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ABSTRACT

In the automotive USB application system, USB port short to battery is a common issue, which can
damage the equipment. This application report focuses on how to solve the problem of USB port short to
battery through circuit design with TPS25830/31/40.
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1 Introduction

TPS2583x-Q1 is a highly-integrated USB Type-C and BC1.2 charging port controller that includes a
synchronous DC/DC converter. It also supports DP_IN/DM_IN/CC1/CC2 short-to-battery protect. During
the assembly, manufacturing, and maintenance of a car, there is a common problem where the USB port
randomly shorts to the car battery, causing chip damage, or the USB lightning port accidentally hits the
cigarette lighter during the daily application, which also causes chip damage. The TPS25830, TPS25831-
Q1, and TPS25840-Q1 provide DP_IN/DM_IN/CC1/ CC2 short-to-battery protection, and supports 18-V
maximum protection voltage, thus avoiding chip damage. All the following tests are based on the
TPS25830Q1EVM-040. A power supply plus an external 30-mF electrolytic capacitor was used to simulate
the car battery. The test input voltage was 14.5 V, R3 external. The recommended value for External FET
is 10R/0603. The recommended value for External FET without External R3 is 100R/0805.

2 Short-to-Battery Conventional Application

After the car is started, the exposed USB lightning cable usually accidentally touches the positive pole of
the cigarette lighter (see Figure 1). The equivalent test condition is VIN = 14.5 V, VOUT =5.1 V, and
IOUT =0 A. Turn on the power supply, then test VBUS/Vout/DP_IN/DM_IN/CC1/CC2 short to battery,
respectively (battery VBAT) (see Figure 2).
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Figure 1. Cigarette Lighter Application
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Figure 2. Short-to-Battery System Test Setup

External FET VBUS/DP_IN/DM-IN Short-to-VBAT Application

For short-to-battery protection, TI recommends connecting an N-channel back-to-back MOS FET between
the CSN PIN and VBUS as seen in Figure 3.

VBUS Short-to-VBAT Application

When the output VBUS is short circuited to VBAT, the VBAT voltage charges the output capacitor C4, and
at the same time charges C3 through R3. When the voltage of BUS pin exceeds 7 V, the external FET is
closed, and the LS_GD is set from high to low. Figure 4 shows the test results.
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Figure 4. Power on VBUS Short-to-VBAT Test

212 DP_IN/DM_IN Short-to-VBAT Application
DP_IN/DM_IN shorts to the VBAT protection function, which is realized by the internal protection circuit
and external capacitance, C3 (see Figure 5). When DP_IN/DM_IN shorts to VBAT, some voltage spikes
are clamped by an internal protection circuit, and the other part is absorbed by the external C3 through the
internal diode Z1 or Z2. At the same time, output capacitance C4 and C2 are also charged to effectively
absorb voltage spikes. Figure 6 shows the test results.
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Figure 5. Power On DP_IN/DM_IN Short-to-VBAT Test Setup
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Figure 6. Power On DP_IN Short-to-VBAT Test

213 VBUS /DP_IN/DP_IN Short-to-VBAT Application Summary

Table 1. VBUS /DP_IN/DP_IN Short-to-VBAT Application Summary

TEST ITEM DP_IN SHORT-TO-VBAT | DM_IN SHORT-TO-VBAT | VBUS SHORT-TO-VBAT
Fist the power on ,then
VBUS/DP_IN/DM_IN short to VBAT PASS PASS PASS

2.2 Without External FET VOUT/DP_IN/DM-IN Short-to-VBAT Application

Sometimes, to save costs, customers omit external FET (see Figure 7). For special applications without
external FET, refer to Section 3.

