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TPD2S701-Q1 Automotive USB 2-Channel Data Line Short-to-Vgys and IEC ESD Protection

1 Features
e AEC-Q100 Qualified
— —40°C to +125°C Operating Temperature
Range
e Short-to-VBUS Protection on VD+ and VD-
e ESD Performance VD+, VD-

— 8-kV Contact Discharge (IEC 61000-4-2 and
ISO 10605 330 pF, 330 Q)

— +15-kV Air-Gap Discharge (IEC 61000-4-2 and
ISO 10605 330 pF, 330 Q)
» High Speed Data Switches (1-GHz Bandwidth)
* Only Requires 5-V Power Supply
» Adjustable OVP Threshold
» Fast Overvoltage Response Time (200 ns typical)
* Thermal Shutdown Feature
» Integrated Input Enable and Fault Output Signal
e Flow-through Routing for Data Integrity
— 10-pin VSSOP Package (3 mm x 3 mm)
— 10-pin QFN Package (2.5 mm x 2.5 mm)

2 Applications

e End Equipment
— Head Unit
— Rear Seat Entertainment
— Telematics
— USB Hubs
— Navigation Modules
— Media Interface
* Interfaces
- UsSB 2.0
- USB 3.0

3 Description

The TPD2S701-Q1 is a 2-Channel Data Line Short-
to-Vgys and IEC61000-4-2 ESD protection device for
automotive high-speed interfaces like USB 2.0. The
TPD2S701-Q1 contains two data line nFET switches
which ensure safe data communication by providing
best in class bandwidth for minimal signal
degradation while simultaneously protecting the
internal system circuits from any overvoltage
conditions at the VD+ and VD- pins.

On these pins, this device can handle overvoltage
protection up to 7-V DC. This provides sufficient
protection for shorting the data lines to the USB Vpgyg
rail. The overvoltage protection circuit provides the
most reliable short to Vpyg isolation in the industry,
shutting off the data switches in 200 ns and
protecting the upstream circuitry from harmful voltage
and current spikes.

Additionally, the TPD2S701-Q1 only requires a single
power supply of 5 V in order to optimize power tree
size and cost. The OVP threshold and clamping
circuit can be adjusted by a resistor divider network to
provide a simple, cost effective way to optimize
system protection for any transceiver. The
TPD2S701-Q1 also includes a FLT pin which
provides an indication when the device sees an
overvoltage condition and automatically resets when
the overvoltage condition is removed.

The TPD2S701-Q1 also integrates system level IEC
61000-4-2 and ISO 10605 ESD clamps on the VD+
and VD- pins, thus eliminating the need for external
high voltage, low capacitance TVS clamp circuits in
the application.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
VSSOP (10) 3.00 mm x 3.00 mm

TPD2S701-Q1
QFN (10) 2.50 mm x 2.50 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions

DGS Package

DSK Package

10-Pin SSOP 10-Pin QFN
Top View Top View
4 )
O O
VD- T 1 10 D- VD- |11 107 D-
+ + | _ (T T T T | ——
VD 2 9 D VD+[ 12! 9| D+
| I
GND 3 8 VREF GND| 713 :Thger]rdnall 8 r_‘l VREF
crT k- | ——
FLT 4 7 VPWR FLT| 14! 17 77 VPWR
— N — —
EN 5 6 MODE ENf-I5 ~-| MODE
. J
Pin Functions
PIN
TYPE DESCRIPTION
NO. NAME
1 VD— /o High voltage D— USB data line, connect to USB connector D+, D— IEC61000-4-2 ESD
protection
5 VD+ /0 High voltage D+ USB data line, connect to USB connector D+, D— IEC61000-4-2 ESD
protection
3 GND Ground Ground pin for internal circuits and IEC ESD clamps
FLT o] Open-drain fault pin. See Table 1
= Enable active-low input. Drive EN low to enable the switches. Drive EN high to disable the
5 EN | . .
switches. See Table 1 for mode selection
Selects between device modes. See the Detailed Description section. Acts as LDO reference
6 MODE I
voltage for mode 1
7 VPWR | 5-V DC supply input for internal circuits. Connect to internal power rail on PCB
Pin to set OVP threshold. See the Detailed Description section for instructions on how to set
8 VREF I/0
OVP threshold
9 D+ I/0 1/0 protected low voltage D+ USB data line, connects to transceiver
10 D- I/0 Protected low voltage D— USB data line, connects to transceiver
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) ® @

MIN MAX UNIT

Vpwr 5-V DC supply voltage for internal circuitry -0.3 7.7 \%
VRer Pin to set OVP threshold -0.3 6 \%
xgt Voltage range from connector-side USB data lines -0.3 7.7 \%
D+, D— Voltage range for internal USB data lines -0.3 Vger + 0.3 \%
Vvope Voltage on MODE pin -0.3 7.7 \%
VT Voltage on FLT pin -0.3 7.7 Y
VEN Voltage on enable pin -0.3 7.7 \%
Ta Operating free air temperature ©) -40 125 °C
Tste 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 algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.

(3) Thermal limits and power dissipation limits must be observed.

6.2 ESD Ratings—AEC Specification

VALUE UNIT
Human-body model (HBM), per AEC Q100-002® | All pins +2000

All pins besides
Charged-device model (CDM), per AEC Q100-011 | corners
Corner pins +750

Vesp) Electrostatic discharge +500 \%

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 ESD Ratings—IEC Specification

VALUE UNIT

o IEC 61000-4-2 contact discharge VD+, VD- pins® +8000
V(Esb) Electrostatic discharge - - 1 \%
IEC 61000-4-2 air-gap discharge VD+, VD- pins® +15000

(1) See Figure 19 for details on system level ESD testing setup.

