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Short-Circuit Reliability Test for Smart Power Switch

ABSTRACT

Smart power switches are widely used as short-circuit protection devices in automotive systems.
Therefore the robustness of the device under repetitive short-circuit stress is crucial for the entire system.
The AEC Q100-012 is the most recognized qualification certificate in industry, which specifies the
reliability of this type of device.

This application report describes the AEC Q100-012 specification and provides the test method and
results for the TPS1H100-Q1 device, a smart high-side switch from Texas Instruments.
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1 AEC Q100-012 Introduction
1.1 Introduction
The Automotive Electronics Council (AEC) provides the AEC Q100-012 documentation which specifies the
short-circuit reliability test. The main purpose of this test is to determine the reliability of smart-power
switches when operating in a continuous short-circuit condition. The AEC Q100-012 specification includes
an equivalent test circuit, detailed test conditions, different reliability grade definitions, and other
information.
1.2 Equivalent Test Circuit
Figure 1 shows the basic equivalent test circuit for a smart high-side switch (HSS). The HSS performs the
repetitive short-circuit tests. The Ry, and Ly, are the input impedance from the voltage source side
(VBB), and the Ry, and L., are the output impedance from the module board and the cables.
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AVAYAY L] J_i * L
o
|deal + 14v Control
e (O] [spt e
GND
F
Figure 1. Smart HSS Short-Circuit Model
2 Short-Circuit Test of TPS1H100-Q1
2.1 Test Conditions
211 Supply Voltage
The supply is modeled by an ideal voltage source, Vg,r, Which is 14 V +2%.
2.1.2 Input Impedance
Considering the cable and device connection, a total resistance of Ry, = 10 mQ +20% and an
inductance of Ly, = 5 uH £20% are specified.
2.1.3 Output Impedance
The short circuit can occur anywhere on the output cable from the device to the load. Therefore the output
impedance may vary according to the cable length and diameter. Two types of short-circuit conditions are
specified in the AEC Q100-012: the module terminal-direct short circuit and the long short circuit with an
unassigned cable. For the terminal short circuit, AEC Q100-012 specifies that the module terminal, Ry,
is 20 mQ, and the parasitic inductance is smaller than 1 pH.
2 Short-Circuit Reliability Test for Smart Power Switch AEC-Q100-012 TEST SLVA709—-June 2015
OF TPS1H100-Q1 Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA709

13 TEXAS
INSTRUMENTS

www.ti.com

Short-Circuit Test of TPS1H100-Q1

For the long short circuit, the specification assumes that the harness inductance is 1 pH/m, and specifies
that the length is shorter than 5 m. Table 1 lists the output impedance parameters of the two the short-
circuit types. The short-circuit current is specified by the internal current-limit value of the device. Based
on the different current range, different impedance values are provided.

Table 1. Output Impedance

SHORT CIRCUIT TYPE DESCRIPTION Rshort (MQ) £20% Lenore (MH) £20%
Terminal short circuit Short at module 20 <1
Short at load, Iy <20 A 110 — Ryyppy
Long short circuit Short at load, 20 A < Ig,: < 100 A 100
Short at load, lg, > 100 A 50

The short-circuit current of the TPS1H100-Q1 device is smaller than 20 A. Therefore, Rgpo is 100 mQ and
Lshort iS ) U'H

2.2 Test Items
Based on the different application cases, three test modes are defined in the AEC Q100-012 specification
to verify the reliability of the device. Table 2 lists the detailed ambient temperature, pulse duration, and
cycle numbers.
Table 2. Test Requirements Summary
TEST ITEMS TEST CONDITION TEST CYCLES
Cold repetitive short-circuit | Short pulse —40°C, 10-ms pulse, cool down 1M
test Long pulse —40°C, 300-ms pulse, cool down 1M
Hot repetitive short-circuit test 25°C, keeping short 1M
221 Cold Repetitive Short Circuit—Short Pulse

For TI's smart high-side switch, TPS1H100-Q1, a short-circuit fault can be reported on the current sense
pin (CS) or the status output pin (ST). In general, the microcontroller turns off the channels when it
receives the fault indication. After holding for enough cooling time, the system tries again. For high-power
silicon, the stress of the sharp temperature variation should be considered, especially for the repetitive
stress under extremely low temperature. The short pulse of the cold repetitive short-circuit is intended for
this reliability.

