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Abstract

Single-event destructive behavior and latchup has been observed in two separate radiation-
hardened switching regulators. We discuss the test conditions and observed results.

Introduction

We report the results of single-event effects (SEE) testing of the Intersil ISL78843ASRH and Linear Technology RH3845
radiation-hardened switching regulators. In the case of the RH3845, built on a 4um purely bipolar technology, voltage
dependent destructive SEE were observed. For the Intersil device, temperature and voltage dependent single-event
latchup (SEL) was observed during heavy ion broad beam testing and verified on a single photon absorption laser
system. The objective of these tests was to develop a baseline hardness evaluation of switching regulators for an SEE
environment for use in JPL missions.

Device Information:

Linear Technology RH3845

* Avradiation hardened, high voltage, synchronous, current mode, step-down controller for high power and
efficient supplies.

* Operational input voltage range of 4V to 60V (requires minimum of 7.5V at start-up), an onboard regulator providing
IC power directly from V,,, and output voltages up to 36V.

* Additionally, this device features adjustable fixed operating frequency (100 kHz to 500 kHz), power MOSFET gate
drivers, undervoltage lockout, low shutdown current, and short-circuit protection [1].

 The part is also used as the switching regulator in the MSK5055RH regulator [2].

Intersil ISL78843A

* Aradiation hardened, high performance, current mode, PWM controller.

 Features include 1A MOSFET gate driver, low start-up and operating currents, fast transient response, and adjustable
switching frequency up to 1 MHz.

* The operating supply voltage ranges from 9V to 13.2V, with an absolute maximum of 14.7V; the operational
temperature ranges from -55°C to 125°C [3].

Experimental Procedure
Test Facilities:

The heavy ion SEE measurements were performed at the Texas A&M University (TAM) cyclotron, which provides a dedicated
heavy ion beam with wide range of ions and energies for SEE testing [4]. The list of ions used for the RH3845 and ISL78843
experiments are shown in Table | and Table Il respectively.

Table I. List of ions used for the RH3845 SEE measurements Table Il. List of ions used for the ISL78843 SEE measurements

1289 42.2 120 0, 60 214 41.5 125 0, 60
1032 27.8 134 0 193 76.4 124 0, 27, 50, 60
785 19.6 135 0

The laser measurements for the ISL78843ASRH were performed at Jet Propulsion Laboratory using JPL’s laser system that
Incorporates:

* Broadband tunable Spectra-Physics Ti: sapphire mode-locked Tsunami laser (picosecond version)

 Millennia Prods laser with a S3W CW output at 532nm.

« Wavelength was set to 750nm with the laser spot focused on the DUT with an energy of about 100 pJ

Test Methods:

RH3845

* Precise voltage control and latchup detection and protection using
our SEE power supply and custom software.
* In-house designed and fabricated test board for the DUT.
 Two channel power supply used for 5V active low shutdown and
variable input voltage ranging from 20V to 50V.
» After 40V step, we increased V yin 1V steps up to 50V while
monitoring device current and output voltage V-
 |n total, eleven devices were tested, most of them at ambient
temperature and 0 degree incident angle. We did perform 60-degree
angle and elevated temperature (70°C) measurements as well.
* The test board and the DUT are shown in Fig. 1.

Fig. 1. The RH3845 decapsulated DUT and the test
board with 20-DIP socket

ISL78843ASRH:

* For both the heavy ion and laser measurements, the Intersil
ISL78843 was tested using closed loop evaluation board provided
by Intersil; the schematic can be found in the Intersil radiation
report [8].

* The supply voltage (Vpp) was varied from 12V to 14V at 0.5V steps,
and then increased to 14.7V. The supply current, which was being
monitored at all times, was around few mA while the device was
operating.

 The part was irradiated at room temperature and at elevated
temperature of about 125°C. Device functionality was monitored at
all times through the driver output (OUT) pin.

 The evaluation test board in front of the TAM cyclotron beam is
shown in Fig. 2.

Test Setup

The following general test setup was used for all the
experiments:
* Afour-channel Keysight N6700B power supply running
our custom PC software
 Multiple scopes (Keysight MSO7104B) monitoring output
voltages and functionality
» HP 6060B electronic load and Agilent 34970 data
acquisition unit for temperature monitoring
 Heat gun and resistive heating strips for elevating the
DUT temperature
* Ageneric diagram of the test setup is shown in Fig. 3.

