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Overview

« As with most DC-DC synchronous regulators, inductive fly back
voltages can approach or exceed the breakdown voltage of the
power drivers. In most cases these are MOSFET's.

« The TPS50601 uses integrated power MOSFET’s. Further more
package inductive parasitics can also contribute to inductive fly back
voltage boost, in addition to the external inductor used.

« High Side and Low Side power FET devices can see voltage stress
in both high current and no load conditions respectfully. Because of
this reason, Single Event Burnout tests of DC-DC converters must
be tested to both conditions under heavy ion exposure.
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High Side Failure Mechanism
( Heavy Load Conditions )
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Current Flow in Synchronous DC/DC
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Closer Look at Current Flow in Parasitics
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Worse Case Stress

« (Conditions selected to keep the part operating within the
operational boundaries spelled out in the product

datasheet.
— Sinking Current Limit must be considered (~3Amps)
— High Side Current Limit must be considered
(~10Amps)
— dt is a function of Vin Supply Level
« Higher VIN = more inductive kick
Idealized HS/LS Current Waveforms

Realistic Current Waveform

HS Current

............. ILOAD = 6Amps

R —
............. ILOAD = BAmps dt

dt
HS Current | LS Current T Hs Current | LS Current ngheSt dl/dt seen by para_.SitiCS
HS Current | LS Current HS Current | LS Current LeSS dl/dt seen by paraSItICS

_

James F. Salzman TI Confidential

— — —

time Hamlyn & Salzman



Worse Case Conditions for High
Side Power FET

« Highest Vin will give highest inductive kick in the
package parasitics due to higher gate drive on Power
FETS (i.e. FETS turn on and off faster...)

— Vin = 6.3V
« Highest Load will give largest Al ont
— lload = 6 Amperes

« Simulations were conducted to determine how bad
the stress on the high side could become under
worse case specified operating conditions
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Low Side Failure Mechanisms
( light load Conditions )
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Voltage Stress under No-ILLoad
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In continuous mode conduction never dwells at 0 Amperes. In a “No Load” condition, during the LS On phase, current is sinking in
the reverse direction from the output capacitor, through the output inductor and ultimately through the Low Side FET. At the end of
the switching cycle, when the Low Side is told to turn off, The current that was sunk through the inductor will cause the polarity to flip
on the inductor and boost phase Higher than the input power supply voltage. This forward biases the High Side back gate diode
above the input Power supply and since the input power supply will not be able to sink current, this extra charge is dumped into the
PVIN input decoupling cap. This results in a Phase voltage spike and depending on the Level of PVIN, results in electrical overstress

of the Low Side Power FET
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Phase Boost during No-Load

This Charges the B-Field
of the inductor, but now in
the opposite direction
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output Filter capacitor.
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diode to the PVIN input
decoupling capacitor

This leads to a boosting action
on the switch node that
Results in the Low Side FET
seeing a higher drain to source
voltage
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Previous SEB Heavy lon Masking Test Results
High Side FET Failure remains

» Power FET’s masked from heavy ion exposure
 Controller exposed to heavy ions

« Part functioned well to 85MeV-cm?/mg

 Qutput perturbations noted — soft starts

« 1E7 ions/cm? — no SEL/SEB events

No FET damage ( simultaneous gate drive )
Controller passed < 7.5Volts ( V;, )

SEB observed at 8 Volts (V)

Tests covered 25° -125°C

« 7V HS FET masked from heavy ion exposure
 Controller exposed to heavy ions

* LS Power FET exposed to heavy ions

« Part functioned well to 85MeV-cm?2/mg

 Output perturbations noted — soft starts

« 1E7 ions/cm2 — no SEL/SEB events

 No FET damage ( simultaneous gate drive )

» Controller & LS FET passed < 7.5Volts ( V;, )

« SEB seenat 8 Volts (V)

« Tests covered 25° -125°C
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SEB Heavy lon Full Die Test Results with improved High
side and Low side FETs

» From Simulation and previous test results

« HS FET Stress = high load conditions

» LS FET Stress = light load conditions

» Matrix of test conditions to cover both cases

* In both conditions high PVin contributes to SEB
 Improved LDMOS Power FET's

« SEB characterization tests were preformed at TAMU on 7-25-2012

» The die was fully exposed.

* High flux levels were used to minimize required beam time 1E5 ions/cm?

» A Safe Operating Area was generated from the SEB data. ( See next 2 slides )

» A second test at TAMU on 12-2012 validated additional points on the SOA curve
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TPS50601 7-25-2012 TAMU Run Log SEB Tests

