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TMDS171/1 3.4 Gbps TMDS RETIMER
1 Features 3 Description

* HDMI Input Port to Output Port with CDR
Supporting up to 3.4 Gbps Data Rates

e Compatible with HDMI1.4b Electrical Parameters.

e Support for 4k2k30p and up to WUXGA 12-bit
Color Depth or 1080p with Higher Refresh
Rates™

* Retimes Input Stream to Compensate for Random
Jitter

» Adaptive Receiver Equalizer or Programmable
Fixed Equalizer

« 12C and Pin Strap Programmable
» Inter-Pair Skew Compensation of 5+ Bits

» Link Debug Tools Including Eye Diagram After RX
Equalizer

» Single Ended Mode ARC Support
e 48-pin 7mm x 7mm 0.5 mm Pitch VQFN Package
» Extended Commercial Temperature Support
0°C — 85°C (TMDS171)
* Industrial Temperature Support -40°C — 85°C
(TMDS171l)

2 Applications

» Digital TV

» Digital Projector

* Audio/Video Equipment
e Blu-Ray DVD

* Monitors

» Desktops/ All-in-Ones

» Active Cables

Simplified Schematic
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The TMDS171 is a digital video interface (DVI) or
high-definition multimedia interface (HDMI) retimer.
The TMDS171 supports four TMDS channels, Audio
Return Channel (SPDIF_INJARC_OUT), Hot Plug
Detect (HPD) and Digital Display Control (DDC)
interfaces. The TMDS171 supports signaling rates up
to 3.4 Gbps to allow for the highest resolutions of
4k2k30p 24 bits per pixel and up to WUXGA 12-bit
color depth or 1080p with higher refresh rates. The
TMDS171 automatically configures itself as a re-
driver at low data rate (< 1 Gbps) or as a re-timer
above this data rate.

The TMDS171 supports dual power supply rails of
1.2 V on VDD and 3.3 V on VCC for active power
reduction. Several methods of power management
are implemented to reduce overall power
consumption. TMDS171 supports fixed EQ gain or
adaptive EQ control by 1°C or pin strap to
compensate for different lengths input cable or board
traces.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TMDS171
(VQFN) 48 Pins 7.00 mm x 7.00 mm
TMDS1711

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Digital TV

Audiovisual

Processing ML LY
Unit SW/HD

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration

and Functions

RGZ (QFN) Package
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Pin Functions

PIN
/oW DESCRIPTION
NAME NO.
vCC 13, 43 P 3.3 V Power Supply
VDD 14, 23, 24, 37, 48 P 1.2 V Power Supply
GND 7,19, 41, 30 G Ground
Thermal Pad G Ground
MAIN LINK INPUT PINS (FAIL SAFE)
IN_D2p/n 2,3 | Channel 2 Differential Input
IN_D1p/n 56 | Channel 1 Differential Input
IN_DOp/n 8,9 | Channel 0 Differential Input
IN_CLKp/n 11, 12 | Clock Differential Input
MAIN LINK OUTPUT PINS (FAIL SAFE)
OUT_D2n/p 34,35 (¢] TMDS Data 2 Differential Output
OUT_D1n/p 31,32 o TMDS Data 1 Differential Output
OUT_DOn/p 28, 29 O TMDS Data 0 Differential Output
OUT_CLKn/p 25, 26 (@] TMDS Clock Differential Output
HOT PLUG DETECT PINS
HPD_SRC 4 (¢] Hot Plug Detect Output to source side
HPD_SNK 33 | Hot Plug Detect Input from sink side
AUDIO RETURN CHANNEL and DDC PINS
SPDIF_IN 45 | SPDIF signal input
ARC_OUT 44 O Audio return channel output
SDA_SRC a7 110 Source Side TMDS Port Bidirectional DDC Data line
SCL_SRC 46 110 Source Side TMDS Port Bidirectional DDC Clock line
SDA_SNK, 39 110 Sink Side TMDS Port Bidirectional DDC Data Line
SCL_SNK 38 110 Sink Side TMDS Port Bidirectional DDC Clock Line
CONTROL PINS®
Operation Enable/Reset Pin
OE = L: Power Down Mode
OE 42 ! OE = H: Normal Operation
Internal weak pull up: Resets device when transitions from H to L
Signal detector circuit enable
SIG_EN = L: Signal Detect Circuit Disabled: Term resistors always connected (Default)
SIG_EN 17 | SIG_EN = H: Signal Detect Circuit Enabled: When no valid clock device enters Standby
Mode.
Internal weak pull down
De-emphasis Control when 12C_EN/PIN = Low.
| PRE_SEL =L: -2 dB
PRE_SEL 20 3-Level PRE_SEL = No Connect: 0 dB
-Leve PRE_SEL = H: Reserved
When 12C_EN/PIN = High; De-emphasis is controlled through 1°C
Input Receive Equalization pin strap when 12C_EN/PIN = Low
EQ_SEL = L: Fixed EQ at 7.5 dB
EQ_SEL = No Connect: Adaptive EQ
EQ_SEL/AQ 21 ' EQ_SEL = H: Fixed at 14 dB
When 12C_EN/PIN = High Address Bit 1
Note: 3 level for pin strap programming but 2 level when 1°C address
12C_EN/PIN = High; Puts Device into 12C Control Mode
12C_EN/PIN 10 ' I2C_EN/PIN = Low; Puts Device into Pin Strap Mode
I2C Clock Signal when I?C_EN/PIN = High.
SCL_CTL 15 110 Note: When I2C_EN = Low; Pin strapping takes priority and those functions cannot be
changed by I°C
I2C Data Signal when 12C_EN/PIN = High
SDA_CTL 16 110 Note: When I2C_EN = Low; Pin strapping takes priority and those functions cannot be
changed by I°C
VSadj 22 | TMDS Output Voltage Swing Control; Nominal 7.06 kQ Resistor to GND

(1) (1) G = Ground, | = Input, O = Output, P = Power

(2) (H) Logic High (Pin strapped to VCC through 65 kQ resistor); (L) Logic Low (Pin strapped to GND through 65 kQ resistor); (Mid-Level =

No connect)
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Pin Functions (continued)

PIN
NAME NO.

/oW DESCRIPTION

High address bit 2 for I1°C programming
Al 27 | Weak internal pull down.
Note: When 12C_EN/PIN = Low for Pin Strapping Mode leave this pin as No connect

Transmit Termination Control
TX_TERM_CTL = H: No transmit Termination
TX_TERM_CTL = L: Reserved
TX_TERM_CTL 36 3-Level TX_TERM_CTL = No Connect: Automatically selects the termination impedance
2 Gbps > DR = 3.4 Gbps — 150 - 300 Q differential near end termination
DR < 2 Gbps — no termination
Note: If left floating; the device will be in Automatic Select Mode. DR stands for Data Rate

Receive Polarity Swap and Receive Lane Swap control pin
| SWAP/POL = H: Receive Lanes Polarity Swap (Retimer Mode Only)

SWAP/POL 1 3-Level SWAP/POL = L: Receive Lanes (Retimer and Redriver Mode)
Swap SWAP/POL = No Connect, Normal Operation
NC 18, 40 - No connect

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) W®@®

MIN MAX UNIT

Supply Voltage Range vee 03 4

VDD -0.3 14

m?gll__krllglﬂgu:t 1Défrfr?£\emlal Voltage (IN_Dx, Vee - 0.75V Vee + 03V

TMDS Outpus ( OUT_Dx) -0.3 4 Vv
Voltage Range HPD_SRC, Vsadj, SDA_CTL, SCL_CTL, OE, A1,

PRE_SEL, EQ_SEL/AO0, I2C_EN/PIN, SIG_EN, -0.3 4

TX_TERM_CTL,

HDP_SNK, SDA_SNK, SCL_SNK, SDA_SRC, 03 6

SCL_SRC
Input Current Iy Il\ﬂl:iigll__&rllg;lnput Differential Voltage (IN_Dx, 15 mA
Continuous power dissipation See Thermal Information
Storage temperature, Tgy —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. 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

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
VEsp)y Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \4
€101®@ +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Copyright © 2015-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vee Supply Voltage Nominal Value 3.3 V 3.135 3.3 3.465 \%
Vop Supply Voltage Nominial Value 1.2 V 11 1.2 1.27 \%
Tste Storage temperature —65 150 °C
Tease Case temperature 92.7 °C
T Operating free-air temperature (TMDS171) 0 85 °C
Operating free-air temperature (TMDS1711) -40 85 °C
MAIN LINK DIFFERENTIAL PINS
Vipep) Peak-to-peak input differential voltage 75 1560 mVpp
Vic Input Common Mode Voltage VCC-0.4 VCC + 0.1 \%
dr Data rate 0.25 3.4 Gbps
Rwvsapy) TMDS compliant swing voltage bias resistor 1% 7.06 KQ
CONTROL PINS
Vipey DC Input Voltage -0.3 3.6 \%
Low-level input voltage OE 0.8 \Y
v ® Low-level input voltage at PRE_SEL, EQ_SEL/AO, TX_TERM_CTL, 03 v
SWAP/POL pins only® -
Vi ® I\S/I\i/\c}l-al\_slvpelo Tz?r: svglrg?)%% at PRE_SEL, EQ_SEL/A0, TX_TERM_CTL, 1 12 14 Vv
Vi@ High-level input volte}ge at PRE_SEL, EQ_SEL/A0, TX_TERM_CTL, 26 v
SWAP/POL, OE® pins only®
VoL Low-level output voltage 0.4 \%
VoH High-level output voltage 2.4 \%
I High level input current 30 30 MA
I Low level input current -25 25 HA
los Short circuit output current -50 50 mA
loz High impedance output current 10 pA
Roepy) Pull up resistance on OE pin 150 250 KQ

(1) These values are based upon a microcontroller driving the control pins. The pull up/down/floating resistor configuration will set control
pins properly which will have a different value than shown due to internal biasing.

(2) This value is based upon a microcontroller driving the OE pin. A passive reset circuit using an external capacitor and the internal pullup
resistor will set OE pin properly, but may have a different value than shown due to internal biasing.

6.4 Thermal Information

RGZ (QFN)
THERMAL METRIC® UNIT
48 PINS
Rosa Junction-to-ambient thermal resistance 311
Roic(top) Junction-to-case (top) thermal resistance 18.2
Ross Junction-to-board thermal resistance 8.1 oW
AL Junction-to-top characterization parameter 0.4
Vi Junction-to-board characterization parameter 8.1
Reac(bot) Junction-to-case (bottom) thermal resistance 3.2
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics

The Maximum rating is simulated at 3.465 V V¢ and 1.27 V Vpp and at 85°C temperature. The Typical rating is simulated at
3.3 Ve and 1.2 V Vpp and at 27°C temperature (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | MmN TYP  MAX| UNIT
Power Supply
P oy ®® Device power Dissipation OE =H, Vec =3.3V /3465 V, Vpp = 1.2V /127 V 675 875 mw
(Retimer Operation) IN_Dx: VID_PP = 1200 mV, I2C_EN/PIN = L, PRE_SEL=
Device power Dissipation H, EQ_CTL=H, SDA_CTL/CLK_CTL=0V
Py ®® (Red,ivg’, Operaﬂon’; 3.4 Gbps TMDS pattern, V; = 3.3 V; VSADJ = 7.06 kQ 400 600 mw
OE =H, Vee = 3.3V /3.465 V
Psoy M@ Device power in Standby Vpp =1.2V/1.27V,HPD = H, 50 100 mw
No Valid input Signal
1@ . . OE =1L, Vee = 3.3V /3.465V
P(sp2) Device power in PowerDown Vpp = 1.2V /127 V 10 30 mw
e Ve Supply current (TMDS 3.4 OE=H, Vcc=3.3V/3.465V
lees Gpbs Retimer Mode) Vop=12V/1.27V 80 1401 mA
IN_Dx: VID_PP = 1200 mV,
Iop1 D@ Vop Supply current (TMDS 3.4 | 3 4 Gbps TMDS pattern I2C_EN/PIN = L, PRE_SEL = H, 286 325 mA
Gpbs Retimer Mode) EQ_CTL = H, SDA_CTL/CLK_CTL=0V, SLEW_CTL=H
e Ve Supply current (TMDS 3.4 OE =H, Ve =3.3V/3.465 V
lcc2 f _ 51 mA
Gpbs Redriver Mode) Vpp=12V/127V
IN_Dx: VID_PP = 1200 mV,
0E Voo Supply current (TMDS 3.4 3.4 Gbps TMDS pattern I2C_EN/PIN = L, PRE_SEL = H,
Iob2 [ 188 mA
Gpbs Redriver Mode) EQ CTL = H, SDA_CTL/CLK_CTL =0V, SLEW_CTL=H
OE =H, Vcc=33V/3.465V 3.3V Rail® 6 15
Vpp=1.2V/1.27V
l(sp1) Standby current HPD = H: No valid signal on 1.2V Rail 40 50 mA
IN_CLK
OE=L, Vec=33V/3465V |33V Rail® 5
I PowerDown current ' CC mA
02) Vpp =12V /127V 1.2V Rail 35 15
TMDS Differential Input
D(r_RX_DATA) TMDS data lanes data rate 0.25 34| Gbps
Dr_Rrx_cLK) TMDS clock lanes clock rate 25 340 MHz
trx_puTY Input clock duty circle 40% 50% 60%
tork_air Input clock jitter tolerance 0.3 Thit
toaTA IT Input data jitter tolerance Test the TTP2 See Figure 11 150 ps
tRX_INTRA Input intra-pair skew tolerance Test at TTP2 when DR =1.6 Gbps See Figure 11 112 ps
tRX_INTER Input inter-pair skew tolerance 1.8 ns
Fixed EQ gain for data lane - .
EqHp) IN_D(0,1,2)n/p EQ_SEL/AO=H; Fixed EQ gain, test at 3.4 Gbps 14
Fixed EQ gain for data lane R .
EqL(p) IN_D(0,1,2)n/p EQ_SEL/A0=L; Fixed EQ gain, test at 3.4 Gbps 7.5 4B
Adaptive EQ gain for data lane N~ .
Eqz() IN_D(0,1,2)n/p EQ_SEL/A0=NC; adaptive EQ 2 14
Eq EQ gain for clock lane IN_CLKn/p | EQ_SEL/A0=H,LNC 0
Input differential termination
Ranm) impedance 90 100 115 Q
TMDS Differential Output
PRE_SEL = NC; TX_TERM_CTL = H; OE = H; DR = 750 Ve - Vee +
v Single-ended high level output Mbps; VSadj = 7.06 kQ 10mv 10mv
OH voltage PRE_SEL = NC; TX_TERM_CTL = H; OE = NC; DR = 2.97 Vee - Vee +
Gbps; VSadj = 7.06 kQ 200mV 10mv v
Single-ended low level output PRE_SEL :.NC; TX_TERM_CTL = H; OE = H; DR = 750 Vee - Vee -
v voltage No Pre-emphasis, Load is | Mbps; VSadj = 7.06 kQ 600mv 400mv
o 50 Q pull ups to 3.135 V and PRE_SEL = NC; TX_TERM_CTL = H; OE = NC; DR = 2.97 Vee - Vee -
3.465V Gbps; VSadj = 7.06 kQ 700mv 400mV
(1) Icc is a direct result of the source design as the TMDS171 integrated receive termination resistor accounts for 85 mA to 100 mA.

(2) 4. Ippis impacted by ARC usage. Connecting a 500 KQ resistor to GND at SPDIF reduces the value by more than 20 mA
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Electrical Characteristics (continued)

The Maximum rating is simulated at 3.465 V V¢ and 1.27 V Vpp and at 85°C temperature. The Typical rating is simulated at

3.3 Vccand 1.2 V Vpp and at 27°C temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
v Single-ended output voltage PRE_SEL = NC; TX_TERM_CTL = H/NC; OE = NC; 400 500 600
(SWING_DA) swing on data lane DR = < 3.4 Gbps; VSadj = 7.06 kQ
Vv Single-ended output voltage PRE_SEL = NC; TX_TERM_CTL = H/NC; OE = NC; 200 500 600
(SWING_CLK) swing on clock lane DR = < 3.4 Gbps; VSadj = 7.06 kQ
AV Change in single-end output 20
(SWING) voltage swing per 100Q AVSadj
Change in steady state output
AVocm(ss) common mode voltage between -5 5 mv
logic levels
Initial output differential voltage
before steady state when pre- L . _ .
Vob(ep) emphasis or de-emphasis is VSadj = 7.06 kQ; PRE_SEL = NC, See Figure 8 800 1200
implemented
Vob(ss) séizgi state output differential | /g, = 7,06 ko; PRE_SEL = L, See Figure 9 600 1075
los Short circuit current limit Main link output shorted to GND 50 mA
) - Vee = 0V; Vpp = 0V; TMDS Outputs pulled to 3.3V through
I EAK Failsafe condition leakage current 50 O resistor 45 HA
Rrerm) Source Termination resistance 150 300 Q
DDC and 12C
SCL/SDA_SNK, SCL/SDA_SRC 03 5.5 v
Vioc DC input voltage
SCL/SDA_CTL, DC input voltage -0.3 3.6 \
SCL/SDA_lSNK, SCL/SDA_SRC 0.3 x Vee v
v Low level input voltage
IL -
SCL/SDA_CTL Low level input 0.3 X Vee v
voltage
SCL/SDA_SNK, SCL/SDA_SRC
; - 3 \Y
v high level input voltage
IH . .
SCL/SDA_CTL high level input 0.7 X Vee v
voltage
v SCL/SDA_CTL, SCL/SDA_SRC | lo=3mAand Vec>2V 0.4 v
oL low level output voltage lo=3mAandVec <2V 0.2 x Vg Vv
SCL clock frequency fast 12C
fseL mode for local 12C control 400 | kHz
Total capacitive load for each bus
Cous line (DDC and local 12C pins) 400 pF
HPD
Viy High-level input voltage HPD_SNK 2.1
Vi Low-level input voltage HPD_SNK 0.8
Von High-level output voltage lon = -500 pA; HPD_SRC 24 3.6 \%
VoL Low-level output voltage loL = -500 pA; HPD_SRC 0.1
I EAK Failsafe condition leakage current | Vcc =0 V; Vpp =0 V; HPD_SNK =5V 40
Device powered; Vi, = 5 V; lypp) includes Rpggpp) resistor 40
| High level input current current HA
H(HPD) Device powered; V)= 0.8 V; lyypp) includes Ryypp) 30
resistor current
Rpd(HPD) HPD input termination to GND; Vee <0V 150 190 220 kQ
SPDIF and ARC
Operating DC voltage for single )
Ve mode ARC output Test at ARC_OUT, see Figure 19 0 5 \%
Operating DC voltage for SPDIF
Vino) input 0.05 \Y
V(sp_sw) Signal amplitude of SPDIF input 0.2 0.5 0.6 \
v, Signal amplitude on the ARC Test at ARC_OUT, 75 Q external termination resistor, see 04 0.5 0.6 v
(EISWING) output Figure 19 . . .
8 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

The Maximum rating is simulated at 3.465 V V¢ and 1.27 V Vpp and at 85°C temperature. The Typical rating is simulated at
3.3 Vccand 1.2 V Vpp and at 27°C temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. . 5.645+0.
CLK(arc) Signal frequency on ARC Test at ARC_OUT, see Figure 19 3.687 1o, 13517| MHz
Duty Cycle Output Clock Duty cycle 45% 50% 55%
Data Rate SPDIF Input DR 7.373 11.29 27.034| Mbps
tepce The rise/fall time for ARC output | From 10% to 90% voltage level, see Figure 19 0.4 Ul
The Input Termination resistance
Run_spoim) for SPDIF » Q
ResT) Single mode Output Termination 0.1 MHz to 128 times the maximum frame rate 36 55 75 Q

resistance

6.6 Switching Characteristics

The Maximum rating is simulated at 3.465 V V¢ and 1.27 V Vpp and at 85°C temperature. The Typical rating is simulated at
3.3V Vccand 1.2V Vpp and at 27°C temperature (unless otherwise noted)

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
TMDS Redriver Mode
Dr Data rate (Redriver mode) 250 3400 Mbps
tpLH Propagation delay time (low to high) 250 600
tpHL Propagation delay time (high to low) 250 800
Transition time (rise and fall time); . .
TX_TERM_CTL=L; PRE_SEL=NC
0, 0, — — ’ - ,
try measured at 20% and 80% levels Data Rate 3.4 Gbps; Clock 340 MHz 75
for Data Lanes. ps
tsky(m) Intra-pair output skew ;)é—ETESE_AZ—SE!‘:NC; 40
tska(m) Inter-pair output skew ;)FE_ETESRE’\LA:_IS(-:I-!_:NQ 100
t3mD1 Total output data jitter DR = 750 Mbps, PRE_SEL = NC, 0.2
. EQ_SEL/AO = NC. See Figure 5 at Thit
tyrer Total output clock jitter TTP3 0.25
TMDS Retimer Mode
Dr Data rate (retimer mod ) 1.2 3.4 Gbps
Automatic redriver to Retimer Cross- | Measured with input signal applied
doxvR) Over from 0 to 200 MVpp 0.75 1.00 1.25|  Gbps
f()CROSSOVE Crossover frequency hysteresis 250 MHz
R
PLL@Bw) Data Retimer PLL bandwidth Default loop bandwidth setting 0.4 1 MHz
t Input Clock Frequency Detection 180 s
ACQ and Retimer Acquisition Time H
l311 Input Clock Jitter Tolerance Tested when data rate > 1.0 Gbps 0.3 Thit
Transition time (rise and fall time);
tr1 measured at 20% and 80% levels 75 ps
for Data Lanes. TMDS
tbep OUT_CLK # duty cycle 40% 50% 60%
Default setting for internal inter-pair
. skew adjust, PRE_SEL = NC;
tsk_INTER Inter-pair output skew T TEF\’JM CTL =NC. DR < 3.4 0.2 Tch
Gb_ps; See_Figure 6
Default setting for internal intra-pair
tsK_INTRA Intra-pair output skew ?I;(qugjkjﬂSté?EE—,\slgLsRNfé 4 0.15 Thit
Gbps; See Figure 6
tyrez Total output clock jitter CLK Rate < 340 MHz 0.25 Thit
tytD2 Total output data jitter DR < 3.4 Gbps; See Figure 11 0.2 Thit
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Switching Characteristics (continued)

The Maximum rating is simulated at 3.465 V V¢ and 1.27 V Vpp and at 85°C temperature. The Typical rating is simulated at
3.3V Vccand 1.2V Vpp and at 27°C temperature (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX UNIT
HPD
Propagation delay from HPD_SNK ) . . .
tPD(HPD) to HPD_SRC; rising edge and falling 23&5:?#?"1'13;’ not valid during 40 120 ns
edge® 9
tT(HPD) HPD logical disconnected timeout see Figure 14 2 ms
DDC and 12C
Rise time of both SDA and SCL _
tr signals Vec =33V 300
- ns
t F_aII time of both SDA and SCL 300
signals
tHiGH Pulse duration, SCL high 0.6
s
tLow Pulse duration, SCL low 1.3 .
tsu1 Setup time, SDA to SCL 100 ns
tsT,sTA Setup time, SCL to start condition 0.6
thp,sTA Hold time, start condition to SCL 0.6
tsT.sTO Setup time, SCL to stop condition 0.6 Hs
t Bus free time between stop and start 13
(BUF) condition :
Propagation delay time, low-to-high-
tprHa ) 360
level output Source to S|nk:1020 kbps pattern;
‘ Propagation delay time, high-to-low- | Cb(sink) = 400 pF®; see Figure 17 230
PHL1 level output
ns
Propagation delay time, low-to-high-
tpLH2 . 250
level output Sink to Source: 1002kbps pattern;
; Propagation delay time, high-to-low- | Cb(source) = 100 pF®@; see Figure 18 200
PHL2 level output

