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

FUNCTIONAL BLOCK DIAGRAM

Veus_con | | ‘ | ] Veus_ sys
Precision \
Surge
Clamping | | T
Circuit
1 i
L Control Logic 1 JACK
= Internal Bandgap and Charge
Reference Pump
P
/EN [ ]
GND [ |
Table 1. DEVICE OPERATION
Voltage Condition Current Condition
VBUS_coN VBUs svs EN Current Flow Comment ACK Pin
X <VBus_coN High No Flow Switch off High-Z
X >VBys_con High VBus_sys 10 Veus_con Switch off, current flows through the body diode High-Z
Current flows through the switch, normal device
<OVvP <VBus_coN Low VBus_con 10 Veus_svs chgrging mode Low
Current flows through the switch, normal host

<OvP >VBus_coN Low VBus_sys t0 Veus_con gmode Low
>0OVP <VBus_coN Low No Flow Switch off due to OVP High-Z
>0VP >VBys_con Low VBus_sys 10 Veus_con Switch off, current flows through the body diode High-Z

No Flow/ Current thru .

X X X Body Diode THERMAL SHUTDOWN CONDITION High-Z
<VuvLo <VBuUs_coN Low No Flow Low Voltage is cut-off from the system High-Z

2 Copyright © 2013, Texas Instruments Incorporated
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PIN DESCRIPTIONS

PIN NAME PIN NUMBER PIN TYPE DESCRIPTION
ACK B1 (0] Open-Drain Acknowledge pin. See the Device Operation section.
= Enable Active-Low Input. Drive EN low to enable the switch. Drive EN high to
EN C1l | ] )
disable the switch.
Connect to USB connector Vgys_con;
VBus_con C3,C2, B3 /0 IEC61000-4-2 ESD protection
IEC61000-4-5 Surge protection
VBus sys A3, A2, B2 /10 Connect to internal Vgys plane
GND Al, A4, B4, C4 Ground Connect to PCB ground plane

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

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

MIN MAX UNIT
Supply voltage from USB connector, Vays_con -0.3 30 \%
Internal Supply DC voltage Rail on the PCB, Vgys svs -0.5 7 \%
Voltage on Input pin (EN). Vgy -0.5 7 \Y
Voltage on ACK pin -0.5 7 \Y
Storage temperature range, Tstg -40 150 °C
Operating Free Air Temperature, T -40 85 °C
IEC 61000-4-2 Contact Discharge VBus_con Pin 15 kv
IEC 61000-4-2 Air-gap Discharge VBus_con Pin 15 kv
Human-Body Model ALL Pins +2 kv
IEC 61000-4-5 Peak Pulse Current (t, = 8/20 us) VBus_con Pin 21 A
IEC 61000-4-5 Peak Pulse Power (t, = 8/20 us) VBus_con Pin 700 w
IEC 61000-4-5 Open circuit voltage (t, = 1.2/50 us) VBus_con Pin 100 \%
Output load capacitance, C oap VBus_sys pin 0.1 50 uF
Input capacitance, Coyn VBus_con Pin 0.1 50 uF

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those specified is not implied.

(2) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.

THERMAL INFORMATION

1 Yz
THERMAL METRIC® UNITS
12 PINS
03a Junction-to-ambient thermal resistance 89
8¢ (top) Junction-to-case(top) thermal resistance 0.6
038 Junction-to-board thermal resistance 16.3
°C/IW
Wit Junction-to-top characterization parameter 2.7
Wis Junction-to-board characterization parameter 16.2
8¢ (bottom) Junction-to-case(bottom) thermal resistance n/A

(1) BXESNLFREENESER , B3 IC HERER NARE ( XES : ZHCA543) .

Copyright © 2013, Texas Instruments Incorporated 3
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN NOM MAX UNIT
VBus_con Supply voltage from USB connector 5.9 Y
VBus_svs Internal Supply DC voltage Rail on the PCB 5.9 Y
CLoaD Output load capacitance VBus_sys pin 2.2 pF
Cin Input capacitance VBus_con Pin 1 pF
RpuLLup Pull up resistor ACK pin 4.3 100 kQ
lveus Continuous current on Vgys_con and Vgys_sys pins x:ﬁzg%\‘ 35 A
IblobE Continuous current through the FET body diode 1 A

SUPPLY CURRENT CONSUMPTION

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Measured at Vgys_con pin,
| = 30 70 A
VBUS_SLEEP Vgus con Operating Current VBus_con =5V, EN =5V W
Consumption Measured at Vg in
S_CON PIn,
veus Vgus_con =5 V, EN 0 V and no load 175 373 kA
. Measured at V pin
V Operating Current BUS_SYS F L
lveus_sys c%%sshcn?gtioﬁ 9 Vgus_svs =5V, EN = 0V and 175 373|  pA
VBus con =HI Z
Measured at Vys_sys-
IHosT LEAK Host Mode Leakage current Veus con =Hi Z,EN =5V, 90 200 HA
VBus sys = 5V