2.2.1 VOUT/CSN Short-to-VBAT Application

When there is no back-to-back MOSFET, VOUT and CSN are directly connected. At this time, short
VOUT to VBAT and VBAT charges the output capacitors C4 and C2. When the voltage of BUS pin
exceeds 7V, the fault is set from high to low. When the Vout/CSN pin voltage exceeds 7.5 V, the
converter stops switching. Figure 8 shows the test results.
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Figure 7. Power On VOUT Short-to-VBAT Test Setup
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Figure 8. Power On VOUT Short-to-VBAT Test

222 DP_IN/DM_IN Short-to-VBAT Application

DP_IN/DM_IN shorts to VBAT without an external MOSFET (see Figure 9). Its working principle is
described in Section 2.1.2. Figure 10 shows the results.
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Figure 9. Power On DP_IN/DM_IN Short-to-VBAT Test Setup
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Figure 10. Power On DM_IN Short-to-VBAT Test
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2.2.3 VOUT/DP_IN/DP_IN Short-to-VBAT Application Summary

Table 2. VOUT/DP_IN/DP_IN Short-to-VBAT Application Summary

ITEM DP_IN SHORT-TO-VBAT | DM_IN SHORT-TO-VBAT VeRIr (CS\;\gE.FlORT-TO-
Fist the power on, then
VOUT/DP_IN/DM_IN short to VBAT PASS PASS PASS

2.3 CC1/CC2 Short-to-VBAT Application

The result of CC1/CC2 shorting to VBAT has nothing to do with the external MOSFET Q1. Figure 11
shows the test setup. Figure 12 and Figure 13 show the test results.
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Rd

Rd

Figure 12. Power On CC1 Short-to-VBAT Test Figure 13. Power On CC2 Short-to-VBAT Test

3 Short-to-Battery Special Application

In the customer applications, there are usually some special applications, which can be summarized as
the following:
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Application 1: Customers usually add a MOSFET Q2 protection circuit before the TPS25830, TPS25831-
Q1, or TPS25840-Q1 system to realize overvoltage, undervoltage, and anti-reverse connection functions.
When input voltage is overvoltage or undervoltage, Q2 is closed. When Q2 is closed, the USB lighting
output port can accidentally touch the positive pole of the cigarette lighter. This is a possible situation that
needs to be tested. Equivalent test conditions are power off, then VBUS/DP_IN/DM_IN short-to-battery
VBAT (see Figure 14):

* VBAT =145V

* VIN=0V
 EN=VIN
* Vout=0V
« IOUT=0A
AWG24 10CM
Manually Hot-Short
]
+ -

OVP/UVP J

15K§ DP_OUT 2
DP_OUT [:‘}

|
WSKi T

DM,OLJTJIJ_1
Figure 14. VBUS/DP_IN/DM_IN Short-to-VBAT Test Setup

DM_OUT.

Q—(_ Type-C )

Application 2: After the end user drives to the destination, they shut down the car engine and pull out the
USB lightning port from their device. If the USB lightning port accidentally touches the positive pole of the
cigarette lighter at this time, the next time the car starts, it has a short circuit between VBUS and VBAT.
Equivalent test conditions are: VBUS/DP_IN/DM_IN shorts to the VBAT, then the power on TPS25830,
TPS25831-Q1, or TPS25840-Q1 (Figure 15).
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VIN BOOT sw
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M

CEJ_

[o2] L
0.22uF
I 3

DP_OUT DP_OUT DP_IN

DM_OUT DM_OUT DM_IN

G Trvpe c,_r

Figure 15. VBUS/DP_IN/DM_IN Short-to-VBAT Test Setup

Application 3 is similar to application 2. The only difference is that EN is controlled by an external MCU or
other control signals due to customer timing requirements. Equivalent test conditions are to first,
VBUS/DP_IN/DM_IN short to VBAT and power on, then EN enable. Figure 16 shows the test setup.
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Figure 16. VBUS/DP_IN/DM_IN Short-to-VBAT Test Setup

3.1 External FET VBUS/DP_IN/DM-IN Short-to-VBAT Application

3.1.1 VBUS Short-to-VBAT Application

Application 1: Figure 14 shows the test setup. The state at each point is power supply off (VBUS =0V,

LS _GD is low, and Q1 is off). Short VBUS to VBAT. The voltage of VBUS rushes to the same height as
VBAT. Figure 17 shows the test results.