(1) The Maximum rating is simulated at 3.465 V Vcc and 1.27 V Vpp
(2) Cb =total capacitance of one bus line in pF
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6.7 Typical Characteristics

200 300
180 270 /,
160 240 |—=
< 140 L 210
E E
E 120 £ 180
= —_— 1.2V [ —_ 1.2V
3 100 — 3.3V 3 150 — 33V
80 120
60 90
40 60
0 0.5 1 15 2 25 3 35 0 0.5 1 15 2 25 3 35
Data Rate (Gbps) Data Rate (Gbps)
Figure 1. Current vs Data Rate Redriver Mode Figure 2. Current vs Data Rate Retimer Mode
1600
—— Vpop No Term
1400 § — Vop 150 to 300 Q
1200
—~——
\
4 1000
o
>
£ 800
[a)
o
> 600
400
200
0
4 45 5 5.5 6 6.5 7 7.5 8
Vsadj (kQ)
Figure 3. Vop Vs VSadj
7 Parameter Measurement Information
Vee 3.3V
500 50Q
500 500
0.5 pF
A D+ -
D+ ‘ T Y
* o z 1
Vp. Vip = Vps - Vp. Vop =Vy - Vz VA
Viem = (Vo + Vb.) Voc = (Vv + Vz)

2

2

Figure 4. TMDS Main Link Test Circuit
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Parameter Measurement Information (continued)

2.2V

[ [
o e i et

Figure 5. Input/Output Timing Measurements

tSk INTRA —» e tsk_INTRA — -—
TMDS_OUTxp
\ 50%
TMDS_OUTxn
{sk_INTER 4> l—
TMDS_OUTyp |
TMDS_OUTyn

Figure 6. TMDS Output Skew Measurements

Voc _/\/ \/\_..__: AVOC (SS)

Figure 7. HDMI/DVI TMDS Output Common Mode Measurement
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Parameter Measurement Information (continued)

T

Vob(pp)
|
|
|
|
|
|
|
\ 2

PRE_SEL=Z
Rsadj = 7.06KQ

Figure 8. Output Differential Waveform

PRE_SEL = L T
Vsadj = 7.06 kQ :
|
|

---------------------- | ZR SUCCRETRROTRTE g S SR
2" to N bit |

VOD(PP) VOD(SS)
|

I
I
I
I
¥

Figure 9. Output De-emphasis Waveform
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Parameter Measurement Information (continued)
Avcc®
Rt R®
N 51 I | S T
RX ouT J Cable
SMA| +E EQ
Data - c {) ] 1 =
Parallel® 46 oax v
BERT Jitter Tesé N
FR4 PCB trace™ Device FR4 PCB trace Instrument
[No Pre- R
hasis] 1!
emp SMA | REF
Clk+—e Coax %J ] T RX o D Cable
Sma| +EQ R
CIk——e Coax %J ] = —
Jitter Test
Instrument®®
TTP1 TTP2 TTP3 TTP4 TTP4_EQ
(1) The FRA4 trace between TTP1 and TTP2 is designed to emulate 1-8” of FR4, connector and another 1-8” of FR4.
Trace width — 4 mils. 100 Q differential impedance.
(2) Al Jitter is measured at a BER of 10™°
(3) Residual jitter reflects the total jitter measured at TTP4 minus the jitter measured at TTP1
(4) AVCC =33V
(5) Rr=50Q
(6) The input signal from parallel Bert does not have any pre-emphasis. Refer to Recommended Operating Conditions.
Figure 10. Jitter Measurement Circuit
oo T
S
E
]
°
2
= 9
£
<
T
f=
o
L
5 90
3
3
<]
7
el
<
-690
[ 75ps T 75ps | Absolute Time " 75ps | 75ps
Normalized Time: ty;;
Figure 11. HDMI Output Jitter Measurement
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Parameter Measurement Information (continued)
HPD_SNK HPD_SRC
190KQ 100KQ
S
Figure 12. HPD Test Circuit
HPD_SNK
VCC
|
50% ""‘ -
|
}
oV 1
|
|
teoHPD) —>]
3
Vee HPD_SRC
oV
Figure 13. HPD Timing Diagram No. 1
HPD_SNK | |
Ve l l
I
I
I
I
ov
| HPD Logical disconnect |
| Timeout |
HPD_SRC | t |
VCC } T(HPD)
I I
I I
I I
I I
ov | f
1 ]
Device Logically Logically
Connected Disconnected
Figure 14. HPD Logic Disconnect Timeout
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Parameter Measurement Information (continued)

tHD,STA

tst,sto

Figure 15. Start and Stop Condition Timing

[ —tHIGH—>]

—> < tsu1

Figure 16. SCL and SDA Timing
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Parameter Measurement Information (continued)

SDA_SRC/SCL_SRC
INPUT

—p tPHLL [—

SDA_SNK/SCL_SNK

OUTPUT

—p|tPLH1

20% /

Figure 17. DDC Propagation Delay — Source to Sink

SDA_SNK/SCL_SNK
INPUT

SDA_SRC/SCL_SRC

OUTPUT

tPLH2 | -f——

Figure 18. DDC Propagation Delay — Sink to Source
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Parameter Measurement Information (continued)

Receiver «+——¢

é Rest

<

1 ARC_OUT

SPDIF_IN — =

VEeLswinG

A

Figure 19. ARC Output

\

Ul

P
0.4Ul

[ E——
0.4Ul
Figure 20. Rise/Fall Time of ARC
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8 Detailed Description

8.1 Overview

The TMDS171 is a digital video interface (DVI) or high-definition multimedia interface (HDMI) retimer. The
TMDS171 supports four TMDS channels, Audio Return Channel (SPDIF_IN/ARC_OUT), Hot Plug Detect, and a
Digital Display Control (DDC) interfaces. The TMDS171 supports signaling rates up to 3.4 Gbps to allow for the
highest resolutions of 4k2k30p 24 bits per pixel and up to WUXGA 12-bit color depth or 1080p with higher
refresh rates. The TMDS171 can automatically configure itself as a re-driver at low data rate (< 1 Gbps) or as a
re-timer above this data rate. For passing compliance and reducing system level design issues several features
have been included such as TMDS output amplitude adjust using an external resistor on the VSADJ pin and
source termination selection control. Device operation and configuration can be programmed by pin strapping or
I>C. Four TMDS171s can be used on one I°C bus when 12C_EN enable and device address set by AO/A1.

To reduce active power the TMDS171 supports dual power supply rails of 1.2 V on Vpp and 3.3 V on Vcc. The
TMDS171 supports several methods of power management. It can enter power down mode using three
methods; (1) HPD is low; (2) Writing an 1 to register 09h[3]; or (3) de-asserting OE. If using OE, the device must
be reprogrammed via 1°C if it was originally programmed this way. The SIG_EN pin enables the signal detect
circuit that provides an automatic power-management feature during normal operation. When no valid signal is
present on the inputs the device enters Stand by mode. By disabling the detect circuit the receiver block is
always on which is needed for certain HDMI CTS test. DDC link supports 100 Kbps data rate default and 400
kbps adjustable by software.

TMDS171 supports both fixed EQ gain control or adaptive equalization to compensate for different lengths of
input cables or board traces. The EQ gain can be software adjusted by 12C control or selection between two fixed
values or adaptive equalization by pin strapping EQ_SEL pin. Implementers can use the TX TERM_CTL pin to
change the transmitter termination impedance for better output performance when working in HDMI1.4b or leave
it floating. When floating the TMDS171 in conjunction with the rate detect will automatically change its output
termination to be compatible with HDMI1.4b requirements.

The TMDS171 supports single ended mode audio return channel. To assist in ease of implementation the
TMDS171 supports receive lane swapping and receive polarity swap. When swapping the input lanes IN_CLK
and IN_D2 swap and IN_D1 and IN_DO swap with each other. Swap works in both retimer and redriver mode.
Polarity swap will swap the receive pins n and p channel polarity in each lane and is only available during retimer
mode. Both lane swap and polarity swap can be implemented at the same time in retimer mode using I1°C
control.

Two versions of the device are offered to support extended commercial temperature range 0°C to 85°C
(TMDS171) or industrial operational temperature range from -40°C to 85°C (TMDS171l).
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8.2 Functional Block Diagram
HPD_SRC <} * HPD_SNK
130kQ
4——— SIG_EN
VBIAS SIGNAL DETECT =
1 VSADJ
———® SIG_DET_OUT
500 50Q
IN_CLKp . ] F——— OUT_CLKp
EQ TMDS
IN_CLKn O O—— ) (D—— OuT_Clkn
Data Registers
VBIAS SWAP
PLL
PLL Control
00 00 SERDES
IN_D[2:0]p . R 1 OUT_D[2:0]p
EQ TMDS
IN_D[2:0]n O O /O (O—— ouT_D[2:0]n
JAzhzd AZ4
g s Sl B2l
7 g T ©v E
Control Block, I12C Registers TERM_SEL
12C_EN/PIN EQ_CTL
PRE_SEL
EQ_SEL Enable
> ———® SIG_EN
EQ_SEL/AO -
Q_SEL/ TEST |4———— SIG_DET_OUT
TEST/AL > A0 - SIG_EN
A1 -« PRE_SEL
Local 12C OE
Control - TX_TERM_CTL
SDA_CTL
- SWAP/POL
SCL_CTL
SDA_SRC SDA_SNK
ACTIVE DDC BLOCK
SCL_SRC SCL_SNK
SPDIF_IN >
ARC Function GND
ARC_OUT
1.05V VDD

Copyright © 2016, Texas Instruments Incorporated

8.3 Feature Description

8.3.1 Reset Implementation

When OE is de-asserted, control signal inputs are ignored; the HDMI inputs and outputs are high impedance. It
is critical to transition the OE from a low level to high after the V¢ supply has reached the minimum
recommended operating voltage. This is achieved by a control signal to the OE input, or by an external capacitor
connected between OE and GND. To insure the TMDS171 is properly reset, the OE pin must be de-asserted for
at least 100 ps before being asserted. When OE is re-asserted the TMDS171 will have to be reprogrammed if it
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Feature Description (continued)

was programmed by 1°C and not pin strapping. When implementing the external capacitor, the size of the
external capacitor depends on the power up ramp of the V¢ supply, where a slower ramp-up results in a larger
value external capacitor. Refer to the latest reference schematic for TMDS171; consider approximately 200 nF
capacitor as a reasonable first estimate for the size of the external capacitor. Both OE implementations are
shown in Figure 21 and Figure 22.

RRsT = 200 KQ

Figure 22. OE Input from Active controller

8.3.2 Operation Timing

TMDS171 starts to operate after the OE signal is properly set after power up timing complete. See Figure 23,
Figure 24, Table 1. If OE is held low until Vpp and V¢ become stable there is no rail sequence requirement.

A
\

OE 02

A

Vee/Vop | 2

VDD/ VCC

Figure 23. Power up Timing for TMDS171
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Feature Description (continued)

CDR Active

-
4" td4‘

Retimer mode

Figure 24. CDR Timing for TMDS171

Table 1. Power Up and Operation Timing Requirements

OE De-assert or

HPD_SNK De-assert or
Redriver mode

DESCRIPTION MIN TYP MAX UNIT
ta1 Vpp Stable before Ve 0 200 us
tao Vpp and V¢ stable before OE de-assertion 100 us
ta3 CDR active operation after retimer mode initiated 15 ms
td4 CDR turn off time after retimer mode de-assert 120 ns
Vb (ramp) Vpp supply ramp up requirements 100 ms
Vecramp) Ve supply ramp up requirements 100 ms

8.3.3 Swap and Polarity Working (Retimer Mode Only)

TMDS171 incorporates swap function which can set the input lanes in swap mode. The IN_D2 will route to the
OUT_CLK position by swapping with IN_CLK. The IN_D1 swaps with IN_DO. The Swap function only changes
the input pins. The EQ setup follows the new mapping, see Figure 25. This function can be used with the
SWAP/POL pin 1 and control the register 0x09h hit 7 for SWAP enable. The Swap function works in both redriver
and retimer mode. The TMDS171 can also swap the input polarity signals. When SWAP/POL is high the n and p
pins on each lane will swap. Polarity swap only works when in retimer mode. When this function is enabled and
the device is in automatic cross over mode between redriver and retimer modes, care must be taken to avoid

losing polarity swap. When the data rate drops to the redriver level, the polarity swap is lost.