ELECTRICAL CHARACTERISTICS (ﬁ, ACK PINS)
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Viy High-level input voltage, EN 1.2 6 \%
Vi Low-level input voltage, EN 0.8 \%
I Input Leakage Current EN V=33V 1 HA
VoL Low-level output voltage, ACK loL =3 mA 0.4 \%

ELECTRICAL CHARACTERISTICS (OVP CIRCUIT)
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vovp_RISING m?gsth%\igr\e;ﬁlgecglzmemion VBus_con increasing from 5 V 6 6.2 6.4 \
Vihys_ovp Hysteresis on OVP, Vgys_con \5/%530“ decreasing from 7 V to 50 mvV
Vove FALLING m?eu;h%\isr\e;ﬁlgec ghrlotection \5/%;3_00,\, decreasing from 7 V to 593 6.37 v
Vovio w:uust;r;dNer voltzage lockout, :{)BESVCON voltage rising from 0 V 31 3.3 35 vV

Difference between rising and

VHYS_UVLO HystereSIS on UVLO, VBUS_CON falllng UVLO thresholds 100 mV
Input under voltage lockout, V| voltage rising from 5 V

VUVLO_FALLING V:us con 9 IOBSSVCON g 9 3 3.2 3.4 \Y
VBus_sys under voltage lockout, VBus_sys Voltage rising from 0 V

VuvLo_sys Vaus svs t0 5V 3.1 3.6 43 \Y;

4 Copyright © 2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (OVP CIRCUIT) (continued)
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. Difference between rising and
VHYS UVLO SYS xBUS—SYS UVLO Hysteresis, falling UVLO thresholds on 480 mvV
- = BUS_SYS v
BUS_SYS
V undervoltage lockout, V voltage falling from 7 V
VUVLO. SYS FALL VBUSﬁSYS g tOBgSvSYS g 9 3 3.2 3.4 Vv
BUS_SYS
THERMAL SHUTDOWN FEATURE
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
- Thermal Shutdown Junction temperature 145 °C
SHON Thermal-Shutdown Hysteresis Junction temperature 35 °C
SWITCHING CHARACTERISTICS (nFET)
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. . Y =5V, I =1A,
Rbs(on) Switch ON Resistance TEU:S_ZCSQ’EI: out 39 50 mQ
TIMING REQUIREMENTS
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Measured from EN asserted LOW to
tpELAY USB Charging Turn-ON Delay nFET beginning to Turn ON 20 ms
excluding soft-start time
S Measure from Vgys sys rises above
tes S8 Char 9)'”9 rise time (Soft 25% (with 1 MQ load/ NO Cyoap) until 25 ms
Y ACK goes Low (10%)
Measured from EN asserted High to
toFF_DELAY USB Charging Turn-OFF time Vgus_sys falling to 10% with R oap = 4 us
10 Q and No CLOAD on VBUSfSYS
Over Voltage Protection
Measured from OVP Condition to FET
tovp response OVP Response time Turm OFFW®@. Vg cop rises at 1V / 100 ns
100ns
tovp. Recov Recovery Time gﬁ?ls)lér)ed from OVP Clear to FET Turn 20 ms

(1) Shown in TIMING DIAGRAM Plots

(2) Parameters provided for reference only, and do not constitute part of TI's published device specifications for purposes of TI's product

warranty.
(3) Excludes soft start time

Copyright © 2013, Texas Instruments Incorporated
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DEVICE INFORMATION

DEVICE OPERATION

The TPD1S414 provides a single-chip ESD protection, surge protection and over voltage protection solution for
portable USB charging and Host interfaces. It offers over voltage protection at the Vgys con Pin up to 30 V. The
TPD1S414 also provides a ACK pin that indicates to the system if a fault condition has occurred. The TPD1S414
offers an ESD clamp and a Surge Clamp for Vgys con Pin, thus eliminating the need for external TVS clamp
circuits in the application. -

The TPD1S414 has an internal oscillator and charge pump that controls the turn-on of the internal NFET switch.
The internal oscillator controls the timers that enable the charge pump and resets the open-drain ACK output. If
Vgus_con is less than Vgype, the internal charge pump is enabled. After a 15 ms internal delay, the charge-pump
starts-up, turns on the internal nFET switch through a soft start. Once the nFET is completely turned ON,
TPD1S414 asserts ACK pin LOW. At any time, if Vgys con fises above Voyp, the ACK pin is in High-Z and is
pulled HIGH through external resistors. The nFET switch is turned OFF.

OVP OPERATION

When the Vgys con Voltage rises above Vqyp, the internal nFET switch is turned OFF, removing power from the
system. The response is rapid, with the FET switch turning off in less than 100 ns. The ACK pin is set to High-Z
when an overvoltage condition is detected and the nFET is turned OFF. This pin can be pulled up through
external resistors to indicate a OVP condition. When the Vpys con VOltage returns below Voyp — Vivs.ovp, the
NFET switch is turned on again after the internal delay of tOyp recoy- This delay time ensures that the Vgys con
supply has stabilized before turning the switch back on. After toyp recov,» the TPD1S414 turns ON the nFET
through a soft start to ensure that the USB Inrush current compliance is met. When the OVP condition is cleared
and the nFET is completely turned ON, the ACK is reset LOW.