Application 2: Figure 15 shows the test setup. VBUS shorts to VBAT. The input voltage and VBUS are
rushed to the same height as VBAT together. Figure 18 shows the test results.

Application 3: Figure 16 shows the test setup. First, short VBUS to VBAT and power on the power supply,
then enable EN. Figure 19 shows the test results.

0 _ ; J *ﬁ

] /
B15_GD 3 |

B|L5_GD-

CH1 =5 V/div, CH2 = 2 V/div, CH3 = 5 V/div, CH4 = 5 V/div, CH1 =5 V/div, CH2= 2 V/div, CH3 = 5 V/div, CH4 = 5 V/div, 10
20 pS/div

mS/div
Figure 17. Power Off VBUS Short-to-VBAT Test Figure 18. VBUS Short to VBAT, then Power On Test
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B|Ls_cD:

CH1 =5 V/div, CH2 = 2 V/div, CH3 = 5 V/div, CH4 = 2 V/div, 400 mS/div
Figure 19. VBUS Short to VBAT and Power On, then Enable On Test

3.1.2 DP_IN/DM_IN Short-to-VBAT Application

Application 1: Figure 14 shows the test setup. The state at each point is power supply off (Vout = 0 V,
LS_GD is low, and Q1 is off). Short DP_IN/DM_IN to VBAT. The voltage of DP_IN/DM_IN rushes to the
same height as VBAT. Figure 20 and Figure 21 show the test results.

Application 2: Figure 15 shows the test setup. DP_IN/DM_IN shorts to VBAT. The input voltage and
DP_IN/DM_IN voltage are rushed to the same height as VBAT together. Figure 22 and Figure 23 show
the test results.

Application 3: Figure 16 shows the test setup. First, short DP_IN/DM_IN to VBAT and power on the power
supply, then enable EN. Figure 24 and Figure 25 show the test results.

DP_IN - B{DM_IN

3jpp_ouT, " B{DM_ou

CH1 =5 V/div, CH2 = 5 V/div, CH3 = 5 V/div, 2 uS/div CH1 =5 V/div, CH2 = 5 V/div, CH3 =5 V/div, 2 uS/div
Figure 20. Power Off, DP_IN Short-to-VBAT Test Figure 21. Power Off, DM_IN Short-VBAT Test
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Figure 22. DP_IN Short to VBAT, then Power On Test

CH1 = 5 V/div, CH2 = 5 V/div, CH3 = 5 V/div, 10 mS/div
Figure 23. DM_IN Short to VBAT, then Power On Test
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@

DP_OUT|

DP_INT

CH1 = 5 V/div, CH2 = 5 V/div, CH3 = 5 V/div, CH3 = 5 V/div,
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Figure 24. DM_IN Short to VBAT and Power On, then

Enable On Test

3.1.3 VBUS/DP_IN/DM-IN Short-toVBAT Application Summary

CH1 =5 V/div, CH2 = 5 V/div, CH3 = 5 V/div, CH3 = 5 V/div,
400 mS/div

Figure 25. DP_IN Short to VBAT and Power On, then

Enable On Test

Table 3. VBUS/DP_IN/DM-IN Short-to-VBAT Application Summary

ITEM DP_IN SHORT-TO-VBAT | DM_IN SHORT-TO-VBAT | VBUS SHORT-TO-VBAT
VBUSIDR INTOM N Shot 10 VBAT PASS PASS PASS
Fist the t//gg_ﬁ/lchF;ﬁINplol?Nl\g?lglnShort to PASS PASS PASS

3.2 Without External FET VOUT/DP_IN/DM-IN Short-to-VBAT Application

This application is the same as the application in Section 3.1, this case also can be summarized as the

following:

Application 1: Figure 26 shows the test setup. First, power off the power supply, then short
VOUT/DP_IN/DM_IN to VBAT. The state at each point is the following:

* VBAT =145V
* VIN=0V
* EN=VIN

SLVAEI5—December 2019
Submit Documentation Feedback

TPS25830, TPS25831-Q1, and TPS25840-Q1 Short-to-Battery Application 11

Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLVAEI5

13 TEXAS

INSTRUMENTS
Short-to-Battery Special Application www.ti.com
e VOUT=0V
e« |IOUT=0A
. c))
(<Y 3
AWG24 10CM
wanually Hot-short O 1 ,_,'J'-'
BOOT
A4 "T:]_‘L P J’_ VIN {l:z SW
s 3

T

R3
100R

5K1 LS_GD
MCU BUS

OVPIUVP J WSK§ NEE
DP_OUT DP_OUT b

=
DM_OUT (ph DM_IN
DM_OUT . iy
15K —

Figure 26. VOUT/DP_IN/DM_IN Short-to-VBAT Test Setup
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Application 2: Figure 27 shows the test setup. First, short VOUT/DP_IN/DM_IN to VBAT, then power on
the power supply.

AWG24 10CM

100R

DP_GUT

DM_ouUT

HC ype cl )[%

Figure 27. VOUT/DP_IN/DM_IN Short-to-VBAT Test Setup

Application 3: Figure 28 shows the test setup. Short VOUT/DP_IN/DM_IN to VBAT and power on the
power supply, then enable EN.
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Figure 28. VOUT/DP_IN/DM_IN Short-to-VBAT Test Setup

3.2.1 VOUT Short-to-VBAT Application

» Application 1: Power off the power supply, then short CSN to VBAT. TPS25830, TPS25831-Q1, and
TPS25840-Q1 do not support short-to-battery protection in this case.

e Application 2: Short CSN to VBAT, then power on the power supply. TPS25830, TPS25831-Q1, and
TPS25840-Q1 do not support short-to-battery protection in this case.

» Application 3: Short CSN to VBAT and power on the power supply, then enable EN. TPS25830,
TPS25831-Q1, and TPS25840-Q1 do not support short-to-battery protection in this case.

3.2.2 DP_IN/DM_IN Short-to-VBAT Application

» Application 1: Power off the power supply, then short DP_IN/DM_IN to VBAT. Figure 29 and Figure 30
show the test results.

» Application 2: Short DP_IN/DM_IN to VBAT, then power on the power supply. Figure 31 and Figure 32
show the test results.

» Application 3: Short DP_IN/DM_IN to VBAT, power on the power supply, then enable EN. Figure 33
and Figure 34 show the test results.

3.2.3 VOUT /DP_IN/DM-IN Short-to-VBAT Application Summary

Table 4. VOUT/DP_IN/DM-IN Short to VBAT Application Summary

ITEM DP_IN SHORT-TO-VBAT | DM_IN SHORT-TO-vBAT | VYOUT SSSTRT'TO'

Fist the power off, then VOUT/DP_IN/DM_IN
Short to VBAT PASS PASS Does not support

Fist the VOUT /DP_IN/DM_IN Short to VBAT,

then Power on PASS PASS Does not support
Fist the VOUT/DP_IN/DM_IN Short to VBAT
and Power on, then EN on PASS PASS Does not support

4 Short-to-Battery Connect to TVS Application

During the actual process of shorting to VBAT, the parasitic inductance and capacitance of PCB generate
resonance. The resonance voltage usually exceeds 18 V. The maximum voltage of the following on the
TPS25830-Q1, TPS25831-Q1, and TPS25840-Q1 is 18 V:

« VBUS
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.« Vout
« DP_IN
« DM_IN

* CC1 and CC2 pins

If the voltage of those pins exceeds 18 V, you need to add a TVS diode. The TVS diode Tl used in the
demo is SMAJ18A with the TVS PCB Layout as close as possible to the IC PIN.

4.1 VBUS Short-to-VBAT Connect to TVS Application

If the voltage exceeds 18 V when VBUS shorts to VBAT, Tl recommends connecting a 18-V TVS diode
between VBUS and GND, as shown with Z3 in Figure 35.