Table 2. SWAP Pin Mapping

Normal Op SWAP =L or CSR 0x0%h bit 7 is 1'b1

IN_D2 — OUT_D2

IN_D2 — OUT_CLK

IN_D1 — OUT_D1

IN_D1 — OUT_DO

IN_DO — OUT_DO

IN_DO — OUT_D1

IN_CLK — OUT_CLK

IN_CLK — OUT_D2
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Figure 25. TMDS171 Swap Function

8.3.4 TMDS Inputs

Standard TMDS terminations are integrated on all TMDS inputs. External terminations are not required. Each
input data channel contains an adaptive or fixed equalizer to compensate for Inter-Symbol Interference (ISI) due
to cable, connector, and/or board trace losses. The voltage at the TMDS input pins must be limited under the
absolute maximum ratings. TMDS input pins have incorporated failsafe circuits. An unused input channel can be
externally biased to prevent output oscillation by connecting the N input pin to be grounded through a 1-kQ
resistor and the other pin left open. The input pins can be polarity changed through local I°C register when in
retimer mode.

8.3.5 TMDS Inputs Debug Tools

There are two methods for debugging a system to make sure the inputs to the TMDS171 are valid. A TMDS
error checker is implemented to provide a rough Bit Error Rate per data lane. This allows the system
implementer to determine how the link between the source and TMDS171 is performing on all three data lanes.
See CSR BIT FIELD DEFINITIONS — RX PATTERN VERIFIER CONTROL/STATUS register.

If a high error count is evident the TMDS171 has a way to view the general receiver eye quality. A tool is
available that uses the I12C link to down load the data that can be plotted for an eye diagram. This is available per
data lane. This tool also provides a method to turn on an internal PRBS generator that will transmit a data signal
on the data pins. A clock at the proper frequency is required on the IN_CLK pins to generated the expected
output data rate.

8.3.6 Receiver Equalizer

The equalizer used to clean up inter-symbol interference (ISI) jitter/loss from the bandwidth-limited board traces
or cables. TMDS171 supports fixed receiver equalizer and adaptive equalizer by setting the EQ_SEL/AO pin or
through 1°C. When EQ_SEL/AOQ is high, the EQ gain is fixed to 10 dB and when set low the EQ gain is set to 7.5
dB. TMDS171 operates in adaptive equalizer mode when EQ_SEL/AO pin is left floating. The EQ gain will be
automatically adjusted based on the data rate to compensate for trace or cable loss. Implementers can enable
the various EQ settings through local I1>C control.

Copyright © 2015-2016, Texas Instruments Incorporated Submit Documentation Feedback 23
Product Folder Links: TMDS171


http://www.ti.com/product/tmds171?qgpn=tmds171
http://www.ti.com
http://www.ti.com/product/tmds171?qgpn=tmds171
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSEN7D&partnum=TMDS171

13 TEXAS
INSTRUMENTS
TMDS171, TMDS171l

SLLSEN7D —OCTOBER 2015—REVISED AUGUST 2016 www.ti.com

15

10 ! ——— /X
e e e '-_ 1
& - = ——
T 0 = HEIS et
o
w
5 B MM {1 S 11 - L Al | e ) 1A
-10
-15
1.0E+07 1.0E+08 1.0E+09 1.0E+10

Frquency (Hz)

Figure 26. Adaptive EQ Gain Curve

8.3.7 Input Signal Detect Block

When SIG_EN is enabled, the TMDS looks for a valid TMDS clock signal input. The terminations on the TMDS
data lines are connected and the device is fully functional when a valid signal is detected. If no valid TMDS clock
signal is detected, the device enters standby mode waiting for a valid signal at the clock input. The internal CDR
is shut down and all of the TMDS outputs and IN_DJ[0:2] are in high-Z status. TMDS signal detect circuit can be
set as enable by SIG_EN pin or through local I1>C control but is default disabled. For HDMI compliance testing
(TMDS termination-voltage test), the clock-detect feature should be in disable status, default configuration.
Designers are recommended to activate this function in normal operation for power saving.

8.3.8 Audio Return Channel

The Audio Return Channel in TMDS171 enables a TV, via a single HDMI cable, to send audio data “upstream” to
an A/V receiver or surround audio controller, increasing user flexibility and eliminating the need for any separate
S/PDIF audio connection. The TMDS171 supports single mode audio return channel. Implementers can send the
S/PDIF signal to SPDIF_IN. The signal from ARC_OUT is sent to HDMI connectors and is passed through the
general HDMI cable to audio receiver. By I°C control, customer can disable ARC_OUT by register. Enabled by
default after initialization.

8.3.9 Transmitter Impedance Control

Source termination is disabled at data rates < 2 Gbps. When the data rate is between 2 Gbps and 3.4 Gbps, the
output signal may be better if the termination value around 150 Q to 300 Q depending upon system
implementation. TMDS171 supports two different source termination impedances for ease of implementation. Pin
36, TX_TERM_CTL, offers a selection option to choose the output termination impedance value.

Table 3. TX Termination Control

Control Pin 36 DESCRIPTION
TX_TERM_CTL =H The transmit Termination is disabled
TX_TERM_CTL =L Reserved
Automatic select the impedance
TX_TERM_CTL=2Z e 2 Gbps > DR < 3.4 Gbps — 150 - 300 Q differential near end termination
* DR <2 Gbps - no termination

24 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated
Product Folder Links: TMDS171


http://www.ti.com/product/tmds171?qgpn=tmds171
http://www.ti.com
http://www.ti.com/product/tmds171?qgpn=tmds171
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSEN7D&partnum=TMDS171

13 TEXAS

INSTRUMENTS
TMDS171, TMDS171l
www.ti.com SLLSEN7D —OCTOBER 2015-REVISED AUGUST 2016
1600 1600
—— Vpop No Term —— Vop No Term
1400 § — Vpp 150 to 300 Q 1400 § — Vpp 150 to 300 Q
1200 1200
\ \
\ \
= 1000 = 1000
o o
> >
£ 800 £ 800
[a] [a]
O O
> 600 > 600
400 400
200 200
0 0
4 4.5 5 55 6 6.5 7 7.5 8 4 4.5 5 55 6 6.5 7 7.5 8
Vsadj (kQ) Vsadj (kQ)

8.3.10 TMDS Outputs

A 1% precision resistor, 7.06 kQ, connected from VSADJ to ground is recommended to allow the differential
output swing to comply with TMDS signal levels. The differential output driver provides a typical 10 mA current
sink capability, which provides a typical 500 mV voltage drop across a 50 Q termination resistor.

Vcc Avcc
——
TMDS171 > &
< <
Zo=RT 5 S
Zo=RT
TMDS DRIVER TMDS RECEIVER

l

In Figure 27, if Vcc (TMDS171 supply) and AVCC (sink termination supply) are both powered, the TMDS output
signals are high impedance when OE = high. Both supplies being active are the normal operating condition.
Again refer to Figure 27, if V¢ is on and AVCC is off, the TMDS outputs source a typical 5 mA current through
each termination resistor to ground. A total of 33 mW of power is consumed by the terminations independent of
the OEB logical selection. When AVCC is powered on, normal operation (OE controls output impedance) is
resumed. When the power source of the device is off and the power source to termination is on, the 10(off),
output leakage current, specification ensures the leakage current is limited to 45 pA or less. The PRE_SEL pin
provides — 2 dB de-emphasis gain, allowing output signal pre-conditioning to offset interconnect losses from the
TMDS171 outputs to a TMDS receiver. De-emphasis is recommended to be set at 0 dB while connecting to a
receiver through short PCB route. The Vqp of the data lanes and clock lane can be adjusted through I°C. See
Table 11 for detail. Figure 1 shows the different output voltages based on the different VSADJ settings.

Figure 27. TMDS Driver and Termination Circuit
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8.3.11 Pre-Emphasis/De-Emphasis

The TMDS171 provides de-emphasis as a way to compensate for ISI loss between the TMDS171 outputs and a
TMDS receiver. There are two methods to implement this function. When in pin strapping mode the PRE_SEL
pin controls this function. The PRE_SEL pin provides - 2 dB or 0 dB de-emphasis, which allows the output signal
pre-conditioning. De-emphasis is recommended to be set at 0-dB while connecting to a receiver through short
PCB traces. When pulled to ground through a 65 kQ resistor - 2 dB can be realized, see Figure 9. When using
I>C, regOCh[1:0] is used to make these adjustments.

As there are times that true pre-emphasis may be the best solution there are two methods to accomplish this. If
pin strapping is being used the best method is to reduce the VSADJ resistor value thus increasing the Vqp swing
and then pulling the PRE_SEL pin to ground using a 65 kQ resistor, see Figure 28. If using I1°C there are two
methods to accomplish this. The first is similar to pin strapping but reducing VSADJ resistor value and then
implementing - 2 db de-emphasis through 1°C, regOCh[1:0] = 01. The second method is to increase the VOD
swing by setting regOCh[7:5] = 011 and regOCh[1:0] = 01 which will accomplish the same pre-emphasis value,
see Figure 29. Note: De-emphasis is only implement able during retimer mode. In redriver mode this function is
not available.

PRE_SEL=2Z
Vsadj = 7.06KQ

PRE_SEL=1L
Vsadj = 4.5KQ
D Shiii b nd L
2" to N bit

Figure 28. Pre-emphasis Using Pin Strapping
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PRE_SEL=2Z
Vsadj = 7.06KQ

12C Reg0Ch[7:5] = 011

Vsadj = 7.06KQ T
Reg0C[1:0] =01 :
|
|
|
|

2" to N bit |
VOD(SS) = 1020mVpp

Figure 29. Pre-emphasis Using I°C

8.4 Device Functional Modes

8.4.1 Retimer Mode

Clock and Data Recovery Circuits (CDR) are used to track, sample and retime the equalized data bit streams.
The CDRs are designed with loop bandwidth to minimize the amount of jitter transfer from the video source to
the TMDS outputs. Input jitter within the CDR’s PLL bandwidth, < 1 MHz, is transferred to the TMDS outputs.
Higher frequency jitter above the CDR loop bandwidth is attenuated, providing a jitter cleaning function to reduce
the amount of high frequency jitter from the video source. The retimer is automatically activated at pixel clock
above approximately 100 MHz when jitter cleaning is needed for robust operation. The retimer operates at about
100 Mhz — 340 MHz pixel clock (1 — 3.4 Gbps). At pixel clock below about 100 MHz, the TMDS171 automatically
bypasses the internal retimer, and operates as a redriver. When the video source changes resolution, the internal
retimer starts the acquisition process to determine the input clock frequency and acquire lock to the new data bit
streams. During the clock frequency detection period and the retimer acquisition period that last approximately 7
ms, the TMDS drivers can be kept active (default) or programmed to be disabled to avoid sending invalid clock or
data to the downstream receiver. The TMDS171 can support retimer mode across the full data rate range of 250
Mbps - 3.4 Gbps by setting DEV_FUNC_MODE bits at reg0Ah[1:0], See Table 9. For compliance testing such as
JTOL for 480 Mbps the PLL must be forced to lock.

