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5 Pin Configuration and Functions

YFF Package

28-PinDSBGA

Top View

1 2 3 4
A[0O OO O
B[O O O O
clO O OO
DO O O O
EIO O OO
FIO O O O
G|O O O O

For package dimensions, see #l#, HEMATITMER

Pin Functions

PIN
TYPE DESCRIPTION
NAME NO.
DC-DC output. The 5-V power pin can supply 55 mA of regulated current to the HDMI
5VOUT F1 Power Out | receiver. Separate DC-DC converter control pin CT_CP_HPD disables the DC-DC converter
when operating at low-power mode.
CEC_A B2 110 System-side CEC bus I/O. This pin is bidirectional and referenced to Vcca.
CEC_B D3 110 HDMI-side CEC bus I/O. This pin is bidirectional and referenced to the 3.3-V internal supply.
CLK—, CLK+ G4, F4 ESD ll;lr:gr;-speed ESD clamp: provides ESD protection to the high-speed HDMI differential data
DC-DC Enable. Enables the DC-DC converter and HPD circuitry when CT_CP_HPD = H.
CT_CP_HPD b1 Control The CT_CP_HPD is referenced to Vca.-
DO-, DO+, E4, D4, . . ) . _— . .
D1- . D1+, C4 B4 ESD Il;lrllgts]—speed ESD clamp: provides ESD protection to the high-speed HDMI differential data
D2-, D2+ A4, A3
Feedback input. This pin is a feedback control pin for the DC-DC converter. It must be
FB El |
connected to 5VOUT.
B3, C3, :
GND D2, E2 Ground Device ground
HPD_A c2 o System-side output for the hot plug detect. This pin is unidirectional and is referenced to
Veea
HDMI-side input for the hot plug detect. This pin is unidirectional and is referenced to
HPD_B G3 |
- 5VOUT.
Level shifter enable. This pin is referenced to Vcca. Enables SCL, SDA, CEC level shifters,
LS_COE Al Control and LDO when LS_OE = H.
P c1 Analog DC-DC converter ground. This pin must be tied externally to the system GND plane. See
GND Ground Layout Guidelines.
SCL_A B1 110 System-side input and output for 12C bus. This pin is bidirectional and referenced to Vca.
SCL_B E3 110 HDMI-side input and output for I2C bus. This pin is bidirectional and referenced to 5VOUT.
SDA_A C1 110 System-side input and output for 12C bus. This pin is bidirectional and referenced to Vca.
SDA B F3 110 HDMI-side input and output for I2C bus. This pin is bidirectional and referenced to 5VOUT.
SW F2 | Switch input. This pin is the inductor input for the DC-DC converter.
VAT G2 Supply Battery supply. This voltage is typically 2.3 Vto 5.5 V
Veea A2 Supply System-side supply. this voltage is typically 1.2 V to 3.3 V from the core microcontroller.
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Table 1. YFF Package Pin Mapping

1 2 3 4
A LS _OE Veea D2+ D2—
B SCL_A CEC_A GND D1+
c SDA_A HPD_A GND D1-
D CT_CP_HPD GND CEC B DO+
E FB GND SCL_B DO-
F 5vVOouUT SwW SDA B CLK+
G Penp VBAT HPD B CLK—

Copyright © 2011-2016, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
Veea Supply voltage 4 \Y
VBaT Supply voltage -0.3 6
HPD_B, Dx, CLKx -0.3 6
V| Input voltage \%
CT_CP_HPD, LS_OE -0.3 4
Voltage range applied to any output in the high- | SCL_A, SDA_A, CEC_A, HPD_A —0.3 4
impedance or power-off state® SCL B, SDA B, CEC B 03 6
Vo = — — \%
Voltage range applied to any output in the high or | SCL_A, SDA_A, CEC_A, HPD_A -0.3 Veea+ 0.3
low state® SCL_B, SDA_B, CEC_B -0.3 6
Ik Input clamp current V, <0 -50 mA
lok Output clamp current Vo <0 -50 mA
loutmax  Continuous current through 5VOUT or GND +100 mA
Tstg Storage temperature -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) The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

(3) The package thermal impedance is calculated in accordance with JESD 51-7.

6.2 ESD Ratings

VALUE UNIT
All pins except B1, C1, B2,
D1, AL, and A2 +2500
Human-body model (HBM), per ANSI/ESDA/JEDEC JS- -
001 Pins E4, D4, B4, C4, D2+,
Electrostati D2-, F4, G4, E3, F3, D3, +15000
ectrostatic G3, F1, and E1
Viesn) discharge - P 2 Y
Charged-device model (CDM), per JEDEC specification JESD22-C101?) +1000
Pins D4, E4, B4, C4, A3,
IEC 61000-4-2 contact discharge A4, F4, G4, E3, F3, D3, +8000
G3, F1, E1
(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.
6.3 Recommended Operating Conditions
over recommended operating free-air temperature range (unless otherwise noted)
SUPPLY MIN NOM MAX | UNIT
Veea Supply voltage 11 3.6 \Y
VAT Supply voltage 2.3 5.5 \%
SCL_A, SDA_A
= = 0.7 x V, V,
CEC_A Veea=1.1V 10 3.6 V cea cea
CT_CP_HPD, LS_OE 1 3.6
. . 0.7 x
Vi High-level input voltage SCL_B, SDA B 5VOUT 5VOUT \%
5VOUT =5V 0.7 x 3.3 3.3
CECB (internal) @ (internal)®
HPD_B 2 5VOUT

(1) '3.3V (internal)' is an internally generated voltage node for the CEC_B output buffer supply reference. An LDO generates this 3.3 V from
5VOUT when LS_OE =H & CT_CP_HPD =H.