TIMING DIAGRAMS

Overtemperature
Condition
Voup — — — — — — — — — — — — — — — — — —— — — =
VBUS_CON
VUVLO_________________'______
toeLay
EN
t torr_pELaY
SS
-d—b1 .
VBus_svs

Figure 9. Thermal Shutdown Operation

8 Copyright © 2013, Texas Instruments Incorporated
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APPLICATION INFORMATION

MVBUS_CON VBUS_SYS#
Cin c
DP ;r ;r LOAD
TPD1S414
to Ve
DM ATR § tPULL;P
oM
o e PMIC
ID I
) to P
GND
ESD
TPD3E105
GND

1

Figure 10. Typical Application Configuration for TPD1S414

The IEC 61000-4-5 standard specifies the lightning and industrial surge model. Power lines like the Vg line on
the USB port is subject to switching and lightning transients. Power supply switching transients can enter the
system due to capacitor bank switching on the rail, minor load switching on the system and various system faults
like arcing to the grounding system of the installation. Direct lightning to the outer installations cause an over
voltage condition on the Vgys line. In the event of an over voltage condition, the OVP block of the Processor or
the protection circuitry turns off isolating the system from these transients. Abruptly turning off the Load, causes a
further ripple due to the inductive nature of the charging cable. End systems require protection against these
transients. These transients have greater energy than the ESD events. Systems cannot be protected from these
transients using simple ESD diodes. The TPD1S414 has a precision trigger and precision clamping circuit that
ensures a DC tolerance of 30 V while suppressing surge voltage up to 100V under 35 V.

Copyright © 2013, Texas Instruments Incorporated 9
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BOARD LAYOUT

TPD1S414 can be routed in a single layer PCB. PCB traces to Vgys svs, Vsus_con. and GND can be routed in
the fashion shown in Figure 11.

Figure 11. Vgys sys: Veus_con, and GND pins tied together

Tying Vgus sys» Veus con, and GND pins respectively together provides lower resistance connectivity between
the USB connector and the PMIC. For this example, the trace widths to Vgus svs, Vaus con are 25 mils (0.635
mm) under TPD1S414. There are no VIAs required within the SMD pads in this design. Stitching VIAs for GND
can be placed near the component instead.

The decoupling capacitors per the recommended operating settings should be placed as close as possible to the
TPD1S414. There should be a short path from the device ground pins to the system ground plane. This ensures
best protection under ESD and surge transients.

10 Copyright © 2013, Texas Instruments Incorporated
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REVISION HISTORY

Changes from Original (October 2013) to Revision A

o FIHBARMISIAM : TPD1S414 38 nFET 814 16ms Bl : TPD1S414 38 nFET 81&1F 20ms

» Deleted Peak input current on Vgys con PN, lgys from the ABSOLUTE MAXIMUM RATINGS table ..o
« Deleted Continuous forward current through the FET body diode, Ip,gpe from the ABSOLUTE MAXIMUM RATINGS

122 0] = PP PPPTRRN 3
¢ Added Voltage on ACK pin to the ABSOLUTE MAXIMUM RATINGS table ........ccoooiiiiiiiiiiiii e 3
¢ Added values to the THERMAL INFORMATION tDIE ...ccciiiiiiiiie ittt ettt e s e e st e e e s stbaaa e e s nnnaeeas 3
* Added Continuous current on Vgys con and Vgys sys pins to the RECOMMENDED OPERATING CONDITIONS

1221 o] L= PO U PP PRSTPPPUPRN 4
¢ Added Continuous forward current through the FET body diode, Ipope to the RECOMMENDED OPERATING

(010115 W@\ S = o PP 4
* Changed the lyost (eak MAX value From: 160 To: 200 pA in the SUPPLY CURRENT CONSUMPTION table ................. 4
e Changed horizontal axis 1abeliNg ON FIQUIE B .......ooiuiiiiiiiiiiii ettt et e e st e e e et eenaneeeneneeas 6
» Deleted graphs: Enabling the Load Switch, Connecting Vgys con, and OVP Operation from the TIMING DIAGRAMS

E7=To1 o] o OO PP PUPRO 8
LI O o =Yg Vo T=To I T 0T = 0 O PO UPTRUPUPPRN 9

¢ Added text to the APPLICATION INFORMATION section

Copyright © 2013, Texas Instruments Incorporated 11
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPD1S414YZR Active Production DSBGA (Y2) | 12 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 RH414
TPD1S414YZR.A Active Production DSBGA (Y2) | 12 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 RH414

@ 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPD1S414YZR DSBGA YZ 12 3000 180.0 8.4 15 199 | 0.75 | 4.0 8.0 Q2

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TPD1S414YZR DSBGA YZ 12 3000 182.0 182.0 20.0

Pack Materials-Page 2
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