8.4.2 Redriver Mode

The TMDS171 can function as a redriver which compensates for ISI channel loss. In this mode, power is
reduced as the CDR and PLL are turned off. When in automatic mode, the TMDS171 is in redriver mode for data
rates < 1.0 Gbps. By using 1°C the device can be put in Redriver mode for the complete data range of 250 Mbps
to 3.4 Gbps. This is done by writing a 00 to register 0Ah[1:0]. If the link has excessive random jitter then retimer
mode is the best operating mode. If the link has excessive random jitter, the retimer mode is the best operating
mode. When in redriver mode, the device compensates for ISI loss only. When in redriver mode compliance is
not ensured as skew compensation and retiming functions are disabled. If a significant amount of random jitter is
present, the system may not pass compliance at the connector.
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Device Functional Modes (continued)
8.4.3 DDC Functional Description

The TMDS171 solves sink/source level issues by implementing a master/salve control mode for the DDC bus.
When the TMDS171 detects the start condition on the DDC bus from the SDA SRC/SCL_SRC, it transfers the
data or clock signal to the SDA_SNK/SCL_SNK with little propagation delay. When SDA_SNK detects the
feedback from the downstream device, the TMDS171 pulls up or pulls down the SDA_SRC bus and delivers the
signal to the source.

The DDC link defaults to 100 kbps but can be set to various values including 400 kbps by setting the correct
value to address 0Bh through the I°C interface. The DDC lines are 5 V tolerant when the device is powered off.
The HPD goes to high impedance when VCC is under low power conditions < 1.5 V.

NOTE
The TMDS171 utilizes clock stretching for DDC transactions. As there are sources and
sinks that do not perform this function correctly as system may not work correctly as DDC
transactions are incorrectly transmitted/recieved. To overcome this a snoop configuration
can be implemented where the SDA/SCL from the source is connected directly to the
SDA/SCL sink. The TMDS171 will need its SDA_SNK and SCL_SNK pins connected to
this link.

8.4.4 Mode Selection Functional Description

Mode Selection Definition: regOAh[7] is the mode select register, see Table 9. This bit lets the receiver know
where the device is located in a system for the purpose of centering the AEQ point. The TMDS171 is targeting
sink or dock applications so the default value is 1 which centers the EQ at 12 dB to 13 dB, see Table 12. If the
TMDS171 is in a source application the value should be changed to a 0 which centers the EQ at 6.5 dB to 7.5
dB.
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8.5 Register Maps

8.5.1 Local I°C Overview

The TMDS171 local I°C interface is enabled when 12C_EN/PIN is high. The SCL_CTL and SDA_CTL terminals
are used for I1°C clock and 1°C data respectively. The TMDS171 I°C interface conforms to the two-wire serial
interface defined by the I°C Bus Specification, Version 2.1 (January 2000), and supports the fast mode transfer
up to 400 kbps.

The device address byte is the first byte received following the START condition from the master device. The 7
bit device address for TMDS171 decides by the combination of EQ_SEL/AO and Al. Table 4 clarifies the
TMDS171 target address.

Table 4. TMDS171 12C Device Address Description

TMDS171 I12C Device Address
A1/A0 Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (W/R) HEX
00 1 0 1 1 1 1 0 0/1 BC/BD
01 1 0 1 1 1 0 1 0/1 BA/BB
10 1 0 1 1 1 0 0 0/1 B8/B9
11 1 0 1 1 0 1 1 0/1 B6/B7

The typical source application of the TMDS171 is as a retimer in a TV connecting the HDMI input connector and
an internal HDMI receiver through flat cables. The register setup can adjust by source side. When TMDS171
used in sink side application, it received data from input connector and transmit to receiver. The local I1°C is not 5
V tolerant and only support 3.3 V. Local 12C buses run at 400 kHz supporting fast-mode 1°C operation.

The following procedure is followed to write to the TMDS171 IC registers:

1. The master initiates a write operation by generating a start condition (S), followed by the TMDS171 7-bit
address and a zero-value “W/R” bit to indicate a write cycle

2. The TMDS171 acknowledges the address cycle

The master presents the sub-address (1°C register within TMDS171) to be written, consisting of one byte of
data, MSB-first

The TMDS171 acknowledges the sub-address cycle

The master presents the first byte of data to be written to the I°C register
The TMDS171 acknowledges the sub-address cycle

TMDS171 acknowledges the byte transfer

The master may continue presenting additional bytes of data to be written, with each byte transfer completing
with an acknowledge from the TMDS171

9. The master terminates the write operation by generating a stop condition (P)

w

© N o gk

The following procedure is followed to read the TMDS171 I°C registers:

1. The master initiates a read operation by generating a start condition (S), followed by the TMDS171 7-bit
address and a one-value “W/R” bit to indicate a read cycle

2. The TMDS171 acknowledges the address cycle
The TMDS171 transmit the contents of the memory registers MSB-first starting at register 00h.

4. The TMDS171 will wait for either an acknowledge (ACK) or a not-acknowledge (NACK) from the master after
each byte transfer; the 1°C master acknowledges reception of each data byte transfer

5. If an ACK is received, the TMDS171 transmits the next byte of data
6. The master terminates the read operation by generating a stop condition (P)

w

NOTE
Nno sub-addressing is included for the read procedure, and reads start at register offset
00h and continue byte by byte through the registers until the 1°C master terminates the
read operation.
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Refer to Table 4 for TMDS171 local I°C register descriptions. Reads from reserved fields not described return
zeros, and writes are ignored.

8.5.1.1 BIT Access Tag Conventions

A table of bit descriptions is typically included for each register description that indicates the bit field name, field
description, and the field access tags. The field access tags are described in Table 5.

Table 5. Access Tags

ACCESS TAG NAME DESCRIPTION
R Read The field shall be read by software
w Write The field shall be written by software
S Set The field shall be set by a write of one. Writes of Zero to the field have no effect
C Clear The field shall be cleared by a write of one. Writes of Zero to the field have no effect
u Update Hardware may autonomously update this field
NA No Access Not accessible or not applicable

8.5.2 CSR Bit Field Definitions, DEVICE_ID (offset: 00000000 = 00000111) (reset:00h = 07h)
Figure 30. CSR Bit Field Definitions, DEVICE_ID (00h = 07h)

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 \ 0 0
R R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 6. CSR Bit Field Definitions, DEVICE_ID (00h = 07h)
Bit Field Type Reset Description

7:0 DEVICE_ID R 00h =07h | These fields return a string of ASCIl characters “TMDS171"
preceded by one space characters.

TMDS171:

0x00 — 0x07 = {- 0x54"T", 0x4D"M", 0x44"D", 0x53"S", 0x31"1",
0x37"7", 0x31"1", 0x20},

8.5.3 CSR Bit Field Definitions, REV _ID (offset: 00001000) (reset: 01h)
Figure 31. CSR Bit Field Definitions, REV _ID (08h)

7 6 5 4 3 2 1
0 0 \ 0 | 0 \ 0 | 0 \ 0 1
R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 7. CSR Bit Field Definitions, REV _ID (08h)

Bit Field Type Reset Description

7:0 REV _ID R 01lh This field identifies the device revision.
0000001- TMDS171 Revision 1
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8.5.4 CSR BIT Field Definitions — Misc Control (offset: 00001001) (reset: 02h)
Figure 32. CSR Bit Field Definitions — Misc Control (09h)

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 \ 1 0
RIW/U RIW/U R RIW/U RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 8. CSR Bit Field Definitions — Misc Control (09h)

Bit Field Type Reset Description

7 Lane_SWAP R/WIU 1'b0 This field Swaps the input lanes as per Figure 25.

0 --- Disable (default) No Lane Swap

1 --- enable: Swaps input lanes (Redriver and Retimer Mode)
Note: field is loaded from SWAP/POL pin; Writes are ignored
when I12C_EN/PIN =0

6 LANE_POLARITY R/WIU 1'b0 Swaps the input Data and Clock lanes polarity.

0 — Disabled: No polarity swap

1 — Swaps the input Data and Clock lane polarity (Retimer Mode
Only)

Note: field is loaded from SWAP/POL pin; Writes are ignored
when [2C_EN/PIN =0

5 Reserved R 1'b0 Reserved

4 SIG_EN R/WIU 1'b0 This field enable the clock lane activity detect circuitry.

0 — Disable(Default) Clock detector circuit closed and receiver
always works in normal operation.

1 - Enable , Clock detector circuit will make receiver automatic
enter the standby state when no valid data detect.

Note: field is loaded from SIG_EN pin; Writes are ignored when
12C_EN/PIN =0

3 PD_EN R/W 1'b0 0 — Normal working (default)
1 — Forced Power down by I°C, Lowest Power state

2 HPD_AUTO_PWRDWN_DISABLE | R/W 1'b0 0 — Automatically enters power down mode based on HPD_SNK
(default)
1 — Will not automatically enter power down mode

1:0 12C_DR_CTL R/W 2'b10 I°C data rate supported for configuring device.

00 — 5 Kbps

01 - 10 Kbps

10 — 100 Kbps(default)

11 — 400 Kbps (Note: HPD_AUTO_PWRDWN_DISABLE must
be set before enabling 400 Kbps mode)
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8.5.5 CSR BIT Field Definitions — Misc Control (offset: 00001010) (reset: B1h)
Figure 33. CSR Bit Field Definitions — Misc Control (OAh)

7 6 3 2 1 0
1 0 \ | 0 | 0 \ 0 1
R/W R/W R/W R W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 9. CSR Bit Field Definitions — Misc Control (OAh)
Bit Field Type Reset Description
7 Application Mode Selection R/W 1'bl See Mode Selection
TMDS171
0 — Source
1 - Sink (Default)
6 HPDSNK_GATE_EN R/W 1'b0 Swaps the input Data and Clock lanes polarity. The field set the
HPD_SNK signal pass through to HPD_SRC or not and
HPD_SRC whether held in the de-asserted state.
0 — HPD_SNK passed through to the HPD_SRC ( default )
1 — HPD_SNK will not pass through to the HPD_SRC.
5 EQ_ADA_EN R/W 1'bl This field enable the equalizer functioning state; Writes are
ignored when 12C_EN/PIN =0
0 — Fixed EQ
1 — Adaptive EQ (default)
4 EQ_EN R/W 1'bl This field enable the Equalizer; Writes are ignored when
12C_EN/PIN =0
0 -- EQ disable
1 - EQ enable (default)
Reserved R 1'b0 Reserved
2 APPLY_RXTX_CHANGES w 1'b0 Self-clearing write-only bit.
Writing a 1 to this bit will apply new TX_TERM, HDMI_TWPST1,
EQ_EN, EQ_ADA_EN, VSWING, Fixed EQ value settings to the
clock and data lanes. Writes to the respective registers do not
take immediate effect.
This bit does not need to be written if 1°C configuration occurs
while OE or HPD_SNK are low, 12C PD_EN=1 or there is no
HDMI clock applied and SIG_EN is high.
1:0 DEV_FUNC_MODE. R/W 2'b01 This field selects the Device Working Function Mode.
00 — Redriver Mode across full range 250 Mbps — 3.4 Gbps
01 - Automatic Redriver to Retimer Cross Over at 1.0 Gbps
(default)
10 - Reserved
11 - Retimer Mode across full range 250 Mbps — 3.4 Gbps
When changing crossover point, need to toggle PD_EN or
toggle external HPD_SNK.
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8.5.6 CSR BIT Field Definitions — Misc Control (offset: 00001011) (reset: 00h)
Figure 34. CSR Bit Field Definitions — Misc Control (0OBh)

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 \ 0 0
R R R R/W/U R/W/U R/W R R
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 10. CSR Bit Field Definitions — Misc Control (0Bh)
Bit Field Type Reset Description
75 Reserved R 2'b000 Reserved
4:3 TX_TERM_CTL RwWU 2'b00 Controls termination for HDMI TX; Writes are ignored when
12C_EN/PIN =0
00 — No termination
01 — 150 to 300 Q
10 — Reserved.
11 — Reserved
2 DDC_DR_SEL R/W 1'b0 Defines the DDC output speed for both DDC bridge and AUX-
DDC Bridge.
0 =100 kbps (default)
1 = 400 kbps (Note: HPD_AUTO_PWRDWN_DISABLE must be
set before enabling 400 Kbps mode)
1:0 Reserved R 2'b00 Reserved
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8.5.7 CSR BIT Field Definitions — Misc Control (offset: 00001100) (reset: 00h)
Figure 35. CSR Bit Field Definitions — Misc Control (0Ch)

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 \ 0 0
R/W R/W R/W RIW R/IW RIW R/WIU R/W/U
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 11. CSR Bit Field Definitions — Misc Control (OCh)
Bit Field Type Reset Description
75 VSWING_DATA R/W 3'b000 Data Output Swing Control (Need Design input on what is
available)

000 - Vsadj set (default)
001 — Increase by 7%
010 - Increase by 13%
011 — Increase by 18%
100 — Decrease by 30%
101 — Decrease by 22%
110 — Decrease by 15%
111 — Decrease by 7%

4:2 VSWING_CLK R/W 13'b000 Clock Output Swing Control: Default is set

000 - Set by Data Rate
001 — Increase by 7%
010 - Increase by 13%
011 — Increase by 18%
100 — Decrease by 30%
101 — Decrease by 22%
110 — Decrease by 15%
111 — Decrease by 7%

by DR which means

standard based swing values but this allows for the swing to be
overridden by selecting one of the following values.

