWR2 = LOW &
5V_PWR1 = HIGH &
5V_PWR3 = X &
5V_PWR4 = X |

Port 1 is selected

[5V_PWR2 = LOW &

[5V_PWR2 = HIGH &
5V_PWR1 = X &
5V_PWR3 = X &
5V_PWR4 = X |

5V_PWR1=LOW &
5V_PWR3 = HIGH &

5V_PWR4=X] y

Port 3 is selected

[5V_PWR2 = LOW &
5V_PWR1 = LOW &
5V_PWR3 = LOW &

5V_PWR4 = HIGH] |

Port 4 is selected

[5V_PWR2 = LOW &
5V_PWR1 = HIGH &
5V_PWR3 = X &
5V_PWR4 = X]

[5V_PWR2 = LOW &
5V_PWR1=LOW &
5V_PWR3 = HIGH &
5V_PWR4 = X |

[5V_PWR2 = LOW &
5V_PWR1 = HIGH &
5V_PWR3 = X &
5V_PWR4 = X ]

Figure 5. TMDS461 Configured in AutoSelect Mode, with Port 2 as Priority Port
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TMDS461 configured in Automatic

Port Selection Mode with
Port 3 as Priority Port

[5V_PWRS3 =High &
5V_PWR1=X&
5V_PWR2 = X &

v 5V_PWR4 = X]

Port 3 is selected

[5V_PWR3 = LOW &
5V_PWR1 = HIGH &
5V_PWR2 = X &
5V_PWR4 = X

Port 1 is selected

[5V_PWR3 = LOW &

[5V_PWR3 = HIGH &
5V_PWR1 = X &
5V_PWR2 = X &
5V_PWR4 = X |

5V_PWR1=LOW &
5V_PWR2 = HIGH &

5V_PWR4=X] y

Port 2 is selected

[5V_PWR3 = LOW &
5V_PWR1 = LOW &
5V_PWR2 = LOW &

5V_PWR4 = HIGH] |

Port 4 is selected

[5V_PWR3 = LOW &
5V_PWR1 = HIGH &
5V_PWR2 =X &
5V_PWR4 = X]

[5V_PWR3 = LOW &
5V_PWR1 = LOW &
5V_PWR2 = HIGH &
5V_PWR4 = X |

[5V_PWR3 = LOW &
5V_PWR1 = HIGH &
5V_PWR2 = X &
5V_PWR4 = X |

Figure 6. TMDS461 Configured in AutoSelect Mode, with Port 3 as Priority Port
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TMDS461 configured in Automatic
Port Selection Mode with
Port 4 as Priority Port
[5V_PWR4 =High &
5V_PWR1 = X &
5V_PWR2 = X &
\ 4 5V_PWR3 = X |
Port 4 is selected
[5V_PWR4 = LOW &
5V_PWR1 = HIGH &
5V_PWR2 = X &
5V_PWR3 = X |
Port 1 is selected
5V_PWR4 = LOW &
[5\/7PWR1 =LOW & [SV_PWR4 = LOW &
5V_PWR2 = HIGH & SV_PWR1 = HIGH &

[5V_PWR4 = HIGH & 5V_PWR3=X] SV_PWR2 =X & [5V_PWR4 = LOW &
5V_PWR1 =X & SV_PWR3 =X] 5V_PWR1 = HIGH &
5V_PWR2 = X & 5V_PWR2 = X &
5V_PWR3 = X | 5V_PWR3 = X |

Port 2 is selected
[5V_PWR4 = LOW & [5V_PWR4 = LOW &
5V_PWR1 =LOW & 5V_PWR1 = LOW &
SV_PWR2 =LOW & 5V_PWR2 = HIGH &
5V_PWR3 = HIGH ] y 5V_PWR3 = X |
Port 3 is selected

Figure 7. TMDS461 Configured in AutoSelect Mode, with Port 4 as Priority Port

TMDS DDC and Local I°C Pins

DDC I2C Buffer or Repeater: The TMDS461 provides buffering on the DDC I°C interface for each of the input
ports connected. This feature isolates the capacitance on the source side from the sink side and thus helps in
passing system-level compliance. See the DDC 12C Function Description] section for a detailed description on
how the DDC I°C buffer operates. Note that a key requirement on the sink side is that the Visink (input to
TMDS461) should be less than 0.4 V. This requirement should be met for the DDC I2C buffer to function
properly. There are three settings of V) iy and Voisink that can be chosen based on OVS settings (See
[[able 9).

Local I°C Interface: The TMDS461 includes a slave I°C interface to control device features like TMDS input port
selection, TMDS output edge-rate control, power management, DDC buffer OVS settings, etc. See
through [Table 13. The TMDS461 is designed to be controlled via a local I°C interface or GPIO interface, based
on the status of the 12C_SEL pin. The local I°C interface in the TMDS461 is only a slave 1°C interface. See the
[ZCINTERFACE NOTEY section for a detailed description of 12C functionality.

Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 17
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ELECTRICAL CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP  MAX| UNIT

I Low-level input current VCC=36V,V, =0V -10 10| pA
likg(sink) Input leakage current Sink pins VCC=36V,V, =495V -10 10| pA
Cio(sink) Input/output capacitance | Sink pins DC bias = 2.5V, AC = 3.5 Vp-p, f = 100 kHz 15| pF
ViH(sink) High-level input voltage Sink pins 2.1 5.5 Y
ViL1(Sink) Low-level input voltage Sink pins ovs 1 -0.2 0.4 \%
VoL1(sink) Low-level output voltage | Sink pins lo =3 mA, OVS = HIGH 0.6 0.7 Y
ViL2(sink) Low-level input voltage Sink pins ovs 2 -0.2 0.4 \%
VoL2(sink) Low-level output voltage | Sink pins lo =3 mA, OVS = LOW 0.5 0.6 Y
VL3(sink) Low-level input voltage Sink pins ovs 3 -0.2 0.3 Y
VoL3(sink) Low-level output voltage | Sink pins lo =3 mA, OVS = high-Z 0.4 0.5 Y
likg(2c) Input leakage current Port[1:4] pins VCC=36V,V, =495V -10 10| pA
Cio(i2c) Input/output capacitance | Port[1:4] pins DC bias = 2.5V, AC = 3.5 Vp-p, f = 100 kHz 15| pF
ViH(2c) High-level input voltage Port[1:4] pins 2.1 5.5 Y
ViLi20) Low-level input voltage Port[1:4] pins -0.2 15 Y
VoL(2c) Low-level output voltage | Port[1:4] pins lo=3mA 0.2 Y
SWITCHING CHARACTERISTICS