6.4 ESD Ratings—ISO Specification

VALUE UNIT
I1ISO 10_605 (330 pF, 330 Q) contact discharge VD+, VD- pins +8000
(10 strikes)
1ISO 10605 (330 pF, 330 Q) air-gap discharge .
(10 strikes) VD+, VD- pins +15000
I1ISO 10_605 (150 pF, 330 Q) contact discharge VD+, VD- pins +8000
(10 strikes)
Vegp P Electrostatic discharge ISO 10605 (150 pF, 330 Q) air-gap discharge VD+, VD- pins +15000 \Y;
(10 strikes)
ISO 10(623)05 (330 pF, 2 kQ) contact discharge (10 VD+, VD- pins +8000
stikes)
ISQ 10605 (330 pF, 2 kQ) air-gap discharge (10 VD+, VD- pins +15000
strikes)
IS_O 10605 (150 pF, 2 kQ) air-gap discharge (10 VD+, VD- pins +25000
discharges)
(1) See Figure 19 for details on system level ESD testing setup.
(2) VREF>3V.
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6.5 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN TYP  MAX| UNIT
Vpwr 5-V DC supply voltage for internal circuitry 4.5 7 Y
VREr Mode 0. Voltage range for Vrgg pin (for setting OVP threshold) 3 3.6 Y
VREr Mode 1. Voltage range for Vrgg pin (for setting OVP threshold) 0.63 3.8 Y
VD+, VD- Voltage range from connector-side USB data lines 0 3.6 Y
D+, D- Voltage range for internal USB data lines 0 3.6 Y
VEN Voltage range for enable 0 7 Y
VeT Voltage range for FLT 0 7 \Y
=g Current into open drain FLT pin FET 0 3 mA
CyPwR Vpwr capacitance™ | External Capacitor on Vpyg pin 1 10 UF
CvREF VRer Capacitance External Capacitor on Vrgg pin 0.3 1 3 pF
CmopE Allowed parasitic capacitance on mode pin from PCB and mode 1 external resistors 20 pF
RmobE 0 Resistance to GND to set to mode 0 2 2.6 kQ
RmopE 1 Resistance to GND to set to mode 1 (calculate parallel combination of Rtop and Rgot) 14 20 kQ

(1) For recommended values for capacitors and resistors, the typical values assume a component placed on the board near the pin.

Minimum and maximum values listed are inclusive of manufacturing tolerances, voltage derating, board capacitance, and temperature

variation. The effective value presented should be within the minimum and maximums listed in the table.

6.6 Thermal Information

TPD2S701-Q1
THERMAL METRIC® DGS (VSSOP) DSK (WSON) UNIT
10 PINS 10 PINS
03a Junction-to-ambient thermal resistance 167.3 61.5 °C/IW
03ctop Junction-to-case (top) thermal resistance 56.9 51.3 °C/IW
038 Junction-to-board thermal resistance 87.6 34 °C/IW
VT Junction-to-top characterization parameter 7.7 1.3 °C/IW
ViB Junction-to-board characterization parameter 86.2 34.3 °C/IW
03chot Junction-to-case (bottom) thermal resistance N/A 7.7 °C/IW

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

report.
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6.7 Electrical Characteristics