Copyright © 2011-2016, Texas Instruments Incorporated
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Recommended Operating Conditions (continued)

over recommended operating free-air temperature range (unless otherwise noted)

SUPPLY MIN NOM MAX | UNIT
SCL_A, SDA_A, 0 0.082 x
CEC_A Veea=1.1V103.6V Veea
CT_CP_HPD, LS_OE 0 0.4
. 0.3 x
Vi Low-level input voltage SCL_B, SDA_B 0 5VOUT \%
CEC B 5VOUT =5V 0 0.3 x 3?%
(internal)
HPD_B 0 0.8
Low-level input voltage SCL_A, SDA_A, _ 0.065 x
Vie (contention) CEC_A Veca=11V103.6V 0 Veea v
VoL — SCL_A, SDA_A, _ 0.1 x
Vie Delta between Vg and V| ¢ CEC_A Veeca=11V1to 3.6V Veea \%
Ta Operating free-air temperature —40 85 °C
6.4 Thermal Information
TPD12S015A
THERMAL METRIC® YFF (DSBGA) UNIT
28 PINS
Rgia Junction-to-ambient thermal resistance 63 °C/W
Rojctop) Junction-to-case (top) thermal resistance 0.4 °C/W
Rgis Junction-to-board thermal resistance 9.2 °C/W
WIT Junction-to-top characterization parameter 1.6 °C/W
Vi Junction-to-board characterization parameter 9.1 °C/W
Roscbot) Junction-to-case (bottom) thermal resistance N/A °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.5 Electrical Characteristics: ¢

PARAMETER PIN TEST CONDITIONS MIN TYP MAX | UNIT
| Standby V 1/0 = High 2 A
= Hi
CCA Active CCA 9 15 H
Standby CT_CP_HPD-=L, LS_OE=L, HPD_B=L 2 PA
| DC-DC and HPD active Vv CT_CP_HPD=H, LS_OE=L, HPD_B=L 30 50
ccB BAT
DC-DC, HPD, DDC, CEC CT_CP_HPD=H LS_OE=H, HPD_B-=L,
. - 225 300
active /0 =H
6.6 Electrical Characteristics: High-Speed ESD Lines: Dx, CLK
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
lorr ‘():il;rsrent from 10 port to supply Vee =0V, Vig =33V 0.01 0.5 HA
VpL Diode forward voltage Ip =8 mA, Lower clamp diode 0.85 1 Y
Rpyn Dynamic resistance I=1A D, CLK 1 Q
. Vee =5V 13 pF
Cio 10 capacitance Vip = 2.5 V D, CLK
VBRr Break-down voltage llo=1mA 9 12 \%
6 Copyright © 2011-2016, Texas Instruments Incorporated
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6.7 Electrical Characteristics: DC-DC Converter

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VAT Input voltage range 2.3 55 \%
Total DC output voltage Includes voltage references, DC load / line
svouTt regulations, process and temperature 4.9 5 513 v
Total output voltage accuracy Includes voltage references, DC load / line
TOVA regulations, transient load / line regulations, 4.8 5 5.3 \%
ripple, process, and temperature
Vo _Ripple Output voltage ripple, loaded lo =65 mA 20| mVp-p
F_clk Internal operating frequency Vear=2.3Vto55V 35 MHz
t Start-up time From CT_CP_HPD input to 5-V power output 300 s
start 90% point H
lo Output current Vgar=2.3V1to55V 55 mA
Reverse leakage current Vg CT_CP_HPD=L,Vo=55V 2.5 HA
Leakage current from battery to | CT_CP_HPD= L
v 5 HA
o
V Und It lockout threshold Falling 2 v
ndervoltage lockout thresho
BATUVT 9 Rising 2.1 Vv
Falling 5.9 \%
VeaToOVT Overvoltage lockout threshold —
Rising 6 \%
. . Vgat = 3.6 V, a pulse of 217-Hz 600 mVp-p
Line transient response square wave, I = 20/65 mA +25 +50 | mVpk
Load transient response Vear =36V, lo =510 65 mA, pulse of 10 ks, t; 50 mVpk
=t=0.1pus
) Power supply current from Vgat | lo = 0 mA
oo (die) to DC-DC, enabled, unloaded 30 501 pA
Power supply current from Vgar =2.3Vt0o 55V, lop=0mA, CT_CP_HPD
Ibb (disabled) Vgat, DC-DC Disabled, Low 2 HA
Unloaded
Power supply current from Veea=0V
| 5 A
DD(system off) Vaar, Veea =0 V K
I_inrush Inrush current, average over Vear=2.3V1t055V,Ilg=65mA
: 100 mA
(startup) T_startup time
Tsp Thermal shutdown Increasing junction temperature 140 °C
ATsp Thermal shutdown hysteresis Decreasing junction temperature 20 °C
Short-circuit current limit from 5-Q short to GND
ISC OUtpUt 500 mA
6.8 Electrical Characteristics: Passive Components
PARAMETER TYP| UNIT
Lin External inductor, 0805 footprint 1 puH
Cin Input capacitor, 0603 footprint 4.7 uF
Cout Output capacitor, 0603 footprint 4.7 uF
Cvcca Input capacitor, 0402 footprint 0.1 uF

Copyright © 2011-2016, Texas Instruments Incorporated
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6.9 Electrical Characteristics: Voltage Level Shifter: SCL, SDA Lines (x_A/x_B Ports)
Ta =—40°C to 85°C unless otherwise specified