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tPLH2 Propagation delay time, low to high Source to sink 80 251| ns
tpHL2 Propagation delay time, high to low Source to sink 35 200| ns
tpLHL Propagation delay time, low to high Sink to source 204 459 | ns
tpHLL Propagation delay time, high to low Sink to source 35 200| ns
ti1 Output signal fall time Sink side 20 72| ns
tio Output-signal fall time Source side 20 72| ns
fscL SCL clock frequency for internal register Local I2C 100 | kHz
tw(y) Clock LOW period for I2C register Local I2C 4.7 us
tw(H) Clock HIGH period for internal register Local I2C 4 us
tsu1 Internal register setup time, SDA to SCL Local I2C 250 ns
thz) Internal register hold time, SCL to SDA Local I2C 0 us
toun Internal register bus free time between STOP and START Local I2C 4.7 us
tsu() Internal register setup time, SCL to START Local I2C 4.7 us
th2) Internal register hold time, START to SCL Local I2C 4 us
tsu(3) Internal register hold time, SCL to STOP Local I2C 4 us

Vee 5V
PULSE —|— %RL "2k
GENERATOR T D.U.T. T G = 100 bF
Ry VIN VCIUT I
Figure 8. Sink-Side Test Circuit
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Rrs Vin Vout

L] l

% R =2kQ
PULSE

D.U.T.

GENERATOR T T C_ = 400 pF

SCL[x]
SDA[X]
Input

SCL_SINK
SDA_SINK
Output

T0388-01

SCL_SINK
SDA_SINK
Input

SCL[x]
SDA[X]
Output

T0389-01

Figure 11. Source-Side Output AC Measurements

5V
SCL_SINK
SDA_SINK
Input

VoL

5V
SCL[X]
SDA[X]

Output 16V

T0390-01

Figure 12. Source-Side Output AC Measurements Cont.
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TMDS Main Link Pins

The TMDS port of the TMDS461 is designed to be compliant with the Digital Video Interface (DVI) 1.0 and High
Definition Multimedia Interface (HDMI) 1.3a specifications. The differential output voltage swing can be fine-tuned
with the VSadj resistor.

ELECTRICAL CHARACTERISTICS

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Vou Single-ended HIGH-level output voltage AVCC =3.3V, Ry =50 Q. See AVCC - 10 AVCC + 10 mvV
VoL Single-ended LOW-level output voltage AVCC - AVCC - mvV

600 400
Vswing Single-ended output voltage swing 400 600 mvV
v, Change in steady-state common-mode output voltage 5 my
OC(SS)  petween logic states
Vob(pp) Peak-to-peak output differential voltage 800 1200 mvV
Viosey  Single-ended standby output voltage AVCC - 10 AVCC + 10 mvV
lo)orF Single-ended power-down output current gv_s5\(/)CQC S15V,AVCC=33V, -10 10 HA
=

los Short-circuit output current See -15 12 15 mA
Ve Minimum valid clock differential voltage (peak-to-peak) Input TMDS clock frequency = 300 MHz 100 mvV
SWITCHING CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP® MAX| UNIT
tpLH Propagation delay time 250 800| ps
tpHL Propagation delay time 250 800| ps
tr1 Rise time, fastest mode (default setting): Fastest 84 110 140| ps

Setting
tr Fall time, fastest mode (default setting): Fastest 84 110 140| ps
Setting
tro Rise time, fastest mode + 50 ps (approximately) 142 160 190| ps
teo Fall time, fastest mode + 50 ps (approximately) 3'3 V. Rr=50Q. See and 142 160 190| ps
tr3 Rise time, fastest mode + 100 ps (approximately) 187 210 230| ps
tes Fall time, fastest mode + 100 ps (approximately) 187 210 230| ps
tra Rise time, fastest mode + 120 ps 216 230 260| ps
(approximately): Slowest Setting
tra Fall time, fastest mode + 120 ps (approximately): 216 230 260| ps
Slowest Setting
tsk(e) Pulse skew (see @) 8 15| ps
tsk(p) Intra-pair skew AVCC = 3.3V, Ry =50 Q. See Figure 13. 10 30| ps
tsk(o) Inter-pair skew (see ®)) 100| ps
tytpepy  Peak-to-peak output residual data jitter AVCC =33V, Ry =50 Q, dR = 2.25 Gbps. 40 88| ps
See for measurement setup;
residual jitter is the total jitter measured at
TTP4 minus the jitter measured at TTP1. See
for the loss profile of the cable used
for typepy Measurement. Also see
for tyrp(er) across cable
length and input TMDS data rate.

(1) All typical values are at 25°C and with a 3.3-V supply.

(2) tsk(p) is the magnitude of the time difference between tp y and tpy, of a specified terminal.

(3) tsk(o) is the magnitude of the difference in propagation delay times between any specified terminals of a sink-port bank when inputs of
the active source port are tied together.
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SWITCHING CHARACTERISTICS (continued)
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP® MAX| UNIT

tytcrppy  Peak-to-peak output residual clock jitter AVCC =3.3V, Ry =50 Q, input TMDS clock 10 35| ps
frequency = 225 MHz. See for
measurement setup; residual jitter is the total
jitter measured at TTP4 minus the jitter
measured at TTP1. See for the loss
profile of the cable used for tyrcpp)

measurement.
toika Valid clock-detect enable time AVCC =3.3V, Ry =50 Q, input TMDS clock 300 500| ns
frequency = 300 MHz. See [Figure 17.
toike Invalid clock-detect disable time AVCC =3.3V, Ry =50 Q, input TMDS clock 500 800| ns
frequency = 1 MHz. See Eigure 17
tselt Port selection time (see ¥ AVCC=33V,Rr=500 300 500| ns
tselo Port deselection time (see ©) AVCC=33V,Rr=500 40 50| ns
fep Clock-detect frequency AVCC = 3.3V, Ry =50 Q. See FEigure 17 25 300 | MHz

(4) tsgp1 includes the time for the valid clock detect enable time and ts;pp), because the tsypp) event happens in parallel with tsg 1; thus,
the tsg 1 time is primarily the tg kq time.
(5) tserz is primarily the tspHpp) time.