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

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
MODE 1 ADJUSTABLE Vggr
Mode 1 Vger feedback Standard mode 1 set-up. EN = 0 V. Once
Viope_cup regulator voltage Vmoe Vger = 3.3 V, measure voltage on mode pin 047 0.5 0.53 v
Standard mode 1. Remove RTOP and RBOT.
| Mode pin mode 1 leakage | Power up device and wait until start-up time has 50 200 nA
MODE_LEAK current MODE passed. Then force 0.53 V on the MODE pin
and measure current into pin
Informative, test parameters below; accuracy o o
VREF_AccURACY Vrer accuracy Vrer with Rrop and Rgor as +1% resistors 8% 8%
Standard mode 1 set-up. Rrop = 140 kQ * 1%,
VRer 3.3v Mode 1 VREF setto 3.3 V VRer Rgot = 24.9 kQ + 1%. EN = 0. Measure value 3.04 331 3.58 \%
of Vree Once it settles
Standard mode 1 set-up. Rrop = 47.5 kQ £ 1%,
VREF 0.66V Mode 1 Vger set to 0.66 V VRer Rgot = 150 kQ *+ 1%.EN = 0. Measure value of 0.6 0.66 0.72 \Y
Vger ONce it settles
Standard mode 1 set-up. Rrop = 165 kQ * 1%,
VRer 38v Mode 1 Vgeg set to 3.8 V VRer Rgot = 24.9 kQ + 1%. EN = 0. Measure value 35 381 4.12 \%
of Vreg ONnce it settles
EN, FLT PINS
Mode 0. Connect VPWR =5 V; Vgee = 3.3V,
High-level inbut voltage VD+ = 3.3 V; Set VIH(EN) = 0 V; Sweep VIH 12
9 P g from 0 V to 1.4 V; Measure when D+ drops low '
__ (less than or equal to 5% of 3.3 V) from 3.3 V
Vin EN \%
Mode 0. Connect VPWR =5 V; Vgege = 3.3V,
Low-level input voltage VD+ = 3.3 V. Set VIH(EN) = 3.3 V; Sweep VIH 0.8
p 9 from 3.3 V to 0.5 V; Measure when D+ rise to ’
95% of 3.3V from 0 V
= Mode 0. VPWR =5 V; Vger = 3.3 V; VI (EN) =
hw Input leakage current EN 3.3V ; Measure current into EN pin 1 HA
o Mode 0. Drive the TPS2S701-Q1 in OVP to \
Vo Low-level output voltage FLT assert FLT pin. Source Ig = 1 mA into FLT pin 0.4
and measure voltage on FLT pin when asserted
The rising over temperature VPWR =5V, ENZ =0V, T, stepped up until o
Tso_risine protection shutdown threshold FLTZ is asserted 140 150 165 c
T The falling over temperature VPWR =5V, ENZ =0V, T, stepped down 125 138 150 c
SD_FALLING protection shutdown threshold from Tsp rising Until FLTZ is cleared
The over temperature
Tsp_HysT protection shutdown threshold Tsp_RISING = TsD_FALLING 10 12 15 °C
hysteresis
OVP CIRCUIT—VD+
Mode 1. Set Vpwgr =5 V; EN = 0 V; Ryop = 165
Input overvoltage protection kQ, Rgot = 24.9 kQ. Connect D+ to 40-Q load.
Vove_risine threshold, Veer > 3.6 V VD Increase VD+ or VD— from 4.1 V to 4.9 V. 43 45 47 v
Measure the value at which FLTZ is asserted
Mode 1. Set Vpwgr =5 V; EN = 0 V; Rrop = 140
kQ, Rgot = 24.9 kQ. Increase VD+ or VD- from
3.6 V to 4.6 V. Measure the value at which
FLTZ is asserted. Repeat for Rtop = 39 kQ, 119 1.5
v Input overvoltage protection VD= Rgot = 150 kQ. Increase VD+ or VD- from 0.6 e e 131lx v
OVP_RISING threshold = V to 0.9 V. Measure the value at which FLTZ is v v VRker
asserted. See the resultant values meet the REF REF
equation, and make sure to observe data
switches turnoff.
Also check for mode 0 when Vgge = 3.3V
. Difference between rising and falling OVP
Vhys_ove Hysteresis on OVP VD+ thresholds on VD= 25 mV
o)V
After collecting each rising OVP threshold, P_RI
v Input overvoltage protection VD= lower the VD# voltage until you see FLT SING v
OVP_FALLING threshold - deassert. This gives the falling OVP threshold. -
Use this value to calculate Viys ovp VHYS
_OVP
| Leakage current on VD+ VD+ Standard mode O or mode 1. Set VD+ =0 V. D+ 01 01 HA
VD_LEAK O V during normal operation = floating. Measure current flowing into VD+ ’ :
6 Submit Documentation Feedback Copyright © 2017, Texas Instruments Incorporated
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Electrical Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
| Leakage current on VD+ VD+ Standard mode 0 or mode 1. Set VD+ = 3.6 V. 25 4 HA
VD_LEAK 3.6V during normal operation D+ = floating. Measure current flowing into VD+ ’

VD Standard mode 1. Rtop = 140 kQ + 1%, Rgot = \%
Vo 3.3v ][gf‘\*};ggzoggg\? threshold 24.9 kQ + 1%. Connect D+ to 40-Q load. 361 414 467
- Measure the value at which FLTZ is asserted
VD=+ Standard mode 1. Rtop = 47.5 kQ *+ 1%, Rgot = \%
Vove 066v ;gfi‘}é’l‘z’ﬁrfogz%e\}hresr‘o'd 150 kQ + 1%. Connect D+ to 40-Q load. 072 083 0094
- Measure the value at which FLTZ is asserted
DATA LINE SWITCHES — VD+ to D+ or VD-to D-
Mode 0 or 1. Set Vpwr = 5 V; Vrer = 3.3 V; EN
R On resistance =0 V,; Measure resistance between D+ and 2 6.5 o
ON VD+ or D— and VD-, voltage between 0 and 0.4 '
\%
Mode 0 or 1. Set Vpwr = 5 V; Vrer = 3.3 V; EN
=0 V; Measure resistance between D+ and
Ron(Frat) On resistance flatness VD+ or D- and VD-, sweep voltage between 0 1 Q
and 0.4 V. Take difference of resistance at 0.4-
V and 0-V VD= bias
Mode 0 or 1. Set Vpwr = 5 V; Vrer = 3.3 V; EN
. =0V, Measure S21 bandwidth from D+ to VD+
BWon On bandwidth (-3-dB) or D- to VD- with voltage swing = 400 mVpp, 960 MHz
vem =0.2V
6.8 Power Supply and Supply Current Consumption Chracteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
v Use standard mode 0 set-up. Set EN = 0 V, load D+ to 45
UVLO_RISING_ v/, rising UVLO threshold | Q, VD+ = 3.3 V. Set Vpygr = 3.5 V, and step up Vpwg until 37 395 42| Vv
VPWR 90% of VD+ appears on D+
Use standard mode 0 set up. Set EN = 0 V, load D+ to 45
v Q, VD+ = 3.3 V. Set Vpyr = 4.3V, and step down
UVLO_HYST_V  yPWR UVLO hysteresis Vpwr until D+ falls to 10% of VD+. This gives 250 300 400 mV
PWR VUvLO_FALLING_VPWR- YUVLO_RISING_VPWR — ) )
VuvLo FALLING VPWR = VuvLo HysT vpwr for this unit
. Use standard mode 0 set up. Set EN = 0V, load D+ to 45
Vuvio_RisiNG_ i\:anE('J: v UVLO threshold | & "ypy = 3.3 v. Set VREF = 2.5 V, and step up 26 27 29| V
VREF VREF until 90% of VD+ appears on D+
Use standard mode 0 set up. Set EN = 0 V, load D+ to 45
vV Q, VD+ = 3.3 V. Set VREF = 3V, and step down
UVLO_HYST_V  yREF UVLO hysteresis VREF until D+ falls to 10% of VD+. This gives 75 125 200 mv
REF VuvLo_FALLING_VREF- YUVLO_RISING_VREF ) )
—Vuvio_FaLLING_VREF = VuvLo_HysT vrer for this unit
lvpwr_pisaBLE Vpwr disabled current Use standard mode 0. EN = 5 V . Measure current into 110 A
D_MODEO COnSUmptiOn VPWR H
lvpwr_pisaBLe  Vpwr disabled current Use standard mode 1. EN = 5 V. Measure current into 110 A
D_MODE1 Consumption VPWR H
Ivrer pisasLe  VREF disabled current Use standard mode 0. EN = 5 V. Measure current into 10 A
b consumption mode 0 VREF H
| Vpwr pperating current Use standard mode 0. EN = 0 V. Measure current into 250 A
VPWR_MODEO  consumption Vpwr H
| Vpwr Operating current Use standard mode 1. EN = 0 V. Measure current into 350 A
VPWR_MODEL  consumption Vewr H
| VREF operating current Use standard mode 0. EN = 0 V. Measure current into 12 20 A
VREF consumption mode 0 VRer H
Standard mode 1. 0.1 pF < Cyrgr < 3 YF. Set-up for
charging to 3.3 V. Use a high voltage capacitor that does
IcHG VREF VREF fast charge current not derate capacitance up the 3.3 V. Measure slope to 22 mA