PARAMETER TEST CONDITIONS Vcea MIN TYP MAX| UNIT
VoHa loy =—=10 pA, V,=V|y 1.1Vto 3.6V Veea X 0.8 \%
VoLa loo =10 pA, V=V, 1.1Vto3.6V VCgAl; \%
VOHB IOH =-10 MA, V| = VlH 5VOUT x 0.9 \Y%
VOLB IOL =3 mA, V| = V||_ 0.4 \Y
AVy SDX_A (V14 — V1) 11Vto3.6V 40 v
. m
hysteresis | SDx_B (V1. — V1) 11Vto3.6V 400
SCL_A, Internal pullup connected 10
SDA_A, to Veea rail
Rpy (Internal pullup) kQ
SCL_B, Internal pullup connected 175
SDA_B, to 5-V rail '
Transient boost(_ed SCL_B, Internal pullup connected
IpuLLUPAC pullup current (rise SDA B t0 5-V rail 15 mA
time accelerator) -
| A port Veea=0V,V,orVo=0t0 3.6V ov +5 A
OFF B port 5VOUT =0V, V, or Vo =010 5.5 V 0V1t036V w5 "
| B port Vo = Veeo of GND 1.1Vto 3.6V +5 A
oz A port V| = Vg of GND 1.1Vt0 3.6V w5 M
6.10 Electrical Characteristics: Voltage Level Shifter: CEC Lines (x_A/x_B Ports)
Ta =—40°C to 85°C unless otherwise specified
PARAMETER TEST CONDITIONS Vcea MIN TYP MAX| UNIT
1.1Vto
VoHa lon =-10 UA, V=V 36V Veea % 0.8 \
1.1Vto V X
Voua loL =10 WA, V=V, 36V 08%\17 vV
3.3v
VOHB IOH =-10 UA, V| = VIH (internal) X \Y
0.9
VOLB |o|_ =3 mA, V| = V||_ 0.4 \
1.1Vto
~ |CEC.A (Vs = V1) 36V 40
AV hysteresis 1Vt mV
. 0
CEC_B (V1+— V1)) 36V 300
CEC_A Internal pu]lup connected 10
to Ve rail
Rpy (Internal pullup) kQ
CEC B Internal pullup connected 26
- to internal 3.3-V rall
A port Veea=0V,V,orVg=01t03.6V oV 5
| A
OFF B port 5VOUT =0V, V,0r Vo =0 t0 5.5 V. ov {? 36 gl "
1.1Vto
I B port Vo = Vcco or GND 36V +5 A
oz [
1.1Vto
A port V| = Ve or GND 36V +5

(1) 3.3V (internal) is an internally generated voltage node for the CEC_B output buffer supply reference. An LDO generates this 3.3 V from
5VOUT when LS_OE =H & CT_CP_HPD =H

Copyright © 2011-2016, Texas Instruments Incorporated
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6.11 Electrical Characteristics: Voltage Level Shifter

Ta =—40°C to 85°C unless otherwise specified

: HPD Line (x_A/x_B Ports)

PARAMETER TEST CONDITIONS Veea MIN TYP MAX | UNIT
VoHa lon==3mMA, V,=Vy 1.1Vto3.6V Veea X 0.7 \%
VoLa loL = 3 mA, V=V, 1.1Vto3.6V 0.4 \%
AVt
hysteresis HPD_B (V14 — V1) 11Vt 3.6V 200 mv
Internal pulldown
Rpp (Internal pulldown) | HPD_B, connected to GND 11 kQ
loz A port V| = V¢ Or GND 3.6V 5 HA
6.12 Electrical Characteristics: LS_OE, CT_CP_HPD
Ta =—40°C to 85°C unless otherwise specified
PARAMETER TEST CONDITIONS Vcea MIN TYP MAX | UNIT
I V), = Vcea Of GND 1.1Vto3.6V 12| A
6.13 Electrical Characteristics: I/O Capacitance
Ta =—40°C to 85°C unless otherwise specified
PARAMETER TEST CONDITIONS Veea MIN TYP MAX UNIT
C Control V, = 1.89 V or GND, AC input = 30 mV(p-p); = 10 MHz 11Vto3.6 7.1 pF
inputs \%
Vo =1.89 V or GND, AC input = 30 mV(p-p); f = 10 MHz, 1.1Vto 3.6
c A port CT_CP_HPD=H, LS OE=L v 8.3 pF
10 .
Vo =5V or GND, AC input = 30 mV(p-p); f = 10 MHz,
B port CT_CP_HPD = H, LS_OE = L 33V 15 PF
SCL_B, _ _ . . _ f= K
SDA B Vgat = 0V, Vpias = 2.5 V; AC input = 3.5 V(p-p); f = 100 kHz oV 20 pF
Co \k/EéT =0V, Vpias = 1.65 V; AC input = 2.5 V(p-p); f = 100 oV 20 pF
CEC_B v 3.3V, V, 1.65 V; AC input = 2.5 V(p-p); f = 100
BAT = 3.9 V, Vpjgs = 1. ; Input = 2. p-p);t=
kHz, CT_CP_HPD =H, LS_OE = L 33V 20 pF
6.14 Switching Characteristics
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
c Bus load capacitance (B side) 750 .
- Bus load capacitance (A side) 15 P

6.15 Switching Characteristics:

Voltage Level Shifter: SCL, SDA Lines (x_A & x_B ports); Vcca

=12V
VCCA =12V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
. AtoB 344
tpHL Propagation delay DDC Channels Enabled ns
Bto A 355
. AtoB 452
tpLH Propagation delay DDC Channels Enabled ns
Bto A 178
A port fall time A Port 138
t - DDC Channels Enabled ns
B port fall time B Port 83
A port rise time A Port 194
t — DDC Channels Enabled ns
B port rise time B Port 92
fmax Maximum switching frequency DDC Channels Enabled 400 kHz
Copyright © 2011-2016, Texas Instruments Incorporated 9
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6.16 Switching Characteristics: Voltage Level Shifter: CEC Line (x_A & x_B ports); Vecca = 1.2V

PARAMETER PINS TEST CONDITIONS MIN TYP MAX UNIT
‘ AtoB 445
ns

PLH _ BtoA 337

Propagation delay AtoB CEC Channels Enabled -

0

t S
pL BtoA 0.266 "

A port fall time A Port 140
t - CEC Channels Enabled ns

B port fall time B Port 96

A port rise time A Port 202 ns
te — CEC Channels Enabled

B port rise time B Port 15 us

6.17 Switching Characteristics: Voltage Level Shifter: HPD Line (x_A & x_B ports); Veca = 1.2V

VCCA =12V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
tpLH i Bto A 10
Propagation delay CEC Channels Enabled us
tpLH Bto A 9
t A port fall time A Port CEC Channels Enabled 0.67 ns
tr A port rise time A Port CEC Channels Enabled 0.74 ns

