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I
n automotive systems, the integrity of every electrical 
connection is critical. But the cables connecting elec-
tronic modules are constantly at risk from two common 
failure modes: short-to-ground and short-to-battery.
A short-to-ground occurs when shorting two wires to-

gether or shorting a wire to the metal frame. It can be 
caused by the degradation of insulation in cables, damaged 
connectors, or even by misplacing a screw into the wiring 
harness during manufacturing. Short-to-battery conditions 
will emerge when signals in the electrical system short to the 
battery voltage (VBAT). 

Both types of faults can expose electronic modules, com-
ponents, or circuits to voltages and currents beyond their 
specified ratings, often with costly or dangerous conse-
quences (Fig. 1).

Many ICs implemented in automotive applications fea-
ture power switches with current limiting and fault outputs 
to detect and safely handle these shorting conditions. When 
a short-to-ground or short-to-battery event occurs, these 

devices send a fault signal — typically routed to an output 
pin — alerting the system to take protective action. In re-
sponse to a detected fault, the device may automatically shut 
down or limit the current to prevent damage to itself and 
other components in the system. 

However, not all components and circuits in the system 
have the same internal diagnostic and protection features. 
And even when protections are present, they may not de-
fend against every type of automotive short.

Consider a DC-DC converter that applies power to both 
internal components on the PCB and cabling connected to a 
module (Fig. 2). While the power supply may protect against 
short-to-ground events, components on the PCB can still 
be susceptible to a short-to-battery condition, which could 
easily cause damage. Ultimately, protecting the processor 
and everything else on the PCB requires careful circuit-level 
design.

While fully integrated electronic fuses (eFuses) are be-
coming more widely applied in data centers and the like, 

Defuse the Dangers 
of Automotive Short 
Conditions with eFuses
This first part of a two-part series explains how eFuses enable smarter protection 
against common short conditions in automotive electronics.

1. During assembly, cabling is susceptible to many short-circuit conditions. (Credit: Texas Instruments)

☞LEARN MORE @ electronicdesign.com | 1

https://www.electronicdesign.com/markets/automotive
https://www.electronicdesign.com/technologies/components/interconnects/article/21271944/design-connectors-to-meet-emerging-automotive-trends
https://www.electronicdesign.com/technologies/components/interconnects/article/21271944/design-connectors-to-meet-emerging-automotive-trends
https://www.electronicdesign.com/technologies/power/power-protection/whitepaper/21120596/protection-for-the-power-supply-and-its-load
https://www.electronicdesign.com/technologies/power/article/21802212/deciding-between-dc-dc-modules-or-discretes-when-facing-a-space-jam
https://www.electronicdesign.com/technologies/power/article/55285718/electronic-design-inside-tis-latest-electronic-fuse-for-hot-swapping-in-data-centers
http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF


this article shows how a series of power FETs can be used to 
design a discrete e-fuse that provides short-to-ground and 
short-to-battery protection.

When Diodes Protect Automotive Power Systems — 
And When They Don’t

A series-connected diode is a common protection method 
to guard against a short-to-battery condition. When cabling 
shorts to a voltage higher than the anode of the diode, the 
diode will become reversed-biased, ensuring that the system 
voltage on the anode side is fully protected from exposure 
to the high voltage. This also prevents any reverse current 
(Fig. 3).

However, series-connected diodes come with several 
drawbacks, most notably the large forward-voltage drop 

when in forward conduction. 
Consider a common example where one module is pro-

viding power to an antenna on another (Fig. 4). Module B 
requires 5 V (±10% tolerance) to power the antenna, which 
is generated from a 5-V regulator on module A. In this case, 
a standard diode forward voltage of 700 mV would limit the 
voltage at module B to 4.3 V, which is below the antenna 
module requirement of 4.5 V (5 V minus 10%).

A potential solution involves using a Schottky diode with 
a lower forward voltage drop of about 200 to 300 mV. But 
Schottky diodes are generally more expensive than stan-
dard diodes, and they only protect against the unique short 
condition where the cathode is at a higher voltage than the 
anode. Neither a silicon diode nor a Schottky diode will pro-
tect the system from a short-to-ground condition. 

2. When a cabling interface and components on the PCB share voltages, a short circuit to the battery can have catastrophic consequences. 

(Credit: Texas Instruments)

3. A series-connected diode is a simple and cost-effective way to protect internal circuits from high-voltage short-to-battery conditions. 

(Credit: Texas Instruments)
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On top of that, the 200- to 300-mV forward-voltage drop 
of the Schottky diode hinders the addition of diagnostic fea-
tures to the circuit.

Using FETs to Address Short-to-Battery Conditions
An N-channel field-effect transistor (FET) can be used 

to implement short-to-battery protection without the large 
voltage drop associated with a series-connected diode. 