calculate the current when Cyrgr cap is being
charged. Test to check this OPEN LOOP method
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Power Supply and Supply Current Consumption Chracteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Ip_oFF_LEAK S Mode 0. Measured flowing into D+ or D— supply, Vpywgr = 0 1 1 A
. V,VD+orVD-=18V,EN=0V, Vggr =0V, D=0V H
Ip_on_LEAK_ST Mode 0. Measured flowing into D+ or D— supply, Vpywr =5 1 1
B V,VD+0orVD—=18V,EN=0V, Vrgr = 3.3V, D=0V
| Mode 0. Measured flowing out of VD+ or VD- supply, HA
VD_OFF_LEAK_ Vewr =0V, VD+0orVD-=18V,EN=0V, Vggr =0 V, 120
STB Dx=0V
| Mode 0. Measured flowing out of VD+ or VD- supply,
VD_ON_LEAK_S Vewr =5V, VD+or VD-=18V, EN =0V, Vger = 3.3V, 120 pA
™ Dt=0V
lvpwr_To vrRe Leakage from VPWR to Use standard mode 0. Set VREF =0 V. Measured 1 A
F_LEAK VREF current flowing out of VREF pin H
lvrer_ 1o vpw Leakage from VREF to Use standard mode 0. Set VPWR =0 V. Measured as 1 A
R_LEAK VPWR current flowing out of VPWR pin H
6.9 Timing Requirements
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
ENABLE PIN AND VREF FAST CHARGE
Time between when 5 V is applied to Vpwgr, and Vger
Tvrer cHe  VREF fast charge time reaches Vyrer rasT cHe- Needs to happen before or at 0.5 1 ms
same time ton_starTup COMpletes
Mode 0. EN = 0 V, measured from Vpyg and Vger =
. . UVLO" to data FET ON, Vpygr comes to UVLO™ second.
Ton stagTy - Deviee turnon ime from UVLO | pjace 3.3 V on VD+. Ramp VREF to 3.3 V, then VPWR 05 1| ms
P_MODEO to 5 V and measure the time it takes for D# to reach 90%
of VD+
. ) Informative. mode 1. EN = 0 V, measured from Vpyg = 0.5+
Ton_starTu  Device turnon time from UVLO UVLO" to data EET ON Tene c ms
P_MODE1 mode 1 —
VREF
. ) Mode 1. EN = 0 V, measured from Vpygr = UVLO" to
TON—STARTU 3e0\cl;(e:e1turnon time from UVLO data FET ON, Cyrer =1 UF, VREFﬁFINAL =33V. 0.6 1 ms
P_MODE1_3.3V Measure the time it takes for D+ to reach 90% of VD+
T Mode 0. Vpwgr = 5V, Vger = 3.3 V, time from EN is
ON_EN_MOD ' pevice turnon time mode 0O asserted until data FET is ON. Place 3.3 V on VD4, 150 us
B0 measure the time it takes for D+ to reach 90% of VD+
T Mode 1. VF’WR =5V, VREF_lNlTlAL =0V, time from m is 150 +
ON_EN_MOD ' pevice turnon time mode 1 asserted until data FET is ON. Place 3.3 V on VD4, TcHo v us
El measure the time it takes for D+ to reach 90% of VD+ REE
Mode 1. Vpywg =5V, Vrer nmiaL = 0V, time from EN is
Ton_en_mop Device turnon time mode 1 for | asserted until data FET is ON. Place 3.3 V on VD4, 300 s
E1 3.3V VREF =3.3V measure the time it takes for D+ to reach 90% of H
VD#+. Cyrer = 1 UF, VREF_FINAL = 3.3V
Mode 0 or 1. Vpywr = 5 V, Vrer = 3.3V, time from EN is
" : deasserted until data FET is off. Place 3.3 V on VD4,
Torr_en Device turnoff time measure the time it takes for Dz to fall to 10% of 5 HS
VD%, Rps =45 Q
Informative. Mode 1. Time from Vggr = 0 V to 80% x (Cvrer
VRer_rinaL after EN transitions from high to low x 0.8
TCHG CVREFE Time to Charge CVREF (VREF—FI S
_ nal/(lc
HG_VREF
TCHGfCVREF . Mode 1. Time from Vrgr = 0 V to 90% x 3.3 V after EN
33V Time to charge Cvrer 10 3.3 V. | 4 nsitions from high to low, Cyger = 1 UF 132 HS
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Timing Requirements (continued)