6.18 Switching Characteristics: Voltage Level Shifter: SCL, SDA Lines (x_A & x_B ports); Vcea

=15V
VCCA =15V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
‘ AtoB 335
PLH . Bto A 265
Propagation delay DDC Channels Enabled ns
‘ AtoB 438
PLH Bto A 169
A port fall time A Port 110
t - DDC Channels Enabled ns
B port fall time B Port 83
A port rise time A Port 190
t, — DDC Channels Enabled ns
B port rise time B Port 92
fmax Maximum switching frequency DDC Channels Enabled 400 kHz

6.19 Switching Characteristics: Voltage Level Shifter: CEC Line (X_A & x_B ports); Veca = 1.5V

VCCA =15V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX UNIT
¢ AtoB 437
ns
PLH _ Bto A 267
Propagation delay Ao B CEC Channels Enabled 13
0
t S
PLH Bto A 0.264 W
A port fall time A Port 110
t - CEC Channels Enabled ns
B port fall time B Port 96
A port rise time A Port 202 ns
tr — CEC Channels Enabled
B port rise time B Port 15 us

10 Copyright © 2011-2016, Texas Instruments Incorporated
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6.20 Switching Characteristics: Voltage Level Shifter: HPD Line (x_A & x_B ports); Vecca = 1.5V

Veea=15V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX UNIT
tpLH i Bto A 10
Propagation delay CEC Channels Enabled ps
tpLH Bto A 9
t A port fall time A Port CEC Channels Enabled 0.47 ns
tr A port rise time A Port CEC Channels Enabled 0.51 ns

6.21 Switching Characteristics:

Voltage Level Shifter: SCL, SDA Lines (x_A & x_B ports); Vcca

=18V
VCCA =18V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
¢ AtoB 334
PLH ] Bto A 229
Propagation delay DDC Channels Enabled ns
‘ AtoB 431
PLH Bto A 169
A port fall time A Port 94
t - DDC Channels Enabled ns
B port fall time B Port 83
A port rise time A Port 191
tr — DDC Channels Enabled ns
B port rise time B Port 92
fmax Maximum switching frequency DDC Channels Enabled 400 kHz

6.22 Switching Characteristics:

Voltage Level Shifter: CEC Line (x_A & x_B ports); Veca = 1.8V

VCCA =18V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
‘ AtoB 441
ns
PLH . Bto A 231
Propagation delay Ao B CEC Channels Enabled 13
0
t S
PLH Bto A 0.26 "
A port fall time A Port 94
t - CEC Channels Enabled ns
B port fall time B Port 96
A port rise time A Port 201 ns
t, — CEC Channels Enabled
B port rise time B Port 15 ps

6.23 Switching Characteristics:

Voltage Level Shifter: HPD Line (x_A & x_B ports); Veca = 1.8V

VCCA =18V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
tpLH . Bto A 10
Propagation delay CEC Channels Enabled us

tPLH Bto A 9

t A port fall time A Port CEC Channels Enabled 0.41 ns

te A port rise time A Port CEC Channels Enabled 0.45 ns
Copyright © 2011-2016, Texas Instruments Incorporated 11
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6.24 Switching Characteristics: Voltage Level Shifter: SCL, SDA Lines (x_A & x_B ports); Veca

=25V
VCCA =25V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
‘ AtoB 330
PLH _ Bto A 182
Propagation delay DDC Channels Enabled ns
‘ AtoB 423
PLA BtoA 166
A port fall time A Port 79
t - DDC Channels Enabled ns
B port fall time B Port 83
A port rise time A Port 188
te — DDC Channels Enabled ns
B port rise time B Port 92
fmax Maximum switching frequency DDC Channels Enabled 400 kHz

6.25 Switching Characteristics: Voltage Level Shifter: CEC Line (x_A & x_B ports); Veca =25V

VCCA =25V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX| UNIT
¢ AtoB 454
ns
PLH _ Bto A 184
Propagation delay CEC Channels Enabled
‘ AtoB 13
s
PLH Bto A 0.255 !
A port fall time A Port 79
t - CEC Channels Enabled ns
B port fall time B Port 96
A port rise time A Port 194 ns
tr — CEC Channels Enabled
B port rise time B Port 15 ps

6.26 Switching Characteristics: Voltage Level Shifter: HPD Line (X_A & x_B ports); Veca = 2.5V

VCCA =25V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX UNIT
tpLH . Bto A 10
Propagation delay CEC Channels Enabled us
tpLH Bto A 9
tf A port fall time A Port CEC Channels Enabled 0.37 ns
tr A port rise time A Port CEC Channels Enabled 0.39 ns

6.27 Switching Characteristics: Voltage Level Shifter: SCL, SDA Lines (x_A & x_B ports); Vcca

=33V
Veea =33V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
‘ AtoB 323
PLH _ Bto A 158
Propagation delay DDC channels enabled ns
‘ AtoB 421
PLH BtoA 162
A port fall time A Port 71
t - DDC channels enabled ns
B port fall time B Port 84
A port rise time A Port 188
tr — DDC channels enabled ns
B port rise time B Port 92
fmax Maximum switching frequency DDC channels enabled 400 kHz

12 Copyright © 2011-2016, Texas Instruments Incorporated
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6.28 Switching Characteristics: Voltage Level Shifter: CEC Line (x_A & x_B ports); Veca = 3.3V