VCC AVCC
50 Q 50 Q
Ss00 I 0.5 pF Ss00
e v r
Vp. V||D T  Vy
A p- z ¥
Vb. Vip = Vps+ - Vp. Vop=Vy-Vz Vy
Vicm = (Vp+ *+ Vp)) Voc = (Vy +V7)
2 2

77

Figure 13. TMDS Main Link Test Circuit
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33V
X
v 28V

Figure 14. TMDS Main Link Timing Measurements

Vy

Vz

tskp) —“—"

Figure 15. Definition of Intra-Pair Differential Skew

Voc 4\/—\/[\_—_; AVoc(ss)

Figure 16. TMDS Main Link Common Mode Measurements

Valid Input TMDS clock
that meets the min
Frequency Threshold and

VoH

VoL

Amplitude
VCD(F‘P)

VA WAW '
T | .
:‘ teika q « taie gl

| | c TMDS
_¢_ __ | outputs
TMDS outputs & | :
Hi Z during this duration Vooe : TMDS output clock with

peak to peak swing
compliant to the HDMI
spec and same frequency
as the Input TMDS clock
frequency

Figure 17. Clock-Detect Timing Diagram

T0424-01
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AV
(5)
N i
<2-| (©) )¢
Data+ D RX Trazr\;r:ri:sio?\OLgiZ]e
ouT
. H ] E a <. (D ¥
Video Data— Trazr\ér:rir;siOSr\OLfrz\e
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(1) The HDMI cable between TTP1 and TTP2 is 20 m. See for the loss profile of the cable.
(2) Alljitter is measured at a BER of 107°.
(3) Residual jitter is the total jitter measured at TTP4 minus the jitter measured at TTP1.
(4) AVCC =3.3V.
(5) Ry =50Q.
(6) 2inches =5.08 cm.
Figure 18. TMDS Jitter Measurements
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Figure 20. TMDS Main Link Short Circuit Output Circuit
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS (continued)
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Figure 26. HDMI Cable Test-Point Configuration

Co01 €002
Figure 27. Eye at TP3 (output of TMDS461) with 20 m, 24 Figure 28. Eye at TP3 (output of TMDS461) with 20 m, 24
AWG HDMI cable, 2.25 Gbps Input TMDS data Rate, AWG HDMI cable, 3 Gbps Input TMDS data Rate, Fastest
Fastest Rise and Fall Time Setting on TMDS outputs Rise and Fall Time Setting on TMDS outputs
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TYPICAL CHARACTERISTICS (continued)

C003 C004

Figure 29. Eye at TP3 (output of TMDS461) with 3 m, 28 Figure 30. Eye at TP3 (output of TMDS461) with 3 m, 28

AWG HDMI cable, 3 Gbps Input TMDS data Rate, Fastest AWG HDMI cable, 3 Gbps Input TMDS data Rate, Slowest
Rise and Fall Time Setting on TMDS outputs Rise and Fall Time Setting on TMDS outputs

C005

Figure 31. Eye at TP3 (output of TMDS461) with 20 m, 24
AWG HDMI cable, 2.25 Gbps Input TMDS data Rate,
Slowest Rise and Fall Time Setting on TMDS outputs
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APPLICATION INFORMATION

Supply Voltage

The TMDS461 is powered up with a single power source that is 3.3-V VCC for the TMDS circuitry for HPD, DDC,
and most of the control logic.

TMDS Input Fail-Safe

The TMDS461 incorporates clock-detect circuitry. If there is no valid TMDS clock from the connected HDMI/DVI
source, the TMDS461 does not switch on the terminations on the source-side data channels. Additionally, the
TMDS outputs are placed in the high-impedance state. This prevents the TMDS461 from turning on its outputs if
there is no valid incoming HDMI/DVI data.

TMDS Outputs

A 10% precision resistor, 4.02-kQ, is recommended to control the output swing to the HDMI-compliant 800-mV to
1200-mV range Voppp) (1000 mV typical).

DDC I2C Function Description

The TMDS461 provides buffers on the DDC I°C lines on all four input ports. This section explains the operation
of the buffer. For representation, the source side of the TMDS461 is represented by RSCL/RSDA, and the sink
side is represented by TSCL/TSDA. The buffers on the RSCL/RSDA and TSCL/TSDA pins are 5-V tolerant when
the device is powered off and high-impedance under low supply voltage, 1.5 V or below. If the device is powered
up, the driver T (see is turned on or off depending on the corresponding R-side voltage level.

When the R side is pulled low below 1.5 V, the corresponding T-side driver turns on and pulls the T side down to
a low level output voltage, V.. The value of V5, and V,_ on the T side or the sink side of the TMDS461 switch
depends on the output-voltage select (OVS) control settings. OVS control can be changed by the slave 1°C, see
[[able 9. When the OVSL1 setting is selected, Vg, is typically 0.7 V and V,_is typically 0.4 V. When the OVS2
setting is selected, Vg, is typically 0.6 V and V,,_is typically 0.4 V. When OVS3 setting (default) is selected, Vg, is
typically 0.5 V and V,_is typically 0.3 V. V, is always higher than the driver-R input threshold, V, on the T side
or the sink side, preventing lockup of the repeater loop. The TMDS461 is targeted primarily as a switch in the
HDTV market and is expected to be a companion chip to an HDMI receiver; thus, the OVS control has been
provided on the sink side, so that the requirement of V,, to be less than 0.4 V can be met. The Vg, value can be
selected to improve or optimize noise margins between Vo and V,_of the repeater itself or V,_ of some external
device connected on the T side.

When the R side is pulled up, above 1.5 V, the T-side driver turns off and the T-side pin is high-impedance.

ovs
RSCL I: TSCL
RSDA | j ™ Tsba

B0344-01

Figure 32. I2C Drivers in the TMDS461 = Side Is the HDMI Source Side, T Side Is the HDMI Sink Side)

When the T side is pulled below 0.4 V by an external 1°C driver, both drivers R and T are turned on. Driver R
pulls the R side to near 0 V, and driver T is on, but is overridden by the external 1C driver. If driver T is already
on, due to a low on the R side, driver R just turns on.