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

MIN NOM MAX | UNIT

. Mode 1. Time from Vgege = 0 V to 90% x 0.63 V after EN
Tere_cvrer ;r/'me to charge Cyrer 10 0.66 |4 itions from high to low, Cyrer = 1 UF. Ryop = 47.5 26 us
~0.66v kQ + 1%, Rgor = 150 kQ + 1%

OVERVOLTAGE PROTECTION

Mode 0 or 1. Measured from OVP condition to FET turn

tovp_response . off . Short VD* to 5 V and measure the time it takes D+

_VBUS OVP response time to VBUS voltage to reach 0.1 x Vp. ¢ amp_max from the time the 5-
V hot-plug is applied. Rioap p: = 45 Q. @

Mode 0 or 1. Measured from OVP condition to FET turn
off . Short VD+ to 18 V and measure the time it takes D+
voltage to reach 0.1 x Vp. cramp_max from the time the
18-V hot-plug is applied. RLOAD bs = 45 Q(

tovp _response OVP response time 0.1 1 ps

fove_Recov Recovery time FLT pin Measured from OVP clear to FLT deassertion® 32 ms
_FLT

tovp. Recov Recovery time for data FET to Measured from OVP clear until FET turns back on. Drop

turn back on VD+ from 16 V to 3.3 V with Vgge = 3.3 V, measure time 32 ms
_FET it takes for D+ to reach 90% of 3.3 V
tovp assert FLT assertion time Measured from OVP on VD+ or VD-to FLT assertion 12.6 18 234 ms

(1) Shown in Figure 1.
(2) Specified by design, not production tested.

T \ '''''''''''''''''''''''''
XX XX

/EN tovp_orr
> e
1
|
: tovp_Recov
| |
| | I
| |
D+/- L |
| I
|
fove_/FLT_ON , | tOVPJFLTlOFF .
B « >
S
| | | |
IFLT \ | | |
| | |
T T |
(1) OVP Operation — VD+, VD—
Figure 1. TPD2S701-Q1 Timing Diagram
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6.10 Typical Characteristics
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Time (ns) Time (ns)
Figure 2. 8-kV IEC 61400-4-2 Contact Waveform Figure 3. —8-kV IEC 61400-4-2 Contact Waveform
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> >
-40
-20
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Time (ns) Time (ns)
Figure 4. 8-kV ISO 10605 (330-pF, 330-2) Contact Waveform Figure 5. —8-kV ISO 10605 (330-pF, 330-Q) Contact
Waveform
1 6
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_ 0.4 2
< 02 S
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E 0 o 3
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0.6 1| — VD*
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Figure 6. Data Line I-V Curve Figure 7. Data Switch Turnon Time
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Typical Characteristics (continued)
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Figure 8. Vpywr Operating Current vs Bias Voltage

Vpwr Operating Current (uA)

200
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140
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100
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Figure 9. Vpwr Operating Current vs Temperature

140

Figure 12. Data Switch Short-to-5 V Response Waveform

(Vpwr =5V)
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Figure 10. VD+ Leakage Current at 7 V Across Temperature Figure 11. Data Switch Rpy vs Bias Voltage
(Enabled)
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Figure 13. FLT Assertion Time During OVP
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Typical Characteristics (continued)

Figure 16. Data Switch Single-Ended Bandwidth
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Figure 14. FLT Recover Time After OVP Clear Figure 15. Data Switch Differential Bandwidth
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Figure 17. USB2.0 Eye Diagram (No TPD2S701-Q1)
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Typical Characteristics (continued)
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Figure 18. USB2.0 Eye Diagram (With TPD2S701-Q1)
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7 Parameter Measurement Information

" USB 2.0

< CMC 10 nH

g —> O AANA \AAA VD- D-

] - 45 Q

= —_— 10 nH

2 — O Y'Y Y YY) VD+ D+ ==

0 Covaue %45 Q

5v TPD2S703-Q1
,_7 GND VRrer h —
B R 5V
O d [FLT Vewr o » T
CPWR L
O JEN MODE
Reor =
Copyright © 2017, Texas Instruments Incorporated
Figure 19. ESD Setup
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8 Detailed Description

8.1 Overview

The TPD2S701-Q1 is a 2-Channel Data Line Short-to-Vg,s and IEC61000-4-2 ESD protection device for
automotive high-speed interfaces like USB2.0. The TPD2S701-Q1 contains two data line nFET switches which
ensure safe data communication while protecting the internal system circuits from any overvoltage conditions at
the VD+ and VD- pins. On these pins, this device can handle overvoltage protection up to 7-V DC. This provides
sufficient protection for shorting the data lines to the USB Vg rail.

Additionally, the TPD2S701-Q1 has a FLT pin which provides an indication when the device sees an overvoltage
condition and automatically resets when the overvoltage condition is removed. The TPD2S701-Q1 also
integrates IEC ESD clamps on the VD+ and VD- pins, thus eliminating the need for external TVS clamp circuits
in the application.

The TPD2S701-Q1 has an internal oscillator and charge pump that controls the turnon of the internal nFET
switches. The internal oscillator controls the timers that enable the charge pump and resets the open-drain FLT
output. If VD+ and VD- are less than Vqyp, the internal charge pump is enabled. After an internal delay, the
charge-pump starts-up, turning on the internal nFET switches. At any time, if VD+ or VD- rises above Vgyp,
TPD2S701-Q1 asserts FLT pin LOW and the nFET switches are turned off.