PARAMETER PINS TEST CONDITIONS MIN TYP MAX UNIT
‘ AtoB 450
ns

PLH _ BtoA 160

Propagation delay AtoB CEC channels enabled -

0

t; S
PLH Bto A 0.251 H

A port fall time A Port 71
t - CEC channels enabled ns

B port fall time B Port 96

A port rise time A Port 194 ns
te — CEC channels enabled

B port rise time B Port 15 us

6.29 Switching Characteristics:

Voltage Level Shifter: HPD Line (x_A & x_B ports); Veca = 3.3V

VCCA =33V
PARAMETER PINS TEST CONDITIONS MIN TYP MAX | UNIT
tpLH i Bto A 10
Propagation delay CEC channels enabled us

tpLH Bto A 9

t A port fall time A Port CEC channels enabled 0.35 ns

tr A port rise time A Port CEC channels enabled 0.37 ns
Copyright © 2011-2016, Texas Instruments Incorporated 13
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6.30 Typical Characteristics
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Figure 6. IEC Clamping Waveforms -8 kV Contact (IEC ESD
Pins)
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Typical Characteristics (continued)
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Figure 7. Channel-to-Channel Crosstalk

1.00000

-1.00000

-3.00000

-5.00000

-7.00000

-9.00000

Insertion Loss (dB)

-11.00000

-13.00000

-15.00000
1.000E+07 1.000E+08 1.000E+09 1.000E+10
Frequency (Hz)

Figure 8. Insertion Loss Data Line to GND
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Figure 9. Power Derating Curve
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Figure 11. Eye Diagram Performance on a Test Board for
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Figure 12. Eye Diagram Performance on a Test Board for
the D+, D- Lines at 3.3 Gbps
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Typical Characteristics (continued)
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Figure 13. Eye Diagram Performance on a Test Board for the D+, D- Lines at 3.3 Gbps
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7 Parameter Measurement Information

Veel Veeo

DUT

IN ouT

Input LI CL 1MQ

Copyright © 2016, Texas Instruments Incorporated

PIN CL

DDC, CEC (A side) 750 pF

DDC, CE_C, HPD (B 15 pF
side)

Input

Output

A. Ry termination resistance must be equal to Zoyt of pulse generators.

w

C, includes probe and jig capacitance.

C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, slew rate
21 Vins.

D. The outputs are measured one at a time, with one transition per measurement.
E. tpiy and tpy, are the same as tog.

Figure 14. Test Circuit and Voltage Waveforms
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8 Detailed Description

8.1 Overview

The TPD12S015A is an integrated interface solution for HDMI 1.3/1.4 interfaces, for both portable and non-
portable electronics applications. It has a boost DC-DC converter that uses the 2.3-V to 5.5-V internal power
supply and outputs regulated 5-V standard compliant power supply to the cable. This power supply output has
current limit and short-circuit protection function. There are bidirectional level shifting and signal conditioning
circuits on CEC, SCL, SDA with pullup resistors integrated to minimize the external passive discrete component
use. There is also a unidirectional level shifter for HPD signal that translates the 5-V HPD down to Vcca level.
The HPD_B port has a glitch filter to avoid false detection due to the bouncing while inserting the HDMI plug. For
the eight TMDS lines, there are high-speed ESD diodes on each line to make sure that the system pass 8-kV
contact ESD.

8.2 Functional Block Diagram

M M M
Ll—l FB (IEC) L‘—l VBAT Ll—l SW
|

5VOUT (IEC) CT_CP_HPD

1o 5V . " [
[] DC/DC ]

T 470k
T PGND
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3.3V

Dx+, Dx- LDO  — (Internal) I::I

CLK+, CLK-

(IEC) HDMI
ESD Clamp
(x8)

‘ j
L LS_OE_INTERNAL 470k

A9
—
lm
(@)
M
-

5vouUT Veea

HPD_B (IEC) HPD_A
1 > ]

]
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CEC;_B (IEC) ~ _§26k %Ok
[ ¢ L]
L
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N 5VOUT

Veea
1.75k < gl Ok
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< _%1 Ok
.
ERC ® |_:|
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PGND,—E PGND GND,—E =
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L

p_

P
(@)
m
(@)

SCL_B (IEC)

SDA B (IEC)
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3.3 V (Internal) is an internally generated voltage node for the CEC_B output buffer supply reference. An LDO
generates this 3.3 V from 5VOUT when LS_OE = H & CT_CP_HPD =H.
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8.3 Feature Description

8.3.1 Rise-Time Accelerators

The HDMI cable side of the DDC lines incorporates rise-time accelerators to support the high capacitive load on
the HDMI cable side. The rise time accelerator boosts the cable side DDC signal independent of which side of
the bus is releasing the signal.

8.3.2 Internal Pullup Resistor

The TPD12S015A has incorporated all the required pullup and pulldown resistors at the interface pins. The
system is designed to work properly with no external pullup resistors on the DDC, CEC, and HPD lines. For
proper system operation, no external resistors must be placed at the A and B ports. If there is internal pullups at
the host processor, they must be disabled.

8.3.3 Undervoltage Lockout

The undervoltage lockout circuit prevents the DC-DC converter from malfunctioning at low input voltages and
from excessive discharge of the battery. It disables the output stage of the converter once the falling V| trips the
undervoltage lockout threshold Vgatyy. The undervoltage lockout threshold Vgaryy for falling Vi is typically 2 V.
The device starts operation once the rising V,y trips undervoltage lockout threshold Vgaryy again at typical 2.1 V.

8.3.4 Soft Start

The DC-DC converter has an internal soft-start circuit that controls the ramp-up of the output voltage. The output
voltage reaches its nominal value within tg,,; Of typically 250 ps after CT_CP_HPD pin has been pulled to high
level. The output voltage ramps up from 5% to its nominal value within tgay, of 300 ps. This limits the inrush
current in the converter during start-up, and prevents possible input voltage drops when a battery or high
impedance power source is used. During soft start, the switch current limit is reduced to 300 mA until the output
voltage reaches V,y. Once the output voltage trips this threshold, the device operates with its nominal current
limit ILIMF.