This implementation ensures that the body diode of the 
FET is aligned in the same direction as a series-connected 
diode. Driving the gate of the N-channel FET with the vehi-
cle battery ensures enough voltage to fully enhance the FET. 
So, as long as the source voltage is below the vehicle bat-

tery voltage by at least the threshold voltage rating of the N-
channel FET, the N-channel FET will have minimal RDS(on), 
and thus minimal voltage drop.

A short condition requires some additional circuitry to 
turn the FET off quickly. A simple comparator can rapidly 
force the gate voltage low when applying a voltage to the 
output that’s greater than the expected 5 V.

A wide-VIN comparator such as the TL331B-Q1 from 
Texas Instruments plays a critical role in this situation, as 
it’s possible to expose the negative terminal to high voltages 
during a short-to-battery condition. You would design the 
comparator circuit by connecting the module output volt-
age after the FET (VOUT) to the negative terminal of the 

4. Clever use of an N-channel FET implements short-to-battery protection without the large voltage drop associated with a series-connected 

diode. (Credit: Texas Instruments)

5. Use a comparator to implement rapid turnoff of the N-channel FET during a shorting condition. (Credit: Texas Instruments)
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TL331B-Q1 (Fig. 5). The goal is to ensure that the compara-
tor output drives the gate of the FET lower when the volt-
age at VOUT exceeds the target output voltage by a preset 
amount.  

Assuming the earlier example, 5 V ±10% at VOUT, it 
makes sense to set the reference to above 5.5 V (5 V plus 
10%) and create a reference voltage with a simple resistor 
divider from the battery, which is nominally above 5.5 V.

Many automotive circuits are required to operate properly 
between a voltage of 9 and 16 V because the battery voltage 
can fluctuate in real time. In this case, I’ll set the reference 
voltage to 8 V with a voltage divider of 500 Ω and 1 kΩ from 
the 12-V battery. 

Examining the voltage extremes, a minimum battery volt-
age of 9 V results in a reference voltage of 6 V, which is still 
above the 5.5-V threshold. If the battery voltage is as high 

6. Using a FET protects internal circuits against a short-to-battery condition, but ensuring safety during a short-to-ground condition requires 

additional clever design effort. (Credit: Texas Instruments)

7. The TL331B-Q1 combined with Q2 protects against a short-to-battery condition. (Credit: Texas Instruments)
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as 16 V, the reference voltage will be approximately 10.7 V, 
which is still a reasonable reference voltage to detect a short-
to-battery condition.

When activated, the comparator forces the FET off, while 
the body diode of the FET ensures that there’s no high-volt-
age exposure on the source side of the FET and the reverse 
current is minimal. When shorting the output to VBAT (12 
V in this case), the regulated 5-V rail stays at 5 V (Fig. 6). A 
single FET, however, doesn’t solve the problem of a short-
to-ground condition, since the body diode will conduct in 
that scenario.

Tackling the Challenge of a Short-to-Ground Scenario
A short-to-ground condition requires adding a second 

FET to the system with the body diode facing in the op-
posite direction (Fig. 7), which stops excessive current flow 
from the power supply during fault conditions. Similar to 
the first FET, during normal operation, the gate of the N-
channel FET will be driven by the higher-voltage battery (12 
V) to fully enhance the FET.

A short-to-ground condition requires additional circuitry 
to turn the FET off quickly — exactly like a short-to-battery 
condition. Once again, a simple comparator can rapidly 
force the gate voltage low when applying a voltage to the 
output that’s lower than the expected 5 V.

In this situation, a second wide-VIN comparator (the 
TL331B-Q1) is required (Figs. 7 and 8). The comparator 
circuit comes together by connecting the module output 
voltage after the FET (VOUT) to the positive terminal of the 

TL331B-Q1. 
It’s necessary to create a second reference voltage to en-

sure that the comparator output drives the gate of the FET 
low when the voltage at VOUT is below the target voltage by 
a predetermined amount. Given the example with 5 V ±10% 
at VOUT, set the reference below 4.5 V (5V minus 10%). Cre-
ate a reference voltage of 4 V using a voltage divider of 1 kΩ 
and 4 kΩ connected to the 5-V regulated rail.

Since this design leverages two comparators, the 
LM2903B-Q1, also from TI, is used to integrate them into 
a single parametric-equivalent device. The back-to-back 
FETs, in combination with the dual comparators, create the 
foundation for a discrete eFuse.

In the second installment of this series, I will take a de-
tailed look at eFuse recovery from a short-to-ground condi-
tion, additional circuit diagnostics, and testing of the circuit.

Jared Becker is a technical sales engineer for Texas Instru-
ments. He has a BSEE degree from Arizona State University 
and has been with TI for over 10 years. 

8. To protect against a short-to-ground condition, a second comparator is integrated in the circuit to function as an eFuse. (Credit: Texas Instruments)
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