8.2 Functional Block Diagram

VPWR

1

VREF |
MODE Control Logic FLT
—_ |_
EN T3
|_
| Overvoltage —
Protection
I [ 5t
VD+ | TKT M D+
ESD
Clamps
VD [ _ P T T D
GND
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8.3 Feature Description

8.3.1 OVP Operation

When the VD+, or VD- voltages rise above Vgyp, the internal nFET switches are turned off, protecting the
transceiver from overvoltage conditions. The response is very rapid, with the FET switches turning off in less
than 1 ps. Before the OVP condition, the FLT pin is High-Z, and is pulled HIGH via an external resistor to
indicate there is no fault. Once the OVP condition occurs, the FLT pin is asserted LOW. When the VD+, or VD—
voltages returns below VOVP — VHYS-OVP, the nFET switches are turned on again. When the OVP condition is
cleared and the nFETs are completely turned on, the FLT is reset to high-Z.

8.3.2 OVP Threshold

50V

45V ,

I
I
| 4.5
I
I
I
I
I
I
I
VOVP =0.75V +
I
1/ Ratio=1.25 0.15V |
I
VREF=0.6 V
Figure 20. OVP Threshold
The OVP Threshold Vgyp is set by Vger according to Equation 1, Equation 2 and Equation 3.
Vovp =1.25 x VREF @
VREF < 3.6V @
Vovp = 4.5V for VREF > 3.6 V ®)

Equation 1, Equation 2 and Equation 3 yield the typical Voyp Values. See the parametric tables for the minimum
and maximum values that include variation over temperature and process. Figure 20 gives a graphical
representation of the relationship between Vgyp and Vggr.

Vger Can be set either by an external regulator (Mode 0) or an internal adjustable regulator (Mode 1). See the
Vrer Operation section for more details on how to operate Vger in Mode 0 and Mode 1.

8.3.3 Dz Clamping Voltage

The TPD2S701-Q1 provides a differentiated device architecture which allows the system designer to control the
clamping voltage the protected transceiver sees from the D+ and D- pins. This architecture allows the system
designer to minimize the amount of stress the transceiver sees during ESD events. The clamping voltage that
appears on the D+ and D- lines during an ESD event obeys Equation 4.

VcLAMP _DP /M = VREF + VBR +|RDYN (4)
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Feature Description (continued)

Where Vggr approximately = 0.7 V, IRpyy approximately = 1 V. By adjusting Vger, the clamping voltage of the D+
and D- lines can be adjusted. As Vggr also controls the OVP threshold, take care to insure that the Vggr setting
both satisfies the OVP threshold requirements while simultaneously optimizing system protection on the D+ and
D- lines.

The size of the capacitor used on the Vggr pin also influences the clamping voltage as transient currents during
ESD events flow into the Vgege capacitor. This causes the Vree voltage to increase, and likewise the clamping
voltage on D+ according to Equation 4. The larger capacitor that is used, the better the clamping performance of
the device is going to be. See the parametric tables for the clamping performance of the TPD2S701-Q1 with a 1-
UF capacitor.

8.4 Device Functional Modes

The TPD2S701-Q1 has two modes of operation which vary the way the VREF pin functions. In Mode 0, the
VREF pin is connected to an external regulator which sets the voltage on the VREF pin. In Mode 1, the
TPD2S701-Q1 uses an adjustable internal regulator to set the VREF voltage. Mode 1 enables the system
designer to operate the TPD2S701-Q1 with a single power supply, and have the flexibility to easily set the VREF
voltage to any voltage between 0.6 V and 3.8 V with two external resistors.
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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 TPD2S701-Q1 offers 2-channels of short-to-VBUS protection and IEC ESD protection for automotive high
speed interfaces such as USB 2.0. For the overvoltage protection (OVP), this device integrates N-channel FET’s
which quickly isolate (200 ns) the protected circuitry in the event of an overvoltage condition on the VD+ and
VD- lines. With respect to the ESD protection, the TPD2S701-Q1 has an internal clamping diode on each data
line (VD+ and VD-) which provides 8-kV contact ESD protection and 15-kV air-gap ESD protection. More details
on the internal components of the TPD2S701-Q1 can be found in the Overview section.

The TPD2S701-Q1 also has the ability to vary the OVP threshold based on the configuration of the Mode pin and
the voltage present on the VREF pin (0.6 V-4.5 V). This functionality is discussed in greater depth in the OVP
Threshold section. Once the VREF threshold is crossed, a fault is detectable to the user through the FLT pin,
where 5 V on the pin indicates no fault is detected, and 0 V-0.4 V represents a fault condition. Figure 21 shows
the TPD2S701-Q1 in a typical application, interfacing between the protected internal circuitry and the connector
side, where ESD vulnerability is at its highest.

9.2 Typical Application
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Figure 21. USB 2.0 Port With Short-to-Vgys and IEC ESD Protection
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Typical Application (continued)

9.2.1 Design Requirements

9.2.1.1 Device Operation

Table 1 gives the complete device functionality in response to the EN pin, to overvoltage conditions at the
connector (VDz pins), to thermal shutdown, and to the conditions of the Vpwg, Vrer, and MODE pins.