8.3.5 DDC/CEC Level Shifting Function

The TPD12S015A enables DDC translation from Vcca (System side) voltage levels to 5-V (HDMI cable side)
voltage levels without degradation of system performance. The TPD12S015A contains two bidirectional open-
drain buffers specifically designed to support up-translation and down-translation between the low voltage, Vcca
side DDC-bus and the 5-V DDC-bus. The port B I/Os are overvoltage tolerant to 5.5 V even when the device is
unpowered. After power up and with the LS_OE and CT_CP_HPD pins high, a low level on port A (below
approximately V| c = 0.08 x Vca V) turns the corresponding port B driver (either SDA or SCL) on and drives port
B down to Vg, g V. When port A rises above approximately 0.10 x Vcca V, the port B pulldown driver is turned off,
and the internal pullup resistor pulls the pin high. When port B falls first and goes below 0.3 x 5VOUT, a CMOS
hysteresis input buffer detects the falling edge, turns on the port A driver, and pulls port A down to approximately
Vora = 0.16 x Ve V. The port B pulldown is not enabled unless the port A voltage goes below V| c. If the port A
low voltage goes below V, ¢, the port B pulldown driver is enabled until port A rises above (V| ¢ + AVt hysTa);
then port B, if not externally driven LOW, continues to rise being pulled up by the internal pullup resistor.

Copyright © 2011-2016, Texas Instruments Incorporated 19
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Feature Description (continued)
Veea 5VOUT
@ lacceL CMP2
Rpua CMP1 Reus S 700 mV
ACCEL
150 mV :’ Glitch E =
r Filter ° Port B
b
Port A X'—: L J
DDC Lines Only

Copyright © 2016, Texas Instruments Incorporated

Figure 15. DDC/CEC Level Shifter Block Diagram

8.3.6 DDCI/CEC Level Shifting Function When Vcea = 1.8V

e The threshold of CMP1 is approximately 150 mV + the 40 mV of total hysteresis.
« The comparator trips for a falling waveform at approximately 130 mV
e The comparator trips for a rising waveform at approximately 170 mV

e To be recognized as a zero, the level at Port A must first go below 130 mV (VILC in spec) and then stay
below 170 mV (VILA in spec)

» To be recognized as a one, the level at A must first go above 170 mV and then stay above 130 mV
* VILC is setto 110 mV to give some margin to the 130 mV

e VILA is set to 140 mV to give some margin to the 170 mV

* VIHA is set to 70% of V¢ to be consistent with standard CMOS levels

VIV
a

18.0 17.5 20.0 2258 250 Z7.5
time {uSec)

Figure 16. DDC/CEC Level Shifter Operation (B to A Direction)

20 Copyright © 2011-2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tpd12s015a?qgpn=tpd12s015a
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPD12S015A

www.ti.com.cn ZHCS354D —JUNE 2011 -REVISED JULY 2016

Feature Description (continued)
8.3.7 CEC Level Shifting Function

The CEC level shift function operates in the same manner as the DDC lines except that the CEC line does not
need the rise time accelerator function.

8.4 Device Functional Modes

8.4.1 Enable

The DC-DC converter is enabled when the CT_CP_HPD is set to high. At first, the internal reference is activated
and the internal analog circuits are settled. Afterwards, the soft start is activated and the output voltage is
ramped up. The output voltage reaches its nominal value in typically 250 nus after the device has been enabled.
The CT_CP_HPD input can be used to control power sequencing in a system with various DC-DC converters.
The CT_CP_HPD pin can be connected to the output of another converter, to drive the EN pin high and getting a
sequencing of supply rails. With CT_CP_HPD = GND, the DC-DC enters shutdown mode.

8.4.2 Power Save Mode

The TPD12S015A integrates a power save mode to improve efficiency at light load. In power save mode the
converter only operates when the output voltage trips below a set threshold voltage. It ramps up the output
voltage with several pulses and goes into power save mode once the output voltage exceeds the set threshold
voltage. The PFM mode is left and PWM mode entered in case the output current can not longer be supported in
PFM mode.

Table 2. System Block Diagram Function Table

5VOUT | A-SIDE Dgl%EB' Cg%EB' CECLDO | pe.pc & | DDCICEC | ICC Veea | ICC VBAT
LS_OE | CT_CP_HPD Veea VBAT = COMMENT
PULLUPS | PULLUPS | PULLUPS VLTs TYP TYP
Fully
L L 18V 33V off off off off off off off 1pA 1pA Disabied
L H 18V 33V on on on off off on off 1pA 30 pA D%‘fc
H L 18V 33V off off off off off off off 1pA 1pA NOS[tz\i/tZ“d
H H 18V 33V On On On On On Oon Oon 13 pA 255 pA Fully On
X X ov ov off High-Z High-Z High-Z off off off 0 0 Power
Down
X X 18V ov off Low High-Z High-Z off off off 0 0 Power
Down
X X ov 33V off High-Z High-Z High-Z off off off 0 0 E‘;"vvvi’
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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 must
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TPD12S015A is an integrated solution for HDMI 1.3/1.4 interface. The device has a boost converter on the
power supply, signal conditioning circuits on CEC, SCL, SDA, HPD lines, and ESD protection on the TMDS lines.
To get the best performance, see Design Requirements, Detailed Design Procedure, and Application Curves.

9.2 Typical Applications

Some HDMI controller chips may have two GPIOs to control the HDMI interface chip. Figure 17 shows how
TPD12S015A is used in this situation. Whereas some HDMI driver chips may have only one GPIO(CT_CP_HPD)
available. In this situation, LE_OE pin is tied to HPD_A instead. Figure 18 shows how TPD12S015A is used in
this situation.