When the T side is released by the external I°C driver, driver T is still on, so the T side is only able to rise to the
Vo, of driver T. Driver R turns off, because Vg, is above its 0.4-V V,_threshold, releasing the R side. If no
external 1°C driver is keeping the R side low, the R side rises, and driver T turns off once the R side rises above
1.5V, see Figure 33
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Vcce

TSCL/TSDA 0.5V
5V +
10%
RSCL/RSDA
Vee/2

Figure 33. Waveform of Driver T Turning Off

It is important that any external 1°C driver on the T side is able to pull the bus below 0.4 V to achieve full
operation. If the T side cannot be pulled below 0.4 V, driver R may not recognize and transmit the low value to
the R side.

DDC I°C Behavior

The typical application of the TMDS461 is as a 4:1 switch in a TV connecting up to four HDMI input sources to
an HDMI receiver. The I°C repeater is 5-V tolerant, and no additional circuitry is required to translate between
3.3-V and 5-V bus voltages. In the following example, the system master is running on an R-side I1°C-bus while
the slave is connected to a T-side bus. Both buses run at 100 kHz, supporting standard-mode 1°C operation.
Master devices can be placed on either bus.

VRdd VTdd
Driver T
RRup | RTup
Master | Slave
L 1 | 1 L1
4 I CSOURCE ICI | ICO Cslave I *,
= —_ = Driver R = —— =
- an
CCABLE Cmedium

Figure 34. Typical Application

illustrates the waveforms seen on the R-side 12C-bus when the master writes to the slave through the
I°C repeater circuit of the TMDS461. This looks like a normal I2C transmission, and the turnon and turnoff of the
acknowledge signals are slightly delayed.

9th Clock Pulse - Acknowledge From Slave

RSCL _>i i‘_
LT Ll 1 L

Figure 35. Bus-R Waveform
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illustrates the waveforms seen on the T-side I2C-bus under the same operation as in Figure 39. On the
T-side of the 1°C repeater, the clock and data lines would have a positive offset from ground equal to the Vg, of
the driver T. After the 8th clock pulse, the data line is pulled to the Vg, of the slave device, which is very close to
ground in this example. At the end of the acknowledge, the slave device releases and the bus level rises back to
the Vo, set by the driver until the R-side rises above VCC/2, after which it continues to be high. It is important to
note that any arbitration or clock-stretching events require that the low level on the T-side bus at the input of the
TMDS461 I°C repeater is below 0.4 V to be recognized by the device and then transmitted to the R-side 1°C bus.

9th Clock Pulse - Acknowledge From Slave

TSCL —» [

IS | . "y S

| VOL Of Slave

Figure 36. Bus T Waveform

IC Pullup Resistors

The pullup resistor value is determined by two requirements:

1. The maximum sink current of the I°C buffer is 3 mA or slightly higher for an I°C driver supporting
standard-mode 1°C operation.

Rup(min) = VDD/ISink (1)
2. The maximum transition time, T, of an I°C on the bus is set by an RC time constant, where R is the pullup
resistor value and C is the total load capacitance. The parameter, k, can be calculated from by
solving for t, the times at which certain voltage thresholds are reached. Different input threshold

combinations introduce different values of t. summarizes the possible values of k under different
threshold combinations.

T=kxRC 2

V(t) = Vpp(1 - e77) (3)
Table 3. Value of k for Different Input Threshold Voltages

Vin\WVins 0.7Vpp| 0.65Vpp 0.6 Vpp| 0.55Vpp 05Vpp| 0.45Vpp 0.4Vpp| 0.35Vpp 0.3 Vpp

0.1 Vpp 1.0986 0.9445 0.8109 0.6931 0.5878 0.4925 0.4055 0.3254 0.2513

0.15 Vpp 1.0415 0.8873 0.7538 0.6360 0.5306 0.4353 0.3483 0.2683 0.1942

0.2 Vpp 0.9808 0.8267 0.6931 0.5754 0.4700 0.3747 0.2877 0.2076 0.1335

0.25 Vpp 0.9163 0.7621 0.6286 0.5108 0.4055 0.3102 0.2231 0.1431 0.0690

0.3 Vpp 0.8473 0.6931 0.5596 0.4418 0.3365 0.2412 0.1542 0.0741 —

From Equation T, Rpmin) = 5.5 V/3 mA = 1.83 kQ to operate the bus under a 5-V pullup voltage and provide less

than 3 mA when the |°C device is driving the bus to a low state. If a higher sink current, for example 4 mA, is
allowed, R pmin) can be as low as 1.375 kQ.

Given a 5-V I1°C device with input low and high threshold voltages at 0.3 V44 and 0.7 Vg, respectively, the value
of k is 0.8473 from [Table 3. Taking into account the 1.83-kQ pullup resistor, the maximum total load capacitance
is Ctotal-sv) = 645 PF. Ceapieqmax) Should be restricted to be less than 545 pF if Cgqyce @and C, can be as high as 50
pF. Here the C, is treated as Cg,, the load capacitance of a sink device.

Fixing the maximum transition time from [Table 3, T = 1 ps, and using the k values from [[able 3, the
recommended maximum total resistance of the pullup resistors on an 1°C bus can be calculated for different
system setups.

To support the maximum load capacitance specified in the HDMI spec, Ccaplemax) = 700 pF/Csource = 50 pF/C; =
50 pF, Rimax) can be calculated as shown in [Table 4.
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Table 4. Pullup Resistor for Different Threshold Voltages and 800-pF Load
VinWine | 0.7Vpp| 0.65Vpp| 0.6Vpp| 055Vpp| 05Vpp| 045Vpp| 0.4Vpy| 035Vpp| 0.3 Vpp UNIT
0.1 Vpp 1.14 1.32 1.54 1.80 213 254 3.08 3.84 4.97 kQ
0.15 Vpp 1.20 1.41 1.66 1.97 2.36 2.87 3.59 4.66 6.44 kQ
0.2 Vpp 1.27 1.51 1.80 217 2.66 3.34 4.35 6.02 9.36 kQ
0.25 Vpp 1.36 1.64 1.99 2.45 3.08 4.03 5.60 8.74 18.12 kQ
0.3 Vpp 1.48 1.80 2.23 2.83 3.72 5.18 8.11 16.87 — kQ

Or, limiting the maximum load capacitance of each cable to 400 pF to accommodate with 1°2C spec version 2.1.
Ceable(max) = 400 pF/Cgqurce = 50 pF/C = 50 pF, the maximum values of Ry are calculated as shown in [Table 3.