Run Device Selected Nominal LET Effective LET Effective Average DuT Win Pwin Qutput | DUT Output TEMP Pass Fail
number | Mumber| 15 Me¥/uBeam | (MeVcm2/mgl | (MeWem2/mg |Fluencelions/cm2)| Doselrad) | Fluxiions/{cm2s) | Tilt Angle | Vaoltge Voltage | Woltage | Load Amps C
1 1A 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 4.0V 25Y 3 25
2 1A 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 4.5 25Y 3 25
3 1A 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 5.0V 25Y 3 25
4 1A 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 5.5V 25Y 3 25
5 1A 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 6.0V 25Y 3 25
[ 1A 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 6.5V 25Y 3 25
7 1A 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 7.0V 25Y 3 25
8 1A 141 Fr 60.5 60.5 - - 1.00E+05 O0deg 5.0V 7.5V 25Y 3 25
El 1B 141 Fr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 O0deg 5.0V 5.0V 25Y 1] 25
10 1H 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V EEW 25V a 25
11 1H 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V 6.0V 25V a 25
12 1H 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V 6.5V 25V a 25
13 1H 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V 7.ov 25V a 25
14 1H 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V 7.5V 25V a 25
15 1H 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V g.0v 25V a 25
16 1H 141 Pr 60.5 60.5 - - 1.00E+05 Odeg 5.0V 8.5V 25V a 25
17 24 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V 5.0V 25V 5 25
18 24 141 Pr 60.5 60.5 1.00E+07 1.00E+04 1.00E+05 Odeg 5.0V 55V 25V 5 25
19 24 141 Pr 60.5 60.5 1.00E+07 1.35E+05 1.00E+05 Odeg 5.0V 6.0V 25V 5 25
20 24 141 Pr 60.5 60.5 - - 1.00E+05 Odeg 5.0V 6.5V 25V 5 25
21 2B 141 Pr 60.5 60.5 1.00E+07 1.35E+05 1.00E+05 Odeg 5.0V 5.0v 25V 3 25
22 2B 141 Pr 60.5 60.5 1.00E+07 1.35E+05 1.00E+05 Odeg 5.0V 55V 25V 3 25
23 2B 141 Pr 60.5 60.5 - - 1.00E+05 Odeg 5.0V 6.0V 25V 3 25
24 3A 141 Pr 60.5 60.5 1.00E+07 1.35E+05 1.00E+05 Odeg 5.0V 55V 25V 4 25
25 3A 141 Pr 60.5 60.5 1.00E+07 1.35E+05 1.00E+05 Odeg 5.0V 6.0V 25V 4 25
26 3A 141 Pr 60.5 60.5 1.00E+07 1.35E+05 1.00E+05 Odeg 6.3V 6.3V 25V 4 25
27 3A 141 Pr 60.5 85.6 1.00E+07 1.35E+05 1.00E+05 46 deg 5.5 5.5V 25V 4 25
28 3A 141 Pr 60.5 85.6 - - 1.00E+05 46 deg 6.0V 6.0V 25V 4 25
29 EL:] 141 Pr 60.5 85.6 1.00E+07 1.35E+05 1.00E+05 46 deg 5.5W 5.5V 25 4 125
30 EL:] 141 Pr 60.5 85.6 1.00E+07 1.35E+05 1.00E+05 46 deg 6.0V 6.0V 25 4 125
31 EL:] 141 Pr 60.5 85.6 - - 1.00E+05 46 deg 6.3V 6.3V 25 4 125
32 44 141 Pr 60.5 85.6 1.00E+07 1.35E+05 1.00E+05 46 deg 5.0v 5.0V 25 5.3 125
33 44 141 Pr 60.5 85.6 1.00E+07 1.35E+05 1.00E+05 46 deg 5.5W 5.5W 25 5.3 125
34 44 141 Pr 60.5 85.6 1.00E+07 1.35E+05 1.00E+05 46 deg 5.0v 5.0V 25 3 125
35 44 141 Pr 60.5 85.6 - - 1.00E+05 46 deg 5.5V 5.5V 25 3 125
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TPS50601 PG3.0 SEE Safe Operating Area (SEESOA)*
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Conclusions

* Simulations demonstrated that the High Side FET experiences voltage
stresses that are much higher than the applied PVIN. The higher the output
current the higher the fly back voltage stress.

 The Low Side FET on the other hand experiences the highest stress under
the No-Load Condition do to high voltage stress from phase boosting
action.

* Both heavy load and no load conditions must be SEE tested. The HS power
FET 1s stressed and will exhibit SEB under heavy current loads, while the
LS FET 1s most stressed and 1s subject to SEB under light load conditions.
Both cases are a function of PVin and to Vin to some degree.
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SEB Test Conclusions

* Single Event Burnout test results verify simulations. The High Side FET
experiences higher voltage stresses under high current loads. The inductive
fly back adds to the PVin voltage, resulting in a higher Drain to Source
voltage.

 The Low Side FET on the other hand experiences the highest stress under
No-Load Condition do to high voltage stress from phase boosting action.
This is a function of high output capacitance and inductive boost under no
or light load conditions. This action results in a higher Drain to Source
voltage.

e During SEFI events, the part shuts down and automatically re-enters soft
start. There are several shutdown protection blocks in the POL. Multiple
1on strikes could be causing the SEFI’s. SEE tests considered worst case.