12V 033V {’l;— = ~
bl
01F T VCCA CT_CP_HPD LS_OE
HOT PLUG 1 HPD_B HPD_A
UTILITY 2
TMDS_D2+ 3 | D2+
GND 4 ¢—
TMDS_D2- 5 D2-
_ TMDSD1+ 6 D1+
o GND 7 $—1
©  TMDsDI- 8 D1-
g TMDS_DO+ 9 DO+TPD128015A HDMI Controller
g GND 10 $—
¢) TMDS_Do- 11 Do-
E TMDS_CLK+ 12 ke
ra) GND 13 ¢—
I TMDS_CLK- 14 CLK-
CEC 15 CEC_B CEC_A
GND 16 $—
SCL 17 SCL_B SCL A
SDA 18 SDA_B SDA_A
P5V 19 9 5V_OuT VBAT p—¢-
GND 20 ¢ 4.7|.|F—]— FB__ GND/Peyp S.[W %HJH Battery Supply
4 oI L L ane (2.3V to 5.5V)

- L
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Figure 17. Application Schematics for HDMI Controllers With Two GPIOs for HDMI Interface Control

22 Copyright © 2011-2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tpd12s015a?qgpn=tpd12s015a
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
TPD12S015A
www.ti.com.cn ZHCS354D —JUNE 2011—REVISED JULY 2016
Typical Applications (continued)
1.2V to 3.3V
l ﬁ."\
P
010F T vccA CT_CP_HPD LS OE |; | '
. ]
- 11
HOT PLUG 1 HPD_B HPD_A ‘\. ,'
UTILITY 2
TMDS_D2+ 3 | D2+
GND 4 $—
TMDS_D2- 5 D2-
TMDSD1+ 6 D1+
e
o GND 7 $—
©  TMDSDi- 8 D1-
8 TMDS_DO+ 9 D0+TPD1ZSO15A HDMI Controller
g GND 10 $—9
¢) TMDS_DO- 11 Do-
E TMDS_CLK+ 12 ks
o GND 13 $—4
I TMDS_CLK- 14 CLK-
CEC 15 CEC_B CEC_A
GND 16 ¢—f
SCL 17 sCcL_B SCL_A
SDA 18 SDA_B SDA_A
P5V 19 7 5V_OUuT VBAT p—o
GND 20 ¢—¢ 47pF 1 FB GN'?"GND SW §1UH Battery Supply
- I: E— = —— 47 (2.3V to 5.5V)
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Figure 18. Application Schematics for HDMI Controllers With One GPIO for HDMI Interface Control

9.2.1 Design Requirements
Table 3 lists the known system parameters for an HDMI 1.3/1.4 application.

Table 3. Design Parameters

DESIGN PARAMETER VALUE
5V_OUT DC current 55 mA
CEC_A, HPD_A, SCL_A, SDA_A voltage level Veea
HDMI data rate per TMDS signal pair 3.4 Gbps
Required IEC 61000-4-2 ESD Protection +8-kV Contact

9.2.2 Detailed Design Procedure

9.2.2.1 Inductor Selection

To make sure that the TPD12S015A devices can operate, an inductor must be connected between pin Vgar and
pin SW. A boost converter normally requires two main passive components for storing energy during the
conversion. A boost inductor and a storage capacitor at the output are required. To select the boost inductor, TI
recommends keeping the possible peak inductor current below the current limit threshold of the power switch in
the chosen configuration. The highest peak current through the inductor and the switch depends on the output
load, the input (Vgat), and the output voltage (5VOUT). Use Equation 1 to estimate the maximum average
inductor current.
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Voo
It max = lour x i
n x Vin (1)

For example, for an output current of 55 mA at 5VOUT, approximately 150 mA of average current flows through
the inductor at a minimum input voltage of 2.3 V.

The second parameter for choosing the inductor is the desired current ripple in the inductor. Normally, it is
advisable to work with a ripple of less than 20% of the average inductor current. A smaller ripple reduces the
magnetic hysteresis losses in the inductor, as well as output voltage ripple and EMI. However, in the same way,
regulation time at load changes rises. In addition, a larger inductor increases the total system size and cost. With
these parameters, it is possible to calculate the value of the minimum inductance by using Equation 2.

Vin x (VOUT - VIN)
Alcx fxVour

Luiv =

where
« fis the switching frequency
e Al is the ripple current in the inductor, that is, 20% x I_ (2)

With this calculated value and the calculated currents, it is possible to choose a suitable inductor. In typical
applications, Tl recommends 1-pH inductance. The device has been optimized to operate with inductance values
between 1 pH and 1.3 pH. Tl recommends using at least 1-uH inductance, even if Equation 2 yields something
lower. Take care so that load transients and losses in the circuit can lead to higher currents as estimated in
Equation 3. Also, the losses in the inductor caused by magnetic hysteresis losses and copper losses are a major
parameter for total circuit efficiency.

With the chosen inductance value, the peak current for the inductor in steady state operation can be calculated.
Equation 3 shows how to calculate the peak current I.

Vinx D lour

1L (pear) = +
w 2x f'x L (l—D)xn
D= Vour —Vin
where Vour (3)

This would be the critical value for the current rating for selecting the inductor. It also must be considered that
load transients and error conditions may cause higher inductor currents.

9.2.2.2 Input Capacitor

Because of the nature of the boost converter having a pulsating input current, a low ESR input capacitor is
required to prevent large voltage transients that can cause misbehavior of the device or interferences with other
circuits in the system. Tl recommends at least a 1.2-uF input capacitor to improve transient behavior of the
regulator and EMI behavior of the total power supply circuit. TI recommends placing a ceramic capacitor as close
as possible to the V| and GND pins; to improve the input noise filter, it is better to use a 4.7-uF capacitor.

9.2.2.3 Output Capacitor

For the output capacitor, TI recommends using small ceramic capacitors placed as close as possible to the Vgyr
and GND pins of the IC. If, for any reason, the application requires the use of large capacitors, which cannot be
placed close to the IC, Tl recommends using a smaller ceramic capacitor in parallel to the large one. This small
capacitor must be placed as close as possible to the Voyr and GND pins of the IC. To get an estimate of the
recommended minimum output capacitance, use Equation 4.

Tour x (Vour —Viv)

Cmin =
fxAV xVour
where
« fis the switching frequency
e AV is the maximum allowed ripple 4
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With a chosen ripple voltage of 10 mV, a minimum effective capacitance of 2.7 pF is needed. The total ripple is
larger due to the ESR of the output capacitor. This additional component of the ripple can be calculated using
Equation 5.