Table 5. Pullup Resistor Upon Different Threshold Voltages and 500-pF Loads

Vi Wine| 07Vpp| 065Vpp| 0.6Vpp| 0.55Vpp| 05Vpp| 0.45Vpp| 0.4Vpp| 0.35Vpp| 0.3Vpp| UNIT
0.1 Vpp 1.82 2.12 2.47 2.89 3.40 4.06 4.93 6.15 7.96 kQ

0.15 Vpp 1.92 2.25 2.65 3.14 3.77 459 5.74 7.46 10.30 kQ
0.2 Vpp 2.04 2.42 2.89 3.48 4.26 5.34 6.95 9.63 14.98 kQ

0.25 Vpp 2.18 2.62 3.18 3.92 4.93 6.45 8.96 13.98 28.99 kQ
0.3 Vpp 2.36 2.89 3.57 453 5.94 8.29 12.97 26.99 — kQ

Obviously, to accommodate the 3-mA drive current specification, a narrower threshold voltage range is required
to support a maximum 800-pF load capacitance for a standard-mode I°C bus.

When the input low- and high-level threshold voltages, Vi, and V.., are 0.7 V and 1.9 V, respectively, which is
0.15 Vpp and 0.4 Vpp, approximately. With Vpp = 5 V from [Table 4, the maximum pullup resistor is 3.59 kQ. The
allowable pullup resistor is in the range of 1.83 kQ and 3.59 kQ.

Layout Considerations

The high-speed differential TMDS inputs are the most critical paths for the TMDS461. There are several
considerations to minimize discontinuities on these transmission lines between the connectors and the device:

» Maintain 100-Q differential transmission line impedance into and out of the TMDS461.

» Keep an uninterrupted ground plane beneath the high-speed I/Os.

» Keep the ground-path vias to the device as close as possible to allow the shortest return current path.

* Keep the trace lengths of the TMDS signals between connector and device as short as possible.

Using the TMDS461 in Systems with CEC Link Requirements

The TMDS461 supports a DTV with up to four HDMI inputs when used in conjunction with a signal-port HDMI
receiver. The CEC is an optional feature of the HDMI interface for centralizing and simplifying user control
instructions from multiple audio/video products in an interconnected system, even when all the audio/video
products are from different manufacturers. This feature minimizes the number of remote controls in a system, as
well as reducing the number of times buttons must be pressed.

In TMDS461, the HPD[x] of non-selected port follows the 5V_PWRJ[x] in normal operation. In Low Power mode (
LP mode) or if the TMDS461 is powered off, the HPD[x] will still follow 5V_PWR[x] from source, thus if it is

desired for the source to read the E-EDID memory in LP mode, a possible configuration in is
recommended.
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A DTV Supporting an Active CEC Link

In Eigure 37, the CEC PHY and CEC LOGIC functions are included. The DTV can initiate and/or react to CEC
signals from its remote control or other audio/video products on the same CEC bus. All sources must have their
own CEC physical address to support the full functionality of the CEC link.

A source reads its CEC physical address stored its E-EDID memory after receiving a logic-high from the HPD
feedback. When HPD is high, the sink-assigned CEC physical address should be maintained. Otherwise, when
HPD is low, the source sets CEC physical address value to (F.F.F.F).

SINK
HPD HPD HPD1 vce
5v 5V] (33V)
[— [I— 5V SV_PWRI1] Local_SCL uController
SDA };71@ Local_SDA
SOURCE 1 scL SDA—€—— SDA1
B scL SCL1 —
CEC[EH
_— e EEDID AN1/B11
DO DO: A12/B12
] J A13/B13
p2 D2 A14/B14
]
HPD HPD) HPD2 HPD_SINK .
i 5V 5V_PWR[2
[ % 45_} l\(/Q . [2] 33V N
SDA 7k§§_% 47K
SOURCE 2 scL P D ST Sonz SDA_SINK DDC_SDA
ceC SCL_SINK |— DDC_SCL
CEC| CEC|[EEDID - -
- a A21/B21
Do A22/B22 5V Ind HDMI RX
[ A23/B23 -
D2 D2| A24/B24 Y1/21 Y1/Z1
T Y2/22 \\ggg
1 Y3123
HPD HPD) HPD3 Y4/z4 Y4/z4
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SDA §47KQ
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SOURCE 3 e P D S SCL3 402kQ 10%
CEC| CEC[EEDID A31/B31
LK LK
5 Cno A32/B32
\ ) A33/B33
o 2 A34/B34
] |
]
HPD HPD) HPD4
5V 5V
]| [— o 5V_PWR(4]
SDA };71«2
SOURCE 4 scL SDA—€—— SDA4
cEC scL SCL4
cec| CEC[EEDID A41/BA
CLK CLK
Do A42/B42
gﬁ:l I o A43/B43
o 2 Ad4/B44
| GND
1

Figure 37. Four-Port HDMI-Enabled DTV With TMDS461 — CEC Commands Active

I’C INTERFACE NOTES

The I2C interface is used to access the internal registers of the TMDS461. I°C is a two-wire serial interface
developed by Philips Semiconductor (see 1°C-Bus Specification, Version 2.1, January 2000). The bus consists of
a data line (SDA) and a clock line (SCL) with pullup structures. When the bus is idle, both SDA and SCL lines
are pulled high. All the I2C-compatible devices connect to the I°C bus through open-drain I/O pins, SDA and
SCL. A master device, usually a micro controller or a digital signal processor, controls the bus. The master is
responsible for generating the SCL signal and device addressing information. The master also generates specific
conditions that indicate the START and STOP of data transfer. A slave device receives and/or transmits data on
the bus under control of the master device. The TMDS461 works as a slave and supports standard-mode
transfer (100 kbps).
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The basic I?C start and stop access cycles are shown in Figure 39.
The basic access cycle consists of the following:

A start condition

A slave address cycle

Any number of data cycles
A stop condition

Start Stop
Condition Condition
T0393-01

Figure 38. I°C Start and Stop Conditions

GENERAL I°C PROTOCOL

The master initiates data transfer by generating a start condition. The start condition is when a high-to-low
transition occurs on the SDA line while SCL is high, as shown in Figure 38. All I2C-compatible devices should
recognize a start condition.