1:0 HDMI_TWPST1[1:0] R/W/U 2'b00 HDMI pre-emphasis FIR post-cursor-1 signed tap weight.

00 — No pre-emphasis
01 — 2 dB pre-emphasis.
10 — Reserved

11 — Reserved

I2C_EN/PIN =0

Note: Reflects value of PRE_SEL pin; Writes are ignored when
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8.5.8 CSR BIT Field Definitions — Equalization Control Register (offset: 00001101) (reset: 01h)
Figure 36. CSR BIT Field Definitions — Equalization Control Register (ODh)

7 6 5 4 3 2 1

o [ o | o | o [ o [ o [ o |

R R R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 12. CSR BIT Field Definitions — Equalization Control Register (ODh)

Bit Field Type Reset Description
7:6 Reserved R 2'b00 Reserved

5:3 Data Lane EQ R/W 1'b000 Sets Fixed EQ Values
000-0dB

001 -4.5dB
010-6.5dB

011 -8.5dB

100 - 10.5 dB
101-12dB

110-14 dB

111 - 16.5dB

2:1 Clock Lane EQ R/W 13'b000 - Sets Fixed EQ Values.
00-0dB

01-15dB

10-3dB

011 - RSVD

0 Reserved R 1'bl Reserved

|- |O

8.5.9 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00001110) (reset: 00h)
Figure 37. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (OEh)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 13. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (OEh)

Bit Field Type Reset Description

7:4 PV_SYNC[3:0] R/W 4’n0000 Pattern timing pulse. This field is updated for 8Ul once every
cycle of the PRBS generator. 1 bit per lane.

3.0 PV_LD[3:0] R/W 4’0000 Load pattern-verifier controls into RX lanes. When asserted high,

the PV_TO, PV_SEL, PV_LEN, PV_CP20, and PV_CP values
are enabled into the corresponding RX lane. These values are
then latched and held when PV_LDI[n] is subsequently de-
asserted low. 1 bit per lane.

8.5.10 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00001111) (reset: 00h)
Figure 38. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (OFh)

7 6 5 4 3 2 1 0
0 | 0 | 0 | 0 | 0 | 0 \ 0 | 0
RIU RIU RIU RIU RIU RIU RIU RIU

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 14. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (OFh)

Bit Field Type Reset Description
74 PV_SYNC[3:0] R/U 4’n0000 Pattern verification mismatch detected. 1 bit per lane.
3.0 PV_LD[3:0] R/U 4’n0000 Pattern search/training in progress. 1 bit per lane.
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8.5.11 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010000) (reset: 00h)
Figure 39. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (10h)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 [ 0
R/W R R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 15. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (10h)

Bit Field Type Reset Description

7 PV_CP20 R/W 1'b0 Customer pattern length 20/16 bits.
0 — 16 bits
1 - 20 bits

6 Reserved R 1'b0 Reserved

5:3 PV_LEN[2:0] R,W 3'b000 ]JPRBS pattern length
000 — PRBS7

001 - PRBS11

010 - PRBS23

011 - PRBS31

100 — PRBS15

101 - PRBS15

110 - PRBS20

111 - PRBS20

2:0 PV_SEL[24:0] R/W 3'b000 Pattern select control

000 — Disabled

001 - PRBS

010 - Clock

011 - Custom

1xx — Timing only mode with sync pulse spacing defined by
PV_LEN

8.5.12 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010001) (reset: 00h)
Figure 40. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (11h)

7 6 5 4 3 2 1 0
o [ o [ o [ o [ o [ o [ o [ o
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 16. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (11h)

Bit Field Type Reset Description
7 PV_CP[7:0] R/W ‘h00 Custom pattern data.

8.5.13 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010010) (reset: 00h)
Figure 41. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (12h)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 17. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (12h)

Bit Field Type Reset Description
7 PV_CP[15:8] R/W ‘h00 Custom pattern data.
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8.5.14 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010011) (reset: 00h)
Figure 42. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (13h)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
R R R R RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 18. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (13h)

Bit Field Type Reset Description
74 Reserved R 4’0000 Reserved
3.0 PV_CP[19:16] R/W 4’n0000 Custom pattern data. Used when PV_CP20 = 1'b1.

8.5.15 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010100) (reset: 00h)
Figure 43. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (14h)

7 6 5 4 3 2 1 0
o | o [ o | o [ o | o [ o [ o
R R R R R RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 19. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (14h)

Bit Field Type Reset Description
7:3 Reserved R 5'b00000 | Reserved
2:0 PV_THR[2:0] R/W 3'b000 Pattern-verifier retain threshold.

8.5.16 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010101) (reset: 00h)
Figure 44. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (15h)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
R R R R/S/U RIS/U RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 20. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (15h)

Bit Field Type Reset Description
7 DESKEW_CMPLT R 1'b0 Indicates that TMDS lane deskew has completed when high.
6:5 Reserved R 2'b00 Reserved
BERT_CLR R/S/U 1'b0 Clear BERT counter (on rising edge).
3 TST_INTQ_CLR R/S/U 1'b0 Clear latched interrupt flag.
2:0 TST_SEL[2:0] R/W 3'b000 Test interrupt source select.
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8.5.17 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010110) (reset: 00h)
Figure 45. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (16h)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
RIW RIW RIW RIW R RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 21. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (16h)

Bit Field Type Reset Description

7:4 PV_DP_EN[3:0] R/W 4’n0000 Enable datapath verified based on DP_TST_SEL, 1 bit per lane
3 Reserved R 1'b0 Reserved

2:0 DP_TST_SEL[2:0] R/W 3'b000 Selects pattern reported by BERT_CNT[11:0],

TST_INT[0] and TST_INTQ[0] and PV_DP_EN is non-zero.
000 — TMDS disparity or data errors

001 — FIFO errors

010 — FIFO overflow errors

011 — FIFO underflow errors

100 — TMDS deskew status

101,110,111 — Reserved.

8.5.18 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00010111) (reset: 00h)
Figure 46. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (17h)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
RIU RIU RIU RIU RIU RIU RIU RIU

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 22. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (17h)

Bit Field Type Reset Description
74 TST_INTQ[3:0] R/U 4’0000 Latched interrupt flag. 1 bit per lane
3.0 RTST_INT[3:0] R/U 4’0000 Test interrupt flag. 1 bit per lane.

8.5.19 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011000) (reset: 00h)
Figure 47. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (18h)

7 6 5 4 3 2 1 0
0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
R/U R/U R/U R/U R/U R/U R/U R/U

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 23. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (18h)

Bit Field Type Reset Description
7:0 BERT_CNT[7:0] R/U ‘h00 BERT error count. Lane O
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8.5.20 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011001) (reset: 00h)
Figure 48. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (19h)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 [ 0
R R R R R/U R/U R/U R/U

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 24. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (19h)

Bit Field Type Reset Description
74 Reserved R 4’0000 Reserved
3.0 BERT_CNT[11:8] R/U 4’n0000 BERT error count. Lane O

8.5.21 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011010) (reset: 00h)
Figure 49. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Ah)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
RIU RIU RIU RIU RIU RIU RIU RIU

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 25. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Ah)

Bit Field Type Reset Description
7:0 BERT_CNT[19:12]. R/U ‘h00 BERT error count. Lane 1

8.5.22 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011011) (reset: 00h)
Figure 50. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Bh)

7 6 5 4 3 2 1 0
o | o [ o | o [ o | o [ o [ o
R R R R RIU RIU RIU RIU

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 26. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Bh)

Bit Field Type Reset Description
7:4 Reserved R 4’n0000 Reserved
3.0 BERT_CNT[23:20] R/U 4’n0000 BERT error count. Lane 1

8.5.23 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011100) (reset: 00h)
Figure 51. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Ch)

7 6 5 4 3 2 1 0
0 | 0 | 0 | 0 | 0 | 0 \ 0 | 0
RIU RIU RIU RIU RIU RIU RIU RIU

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 27. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Ch)

Bit Field Type Reset Description
7:0 BERT_CNT[31:24] R/U ‘h00 BERT error count. Lane 2
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8.5.24 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011101) (reset: 00h)
Figure 52. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Dh)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 [ 0
R R R R R/U R/U R/U R/U

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update
Table 28. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Dh)

Bit Field Type Reset Description
74 Reserved R 4’0000 Reserved
3.0 BERT_CNT[35:32] R/U 4’n0000 BERT error count. Lane 2

8.5.25 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011110) (reset: 00h)
Figure 53. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Eh)

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0
RIU RIU RIU RIU RIU RIU RIU RIU

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 29. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Eh)

Bit
7:0

Field
BERT_CNT[19:12]

Reset
’h00

Type
R/U

Description

BERT error count. Lane 3

8.5.26 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00011111) (reset: 00h)
Figure 54. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Fh)

7 6 5 4 3 2 1 0
o | o [ o | o [ o | o [ o [ o
R R R R RIU RIU RIU RIU

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 30. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (1Fh)

Bit Field Type Reset Description
7:4 Reserved R 4’0000 Reserved
3.0 BERT_CNT[23:20] R/U 4'b0000 BERT error count. Lane 3

8.5.27 CSR BIT Field Definitions — RX Pattern Verifier Control/Status (offset: 00100000) (reset: 00h)
Figure 55. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (20h)

7 6 5 4 3 2 1 0
0 | 0 | 0 | 0 | 0 | 0 \ 0 | 0
R R RIW RIW R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset, S= Set, U = autonomously update

Table 31. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (20h)

Bit Field Type
7 PWR_DWN_STATUS R

Reset
1'b0

Description

Power Down Status Bit.
0 = Normal Operation (default)
1 = Device in Power Down Mode
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Table 31. CSR BIT Field Definitions — RX Pattern Verifier Control/Status (20h) (continued)

Bit Field Type Reset Description

6 STB_STATUS R 1'b0 Standby Status Bit
0 = Normal Operation (default)
1 = Device in Standby Mode

5:0 Reserved R 6'b000000 | Reserved
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9 Application and Implementation

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

9.1 Application Information

The TMDS171 was defined to work in many applications. This includes source applications like a Blu-Ray DVD
player or AVR. The adaptive receive equalizer makes it ideal for sink applications like HDTV, monitors and
projectors where cable length can be widely varied. The TMDS171 is also capable of working as an active cable
to extend the cable length even further.

9.1.1 Application Chain Showing DDC Connections

The DDC circuitry inside the TMDS171 allows multiple stage operation as shown in Figure 56. The retimer
devices can be connected to any of the bus segments. The number of devices that can be connected in series is
limited by repeater delay/time of flight considerations for the maximum bus speed requirements.

SOURCE Active Cable SINK
|_________.. P TI—
3.3v VRS- A sv. | sy 3.3V
3 | T
: l :
RUPsouce | RUP!ource ]
Rup= Rup ! 0 | Rup < Rup
RUPsink | :  ZRUPsink
' ' 3
TSCL * SLK_SRC SLK_SINK—® : LK_SRC  SLK_SINK® E SLK_SRC  SLK_SINK— RSLK
TSDA SDA_SRC SDA_SIN = SDA_SRC  SDA_SIN : SDA_SRC SDA_SINI RSDA
| ) :
| ! :
—_—C1l =-—C2 . —— C3| —_— C2 =——C2 l f— C3: —_—C2 ——C1
' |
BUS ! ! BUS
:| MASTER | |wmpsiza| L : . ¢ L | TmDsi71 | L L ¢ L | TMpsina L | SLAVE
1 = Btk =1 = =
|
-
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Figure 56. Typical Series Application

9.1.2 DDC Pull Up Resistors

This section is for information only and subject to change depending upon system implementation. The pull-up
resistor value is determined by two requirements.