AVEgr = lout X Resr (5)

A capacitor with a value in the range of the calculated minimum must be used. This is required to maintain
control loop stability. There are no additional requirements regarding minimum ESR. There is no upper limit for
the output capacitance value. Larger capacitors cause lower output voltage ripple as well as lower output voltage
drop during load transients.

Note that ceramic capacitors have a DC Bias effect, which will have a strong influence on the final effective
capacitance needed. Therefore, the right capacitor value must be chosen very carefully. Package size and
voltage rating in combination with material are responsible for differences between the rated capacitor value and
the effective capacitance. The minimum effective capacitance value must be 1.2 uF, but the preferred value is
about 4.7 pF.

Table 4. Passive Components: Recommended Minimum Effective Values

COMPONENT MIN TARGET MAX UNIT
Cin 1.2 4.7 6.5 uF
Cout 1.2 4.7 10 uF
Lin 0.7 1 1.3 pH

9.2.2.4 CEC, HPD, SCL, SDA Level Shifting Function

To accommodate for the lower logic levels of some processors' control lines, level shifters are needed to
translate the interface voltage down to Vcca, the voltage level used by the processor. The TPD12S015A has
bidirectional level shifters on CEC, SCL, SDA lines to support the two-way communication. The pullup resistors
are integrated to minimize the number of external components. For HPD line, only one way of hot-plug indication
is needed, the level shifter is unidirectional. There is a built-in HPD_B pulldown resistor to keep the voltage level
low on the connector side when nothing is attached. Apart from the signal level translation, the rise-time
accelerators on the connector side increases the load driving capability.

9.2.25 ESD

To get the best ESD performance on the interface side pins, high performance ESD diodes are needed. The
TPD12S015A's ESD diodes on DO+, DO-, D1+, D1-, D2+, D2-, CLK+, CLK-, SCL_B, SDA B, CEC_B, HPD_B,
5VOUT, FB ensure passing 8-kV contact IEC, the highest level ESD. Signal integrity on TMDS lines is also a
design concern that needs to be evaluated to meet the HDMI 1.3/1.4 data rate. With the typical I/O capacitance
of 1.3 pF and a bandwidth above 3 GHz, Figure 12 shows that TPD12S015A's ESD structure has enough margin
to meet the data rate requirement of HDMI 1.3/1.4.

9.2.2.6 Ground Offset Consideration

Ground offset between the TPD12S015A ground and the ground of devices on port A of the TPD12S015A must
be avoided. The reason for this cautionary remark is that a CMOS/NMOS open-drain capable of sinking 3 mA of
current at 0.4 V has an output resistance of 133 Q or less. Such a driver shares enough current with the port A
output pulldown of the TPD12S015A to be seen as a LOW as long as the ground offset is zero. If the ground
offset is greater than 0 V, then the driver resistance must be less. Because VILC can be as low as 90 mV at cold
temperatures and the low end of the current distribution, the maximum ground offset must not exceed 50 mV.
Bus repeaters that use an output offset are not interoperable with the port A of the TPD12S015A as their output
LOW levels are not recognized by the TPD12S015A as a LOW. If the TPD12S015A is placed in an application
where the VIL of port A of the TPD12S015A does not go below its VILC, it pulls port B LOW initially when port A
input transitions LOW but the port B returns HIGH, so it does not reproduce the port A input on port B. Such
applications must be avoided. Port B is interoperable with all I2C bus slaves, masters, and repeaters.
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9.2.3 Application Curves

6.0 T T T Sro
5.5 Voca=Viy =25V, Ve =36V

5.0 — -
45
4.0 / ¥

3.5 /

S 30
525 f /

2.0
15 / —CT_CP_HPD | | ‘ (——

— 5VOUT (55 mA)
1.0 , 5VOUT(65 mA) | |

0.5 , o
0.0 1 - 1e0 175 200 2258 260 28

-0.5
-1.0

vy

Volta

-50 0 50 100 150 200 250 300

Time (us)

Figure 19. tstart Figure 20. DDC/CEC Level Shifting Operation (B to A
Direction)
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10 Power Supply Recommendations

See Detailed Design Procedure for detailed power supply recommendations.

11 Layout

11.1 Layout Guidelines

For proper operation, follow these layout and design guidelines.

» Place the TPD12S015A as close to the connector as possible. This allows it to remove the energy associated
with ESD strike before it reaches the internal circuitry of the system board.

» Place power line capacitors and inductors close to the pins with wide traces to allow enough current to flow
through with less trace parasitics.

» Ensure that there is enough metallization for the GND pad. A sufficient current path enables safe discharge of
all the energy associated with the ESD strike.

e The critical routing paths for HDMI interface are the high-speed TMDS lines. Make sure to match the lengths
of the differential pair. Maintain constant trace width after to avoid impedance mismatches in the transmission
lines. Maximize differential pair-to-pair spacing when possible.

11.2 Layout Example

—

anNo
BJ9AD)
20t

5
£

O 0 OO0
|:|Layer1 OOOO

Layer 2 O O O O
OO0 0O
svout O O O O
] 0306
Cout
o
PGND
0306 | e
Cin

Figure 23. Board Layout (DC-DC Components) (Top View)

List of components:

* Ly =MURATA LQM21PN1ROMCO (1 puH, 800 mA, 0805, Shielded)

* Cin=Cout = MURATA LLL31MR70J475MAO01 (4.7 uF, Low ESL type, 6.3 V, 0306, X7R)
¢ Cycca = MURATA GRM155R60J475ME87D (0.1 uF, 6.3 V, 0402, X5R)
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPD12S015AYFFR Active Production DSBGA (YFF) | 28 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 PNO15A
TPD12S015AYFFR.B Active Production DSBGA (YFF) | 28 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 PNO15A

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

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI 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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