The master then generates the SCL pulses and transmits the 7-bit address and the read/write direction bit
R/W on the SDA line. During all transmissions, the master ensures that data is valid. A valid data condition
requires the SDA line to be stable during the entire high period of the clock pulse (see Figure 39). All devices
recognize the address sent by the master and compare it to their internal fixed addresses. Only the slave
device with a matching address generates an acknowledge (see by pulling the SDA line low during
the entire high period of the ninth SCL cycle. On detecting this acknowledge, the master knows that a
communication link with a slave has been established.

The master generates further SCL cycles to either transmit data to the slave (R/W bit 0) or receive data from
the slave (R/W bit 1). In either case, the receiver must acknowledge the data sent by the transmitter. So an
acknowledge signal can be generated either by the master or by the slave, depending on which one is the
receiver. The 9-bit valid data sequences consisting of 8-bit data and 1-bit acknowledge can continue as long
as necessary (See through Eigure 45).

To signal the end of the data transfer, the master generates a stop condition by pulling the SDA line from low
to high while the SCL line is high (see Figure _38). This releases the bus and stops the communication link
with the addressed slave. All I°C compatible devices must recognize the stop condition. Upon the receipt of a
stop condition, all devices know that the bus is released, and they wait for a start condition followed by a
matching address.

| | |
T T i

SDA / | XI_ e \
[ [ [
| | | —— —

SCL | \
| Data Line | L
| Stable; | Change of Data Allowed
! Data Valid

T0394-01
Figure 39. I°C Bit Transfer
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Figure 40. I°C Acknowledge

123456789 12345¢6172829

soa |/ \/ \ [
T Stop
msB Acknowledge Acknowledge
Slave Address Data

T0396-01

Figure 41. I°C Address, Data Cycle(s), and Stop

During a write cycle, the transmitting device must not drive the SDA signal line during the acknowledge cycle so
that the receiving device may drive the SDA signal low. After each byte transfer following the address byte, the
receiving device pulls the SDA line low for one SCL clock cycle. A stop condition is initiated by the transmitting
device after the last byte is transferred. An example of a write cycle can be found in Eiqure 43 and Figure 43
Note that the TMDS461 allows multiple write transfers to occur. See the Example — Writing to_the TMDS467]]
section for more information.

During a read cycle, the slave receiver acknowledges the initial address byte if it decodes the address as its
address. Following this initial acknowledge by the slave, the master device becomes a receiver and
acknowledges data bytes sent by the slave. When the master has received all of the requested data bytes from
the slave, the not-acknowledge (A) condition is initiated by the master by keeping the SDA signal high just before
it asserts the stop (P) condition. This sequence terminates a read cycle as shown in Figure 44 and Eigure 48.
See the Example — Reading from the TMDS467] section for more information.

From Receiver

A = No Acknowledge (SDA High)

A = Acknowledge
[ s|slaveaddress| W | A|pata]A]Data[ A ] P | A~ Acknowledge

e el ali el -

From Transmitter

R0007-01

Figure 42. I°C Write Cycle
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Start Acknowledge Acknowledge Acknowledge
Condition (From Receiver) (Receiver) (Receiver)
: A A A

XN
N Y I

I°C Device Address and First Data Byte Other Last Data Byte Stop

Read/Write Bit Data Bytes Condition

T0397-01

Figure 43. Multiple-Byte Write Transfer

| s | siave Address | W | A| Data | Al Data | A | P | ﬁ:ggkﬁ\gm;‘;‘gzdge (SDA High)

\_Y_/ | \_Y_/ \_Y_/ S = Start Condition
Y I P = Stop Condition

W = Write

Transmitter R = Read

Receiver
R0008-01

Figure 44. I°C Read Cycle

Start Acknowledge Acknowledge Not Acknowledge
Con?ition (From Receiver) (From Transmitter) (Transmitter)

I 7 in 7N
5o XX

\—V—/\_V_/\_V_/\_V_/l

|
I°C Device Address and ~ FirstData  Other Last Data Byte Stop
Read/Write Bit Byte  Data Bytes Condition

T0398-01

Figure 45. Multiple-Byte Read Transfer

Slave Address

Both SDA and SCL must be connected to a positive supply voltage via a pullup resistor. These resistors should
comply with the I°C specification that ranges from 2 kQ to 19 kQ. When the bus is free, both lines are high. The
address byte is the first byte received following the START condition from the master device. The 7-bit address is
factory preset to 0101100 or 0101101 based on the status of the Local_Addr pin . lists the calls to which
the TMDS461 responds.

Table 6. TMDS461 Slave Address

FIXED ADDRESS READ/WRITE BIT
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (R/W)
(MSB)
0 1 0 1 1 0 0 (Local_Addr pin =LOW) 1/0
1 (Local_Addr pin = HIGH)

EXAMPLE — WRITING TO THE TMDS461
The proper way to write to the TMDS461 is illustrated as follows:

An I°C master initiates a write operation to the TMDS461 by generating a start condition (S) followed by the
TMDS461 1°C address (as shown following, in MSB-first bit order, followed by a 0 to indicate a write cycle. After
receiving an acknowledge from the TMDS461, the master presents the subaddress (sink port) to be written,
consisting of one byte of data, MSB-first. The TMDS461 acknowledges the byte after completion of the transfer.
Finally, the master presents the data to be written to the register (sink port), and the TMDS461 acknowledges the
byte. The master can continue presenting data to be written after TMDS461 acknowledges the previous byte
(steps 6, 7). After the last byte to be written has been acknowledged by TMDS461, the I°C master then
terminates the write operation by generating a stop condition (P).
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Step 1 0
I2C start (master)