Table 1. Device Operation Table

Functional Mode | EN | MODE | WwRer | vewr | vpx | T [T | Comments
NORMAL OPERATION
Mode 0 X Rooq < 2.6 kQ X X X X H Device unpowered, data
unpowered 1 switches open
Mode 0 X Roor < 2.6 kQ X X X X H De_\nce unpowered, data
unpowered 2 switches open
Mode 1 X Riop | | Roo; > 14 kQ X X X X H Device unpowered, data
unpowered P switches open
Mode O disabled | H Roo < 2.6 KQ SUVLO SUVLO | X <TSD H Esgfe disabled, data switches
. Set by Rygp Device disabled, data switches
Mode 1 disabled | H Riop | | Rpot > 14 kQ and Ry, >UVLO X <TSD H open, Vper is disabled

Device enabled, data switches
Mode 0 enabled L Rpot £ 2.6 kQ >UVLO >UVLO | <OVP <TSD H |closed, Vgrer is the value set
by the power supply on Vgee

Device enabled, data switches

Set by Rygp closed, Vger is the value set

Mode 1 enabled | L Riop | | Rpot > 14 kQ and Ryy, >UVLO | <OVP <TSD H by the Rygp and Rpo; resistor
divider
FAULT CONDITIONS
Thermal shutdown, data
Mode 0 thermal | Rt < 2.6 kQ X SUVLO | X >TSD | L | switches opened, FLT pin
shutdown
asserted
Thermal shutdown, data
Mode 1 thermal Set by Riop : ' .
shutdown X Riop | | Rpot > 14 kQ and Ry, >UVLO X >TSD L | switches opened, Vggr is

disabled, FLT pin asserted

Data line overvoltage
protection mode. OVP is set
Mode 0 OVP fault | L Rpot £ 2.6 kQ >UVLO >UVLO | >0VP <TSD L | relative to the voltage on Vgyer.
Data switches opened, FLT
pin asserted

Data line overvoltage
protection mode. OVP is set
>UVLO | >OVP <TSD L | relative to the voltage on VRgf.
Data switches opened, fault
pin asserted

Set by Riop

Mode 1 OVP fault | L Riop | | Rpot > 14 kQ and Rpg;

9.2.2 Detailed Design Procedure

9.2.2.1 Vg Operation

The TPD2S701-Q1 has two modes of operation which vary the way the Vggr pin functions. In Mode 0, the Vger
pin is connected to an external regulator which sets the voltage on the Vger pin. In Mode 1, the TPD2S701-Q1
uses an adjustable internal regulator to set the Vggr voltage. Mode 1 enables the system designer to operate the
TPD2S701-Q1 with a single power supply, and have the flexibility to easily set the Vg voltage to any voltage
between 0.6 V and 3.8 V with two external resistors.

9.2.2.11 ModeO

To set the device into Mode 0, ensure that R, resistance between the MODE pin and ground, is less than 2.6
kQ. The easiest way to implement Mode 0 is to directly connect the mode pin to GND on your PCB. With this
resistance condition met, connect Vggr to an external regulator to set the Vggr voltage.
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9.2.2.1.2 Mode 1

To operate in Mode 1, ensure that Ry, || Ryt resistance between the MODE pin and ground, is greater than 14
kQ. This is accomplished by insuring Ry, || Ryet > 14 kQ because when the device is initially powered up, Vger is
at ground until the internal circuitry recognizes if the device is in Mode 1 or Mode 2.

In Mode 1, Vger is set by using an internal regulator to set the voltage. Using a resistor divider off of a feedback
comparator is how to set Vggr, Similar to a standard LDO or DC/DC. Vggr is set in Mode 1 according to
Equation 5.

VMoDE (RTOP + RBOT)
VREF =
ReoT (5)

Equation 5 yields the typical value for Vggr. When using £1% resistors Rrop and RgoT, VRer accuracy is going to
be £5%. Therefore, the minimum and maximum values for Vrer can be calculated off of the typical Vggr. The
parametric tables above give example Rop and Rgot resistors to use for standard output Vgee voltages for Mode
1.

9.2.2.2 Mode 1 Enable Timing

In Mode 1, when the TPD2S701-Q1 is disabled, the output regulator is disabled, leading Vggr to discharge to 0 V
through Rrop and Rgor. It is desired for Vger to be at 0 V when the device is disabled to minimize the clamping
voltage during a power disabled ESD event. If Vger is at 0 V, this holds D+ near ground during these fault
events.

When enabling the TPD2S701-Q1, Vger is quickly charged up to insure a quick turnon time of the Data FETS.
Data FET turnon is gated by Vggr reaching 80% of its final voltage plus 150 ps to insure a proper OVP threshold
is set before passing data. This prevents false OVPs due to normal operation. Because Data FET turnon is gated
by charging the Vgge clamping capacitor, the size of the capacitor influences the turnon time of the Data
switches. The TPD2S701-Q1’'s internal regulator uses a constant current source to quickly charge the Vggr
clamping capacitor, so the charging time of Cyger can easily be calculated with Equation 6.

CVREF x 0.8(VREFFINAL)
ICHG VREF (6)

I{CHG _CVREF =

Where Cyree is the clamping capacitance on Vger, VREFg ), is the final value Vger is set to, and lcpg vrer = 22
mA (typical). If Vgee = 1 V, 0.8 is used in the above equation because 80% of Vggr is the amount of time that
gates the turnon of the Data FETs. Once tcyg_cvrer IS calculated, the typical turnon time of the Data FETs can
be calculated from Equation 7.
tON_EN_MODE1 = tCHG_CVREF + 150 pus

™
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9.2.3 Application Curves
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Figure 22. USB2.0 Eye Diagram (Board Only, Through Figure 23. USB2.0 E_ye !Diagram (Sy§tem from Typical
Path) Application Schematic)

10 Power Supply Recommendations

10.1 Vpyr Path

The Vpywr pin provides power to the TPD2S701-Q1. A 10-uF capacitor is recommended on Vpyg as close to the
pin as possible for localized decoupling of transients. A supply voltage above the UVLO threshold for Vpygr must
be supplied for the device to power on.