Figure 2 shows the test sequence. The test sequence is as follows:
1. At point A, the short circuit occurs.

2. From point B to point E (10-ms pulse is specified in AEC-Q100-012), the internal thermal swing
protection works to minimize the temperature variation.

3. From point C to point D is the thermal swing hysteresis cycle.

4. From point E to point F, the device turns off for enough time to ensure the device temperature goes
back to —40°C. External sensors are required to monitor the device temperature.

5. At point F, the cycle counter increments by 1 and the next cycle occurs. Steps 1 through 4 repeat.
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Figure 2. Timing Diagram of Cold Repetitive Short Circuit—Short Pulse

2.2.2 Cold Repetitive Short Circuit—Long Pulse

The short pulse described in Section 2.2.1 is intended to simulate the 10-ms scenario in which the
microcontroller reacts; the thermal swing of the dynamic temperature protection is active. However, in
some cases, the response time of the microcontroller is difficult to estimate (for example, the RC filtering
delay or the conflict with higher priority interrupt). When the short-circuit cycle time increases, the device
enters the absolute temperature protection region, the repetitive cycling of thermal shutdown. To verify the
device reliability under this condition, the cold repetitive short-circuit long-pulse test is required. Similar to
the short pulse, the start point of —40°C is the worst case.

Figure 3 shows the test sequence. The test sequence is as follows:
1. At point A, the short circuit occurs.

2. From point B to point G (300-ms pulse is specified in AEC-Q100-012), thermal swing protection is
active first then thermal shutdown occurs.

3. From point E to point F is the thermal-cycling hysteresis time with half of the normal current limit value
which is internally fixed.

4. From point G to point H, the device turns off for enough time to ensure that the device temperature
goes back to —40°C. External sensors are required to monitor the device temperature.

5. At point H, the cycle counter increments by 1 and the next cycle occurs. Steps 1 through 4 repeat.
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Figure 3. Timing Diagram of Cold Repetitive Short Circuit—Long Pulse

2.2.3 Hot Repetitive Short Circuit

The short pulses in the cold repetitive short-circuit scenario is the target for fault cases in applications with
a microcontroller. However, some cases occur where the commands of the microcontroller return without
any action or in applications without a microcontroller. In these cases, the hot repetitive short-circuit test is
required. The enable signal remains active during a hot repetitive short-circuit. The device quickly enters
thermal shutdown cycling then remains in the auto-retry mode with repetitive thermal cycling. A cool-down
period for the device is not required. Also, the temperature variation occurs only at the first cycle and
therefore room temperature at 25°C is acceptable.

Figure 4 shows the test sequence. The test sequence is as follows:

1. At point A, the short circuit occurs.

2. From point B to point F, thermal swing protection is active first then thermal shutdown occurs.
3. The short-circuit condition continues.
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Figure 4. Timing Diagram of Hot Repetitive Short Circuit for Devices With Automatic Restart
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2.3 Block Diagram
The AEC-Q100-012 standard requires at least 30 devices for a sufficient sample size. To ensure 3 test
lots running in parallel, the system should accommodate a maximum of 40 devices under test (DUTS)
simultaneously. System control relies on a central PC host which is linked to a PXI bus system with PXI-
6509 and PXI-6224 cards. The PXI-6509 and PXI-6224 cards generate the control signals and process
the feedback signals of the test. All DUTs are processed individually and independently. The PWR_IN_Sx
signal enables the current-monitor device. The SC_EN_Sx signal turns on the short-circuit resistor, R
The PWR_CS_Sx signal is the short-circuit current feedback signal. The IN_Sx signal enables the HSS
and triggers the short circuit.
Some power sequences are required to ensure that the test functions correctly. Follow these power
sequences:
1. Power on the monitor device with the PWR_IN_Sx signal.
2. Turn on the N-MOS Ry, with the SC_EN_Sx signal.
3. Turn on the IN_Sx signal to force the device into short-circuit mode.
4. Read back the PWR_CS_Sx signal and process it with a software algorithm.
r-—-————"—"" " ~—"~—“"~“~"~“—“"~“~"~—~"~—~"“—~"————— ]
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Figure 5. System Block Diagram
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2.4 Test Set Up

Three main sections are implemented in the test control system. These sections include the power and
driver boards, the oven and the oven board, and the PC host system.