—

VIN BOOT sw

csP

CsN

"
LS_GD a; a1
i

¥ VBUS

DP_OuUT DP_OUT DF_IN

Type-C

DKM_ouT DM_OUT DW_IN

Figure 35. VBUS Short-to-VBAT Connect to TVS Setup

4.2 VOUT Short-to-VBAT Connect to TVS Application

If the voltage exceeds 18 V when Vout shorts to VBAT, Tl recommends connecting a 18-V TVS diode
between VBUS and GND, as shown with Z3 in Figure 36.

-

BOOT

VIN sSw

CsP

p Vour

DP_oUT DP_IN

Type-C

DM_DUT DM_IN

Figure 36. VOUT Short-to-VBAT Connect to TVS Setup

4.3 DP/DM Short-to-VBAT Connect to TVS Application

If the voltage exceeds 18 V when DP_IN/DM_IN shorts to VBAT, Tl recommends connecting a 18-V TVS
diode between VBUS and GND, as shown with Z3 in Figure 37.
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Figure 37. DP_IN/DM_IN Short-to-VBAT Connect to TVS Setup

DM_OUT

4.4 CC1/CC2 Short-to-VBAT Connect to TVS Application

If the voltage exceeds 18 V when CC1/CC2 shorts to VBAT, Tl recommends connecting a 18-V TVS
diode between VBUS and GND, as shown with Z3 in Figure 38.

—

BOOT

_L VIN sw

+ _ c1 R1 o csp
CSN

LS_GD

BUS $ VBUS

DP_OUT DP_oUT DP_IN
Y
DM_OUT DM_OUT DM_IN g
18K cel =

cc2

Figure 38. CC1/CC2 Short-to-VBAT Connect to TVS Setup

SLVAEI5-December 2019 TPS25830, TPS25831-Q1, and TPS25840-Q1 Short-to-Battery Application 15
Submit Documentation Feedback
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLVAEI5

IMPORTANT NOTICE AND DISCLAIMER

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

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

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

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	TPS25830, TPS25831-Q1, and TPS25840-Q1 Short-to-Battery Application
	1 Introduction
	2 Short-to-Battery Conventional Application
	2.1 External FET VBUS/DP_IN/DM-IN Short-to-VBAT Application
	2.1.1 VBUS Short-to-VBAT Application
	2.1.2 DP_IN/DM_IN Short-to-VBAT Application
	2.1.3 VBUS /DP_IN/DP_IN Short-to-VBAT Application Summary

	2.2 Without External FET VOUT/DP_IN/DM-IN Short-to-VBAT Application
	2.2.1 VOUT/CSN Short-to-VBAT Application
	2.2.2 DP_IN/DM_IN Short-to-VBAT Application
	2.2.3 VOUT/DP_IN/DP_IN Short-to-VBAT Application Summary

	2.3 CC1/CC2 Short-to-VBAT Application

	3 Short-to-Battery Special Application
	3.1 External FET VBUS/DP_IN/DM-IN Short-to-VBAT Application
	3.1.1 VBUS Short-to-VBAT Application
	3.1.2 DP_IN/DM_IN Short-to-VBAT Application
	3.1.3 VBUS/DP_IN/DM-IN Short-toVBAT Application Summary

	3.2 Without External FET VOUT/DP_IN/DM-IN Short-to-VBAT Application
	3.2.1 VOUT Short-to-VBAT Application
	3.2.2 DP_IN/DM_IN Short-to-VBAT Application
	3.2.3 VOUT /DP_IN/DM-IN Short-to-VBAT Application Summary


	4 Short-to-Battery Connect to TVS Application
	4.1 VBUS Short-to-VBAT Connect to TVS Application
	4.2 VOUT Short-to-VBAT Connect to TVS Application
	4.3 DP/DM Short-to-VBAT Connect to TVS Application
	4.4 CC1/CC2 Short-to-VBAT Connect to TVS Application


	Important Notice