Step 2 7 6 5 4 3 2 1

I°C general address (master) 0 1 0 1 1 0 0 (Local_Addr pin =LOW)
1 (Local_Addr pin = HIGH)

Step 3 8
I2C acknowledge (slave)

Step 4 7 6 5 4 3 2 1 0
I2C write sink logic address (master) 0 0 0 0 Addr Addr Addr Addr
Step 5 8

I2C acknowledge (slave)

Step 6 7 6 5 4 3 2 1 0
I2C write data (master) Data Data Data Data Data Data Data Data

Data is the register address or register data to be written

Step 7 8
I2C acknowledge (slave)

Step 8 0
12C stop (master) P

An example of the proper bit control for selecting port 2 is:
Step 4: 0000 0011
Step 6: 00101000

EXAMPLE — READING FROM THE TMDS461

The read operation consists of two phases. The first phase is the address phase. In this phase, an 1°C master
initiates a write operation to the TMDS461 by generating a start condition (S) followed by the TMDS461 I1°C
address, in MSB-first bit order, followed by a O to indicate a write cycle. After receiving acknowledges from the
TMDS461, the master presents the subaddress of the register to be read. After the cycle is acknowledged (A),
the master may optionally terminate the cycle by generating a stop condition (P).

The second phase is the data phase. In this phase, an I?°C master initiates a read operation to the TMDS461 by
generating a start condition followed by the TMDS461 1°C address (as shown following for a read operation), in
MSB first bit order, followed by a 1 to indicate a read cycle. After an acknowledge from the TMDS461, the I1°C
master receives one byte of data from the TMDS461. The master can continue receiving data byes by issuing an
acknowledge after each byte read (steps 10, 11). After the last data byte has been transferred from the
TMDS461 to the master, the master generates a not-acknowledge followed by a stop.

TMDS461 Read Phase 1

Step 1 0
I2C start (master)

Step 2 7 6 5 4 3 2 1

I2C general address (master) 0 1 0 1 1 0 0 (Local_Addr pin =LOW) 0
1 (Local_Addr pin = HIGH)

Step 3 8
I2C acknowledge (slave)
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Step 4 3 2 1 0
I2C write sink logic address (master) 0 Addr Addr Addr Addr
Where Addr is determined by the values shown in Table G.

Step 5 8

I2C acknowledge (slave) A

Step 6 0

1°C stop (master)

Step 6 is optional.
TMDS461 Read Phase 2

Step 7 0

12C start (master)

Step 8 1 0
I2C general address (master) 0 1 1 0 (Local_Addr pin =LOW)

1 (Local_Addr pin = HIGH)

Step 9 8

I2C acknowledge (slave)

Step 10 7 6 5 4 3 2 1 0
I°C read data (slave) Data Data Data Data Data Data Data Data

Step 11A

8

I2C acknowledge (master)

A

If Step 11A is executed, go to step 10.

Step 11B 8
I2C not acknowledge (master) A
Step 12 0

I2C stop (master)

f Step 11B is executed, go to Step 12.

Where data is determined by the logic values contained in the internal registers.
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Table 7. I°C Register 0x01 Lookup Table®

BIT VALUE STATE DEFAULT | DESCRIPTION
7 0 RSVD X Reserved
6:5 Bit 6 Bit 5 Port Select Status Indicator
0 0 X Indicates Port 1 is selected as the active port, all other ports are disabled
0 1 Indicates Port 2 is selected as the active port, all other ports are disabled
1 0 Indicates Port 3 is selected as the active port, all other ports are disabled
1 1 Indicates Port 4 is selected as the active port, all other ports are disabled
4 1 Valid TMDS A valid TMDS clock signal is detected on the selected input port. If clock-detect circuit is
Clock Detected disabled in IC register 0x03, then bit 4 of I>C register 0x01 will always be 1.
0 No Valid TMDS X The selected port does not have a valid TMDS clock signal
Clock Detected
3 1 Port 4 5V_PWR is detected as HIGH on Port 4
5V_PWR
Detected
0 Port 4 X 5V_PWR is detected as LOW on Port 4
5V_PWR not
Detected
2 1 Port 3 5V_PWR is detected as HIGH on Port 3
5V_PWR
Detected
0 Port 3 X 5V_PWR is detected as LOW on Port 3
5V_PWR not
Detected
1 1 Port 2 5V_PWR is detected as HIGH on Port 2
5V_PWR
Detected
0 Port 2 X 5V_PWR is detected as LOW on Port 2
5V_PWR not
Detected
0 1 Port 1 5V_PWR is detected as HIGH on Port 1
5V_PWR
Detected
0 Port 1 X 5V_PWR is detected as LOW on Port 1
5V_PWR not
Detected

(1) I?C register 0x01 is Read Only. This register is supposed to be read by the sink micro-controller on IRQ interrupt (IRQ goes high). The
register values get updated in real time. IRQ will be reset (IRQ goes low) once the sink micro controller has completed reading this

register.
Table 8. I°C Register 0x02 Lookup Table®
BIT VALUE STATE DEFAULT DESCRIPTION
7:6 Bit 7 Bit 6 Power Mode
1 0 Device enters low power mode (LP mode)
1 1 Device enters low power mode (LP mode)
0 1 Device is in Standby mode
0 0 X Device is in normal power mode
5 1 Automatic Port Port Selection will be automatic based on state of 5V_PWR[1:4] as indicated by I1>°C
Select On register 0x01:bits[3:0] and priority bit which is I°C register 0x02:bits [4:3]
0 Automatic Port X Port Selection based on IC register 0x03:bits [6:5]
Select Off