10.2 Vger Pin

The Vger pin provides a voltage reference for the data switch OVP level as well as a bypass for ESD clamping. A
1-uF capacitor must be placed as close to the pin as possible and the supply must be set to be above the UVLO
threshold for Vgge.
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11 Layout

11.1 Layout Guidelines
Proper routing and placement maintains signal integrity for high-speed signals. The following guidelines apply to
the TPD2S701-Q1.:

» Place the bypass capacitors as close as possible to the VPWR and VREF pins. Capacitors must be attached
to a solid ground. This minimizes voltage disturbances during transient events such as ESD or overcurrent
conditions.

» High speed traces (data switch path) must be routed as straight as possible and any sharp bends must be
minimized.

Standard ESD recommendations apply to the VD+, VD- pins as well:

» The optimum placement is as close to the connector as possible.

— EMI during an ESD event can couple from the trace being struck to other nearby unprotected traces,
resulting in early system failures.

— The PCB designer must minimize the possibility of EMI coupling by keeping any unprotected traces away
from the protected traces which are between the TVS and the connector.

* Route the protected traces as straight as possible.

» Eliminate any sharp corners on the protected traces between the TVS and the connector by using rounded
corners with the largest radii possible.

— Electric fields tend to build up on corners, increasing EMI coupling.

11.2 Layout Example

+5V POWER PLANE

PROTECTED INPUT

e e D) ==
CONNECTOR INPUT >

-RZ
. ,

+5V POWER PLANE

Figure 24. TPD2S701-Q1 Layout
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation
For related documentation see the following:
TPD2S701-Q1 Evaluation Module User's Guide

12.2 Receiving Notification of Documentation Updates

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

12.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

12.6 Glossary

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

® 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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 aline 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPD2S701QDGSRQ1 ACTIVE VSSOP DGS 10 2500  Green (RoHS CU NIPDAUAG Level-2-260C-1 YEAR  -40to 125 15R
& no Sh/Br)
TPD2S701QDSKRQ1 ACTIVE SON DSK 10 3000 Gg[eens('s/([)aH)S CU NIPDAU Level-2-260C-1 YEAR  -40to 125 14H
no r
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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
[ 4
T
=
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)
TPD2S701QDGSRQ1 | VSSOP | DGS 10 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
TPD2S701QDSKRQ1 SON DSK 10 3000 180.0 8.4 2.8 2.8 1.0 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPD2S701QDGSRQ1 VSSOP DGS 10 2500 366.0 364.0 50.0
TPD2S701QDSKRQ1 SON DSK 10 3000 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

DGS (S—PDSO-G10)

PLASTIC SMALL—-OUTLINE PACKAGE
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4073272/C 02/04

NOTES: A All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion.
D

. Falls within JEDEC MO-187 variation BA.
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LAND PATTERN DATA

DGS (S—PDSO—G10)

PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout

¢ (4,4)
// - ~ |
/ 5 T -
f \
G
/ PKG
) ¢
]
/ Example
k Non Soldermask Defined Pad

]
T Example

// N, Solder Mask Opening
(0,3)

/ — |- (0,3 (See Note E)
/ —
/
\

/

1 (1,45)| \

\ F\’I\Pad Geometry
\

(See Note C)

— = (0,05) /

/

All Around ,/

AY
N
z
-

Example Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

(See Note D)
1ox(o,3)*| +| I—*(O,S)TYP.
T

10X(1,45) ——

4

PEG (4.4

4215304/A 11/13

All linear dimensions are in millimeters.
This drawing is subject to change without notice.

NOTES:

Publication IPC-7351 is recommended for alternate designs.
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 other stencil recommendations.

E.  Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

DSK (S—PDS0-N10) PLASTIC QUAD FLATPACK
o
I
Pin 1 Index Area —
0,80 _
0,70
J 0,20 REF.
~T0.08]C 1 Seating Plane
0,05
0,00
TU U]
EXPOSED THERMAL PAD u m U 0.45
/DN B L —10X5,35
+
10 O’BOJ LG
10X 5755 [¢]o10 @[c[A[g]
Bottom View 4208566 /A 03/07

A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. Small Outline No—Lead (SON) package configuration.
A The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
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THERMAL PAD MECHANICAL DATA

DSK (R—PWSON—N10) PLASTIC SMALL OUTLINE 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.

1 5
f U U LJ U Li/_ Exposed Thermal Pad
1,20£0,10 n

v

(IEARIEAR(

10 6

< 2,00+£0,10 ¥

Bottom View

Exposed Thermal Pad Dimensions

4208579-2/E 12/12

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DSK (R—PWSON—-N10) PLASTIC SMALL OUTLINE NO—-LEAD

Example Board Layout Example Stencil Design
Note D —\ 0 = ses o (Note E)
A\JUU 00000
U _
7 G

‘ 2xo,22JA_i

4x0,45—1 H T B

0,75—) —] |~j 0x0,23

33 1,7 1,2 O — e — 175 325

O

2,0
64% solder coverage on center pad

Exposed Pad Geometry

Non Solder Mask
Defined Pad

Solder Mask Opening
(Note F

7
O
T
O
-

Pad Geometry
(Note C)

4208585-2/D 12,12

NOTES: A. All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—SM-782 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>.

E. 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.

F. Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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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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