Figure 6. Instruments

Figure 7 shows the layout of one cell on the driver board and includes the monitor device and the
connectors with the oven boards.

Figure 7. Layout of Driver Board
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Figure 8 shows the layout of the oven board. The DUTSs are placed on this board, which consists of 20
individual cells. This oven board is placed inside the oven for different temperature tests.

Figure 8. Layout of Oven Board

Figure 9 shows the graphical user interface (GUI) in the PC host system and how different test modes and
conditions can be configured easily by the end user. The DUT status, test cycles, and waveforms can be
monitored from this interface.
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Figure 9. User Interface
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2.5

251

2.5.2

2.6

Failure Check

Two types of failure checks are conducted for each device: the real-time monitor and the pre-test data and
post-test data check.

The Real-Time Monitor

The DUT failures are under real-time monitoring, including the open load and short circuit. If either failure
is detected, the number of cycles undergone by the DUT is recorded as a device failure. The two failures
are defined as:

Short-circuit failure — If the PWR_CS_Sx signal reaches the maximum set value, the short-circuit failure
of the DUT is detected. The controller shuts down the corresponding site and records the number
of cycles that have been performed on that site.

Open-load failure — If the PWR_CS_Sx signal reaches zero for the set time, it is recognized as an
open-load failure DUT. The controller shuts down the corresponding site and records the number of
cycles that have been performed on that site.

The Pre-Test and Post-Test Data Check

Pre-test and post-test data are only checked for each device on the automatic test equipment (ATE). Any
value outside of the device specification listed in the data sheet is regarded as a test failure.

Results and Conclusion

Different grade levels are specified according to the pass cycles in the AEC Q100-012 specification.
Samples for short-circuit testing must be drawn from three independent lots. The sample size must be
large enough to ensure the statistical validity of the data. At least 10 samples per lot per test are
recommended. Table 3 lists the number of cycles and fails and lots for these grade levels.

Table 3. Grade Level Table

GRADE NUMBER OF CYCLES LOTS/SAMPLES PER LOT NUMBER OF FAILS
>1 000 000 3/10
>300 000 — 1 000 000 3/10
>100 000 — 300 000 3/10
>30 000 — 100 000 3/10
>10 000 — 30 000 3/10
>3000 — 10 000 3/10
>1000 — 3000 3/10
300 - 1000 3/10
<300 3/10

>

OO MM O|O|w
o|lo|o|o|o|o|o|o|o
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Table 4 summaries the test results of the TPS1H100-Q1 device which are based on the previously listed
test conditions and setup. No failure was detected after the 1-millionth stress for each of the three test

items.

Table 4. Test Result Summary
TEST LOTS/SAMPLES
PROCEDURE PER LOT TEMPERATURE CYCLES FAILURE ATE TEST
Cold Repetitive 3/10 _40°C 1 000 000 0 Pass
Short Pulse
Cold Repetitive o
Long Pulse 3/10 —-40°C 1 000 000 0 Pass
Hot Repetitive Pulse 3/10 25°C 1 000 000 0 Pass

With the robust silicon, after the strict test following with AEC-Q100-012, the result shows that the
TPS1H100-Q1 device fulfills 1 million times of test without a failure. Therefore, the device is qualified as

Grade A, the highest short-circuit reliability certificate in the industry.

3 References
 AEC - Q100-012 - REVSHORT CIRCUIT RELIABILITY CHARACTERIZATION OF SMART POWER
DEVICES FOR 12V SYSTEMS (Automotive Electronics Council, 2006)
e TPS1H100-Q1 40-V, 100-mQ Single-Channel Smart High-Side Power Switch (SLVSCM2)
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve 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. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or 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 altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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