(1) During switching of modes between Auto-select on/off, it is required that the sink micro controller reads the register 0x01 to determine
which port is selected. Register 0x02 is Read/Write.
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Table 8. I°C Register 0x02 Lookup Table (continued)
BIT VALUE STATE DEFAULT DESCRIPTION
4:3 Bit 4 Bit 3 Priority Select
0 0 X Port 1 is the priority port
0 1 Port 2 is the priority port
1 0 Port 3 is the priority port
1 1 Port 4 is the priority port
2 0 Reserved X Reserved (Do not write a 1 to this bit)
1:0 Bit 1 Bit 0 Output Edge Rate Control
1 1 Fastest TMDS output rise and fall time setting + 120 ps approximately (slowest rise and
fall time setting)
1 0 Fastest TMDS output rise and fall time setting + 100 ps approximately
Fastest TMDS output rise and fall time setting + 50 ps approximately
0 X Fastest TMDS output rise and fall time setting
Table 9. I°C Register 0x03 Lookup Table®
BIT | VALUE | STATE | DEFAULT DESCRIPTION
7 0 Clock X Clock Detect Circuit Enabled. It is recommended that TMDS461 is used in this default mode in
Detect the normal operation, where clock-detect circuit is enabled. The terminations on the TMDS input
Enabled data lines are connected only when valid TMDS clock is detected on the selected port.
1 Clock Clock Detect Circuit Disabled. For HDMI compliance testing (TMDS Termination Voltage Test),
Detect clock-detect feature should be disabled. In this mode the terminations on the TMDS input data
Disabled lines are always connected when the port is selected.
6:5 Bit 6 Bit 5 Port select I°C mode
0 0 X Port 1 is selected as the active port, all other ports disabled.
0 1 Port 2 is selected as the active port, all other ports disabled.
1 0 Port 3 is selected as the active port, all other ports disabled.
1 1 Port 4 is selected as the active port, all other ports disabled.
4:3 Bit 4 Bit 3 OVS Control
0 0 DDC sink side VOL and VIL offset range 2: V> (max) : 0-4V, VoL2 (max) : 0.6V
0 1 X DDC sink side VOL and VIL offset range 3: V.3 (max) : 0-3V, Vo3 (max) : 0-5V
1 1 DDC sink side VOL and VIL offset range 1: V.1 max) : 0-4V, VoL1 (max) : 0-7V
2:0 0 RSVD X Reserved

(1) Register 0x03 is Read/Write.

Table 10. I°C Register 0x04 Lookup Table®

BIT | VALUE | STATE DEFAULT | DESCRIPTION
7:0 — RSVD X Reserved. Read-only, value is indeterministic.

(1) Register x04 is Tl internal usage only.

Table 11. I°C Register 0x05 Lookup Table®

BIT | VALUE STATE DEFAULT | DESCRIPTION
7:0 — RSVD X Reserved. Read-only, value is indeterministic.

(1) Register x05 is Tl internal usage only.

Table 12. I°C Register 0x06 Lookup Table®

BIT | VALUE STATE DEFAULT | DESCRIPTION
7:0 — RSVD X Reserved. Read-only, value is indeterministic.

(1) Register x06 is Tl internal usage only.
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Table 13. I°C Register 0x07 Lookup Table®
BIT | VALUE STATE DEFAULT DESCRIPTION
7:6 0 RSVD X Reserved

5 1 Port Select The selected port has changed since reading 0x01
Changed

0 Port Select X The selected port has not changed since reading 0x01
Unchanged

4 1 Clock-Detect The selected port’s clock detect status has changed since reading 0x01
Changed

0 Clock-Detect X The selected port’s clock detect status has not changed since reading 0x01
Unchanged

3 1 Port 4 5V_PWR on Port 4 has changed since reading 0x01
5V_PWR
Changed

0 Port 4 X 5V_PWR on Port 4 has not changed since reading 0x01
5V_PWR
Unchanged

2 1 Port 3 5V_PWR on Port 3 has changed since reading 0x01
5V_PWR
Changed

0 Port 3 X 5V_PWR on Port 3 has not changed since reading 0x01
5V_PWR
Unchanged

1 1 Port 2 5V_PWR on Port 2 has changed since reading 0x01
5V_PWR
Changed

0 Port 2 X 5V_PWR on Port 2 has not changed since reading 0x01
5V_PWR
Unchanged

0 1 Port 1 5V_PWR on Port 1 has changed since reading 0x01
5V_PWR
Changed

0 Port 1 X 5V_PWR on Port 1 has not changed since reading 0x01
5V_PWR
Unchanged

(1) I2C register 0x07 is Read Only. The register values get latched whenever a system-level interrupt occurs (IRQ goes high); and, the
register values are cleared when the IRQ gets cleared upon reading register 0x01. This I°C register can be used for debug purposes, if
needed. If register 0x01 is not read, then the latched values in register x07, will keep on updating based on any system level event.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TMDS461PZT NRND Production TQFP (PZT) | 100 90 | JEDEC Yes NIPDAU Level-4-260C-72 HR 0to 70 TMDS461
TRAY (10+1)

TMDS461PZT.B NRND Production TQFP (PZT) | 100 90 | JEDEC Yes NIPDAU Level-4-260C-72 HR 0to 70 TMDS461
TRAY (10+1)

TMDS461PZTR NRND Production TQFP (PZT) | 100 1000 | LARGE T&R Yes NIPDAU Level-4-260C-72 HR 0to 70 TMDS461

TMDS461PZTR.B NRND Production TQFP (PZT) | 100 1000 | LARGE T&R Yes NIPDAU Level-4-260C-72 HR 0to 70 TMDS461

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TMDS461PZTR TQFP PZT 100 | 1000 330.0 24.4 17.0 | 17.0 15 | 20.0 | 24.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TMDS461PZTR TQFP PZT 100 1000 350.0 350.0 43.0
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TRAY
L - Outer tray length without tabs KO -
< > Outer
tray
+++++++F A+ A+ height
s N
++++++++++++++ +
| W -
1 e e e e e e i e e i e i o [ PO
— tra
[+ +++++++++++++ +[{0
++++++++++++++ 4+
> |
{F+++++4F+++++++
{ ‘— [ i
|
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(69
TMDS461PZT PZT TQFP 100 90 6 X 15 150 315 | 135.9| 7620 | 20.3 | 15.4 | 15.45
TMDS461PZT.B PZT TQFP 100 90 6 X 15 150 315 | 135.9| 7620 | 20.3 | 15.4 | 15.45
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MECHANICAL DATA

MTQF012B — OCTOBER 1994 — REVISED DECEMBER 1996

PZT (S-PQFP-G100) PLASTIC QUAD FLATPACK
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NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-026
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.
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