1. The maximum sink current of the I°C buffer: The maximum sink current is 3 mA or slightly higher for an 1°C
driver supporting standard-mode 1°C operation.
Rup(min):VC—C
sink Q)
2. The maximum transition time on the bus:

The maximum transition time, T, of an I12C bus is set by an RC time constant, where R is the pull-up resistor
value, and C is the total load capacitance. The parameter, k, can be calculated from Equation 2 by solving
for t, the times at which certain voltage thresholds are reached. Different input threshold combinations
introduce different values of t. Table 32 summarizes the possible values of k under different threshold
combinations.
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Application Information (continued)

T=kxRC )
-t
V(t) =VDDx | 1-eRC
®)

Table 32. Value k upon Different Input Threshold Voltages

Vth-\Vth+ | 0.7 Vg 0.65 Vg 0.6 Ve 0.55 Vg 0.5 Ve 0.45 Vg 0.4 Ve 0.35 Vg 0.3 Ve
0.1 Vee 1.0986 0.9445 0.8109 0.6931 0.5878 0.4925 0.4055 0.3254 0.2513
0.15 Ve 1.0415 0.8873 0.7538 0.6360 0.5306 0.4353 0.3483 0.2683 0.1942
0.2 Vee 0.9808 0.8267 0.6931 0.5754 0.4700 0.3747 0.2877 0.2076 0.1335
0.25 Ve 0.9163 0.7621 0.6286 0.5108 0.4055 0.3102 0.2231 0.1431 0.0690
0.3 Ve 0.8473 0.6931 0.5596 0.4418 0.3365 0.2412 0.1542 0.0741

From Equation 1, Ryymin) = 5.5V / 3 mA = 1.83 kQ to operate the bus under a 5-V pull-up voltage and provide
less than 3 mA When the 1°C device is driving the bus to a low state. If a higher sink current, for example 4 mA,
is allowed, Rypminy can be as low as 1.375 kQ.

If DDC working at standard mode of 100 Kbps, the maximum transition time T is fixed, 1 us, and using the k
values from Table 32, the recommended maximum total resistance of the pull-up resistors on an 1°C bus can be
calculated for different szystem setups. If DDC working at fast mode of 400 Kbps, the transition time should be set
at 300 ns according to 1°C specification.

To support the maximum load capacitance specified in the HDMI spec, Ccapie(max) = 700 PF/Csource) = 50 pF/Ci =
50 pF, R(max) can be calculated as shown in Table 33.

Table 33. Pull-Up Resistor Upon Different Threshold Voltages and 800-pF Loads

Vth-\Vth+ | 0.7 Ve 0.65 Ve 0.6 Ve 0.55 Ve 0.5 Ve 0.45 Ve 0.4 Ve 0.35 Ve 0.3 Ve UNIT
0.1 Ve 1.14 1.32 1.54 1.8 2.13 2.54 3.08 3.84 4.97 KQ
0.15 Ve 1.2 1.41 1.65 1.97 2.36 2.87 3.59 4.66 6.44 KQ
0.2 Ve 1.27 1.51 1.8 2.17 2.66 3.34 4.35 6.02 9.36 KQ
0.25 Ve 1.36 1.64 1.99 2.45 3.08 4.03 5.6 8.74 18.12 KQ
0.3 Ve 1.48 1.8 2.23 2.83 3.72 5.18 8.11 16.87 — KQ
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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.

9.2 Source Side Application

D2p
D2n
D1p
Dln
DOp
DOn
TMDS_CLKp
TMDS_CLKn
HPD

DDC_SCL
DDC_SDA
SPDIF

HDMI TX

12C_ScL
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CEC

0.1uF_|0.1uF |10uF

Source Side HDMI/DVI
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32 4 8
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4 | HPD_SRC cec (& cec 20
v 2KQ 2KQ CASE_GND1
38 15 21
2K0 KO SCL_SNK DDC_SCL CASE_GND2
39 16 2
46 | scL_sRc SDA_SNK DDC_SDA CASE_GND3
33 19 23
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500KQ —— NC
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Source Side Application (continued)
9.2.1 Design Requirements

The TMDS171 can be designed into many different applications. In all the applications there are certain
requirements for the system to work properly. Two voltage rails are required in order to support lowest power
consumption possible. OE pin must have a 200 nF capacitor to ground. This pin can be driven by a processor
but the pin needs to change states after voltage rails have stabilized. The best way to configure the device is by
using I1°C but pin strapping is also provided as I°C is not available in all cases. As sources may have many
different naming conventions it is necessary to confirm that the link between the source and the TMDS171 are
correctly mapped. A Swap function is provide for the input pins incase signaling if reversed between source and
device. Table 34 provides information on expected values in order to perform properly.

Table 34. Design Parameters

PARAMETER VALUE
Vee 3.3V
Vpp 12v
Main Link Input Voltage Vip = 75 mVpp to 1.4 Vpp
Control Pin Max Voltage for Low 65 kQ pulldown
Control Pin Voltage Range Mid Left Not Connected/Floating
Control Pin Min Voltage for High 65 kQ pullup
Rvsapy) Resistor 7.06 kQ 1%

9.2.2 Detailed Design Procedure

The TMDS171 is a signal conditioning device that provides several forms of signal conditioning in order to
support compliance for HDMI or DVI at a source connector. These forms of signal conditioning are accomplished
using receive equalization, retiming, and output driver configurability. The transmitter will drive 2-3” of board trace
and connector when compliance is required at the connector.

To design in the TMDS171 the following need to be understood for a source side application:

» Determine the loss profile between the GPU/chipset and the HDMI/DVI connector.

» Based upon this loss profile and signal swing determine optimal location for the TMDS171, in order to pass
source electrical compliance. Usually within 27-3” of the connector

» Use the typical application Figure 57 for information on control pin resistors.
« The TMDS171 has a receiver adaptive equalizer but can also be configured using EQ_SEL control pin.

« Set the VOD, Pre-emphasis, termination, and edge rate levels appropriately to support compliance by using
the appropriate VSADJ resistor value and setting PRE_SEL, and TX_TERM_CTL control pins.

e The thermal pad must be connected to ground.
» See Figure 57 for recommended decouple capacitors from V¢ and Vpp pins to Ground

9.2.3 Application Curves

el 1 ]
1 g ¥ |

Figure 58. 1080p Compliance Eye

L

igure 59. 4k2k30 Compliance Eye
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9.2.4 Sink Side Application

For a sink side application HPD needs consideration. The TMDS171 drives the HPD signal to 3.3V which
meetings requirements but if 5 V HPD signaling is required the two circuits shown in Figure 60 are required. As
sources are not consistent in implementing all aspects of the DDC link it is recommended to configure the
TMDS171 as per Figure 60. Another consideration in relationship to how HPD is implemented is the architecture

and behavior of the HDMI RX/Scalar.

HDMI/DVI
Connector HDMI RX/SCaIar
GND1 D2p 2 | |n_p2p ouT_p2p 22 TMDS_D2p
GND2 D2n 3 | IN_D2n out_p2n |32 TMDS_D2n
2
GND3 D1p 5 | IN_p1p OUT_D1p 3 TMDS_D1p
31
GND4 D1n 6 | IN_DIn OUT_D1n TMDS_D1n
29
GNDS DOp 8 | IN_pop OUT_DOp TMDS_DOp
GND6 DOn 9 | IN_pon OUT_DOn 28 TMDS_DOn
TMDS_CLKp 1 IN_cLkp ouT_cLkp |28 TMDS_CLKp
= TMDS_CLKn 12 | N_CLKn ouT_Ctkn |22 TMDS_CLKn
Optional
CASE_GND1 sv O & OE
CASE GND2 If 5V is required. See 5V 47KQ A7KQ
- HPD implementation 38
CASE_GND3 below \ scLshK - i pbC_sct
HPD HPD_SRC SDA_SNK DDC_SDA
CASE_GND4 B _ —— !
- HDMI_5V
f— 46 =
0.01uF HDMI_5V —— HDMI_5V SCL_SRC
47 | spa_sRC 1Ka
DDC_SCL ——<BbC_sc> = 45 1uF
- -4 SPDIEIN 559 1 I SPDIF
DDC_SDA|___s5eson> 20 HPD_SNK *® HPD
€L ne 15 500KQ \
cee e Ne Reduces Power Consumpion 2* method to mplement 470
= IFARC not used in system tieing HPD_SNK to 5V from
U vce HDMI Connecotr
ARC o arc_our
THERMAL PAD 65kQ 65kQ
Implementation specific. 41 GND SWAP/POL 1
May not be needed if Source = 7 10
has implemented GND 12C_EN/PIN
vee 19
GND SIG_EN [
30 2
GND PRE_SEL | 22
21
KO KO — s EQ_SEL/A0 5
12¢_scL SCL_CTL m 2
l 16 36
12C_SDA SDA_CTL TX_TERM_CTL
Optional
a2
OE >g————ﬁ OE 65k0 65kQ
I 0.1uF
= VDD
F/W\i VSADJ —_—T
vee
i 7.06KQ
L 1% S 9 0.1ui0.1u£LO.IUELO.lufb.Olqu0.0luEL 10uF|
= 5 5
[ooiuo Jioue T I I T 1T T

=

Q oo o 2
2 0o o 2
> > > > >
14|23 |24|37 |48
VDD

13|43

vce

5V HPD Implementation

5V

HPD

5V

HPD_SRC

Figure 60. TMDS171 in Sink Side Application, 5V HPD Implementation
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9.2.4.1 Design Requirements

See Table 35 for the Sink Side design example parameters.

Table 35. Design Parameters

PARAMETER VALUE
Vee 3.3V
Voo 12V

Main Link Input Voltage

VlD =75 mVpp to1.4 Vpp

Control Pin Max Voltage for Low

65 kQ pulldown

Control Pin Voltage Range Mid

Left Not Connected/Floating

Control Pin Min Voltage for High

65 kQ pullup

Rvsapy) Resistor

7.06 kQ 1%

9.2.4.2 Detailed Design Procedure

To design in the TMDS171 the following need to be understood for a source side application.
» Determine the loss profile between the RX/chipset and the HDMI/DVI connector.
» Based upon this loss profile and signal swing determine optimal location for the TMDS171, in order to pass

sink electrical compliance.

» Use the typical application Figure 56 for information on control pin resistors.
« The TMDS171 has a receiver adaptive equalizer but can also be configured using EQ_SEL control pin.

» Set the VOD, Pre-emphasis, termination, and edge rate levels appropriately to support link between
TMDS171 and HDMI RX/Chipset by using the appropriate VSADJ resistor value and setting PRE_SEL and

TX_TERM_CTL control pins.

e The thermal pad must be connected to ground.
e See Figure 60 for recommended decouple caps from V¢ and Vpp pins to Ground.
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9.3 System Examples

Another way to configure sink application is to configure the sink as per Figure 61. This is done as not all
sources are supporting clock stretching as per standard.

HDMI/DVI . .