» There were no positive going Vout upsets seen, all were droops.
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Single Event Transient Test Results
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TPS50601 8-28-2012 TAMU Run Log X-Section

Run Selected Maminal LET Effective LET Effective Average DuT Supply Qutput | DUT Qutput SET SET ¥-section
number | 15 MeW/u Beam | (Me¥cm2/mg | (MeVecm2/mg [Fluencelions/cm?2)| Doselrad) | Fluxfions/lcm?2s) | Tilt Angle | Voltge | Voltage | Load Amps A

3 AE 44 .3 B2.7 2.72E+05 2. 74E+02 1.04E+04 45 deg ESY 258V a 9 3.30E-05
4 AR 44 .3 62.7 1.11E+06 1.11E+03 9.15E+03 45 deg 3.5% 25Y a 1 9.03E-07
8 AE 44 .3 B2.7 1.00E+06 1.00E+03 8.19E+02 45 deg ER- 258V a 0 0.00E+0D
9 AE 44,3 62.7 4. 21E+05 4. 23E+02 6.39E+02 45 deg 3.5¥ 25V 5 1 2.38E-06
12 AR 44 .3 45.9 1.36E+06 1.00E+D3 1.81E+04 15 deg 3.5% 25Y 1] 4 2.93E-06
13 AR 44 .3 45.9 1.37E+06 1.01E+D3 1.89E+04 15 deg 3.5% 25Y 1] 4 2.92E-06
14 AE 44,3 44.3 1.29E+06 9.17E+02 1.58E+04 0deg 3.5V 25V 1] 5 3.87E-06
15 AE 44 .3 44 .3 4 41E+05 3.13E+02 1.60E+04 0deg 35 25V 5 4 9.06E-06
16 AE 44 .3 44 .3 5. 14E+05 3.65E+HO02 1.55E+04 0deg ESY 258V 5 9 1.75E-05
17 AE 44 .3 44 .3 1.19E+06 2.41E+02 1.37E+04 0deg ESY 258V a g 6.75E-06
18 AE 44 3 44 3 1.21E+05 8.57E+01 1.28E+04 0deg 34V 1.2 a g 6.63E-05
18 AR 44 .3 443 9.34E+05 6.63E+02 1.27E+04 O0deg 3.4 1.2% 1] 3 6.42E-06
20 AR 44 .3 443 5.71E+05 4. 05E+D2 1.33E+04 O0deg 3.4 1.2% 3 7 1.23E-05
21 AE 44 .3 62.7 2. 82E+05 2. B3E+02 1.18E+04 45 deg 34V 1.2V & g 2.84E-05
22 AR 44 .3 62.7 4. 02E+05 4. 04E+02 1.18E+04 45 deg 3.4 1.2% 1] 9 2.24E-05
23 AR 44 .3 62.7 3.12E+05 3.14E+02 1.74E+04 45 deg 5.5Y 1.2% 1] g 2.56E-05
24 AE 44,3 62.7 2.54E+05 2.55E+02 1.20E+04 45 deg 5oV 1.2v = ) 2.76E-05
28 AR 44 .3 443 1.74E+05 1.23E+02 1.50E+04 O0deg 5.5Y 25Y 5 3 1.73E-05
34 Cu 20.7 20.7 9.96E+05 3.30E+02 1.05E+04 0deg 5S5Y 25Y 5 a 0.00E+0D
35 Cu 20.7 20.7 7.21E+05 2.359E+02 9. 830E+03 0deg 5S5Y 25Y 5 a 0.00E+0D
36 Cu 20.7 20.7 1.00E+06 3.32E+02 1.06E+03 0deg ESY 25Y 5 a 0.00E+00
a7 Cu 20.7 20.7 2.92E+05 9.66E+01 1.03E+03 O0deg 5.5 25Y 5 1] 0.00E+DD
EL Cu 20.7 20.7 1.00E+06 3.32E+D2 9.69E+02 O0deg 5.5 25Y 5 1] 0.00E+DD
EE] Cu 20.7 29.3 5. 44E+05 2.55E+02 8.97E+02 45 deg 5oV 25V 5 1] 0.00E+00
40 Pr 60.5 60.5 4 79E+04 4 G4E+01 1.11E+03 0deg 55Y 25Y 5 3 6.26E-05
41 Pr 60.5 60.5 2. 32E+05 2. 25E+02 1.01E+03 0deg 5SY 25Y 5 B 2.59E-05
42 Pr 60.5 B2.6 1.42E+05 143E+02 1.00E+03 15 deg 5SY 25Y 5 2 1.41E-05
43 Fr 60.5 62.6 1.38E+05 1.38E+02 9.96E+02 15 deg ER-L 25Y 5 0 0.00E+00
44 Pr 60.5 85.6 3.24E+04 4 44E+01 1.07E+03 45 deg 3.5% 25Y 5 1 3.09E-05
45 Pr 60.5 85.6 9.03E+04 1.24E+02 1.15E+03 45 deg 3.5% 25Y 5 1 1.11E-05
46 Pr 60.5 85.6 1.70E+05 2.33E+02 1.16E+03 45 deg 3.5¥ 25Y 5 3 1.77E-05
47 Pr 60.5 85.6 1.78E+05 2 44E+02 1.19E+03 45 deg ESY 25Y 5 5 2.81E-05
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TPS50601 Heavy lon SEFI Event

( shut down, and restart )
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TPS50601 SEFI Cross-Section
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THANK YOU
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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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