Fig. 3 Test setup with all the instruments and equipment used for testing.

Test Results and Discussion
RH3845

Destructive SEE were observed when the input voltage is greater than 40V. Atypical test run is shown in Fig. 4 where Vy is
increased while monitoring device current and V. The device exhibited destructive SEE when V, was at 50V. The
quantity Vg was defined as the average for the last pass and failure voltage for the device, or 45V for Fig. 4. The error bars
are one-half of the difference; therefore, it is SV for Fig. 4. Later runs were done with smaller voltage steps to determine
Vsee more precisely. Vgee is plotted as a function of LET in Fig. 6 for the parts tested, and the cross-section is plotted as a
function of LET in Fig. 6. Fig. 7 presents pictures of the die showing the failure region. Both the V,, and local ground wire
were blown off the die.
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Fig. 4 A typical test run showing the determination of the Vg value for a device. LET [MeV.cm2/mg]

Vsee is 45V with error bars of 5V for this specific run. Later runs were done with

smaller voltage steps to determine Vggg more precisely. Fig. 5 Ve as a function of LET for various testing configurations.

The results of the testing are shown in Table lll. The destructive SEE may be described as Single Event Dielectric Rupture
(SEDR) since it is a hard error that causes micro-damage in the device; however, we are making no claims to the specific
mechanism. The potential SEDR was observed above 41V. Voltage cross-section did improve with elevated temperature
and angle. The device is immune to SEL and SEU up to 77 MeV-cm?/mg.
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Fig. 6 Cross-section as a function of LET for various testing configurations.
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Table Ill. RH3845 SEE test results

<20 1x107 <20

ISL78843ASRH

Given the high-current events published in the Intersil test report, we first verified the room temperature response using a 15
MeV/amu Ag ion and increased Vp starting at 12, 12.5, 13.0, 13.5, 14.0 to 14.7 V. At 125 C durlng |rrad|at|on W|th the
device bias set to a minimum of 12V, the device current jumped from a | [ :
j 3] f 1
!f ‘l E | feveee

few milliamps to 40mA. We paused the beam and attempted to clear WW{" ol -.'
the current spike, but the only way to clear the increase was to lower the E “
voltage below a consistent holding voltage.

We repeated the measurement for several runs over three different
devices. We observed the same current increases of 40mA, but in every
instance, if we continued irradiating the part, the high-current event
cleared, introducing doubt to the mechanism inducing the current event.
In order to determine the underlying cause, we repeated the test at JPL's
picosecond SPA laser system.

The test conditions were replicated on the laser system. With V5 | i
biased to 14.7V and temperature set to 125°C, the two sites exhibited T ||
the same current latch event. Those locations are shown on the die ‘\;"f il .
micrograph in Fig. 9 (red arrows). Once we induced the high-current
event, the second location where the high-current event was cleared
was discovered and shown in Fig. 8 as well (green arrow) [8].

Fig. 8 Photomicrograph of the entire ISL78843 die with latchup sites
(red arrows) and the latchup clear site (green arrow) marked [8]. Die
photo released with explicit permission from Intersil Corporation.

We verified with Intersil that the locations we identified leading to the latchup events under laser exposure consist of an
abutment of NMOS and PMOS devices. These structures provide the classic NPNP SCR construction for CMOS circuits
that can lead to latchup. The ion or laser triggers the SCR which then latches ON and leads to the excess current condition.
The recover location (green square and dots) is the under-voltage circuit for the voltage supply to those latching structures.
Intersil asserts that the recovery event is the interruption of the voltage supply to the latched structures. Thus, the event at
the recovery location simulates a power-down situation at the latching locations and leads to recovery [9].

Conclusions

Two radiation-hardened switching regulators were tested in a heavy-ion broad beam and JPL's laser system; they both
exhibited destructive and potentially destructive SEE respectively [10]. In the case of the RH3845, a mechanism is still
being determined so that the appropriate voltage derating can be applied as applicable. In the case of the ISL78843ASRH,
the mechanism was identified as SEL, which was only observed at elevated temperatures with a LET+, > 76.5 MeV-cm?/mg.
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