Connector Sink Side HDMI RX/Scalar
GND1 D2p 2 | IN_D2p out_p2p 12 TMDS_D2p
GND2 D2n 3 | IN_p2n out_p2n |22 TMDS_D2n
GND3 D1p 5 | IN_D1p out p1p 32 TMDS_D1p

31
GND4 D1n 5 | IN_DIn OUT_D1n TMDS_D1n
29
GND5 DOp 8 | IN_Dop OUT_DOp TMDS_DOp
GND6 DON 9 | IN_pon out_pon |2 TMDS_DOn
TMDS_CLKp 11 | N_cLkp ouT_cikp |28 TMDS_CLKp
25
-4 TMDS_CLKn 12 | \N_ctkn OUT_CLKn TMDS_CLKn
CASE_GND1 HDMI_5V HDMI_5V 5V
CASE_GND2 1KQ s 47KQ 47KQ
CASE GND3 SCL_SNK DDC_SCL
CASE GND4 HPD <HpD> Nc —2{ HPD_SRC SDA_SNK - DDC_SDA
= - Optional
T a6 O ———— OE
0.01uF SCL_SRC
47
DDC_SCL——<<BDC_Sc> SDA_SRC
- L SPDIF_IN —T—{ SPDIF
DDC_SDA|___gpeson> HPD_SNK HPD
1 500KQ
CEC :@EC Reduces Power Consumption
— If ARC not used in system
1F VCC_3.3V
ARC 1 48 | arc_out ‘
550 % THERMAL PAD 65kQ 65kQ
Implementation specmc L a1 GND SWAP/POL 1
May not be needed if Source — 7 10
has implemented GND |ZC_EN/P|N
VCC_3.3V 19
= GND siG_EN |7
30
GND PRE_SEL | 22
2KQ 2KO EQ_SEL/A0
15 27
12C_SCL SCL_CTL A1
12C_SDA 16 | spa_cTL TX_TERM_CTL |38
Optional
a2
OE >>,,,,ﬁ OF 65kQ 65kQ
0.1uF
vCCe_3.3V I I
| VDD_1.1V
= 2 e
0.1uF_[0.1uF |10uF VSADJ
LA P e s A o o FLO 1uF]_0.1uf| 0.1uF 0.01uF|0.01uF] 10uF
L 1% o a O O du
- >858555 T 1T 7T 1T T 1T 7T

1 14| 23|24 37|48 13 (43
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Figure 61. TMDS171 in Sink Side Application

48 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated
Product Folder Links: TMDS171


http://www.ti.com/product/tmds171?qgpn=tmds171
http://www.ti.com
http://www.ti.com/product/tmds171?qgpn=tmds171
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSEN7D&partnum=TMDS171

13 TEXAS
INSTRUMENTS
TMDS171, TMDS171l

www.ti.com SLLSEN7D —OCTOBER 2015—REVISED AUGUST 2016

10 Power Supply Recommendations

To minimize the power consumption of customer application, TMDS171 used the dual power supply. Ve is 3.3V
with 5% range to support the I/O voltage. The Vpp is 1.2 V with 1.1 V to 1.27 V range to supply the internal digital
control circuit. TMDS171 operates in 3 different working states.

* 0 Power down Mode:
— OE = Low puts the device into its lowest power state by shutting down all function blocks.

— When OE is re-asserted the transitions from L—H will create a reset and if the device is programmed
through I1°C it must to be reprogrammed.

— Writing a 1 to register 09h[3].
— OE = High, HPD_SNK = Low
» Standby Mode: HPD_SNK = High but no valid clock signal detect on clock lane.
* Normal operation: Working in Redriver or Retimer
*  When HPD assert, the device CDR and output will enable based on the signal detector circuit result.
 HPD_SRC = HPD_SNK in all conditions.
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Table 36. Power Up and Operation Timing Requirements
INPUTS STATUS
: SDA/ OUT_Dx
HPD_SNK OE SIG_EN IN_CLK Device Mode | HPD_SRC IN_Dx SCL_CTL OUT CLK DDC ARC Mode
H L Hor L X X H High-Z Disable High-Z Disabled Disable | ONer Down
L H HorL X X L High-Z Active High-Z Disabled Disable | OYer Down
Power Down
H H Hor L X X H High-Z Active High-Z Disabled Disable Mode by W 1
to 09h([3]
D0-D2 Standby
No Valid Disabled . . . . Mode
H H H TMDS Clock X H IN_CLK Active High-Z Active Active (Squelch
Active waiting)
D0-D2 Standby
No Valid . Disabled . . . . Mode
H H HorL TMDS Clock Retimer mode H IN_CLK Active High-Z Active Active (Squelch
Active waiting)
H H H Valid TMDS Retimer mode H RX Active Active TX Active Active Active Norm@ :
Clock operation
No Valid Redriver . . . . . Normal
H H HorlL TMDS Clock mode H RX Active Active TX Active Active Active operation
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11 Layout

11.1 Layout Guidelines

On a high-K board - It is always recommended to solder the PowerPAD™ onto the thermal land. A thermal land
is the area of solder-tinned-copper underneath the PowerPAD™ package. On a high-K board the TMDS171 can
operate over the full temperature range by soldering the PowerPAD onto the thermal land without vias.

On a low-K board — In order for the device to operate across the temperature range on a low-K board, a 1-oz Cu
trace connecting the GND pins to the thermal land must be used. A simulation shows Ry;s = 100.84°C/W
allowing 545 mW power dissipation at 70°C ambient temperature.

A general PCB design guide for PowerPAD packages is provided in the document SLMAOO2 - PowerPAD
Thermally Enhanced Package.

TI recommends six layers as the TMDS171 is a two voltage rail device.

* Routing the high-speed TMDS traces on the top layer avoids the use of vias. (and the introduction of their
inductances) and allows for clean interconnects from the HDMI connectors to the retimer inputs and outputs.
It is important to match the electrical length of these high speed traces to minimize both inter-pair and intra-
pair skew.

e Placing a solid ground plane next to the high-speed signal layer establishes controlled impedance for
transmission link interconnects and provides an excellent low —inductance path for the return current flow.

» Placing a power plane next to the ground plane creates an additional high-frequency bypass capacitance.

» Routing slower seed control signals on the bottom layer allows for greater flexibility as these signal links
usually have margin to tolerate discontinuities such as vias.

» If an additional supply voltage plane or signal layer is needed, add a second power/ground plane system to
the stack to keep symmetry. This makes the stack mechanically stable and prevents it from warping. Also the
power and ground plane of each power system can be place closer together, thus increasing the high
frequency bypass capacitance significantly.

! Layer 1: TMDS signal layer

Layer 1: TMDS signal layer

5 to 10 mils

Layer 2: Ground Plane
Layer 2: Ground Plane
Layer 3: Vcc Power Plane

Layer 4: Vpp Power Plane
Layer 3: Power Plane
Layer 5: Ground Plane

5 to 10 mils

Layer 4: Control signal layer Layer 6: Control signal layer

1INl

Figure 62. Recommended 4 or 6 Layer PCB Stack
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11.2 Layout Example

ARC_OUT TuF
GND [ ss0 | BT SPDIF_IN
=}
2
SCL_SRC 9 SDA_SNK
[ 2k ]
[ 2k0_]
SDA_SRC SCL_SNK
Match High Speed traces
SWAP/POL Vee length as close as possible to
GND
cc
TX_TERM_CTL
IN_D2p/n o
OUT_D2p/n
S
HPD_SRC HPD_SNK 5]
= g
b g
@ IN_D1p/n OUT_D1p/n c
= [}
= o
a s
£ o
o I
X IN_DOp/n OUT_DOp/n °
[
V,
V, cc
12C_EN/PIN G Al
GND ND
OUT_CLKp/n
IN_CLKp/n
Place V¢ and Vp, decoupling
caps as close to V¢ and Vpp
SCL_CTL pins as possible
Vee [ 2k |
Vee [ 2k | %
SDA_CTL I
Match High Speed traces
length as close as possible to
Lo a a
minimize Skew >8 ] >g g >3 g S
o 20 b ©
z w <
w » ~
| | =
o w a4
v o
g
(1) If ARC is not used a 500KQ resistor should be tied to GND at the SPDIF_IN pin
(2) The 55-Q resistor to GND on the ARC_OUT pin is implementation specific and my not be needed if it is already
implemented elsewhere.
Figure 63. Layout
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12 Documentation Support

12.1 Related Documentation

[HDMI] High-definition Multimedia Interface Specification Version 1.4b October, 2011
[HDMI] High-definition Multimedia Interface CTS Version 1.4b October, 2011

[12C] The 12C-Bus specification version 2.1 January 2000

12.2 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
is a trademark of ~HDMI.

12.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)

TMDS171IRGZR ACTIVE VQFN RGZ 48 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TMDS171I Samples
& no Sh/Br)

TMDS171IRGZT ACTIVE VQFN RGZ 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TMDS171I Samples
& no Sh/Br)

TMDS171RGZR ACTIVE VQFN RGZ 48 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR 0to 70 TMDS171 Samples
& no Sh/Br)

TMDS171RGZT ACTIVE VQFN RGZ 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR 0to 70 TMDS171 Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.
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Important Information and Disclaimer: The information provided on this page represents TlI'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
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TMDS171IRGZR VQFN RGzZ 48 2500 330.0 16.4 7.3 7.3 1.1 12.0 | 16.0 Q2
TMDS171IRGZT VQFN RGz 48 250 180.0 16.4 7.3 7.3 1.1 12.0 | 16.0 Q2
TMDS171RGZR VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 1.1 12.0 | 16.0 Q2
TMDS171RGZT VQFN RGZ 48 250 180.0 16.4 7.3 7.3 1.1 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TMDS171IRGZR VQFN RGZz 48 2500 367.0 367.0 38.0
TMDS171IRGZT VQFN RGZz 48 250 210.0 185.0 35.0
TMDS171RGZR VQFN RGZz 48 2500 367.0 367.0 38.0
TMDS171RGZT VQFN RGZz 48 250 210.0 185.0 35.0
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MECHANICAL DATA

RGZ (S—PVQFN—N48) PLASTIC QUAD FLATPACK NO—-LEAD
I 7,15 N
* 685
7,15
Y 7
PIN 1 INDEX AREA
1,00 TOP AND BOTTOM
080 L 0,20 REF.
‘ L SEATING PLANE
0,08 j % w: f

0,00

0,50 0,50
48X 030 ﬂ <

1
EEVAVAVEVRURUIIURURURUAIAI
*isb ‘ 13
D) THERMAL PAD d
) ‘ -
) ‘ -
) | d
- SIZE AND SHAPE -
> SHOWN ON SHPARATE SHEET
) | -
) ‘ -
) | d
) ‘ d
37D ‘ T (24
niaNaNaNaNaliaNaNaNalali
5,5032 > } o 87353

4204101/F 06/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RGZ (S—PVQFN—-N48) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C 0,30
—
48

12
Jguuugjuuuduuu
I

-

13

Exposed Thermal Pad

4,10+0,10

Jgyiuduujuuuupuy
I
_|_
I
ANNAAAINANANANA

I
ANNANANANAINA

36 25

37 24

—4,10£0,10—>

Bottom View

Exposed Thermal Pad Dimensions
4206354-3/Z 03/15

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RGZ (S—PVQFN—N48)

PLASTIC QUAD FLATPACK NO-LEAD

Example Board Layout 0.125 Thick Stencil
(Note E)

Note D 0,25 |- 4x0,50 48x0,8 —— |[=— —>| —— 0,25 )
0000000000007 | [ooooobpooooc—

) ] [

= = _f B —-— =1+91,15 4

— - 48x0,23 — p—

- 4.1 - ) ‘ | —

*D ' a = 6 =
___f—g _.__JI_ 411-2-61 7,8 _f§ 0’3—_,‘ - i § 6,15 7,75
0,252 — 0,25- = lox] 15 =

= | = = S

pas - g o —-6x0,3} =

4405 nmnnmmmnnnnn

N, . | 6,15

=" 7 8 — 7,75

,’ \\ (71% Printed Solder Coverage by Area)

; AN
" Non Solder Mask Defined Pad \\ Example Via Layout Design
e \ Via layout may vary dfependlng
I T ~_ N on layout constraints
/'v// ™ Example Solder Mask Opening \\ (Note D, F)
(Note F) \\_» <_12)(/]’0
16x90,3 —1® © 0 O
‘ O O O O
TETY pdgte e oo
r—O O O O

Example Stencil Design

4207624-3/T 06/14

NOTES:

Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.

wi3 TEXAS
INSTRUMENTS

www.ti.com


http://www.ti.com/lit/slua271

IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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